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THE 
SEMICONDUCTOR 
DATA LIBRARY 

One of the major problems facing workers in the 
electronics field is the identification and selection of 
semiconductor devices. Type numbers assigned to the 
semiconductors are of little value since they indicate 
neither device parameters nor applications. Because it 
is difficult even to identify the many thousands of 
device type numbers, let alone evaluate their merits for 
a particular application, engineers often limit their 
designs to a few well-known device types - despite 
the fact that newer or more suitable devices may be 
available. To help alleviate this problem, the Motorola 
Semiconductor Data library has been developed. 

The Motorola Semiconductor Data Library identi
fies and characterizes all semiconductor devices with 
1 N- - -, 2N- - -, and 3N- - - numbers registered with the 
Electronics Industries Association at the time the 
library was printed, as well as a broad line of devices 
with special in-house type numbers. (It provides 
complete data sheet specifications for a wide range of 
discrete semiconductors, and short-form specifications 
for integrated circuits.) And in addition, to simplify 
the selection of the most useful semiconductor type 
numbers, it contains carefully prepared selector guides 
with recommended devices for specific applications. 
Properly used, it can be a valuable aid for the design 
engineer, the component engineer, and the purchasing 
agent in narrowing the broad categories of potentially 
usable components to those best suited for a specific 
project. 

COMPOSITION OF THE LIBRARY 

The Semiconductor Data Library is divided into 
three volumes, organized as follows: 

REFERENCE VOLUME 

The reference volume is a self-contained com
pendium of semiconductor devices and integrated 
circuits information. This volume enables the user to 
locate and select devices for most any appl ication or 
specific circuit. It also contains package and hardware 
information as well as applications information. Once 
a preliminary selection of a potentially suitable device 
has been made, consult Volumes I or II for detailed 
specifications for that particular device. 
EIA Registered Device Index - Complete numerical 
index of all E IA registered device types, with major 
electrical specifications. 
Non-Registered Device Index - Complete numerical 
index of all in-house non-registered Motorola device 
types, with major electrical specifications. 
Microcircuits Components - Unencapsulated tran
sistors, diodes, passive devices, and integrated circuits 
for use in hybrid circuits. (Includes processing, 
packaging, and inspection criteria.) 
Master Selection Guides - Grouping of preferred 
devices by major device categories for quick pre
selection of devices best suited for specific applications. 
Includes semiconductor devices and I Cs. 
Military Device Listing - A complete list of Motorola 
devices that comply with Military Specifications. 
Hardware and Packaging Information - Device mount
ing hardware, heat sinks and special device packaging. 
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Dimensioned Device Outlines - Dimensioneddrawings 
of package outlines with JEDEC and Motorola cross 
reference. (I ncludes leadform drawings on specific 
packages.) 
Application Note Catalog - Selection guide listing 
application note by application category. Also a brief 
summary of the available application note contents and 
how to order application notes. 

To meet the requirements of a practical up-to-date 
reference, the Reference Volume of the Semiconductor 
Library will be completely updated and published twice 
a year, with supplementary publications quarterly. 

VOLUME I 

This volume contains complete data sheets for 
Motorola-manufactured devices with E lA-registered 
type numbers up to 1 N4999 and 2N4999. Data sheets 
are in numerical sequence according to device type 
number except for those data sheets that cover several 
devices with differing type numbers. A numerical 
index in front of the book permits the user to quickly 
locate the page number of the data sheet for any device 
characterized in the book. 

Since most of the device type numbers in the 
"below 5000" category have already been utilized by 
existing product, it is expected that this book will 
require little updating in the next few years. Accord
ingly, this volume will be reprinted only as required by 
the demand, and modifications will be made only when 
reprinting is required. 

VOLUME" 

This volume contains data sheets for all Motorola· 
manufactured, E IA registered devices with type num
bers 1 N5000 and 2N5000 and up, as well as those 
with 3N- - - type numbers. In addition, all active data 
sheets for devices with special Motorola type numbers 
(not registered with E IA) are included. 

Because this book contains the detailed data for 
all the most recently developed semiconductors, it will 
be updated through the publication of supplements. 
Two supplements will be published during the life of 
this edition. 

How to Use The Semiconductor Data Library 

The library is designed to serve several specific 
functions; 

1. To permit quick identification (together with 
major specifications) of EIA registered semicon
ductor devices with units with special Motorola 
type numbers. 

2. To permit quick selection of the most suitable 
devices for a specific drcuit application. 

3. To permit quick selection of the devices that 
best meet a given set of electrical specifications. 

4. To provide complete characterization of a broad 
hne of components, encompassing most semi
conductor categories, for a detailed comparison 
of device types. 



The fOlloWing examples illustrate several ways of 
using this library. 
Problem: Device Identification 
Known: Device Type Number 
I nformation Needed: Device function, applications, 
major specifications. 
Procedure: Consult the Master I ndex of the Reference 
Volume and locate the type number of the device in 
question in the alpha-numeric listing of the master 
index. The information given in this index lists not only 
the type of device it is, but also provides the major 
electrical specifications for the device. I n addition, it 
indicates whether or not the device is manufactured by 
Motorola and, if not, whether Motorola can supply an 
electrically suitable equivalent. Complete data for 
Motorola manufactured devices can then be obtained, 
if required, from .the other two volumes of your Semi
conductor Data Library. 

Problem: Device Preselection 
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Known: (I) Intended circuit application for a par
ticular device 

b) Approximate electrical specifications of 
a desired device. 
Information Needed: a) What devices are available 
for a specific circuit function? 

b) What device types will best 
match a required set of electrical characteristics? 

Procedure: Consult the Master Selection Guide sec
tion .of the Reference Volume. This section contains 
product categories, i.e., power transistors,zener diodes, 
etc., .and by specific market segments, including com
munications, consumer and military. An index to the 
individual selector guides is given at the beginning of 
the section for quick access to the pertinent guides. 
Complete data for Motorola manufactured devices can 
then be obtained, if required, from the other two 
volumes of your Semiconductor Data library. 



CATALOGUE DE SEMICONDUCTEURS 

Identifier et ensuite choisir les dispositifs semicon
ducteurs constituent I'un des grands problemes que 
rencontrent ceux qui travaillent dans Ie domaine de 
lelectronique_ Les differents dispositifs sont designes 
par des chiffres ne donnant aucune indication sur leurs 
parametres et sur leurs applications_ La difficulte pour 
les techniciens et ingenieurs d'identifier plusieurs milliers 
de dispositifs les am/ment a utiliser, lors de la concep
tion de circuits, des dispositifs bien connus alors que 
d'autres disp'Jsitifs mieux adaptes sont disponibles. Afin 
de pallier cet inconvenient, Motorola a donc institue 
ce catalogue de semiconducteurs. 

Le Catalogue de Semiconducteurs de Motorola iden
tifie et caracterise les dispositifs semiconducteurs en
registrlis au pres de l'Association des Industries Elec-
troniques (EIA) par les symboles IN---, 2N---, et 3N--
ainsi que les dispositifs propres a Motorola avec des 
numerosspeciaux_ (Ce catalogue contient les specifica
tionscompletes pour tous les semiconducteurs discrets, 
et des specifications abregees pour les circuits integres.) 
De plus, afin de simplifier Ie choix des dispositifs les 
plus utiles, il contient egalement un "guide" mettant 
en evidence les dispositifs destines a des applications 
bien specifiques. Son utilisation adequate peut donc 
Iltre un outil de travail tres utile pour I'ingenieur de 
circuit, l'ing6nieur de composants, et I'acheteur en leur 
permettant de limiter Ie nombre de composants pos
sible convenent Ie mieux pour un projet bien deter
mine. 

INDEX DU CATALOGUE 

Le Catalogue de Semiconducteurs comprend trois 
volumes: 

VOLUME DE REFERENCE 

Le volume de rllfefence resume les renseignements 
sur les dispositifs semiconducteurs et circuits integres. 
Ce volume permet donc a I'utilisateur de determiner 
et de choisir les dispositifs pour la majorite des appli
cations; it contient egalement des renseignements sur 
les boitiers et sur les syst'emes de montage. Une fois 
Ie choix du dispositif effectue, il suffit de consulter 
les Volumes I et II pour obtenir toutes les donnees', 
concernant ce dispositif_ 

Index des Dispositifs Homologu~ par EIA 

Cet index fournit egalement les donnees electriques 
principales_ 

Index des Dispositifs Non-Homologu~s 

Cet index fournit une liste complete des dispositifs 
Motorola non-homologues, avec leurs donnees elec
triques principales_ 

Composants Micro-circuits 

Transistors et diodes non-encapsuleS, ~Ie'ments pas
sifs et circuits integreS pour utilisation en circuits hy-

brides (y compris processus, mise en boitier et criteres 
d'inspection. ) 
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Guide 

Les dispositifs les plus utilises y sont groupes par 
categories principales pour un choix rap ide des com
posants les mieux adaptes 'a certaines appl ications (y 
compris dispositifs discrets et circuits integres.) 

Liste des Dispositifs Militaires 

Cette liste fournit tous les dispositifs Motorola homo
logues par les Specifications Militaires. 

Boitiers et Modes de Montage 

Fournit les modes de montage, les radiateurs et les 
boitiers speciaux. 

Dimension des Boitiers 

Dessin et dimension des boitiers homologues par 
JEDEC et Motorola (y compris les dessins pour former 
les tiges.) 

Catalogue de Notes d'Applications 

Fournit une liste complete des notes d'applications 
groupeesparcategories, egalement un resume des notes 
d'applications disponibles et la marche a suivre pour 
les obtenir. 

II est evident qu'afin de garder ce catalogue a jour, 
Ie Volume de Reference sera completement revise et 
publie deux fois par an, avec des additions supplemen
taires publiees tous les trimestres. 

VOLUME I 

Ce volume est constitue par les specificiltions pour 
les composants faits par Motorola avec les numeros 
homologues par EIA jusqu'a lN4999 et 2N4999. Ces 
specifications sont classees par ordre numerique sauf 
les specifications qui se rapportent a plusieurs types 
de dispositifs. Un index numerique en premiere page 
permet'a I'util isateur de determiner rapidemente Ie nume
ro de la page pour chaque dispositif decrit dans ce 
catalogue. 

II est probable que les dispositifs portant un numero 
en-dessous de 5000 necessiteront peu de mise a jour 
puisque tous ces numeros sont deja utilises_ En con
sequence, ce volume ne sera ~imprime que sur demande 
et les modifications apparaitront uniquement lors de 
cette nouvelle edition. 

VOLUME II 

Ce volume est constitue par toutes les specifications 
pour les dispositifs faits par Motorola, homologue's par 
EIA avec numeros lN5000, 2N5000, etc. ainsi que 
ceux avec les numeros 3N---_ De plus, les specifications 
de dispositifs avec numeros speciaux de Motorola (non 
homologues par EIA) y sont incluses. 

Ce catalogue sera mis a jour a I'aide d'editions 

supplementaires, car il contient toutes les donnees de
taillees des dispositifs semiconducteurs les plus recents_ 
Deux supplements seront publies pendant la duree de 
vie de cette edition_ 



Methode d'Utilisation du Catalogue de 
Semiconducteurs 

Ce catalogue a pour but: 

1. D'identifier rapidement, grace aux specifications 
principales, si Ie dispositif est homologue par E IA 
ou s'il s'agit d'un type special Motorola. 

2. De selectionner rapidement Ie dispositif Ie mieux 
adapte II un circuit .. 

3. De selecti~nner rapidement un dispositif en fonc
tion des specifications electriques. 

4. De fournir les donn6es completes de tout I'ensem
ble des composants Motorola - donc la majorite 
des dispositifs semiconducteurs - afin de pouvoir 
com parer tous les types de dispositifs .. 

Exemples de methodes d'utilisation.; 

Question: Identifier Ie dispositif 
Donntle: Type de dispositif 
Renseignements Requis: Fonction du dispositif, ap

plications et specifications 
principal es. 

Methode: Consulter l'lndex du Volume de Reterence 
et determiner Ie numero du dispositif en question parmi 
la liste numerique de I'index. Ce renseignement ainsi 
obtenu indiquenon seulement Ie type de' dispoSitif 

VI 

mais egalement fournit les specifications electriques 
principales . de ce dispositif. De plus, Ie fabricant y 
sera precise et Ie catalogue indiquera si Motorola peut 
fournir les dispositifs equivalents. Les deux autres 
volumes de ce catalogue vont maintenant fournir toutes 
les donnees sur les dispositifs faits par Motorola. 

Question: Choix du Dispositif 

Donnees: 
a) Application probable"du circuit pour un dispositif 

connu. 

b) Specifications'electriques approximatives du disposi
tif en question. 

Renseignements Requis: 
a) Quels sont les dispositifs disponibles pout la fonc

tion precise de ce circuit? 
b) Quel type de dispositif va rE!pondre a des caracte-

ristiques eiectriques predetermintles? 

Methode: Consulter Ie Guide dans Ie Volume de 
RIHerence qui est categorise par produits, c'est-a-dire 
transistors de puissance, diodes zener, etc., et par mar
ches, y compris communications, grand public, et mili' 
taire. Ces differentes categories apparaissent en premiere 
page pour faciliter la selection du Guide. Nous pouvons 
maintenant obtenir toutes les donnees sur les disposi
tifs faits par Motorola en utilisant les deux autres volu
mes du Catalogue de Semiconducteurs. 



DIE HALBLEITER DATENBIBLIOTHEK 

Eines der Hauptprobleme fUr Fachleute in der Elek
tronik-Industrie besteht in der Bestimmung und Selek
tion von Halbleitertypen. Die meisten Typenbezeich
nungen geben wenig oder keine Auskunft uber Para
meter oder Anwendungen von speziellen Halbleitern. 
Viele tausend versch iedene Halbleitertypen sind heute 
erhiiltlich. Es ist fast unmoglich, auch nur einen 
geringen Prozentsatz aller Typen genau zu kennen. 
Somit bringen die meisten Ingenieure und Techniker 
nur die bekanntesten und gebriiuchlichsten Halbleiter
typen zur Anwendung, auch wenn neuere und bessere 
Elemente zur Verfugung stehen. 

Um diesem Problem Abhilfe zu schaffen hat Motorola 
die meisten Halbleitertypen in eine Halbleitersammlung 
zusammengefasst. Diese Halbleitersammlung umfasst 
aile lN, 2N und 3N Typen, die durch die "Electronics 
Industries Association" registriert sind. Weiterhin sind 
eine grosse Anzahl von Motorola In-Haus Typen in dieser 
Sammlung zusammengefasst. Volistandige Spezifika
tionen einer grossen Anzahl von diskreten Halbleitern 
und Kurzspezifikationen von integrierten Schaltkreisen 
sind vorhanden. 

Zusiitzlich sind, zur Vereinfachung der Aufsuche der 
meist gebrauchten Halbleitertypennummern, Nachschla
getabellen mit Vorzugstypen fUr bestimmte Anwen
dungen in der Sammlung enthalten. 

Die Halbleitersammlung kann dem Entwicklungs und 
Komponent-Ingenieur sowie dem Einkaufer von Halb
leitern gute Dienste leisten im Aufsuchen der best, 
moglichen Elemente fur eine bestimmte Anwendung, 

ZUSAMMENSETZUNG DER 
HALBLEITERSAMMLUNG 

Die Halbleitersammlung besteht aus drei Teilen, die 
folgendermassen zusammengefasst sind: 

REFERENZ-BAND 

Der Referenz-Band besteht aus einer ubersichtlichen 
Zusammenfassung von Halbleitern und integrierten 
Schaltungen. Mit Hilfe dieses Referenzbandes lassen 
sich Halbleiter und integrierte Schaltungen fur spezielle 
Anwendungszwecke leicht auffinden. Gehause-, An
wendungs- und Montagezubehorinformation sind eben
so im Referenzband angegeben. Nach der Wahl eines 
Halbleiters oder einer integrierten Schaltung aus dem 
Referenzband kann Band I oder Band II fUr die speziel
len Daten zur Hilfe gezogen werden. 

EIA Registriertes Halbleiter-Verzeichnis 

Volistandiges numerisches Verzeichnis aller EIA regi
strierter Halbleiter Typen, mit den hauptsachlichen elek
trischen Spezifikationen. 

Nicht Registriertes Halbleiter-Verzeichnis 

Volistandiges numerisches Verzeichnis aller nicht regi
strierter In-Haus Motorola Halbleiter Typen, mit den 
hauptsachlichen elektrischen Spezifikationen. 

Mikroschaltkreis-Komponenten 

Nicht eingekapselte Transistoren, Dioden, passive Ele
mente und integrierte Schaltkreise fur den Gebrauch in 
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hybriden Kreisen. (Prozess-, Einkapselung- und In
spektions-Kriterien sind inbegriffen.1 

Hauptnachschlagewerk 

Zusammenfassung in Gruppen der bevorzugten Haupt
elementkategorien fUr schnelle Vorselektion der Elemen
te die am besten fur gegebene Anwendungen in Frage 
kommen. Dieses Dokument enhalt Halbleiterelemente 
und integrierte Kreise. 

Militarelementen- Liste 

Dies ist eine vollstandige Liste von Motorola Bausteinen 
die Militarspezifikationen erfUlien. 

Montagezubehor und Einkapselung Information 

Bauelement-Montagezubehor, Kuhlelemente und Spe
zial-Elementeneinkapselung. 

Vermasste Elementen-Grundrisse 

Vermasste Zeichnungen von Gehausegrundrissen mit 
JEDEC und Motorola Gegenuberstellung. (Zeichnungen 
der Anschlussformen von gegebenen Gehausen sind 
inbegriffen.1 

Awendungsbericht- Katalog 

Nachschlagliste der Anwendungsberichte welche in An
wendungskategorien zusammengefasst sind. Eine kurze 
Zusammenfassung des I nhalts der verfUgbaren Berichte 
ist gegeben und ebenfalls wie sie bestellt werden konnen. 

Um den Anforderungen eines praktischen, auf den letz
ten Stand gebrachten Nachschlagewerkes zu geniigen 
wird der Referenz-Band der Halbleiterbibliothek zwei
mal im Jahr vollstiindig uberarbeitet und publiziert. 
Zusatzl iche Veroffentl ichungen werden vierteljiihrlich 
herausgegeben. 

BAND I 

Dieser Band enthiilt vollstandige Datenbliitter der von 
Motorola fabrizierten Elemente mit E IA registrierten 
Nummern bis zu lN4999 und 2N4999. Die Daten
blatter sind in numerischer Ordnung gemiiss der Bauele
mente-Typennummer eingereiht. Ausnahme sind solche 
Datenbliitter welche spezielle Elemente mit wechselnden 
Typennummern behandeln. Ein numerisches Verzeich
nis am anfang des Bandes erlaubt dem Beniitzer ein 
schnelles Auffinden der Datenblatter fUr aile Elemente, 
die im Buch aufgefiihrt sind. 

Weil die meisten Elemente-Typennummern in der Kate
gorie bis 5000 schon von bestehenden Produkten auf
gebraucht wurden, ist erwartet, dass dieser Band in 
den nachsten Jahren wenig Ueberarbeitung verlangt. 
Dementsprechend wird dieses Buch nur neu gedruckt 
wenn die Nachfrage es verlangt und Modifikationen 
werden nur bei einer Neuauflage vorgenommen. 

BAND II 

Dieser Band enthalt Datenblatter der von Motorola 
hergestellten EIA registrierten Elemente mit der Typen
nummer 1N5000 und 2N5000 und aufwiirts und eben
falls solche mit den 3N- - Typennummern. Aile aktiven 
Datenblatter fUr Elemente mit speziellen Motorola 
Typennummern (nicht EIA registriertl sind zusatzlich 



hier einbezogen. 

Weil dieser Band die detaillierten Daten fur aile der 
erst kUrzlich entwickelten Halbleiter enthalt, wird er 
durch Publikationen von Zusatzbuchern auf den letzten 
Stand gebracht. Zwei ZusatzbUcher werden wiihrend 
der"Lebensdauer'~dieser Ausgabe veroffentl icht werden. 

Wie wird "Die Halbleiter Datenbibliothek" gebraucht 

Die Bibliothek ist zusammengestellt worden urn mehrere 
spezielle Funktionen zu erflillen: . 

1. Erlaubt schnelle Bestimmung (zusammen mit Haupt
spezifikationen) von E IA registrierten Halbleitern 
und Bausteinen mit speziellen Motorola Typennum
mern. 

2. Erlaubt schnelle Se;ektion der best geeignetsten 
Elemente fUr eine bestimmte Schaltungsanwendung. 

3. Erlaubt schnelle Se!ektion von Elementen welche 
am besten gegebene elektrische Spezifikationen er
fUlien. 

4. Liefert vollstandige Charakterisation einer breiten 
Komponentenlinie, welche die meisten Halbleiter
Kategorien einschliesst .. Erlaubt einen detaillierten 
Vergleich der Elementtypen. 

Die ilachfolgenden Beispiele veranschau lichen mehrere 
Wege urn diese Bibliothek zu gebrauchen. 

Problem: Elementen-Bestimrnung 
Bekannt: Elemente-Typennummer 
Benotigte Information.: Elementefunktion, 

Anwendung, Haupt
spezifikationen 

Vorgang: 1m Hauptverzeichnis des Referenzbandes 
sind die Typennummern des zu untersuchenden Ele
mentes in der alphanumerischen Liste aufgefuhrt. Die 

Information, die in diesem Verzeichnis gegeben ist, 
besteht nicht nur aus dem Elemententyp sondern auch 
die elektrischen Hauptspezifikationen sind gegeben. 
Zusatzlich ist angegeben ob das Element von Motorola 
hergestellt wird und, im Fall dass dies verneint wird, ob 
Motorola ein elektrisch vergleichbares Bauelement lie
fern kann. Wenn benotigt, konnen die vollstandigen 
Daten der von Motorola hergestellten Halbleiter von 
den zwei anderen Banden der Halbl·eiter Bibl iothek 
erhalten werden. 

Problem: Elementen-Vorbestimmung 
Bekannt: 

a) VorgeseheneSchaltkreisanwendung fur ein bestimm
tes Element. 

b) Ungefahre eJektrische Spezifikationen eines ge
wUnschten Typs. 

Benotigte Information: 

a) Welche Elemente sind fur. eine bestimmte Kreis
funktion verfUgbar? 

b) Welche Elementtypen erfUllen am besten die erfor
derlichen elektrischen Charakteristiken? 

Vorgang: Das Hauptnachschlagwerk des Referenz
bandes wird aufgeschlagen.Dieses Kapitel enthiilt 
Produ k tkategorien, Z. B. Leistu ngstransistoren, Zener
dioden etc. eingereiht in bestimmte Marktsegmente, ein
schliesslich Fernmeldewesen, Verbraucherindustrie und 
Militiirbereich. Ein "Index" zu den einzelnen "Auswahl
Fuhrern" ist am anfang dieses Kapitels gegeben, was 
zum schnellen Auffinden der zutreffenden "Fuhrer" 
hilft. Volistandige Daten der von Motorola hergestell
ten Elemente konnen, wenn benotigt, von den zwei 
anderen Banden entnommen werden. 
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DEVICE 

1N5000 
1N5001 
1N5002 
1N5003 
1N5139,A 
1N5140.A 
1N5141.A 
1N5142.A 
1N5143.A 
1N5144.A 

1N5145.A 
1N5146.A 
1N5147,A 
1N5148.A 
1 N5149 
1N5150 
1N5150A 
1 N5151 
1N5152 
1N5152A 

1N5153 
1N5153A 
1N5154 
1N5155 
1N5155A 
1N5156 
1N5157 
1N5158 
1N5159 
1N5160 

1 N5221 
1N5222 
1N5223 
1N5224 
1N5225 
1N5226 
1N5227 
1N5228 
1N5229 
1N5230 

1N5231 
1N5232 
1N5233 
1N5234 
1N5235 
1N5236 
1N5237 
1N5238 
1N5239 
1N5240 

1N5241 
1N5242 
1N5243 
1N5244 
1N5245 
1N5246 
1N5247 
1N5248 
1N5249 
1N5250 

DEVICE INDEX 

Devices characterized in Volume II show the page reference 
only. Devices characterized in Volume I are referenced by 
volume and page number. 

VOL PAGE DEVICE VOL PAGE DEVICE 

I 1-103 1N5251 1-20 1N5312 

t t 1N5252 1N5313 
1N5253 1N5314 

I 1-103 1N5254 1N5333 
1-3 1N5255 1N5334 

1N5256 1N5335 
1N5257 1N5336 
1N5258 1N5337 
1N5259 1N5338 
1N5260 1N5339 

1N5261 1N5340 
1N5262 1N5341 
1N5263 1N5342 

1-3 1N5264 1N5343 
1-5 1N5265 1N5344 
1-5 1N5266 1N5345 
1-8 1N5267 1N5346 
1-10 1N5268 1N5347 
1-10 1N5269 1N5348 
1-8 1N5270 1N5349 

1-10 1N5271 1N5350 
1-8 1N5272 1N5351 
1-13 1N5273 1N5352 
1-13 1N5274 ,1N5353 
1-8 1N5275 1N5354 
1-16 1N5276 1N5355 
1-16 1N5277 1N5356 
1-17 1N5278 1N5357 
1-17 1N5279 1N5358 
1-17 1N5280 1N5359 

1-20 1N5281 1-20 1N5360 
1N5283 1-26 1N5361 
1N5284 1N5362 
1N5285 1N5363 
1N5286 1N5364 
1N5287 1N5365 
1N5288 1N5366 
1N5289 1N5367 
1N5290 1N5368 
1N5291 1N5369 

1N5292 1N5370 
iN5293 1N5371 
1N5294 1N5372 
1N5295 1N5373 
1N5296 1N5374 
1N5297 , 1N5375 
1N5298 , 

1N5376 
1N5299 1N5377 
1N5300 1N5378 
1N5301 1N5379 

1N5302 1N5380 
1N5303 1N5381 
1N5304 1N5382 
1N5305 1N5383 
1N5306 1N5384 
1N5307 1N5385 
1N5308 1N5386 
1N5309 1N5387 
1N5310 1N5388 

1-20 1N5311 1-26 1N5441A.B.C 

XI 

VOL PAGE 

1-26 
1-26 
1-26 
1-30 

1-30 
1-34 



DEVICE VOL PAGE DEVICE VOL PAGE DEVICE VOL PAGE 
-' 

1 N5442A,B,C 1-34 2N5052 2-11 2N5338 2-122 
1N5443A,B,C 2N5060 2-13 2N5339 2-122 
1 N5444A,B,C 2N5061 

! 2N5344 2-126 
1 N5445A,B,C 2N5062 2N5345 2-126 
1 N5446AiB,C 2N5063 2N5346 2-130 
1 N5447 A,B,C 2N5064 2-13 2N5347 t 1 N5448A,B,C 2N5067 2-17 2N5348 
1 N5449A,B,C 2N5068 2-17 2N5349 2-130 
1 N5450A,B,C 2N5069 2-17 2N5357 2-134 
1N5451A,B,C 2N5070 2-21 2N5358 2-138 

1 N5452A,B,C 2N5086 2-27 2N5359 

j 1 N5453A,B,C 2N5087 2-27 2N5360 
1N5454A,B,C 2N5088 2-31 2N5361 
1N5455A,B,C 2N5089 2-31 2N5362 
1 N5456A,B,C 1-34 2N5090 2-35 2N5363 
1 N5461 A,B,C 1-38 2N5108 2-38 2N5364 2-138 
1N5462A,B,C 2N5109 2-41 2N5400 2-144 
1 N5463A,B,C 2N5146 2-47 2N5401 2-144 
1 N5464A,B,C 2N5155 2-49 2N5427 2-149 
1 N5465A,B,C 2N5157 I 1-651 2N5428 

~ 1 N5466A,B,C 2N5160 2-51 2N5429 
1 N5467 A,B,C 2N5161 2-54 2N5430 2-149 
1 N5468A,B,C 2N5162 2-54 2N5431 2-153 
1 N5469A, B,C 2N5164,R 2-58 2N5435 2-155 
1 NS470A,B,C 2N5165,R 

j 
2N5436 

! 1N5471A,B,C 2N5166,R 2N5437 
1 N5472A,B,C 2N5167,R 2N5438 
1 N5473A,B,G 2N5168,R 2N5439 
1 N5474A,B,C 2N5169,R 2N5440 2-155 
1 N5475A,B,C 2N5170,R 2N5457 2-159 

1 N5476A,B,C 1-38 2N5171,R 2-58 2N5458 2-159 
1N5518,A,B 1-42 2N5179 2-62 2N5459 2-159 
1N5519,A,B 2N5190 2-68 2N5460 2-160 
1N5520,A,B 2N5191 2-68 2N5461 

! 1N5521,A,B 2N5192 2-68 2N5462 
1N5522,A,B 2N5193 2-72 2N5463 
1N5523,A,B 2N5194 2-72 2N5464 
1N5524,A,B 2N5195 2-72 2N5465 2-160 
1N5525,A,B 2N5208 2-76 2N5471 2-163 
1N5526,A,B 2N5209 2-81 2N5472 

I 1N5527,A,B 2N5210 2-81 2N5473 
1N5528,A,B 2N5219 2-85 2N5474 
1N5529,A,B 2N5220 2-86 2N5475 
1N5530,A,B 2N5221 2-87 2N5476 2-163 
1N5531,A,B 2N5222 2-88 2N5477 2-165 
1N5532,A,B 2N5223 2-89 2N5478 t 1N5533,A,B 2N5224 2-90 2N5479 
1 N5534,A,B 2N5225 2-92 2N5480 2-165 
1N5535,A,B 2N5226 2-93 2N5484 2-169 
1N5536,A,B 2N5227 2-94 2N5485 2-169 

1N5537,A,B 2N5228 2-95 2N5486 2-169 
1N5538,A,B 2N5229 2-97 2N5550 2-171 
1 N5539,A,B 2N5230 2-97 2N5551 2-171 
1N5540,A,B 2N5231 2-97 2N5555 2-176 
1N5541,A,B 2N5241 2-101 2N5556 2-178 
1N5542,A,B 2N5265 2-104 2N5557 2-178 
1N5543,A,B 

" 2N5266 

1 
2N5558 2-178 

1N5544,A,B 2N5267 2N5581 I 2-255 
1N5545,A,B 2N5268 2N5582 I 2-255 
1N5546,A,B 1-42 2N5269 2N5583 2-180 

1N5758,A 1-45 2N5270 2-104 2N5589 2-184 
1 N5759,A l 2N5301 2-110 2N5590 2-188 
1N5760,A 2N5302 2-110 2N5591 2-191 
1 N5761,A 2N5303 2-110 2N5629 2-194 
1N5762,A 1-45 2N5324 2-114 2N5630 2-194 
2N5016 2'3 2N5325 2-114 2N5631 2-194 
2N5031 2-7 2N5334 2-118 2N5632 2-198 
2N5032 2-7 2N5335 2-118 2N5633 2-198 
2N5050 ,2-11 2N5336 2-122 2N5634 2-198 
2N5051 2-11 2N5337 2-122 2N5635 2-202 

XII 



DEVICE VOL PAGE DEVICE VOL PAGE DEVICE VOL PAGE 

2N5636 2-202 2N5869 2-318 2N6070 2-400 
2N5637 2-202 2N5870 2-318 2N6071 

! 2N5638 2-210 2N5871 2-320 2N6072 
2N5639 2-210 2N5872 

~ 
2N6073 

2N5640 2-210 2N5873 2N6074 
2N5641 2-212 2N5874 2-320 2N6075 2-400 
2N5642 2-212 2N5875 2-322 2N6080 2-404 
2N5643 2-212 2N5876 f 2N6081 2-404 
2N5644 2-218 2N5877 2N6082 2-408 
2N5645 2-220 2N5878 2-322 2N6083 2-408 

2N5646 2-222 2N5879 2-324 2N6084 2-408 
2N5653 2-224 2N5880 ~ 

2N6094 2-412 
2N5654 2-224 2N5881 2N6095 t 2N5655 2-226 2N5882 2-324 2N6096 
2N5656 2-226 2N5883 2-326 2N6097 2-412 
2N5657 2-226 2N5884 f 2N6116 2-420 
2N5668 2-230 2N5885 2N6117 2-420 
2N5669 2-230 2N5886 2-326 2N6118 2-420 
2N5670 2-230 2N5887 2-328 2N6135 2-424 
2N5679 2-232 2N5888 2N6136 2-428 

2N5680 2-232 2N5889 2N6139 2-431 
2N5681 2-234 2N5890 2N6140 

I 2N5682 2-234 2N5891 2N6141 
2N5683 2-236 2N5892 2N6142 
2N5684 2-236 2N5893 2N6143 
2N5685 2-238 2N5894 2N6144 
2N5686 2-238 2N5895 2N6148 
2N5692 2-240 2N5896 2N6149 
2N5693 

! 
2N5897 2N6150 2-431 

2N5694 2N5898 2N6151 2-435 

2N5695 2N5899 2N6152 I 2N5696 2-240 2N5900 2N6153 
2N5716 2-242 2N5901 2-328 2N6154 
2N5717 2-242 2N5941 2-333 2N6155 
2N5718 2-242 2N5942 2-333 2N6156 2-435 
2N5745 I 1-786 2N5943 2-341 2N6157 2-439 
2N5758 2-244 2N5944 2-349 2N6158 

1 

2N5759 2-244 2N5945 2-349 2N6159 
2N5760 2-244 2N5946 2-349 2N6160 
2N5763 2-248 2N5947 2-356 2N6161 

2N5777 2-252 2N5974 2-360 2N6162 
2N5778 ~ 2N5975 2-360 2N6163 
2N5779 2N5976 2-360 '2N6164 
2N5780 2-252 2N5977 2-364 2N6165 2-439 
2N5793 2-254 2N5978 2-364 2N6166 2-441 
2N5794 2-254 2N5979 2-364 2N6171 I 1-645 
2N5795 2-256 2N5980 2-368 2N6172 f f 2N5796 2-256 2N5981 2-368 2N6173 
2N5829 2-258 2N5982 2-368 2N6174 I 1-645 
2N5835 2-266 2N5983 2-372 2N6182 2-445 

2N5836 2-266 2N5984 2-372 2N6183 

I 2N5837 2-266 2N5985 2-372 2N6184 
2N5841 2-272 2N5986 2-376 2N6185 
2N5842 2-272 2N5987 

! 
2N6186 

2N5843 2-278 2N5988 2N6187 
2N5844 2-278 2N5989 2N6188 
2N5845,A 2-280 2N5990 2N6189 2-445 
2N5846 2-284 2N5991 2-376 2N6190 2-449 
2N5847 2,284 2N6027 2~381 2N6191 

~ 2N5848 2-288 2N6028 2-381 2N6192 
2N5849 2-291 

2N6029 2-384a 2N6193 2-449 
2N5851 2-295 2N6030 2-384a 2N6226 2-453 
2N5852 2-295 2N6031 2-384a 2N6227 2-453 
2N5859 2-300 2N6049 2-388 2N6228 2-453 
2N5860 2-300 2N6064 2-392 2N6229 2-457 
2N5861 2-306 2N6065 2-392 2N6230 2-457 
2N5862 2-310 2N6066 2-392 2N6231 2-457 
2N5864 2-314 2N6067 2-396 2N6233 2-461 
2N5865 2-316 2N6068 2-400 2N6234 2-461 
2N5867 2-318 2N6069 2-400 2N6235 2-461 
2N5868 2-318 

XIII 



DEVICE VOL PAGE DEVICE VOL PAGE DEVICE VOL PAGE 

2N6236 2-465 %M120Z 3-3 lM24Z I 1-59 
2N6237 

! 
lM130Z 

! 2N6238 lM140Z 
2N6239 lM150Z 
2N6240 %M175Z 

1M27Z 
lM30Z 
1M33Z 
lM36Z 

2N6241 2-465 %M200Z 3-3 1M39Z 
2N6255 2-467 .4M.64FR10 3-5 1M43Z 
2N6278 2-471 .4Ml.36FR5 ! 2N6279 t .4M1.36FR2 
2N6280 .4M2.04FR5 

1M47Z 
1M51Z 
1M56Z 

2N6281 2-471 .4M2.04FR2 3-5 1M62Z 
3N124 2-475 1.5M6.8Z I 1-58 lM68Z 
3N125 2-475 1.5M7.5Z lM75Z 
3N126 2-475 1.5M8.2Z lM82Z 
3N140 2-479 1.5M9.1Z lM91Z 
3N155,A 2-481 1.5M 1 OZ lMl00Z 
3N156,A 2-481 1.5MllZ lMl10Z 
3N157,A 2-485 1.5M12Z lM120Z 
3N158,A 2-485 1.5M13Z 1M130Z 
3N169 2-490 1.5M15Z 1M150Z 

3N170 2-490 1.5M16Z 1M160Z 
3N171 2-490 1.5M18Z 1M180Z 
%M2.4AZ 3-3 1.5M20Z 1M200Z 1-59 
%M2.7AZ 1.5M22Z 1M3.3ZS10 I 1-105 
%M3.0AZ 1.5M24Z 1M3.6ZS10 
%M3.3AZ 1.5M27Z 1M3.9ZS10 
%M3.6AZ 1.5M30Z 1M4.3ZS10 
%M3.9AZ 1.5M33Z 1M4.7ZS10 
%M4.3AZ 1.5M36Z 1M5.1ZS10 
%M4.7AZ 1.5M39Z 1M5.6ZS10 

%M5.1AZ 1.5M43Z 1M6.2ZS10 
%M5.6AZ 1.5M47Z 1M6.8ZS10 
%M6.2AZ 1.5M51Z 1M7.5ZS10 
%M6.8Z 1.5M56Z 1M8.2ZS10 
%M7.5Z 1.5M62Z 1M9.1ZS10 
%M8.2Z 1.5M68Z 1M 10ZSl 0 
%M9.1Z 1.5M75Z 1M11ZS10 
%Ml0Z 1.5M82Z 1 M 12ZS1 0 
%M11Z 1.5M91Z 1M13ZS10 
%M12Z 1.5M100Z 1M15ZS10 

%M13Z 1.5M110Z 1M16ZS10 
%M14Z 1.5M120Z 1M18ZS10 
%M15Z 1.5M130Z 1M20ZS10 
%M16Z 1.5M150Z lM22ZS10 
%M17Z 1.5M160Z 1M24ZS10 
%M18Z 1.5M180Z lM27ZS10 
%M19Z 1.5.M200Z 1-58 lM30ZS10 
YoM20Z lM3.3AZ10 1-59 1M33ZS10 
%M22Z 1M3.6AZ10 1M36ZS10 
%M24Z 1M3.9AZ10 1M39ZS10 

%M25Z 1M4.3AZ10 1M43ZS10 
%M27Z lM4.7AZ10 1M47ZS10 
%M30Z lM5.1AZ10 1M51ZS10 
%M33Z lM5.6AZ10 1M56ZS10 
%M36Z lM6.2AZ10 1M62ZS10 
%M39Z lM6.8AZ10 1M68ZS10 
%M43Z 1M7.5AZ10 1M75ZS10 
%M45Z lM6.8Z 1M82ZS10 
%M47Z lM7.5Z 1M91ZS10 
%M50Z lM8.2Z 1M 1 00ZS1 0 

%M52Z 1M9.1Z 1M110ZS10 
%M56Z 1Ml0Z 1M120ZS10 
%M62Z 1M 11Z 1M130ZS10 
%M68Z lM12Z 1M150ZS10 
%M75Z 1M13Z 1M160ZS10 
%M82Z 1M15Z 1M180ZS10 
%M91Z 1M16Z lM200ZS10 1-105 
%Ml00Z 1M18Z 5M3.3ZS 1-30 
%Ml05Z 1M20Z 
%Ml10Z 3-3 1M22Z I 1-59 

5M3.6ZS t 5M3.9ZS 
5M4.3.ZS 1-30 

XIV 



DEVICE VOL PAGE DEVICE VOL PAGE DEVICE VOL PAGE 

SM4.7ZS 1-30 10M33Z I 1-43 50M120Z I 1-40 
SMS.1ZS 
SMS.6ZS 
SM6.0ZS 
SM6.2ZS 
SM6.8ZS 
SM7.SZS 

10M36Z 
10M39Z 
10M43Z 
10M47Z 
10M50Z 
10MS1Z 

50M130Z 

I j 50M140Z 
50M150Z 
50M160Z 
50M17SZ 
50M180Z 

SM8.2ZS 10MS2Z SOM200Z I 1-40 
SM8.7ZS 10MS6Z AF139 3-9 
SM9.1ZS 10M62Z AF239 3-12 

SM10ZS 10M68Z BB105A,B,G 3-16 
SMllZS 10M75Z BU105 3-243 
SM12ZS 10M82Z MA100 3-20 
SM13ZS 
5M14ZS 
5M15ZS 
5M16ZS 
SM17ZS 

10M91Z 
10Ml00Z 
10Ml05Z 
10Mll0Z 
10M120Z 

MA112 

j MA113 
MAl14 
MAllS 
MAl16 

5M18ZS 10M130Z MAl17 3-20 
5M19ZS 10M140Z MA200 3-21 

5M20ZS 
SM22ZS 
SM24ZS 
SM25ZS' 
SM27ZS 

10M150Z 
10M160Z 
10M180Z 
10M200Z 1-43 
SOM3.9Z 1-40 

MA201 

j MA202 
MA203 
MA204 
MA20S 

SM28ZS SOM4.3Z MA206 3-21 
SM30ZS SOM4.7Z MA286 3-23 
5M33ZS 50MS.1Z MA287 3-23 
SM36ZS 50M5.6Z MA288 3-23 
SM39ZS 50M6.2Z MA881 3-24 

SM43ZS 
5M47ZS 
SM51ZS 
5MS6ZS 
5M60ZS 
5M62ZS 
5M68ZS 
SM7SZS 
5M82ZS 

50M6.8Z 
50M7.5Z 
50M8.2Z 

SOM9.1Z 
SOM10Z 
50Ml1Z 
50M12Z 
50M13Z 

MA882 

j 
MA883 
MA884 
MA88S 
MA886 
MA887 
MA888 
MA889 3-24 
MA909 3-26 

5M87ZS 50M14Z MA910 3-26 

5M91ZS 
SM100ZS 
5Mll0ZS 
5M120ZS 
5M130ZS 
SM140ZS 
5M150ZS 
5M160ZS 
5M170ZS 

50M1SZ 
50M16Z 
50M17Z 
SOM18Z 
SOM19Z 
SOM20Z 
50M22Z 
SOM24Z 
SOM25Z 

MA1703 3-27 
MA1704 ~ MA1706 
MA1707 3-27 
MACl 3-29 
MAC2 

t MAC3 
MAC4 
MAC5 

5M180ZS 50M27Z MAC6 3-29 

SM190ZS 
5M200ZS 1-30 
10M6.8Z I 1-43 
10M7.5Z 
10M8.2Z 
10M9.1Z 
10Ml0Z 
10Ml1Z 
10M12Z 

50M30Z 
SOM33Z 
50M36Z 
SOM39Z 
SOM43Z 
50M4SZ 
50M47Z 
50M50Z 
50M51Z 

MAC10-l 3-33 
MAC10-2 
MAC10-3 
MAC10-4 
MAC10-5 
MAC10-6 
MAC10-7 
MAC10-8 
MACll-l 

10M13Z 50M52Z MACll-2 

10M14Z 
10M1SZ 
10M16Z 
10M18Z 
10M19Z 
10M20Z 
10M22Z 
10M24Z 
10M27Z 

SOM56Z 
SOM62Z 
SOM68Z 
SOM75Z 
SOM82Z 
SOM91Z 
SOM100Z 
SOM105Z 
50Ml10Z I 1-40 

MACll-3 
MAC11-4 
MAC11-5 
MAC11-6 
MACll-7 
MACll-8 3'33 
MAC21 3-37 
MAC35-1 t MAC35-2 

10M30Z 1-43 MAC35-3 3-37 

xv 



DEVICE VOL PAGE . DEVICE VOL PAGE DEVICE VOL PAGE 

MAC35-4 3-37. MCA2133 3-63 · MCR206 ·3-S2: .. ' 
MAC35-5 MCA2134 MCR406:, 3-S6 
MAC35-6 MCA2211 ' MCR406-2 { MAC35-7 . MCA2212 MCR406-3 
MAC36-1 MCA2213 MCR406-4 3'S6 
MAC36-2 MCA2214 · MCR407-1 3-90 
MAC36-3 MCA2221 MCR407-2 t MAC36-4 MCA2222 MCR407-3 
MAC36-5 MCA2223 MCR407-4 3-90 
MAC36-6 MCA2224 MCR649-1 3-92 

MAC36-7 MCA2231 MCR649-2 '-

j MAC37-1 MCA2232 MCR649-3 
MAC37-2 MCA2233 " MCR649-4 
MAC37-3 MCA2234 3-63' MCR649-5 
MAC37-4 MCL1300 3-64 MCR649-6 
MAC37-5 MCL1301 

~ 
MCR649-7 3-92 

MAC37-6 MCL1302 MCR729-5 3-95 
MAC37-7 MCL1303 MCR729-6 

j MAC3S-1 MCL1304 3-64 MCR729-7 
MAC3S-2 MCR051 3-66 MCR729-8 

MAC38-3 MCR052 ~ MCR729-9 
MAC3S-4 MCR053 MCR729-10 3-95. 
MAC3S-5 MCR054 3-66 MCRS46-1 3-97 
MAC3S-6 MCR101 3-70 MCRS46-2 ~ MAC3S-7 3-37 MCR102 t MCR846-3 
MBD101 3-41 MCR103 MCRS46-4 3-97 
MBD102 3-428 MCR104 3-70 MCR1336-5 3-99 
MBD5.01 3-43 MCR106-1 3-72 MCR1336-6 

j MBD502 3-45 MCR106-2 

~ 
MCR1336-7 

MBD701 3-43 MCR106-3 MCR1336-B 

MBD702 3-45 MCR106-4 3-:72 MCR1336-9 
MBD5300 3-47 MCR107-1 3-74 MCR1336-10 3-99 
MBD5400 3"53 MCR107-2 

j 
MCR171B-5 3-101 

MBD5500,A 3-55 MCR107-3 MCR171B-6 t MBD5550,A 3-59 MCR107-4 MCR171S-7 
MBS100 3-61 MCR107-5, MCR171S-8 3-101 
MCA1911 3-63 MCR107-6 MCR1906-1 3-103 
MCA1912 MCR107-7 MCR1906-2 t MCA1913 MCR107-S 3-74 MCR1906-3 
MCA1914 MCR115 3-76 MCR1906-4 3-103 

MCA1921 MCR120 3-76 MCR1907-1 3-105 
MCA1922 MCR154-10 3-7S MCR1907-2 t MCA1923 MCR154-20 MCR1907-3 
MCA1924 MCR154-30 MCR1907-4 3-105 
MCA1931 MCR154-40 MCR2315-1 3-108 
MCA1932 MCR154-50 · MCR2315-2 

I MCA1933 MCR154-60 MCR2315-3 
MCA1934 MCR155-10 MCR2315-4 
MCA2011 MCR155-20 MCR2315-5 
MCA2012 MCR155-30 MCR2315-6 3-108 

MCA2013 MCR155-40 MCR2604-1 I 2-721 
MCA2014 MCR155-50 MCR2604-2 
MCA2021 MCR155-60 MCR2604-3 
MCA2022 MCR156-10 MCR2604-4 
MCA2023 MCR156-20 MCR2604-5 
MCA2024 MCR156-30 MCR2604-6 
MCA2031 MCR156-40 , MCR2604-7 
MCA2032 MCR156-50 MCR2604-S 
MCA2033 MCR156-60 · MCR2605-1 
MCA2034 MCR157-10 MCR2605-2 

MCA2111 MCR157-20 MCR2605-3 
MCA2112 MCR157-30 MCR2605-4 
MCA2113 MCR157-40 MCR2605-5 
MCA2114 MCR157-50 MCR2605-6 

• MCA2121 . MCR157-60 3-7S MCR2605-7 
MCA2122 MCR201 3-S2 MCR2605-S I 2-721 
MCA2123 MCR202 f MCR2614L-1 3-108 
MCA2124 MCR203 MCR2614L-2 t MCA2131 MC~204 MCR2614L-3 
MCA2132 3-63 MCR205 3-82 MCR2614L-4 3-108 

XVI 



DEVICE VOL PAGE DEVICE VOL PAGE DEVICE VOL PAGE 

MCR2614L-5 3-1OS MDA942-1 3-167 MFE2004 3-194 
MCR2614L-6 3-108 MDA942-2 MFE2005 3-194 
MCR3818-1 3-110 MDA942-3 MFE2006 3-194 
MCR3818-2 MDA942-4 MFE2007 3-196 
MCR3818-3 MDA942-5 MFE200S 3-196 
MCR3818-4 MDA942-6 MFE2009 3-196 
MCR3818-5 MDA952-1 MFE2010 3-198 
MCR3818-6 MDA952-2 MFE2011 3-198 
MCR3818-7 MDA952-3 MFE2012 3-198 
MCR3818-8 MDA952-4 MFE2093 3-200 

MCR3835-1 MDA952-5 MFE2094 3-200 
M.CR3835-2 MDA952-6 3-167 MFE2095 3-200 
MCR3835-3 MDA952FR-1 3-171 MFE2133 3-201 
MCR3835-4 MDA952FR-2 

~ 
MFE3001 3-203 

MCR3835-5 MDA952FR-3 MFE3002 3-205 
MCR3835-6 MDA952FR-4 MFE3003 3-206 
MCR3835-7 MDA952FR-5 3-171 MFE3004 3-207 
MCR3835-8 MDA962-1 3-167 MFE3005 3-207 
MCR3918-1 MDA962-2 

t 
MFE3006 3-209 

MCR3918-2 MDA962-3 MFE3007 3-209 

MCR3918-3 MDA962-4 MFE300S 3-209 
MCR3918-4 MDA962-5 3-167 MFE3020 3-215 
MCR3918-5 MDA970-1 3-172 MFE3021 3-215 
MCR3918-6 MDA970-2 3-172 MFE4007 3-217 
MCR3918-7 MDA970-3 3-172 MFE4008 

! MCR3918-8 3-110 MDA972-1 3-167 MFE4009 
MCR3935-1 3-112 MDA972-2 

~ 
MFE4010 

MCR3935-2 

I 
MDA972-3 MFE4011 

MCR3935-3 MDA972-4 MFE4012 3-217 
MCR3935-4 MDA972-5 3-167 MHQ2221 3-223 

MCR3935-5 MDA980-1 3-176 MHQ2222 3-223 
MCR3935-6 MDA980-2 MHQ2369 3-225 
MCR3935-7 MDA980-3 MHQ2483 3-227 
MCR3935-8 3-112 MDA980-4 MHQ2484 3-227 
MD708,A,8,F 3-114 MDA980-5 MHQ2906 3-229 
MD918,A,B,F 3-116 MDA980-6 MHQ2907A 3-229 
MD984 3-118 MDA990-1 MHQ3250 3-231 
MD986 3-120 MDA990-2 MHQ3251A 3-231 
MD1120 3-122 MDA990-3 MHQ3467 3-233 
MDl121 3-122 MDA990-4 MHQ3546 3-235 

MD1122 3-122 MDA990-5 MHQ3798 3-237 
MD1129 3-124 MDA990-6 3-176 MHQ3799 3-237 
MD1130 3-126 MDA1330H 3-182 MHQ6001 3-239 
MD1132 3-128 MDA1331H t MHQ6002 3-239 
MD2218 3-130 MDA1332H MHQ6100 3-241 
MD2219 3-.132 MDA1333H 3-182 MHQ6100A 3-241 
MD2369 3-134 MDA1491-1 3-167 MJ105 3-243 
MD2904 3-136 MDA1491-2 MJ400 3-247 
MD2905 3-138 MDA1491-3 MJ410 3-249 
MD3250,A,F,AF 3-140 MDA1491-4 MJ411 3-249 

M03251,A,F,AF 3-140 MDA1491-5 MJ413 3-251 
MD3467 3-144 MDA1491-6 MJ420 3-253 
MD3725 3-146 MDA1505-1 MJ421 3-253 
MD3762 3-1.48 MDA1505-2 MJ423 3-251 
MD4957 3-150 MDA1505-3 MJ424 3-255 
MD5000,A,B 3-154 MDA1505-4 MJ425 3-255 
MD6001,F 3-156 MDA1505-5 MJ431 3-251 
MD6002,F 3-156 MDA1505-6 MJ450 3-257 
MD6003,F 3-158 MDA1591-1 MJ480 3-259 
MD6100 3-160 MDA1591-2 MJ481 3-259 

MOA920 3-161 . MDA1591-3 MJ490 3-261 
MDA922-1 3-163 MDA1591-4 MJ491 3-261 
MDA922-2 

1 

MDA1591-5 MJ500 3-263 
MDA922-3 MDA1591-6 3-167 MJ501 3-263 
MDA922-4 MF3304 3-186 MJ802 3-265 
MDA922-5 MFE120 3-188 MJ900 3-267 
MDA922-6 MFE.121 3-188 MJ901 .~ MDA922-7 MFE122 3-188 MJ1000 
MDA922-8 MFE2000 3-192 MJ1001 3-267 
MDA922-9 ,3-163 MFE2001 3-192 MJ.1800 3-269 
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DEVICE VOL PAGE DEVICE VOL PAGE DEVICE VOL PAGE 

MJ2249 3-271 MJE702 3-335 MJE5193 2-72 
MJ2250 3-271 MJE703 3-335 MJE5194 2·72 
MJ2251 3-273 MJE710 3-337 MJE5195 2-72 
MJ2252 3-273 MJE711 3-337 MJE6655 2-226 
MJ2267 3-275 MJE712 3-331 MJE5656 2-226 
MJ2268 3-275 MJE720 3-339 MJE5657 2-226 
MJ2600 3-277 MJE721 3-339 MJE6974 2:360 
MJ2501 ~-277 MJE222 3-339 MJE6975 2-360 
MJ2801 3-279 MJE800 3-335 MJE5976 2-360 
MJ2840 3-281 MJE801 t MJE5977 2-364 

MJ2841 3-281 MJE802 MJE5978 2-364 
MJ2901 3-279 MJE803 3-335 MJE5979 2-364 
MJ2940 3-283 MJE1090 3-341 MJE5980 2-368 
MJ2941 3-283 MJE1091 

j 
MJE5981 2-368 

MJ3000 3-277 MJE1092 MJE5982 2-368 
MJ3001 3-277 MJE1093 MJE5983 2-372 
MJ3026 3-289 MJE1100 MJE5984 2-372 
MJ3027 3-289 MJE1101 MJE5985 2-372 
MJ3028 3-291 MJE1102 MLED50 3-372 
MJ3029 3-293 MJE1103 3-341 MLED56 3-372 

MJ3030 3-293 MJE1290 3-343 MLED60 3-374 
MJ3101 3-271 MJE1291 

~ MLED90 3-374 
MJ3201 3-296 MJE1660 MLED600 3-376 
MJ3202 3-296 MJE1661 3-343 MLED610 3-378 
MJ3430 3-297 MJE2010 3-346 MLED630 3-380 
MJ3771 I 2-606 MJE2011 

~ MLED900 3-382 
MJ3772 I 2-606 MJE2020 MLED910 3-384 
MJ4000 3-299 MJE2021 3-345 MLED930 3-386 
MJ4001 

~ 
MJE2360 3-347 MM380 3-388 

MJ4010 MJE2361 3-34'7 MM404 3-390 

MJ4011 3-299 MJE2370 3-348 MM404A 3-390 
MJ4030 3-301 MJE2371 3-348 MM869B I 2-113 
MJ4031 

! 
MJE2480 3-350 MM1139 3-392 

MJ4032 MJE2481 
~ 

MM1500,A 3-395 
MJ4033 MJE2482 MM1501,A 3-395 
MJ4034 MJE2483 3-350 MM1553 3-397 
MJ4035 3-301 MJE2490 3-352 MM1620 3-401 
MJ4502 3-303 MJE2491 3-352 MM1748 3-404 
MJ4645 3-305 MJE2520 3-354 MM1803 I 2-435 
MJ4646 3-305 MJE2521 

~ 
MM1812 3-406 

MJ4647 3-305 MJE2522 MM1941 3-408 
MJ6700 3-307 MJE2523 3-354 MM2258 3-410 
MJ6701 3-307 MJE2801 3-356 MM2259 3-410 
MJ7000 3-309 MJE2801K 3-356 MM2260 3-410 
MJ7200 3-311 MJE2901 3-358 MM2483 3-413 
MJ7201 3-311 MJE2901 K 3-358 MM2894A 3·415 
MJ8100 3-313 MJE2955 3-360 MM3000 3-417 
MJ8101 3-313 MJE2955K 3-360 MM3001 ~ MJ8400 3-315 MJE3054 3-362 MM3002 
MJ9000 3-317 MJE3055 3-364 MM3003 3-417 

MJE105 3-319 MJE3055K 3-364 MM3005 3-418 
MJE105K 3-319 MJE3370 3-327 MM3006 3-418 
MJE205 3-321 MJE3371 3-329 MM3007 3-418 
MJE205K 3-321 MJE3439 3-366 MM3008 3-420 
MJE340 3-323 MJE3440 3-366 MM3009 3-420 
MJE340K 3-323 MJE3620 3-331 MM3376 3-422 
MJE341 3-326 MJE3521 3-333 MM3376A 3-424 
MJE341K ~ MJE3738 3-368 MM3724 3"426 
MJE344 MJE3739 3-368 MM3725 3-426 
MJE344K 3-326 MJE3740 3-370 MM3726 3-430 

MJE370 3-327 MJE3741 3·370 MM3903 3-434 
MJE370K 3-327 MJE4918 I 1-860 MM3904 3-434 
MJE371 3-329 MJE4919 

l 
1-860 MM3905 3-439 

MJE371 K 3-329 MJE4920 1-860 MM3906 3-439 
MJE520 3-331 MJE4921 1-864 MM4000 3-444 
MJE520K 3-331 MJE4922 1-864 MM4001 ~ MJE521 3-333 MJE4923 I 1-864 MM4002 
MJE521 K 3-333 MJE5190 2-68 MM4003 3-444 
MJE700 3-335 MJE5191 2-68 MM4018 3-445 
MJE701 3-335 MJE5192 2-68 MM4019 3-447 
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DEVICE VOL PAGE DEVICE VOL PAGE DEVICE VOL PAGE 

MM4049 3-451 MP505 3-550 MPS3705 3-633 
MM4052 3-453 MP506 3-550 MPS3706 

I MM4208 3-455 MP525 3-552 MPS3707 
MM4208A t MP600 3-554 MPS3708 
MM4209 MP601 t MPS3709 
MM4209A 3-455 MP602 MPS3710 
MM4261H 3-457 MP603 3-554 MPS3711 
MM5000 3-465 MP800 3-556 MPS3721 3-633 
MM5001 

! 
MP801 3-556 MPS3725 3-636 

MM5002 MP900 3-558 MPS4354 3-640 

MM5005 MP901 3-558 MPS4355 3-640 
MM5006 MP902 3-558 MPS4356 3-640 
MM5007 3-465 MP1612,A,B 3-560 MPS5172 3-644 
MM8000 3-469 MP1613 3-562 MPS6507 3-646 
MM8001 3-469 MP2000A 3-564 MPS6511 3-649 
MM8003 3-471 MP2060 3-568 MPS6512 3-652 
MM8006 3-473 MP2061 t MPS6513 

j 
MM8007 3-473 MP2062 MPS6514 
MM8008 3-477 MP2063 3-568 MPS6515 
MM8009 3-481 MP2100A 3-564 MPS6516 

MM8010 3-477 MP220()A 

+ 
MPS6517 

MM8011 3-477 MP2300A MPS6518 
MM070 3-494 MP2400A 3-564 MPS6519 3-652 
MM06050 3-495 MP3730 3-572 MPS6520 3-654 
MM06100 t MP3731 3-572 MPS6521 t MM06150 MP5692 2-240 MPS6522 
MM07000 3-495 MP5693 2-240 MPS6523 3-654 
MM07001 3-497 MPA-10 3-574 MPS6530 3-656 
MMF1 3-499 MPF102 3-576 MPS6531 

j MMF2 

I 
MPF108 3-577 MPS6532 

MMF3 
MPF109 3-579 MPS6533 

MMF4 MPF111 3-581 MPS6534 
MMF5 MPF112 3-582 MPS6535 3-656 
MMF6 3-499 MPF120 3-583 MPS6539 3-658 
MMT70 3-501 MPF121 3-583 MPS6540 3-659 
MMT71 3-502 MPF122 3-583 MPS6542 3-661 
MMT72 3-503 MPF161 3-587 MPS6543 3-665 
MMT73 3-505 MPF820 3-589 MPSEi544 3-667 
MMT174 3-507 MPF1000 3-591 MPS6545 3-667 
MMT175 3-508 MPN3401 3-595 MPS6546 3-669 
MMT176 3-508 

MPN3402 3-595 MPS6547 3-669 
MMT806 3-511 MPQ3303 3-597 MPS6548 3-673 
MMT807 3-513 MPQ3725 3-599 MPS6560 3-674 
MMT808 3-515 MPS404,A 3-602 MPS6561 t MMT809 3-517 MPS706,A 3-606 MPS6562 
MMT918 3-484 MPS834 3-608 MPS6563 3-674 
MMT930 3-486 MPS918 3-610 MPS6565 3-678 
MMT2222 3-488 MPS2369 3-612 MPS6566 3-678 
MM;2369 3-490 MPS2711 3-614 MPS6567 3-681 
MMT2484 3-486 MPS2712 3-614 MPS6568,A 3-683 
MMT2857 3-519 

MPS6569 3-687 MPS2713 3-616 
MMT2907 3-492 MPS2714 3-616 MPS6570 3-687 
MMT3014 3-521 MPS2923 3-618 MPS6571 3-691 
MMT3546 3-523 MPS2924 3-618 MPS-A05 3-693 
MMT3798 3-525 MPS2925 3-618 MPS-A06 3-693 
MMT3799 3-525 MPS2926 3-619 MPS-A09 3-695 
MMT3823 3-527 MPS3392 3-620 MPS-A12 3-697 
MMT3903 3-529 MPS3393 t MPS-A13 3-699 
MMT3904 3-529 MPS3394 MPS-A14 3-699 
MMT3905 3-531 MPS3395 3-620 MPS-A16 3-702 
MMT3906 3-531 

MPS3563 3-610 MPS-A17 3-702 
MM;3960 3-533 MPS3638,A 3-622 MPS-A18 3-704 
MMT3960A 3-535 MPS3639 3-624 MPS-A20 3-706 
MMT8015 3-537 MPS3640 3-627 MPS-A42 3-710 
MOC1000 3-542 MPS3646 3-629 MPS-A43 3-710 
MP110 3-546 MPS3693 3-631 MPS-A55 3-712 
MP110B .3-548 MPS3694 3-631 MPS-A56 3-712 
MP500 3-550 MPS3702 3-632 MPS-A65 3-714 
MP501 t MPS3703 3-632 MPS-A66 3-714 
MP502 MPS3704 3-633 MPS-A70 3-717 
MP504 3-550 

XIX 



DEVICE VOL PAGE DEVICE VOL PAGE DEVICE VOL PAGE 

MPS-A92 3-721 MR510 3-818 MR1120 3-860 
MPS-A93 3-721 MR75.1 3-819 MR1121 

j 
MPS-H02 3-723 MR752 

+ 
MR1122 

MPS-H04 3-726 MR754 MR1123 
MPS-.H05 3-726 MR756 3-819 MR1124 
MPS-H07 3-730 MRS10 3-823 MR1125 
MPS-H08 3-730 MR811 

1 
MR1126 

MPS-H10 3-734 MR812 MR1128 
MPS-H11 3-734 MR814 MR1130 3-860 
MPS-H19 3-737 MR816 MR1200 3-864 

MPS-H20 3-739 MR817 MR1201 

1 
MPS-H24 3-742 MR818 3-823 MR1202 
MPS-H30 3-745 MR820 3-829 MR1203 
MPS-H31 3-745 MR821 

~ 
MR1205 

MPS-H32 3-749 MR822 MR1207 
MPS-H34 3-753 MR824 MR1208 
MPS-H37 3-756 MR826 3-829 MR1209 3-864 
MPS-H54 3-758 MR830 3-837 MR1210 3-867 
MPS-H55 3-758 MR831 MR1211 
MPS-H83 3-762 MR832 MR1212 

MPS-K20. 3-706 MR833 MR1213 
MPS-K21 3-706 MR834 MR1214 
MPS-K22 3-706 MR835 MR1215 
MPS-K70 3-717 MR836 MR1216 
MPS-K71 3-717 MR840 MR1217 
MPS-K72 3-717 MR841 MR1218 
MPS-L01 3-766 MR842 MR1219 3-867 
MPS-L07 3-771 MR844 MR1220 3-871 
MPS-L08 3-771 MR846 3-837 MR1221 

j 
MPS-L51 3-773 MR850 3-838 MR1222 

MPS-U01,A 3-778 MR851 ! MR1223 
MPS-U02 3-780 MR852 MR1225 
MPS-U03 3-782 MR854 MR1227 
MPS-U04 3-782 MR856 3-838 MR1228 
MPS-U05 3-783 MR860 3-846 MR1229 3-871 
MPS-U06 3-783 MR861 

t 
MR1230 3-874 

MPS-U07 3-785 MR862 MR1231 

1 
MPS-U10 3-787 MR864 MR1232 
MPS-U45 3-791 MR866 3-846 MR1233 
MPS-U51,A 3-795 MR870 3,852 MR1235 

MPS-U52 3-797 MR871 ! MR1237 
MPS-U55 3-799 MR872 MR1238 
MPS-U56 3-799 MR874 MR1239 3-874 
MPS-U57 3-801 MR876 3-852 MR1240 3-877 
MPS-U60 3,803 

MR990A 3-858 MR1241 

j 
MPS-U95 3-805 

MR991A 

1 
MR1242 

MPT20 3-809 
MR992A MR1243 

MPT28 3-811 
MR993A MR1245 

MPT32 3-811 
MR994A MR1247 

MPZ5-16 3-813 
MR995A MR1248 

MPZ5-32 3-813 
MR996A 3-858 MR1249 3-877 

MPZ5-180 3-813 
MR1030 I 1-103 MR1260 3-879 

M03467 3-144 MR1031 

I j 
M R126.1 

I M03725 3-146 MR1032 MR1262 
M03762 3-148 MR1033 MR1263 
M03799,A 3-815 MR1034 MR1265 
MR322 I 1-51 MR1035 MR1267 
MR323 

I I 
MR1036 MR1268 3-879 

MR324 MR1038 MR1269 3-881 
MR325 MR1040 I 1-103 MR1290 

I MR326 MR1291 
MR327 MR1292 
MR328 MR1293 
MR330 MR1295 
MR331 I 1-51 MR1297 
MR501 3-818 MR1298 
MR502 

l MR1299 3-881 
MR504 MR1337 3-883 
MR506 MR1366 I 1-65 
MR508 3-818 MR1376 I 1-71 

xx 



DEVICE VOL PAGE DEVICE VOL PAGE DEVICE VOL PAGE 

MR1386 I 1·77 MRF8004 3·943 MV1817A,B 3·981 
MR1396 I 1·83 MSD6100 3·945 MV1817A1,81 3·981 
MR1810 3·867 MSD6101 3·947 MV1858D 3·983 
MR1811 MSD6102 3·949 
MR1812 MSD6150 3·951 
MR1813 MSD7000 3·953 
MR1814 MU851 3·955 

MV1860D 

I MV1862D 
MV1863D 
MV1864D 

MR1815 MU852 3·955 MV1865D 3·983 
MR1816 MU853 3·955 MV1866 3·987 
MR1817 MU4891 3·957 MV1866D 3·983 

MR1818 MU4892 

+ MR1819 3·867 MU4893 
MV1868 3·987 
MV1868D 3·983 

MR2080HA 3·886 MU4894 3·957 MV1870 3·9B7 
MR2081HA 

~ 
MUS4987 3·959 

MR2082HA MUS4988 3·959 
MR2083HA MV104 3·963 
MR2084HA 3·886 MV109 3·965 
MR2100HA 3·888 MV830 3·967 
MR2101HA 

! 
MV831 

MR2102HA MV832 

MR2103HA MV833 

MV1870D 3·983 
MV1871 3·987 
MV1872 

! MV1874 
MV1876 
MV1877 
MV1878 3·987 

MV2101 3·991 
MR2104HA 3·888 MV834 MV2102 
MR2266 3·890 MV835 MV2103 
MR2271 I 1·111 MV836 MV2104 
MR2272 3·892 MV837 MV2105 
MR2273 3·890 MV838 MV2106 
MRA130 3·894 MV839 MV2107 
MRA131 

! 
MV840 3·967 

MRA132 MV1401 3·969 
MRA133 MV1403 

+ MRA134 3·894 MV1404 

MV2108 
MV2109 
MV2110 

MV2111 
MRA160 3·896 MV1405 3·969 MV2112 
MRA161 

~ 
MV1620 3·971 

MRA162 MV1622 
MRA163 MV1624 

MV2113 
MV2114 
MV2115 3·991 

MRA164 3·896 MV1626 MV2201 3·995 
MRA330 3·898 MV1628 
MRA331 

t 
MV1630 

MRA332 MV1632 
MRA333 MV1634 

MRA334 3·898 MV1636 
MRA360 3·900 MV1638 
MRA361 

~ 
MV1640 

MRA362 MV1642 
MRA363 MV1644 
MRA364 3·900 MV1646 

MV2203 f MV2205 
MV2209 3·995 
MV2301 3·997 

MV2302 

j 
MV2303 
MV2304 
MV2305 
MV2306 
MV2307 

MRD14B 2·252 MV1648 MV2308 3·997 
MRD100 3·902 MV1650 3·971 MV3102 3·999 
MRD150 3·902 MV1652 3·972 MV3103 3·999 
MRD200 3·906 MV1654 

j MRD210 3·909 MV1656 
MRD250 3·913 MV1658 
MRD300 3·917 MV1660 
MRD310 3·917 MV1662 
MRD450 3·921 MV1664 
MRD500 3-925 MV1666 3·972 
MRD501 3·925 MV1804 I 1·98 
MRD600 3·929 MV1805C 3·974 

MV3140 3·1001 

MV3141 3·1001 
MV3142 3·1001 
MV3501 3·1003 
MV3502 

! MV3503 
MV3504 
MV3505 
MV3506 

MRD810 3-933 MV1806 I 1·99 MV3507 3·1003 
MRD3050 3·935 MV1806C 1·5 MZ70·2.4,A,8 3·1005 

MRD3051 

1 
MV1807C 1·5 

MRD3052 MV1807C1 1·8 
MRD3053 MV1B08A,B,C 1·10 
MRD3054 MV1808B1,C1 1·8 
MRD3055 MV1809C,C1 3·977 

MZ70-2.5,A,B 
MZ70-2.7,A,B 
MZ70-2.8,A,B 
MZ70-3.0,A,B 
MZ70-3.3,A,B 

MRD3056 3·935 MV1810A,B 1·13 MZ70-3.6,A,B 
MRD6039D 3·939 MV1810B1 1·18 MZ70·3.9,A,B 
MRD6039T 3·939 MV1812A,B 1·16 MZ70-4.3,A,B 
MRF501 3·941 MV1816A,B 3·979 MZ70-4;7,A,B 
MRF502 3·941 MV1816A1,B1 3·979 MZ70·5.1,A,B 3·1005 

XXI 



DEVICE VOL PAGE D.EVICE VOL PAGE DEVICE VOL PAGE 

MZ70"5.6,A,B 3"1005 MZ92"11 3"1011 MZ500"30 3"1013 
MZ70"6.0,A,B MZ92"12 MZ500"31 
MZ70"6.2,A,B MZ92"13 MZ500"32 
MZ70"6.8,A,B MZ92"14 MZ500"33 
MZ70"7.5,A,B MZ92"15 MZ500"34 
MZ70"8.2,A,B MZ92"16 MZ500"35 
MZ70"8.7,A,B MZ92"17 MZ500"36 
MZ70"9.1,A,B MZ92"18 MZ500"37 
MZ70"10,A,B MZ92"19 MZ500"38 
MZ70"11,A,B MZ92"20 MZ500"39 

MZ70"12,A,B MZ92"22 MZ500"40 3"1013 
MZ70"13,A,B MZ92"24 MZ605 3"1015 
MZ70"14,A,B MZ92"25 MZ610 

j MZ70"15,A,B MZ92"27 MZ620 
MZ70-16,A,B MZ92-28 MZ640 
MZ70"17,A,B MZ92-30 MZ805 
MZ70-18,A,B MZ92-33 MZ810 
MZ70-19,A,B MZ92"36 MZ820 3-1015 
MZ70"20,A,B MZ92-39 MZ821,A 3-1018 
MZ70"22,A,B MZ92"43 MZ823,A 

MZ70-24,A,B MZ92"47 MZ825,A 
MZ70-25,A,B MZ92-51 MZ827,A 
MZ70"27,A,B MZ92-56 MZ829,A 
MZ70-28,A,B MZ92-60 MZ935,A,B 
MZ70-30,A,B MZ92"62 MZ936,A,B 
MZ70-33,A,B MZ92-68 MZ937,A,B 
MZ70"36,A,B MZ92-75 MZ938,A,B 
MZ70-39,A,B MZ92-82 MZ939,A,B 3"1018 
MZ70-43,A,B MZ92"87 MZ840 3" 1 015 
MZ70-47,A,B MZ92-91 MZ941,A,B 3-1018 

MZ70"51,A,B MZ92-100 MZ942,A,B 

I MZ70"56,A,B MZ92-110 MZ943,A,B 
MZ70"60,A,B MZ92-120 MZ944,A,B 
MZ70-62,A,B MZ92"130 MZ945,A,B 
MZ70"68,A,B MZ92"140 MZ946,A,B 3-1018 
MZ70-75,A,B MZ92"150 MZ1000-1 3-1026 
MZ70-82,A,B MZ92"160 MZ1000-2 
MZ70"87,A, B MZ92"170 MZ1000-3 
MZ70-91,A,B MZ92-180 MZ 1 000"4 
MZ70"100,A,B MZ92-190 MZ 1 000-5 

MZ70-110,A,B MZ92"200 3"1011 MZ1000"6 
MZ70"120,A,B MZ500-1 3"1013 MZ1000"7 
MZ70-130,A,B MZ500-2 MZ 1 000-8 
MZ70-140,A,B MZ500-3 MZ1000-9 
MZ70-150,A,B MZ500-4 MZ1000"10 
MZ70-160,A,B MZ500-5 MZ1000-11 
MZ70-170,A,B MZ500"6 MZ1000"12 
MZ70-180,A,B MZ500"7 MZ1000-13 
MZ70-190,A,B MZ500"8 MZ1000"14 
MZ70-200,A,B 3-1005 MZ500-9 MZ100Q-15 

MZ92"2.4 3-1011 MZ500-10 MZ1000"16 
MZ92-2.5 MZ50(}-11 MZ1000"17 
MZ92-2.7 MZ500-12 MZ1000"18 
MZ92-2.8 MZ500-13 MZ1000"19 
MZ92-3.0 MZ500-14 MZ 1 000"20 
MZ92"3.3 MZ500-15 MZ100(}-21 
MZ92"3.6 MZ500-16 MZ1000"22 
MZ92"3.9 MZ500"17 MZ1000-23 
MZ92"4.3 MZ500-18 MZ1000-24 
MZ92"4.7 MZ500"19 MZ1000-25 

MZ92"5.1 MZ500-20 MZ1000"26 
MZ92-5.6 MZ500-21 MZ1000-27 
MZ92-6.0 MZ500-22 MZ1000"28 
MZ92"6.2 MZ500-23 MZ1000-29 
MZ92"6.8 MZ500"24 MZ 1 000"30 
MZ92-7.5 MZ500-25 MZ1000-31 
MZ92"8.2 MZ50Q-26 MZ1000-32 
MZ92-8.7 MZ500-27 MZ100(}-33 
MZ92"9.1 MZ500-28 MZ 1 000"34 
MZ92-10 3-1011 MZ500-29 3-1013 MZ 1 000-35 3-1026 
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DEVICE VOL PAGE DEVICE VOL PAGE DEVICE VOL PAGE 

MZ1000-36 3-1026 MZ3157,A 3-1018 MZ4621 I 1-94 
MZ1000-37 3-1026 MZ4614 I 1-94 
MZ2360 3-5 MZ4615 

I j MZ2361 3-5 MZ4616 
MZ2362 3-5 MZ4617 
MZ3154,A 3-1018 MZ4618 
MZ3155,A 3-1018 MZ4619 

MZ4622 

j j MZ4623 
MZ4624 
MZ4625 
MZ4626 
MZ4627 I. 1-94 

MZ3156,A 3-1018 MZ4620 I 1-94 

~, 
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1 N • •• JEDEC REGISTERED 
DEVICE SPECIFICATIONS 

DIODES 

Zener 

4-Layer 

Current Regulator 

POWER VARACTORS 

Tuning Diodes 

LIGHT EMITTING DIODE 

TRIGGERS 
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1 N5139 IA thru 1 N5148/A (SILICON) 

CASE 51 
(00-7) 

Polarity band on 
cathode end 

Silicon voltage -variable capacitance diodes, designed 
for electronic tuning and harmonic-generation applica
tions, and providing solid-state reliability to replace 
mechanical tuning methods. 

MAXIMUM RATINGS (TC: 25°C unless otherwise noted) 

Rating Symbol Value Unit 

Reverse Voltage VR 60 Vdc 

Forward Current IF 250 mAde 

RF Power Input t Pint 5.0 Watts 

Device Dissipation @ TA .:: 25 Q C PD 400 mW 

Derate above 25 c C 2.67 mW/'C 

Device Dissipation @ T C = 25 e C Pc 2.0 Watts 

Derate above 2S""C 13.3 mW/'C 

Junction Temperature TJ +175 -C 

Storage Temperature Range Tstg -65 to +200 "c 

t The RF power input rating assumes that an adequate heat sink is provided. 

ELECTRICAL CHARACTERISTICS (TA= 2S0C unless otherwise noted) 

Characteristic - All Types Test Conditions Symbol Min Typ Max Unit 

Reverse Breakdown Voltage IR = 10l'Ade BVR 60 70 - Vdc 

Reverae Voltace Leakage CUrrent VR = 55 Vdc, TA = 25°C IR - - 0.02 I'Ade 

VR • 55 Vdc, TA = 150°C - - 20 

Series Inductance t= 250 MHz, L " 1/16" La - 5.0 - nH 

Case Capacitance t= I MHz, L .. 1/16" Cc - 0.25 - pF 

Diode Capacitance Temperature 
Coefficient VR = 4 Vdc, t = I MHz TCC - 200 300 ppm/DC 

Cr, Diode Capacitance Q, Figure of Merit .. TR, Tuning Ratio 

VI = 4 Vdc, f = 1 MHz V.=4Vdc, V. = 4 Vdc, f = 1 MHz C4 /C6O 

pF f=50MHz f=IMHz 

Device Min Typ Max Min Min Typ Min Typ 

INSI39 6.1 6.8 7.5 350 0;37 0.40 2.7 2.9 
IN5139A 6.5 6.8 7.1 350 0.37 0.40 2.7 2.9 
INSI40 9.0 10.0 11.0 300 0.36 0.41 2.8 3.0 
IN5140A 9.5 10.0 10.5 300 0.38 0.41 2.8 3.0 

INSUI 10.6 12.0 13.2 300 0.38 0.41 2.6 3.0 
INSUlA 11.4 12.0 12.6 300 0.38 0.41 2.8 3.0 
1NSI42 13.5 15.0 16.5 250 0.38 0.41 2.8 3.0 
INSI42A 14.3 15.0 15.7 250 0.38 0.41 2.8 3.0 

IN5143 18.2 1 •.. 0 19.8 250 0.38 0.41 2.8 3.0 
1N5143A IU 18.0 18.9 250 0.38 0.41 2.8 3.0 
1NSI44 19.8 22.0 24.2 200 0.43 0.45 3.2 3.4 
INSI44A 20.9 22.0 23.1 200 0.43 0.45 3.2 3.4 

IN5145 24.3 27.0 29.7 200 0.43 0.45 3.2 3.4 
IN5145A 25.7 27.0 28.3 200 0.43 0.45 3.2 3.4 
INSI46 29.7 33.0 3ti.3 200 0.43 0.45 3.2 3.4 
INSI46A 31.4 33.0 34.8 200 0.43 0.45 3.2 3.4 

INSI47 36.1 39.0 42.9 200 0.43 0.45 3.2 3.4 
1N5147A 37.1 39.0 40.9 200 0.43 0.45 3.2 3.4 
IN5148 42.3 47.0 51.7 200 0.43 0.45 3.2 3.4 
INSI48A 44.7 47.0 49.3 200 0.43 0.45 3.2 3.4 
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1 N5139, A thru 1 N5148,A (continued) 
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1 N5149 (SILICON) 
(MV1806C) 

lN5150 
(MV1807C) 

CASE 47 

Silicon high-frequency step-recovery power varactors 
for 100 MHz to 2.0 GHz harmonic-generation applications 
with output power to 25 watts at 1.0 GHz. 

MAXIMUM RATINGS (TA=2SoC unless otherwise noted) 

Rating Symbol Value Unit 
Reverse Voltage VR 80 Vdc 

Forward Current IF 1.0 Amp 

RF Power Input IN5149 P. 25 Watts 
IN5150 In 40 

Total Device Dissipation @ T A = 75°C IN5149 Po 10 Watts 
IN5150 14 

Derate above 75 ° C IN5149 0.08 W/oc 
IN5150 0.11 

Junction Temperature TJ +200 ·C 

Storage Temperature Range Tstg -65 to +200 ·C 

ELECTRICAL CHARACTERISTICS (TA= 25'C unless otherwise noted) 

Characteristic 

Reverse Breakdown Voltage 

Reverse Current 

Diode Capacitance 

Figure of Merit 

Thermal Resistance 

FUNCTIONAL TEST 
IN5149 

J;lF Power Output 

Doubler Efficiency 

IN5150 

RF Power Output 

Doubler Efficiency 

Svmbol 

BVR 

Ia 

CT 

Q 

8JC 

P 
out 

" 

P 
out 

" 

Test Conditions 

Ia = 10 !lAdc 

VR = 70 Vdc 

VR = 70 Vdc, T A = 150'C 

VR =6Vdc, f=1.0MHz 

VR = 6 Vdc, f = 50 MHz 

IN5150 

Test Setup Figure 1 
P. = 20 W 

10 

fin = 0.5 GHz 

f t=1.0GHz ou 

Test Setup Figure 1 
P. = 37W 

10 

fin = O. 5 GHz 

fout = 1. 0 GHz 

1-5 

Min Typ Max Unit 

80 90 - Vdc 

- - 2.0 !lAdc 

- - 100 

5.0 11.5 20 pF 

- 800 - -
- - {I.D ·C/w 

11 - - Watts 

55 - - % 

24 25 - Watts 

65 68 - % 



1 N5149, 1 N5150 (continued) 

FIGURE 1 - HARMONIC DOUBLER EFFICIENCY TEST CIRCUIT 
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FIGURE 3 - CAPACITANCE 
versus REVERSE VOLTAGE 
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lN5149, lN5150 (continued) 

POWER OUTPUT versus OUTPUT FREQUENCY 
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IN 5150A (SILICON) 
(MV1807Cl) 

IN5152A 
(MV1808B1) 

IN5153A 
(MV1808Cl) 

IN5155A 
(MV1810B1) 

CASE 46 

IN5152A 
MV1808Bl 

IN5155A 
MV1810Bl 

MAXIMUM ~ATINGS 

Rating 
Reverse Voltage 

Forward Current 

RF Power Input 

Silicon high-frequency step-recovery power 
varactor devices optimized for critical multiplier ap
plications requiring tight control of junction capaci
tance and power dissipation. 

Symbol lN5150A 
VR 80 

IF 1000 

Pin 40 

CASE 47 

lN5152A 
75 

250 

15 

IN51SOA 
MV1807Cl 

IN5153A 
MV1808Cl 

lN5153A lN5155A 
75 35 

250 200 

15 7.0 

Unit 
Vdc 

mAdc 

Watts 

Total Device Dissipation @TC ; 25° C PD 29.2 11.7 11. 7 8.75 Watts 

Derate above 25° C 167 66.7 66.7 50 mW/oC 

Operating and Storage Junction T J' Tstg 4-- -65 to +200 • °c 
Temperature Range 

1-8 



1 N5150A, 52A, 53A, 55A (continued) 

ELECTRICAL CHARACTERISTICS (T A = 25°C unless otherwise noted) 

Characteristics 

Reverse Breakdown Voltage 
(IR = 10 /lAde) 1N5150A 

1N5152A, 1N5153A 
1N5155A 

Reverse Current 
(VR =70Vde) 1N5150A 

(VR = 70 Vde, TA = 150·C) 1N5150A 

(VR = 60 Vdc) 1N5152A, 1N5I53A 

(VR = 60 Vdc, T A = I50·C) 1N5I52A, 1N5153A 

(VR = 26 Vdc) 1N5I55A 

(VR = 26 Vdc, TA = 150·C) 1N5I55A 

Series Resistance 
(VR = 6.0 Vdc, f = self-resonant frequency) 

1N5I50A 
1N5152A, IN5153A 
1N5155A 

Series Inductance 
1N5150A 
1N5152A 
IN5153A 
IN5I55A 

Diode Capacitance (C J + CC) 

(V R = 6.0 Vdc, f = 1. 0 MHz) 1N5I50A 
1N5I52A 
1N5153A 
11"5I~~A 

Figure of Merit 
(VR = 6.0 Vdc, f = 50 MHz) IN5150A 

1N5152A, IN5153A 

Thermal Resistance 

FUNCTIONAL TEST 
IN5150A 

RF Power.,(lutput 

Doubling Efficiency 

1N5155A 

IN5150A 
IN5152A, IN5153A 
1N5155A 

I Pin = 37 W, fin = 500 MHz, 

Ifout = 1.0 GHz 

IN5152A.IN5153A 

RF Power OUtput Pin - 12 W, fin = 1.0 GHz. 

Doubling Efficiency fout = 2.0 GHz 

IN5155A 
RF Power OUtput Pin = 5.0 W, fin = 2.0 GHz, 

Tripling Efficiency fout = 6.0 GHz 

Symbol Min 

BVR 
80 
75 
35 

IR 
-

-
-
-

-
-

Rg 

-
-
-

~ -
-
-
-

CT 

10.8 
5.4 
5.8 
1. 71 

Q 
-
-
-

9JC -
-
-

I Pout I 25.1 

I 
~ I 68 

Typ Max Unit 

Vde 
- -
- -
- -

/lAde 
- 2.0 

- 100 

- 1.0 

- 100 

- 1.0 

- 100 

Ohms 

0.25 -
0.5 -
0.9 -

nH 
1.5 -
0.8 -
1.7 -
0.9 -

pF 

- 13.2 
- 6.6 
- 7.0 
- 2.09 

-
800 -

1100 -
1700 -

·C/W 
- 6.0 
- 15 
- 20 

- - I Watts 

- - I % 

For typical curves and _ circuits, see the following data sheets: IN5149·1N5150, IN5I5I thru IN5153, and IN5I54·IN5I55 . 
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1 N51 51 (SILICON) 
(MV1808A) 

lN5152 
(MV1808B) 

lN5153 
(MV1808C) 

Silicon high-frequency step-recovery power varac
tors, designed for high-power, high-frequency harmon
ic generation applications. 

cathod~ 

VI' 

CASE 48 
(lN5151) 

(pill) . 

v.;;'" 
CASE 46 
(1N5152) 

(pili with prongs) 

MAXIMUM RATINGS (TA = 250 C unless otherwise noted) 

Rating Symbol 

Reverse Voltage VR 

Forward Current IF 

RF Power Input P. 
In 

Total Device Dissipation @ TC = 75°C PD 
Derate above 75°C 

Junction Temperature TJ 

Storage Temperature Tstg 

CASE 47 
(1N5153) 

(cartridge) 

Value 

75 

0.25 

15 

5.5 

45 

+200 

-65 to +200 

ELECTRICAL CHARACTERISTICS (TA = 25°C unless otherwise noted) 

Characteristic Condition Symbol Min Typ 
Reverse Breakdown Voltage ~ = 10 /LAdc BVR 75 80 

Reverse Current VR =60Vdc IR - 0.5 

VR = 60 Vdc, T A = 150·C - -
Series Resistance VR = 6 Vdc, f = 50 MHz RS - 0.5 

Diode Capacitance VR =6Vdc, f=1.0MHz CT * 5.0 5.8 

VR = 70 Vdc, f =1. OMHz - 4.0 

FigUre of Merit VR = 6 Vdc. f= 50 MHz Q - 1100 

Power Output DOUBLER TEST CIRCUIT P .. 6.0 7.2 
(Figure 1) out 

Efficiency Pin = 12 W, fin = 1GHz 1/ 50 60 

fout = 2 GHz 

Thermal Resistance 9J - 19 

1-10 

Unit 

Vdc 

Adc 

Watts 

Watts 

mW/oC 

°C 

°C 

Max Unit 

- Vdc 

1.0 /LAdc 

100 

- Ohms 

7.5 pF 

-
- -
- Watts 

- % 

23 ·C/Watt 



1 N5151, 1 N5152, 1 N5153 (continued) 

FIGURE 1 - HARMONIC DOUBLER EFFICIENCY TEST CIRCUIT 
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1 N5151, 1 N5152, 1 N5153 (continued) 

1 

0 

9. 0 

8. 0 

E 
~ 7. 0 

~ 6. 

5 5. 

0 

0 

~ 
~ 4. 0 

~ 3. 0 

2. 

I. 

0 

0 

0 

8.0 

7. 0 

6.0 

~ 5. 0 

I 4.0 

E5 3.0 

~ 
~ 2.0 

1.0 

S.O 

4.0 

!il 

~ 3.0 

~ 
is 
E5 2.0 

~ 
~ 

1.0 

POWER OUTPUT 

versus OUTPUT FREQUENCY 
FIGURE 3A - DOUBLING (X2) 

,/1----b-.. , 

"" /' r---.... ""'- P,,~15W 

'- .!. P,,~ 12W -- -- '"'-
--f=.9W 

r- -- P,,~6W 

J -r-- 3W P" 

P" IW-

SOO 1000 1500 2000 2500 3000 3500 

f .... OUTPUT FREQUENCY IMHzl 

FIGURE 3B - TRIPLING (XS) 

, 

" .!. - P,,~ 12W 

/' .......... 
'-.... 

............... --!,,~9W --1----:- P,!~6W 

P" 3W -, 
P,,-IW 

I 
500 1000 1500 2000 2500 3000 3S00 

f .. ,. OUTPUT FREQUENCY IMHzl 

FIGURE 3C - QUADRUPLING (14) 

1\ 

" ~ - P,,~9W 

r---- - t~6W 
-r- ---r--r---

- ~,,~3W 

l 
r,,~IW 

TYPICAL CHARACTERISTICS at 25°C 

FIGURE 4 - FIGURE OF MERIT 

2000 

100 0 

§ 700 ,. 
~ 500 
5 
0:: 

d 30 0 

200 

10 0 

, 

,/ 

/ 

versus REVERSE VOLTAGE 

II 
~ ~ so MHz 

..", 
",,"" 

/' 
V 

V 

/' ADMIITANCE·BRIDGE EQUIPMENT 
LIMITATIONS PREVENT ACCURATE 
MEASUREMENTS ABOVE Q ~ 1000 

O.S 0.7 1.0 2.0 3.0 S.O 7.0 10 

20 

10 

~ e 7.0 
~ 

~ 
~ 5.0 

I 
<!S 3.0 

2.0 

1.0 

V,. REVERSE VOLTAGE IVdel 

FIGURE 5 - VARACTOR CAPACITANCE 
versus REVERSE VOLTAGE 

f=SOMHz 
~ 

..... 

O.S 0.7 1.0 2.0 3.0 S.O 7.0 10 20 30 SO 70 100 

V,. RIVERSE VOLTAGE !VOLTSI 

FIGURE 6 - DOUBLER EFFICIENCY 
versus CASE TEMPERATURE 

70,------r---,----,-----, 

>-
a5 501----+---+---t-------i 
13 P,,~12W 

~ fjn= 1 GHz 

~ 40 1-__ -+ ___ +....::f .... "-·~_2_G_HZ_+--___I 
g 
~ 

301----+---+---t------i 

o o SOO 1000 1500 2000 2500 3000 3500 
20 ~25---..,J,SO----:7!;-5 ----:I!:::OO----:-:i12S· 

Te. CASE TEMPERATURE I'CI f .... OUTPUT FREQUENCY IMHzl 

1-12 



1 N5154 (SILICON) 

(MV1810A) 

lN515S 
(MV1810B) 

CASE 48 ~cathode 
(1N5154) ~ 

(pill) 

",cathode 

Silicon high-frequency step-recovery power varac
tors, for multiplier applications from 2 to 8,5 GHz with 
2 watts minimum power output guaranteed at 6 GHz, 

CASE 46 
(lN5155) 

(pill with prongs) 

MAXIMUM RATINGS (Tc = 25·C unless otherwise noted) 

Rating Symbol 

Reverse Voltage VR 

Forward Current IF 

RF Power Input Pin 

Total Device Dissipation @ T C = 75°C PD 
Derate above 750 C 

Operating and storage Junction TJ , Tstg 
Temperature Range 

Value 

35 

200 

7.0 

3.5 
30 

-65 to+ 200 

ELECTRICAL CHARACTERISTICS (TA= 25·C unless otherwise noted) 

Characteristic Conditions Symbol Min Typ 

Reverse Breakdown Voltage IR ~ 10 /lAdc BVR 35 45 

Reverse Current VR~ 26 Vdc IR - -
VR~ 26 Vdc, T A ~ 1500 C - -

Series Resistance VR~ 6 Vdc, f ~ 50 MHz RS - 0.9 

Diode Capacitance VR~ 6 Vdc, f ~ 1 MHz CT 1.0 2.1 

Figure of Merit V ~ 
R 6 Vdc, f ~ 50 MHz Q - 1700 

Thermal Resistance 6JC - -

FUNCTIONAL TEST 

RF Power Output Test Circuit Figure 5 Pout 2.0 -
Pin ~ 5 watts, fin ~ 2 GHz, 

Tripling Efficiency fout ~ 6GHz 7J 40 -

1-13 

Unit 

Vdc 

mAdc 

Watts 

Watts 
mW/oC 

°c 

Max Unit 

- Vdc 

1.0 /lAdc 

100 

- Ohms 

3.0 pF 

- -
35 °C/W 

- Watts 

- % 



1 N5154, 1 N5155 (continued) 

POWER OUTPUT 
versus OUTPUT FREQUENCY 
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TYPICAL CHARACTERISTICS 
Tc = 25°C 

FIGURE 2 - VARACTOR CAPACITANCE 
versus REVERSE VOLTAGE 
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YR. REVERSE VOLTAGE (Vdc) 

1- solMHz 

20 30 40 
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1 N5154, 1 N5155 (continued) 

FIGURE 5 - HARMONIC TRIPLER - 2 GHz to 6 GHz 

INPUT CAVITY OUTPUT CAVITY 

r - - - - TUNED! i - ADruSTABLE- '1 

~COUPLING I I PROBES 
LOOP 1 I / \ " 

TUNER 1 
r---~-e------------.---~ 

INPUT ~~:...-. 
1 
I 

I 
1 
I 
I 

-+---+- JOHANSON 

DIRECT 
INPUT 
TAP 

I 
I 
I 
I 
I 

L ______ J 

VARACTOR 

JMC4640 

IN5154 
OR 

IN5155 

IDLER 
I 
I 

1 1 L ______ -' 
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IN5156 (SILICON) 
(MV1812A) 

IN5157 
(MV1812B) 

~.ho'" ~ 

CASE 46 

catho~ 

CASE 48 

AVAILABLE IN 
PI LL PACKAGE 

ON SPECIAL REQUEST 

Silicon high -frequency step - recove ry powe r varactor s; 
epitaxial- passivated devices designed for multiplier 
applications from 1.0 to 13 GHz with 1 .0 W minimum 
power output guaranteed at 10 GHz. 

MAXIMUM RATINGS (TC; 25°C unless otherwise noted) 

Rating Symbol Value Unit 

Reverse Voltage VR 20 Vdc 

Forward Current IF 160 mAdc 

RF Power Input P. 5.0 Watts 
III 

Total Device Dissipation @ T C = 75° C P D 3.25 Watts 

Derate above 75°C 26 roW/DC 

Operating and Storage Junction TJ , T -65 to +200 aC 
Temperature Range stg 

ELECTRICAL CHARACTERISTICS (TA; 25°C unless otherwise noted) 

Characteristic Conditions Symbol Min Typ Max Unit 

Reverse Breakdown Voltage IR = 10 MAd~ BVR 20 - - Vdc 

Reverse Current VR = 16 Vdc 'R - - 0.1 1lAdc 

VR = 16 Vdc, TA = 150"C - - 100 

Series Resistance VR = 6.0 Vdc, f = 50 MHz Rg - 1.1 - Ohms 

Diode Capacitance VR = 6.0 Vdc, f = 1. 0 MHz CT 0.6 - 1.0 pF 

Figure of Merit VR = 6.0 Vdc, f = 50 MHz Q -, 3600 - -
Thermal Resistance 8JC - - 38,5 "C!W 

FUNCTIONAL TEST 
RF" Power Output 

Pin = 2.6 W • fin:::: 5.0 GHz f-----''''''---t----+----t----+------j 
Doubling Efficiency fout = 10 GHz 
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1 N 5158 thru 1 N 5160 (SILICON) 
M4L3052 thru M4L3056 

CASE 51 
(00-7) 

PNPN 4-layer diodes, two-terminal, fast switching 
devices specifically designed for low voltage applica
tions such as logic circuits, pulse generators, mem
ory and relay devices, relay replacement, alarm cir
cuit, multivibrators, ring counters, and signal switch
ing circuits. These devices feature low breakover 
(switching) voltage, fast switching speeds, low junction 
capacitance, low breakover currents, and sub-minia
ture package. 

MAXIMUM RATINGS (TA = 250 C unless otherwise noted) 

Rating Symbol Value Unit 

Peak Reverse Blocking Voltage VRM(rep) Volts 
1N5158 (M4L3052) 10 
1N5159 (M4L3053) 11 
1N5160 (M4L3054) 12 

(M4L3055) 13 
(M4L3056) 14 

Continuous Forward Current IF 150 mA 

Steady State Power Dissipation @ T A = 50°C Po 150 mW 

Derate above 50°C 1.5 mW/oC 

Peak Pulse Current I pulse Amp 

(50 Ils maximum pulse width) 10 

Operating Junction Temperature Range TJ -65 to +150 °e 

Storage Temperature Range T stg -65 to +175 °e 

POWER·TEMPERATURE DERATING CURVE 
150 

~ 
100 z: 

~ 
~ 
is 

~ 50 
~ 
o? 

~ 
r---.... 

~ 
~ 

""'-.... 

~ 
25 50 75 100 125 150 

TA• AMBIENT TEMPERATURE 1°C) 
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1N5158 thru 1N5160 (M4L3052 thru M4L3056 (continued) 

ELECTRICAL CHARACTERISTICS (T A = 25°C unless otherwise noted) 

Characteristic Symbol Min Typ Max Unit 

Forward Breakover (Switching) Voltage V(BR)F Volts 
1N515B (M4L3052) 8.0 - 10 
1N5159 (M4L3053) 9.0 - 11 
1N5160 (M4L3054) 10 - 12 

(M4L3055) • - - 13 
(M4L3056) - - 14 

Forward Breakover (Switching) Current I(BR)F - 5.0 50 Jl-A 

Forward Blocking Current IFM Jl-A 
(Measured at 75% of V(BR)F) - 1.0 5.0 

Reverse Blocking Current IRM Jl-A 
(Measured at rated V RM(rep» - 2.0 10 

Holding Current IHO 1.0 4.0 20 mA 

Forward On Voltage VF Volts 
(IF = 150 mAde) - 1.0 1.5 

Junction Capacitance CJ pF 
(AC Voltage = 10 mV, VF '" O,f= 100kHz) - 42 -

Turn-On Time· ton - 50· - ns 

Turn-Off Time· loff - 100· - ns 

·Time depends on a wide variety of circuit conditions. Consult manufacturer for further information. 

TURN-ON TIME TEST CIRCUIT 

lOOK 
1+1 ....... ---'VV\r----'-+-----4..-.--__ SCQPE 

250V UNIT 
UNDER .002J' f 
TEST 

I 
H t" I 

1--
TURN-OFF TIME TEST CIRCUIT 

450(1 
+25V TP-l 

SCQPE 

UNIT 
UNDER 
TEST 

39(1 2DJ'f 

SOil r... IN96l pulSE WIlen sawtooth waveform 
GENERATOR. 33(1 FAST DIODE appears at TP-l, 
VARIABLE T-t... 
PUlSE WIDTH 

.... 
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1N5158 thru 1N5160 (M4L3052 thru M4L3056) (continued) 
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1 N5221 thru 1 N5281 series (SILICON) 

CASE 51 
(00-7) 

500 Milliwatt surmetic 20 silicon zener diodes
a complete series of Zener Diodes in the populal' 
DO-7 case with higher ratings, tighter limits, better 
operating characteristics and a full set of designers' 
curves that reflect the superior capabilities of silicon
oxide-passivated junctions. All this in an axial-lead, 
transfer-molded plastic package offering protection 
in all common environmental conditions. 

MAXIMUM RATINGS 

Junction and Storage Temperature: -65 to +200°C 

lead Temperature not less than 1/16" from the case for 10 seconds: 230°C 

DC Power Dissipation: 500 mW @ TL = 75°C, Lead Length = %" 
(Derate 4.0mWrc above 75°C) 

Surge Power: 10 Watts (Non·recurrent square wave @ PW = 8.3 ms, TJ = 55°C. 
Figure 16) 

MECHANICAL CHARACTERISTICS 

CASE: Void free, transfer molded. thermosetting plastic. 

FINISH: All external surfaces are corrosion resistant. Leads are readily solderable 
and weldable. 

POLARITY: Cathode indicated by color band. When operated in zener mode, cathode 
will be positive with respect to anode. 

MOUNTING POSITION: Any. 

WEIGHT: 0.18 gram (approximately). 

FIGURE 1-POWER·TEMPERATURE DERATING CURVE 
1.0 

"" L :! LEAD LEN~TH 
(i) 

~ 
0.8 ~ 

z: 
0 

~ 0.6 
~ 
is 

" 
TO HEAT SINK 

"" ~=W' 

-............. ......... ~ 
!"'----
~ 

.......... 
........... L=W' ~ 

0:: .... 
~ 0.4 Q. 

~ 
::E 

--~ ~" 
........ 

i'... .... 
~ ............... "" " "-L= 1"· ............... r-.--"""""'" ..................... ~ i 0.2 

0 
Q. -r..::::: ~ 

o 
o 20 40 60 80 100 120 

T L. LEAD TEMPERATURE (OC) 
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1 N5221 thru 1 N5281 series (continued) 

ELECTRICAL CHARACTERISTICS (T A = 25°C unless otherwise noted). Based on de measurements at thermal equilibrium; 

lead length = %"; thermal resistance of heat sin~. = 30"C/W) V, = 1.1 Max @ I, = 200 rnA for all types. 

Max Zener Impedarn:e Max Reverse leakage Current Max lener Voitage Nominal A & B SuHix On)y 
JEDEC lener Voltage Test A & B Suffix Only Non·Suffix Temp. CoeH. 

Type No. Vz @ IZT 
Current (A & B Suffix Only) 

I. V. IZT @ I. @ V Used flVZ (%"C) (Note 1) Volts IZT @ IZT lZK @ IZK = 0.25 mA I'A Volts mA For SuAix A (Note 3) (Note 2) Ohms Ohms 

IN5221 2.' 20 30 1200 
IN5222 2.5 20 30 1250 
INS223 2.7 20 30 1300 
IN5224 2.8 20 30 1400 
INS225 3.0 20 29 1600 

IN5226 3.3 20 28 1600 
tN5227 3.6 20 2. 1700 
IN5228 3.9 20 23 1900 
IN5229 '.3 20 22 2000 
IN5230 '.7 20 19 1900 

IN5231 5.1 20 17 1600 
IN5232 5.6 20 11 1600 
INS233 6.0 20 7.0 1600 
IN5234 6.2 20 7.0 1000 
INS235 6.8 20 5.0 750 

INS236 7.5 20 6.0 '00 
lN5237 '.2 20 8.0 500 
IN5238 8.7 20 8.0 600 
IN5239 9.1 20 10 600 
IN5240 10 20 17 600 

tNS241 11 20 22 600 
IN5242 12 20 30 600 
IN5243 13 9.5 13 600 
1N5244 " 9.0 15 600 
1N5245 15 8.5 16 600 

1N5246 16 7.8 17 600 
IN5247 17 7.' 19 600 
1N5248 18 7.0 21 600 
IN5249 19 6.6 23 600 
IN5250 20 6.2 25 600 

IN5251 22 . 5.6 29 600 
IN5252 24 5.2 33 600 
IN5253 25 5.0 35 600 
IN5254 27 4.6 41 600 
IN5255 28 '.5 44 600 

IN5256 30 '.2 .9 600 
IN5257 33 3.8 5. 700 
IN5258 36 3.' 70 700 
IN5259 39 3.2 80 800 
IN5260 43 3.0 93 900 

1N5261 47 2.7 105 1000 
IN5262 51 2.5 125 1100 
IN5263 56 2.2 150 1300 
IN5264 60 2.1 170 1.00 
IN5265 62 2.0 185 1400 

IN5266 66 1.8 230 1600 
IN5267 7. 1.7 270 1700 
IN5268 82 1.5 330 2000 
IN5269 87 I.. 370 2200 
IN5270 91 i,4 .00 2300 

lN5271 100 1.3 500 2600 
1·N5272 110 1.1 750 3000 
IN5273 120 1.0 900 .000 
IN5274 130 0.95 lIOO 4500 
1N5275 140 0.90 1300 4500 

1N5276 150 0.85 1500 5000 
IN5277 160 0.80 1700 5500 
IN5278 170 0.74 1900 5500 
IN5279 180 0.68 2200 6000 
IN5280 190 0.66 2400 6500 
l'N5281 200 0.65 2500 7000 

NOTE 1-TOLERANCE AND VOLTAGE DESIGNATION 
Tolerance de.ienation - The JEDEC type numbers shown indicate a 
tolerance of :::t 10%. wrth guaranteed limits on only Vz, IR and VF as 
shown in the above table. Units with guaranteed limits on all six 
parameters are indicated by suffix "A" for ±10% tolerance and suffix 
"B" for :::t5.0% units. 

Non·Standard voltage clesienation - To deSignate units with zener 
voltages other than those assigned JEDEC numbers. the type 
number should be used. 

EXAMPLE: 

0.5 watt~ t ]90 

Manufacture, ~ 
Nominal Voltage 

Iz LS ' LTolerance 
(:±%) 

Surmetic 
Zener Diodes 

NOTE 2 - SPECIAL SELECTIONS AVAILABLE INCLUDE: 
1 - Nominal zener voltages between those shown. 

A B p.A 
100 0.95 1.0 200 -0. 085 
100 0.95 1.0 200 -0. 085 
75 0.95 1.0 150 -0. aBO 
75 0.95 1.0 150 -0.080 
50 0.95 1.0 100 -0.075 

25 0,95 1.0 100 -0.070 
15 0.95 1.0 100 -0.065 
10 0.95 1.0 75 -0,060 

5.0 0,95 1.0 50 10,055 
5.0 1.9 2.0 50 ,0.030 

5.0 1.9 2.0 50 :0.030 
5.0 2.9 3.0 50 ... 0.038 
5.0 3.3 3.5 50 +0.038 
5.0 3.' '.0 50 +0.045 
3.0 ... 5.0 30 +0.050 

3.0 5.7 6.0 30 +0.058 
3.0 6.2 6.5 30 +0.062 
3.0 6.2 6.5 30 +0.065 
3.0 6.7 7.0 30 +0.068 
3.0 7.6 8.0 30 +0.075 

2.0 8.0 8.' 30 +0,076 
1.0 8.7 9.1 10 +0.077 
0.5 9.' 9.9 10 +0.079 
0.1 9.5 10 10 +0.082 
0.1 10.5 11 10 +0.082 

0.1 11.4 12 10 +0.083 
0.1 12.4 13 10 +0. 084 
0.1 13.3 14 10 +0.085 
0.1 13.3 14 10 +0.086 
0.1 14.3 15 10 +0.086 

0.1 16.2 17 10 +0.087 
0.1 17.1 18 10 +0.088 
0.1 18.1 19 10 +0.089 
0.1 20 21 10 +0.090 
0.1 20 21 10 +0.091 

0.1 22 23 10 +0.091 
0.1 24 25 10 +0.092 
0.1 26 27 10 +0.093 
0.1 29 30 10 +0.094 
0.1 31 33 10 +0.095 

0.1 34 36 10 +0.095 
0.1 37 39 10 +0.096 
0.1 41 43 10 +0.096 
0.1 44 .6 10 '+0.097 
0.1 45 47 10 +0.097 

0.1 49 52 10 +0.097 
0.1 53 56 10 +0.098 
0.1 59 62 10 +0.098 
0.1 65 68 10 +0.099 
0.1 66 69 10 +0.099 

O. I 72 76 10 +0.110 
0.1 80 8. 10 +0.110 
0.1 86 91 10 +0. lIO 
0.1 94 99 10 +0.110 
0.1 101 106 10 +0.110 

0.1 108 11. 10 +0.110 
0.1 116 122 10 +0.110 
0.1 123 129 10 +0.110 
0.1 130 137 10 +D. 110 
0.1 137 144 10 +0.110 
0.1 144 152 10 +0.110 

2 - Matched sats: (Standard Tolerances are :±5.0%. :±3.0%. 
:±2.0%. :±1.0%) dependlnB on voltaBe per device. 

a. Two or more units for series connection with specified 
tolerance on total voltage. Series matched sets make zener 
voltages in excess of 200 volts possible as well as providing 
lower temperature coefficients. lower dynamic impedance 
and greater power handling ability. 
b. Two or more units matched to one another with any spec
ified tolerance. 

3 - Tight voltage tolerances: 1.0%. 2.0%. 3.0%. 

NOTE 3 - TEMPERATURE COEFFICIENT (Bvz) 
Test conditions for temperature coefficient are as follows: 

a. I.T = 7.5 rnA. T, = 2SoC. 
T, = 12S"C (lN5221A. B thru·lNS242A. B.) 

b. I.T = Rated I.T• T, = 2S"C. 
T, == 12S"C (lNS243A, B thru INS2BIA. B.) 

Device to be temperature stabilized with current applied prior to 
reading breakdown voltage at the specified ambient temperature. 

1-21 



1 N5221 thru 1 N5281 series (continued) 

TYPICAL REVERSE CHARACTERISTICS FOR SELECTED ZENER DIODES 
Curves marked T" were obtained from de measurements at thermal equilibrium: lead length = %"; thermal resistance of heat sink = 30°C/W. 
Curves marked TJ were obtained from pulse tests; mounting conditions are not a factor. 
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1 N5221 thru 1 N5281 series (continued) 

TEMPERATURE COEFFICIENTS AND VOLTAGE REGULATION 
(90% 01 the units are in the ranges indicated) 
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1 N5221 thru 1 N5281 Series (continued) 

FIGURE 14 - TYPICAL THERMAL RESPONSE 
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APPLICATION NOTE 
Since the actual voltage available from a given zener diode is 

temperature dependent. it is necessary to determine junction temp' 
erature under any set of operating conditio~s. in order to calculate its 
value. The following procedure is recommended: 

Lead Temperature. TL. should be determined from: 
TL=BLA l'o+TA 

8LA is the lead·to·ambient thermal' resistance and PD is the 
power dissipation. 8LA is generally 30·4Q'C/W for the vari· 
ous clips and tie points in common use and for printed 
circuit board wiring. 

Junction Temperature. TJ. may be found from: 
TJ=TL+LlTJL 

LI TJL is the increase in junction temperature above the lead 
temperature and mjlY be found from Figure 14 for a train of 
power pulses or from Figure 1.5 for de power. 

For worst·case design. ,!sing expected limits of I •• limits of Po and 
the extremes of TJ (LI TJ)may be estimated. Changes in voltage. V •• can 
then be found from: 

LlV=BvzLlTJ 
8vz. the zener voltage temperature coefficient. is found from 
Figures.B. 9. and 10. 

Under high power·pulse operation. the zener voltage will 
vary with time and may also be affected significantly by the 
zener resistance. For best regulation. uSe short leads. espe· 
cially to· the cathode. and keep current excursions as low as 
possible. 

Data of Figure 14 should not be used to compute surge capa· 
bility. Surge limitations are given in Figure 16. They are lower than 
would be expected by considering only junction te!'1perature. as cur· 
rent crowding effects cause temperatures to be extremely high in 
sm~1f spots resulting in device degradation should the limits of Figure 
16 be exceeded. 
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1 N5221 thru 1 N5281 Series (continued) 
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FIGURE 20 - NOISE DENSITY MEASUREMENT METHOD 

AMPLIFIER 

TRUE 
RMS 
VOLT 

METER 

NOISE DENSITY IVOLTS PER SQUARE ROOT BANDWIDTHI = OVERALL ~ZN vwr 
WHERE, 8W = FILTER BANDWIDTH (HzI 

V ... = OUTPUT NOISE (VOLTS RMSI 

The input voltage and load resistance are high so that the zener diode is 
driven from a constant current source. The amplifier is low noise so that 
the amplifier noise is negligible compared to that of the test zener. The 
filter bandpass is known so that the noise density can be calculated from 
the formula shown. The data of Figure 19 and the formula can also be 
used to find noise for any system bandwidth. 
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1 NS283 thru 1 N5314 

Field-effect current regulator diodes are circuit elements that 
provide a current essentially independent of voltage. These diodes 
are especially designed for maximum impedance over the operating 
range. These devices may be used in parallel to obtain higher 
currents. 

CASE 51 
(00·7) 

MAXIMUM RATINGS 

Rating 

Peak Operating Voltage 
(T J := _55° C to +200° C) 

Steady State PowerDissipation 
@T L =75°C 

Derate above TL = 75° C 

Lead Length = 3/8" 
(Forward or Reverse Bias) 

Operating and Storage Junction 
Temperature Range 

Symbol Value Unit 

POV Volts 
100 

PD 
600 mW 

4.8 mW/oC 

TJ , T stg -55 to +200 °c 
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1 N5283 thru 1 N5314 (continued) 

ELECTRICAL CHARACTERISTICS (T. = 2S"C unless otherwise noted) 

Minimum Minimum Maximum 
Regulator Current Dynamic Knee Limiting 

Ip (mA) @ V T = 25 V Impedance Impedance Voltage 

Type No. nom min max 
@VT = 25 V 

ZT (Mg) 
@VK = 6.0 V @IL = 0.8 Ip (min) 

ZK (Mg) V L (Volts) 

1N5283 0.22 o. 198 0.242 25.0 2.75 1. 00 

1N5284 0.24 0.216 0.264 19.0 2.35 1. 00 

1N5285 0.27 0.243 0.297 14.0 1. 95 1. 00 

1N5286 0.30 0.270 0.330 9.0 1. 60 1. 00 

1N5287 0.33 0.297 0.363 6.6 1. 35 1. 00 

1N5288 0.39 0.351 0.429 4. 10 1. 00 1. 05 

1N5289 0.43 0.387 0.473 3.30 0.870 1. 05 

1N5290 0.47 0.423 0.517 2.70 0.750 1. 05 

1N5291 0.56 0.504 0.616 1. 90 0.560 1. 10 

1N5292 0.62 0.558 0.682 1. 55 0.470 1. 13 

1N5293 0.68 0.612 0.748 1. 35 0.400 1. 15 

1N5294 0.75 0.675 0.825 1. 15 0.335 1. 20 

1N5295 0.82 0.738 0.902 1. 00 0.290 1. 25 

1N5296 0.91 0.819 1. 001 0.880 0.240 1. 29 

1N5297 1.00 0.900 1.100 0.800 0.205 1. 35 

1N5298 1.10 0.990 1. 210 0.700 0.180 1. 40 

1N5299 1. 20 1. 08 1. 32 0.640 0.155 1. 45 

1N5300 1. 30 1. 17 1. 43 0.580 0.135 1. 50 

IN5301 1. 40 1. 26 1. 54 0.540 0.115 1. 55 

1N5302 1. 50 1. 35 1. 65 0.510 0.105 1. 60 

1N5303 1. 60 1. 44 1. 76 0.475 0.092 1. 65 

1N5304 1. 80 1. 62 1. 98 0.420 0.074 1. 75 

IN5305 2.00 1. 80 2.20 0.395 0.061 1.85 

1N5306 2.20 1. 98 2.42 0.370 0.052 1. 95 
1N5307 2.40 2.16 2.64 0.345 0.044 2.00 

IN5308 2.70 2.43 2.97 0.320 0.035 2. 15 
IN5309 3.00 2.70 3.30 0.300 0.029 2.25 

IN5310 3.30 2.97 3.63 0.280 0.024 2.35 

IN5311 3.60 3.24 3.96 0.265 0.020 2.50 
IN5312 3.90 3.51 4.29 0.255 0.017 2.60 
IN5313 4.30 3.87 4.73 0.245 0.014 2.75 
IN5314 4.70 4.23 5.17 0.235 0.012 2.90 
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1 N5283 thru 1 N5314 (continued) 

FIGURE 1-TYPICAL CURRENT REGULATOR CHARACTERISTICS SYMBOLS AND DEFINITIONS 
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FIGURE 2 - TYPICAL THERMAL RESISTANCE 
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10 - Diode Current. 
IL -limiting Current: 80% of Ip minimum used to determine Limiting 

voltage, Vl. 
I, - Pinch-off Current: Regulator current at specified Test Volt;age, Vy_ 

POV - Peak Operating Voltage: Maximum .voltage to be applied to device. 
8, - Current Temperature Coefficient. 

VAX - Anode·to·cathode Voltage. 
Vx - Knee Impedance Test Voltage: Specified voltage used to establish 

Knee Impedance, Zx· 
Vl - limiting Voltage: Measured .at Il' Vl , together with Knee AC 1m· 

pedance, ZK. indicates the Knee characteristics of the device. 

Vr - Test Voltage: Voltage at which I, and Zr are specified. 

Zx - Knee AC Impedance at Test Voltage: To test for Zx, a 90 Hz signal 
vx with RMS value equal to 10% oftest voltage, Vx, is superimposed 
on VK: 

Zx = vx/ix 
where iK is the resultant ac cutrent due to VK 

To provide the most constant current from the diode, ZK should be 
as high as possible; therefore. a minimum value of ZK is specified. 

ZT - AC Impedance at Test Voltage: Specified as a minimum value. To 
test for Zr. a 90 Hz signal With RMS value equal to 10% .of. Test 
Voltage. VT• is supenmposed on VT. 

APPLICATION NOTE 

As the current available from the diode is temperature dependent, it is 
necessary to determine junction temperature, TJ, under specific operating 
conditions 10 calculate the value of the diode current. The following 
procedure is recommended: . 

Lead Temperature, Te, shall be determined from: 
Te = fiLA Po +:T A 

where filA is lead-to-ambient thermal resistance 
and Po is power dissipation. 
fAA is generally 30·40·C/W for the various clips and tie points in 
common use, and for printed circuit-board wiring . 

Junction Temperature, TJ• shall be calculated from: 
TJ=Tl+OJlPO 

where fhl is taken from Figure 2_ 
For circuit design limits of VAK , limits of Po may be estimated and 

extremes of T J may be computed. Using the information on Figures 4 and 
5, changes in current may be found. To improve current regulation, keep 
VAX low to reduce Po and keep the leads short, especially the cathode lead, 
to reduce 6Jl. 

FIGURE 3 - TYPICAL FORWARD CHARACTERISTICS 
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1 N5283 thru 1 N5314 (continued) 
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1 N5333 (SILICON) 
thru 

lN5388 
5.0 Watt surmetic 40 silicon zener diodes (silicon oxide 

passivated) with tight limits and better operating char
acteristics that reflect the superiQr capabilities of silicon
oxide-passivatedjunctions. An axial-lead, transfer-molded 
plastic package that offers protection in all common en
vironmental conditions. 

CASE 17 

MAXIMUM RATINGS 

Junction and Storage Temperature: -65 to +200oC 

Lead Temperature not less than 1/16" from the case for 10 seconds: 2300 C 

DC Power Dissipation: !I.O W @TL = 750 C, Lead Length = 3/8" 
(Derate 40 mW/oC above 750 C) 

MECHANICAL CHARACTERISTICS 

CASE: Void-free, transfer-molded, thermosetting plastic 

FIN ISH: All external surfaces are corrosion resistant. Leads are readily solderable 

POLARITY: Cathode indicated by color band. When operated in zener mode, cathode 
will be positive with respect to anode. 

MOUNTING POSITION: Any 

WEIGHT: 0.7 gram (approx) 

FIGURE 1 - POWER·TEMPERATURE DERATING CURVE 
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1 N5333 thru 1 N5388 (continued) 

ELECTRICAL CHARACTERISTICS (TA=250CunfeS5otherwisenotedl vF = 1.2 Max@,lF = 1.0 Afar all types 

Max Zener Impedance Applies A&B 
Max Reverse Leakage to all Suffix Maximum 

Nominal Test A & B Suffix Only Current Suffix Only Regulator 
JEDEC Zener Voltage Current Max Max Current 

Type No. Vz @ III IZT ZZT @ IZT ZZK @ IZK = 1.0 rnA I. @ V. Surge Voltage IZM 
(Note 1 & 2) Volts rnA Ohms Ohms "A Volts 

Current Regulation rnA 
(Note 3) (Note 3) (Note 3) ir,Amps t:. Vz,Volts Non&A 

Suffix B·Suliix 
(Note 4) (Note 5) (Note 6) 

IN5333 3.3 380 3.0 400 300 1.0 1.0 20.0 0.85 1440 
IN5334 3.6 350 2.5 500 150 1.0 1.0 18.7 0.80 1320 
IN5335 3.9 320 2.0 500 50 1.0 1.0 17.6 0.54 1220 
lN5336 4.3 290 2.0 500 10 1.0 1.0 16.4 0.49 1100 
IN5337 4.7 260 2.0 450 5.0 1.0 1.0 15.3 0,44 1010 

IN5338 5.1 240 1.5 400 1.0 1.0 1.0 14.4 0.39 930 
IN5339 5.6 220 1.0 400 1.0 2.0 2.0 13.4 0.25 865 
IN5340 6.0 200 1.0 300 1.0 3.0 3.0 12.7 0.19 790 
IN5341 6.2 200 1.0 200 1.0 3.0 3.0 12.4 0.10 765 
IN5342 6.8 175 1.0 200 10 4. g 5.2 11.5 0.15 700 

IN5343 7.5 175 1.5 200 10 5.4 5.7 10.7 0.15 630 
IN5344 8.2 150 1.5 200 10 5.9 6.2 10.0 0.20 580 
IN5345 8.7 150 2.0 200 10 6.3 6.6 9.5 0.20 545 
IN5346 9.1 150 2.0 150 7.5 6.6 6.9 9.2 0.22 520 
IN5347 10 125 2.0 125 5.0 7.2 7.6 8.6 0.22 475 

lN5348 11 125 2.5 125 5.0 8.0 8.4 8.0 0.25 430 
IN53'9 12 100 2.5 125 2.0 8.6 9.1 7.5 0.25 395 
IN5350 13 100 2.5 100 1.0 9.4 9.9 7.0 0.25 365 
IN5351 \4 100 2.5 75 1.0 10.1 10.6 6.7 0.25 340 
IN5352 15 75 2.5 75 1.0 10.8 ll.5 6.3 0.25 315 

IN5353 16 75 2.5 75 1.0 11.5 12.2 6.0 0.30 295 
lN5354 17 70 2.5 75 0.5 12.2 12.9 5.8 0.35 280 
IN5355 18 65 2.5 75 0.5 13.0 13.7 5.5 0.40 264 
lN5356 IS 65 3.0 75 0.5 13.7 14.4 5.3 0.40 250 
IN5357 20 65 3.0 75 0.5 14.4 15.2 5.1 0.40 237 

IN5358 22 50 3.5 75 0.5 15.8 16.7 4.7 0.45 216 
1N5359 24 50 3.5 100 0.5 17.3 18.2 4.4 0.55 198 
IN5360 25 50 4.0 110 0.5 18.0 19.0 4.3 0.55 190 
IN5361 27 50 5.0 1~0 0.5 19.4 20.6 4.1 0.60 176 
IN5362 28 50 6.0 130 0.5 20.1 21. 2 3.9 0.60 170 

IN5363 30 40 8.0 140 0.5 21.6 22.8 3.7 0.60 158 
IN5364 33 40 10 150 0.5 23.8 25.1 3.5 0.60 144 
IN5365 36 30 11 160 0.5 25.9 27.4 3.3 0.65 132 
IN5366 3S 30 14 170 0.5 28.1 29.7 3.1 0.65 122 
IN5367 43 30 20 190 0.5 31.0 32.7 2.8 0.70 110 

IN5368 47 25 25 210 0.5 33.8 35.8 2.7 0.80 100 
IN5369 51 25 27 230 0.5 36.7 38.8 2.5 0.90 93.0 
IN5370 56 20 35 280 0.5 40.3 42.6 2.3 1.00 86.0 
IN5371 60 20 4Q 350 0.5 43.0 45.5 2.2 1. 20 79.0 
IN5372 62 20 42 400 0.5 44.6 47.1 2.1 1.35 76.0 

IN5S73 68 20 44 500 0.5 49.0 51. 7 2.0 I. 50 70.0 
1N5374 75 20 45 620 0.5 54.0 56.0 1.9 I. 60 63.0 
IN5375 82 15 65 720 0.5 59.0 62.2 1.8 1. 80 58.0 
IN5376 87 15 75 760 0.5 63.0 66.0 1.7 2.00 54.5 
IN5377 91 15 75 760 0.5 65.5 69.2 1.6 2.20 52.5 

IN5378 100 12 90 800 0.5 72.0 76.0 \.5 2.50 47.5 
IN5379 110 12 125 1000 0.5 79.2 83.6 \.4 2.50 43.0 
IN5380 120 10 170 1150 0.5 86.4 9\. 2 \.3 2.50 39.5 
IN5381 130 10 190 1250 0.5 93.6 98.8 \,2 2.50 36.6 
IN5382 140 8.0 230 1500 0.5 101 106 1.2 2.50 34.0 

IN5383 150 B.O 330 1500 0.5 108 114 1.1 3.00 31.6 
IN5384 160 8.0 350 1650 0.5 115 122 1.1 3".00 29.4 
IN5385 170 8.0 380 1750 0.5 122 129 \.0 3.00 28.0 
IN5386 180 5.0 430 1750 0.5 130 137 \.0 4.00 26.4 
1N5387 190 5.0 450 1850 0.5 137 144 0.9 5.00 25.0 
IN5388 200 5.0 480 1850 0.5 144 152 0.9 5.00 23.6 

NOTE 1 - TOLERANCE AND VOLTAGE DESIGNATION 
5 M 90 Z S 3 

T 
Nominal LTolerance 

TOLERANCE DESIGNATION - The JEDEC type numbers shown 
indicate a tolerance of ;1:20% with guarantaed limits on only VZ. I R. 
ir• and V F as shown in the electrical characteristics t"ble. Units 
with guaranteed limits on all seven parameters are indicated by 
suffix "A" for ;1:10% tolerance and suffix "B" for ;1:5.0% units. 

Device ~ 
DeSCription T Voltage T T (;1:%) 

NOTE 2 - SPECIALS AVAILABLE INCLUDE: 

(AI NOMINAL ;!:ENER VOLTAGES BETWEEN THE VOLT· 
AGES SHOWN ANO TIGHTER VOLTAGE TOLERANCES: 
To designate units with zener voltages other than those 
assigned JEDEC numbers andlor tight voltage tolerances 
(;t.3%. ;1:2%, ;1:1%), the Mfg.' type number should be used. 
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Manufacturer Zener USurmetic" 
Diode 

Example: 5M90ZS3 

(B) MATCHED SETS; (Standard Tolerances are ;1:5.0%, ;1:2.0%, 
;1:1.0%1. 

Zener diodes can be obtained in sets consisting of two or more 
matched devices. The method for specifying such matched 
sets is similar to the one described in (A) for specifying units 



1 N5333 thru 1 N5388 (continued) 

with a special voltage and/or tolerance except that two extra 
suffixes are added to the code number described. 

These units are marked with code letters to identify the 
matched sets snd,in addition, e8ch unit in a set is marked 
with the same serial number, which is different for each set 
being Ordered. 

5 M 51 ZS 5 B 

D!;ce T 511:ts T T T lovIrall 
Description (each device) "Surmetic" l Tolerance 

* Manufacturer Z~ner Tolerance of set 
Code: DIodes per device (±.5%) I± 1%) 

B - Two devices in series (omit for 1:.20% units) Code' 
C - Three devices in series (A-Not used) 
0- Four devices in series 

Example: 5M51ZS5B1 

(C) ZENER CLIPPERS: (Standard Tolerance ±10% and±.5%). 

Spacial clipper diodes with opposing Zener junctions built 
into the device are available by using the following nomen
clature: 

5 M 20, Z Z 

DJce T N::l:al T T 
Description Voltage CI ipper 

Manufacturer Zener 
Diodes 

Example: 5M20ZZ10 

10 
T 

Tolerance for each of 
the two Zener voltages 
(not a matching require
mentl 

NOTE 3 - ZENER VOLTAGE (VZI AND IMPEDANCE 
(ZZT&ZZKI 

Test conditions for Zener voltage and impedance are as follows: 
IZ is applied 40 ±. 10 ms prior to reading. Mounting contacts are 

located 3/S" to 1/2" from the inside edse. of mounting clips to 

the body of thedilide. (TA= 250 C :~oC). 

NOTE 4 -SURGE CURRENT (i,1 
Surge current is specified as the maximum allowable peek, non
recurrent square-wave current with a pulse width,PW, of S.3 ms. 
The data given in Figure 6 may be used to find the maximum 
surge current for a square wave of any pulse width between 1.0 
ms and 1000 ms by plotting the applicable points on logarithm ic 
paper. Examples of this, using the 3.3 V and 200 V zeners, are 
shown in Figure 7. Mounting contact located as specified in 
Note 3. (T A = 250 C :~oC). . . 

NOTE 5 - VOLTAGE REGULATION (LWzl 

Test conditions for voltage regulation are as follows: Vz meas
urements are made at 10% and then at 50% of the IZ max value 
listed in the electrical characteristics table. The test currents are 
the same for the 5% and 10% tolerance devices. The test current 
time dur~tion for each Vz measurement is 40 ±. 10 ms. (TA = 
25°C +B CI. Mounting contact located as specified in Note 3. 

-2 

NOTE 6 - MAXIMUM REGULATOR CURRENT (lzMI 

The maximum current shown is. based on the maximum voltage 
of a 5% type unit, therefOre, it applies only to the B-suffix 
device. The actual I ZM for any device may not exceed the 
value of 5.0 watts divided by the actual Vz of the device. 
TL = 75°C at3/S" maximum from the device body. 

TEMPERATURE COEFFICIENTS 

FIGURE 2 - TEMPERATURE COEFFICIENT·RANGE 
FOR UNITS 3,0 TO 10 VOLTS 

FIGURE 3 - TEMPERATURE COEFFICIENT-RANGE 
FOR UNITS 10 TO 220 VOLTS . 
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1 N5333 thru 1 N5388 (continued) 

FIGURE 5 - TYPICAL THERMAL RESISTANCE 
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APPLICATION NOTE 

Since the actual voltage available from a given zener diode is 
temperature dependent, it is necessary to determine junction temp
erature under any set of operating conditions. in order to calculate its 
value. The following procedure is recommended: 

Lead Temperature, TL, should be determined from: 

TL=liLA PD+TA 

e LA is the leadMto-ambient thermal resistance and Po is the 
power dissipation . 

Junction Temperature, T J, may be found from: 

TJ = TL +£>TJL 

.6.T JL is the increase in junction temperature above the lead 
temperature and may be found from Figure 4 for a train of 
power pulses or from Figure 5 for dc power. 

£>TJL = BJL Po 

For worst-case design, using expected limits of IZ, limits of Po 
and the extremes of T J(LlT J) may be estimated. Changes in voltage, 
VZ, can then be found from: 

£>V = liVZ £>T J 

Ovz, the zener voltage temperature coefficient, is found from 
Figures 2 and 3. 

Under high power-pulse operation, the zener voltage will vary with 
time and may also be affected significantly by the zener resistance. 
For best regulation, keep current excursions as low as possible. 

Data of Figure 4 should not be used to compute surge capability. 
Surge limitations are given in Figure 6. They are lower than would 
be expected by considering only junction temperature, as current 
crowding effects cause temperatures to be extremely high in small 
spots resulting in device degradation should the limits of Figure 6 
be exceeded. 
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IN 5441A,B,C 
thru 

IN 5456A,B,C 
vvc --.I~ 

SILICON EPICAP DIODES 

... epitaxial passivated abrupt junction tuning diodes designed for 
electronic tuning, FM, AFC and harmonic'generation applications in 
AM through UHF ranges, providing solid·state reliability to replace 
mechanical tuning methods. 

• Excellent Q Factor at High Frequencies 

• Guaranteed Capacitance Change - 2.0 to 30 V 

• Guaranteed TemP!lrature Coefficient 

• Capacitance Tolerance - 10%,5.0%, and 2.0% 

• Complete Typical Design Curves 

** MAXIMUM RATINGS 

Rating Symbol Value Unit 

Reverse Voltage VR 30 Volts 

Device Dissipation @ T A = 25°C Po 400 mW 
Derate above 25°C 2.67 mWfOC 

Operating Junction Temperature Range TJ +175 °c 

Storage Temperature Range Tstg -65 to +200 °c 

··lndicatesJEDEC Registered Data. 
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VOL TAGE·VARIABLE 
CAPACITANCE DIODES 

6.8 -100pF 
30 VOLTS 

CATHODE/ 
"NO 

CASE 51 
DO·7 

00·7 GLASS 

~DIA 

~:~~; DIA 



1N5441A, B, C thru 1N5456A, B, C (continued) 

--ELECTRICAL CHARACTERISTICS (TA = 25°C unless otherwise noted) 

Characteristic-All Types Test Condition. Symbol 

Rev .... Br.akdown Voltage IR = 10 "Adc BVR 

Reve ... Voltage Leakage Current VR = 25 Vdc, T A = 25°C IR 
VR = 25 Vdc, TA = 150°C 

Seri.s Inductance f = 250 MHz, lead length=1/16" Ls 
Case Capacitance f = 1.0 MHz,lead I.ngth =1/16" Cc 

Diode Capacitance Temperature VR = 4.0 Vdc, f = 1.0 MHz TCc 
eo.fficient (Note 6) 

CT, Diod. Capacitance" 
Device VR - 4.0 Vdc, f = 1.0 MHz 

pF 

Min Nom Max 
(Nom-10%1 (Nom +10%) 

lN5441 A 6.1 6.8 7.5 
lN5442A 7.4 8.2 9.0 
lN5443A 9.0 10.0 11.0 
lN5444A 10.8 12.0 13.2 
lN5445A 13.5 15.0 16.5 
lN5445A 16.2 18.0 19.8 
lN5447A 18.0 20.0 22.0 
lN5448A 19.8 22.0 24.2 
lN5449A 24.3 27.0 29.7 
lN5450A 29.7 33.0 36.3 
lN5451A 35.1 39.0 42.9 
lN5452A 42.3 47.0 51.7 

lN5453A 50.4 56.0 61.6 
lN6454A 61.2 68.0 74.8 
lN5455A 73.8 82.0 90.2 
lN5455A 90.0 100.0 110.0 

"To order devices with CT Nom ±5.0% or ±2.0% add Suffix B or C respectively. 
··Indicates JEDEC Raglstered Data. 

1. LS, Seri .. Inductance 

PARAMETER TEST METHODS 

6. TCc, DiOde Capacitance Temperature 
Coefficient 

Min Typ Max Unit 

30 - - Vdc 

- - 0.02 "Adc 
- - 20 

- 4.0 10 nH 

0.1 0.17 0.25 pF 

- 300 400 ppmloC 

TR, Tuning Ratio 0, Figure of Merit 
C2/C30 VR = 4.0 Vdc 

f= 1.0 MHz f=50MHz 

Min Max Min 

2.5 3.1 450 
2.5 3.1 450 
2.6 3.1 400 
2.6 3.1 400 

2.6 3.1 400 
2.6 3.1 350 
2.6 3.1 350 
2.6 3.2 350 

2.6 3.2 350 
2.6 3.2 350 
2.6 3.2 300 
2.6 3.2 250 

2.6 3.3 200 
2.7 3.3 175 
2.7 3.3 175 
2.7 3.3 175 

in the following equation, whif;h defines Tec : 
LS is measured on a shorted package at 250 
MHz using an impedance bridge (Boonton 
Radio Model 250A R X Meter or equivalent). 

2. CC, Ca .. Capacitance 

Tec is guaranteed by comparing CT at VA = 
4.0 Vde, f = 1.0 MHz. T A = -65°C with CT 
at VR = 4.0 Vdc, f = 1.0 MHz, T A = +850 C 

ICT(+850 C) - CT(-650 C)1 106 

TCe = 85 + 65 CT(250 C) 

Cc is measured on an open package at 1.0 
MHz using a capacitance bridge (Boonton 
Electronics Model 7SA or equivalent). 

3. CT, Diod. Capacitance 
(CT =. Cc + CJ)' CT is measured at 1.0 MHz 
using a capacitance bridge (Boonton Elec

tronics Model 75A or equivalent). 

4. TR, Tuning Ratio 
TR is the ratio of CT measured at 2.0 Vdc 
divided by CT measured at 30 Vdf;. 

5. Q, Figure of Merit 
a is calf;ulated by taking the G and C read
ings of an admittance bridge at the specified 
frequency and substituting in the following 
equations: 

2rlC 
Q=-

G 

(Boonton Electronics Model 33AS8 
or equivalent). 
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Accuracy limited by CT measurement to 
±O.1 pF. 

FIGURE 1 - NORMALIZED DIODE CAPACITANCE 
versus JUNCTION TEMPERATURE 
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lN5441A, B, C thru lN5456A, B, C (continued) 
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FIGURE 2 - DIODE CAPACITANCE versus REVERSE VOLTAGE 
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IN 5461A,B,C 
thm 

IN 5476A,B,C 
VVC-+l~ 

SILICON EPICAP DIODES 

... a PREMIUM line of epitaxial, passivated, abrupt·junction tuning 
diodes for critical and sophisticated frequency control applications 
through the UHF range. 

• High a at High Frequencies 

• Guaranteed High Capacitance Tuning Range 

• Excellent Unit·to·Unit Uniformity 

• Guaranteed Temperature Coefficient 

• Capacitance Tolerances - 10%,5.0%, and 2.0% 

• Complete Typical Design Curves 

**MAXIMUM RATINGS 

Rating Symbol Value Unit 

Reverse Voltage VR 30 Volts 

OlYi .. Oillipatlon Iii' T A = 25°C Po 400 mW 
Derate above 2sOC 2.67 mWfDc 

Operating Junction Temperature Range TJ +175 °c 

Storage Temperature Range TSIg -65 to +200 °c 
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VOLTAGE·VARIABLE 
CAPACITANCE DIODES 

6.8-100pF 
30 VOLTS 

00·7 GLASS 

'L 
--r 

/ 0.300 MAX 

~mooE-"~--~--~ 
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CASE 51 
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1N5461A, S, C thru 1N5476A, S, C (continued) 

--ELECTRICAL CHARACTERISTICS (T A = 25°C unless otherwise noted) 

Cha..-rlnic-AII Types Test Conditions Symbol Min Typ Max Unit 

Reverse Breakdown Voltage IR = 10 "Adc 

Reverse Voltage Leakage Current VR = 25 Vdc, TA = 25°C 
VR = 25 Vdc, TA = 150°C 

Series Inductance f=250MHz,laad length ... ,/16" 

Ca .. Capacitance f = 1.0 MHz. lead length ... 1116" 

Diode Capacitance Temperature VR = 4.0 Vdc, f = 1.0 MHz 
Coefficient (Note 61 

Cy, Diode Capacitance· 
Davlca VR· 4.0 Vdc. f = 1.0 MHz 

pF 

Min Nom Max 
(Nom-10%1 (Nom +10%1 

1 N5461 A 6.1 6.8 7.5 
lN5462A 7.4 8.2 9.0 
lN5463A 9.0 10.0 11.0 
1N5464A 10.8 12.0 13.2 

lN5465A 13.5 15.0 16.5 
lN5466A 16.2 18.0 19.8 
lN5467A 18.0 20.0 22.0 
lN5468A 19.8 22.0 24.2 

lN5469A 24.3 27.0 29.7 
1N5470A 29.7 33.0 36.3 
lN5471A 35.1 39.0 42.9 
lN5472A 42.3 47.0 51.7 

1N5473A 50.4 56.0 61.6 
lN5474A 61.2 68.0 74.8 
lN5475A 73.8 82.0 90.2 
lN5476A 90.0 100.0 110.0 

"To order devices with Cy Nom ±5.0% or ±2.0% add Suffix B or C respectively. 

··Indlcates JEDEC Reglstared Data. 

BVR 30 - - Vdc 

IR - - 0.02 "Adc 
- - 20 

Ls - 4.0 10 nH 

Cc 0.1 0.17 0.25 pF 

TCc - 300 400 ppm/oC 

TR. Tuning Ratio Q, Figure of Marit 
C2/C30 VR = 4.0 Vdc 

f= 1.0 MHz f= 50 MHz 

Min Max Min 

2.7 3.1 600 
2.8 3.1 600 
2.8 3.1 550 
2.8 3.1 550 

2.8 3.1 550 
2.9 3.1 500 
2.9 3.1 500 
2.9 3.2 500 

2.9 3.2 500 
2.9 3.2 500 
2.9 3.2 450 
2.9 3.2 400 

2.9 3.3 300 
2.9 3.3 250 
2.9 3.3 225 
2.9 3.3 200 

PARAMETER TEST METHODS 

1. LS. Saries Inductance 
LS is measured on a shorted package at 260 
MHz using an Impedance bridge (Boonton 
Radio Model 260A R X Meter or equivalent). 

2. Ce. C_ Capacitance 
Cc is measured on an open package at 1.0 
MHz using a capacitance bridge "(Boonton 
Electronics Model 75A or equivalent). 

3. CT, Diode Capaci_ 
(CT 0 Cc + CJI. CTls measured.at 1.0 MHz 
using a capacitance bridge (Boonton Elec~ 
tronics Model 7SA or equivalent). 

4. TR. Tuning Ratio 
TR is the ratio of CT measured at 2.0 Vdc 
divided by CT measured at 30 Vdc. 

5. Q. Figura of Merit 
Q il calculated bV taking the G and C read~ 
Ings of an admittance bridge at the spacifJed 
frequency and substituting in the following 
equations: 

2lrfC 
Q=-

G 

(800nton Electronics Model 33AS8 
or equivalent). 

6. Te". Diode Capacitance Temperatura 
CoeHicient 
Tee is guaranteed bV comparing CT at VR = 
4.0 Vdc. f = 1.0 MHz, T A a -6S0C with CT 
at VR ... 4.0 Vdc, f = 1.0 MHz, TA = +S50C 

in the following equation. which defines Tee: 

I
CT(+850CI - CT(-650CII 106 

TCc~ ---
86 + 65 CT(2S0C) 

Accuracy limited by CT measurement to 
±0.1 pF. 

FIGURE 1 - NORMALIZED DIODE CAPACITANCE 
versus JUNCTION TEMPERATURE 
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1N5461A, B, C thru 1N5476A, B, C (continued) 
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lN5461A, B, C thru lN5476A, B, C (continued) 

EPICAP VOLTAGE·VARIABLE CAPACITANCE DIODE DEVICE CONSIDERATIONS 

A. Epicap Network P .... ntation 
The equivalent circuit in Figure 7 shows the voltage capacitance 

and parasitic elements of an EPICAP diode. For design purposes at 
an but very high and very low frequencies. Ls. RJ. and Cc can be 
neglected. The simplified equivalent circuit of Figure 8 represents 
the diode under these conditions. 

Definitions: 
CJ - Voltage·Variable Junction Capacitance 
AS - Series Resistance (semiconductor bulk, contact. and 

FIGURE 7 

FIGURE 8 lead resistance) 
Cc - Case Capacitance 
Ls - Series Inductance 
RJ - Volta~Variable Junction Resistance (negligible above 

100 kHz) 

C~I,# RS 
oo----------~~r-~------~~~------~O 

B. Epicap Capacita_ venus Reverse Bias Voltage 
The most important design characteristic of an EPICAP diode is 

the CT versus VR variation as shown in equations 1 and 2. Tuning 
Ratio. TR. between anv two voltage points on curve of equation (2) 
is determined from equations (3) and (4). 

C. Epicap Capacitance venus Frequency 
Varietions in EPICAP effactive capacitance. as a function of oper· 

ating frequency. can be derived from a simplified equivalent circuit 
similar to that of Figure 7. but neglecting RS and RJ. The admittance 
expression for such a circuit is given in equation 5. Examination of 
equation 5.yields the following information: 

At low frequencies. Ceq_ CJ; at very high frequencies (f _ 00) 

Ceq_CC' 
As frequency Is increased from 1.0 MHz. Ceq increases until it is 

maximum at w2 = lILsCJ; and as w2 is increased from l/LsCJ 
toward infinity. Ceq inc ...... from a very negative capacitance 
(inductance) toward Ceq = CC. a positive capacitance. 

Very simple celculetlons for Ceq at higher frequencies indicata 
the problems encountered when capacity measurements are made 
above 1.0 MHz. As w approaches Wo = lIJ"LSCJ. small variations 
in Ls cause extrema variations in measured diode capacitance. 

D. EPICAP Figura of Merit (Q) and Cutoff Frequency (feo) 

The efficiencv cit EPICAP response to an input frequency is ..... 
lated to the Figure of Merit of the device as defined in equation 6. 
For very low frequencies. equat;on 7 applies whoreas at high f ..... 
quencias. where RJ cen be neglected. equation 6 may be rewritten 
into .the familiar form of equation B. 

Another useful parameter for EPICAP devices is the cutoff fre
quency (feo). and is the frequency point where Q is equal to 1. 
Equation 9 givas this relationship. 

E. Harmonic G_ation Using EPICAPS 

Efficient harmonic generation is possible with EPICAPS because 
of their high cutoff frequency and breakdown voltage. Since EPI CAP 
junction capacitance varies inversely with the square root of the 
breakdownvo!tage, harmonic generator performance can be accurately. 
predicted from various idealized models. Equation 10 gives the 
level of maximum input power for the EPICAP and equation 11 gives 
the relationships governing EPICAP circuit efficiency. In these 
equations, adequate heat sinking has been assumed. 
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CJl (VR2 + 41 )'Y 
TR Junction = - = ----

CJ2 VR1+/j1 

Cn CJl + Cc 
TR Diode = - = ----

CT2 CJ2+ CC 

Co = CJ at VR = 0 
VR = Reverse Bias (Volts) • 
'Y. Diode Power Law .... 0.44 
41. Contact Potential .... 0.6 Volt 
Cc ... 0.17 pF 

Y = jwCeq = jwCc + 
1-w2 LsCJ 

wCJRJ2 
QU=--------------

RJ + RSI1 + w2CJ2RP 
1 

Ot.f = w-R-S-Ceq-

fco= Qfmax 
2wRSCBVR 

M(BVR +41)2 fin 
Pin(max) = RS feo 

M(x2) = 0.0285; M(x3) = 0.0241; M(x4) = 0.196 

fout 
Eff=l-N -

feo 

N(x2) = 2O.B; N(x3) = 34.B; N(x4) = 62.5 

M and N are Constants 

(1) 

(2) 

(3) 

(4) 

(5) 

(6) 

(B) 

(9) 

(10) 

(111 



lN5518, A, B (SILICON) 
thru 

lN5546, A, B 

LOW VOLTAGE AVALANCHE SILICON OXIDE 
PASSIVATED ZENER REGULATOR DIODES 

Highly reliable silicon regulators utilizing an oxide·passivated junco 
tion for long-term voltage stability. RamRod construction provides 
a rugged, glass-enclosed, hermetically sealed structure. 

• Low Zener Noise Specified 

• Low Maximum Regulation Factor 

• Low Zener Impedance 

• Low Leakage Current 

• Controlled Forward Characteristics 

• Temperature Range: -65 to + 2000C 

MAXIMUM RATINGS 

Rating Symbol Value Unit 

DC Power Dissipation @ T A = sOOC Po 400 mW 
Derate above sOOC 2_66 mWJOC 

DC Power Dissipation @ TL = sOOC Po 500 mW 
Lead Length = liS" 
Derate above sOOC (Figure 1) 3_3 mWJOC 

Operating and Storage Junction TJ,Tstg -65 to +200 °c 
Temperature Range 

MECHANICAL CHARACTERISTICS 

CASE: Hermetically sealed, all-glass 

DIMENSIONS: See outline drawing_ 
FINISH: All external surfaces are corrosion resistant and leads are 

readily solderable and weldable. 

POLARITY: Cathoda indicated by polarity band. 

WEIGHT: 0.2 Gram (approxl 
MOUNTING POSITION: Any 

FIGURE 1 - POWER·TEMPERATURE DERATING CURVE 
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LOW VOLTAGE AVALANCHE 
ZENER DIODES 

400 MILLIWATTS 
3.3 THRU 33 VOLTS 
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1N5518, A, B thru 1N5546, A, B (continued) 

(T A = 2SoC unless otherwise noted. Based on de measurements at thermal equilibrium; 
ELECTRICAL CHARACTERISTICS VF = 1.1 Max@ IF = 200 mA for all types) 

B-C-DSuffix 
8-C-O Suffix Max Noise Density 

Nominal Max Zener Impedance Max Reverse Leakage Current Maximum at 'Z'"250j.lA Regulation Low 
Zener Voltage Test 8-C-D Suffix 

JEOEC VZ"'ZT Current ZZT" 'ZT IR 
Type No. Volts 'ZT Ohms .,Adc 
(Nota 1) INote 2) mAde IN.te3) (Note 4) 

lN5518 3.3 20 26 5.0 
lN5519 3.6 20 24 ·3.0 
lN5520 3.9 20 22 1.0 
lN5521 4.3 20 18 3.0 
lN5522 4.7 10 22 2.0 

lN5523 5.1 5.0 26 2.0 
lN5524 5.6 3.0 30 2.0 
lN5525 6.2 1.0 30 1.0 
lN5526 6.8 1.0 30 1.0 
lN5527 7.5 1.0 35 0.5 

lN5528 8.2 1.0 40 0.5 
lN5529 9.1 1.0 45 0.1 
lN5530 10.0 1.0 60 0.05 
lN5531 11.0 1.0 80 0.05 
lN5532 12.0 1.0 90 0.05 

lN5533 13.0 1.0 90 0.01 
1N5534 14.0 1.0 100 0.01 
lN5535 15.0 1.0 100 0.01 
lN5536 16.0 1.0 100 0.01 
lN5537 17.0 1.0 100 0.01 

lN5538 18.0 1.0 100 0.01 
lN5539 19.0 1.0 100 0.01 
lN5540 20.0 1.0 100 0.01 
lN5541 22.0 1.0 100 0.01 
lN5542 24.0 1.0 100 0.01 

lN5543 25.0 1.0 100 0.01 
lN5544 28.0 1.0 100 0.01 
lN5545 30.0 1.0 100 0.01 
lN5546 33.0 1.0 100 0.01 

NOTE 1 -TOLERANCE AND VOLTAGE DESIGNATION 

The JEOEC type numbers shown are ±20% with guaranteed 
limits for only VZ,IR, and VF. Units with "A" suffix are±10% 
with guaranteed limitsforVz, 'R. and VF- Units with guaranteed 
limits for all six parameters are indicated by a "s" suffix for 
±5.0% units, "C" suffix for ±2.0% and "0" suffix for ± 1.0%. 

NOTE 2 - ZENER VOLTAGE (VZ) MEASUREMENT 

Nominal zener voltage is measured with the device junction in 
thermal equilibrium with ambient temperature of 250C. 

NOTE 3 - ZENER IMPEDANCE (ZZI DERIVATION 

The zener impedance is derived from the 60 Hz ae voltage. which 
results when an ae current having an rms value ~ual to 10% of 
the de zener current ('ZT) is superimposed on IZT. 

DC Zenar Currant NO Faptor Vz 
VR -Vol .. 'ZM (Figure 1) AVZ Current 

NonS! A· B·C·O mAde (micro-volts per Volts 'ZL 
Suffix Suffix (Note 5) square root cycle) (N.te61 mAde 

0.90 
0.90 
0.90 
1.0 
1.5 

2.0 
3.0 
4.5 
5.5 
6.0 

6.5 
7.0 
8.0 
9.0 
9.5 

10.5 
11.5 
12.5 
13.0 
14.0 

15.0 
16.0 
17.0 
18.0 
20.0 

21.0 
23.0 
24.0 
28.0 

1.0 115 0.5 0.90 2.0 
1.0 105 0.5 0.90 2.0 
1.0 98 0.5 0.85 2.0 
1.5 BB 0.5 0.75 2.0 
2.0 81 0.5 0.60 1;0 

2.5 75 0.5 0.65 0.25 
3.5 68 1.0 0.30 0.25 
5.0 61 1.0 0.20 0.01 
6.2 56 1.0 0.10 0.01 
6.8 51 2.0 0.05 0.01 

7.5 46 4.0 0.05 0.01 
8.2 42 4.0 0.05 0.01 
9.1 38 4.0 0.10 0.01 
9.9 35 5.0 0.20 0.01 
10.8 32 10 0.20 0.01 

11.7 29 15 0.20 0.01 
12.6 27 20 0.20 0.01 
13.5 25 20 0.20 0.01 
14.4 24 20 0.20 0.01 
15.3 22 20 0.20 0.01 

16.2 21 20 0.20 0.01 
17.1 20 20 0.20 0.01 
18.0 19 20 0.20 0.01 
19.8 17 20 0.25 0.01 
21.6 16 20 0.30 0.01 

22.4 15 20 0.35 0.01 
25.2 14 20 0.40 0.01 
27.0 13 20 0.45 0.01 
29.7 12 20 0.50 0.01 

NOTE 4 - REVERSE LEAKAGE CURRENT URI 

Reverse leakage currents are guaranteed and are measured at VR 
as shown on the table. 

NOTE 5 - MAXIMUM REGULATOR CURRENT (lZM) 

The maximum current shown is based on the maximum voltage 
of a 5.0% type unit, therefore, it applies only to the "B" suffix 
device. The actual IZM for any device may not exceed the value 
of 400 milliwatts divided bV the actual Vz of the device. 

NOTE 6 - MAXIMUM REGULATION FACTOR (AVZ) 
i:l.VZ is the maximum difference between Vz at IZT and Vz 
at IZl measured with the device junction in thermal equilibrium. 
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1N5518, A, B thru 1N5546, A, B (continued) 

ZENER NOISE DENSITY 

A zener diode generates noise when it is biased in the zener direc
tion. A small part of this noise is due to the internal resistance asso
ciated with th~ de.vice. A iargar part .of zener noise "is a result of the 
zener breakdo~n phenomenon and is called micro plasma noise. 
To eliminate the higher frequency components of noise a small 
shunting capacitor can be used. The lower frequency noise generally 
must be tolerated since a capacitor required to eliminate the lower 
frequencies would degrade the regulation properties of the zener in 
many applications. 

Motorola is rating this series with a maximum noise density at 
250 microamperes, a bandwidth of 2.0 kHz and a center frequency 
of 2.0 kHz. 

Noise density decreases as zener current increases. The junction 
temperature will also change the zener noise levels, thus the noise 
rating must indicate frequency, bandwidth, current level and 
temperature. 

The block diagram shown in Figure 2 represents the method used 
to measure noise density. The input voltage and load resistance is 
high so that the zener is driven from 8 constant current source. The 
amplifier must be low noise so that the amplifier noise is negligible 
compared to the test zener. The filter frequency and bandpass Is 
known so that the noise density in volts RMS per square root cvcle 
can be calculated. 

FIGURE 2 - NOISE OENSITY MEASUREMENT METHOD 
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1N5758,A thru 1N5762,A (SILICON) 

SILICON 3-LAYER BILATERAL TRIGGERS 

... Annular, two terminal devices that exhibit bi·directional negative 
resistance switching characteristics. These economical, durable de· 
vices have been developed for use in thyristor triggering circuits for 

lamp drivers and universal ~otor speed controls. 

• Switching Voltage Range - 20 to 36 Volts Nominal 

• Symmetrical Characteristics 

• Passivated Surface for Reliability and Uniformity 

*MAXIMUM RATINGS (TA ~ 25°C unless otherwise notedl 

Rating Symbol Value Unit 

Peak Pulse Current Ipulse Amp 
(30 I'S duration, 120 Hz 2.0 
repetition rate) 

Power Dissipation @ T A"" -40 to +2SoC Po 300 mW 
Derate above 25°C 4.0 mW/oC 

Operating Junction Temperature Range TJ -40 to +100 °c 

Storage T emperatu re Range Tstg -40 to +150 °c 

*ELECTRICAL CHARACTERISTICS (T A ~ 250 C unless otherwise noted I 

Characteristic Symbol Min Ma. Unit 

Switching Voltage Vs Volts 
(Both Directions) lN5758 16 24 

lN5759 20 28 
lN5760 24 32 
lN5761 28 36 
lN5762 32 40 
tN5758A 18 22 
lN5759A 22 26 
lN5760A 26 30 
lN5761A 30 34 
lN5762A 34 38 

Switching Current IS I'A 
(Both Directions) 1 N5758/5762 - 100 

(TA =-40to+750 C) 1 N575SA/5762A - 25 

Switching Voltage Change 6v Volts 
(Both Directions) 1 N5758,A,1 N5759,A 5.0 -
(61 = IStol = 10mA) 1 N5760,A,61.A,62,A 7.0 -

Leakage Cu rrent IB I'A 
(Both Directionsl. (Applied Voltage = 14 Volts) - 10 

Switching Voltage Symmetry (VS+HVS-) Volts 
lN575S/5762 - ±4.0 
lN575SA/5762A - ±2.0 

Peak Pulse Amplitude (Agure t I Volts 
(Soth Polarities) lN5758,A,1N5759,A 3.0 -

lN5760,A,61,A,62,A 5.0 -

":Indlcates JEOEC Registered Data. 
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1 N5758,A thru 1 N5762,A (continued) 

TYPICAL ELECTRICAL CHARACTERISTICS 

FIGURE 1 - PEAK PULSE AMPLITUDE TEST CIRCUIT 
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2N . .. & 3N... JEDEC REGISTERED 
DEVICE SPECIFICATIONS 
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2NSO 16 (SILICON) 

The RF Lin.e 

NPN SILICON RF POWER TRANSISTOR 

... designed for VHF and UHF power amplifier applications in 
military and industrial equipment. Suited for use in Class B or C 
amplifier applications to 600 MHz. 

• High Power Output-
Pout = 15 W (Min)@f=400MHz 

• Balanced Emitter Construction to Assure Ruggedness and Resist 
Transistor Damage Due to Load Mismatch 

• Large·Signal Impedance Data Provided to Simplify Matching Net· 
work Design 

*MAXIMUM RATINGS 

Rating Symbol Value Unit 

Collector-Emitter Voltage VCEO 30 Vdc 

Collector-Base Voltage VCB 65 Vdc 

Emitter·Base Voltage VEB 4.0 Vdc 

Collector Current - Continuous IC 4.5 Adc 

Base Current-Continuous IB 1.5 Adc 

Total DeviceDissipation@Tc=50oC Po 30 Watts 

Derate above 5o"C 0.2 W/oC 

Operating and Storage Junction TJ.Tstg -65 to +200 °c 
Temperature Range 

• Indicates JEOEC Registered Data. 
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2N5016 (continued) 

*ELECTRICAL CHARACTERISTICS (TC = 25°C unless otherwise noted) 

Characteristic 

OFF CHARACTERISTICS 

Coliector·Emitter Sustaining Voltage (1) 
(lC = 200 mAde, IB = 0) 

Collector-Emitter Sustaining Voltage (1) 
(lC = 200 mAde, RBE = 30 ohms) 

Collector Cutoff Current 
(VCE = 60 Vde, VEB(off) = 1.5 Vde) 
(VCE = 30 Vde, VEB(all) = 1.5 Vde, TC = 150oC) 

Emitter Cutoff Current 
(VEB = 4.0 Vde, IC = 0) 

ON CHARACTERISTICS 

DC Current Gam 
(lC = 500 mAde, VCE = 4.0 Vde) 
(lC = 4.5 Ade, VCE = 4.0 Vde) 

DYNAMIC CHARACTERISTICS 

Current-Gain-Bandwidth Product (2) 
(lC = 500 mAde, VCE = 15 Vde, I = 400 MHz) 

Output Capacitance 
(VCB = 30 Vde, IE = 0, 1- 1.0 MHz) 

FUNCTIONAL TEST 

Power Input 
(Pout = 15 W, VCC = 28 Vde, I = 400 MHz) 

Collector Efficiency 
(Pin = 5.0 W, Pout = 15 W, VCC = 28 Vde, f = 400 MHz) 

* Indicates JEDEC Registered Data. 

(1) Pulsed thru 25 mH I nduetor @ 50% Duty Cycle. 

(2) fT is defined as the frequency at which Ihfel extrapolates to unity. 

Symbol 

VCEO(sus) 

VCER(sus) 

ICEV 

lEBO 

iT 

Cob 

Pin 

1/ 

Min 

30 

40 

-
-

-

500 

-

-

50 

FIGUR'E 1 - 400 MHz POWER OUTPUT TEST CIRCUIT 
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2N5016 (continued) 

FIGURE 2 - POWER OUTPUT versus FREQUENCY 
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FIGURE 3 - POWER OUTPUT versus FREQUENCY 
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2N5016 (continued) 
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FIGURE 8 - Vee = 13.6 Vdc FIGURE 9 - Vee = 28 Vdc 
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2NS031 (SILICON) 
2NS032 

NPN SILICON RF SMALL-SIGNAL TRANSISTORS 

· .. designed primarily for use in high-gain, low-noise, small-signal 
amplifiers in military and industrial equipment. Suitable for use in 
video wide band and general high·frequency amplifier applications 
of 50 to 1000 MHz. 

• Low Noise Figure -
NF = 2.5 dB (Max) @f = 450 MHz (2N5031) 

• High Power Gain -
Gpe = 17 dB (Typ) @f = 450 MHz 

• High Current-Gain-Bandwidth Product -
fT = 1000 MHz (Min) @ IC = 5.0 mAdc 

*MAXIMUM RATINGS 

Rating Symbol 

Collector-Emitter Voltage VCEO 

Collector-Base Voltage VCB 

Emitter-Base Voltage VEB 

Collector Current - Continuous IC 

Total Device Dissipation@TA=2SoC Po 
Derate above 2SDC 

Operating and Storage Junction TJ,Tstg 
Temperature Range 

-Indicates JEDEC Registered Data. 

Value 

10 

15 

3.0 

20 

200 

1.14 

-65 to +200 

2-7 

Unit 

Vde 

Vde 

Vde 

mAde 

mW 

mW/oC 

°c 

NPN SILICON 
RF SMALL-SIGNAL 

TRANSISTORS 

~:~i~ OIA 

0.109 . 
0.130 r 

OIA ~70 
11, 

0.500 

j 

CASE 20(10) 
TO-72 



2N5031, 2N5032 (continued) 

ELECTRICAL CHARACTERISTICS IT A = 25°C unless otherwise noted) 

I Characteristic I Symbol 

OFF CHARACTERISTICS 

'Coliector·Emitter Breakdown Voltage 
(Ie = 1.0 mAde, IR = a) 

"Coliector·Base Breakdown Voltage 
(lc = 0.01 mAde, IE = a) 

"Emitter·Base Breakdown Voltage 
(IE = 0.01 mAde, IC = 0) 

• Collector Cutoff Current 
(VCB = 6.0 Vde, IE = a) 

ON CHARACTERISTICS 

"OC Current Gain 
(lC = 1.0 mAde, VCE = 6.0 Vde) 

Colleetor·Emitter Saturation Voltage 
(lC = 10 mAde, IB = 1.0 mAde) 

Base·Emitter Saturation Voltage 
(lc = 10 mAde,lB = 5.0 mAde) 

DYNAMIC CHARACTERISTICS 

'Current·Gain-Bandwidth Product 
(lc = 5.0 mAde, Vee = 6.0 Vde, f = 100 MHz) 

"Output CapaCitance 
(VCE = 6.0 Vde, IE = 0, f = 0.1 MHz) 

Coliector·Base Time Constant 
(lC = 6.0 mAde, VCE = 6.0 Vde, f = 31.8 MHz) 

"N~ise Figuret (Figure 1) 
(lC = 1.0 mAde, VCE = 6.0 Vde, f = 450 MHz) 

FUNCTIONAL TEST 

"Common-Emitter Amplifier Power Gaint (Figure 1) 
(VCE = 6.0 Vde, IC = 1.0 mAde, f = 450 MHz) 

·Indlcates JEDEC Registered Data. 
tTuned for Minimum Noise. 

BVCEO 

BVCBO 

BVEBO 

ICBO 

hFE 

VCE(sat} 

VBE(satl 

t,. 

Ceb 

rb'Ce 

NF 
2N5031 
2N5032 

Min Typ Max Unit 

10 - - Vde 

15 - - Vde 

3.0 - - Vde 

- 1.0 10 nAde 

25 - 300 -

- 0.35 - Vde 

- 1.0 - Vdc 

1000 - 3500 MHz 

- 1.3 1.5 pF 

- 5.0 - po 

dB 
- - 2.5 
- - 3.0 

FIGURE 1 - POWER GAIN AND NOISE FIGURE TEST CIRCUIT FIGURE 2 - COLLECTOR·BASE CAPACITANCE venus VOLTAGE 

r-~'l5Dll I _Signal 
I :Sourca ,'" , L __ J 

Cl,C2,C4,C1-0.8-IOpF Johanson 
C8-0,S-lSpF Johanson 

C3,C5-500pF BUUDnTyPill 
RI-10k Trirnpot 
R2-2.1k 1I4Mtt5% 
R3-1.0k 1/4wan5% 
Ll-1!4"BrassRod,SoldlrPleted,1.1/S"long. 

Placed 5JB"from the sockBl and In ptrelltl 
wilhthesIJiekI.whithbillCbthelUcktt 
Thlungrounded lide iUllldenld dirKtly 10 
the ungrounded Jide of C2. 

L2-0.2ZJlH 

, 
~HIELD!GROU"DEDt 

-Vee 
13-1!'''Bms Rod,SoldarPlBted,l·1/Z" 'ong. 

FIIcad 112" from thl lOi:ktl Ind in parallel 
witfishield.'Io'hlchblslctstMsocklL 
TblungroundadsidllslOIderwddireCliyto 
thlullllrOlllldldlid,otC7.0utputIlPili 
15118N fromground. 

L4-1121urn 116. 511S"1Ibove L3 ami 5f8" 
..... ,ill'Hl'L3). 
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2N5031, 2N5032 (continued) 

FIGURE 3 - CURRENT -GAIN-BANDWIDTH PRODUCT 
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2N5031, 2N5032 (continued) 
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2N5050 (SILICON) 

2N5051 
2N5052 

MEDIUM-POWER NPN SILICON TRANSISTORS 

· . . designed for untuned amplifier and switching applications. 

• High Voltage Ratings -
VCEO = 125, 150 and 200 Vdc 

• Low Collector· Emitter Saturation Voltage -
VCE(sat) = 1.0 Vdc (Max) @ IC = 0.75 Adc 

• Packaged in the Compact, High Efficiency TO-66 Case 

*MAXIMUM RATINGS 

Rating Symbol 2N5050 2N5051 2N5052 

Collector·Emitter Voltage Vr.EO 125 150 200 

Collector·Ba .. Voltage VCB 125 150 200 

Emitter·Ba .. Voltage VER 6.0 

Collector Current - Continuous Ir. 2.0 

Base Current IR 1.0 

Total Device Dissipation@Tc = 25°C Po 40 
Derate above 25°C 0.266 

Ooeratin. Junction Temoerature Range TJ -65 to +175 

Storage Temperature Range Tstg -65 to +200 

*THERMAL CHARACTERISTICS 

Characteristic 

Thermal Resistance. Junction to Case 
·'ndlcates JEOEC Registered D81a. 

FIGURE 1 - ACTIVE·REGION SAFE OPERATING AREA 

10 
1.0ms 

5.0 

~ 
2.0 '" S 

100", I-- 5.0ms 
>- 1.0 

~ 0.5 
PTJ~ moc de 

13 
'" 0.2 0 

~ 0.1 

B 0.05 

I-·---Secondary Breakdown Limited " t-- - - - Bonding Wire Limited ...... ...... 
~---- Thermal Lir:nitations T C - 25°C 

t= Applicable For Rated BVCEO 

~ 
0.02 

0.01 
3.0 5.0 10 20 30 50 100 200 300 

VCE. COLLECTOR·EMITTERVOLTAGE (VOLTS' 

The Safe Operating Area Curves indicate IC-VCE limits below 
which the device will not enter secondary breakdown .. Collector 
load lines for specific circuits must fall within the applicable Safe 
Area to avoid causing a catastrophic failure. To insure operation 
below the maximum T J. power-temperature derating must be ob
""",ed for both steady state and pulse power conditions. 
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Unit 

Vdc 

Vdc 

Vdc 

Adc 

Adc 
Watts 
WloC 

°c 

°c 

2 AMPERE 
POWER TRANSISTORS 

NPN SILICON 

~:~~ olA 

125-200 VOLTS 
40 WATTS 

...L.... 
-r 
0.050 
0.D75 

&l DIA 

CASE 80 
TO·66 

0.250 
0.340 

0.360 
MIN 

Collector Connected to Case 



2N5050, 2N5051, 2N5052 (continued) 

ELECTRICAL CHARACTERISTICS (TC = 250C unless otherwise noted) 

I Characteristic I Svmbol Min Max 

·OFF CHARACTERISTICS 

Coilector,Emitter Sustaining Voltage (Note 1) VCEO(sus) 
(lC = 200 mAde, IB = 0) 2NSOSO 125 -

2NSOSl ISO -
2NS052 200 -

Coliector,Emitter Cutoff Current ICEO 
(VCE = 62.S Vde, IB = 0) 2NS050 - 0.1 

(VCE = 7S Vde, IB = 0) 2NS051 - 0.1 

(VCE = 100 Vde, III = 0) 2N5052 - 0.1 

Colleetor·Emitter Cutoff Current ICEX 
(VCE = Rated VCEO, VEB(off) = 1.5 Vde) - 0.5 

(VCE = Rated VCEO, VEB(off) = 1.5 Vde, TC = 1500 C) - 5.0 

Emitter-Base Cutoff Current lEBO - 0.1 
(VBE = 6.0 Vde, IC = 0) 

·ON CHARACTERISTICS 

DC Current Gain (Note 1) hFE 
(lC = 0.75 Ad., VCE = 5.0 Vd.) 25 100 

(lc = 1.0 Ade, VCE = 5.0 Vde) 25 -
(lC = 2.0 Ade, VCE = 5.0 Vde) S.O -

Colleetor·Emitter Saturation Voltage (Note 1) VCE(sati 
(lC = 0.75 Ade, IB = 0.1 Ade) - 1.0 

(lC = 2.0 Ade, IB = 0.4 Ade) - 5.0 

Base-Emitter On Voltage (Note 1) VBE(on) - 1.2 
(lC = 0.75 Ade, VCE = 5.0 Vdc) 

"DYNAMIC CHARACTERISTICS 

Current-Gain-Bandwidth Product 'T 10 -
(lC = 250 mAde, VCE = 10 Vdc, f = 5.0 MHz) 

Small-Signal Current Gain hfe 25 -
(lC = 250 mAde, VCE = 10 Vd., f = 1.0 kHz) 

Common Base Output Capacitance Cob - 2S0 
(VCB = 10 Vde, IE = 0, f = 100 kHz) 

"SWITCHING CHARACTERISTICS 

Rise Time !Vec = 120 Vde, IC = 750 mAde, tr - 300 

Storage Time RL = 150 Ohms, ts - 3.5 

Fall Time 
IBI = IB2 = 100 mAde) 

tf - 1.2 . Indicates JEOeC Registered Data. Note 1: Pulse Test: Pulse Width';; 300 ,..S, Dutv Cvcle ';;2.0%. 
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FIGURE 2 - THERMAL RESPONSE 
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Unit 

Vd. 

mAde 

mAde 

mAde 

-

Vde 

Vd. 

MHz 

-

pF 

ns 

,..s 

,..s 

500 1000 



2N5060 (SILICON) 
thru 

2N5064 

PLASTIC THYRISTORS 

· . . Annular PNPN devices designed for high volume consumer 
applications such as relay and lamp drivers, small motor controls, gate 
drivers for larger thyristors, and sensing and detection circuits. 
Supplied in an inexpensive plastic TO-92 package which is readily 
adaptable for use in automatic insertion equipment. 

• Sensitive Gate Trigger Current - 200 /lA Maximum 

• Low Reverse and Forward Blocking Current -
50/lA Maximum, TC = 1250 C 

• Low Holding Current - 5.0 mA Maximum 

• Passivated Surface for Reliability and Uniformity 

MAXIMUM RATINGSI1) 

Rating Symbol 

Peak Reverse Blocking Voltage VRRM 
2N5060 
2N5061 
2N5062 
2N5063 
2N5064 

Forward Current RMS (See Figures 4 & 5) IT(RMS) 
(All Conduction Angles) \ 

Peak Forward Surge Current, T A::: 25°C ITSM 
(1/2 cycle, Sine WENe, 60 Hz) 

Circuit Fusing Considerations. T A = 25°C 12t 

It = 1.0 to 8.3 ms) 

Peak Gate Power - Forward, T A = 25°C PGM 

Average Gate Power - Forward, T A = 25°C PGF(AV) 

Peak Gate Current ~ Forward. TA = 25uC IGFM 
13001'5, 120 PPS) 

Peak Gate Voltage - Reverse VGRM 

Operating Junction Temperature Range@ Rated TJ 
VRRM and VORM 

Storage Temperature Range Tstg 

Lead Solder Temperature -
1<1116" from case, 105 max) 

. 
Indicates JEOEC Registered Data. 

Value 

30' 
60' 
100' 
150' 
200' 

0.8 

6.0' 

0.15 

0.1* 

0.01' 

1.0· 

5.0' 

-65 to +125' 

-65 to +150' 

+230' 

(1) Temperature reference point for all case temperatures in center of flat portion 
of package. (T C = + 125°C unless otherwise noted.) 
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Unit 

Volts 

Amp 

Amp 

A 2s 

Watt 

Watt 

Amp 

Volts 

°c 

uc 

°c 

PLASTIC SILICON 
CONTROLLED RECTIFIERS 

0.8 AMPERE RMS 
30 thru 200 VOLTS 

SEATlNL 
1~.mi&Wo 

Leads to fit Into 
0.016 0.500 

D1A=ITYP) J 
0'045~' m 
0.055-1 

STYLE 10 I-m 
Pin 1. Cathode 

2. Gate 
3. Anode 

0.080 
if.1ii5 

iJ.003 

l ~r-r0CiIT3R. 
1231~ 

)J31 
0.085 R 0.045 I 
If.095 . D:ii55 0.125 

0.165 
CASE 29-02 



2N5060 thru 2N5064 (continued) 

ELECTRICAL CHARACTERISTICS (RGK = 1000 Ohms) 

Ch.rac1eristic 

Peak Forward Blocking Voltage (Note 1) 

(TC = 125°C) 

Peak Forward Blocking Current 
(RatedVORM@TC=1250C) 

Peak Reverse Blocking Current 
(Rated VRRM @TC= 125°C) 

Forward "On" Voltage (Note 2) 
(lTM = 1.2 A peak @TA = 25°C) 

Gate Trigger Current (Continuous dc) (Note 3) 
(Anode Voltage = 7.0 Vdc, RL = 100 Ohms) 

Gate Trigger Volt.age (Continuous dc) 
(Anode Voltage = 7.0 Vdc, RL = 100 Ohms) 
(Anode Voltege= Rated VORM, RL = 100 Ohms) 

Holding Current 
(Anode Voltage = 7.0 Vdc, initiating current = 20 mAl 

Thermal Resistance Junction to Case (Note 4) 

Thermal Resistance, Junction to Ambient 

*Indlcates JEDEC Registered Data. 

1. VOAM and VRRM for all types can be applied on a continuous 
de: basis without incurring damage. Ratings apply for zero or 
negative gate voltage but positive gate voltage shall not be 
applied concurrently with a negative potential on the anode. 
When checking forward or reverse blocking capabilitv, thyrls· 
tor devices should not be tested with.8 constant current source 
in a manner that the voltage applied 8Kceeds the rated blocking 
voltage. 

~ 

'" 5 ... z. 
w 
a: 
a: 
13 
0 
a: 

~ 
a: 
0 
u. 

'" ~ 
~ 

10 

7.0 

5.0 

3.0 

2.0 

1.0 
1.0 

FIGURE 1 - SURGE RATINGS 

TA=250C ...L 

I \ 
1-1 CYCLE -r-

3.0 5.0 10 30 50 

NUMBER OF CYCLES AT 60 Hz 

100 

Symbol Min ~x Unit 

VORM Volts 
2N5060 30" -
2N5061 60" -
2N5062 100' -
2N5063 150" -
2N5064 200" -

IORM - 50' IlA 

IRRM - 50' IlA 

VTM - 1.7' Volts 

TC = 25°C IGT - 200 IlA 
TC = -65°C - 350' 

TC = 25°C VGT - 0.8 Volts 
TC = -65°C .- 1.2' 
TC = 125°C VGO 0.1 -
TC = 25°C IH - 5.0 mA 
TC = -65°C - 10" 

BJC - 75" °CIW 

BJA - 200 °C/W 

2. Forward current applied for 1.0 ms maximum duration, duty 
cycle:os: 1.0%. 

a: w 
~ 
~ 

3. RGK current is not included in measurement. 

4. This measurement is made with the case mounted "flat side 
down" on a heat sink and held in position by means of a metal 
clamp over the curved surface. 

FIGURE 2 - POWER DISSIPATION 
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2N5060 thru 2N5064 (continued) 

FIGURE 3 - FORWARD VOLTAGE 
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FIGURE 4 - CURRENT DERATING 
(REFERENCE: CASE TEMPERATURE) 
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FIGURE 5 - CURRENT DERATING 
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FIGURE 6 - THERMAL RESPONSE 
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2N5060 thru 2N5064 (continued) 
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TYPICAL CHARACTERISTICS 

FIGURE 7 - GATE TRIGGER VOLTAGE 
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FIGURE 10 - CHARACTERISTICS AND SYMBOLS 

TYPICAL V - I CHARACTERISTICS 
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SELECTED THYRISTOR-TRIGGER 
APPLICATION NOTES 

AN-240 - SCR Power Control Fundamentals 

AN-290A - Mounting Procedure for. and Thermal Aspects of. 
Thermopad Plastic Power Devices 

AN-295 Suppressing RFI in Thyristor Circuits 

.AN-422 

AN-453 

Testers for Thyristors and Trigger Diodes 
Zero Point Switching Techniques 

To obtain copiesofthese notes list theAN numbeds) 
on your company letterhead and send your request to: 

Technical Information Center 
Motorola Semiconductor Products, Inc. 
P.O. Box 20924 
Phoenix, Arizona 85036 
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2N5067 (SILICON) 
2NS068 
2N5069 

CASE 11 
(TO-3) 

NPN power transistors for use in power amplifier 
and switching circuits_ Complement to PNP 2N4901 
thru 2N4903_ 

MAXIMUM RATINGS 

Rating Symbol 2N5067 2N506S 2N5069 Unit 

Collector-Emitter Voltage VCEO 40 60 80 Vdc 

Collector-Base Voltage VCB 40 60 80 Vdc 

Emitter-Base Voltage VEB 5.0 Vdc 

Collector Current - Continuous IC 5.0 Adc 

Base Current - Continuous IB 1.0 Adc 

Total Device Dissipation @TC = 25° C PD 87.5 Watts 

Derate above 25°C 0.5 W/oC 

Operating & Storage Junction TJ , T -65 to +200 °C 
Temperature Range 

stg 

THERMAL CHARACTERISTICS 

Characteristic Symbol Max Unit 
Thermal ReSistance, Junction to Case °JC 

2.0 °C/W 

ELECTRICAL CHARACTERISTICS (Te = 25°C unless otherwise noted) 

Characteristic Fig. No. Symbol Min Max Unit 

OFF CHARACTERISTICS 

Collector~Emitter Sustaining Voltage'U) 
VCEO(sus) Vde 

(IC = O. 2 Ade, IB = 0) 2N5067 40 -
2N5068 11 60 -
2N5069 80 -

Collector Cutoff Current ICEO mAde 
(V CE = Rated V CEO' IB = 0) - 1.0 

Collector Cutoff Current ICEX mAde 
(V CE = Rated V CEO' V EB(off) = 1. 5 Vde) - 1.0 

(VCE = Rated VCEO' VEB(offl = 1. 5 Vde,TC = 150°C) 5,6 - 2.0 

Collector Cutoff Current ICBO mAde 
(V CB = Rated VCB' IE = 0) 5,6 - 1.0 

Emitter Cutoff Current ~BO mAde 
(VEB = 5.0 Vde, IC = 0) - 1.0 

(11 Pulse Test, PW -300 ~s, Duty Cycle ~ 2. 0% 

2-17 



2NS067, 2NS068, 2NS069 (continued) 

ELECTRICAL CHARACTERISTICS ITe = 250 e unless otherwise noted) 

Characteristic 

ON CHARACTERISTICS 

DC Current Gain 111 hFE -
(IC = 1. 0 Ade, V CE = 2.0 Vde) 1 20 80 

(IC = 5.0 Adc, V CE = 2 • .0 Vde) 7.0 -
Collector-Emitter Saturation Voltage (1) VCE(sat) Vde 

(IC = 1. 0 Adc, IB = O. 1 Adc) 2,3,4 - 0.4 

(Ic = 5.0 Adc, IB = 1. 0 Ade) - 1.5 

Base-Emiller On Voltage (11 3,4 VBE(on) Vde 
(IC = l.OAdc, VCE = 2.0 Vdc) - 1.2 

SMAll·SIGNAl CHARACTERISTICS 

Current-Galn- Bandwidth Product IT MHz 
(lC = 1. 0 Adc, V CE = 10 Vdc, 1= 1. 0 MHz) 4.0 -

Small-Signal Current Gain hie -
(IC = 500 mAde, V CE = 10 Vde, I = 1. 0 kHz) 20 -

111 Pulse Test, PW =300 jJ.S, Duty Cycle = 2.0% 
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2NS067, 2NS068, 2NS069 (continued) 

FIGURE 3 - "ON" VOLTAGES 
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FIGURE 6 - EFFECTS OF BASE·EMITTER RESISTANCE 
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2N5067, 2N5068, 2N5069 (continued) 

FIGURE 9 - TURN·ON TIME 
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There are two limitations on the power han· 
dling ability of a transistor: junction temperature 
and secondary breakdown. Safe operating area 
curves indicate Ie - VCf.limits of the transistor that 
must be observed for reliable operation; i.e., the 
transistor must not be subjected to greater dissi
pation than the curves indicate. 

The data of Figure 11 is based on TJI,'I = 
200·C; T c is variable depending on conditions. 
Pulse curves are valid for duty cycles to 10% pro
vided TJI,'I < 200'C. TJI"I may be calculated 
from the data in Figure 12 .At high case tempera
tures, thermal limitations will reduce the power 
that can be handled to values less than the 
limitations imposed by secondary breakdown. 0.1 L--1..-'-:....1-.,L-...L.....:l:-'--:':-'~_-'-~'-:':I,-I-:'::....I.:f.~ 
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FIGURE 12 - TRANSIENT THERMAL RESISTANCE 
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DESIGN NOTE: USE OF TRANSIENT THERMAL RESISTANCE DATA 

FIGURE A 
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-I t, 1-'-- I DUTY CYCLE 0 = t,.f =.!! 
I I I t. 
I--- 111 _I PEAK PULSE POWER = Pp 

A train of periodical power pulses can be represented by the model 
as shown in Figure A. Using the model and the device thermal response, 
the normalized effeclive Iransient thermal resistance of Figure 12 
was calculated for various duty cycles. 

To find 8Jc(t), mulliply Ihe value oblained from Figure 12 by.lhe 
sleady slale value 8Jc. 

Example: 
The 2N5067 is dissipating 100 watts under the following conditions: 
t, = 0.1 ms, fp = 0.5 ms. (0 = 0.2) 

Using Figure 12, al a pulse widlh of 0.1 ms and 0 = 0.2, the reading 
of r (t"O) is 0.28. 

. The peak rise in junction lemperature is therefore 
L\ T = r(l) X Pp X 8JC = 0.28 X 100 X 2.0 = 56'C 
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2N5070 (SILICON) 

The RF Line 

NPN SILICON RF POWER TRANSISTORS 

... designed primarily for appl ications as a high-power linear amplifier 
from 2.0 to 75 MHz. 

• Optimized for Operation from a 28-Volt Supply 

• Power Out @ 28 Vdc, 30 MHz - 25 W (PEP) 

• Intermodulation Distortion at 25 W (PEP) 
IMD = 30 dB (Max) 

• Isothermal-Resistor Design Results in Rugged Device 

*MAXIMUM RATINGS 

Rating Symbol Value 

Collector-Emitter Voltage VCEO 30 

Collector-Base Voltage VC80 65 

Emitter-Base Voltage VEBO 4.0 

Collector Current - Continuous IC 3.3 
Peak 10 

Base Current - ContinUOl,15 18 1.0 

Total Device Dissipation@Tc :: 25uC Po 70 
Derate above 25°C 400 

Operating and Storage Junction TJ,Tstg -65 to +200 
Temperature Range 

·'ndicates JEDEC Registered Data. 

2-21 

Unit 

Vdc 

Vdc 

Vdc 

Adc 

Adc 

Watts 
mW/oC 

DC 

25W -30MHz 

RF POWER 
TRANSISTOR 
NPN SILICON 

EMITTER BASE 

To convert inches to millimeters multiplv bV 25.4 

All JEOEC dil)lensions and notes apply 

Emitter connected to case 

CASE 36 
TO-60 



2N5070 (continued) 

*ELECTRICAL CHARACTERISTICS (TC = 25°C unless otherwise notedl 

Characteristic I. Symbol 

OFF CHARACTERISTICS 

Collector-Emitter Sustaining Voltage(1) 
(lC = 200 mAdc, IB = 01 

Collector-Emitter Sustaining V~ltage( 1) 
(lC = 200 mAdc, RBE = 5.0 ohmsl 

Collector Cutoff Current 
(VCE = 30 Vdc, IB = 01 

Collector Cutoff Current 

(VCE = 60 Vdc, VBE = -1.5 Vdcl 

(VCE = 60 Vdc, VBE = -1.5 Vdc, TC = 150°C) 

Collector Cutoff Current 
IVCB = 60 Vdc, IE = 0) 

Emitter Cutoff Current 
(VEB = 4.0 Vdc, IC = 0) 

ON CHARACTERISTICS 

DC Current Gain 

I 
(lC = 1.0 Adc, VCE = 5.0 Vdc) 

(IC = 3.0 Adc, VCE = 5.0 Vdc) 

DYNAMIC CHARACTERISTICS 

Current-Gain-Bandwidth Product(2) 

(lC = 1.0 Adc, VCE = 15 Vdc, f = 50 MHz) 

Output Capacitance 
(VCB = 30 Vdc, IE = 0, I =.1.0 MHz) 

FUNCTIONAL TEST (Figure 1) 

Power Input (Pout - 25 W (PEP), ZG = 50 Ohms, VCE - 28 Vdc, 
11 = 30 MHz, 12 = 30.001 MHz) 

Collector Efficiency (Pout - 25 W (PEP), ZG - 50 Ohms, VCE -28 Vdc, 

11 = 30 MHz, 12 = 30.001 MHz) 

Intermodulation Distortion (Pout = 25 W (PEP), ZG = 50 Ohms, 

VCE = 28 Vdc; 11 = 30 MHz, 12 = 30.001 MHz) 

·'ndlcates JEDEC Registered Data. 
{11Pulsed thru 25 mH Inductor, Duty Cycle'=' 50%, Repetition Rate = 60 Hz. 

(2)fT is d~fjned as the frequency at which Ihfe! extrapolates to unity. 

VCEO(susl 

VCER(susl 

ICEO 

ICEX 

ICBO 

lEBO 

hFE 

IT 

Cob 

Pin 

~ 

IMD 

Min 

30 

40 

-

-

-

-

-

I 
10 

10 

100 

-

-

40 

-

FIGURE 1 - 30 MHz LINEAR TEST CIRCUIT 

VBB INote 11 28 V 

R2 

RI RFC 
Output 

Input RL = 50 Ohms 

RS = 50 Ohms L1 
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Max Unit 

- Vdc 

- Vdc 

5.0 mAde 

mAde 
10 

10 

10 mAdc 

10 mAdc 

I I 
100 

100 

- MHz 

85 pF 

1.25 Watt 
(PEP) 

- % 

-30 dB 

LI: 3Turns No. 12 AWG, 1/4" 1.0., 112" Long 
L2: 6 Turns No. 14 AWG, 3/8" 1.0.,3/4" Long 
L3: 5 Turns No. 10 AWG, 3/4" 1.0.,3/4" Long 
Cl: 140·680 pF, ARCD 468 or Equivalent 
C2: 170·780 pF, ARGO 469 or Equivalent 
C3: 0.05 JJF, Ceramic Capacitor 
C4: 0.1 JJF, Ceramic Capacitor 
C5: 1000 pF, Feedtnraugh Capacitor 
C6: 24·200 pF, ARCD 425, or Equivalent 
C7: 32·250 pF, ARCD 426, or Equivalent 
Q: 2N5D70 

Rl: 1.0n,5.0W 
R2: 50 Ohms, 25 W 

AFC: 350 Ferrite Choke. Ferroxcubell-
#VK200 01·03B, or Equivalent 

*Ferroxcube Corp. of America. Saugerties, N. Y. 

Note 1: Adjust Vas for a collector quiescent 
current of 20 rnA with no RF input 
signal. 



2N5070 (continued) 
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2N5070 (continued) 

FIGURE 8 - PARALLEL EQUIVALENT INPUT RESISTANCE 
versus FREQUENCY 
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FIGURE 9 - .PARALLEL EQUIVALENT INPUT 
CAPACITANCE versus FREQUENCY 
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2N5070 (continued) 

APPLICATIONS INFORMATION 

The 2N5070 transistor is designed for linear power amplifier 
operation in the HFIVHF region (2 to 75 MHz I. It features guar
anteed linear amplifier performance rather than the conventional 
performance demonstrated in a class C* amplifier. 

Class C operation is inherently non~linear. but in many power 
amplifier applications non-linear operation does not present major 
problems. With a single frequency dtiving signal, the only spurious 
signals generated are harmonics and these can be suppressed in the 
amplifier tuned networks and output filter. 

For single sideband (SSBI. low level amplitude modulation 
(AM), and other types of complex signals, class C operation is gen
erally not satisfactory. For instance. when a signal contains 
multiple frequencies at close spacings, odd-order non-l inearities will 
generate spurious outputs which are within the passband of the 
tuned circuits and filters; therefore, the spurious outputs are not 
suppressed before they reach the antenna or other load. As a 
result. such complex signals require linear amplification if theampli
fied signal is to be free of spurious outputs. 

A det4iled analysis of spurious signals generated by non-linear
ities and linearity requirements of various applications is described 
in Chapter 12 of Refertlnce 1. . 

The following discussion concerns itself witfl a detailed descrip
tion of the 2N5070 characterization CUNes and general informa
tion on solid state linear power amp'i.fier design. 

The Two-Tone Test 

The 2N5070 functional test specification consists of a linear 
pawe; amplifier test with guaranteed limits on power output, gain, 
efficiency. and intermodulation distortion (lMO) output levels. A 
two-tone test signal is used with the test amplifier as shown in 
Figure 1. 

The two-tone test is one of many methods commonly 
used for testing linear amplifier performance. This test in
volves driving the amplifier with two RF signals. of equal ampli
tude. separated in frequency from each other bV approximatelv 
1 kHz_ 

When a two-tone test signal consisting of frequencies fl and f2 
is passed through a non-linear amplifier. odd order non-linearities 
generate spurious Signals near the desired carrier. The level of these 
spurious Signals provides a measure of the degree of non-linearity 
of the amplifier. This type of non-linearity is called inter modulation 
distortion (lMO). The spurious signals generated bV IMO are 
further classified according to the exponential order of the ampl ifier 
non-linearity, i.e .• 3rd order I MD products, 5th order I MO products, 
etc. The 3rd and 5th order I MO products are usuallv the most signi
ficant encountered with linear power amplifi~rs. Data on both 3rd 
and 5th order IMO are included in the 2N5070 characterization. 

Third order I MO generates spurious Signals near the operating 
frequency at frequencies 2fl - f2 and 2f2 - fl; and 5th order 
I MO spurious Signals are at frequencies 3fl·- 2f2 and 3f2 - 2fl. 

Specifications and Characterization 
The two-tone functional amplifier test is performed in a manner 

identical to the conventional class C functional test with two excep
tions: a two-frequency signal is used in place of a single frequency. 
and amplifier linearitv is added to the items tested and specified_ 

The functional test procedure for the 2N5070 requires driving 
the test amplifier with a two frequency Signal and measuring power 
output, gain, efficiency I and linearity. 

Power output. gain. and efficiency measurement methods are 
the same for b!)th linear and cia .. C amplifiers_ 
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Since a multiple frequency test signal hasan instantaneous power 
level which varies with time, power levels are normally expressed 
in peak envelope power (PEP). This is the average power level of 
the envelope at its greatest amplitude point. 

When the test signal consists of multiple Signals with equal ampl i
tudes and different frequencies, the relationship of average power 
and PEP is given by the following expression: 

PEP 
Average power = N 

where N = the number of input frequencies. 
Therefore. when measuring the power level of a standard two

tone test signal, a true average reading power meter will indicate 
1/2 the PEP of the signal. 

Linearity is tested by measuring the amplitudes of the 3rd and 
5th order IMO products. The ratio of one ofthe 3rd .order products 
to one of the two desired frequencies is then expressed as a power 
ratio in decibelS (dB). This is repeated for the 5th order products_ 
The smaller of these two ratios (usuallv the 3rd prderl is then 
included in the electrical characteristics specification as inter
modulation distortion ratio (lMO). 

2N5070 Performance Curves 
Figures 2 through 4 show typical power output and gain char

acteristics versus frequency andlor input power. These curves are 
similar to those found on other AF power transistor data sheets 
with one exception, a two-frequency test signal was used rather 
than a single frequency Signal. 

. The curves shown in Figure 5 are unique to transistors char
acterized for linear power amplifier service and show the typical 
IMD levels versus power output. 

The 2N5070featuresguaranteed IMO performance at the -30 dB 
level. However. the designer may desire IMD greater or less than 
-30 dB for a particular application. Figure 5 provides data on 
IMD levels that can be expected as a function of output power. 

Figure 6 shows the variation in gain with dc supply voltage and 
provide data on gain only. It does not include information on 
IMO ratio. 

Figure 7 reflects the power output that can be obtained at a 
fixed I MD ratio for operation with de supply voltages other than 
28 Vdc. 

Figures 8 through 10 show the large signal impedance char
acteristics of the 2N5070. These are similar to curves shown on 
other Motorola data sheets except a two-frequency test signal was 
used rather than a Single frequency signal. 

It must be stressed that the data shown in Figures 8 through 10 
do not represent y. z, h, s. or any standard two~port parameter set. 
The actual transistor impedance levels during normal operation in 
an amplifier are given. For a detailed discussion of R F power 
transistor large signal impedance, see Reference 2. 

Linear Amplifier Design 

The following is a discussion of some general design considera
tions for solid-state linear power amplifiers. While this is not a 
detailed analysis of linear amplifier deSign, some general guidelines 
are provided. 

The major difference between linear power amplifiers and class 
C power amplifiers is in the dc bias circuitry. As stated in the intro
duction. class C operation usually involves a collector de supply as 



2N5070 (continued) 

APPLICATIONS INFORMATION (continued) 

the only bias voltage with VE. = VB = O. The collector current is 
zero until the input RF signal turns the transistor "on", 

In contrast, a linear amplifier is normally operated with forward 
bias and some collector current flowing when no signal is present. 

. The magnitude of no-signal collector current and the bias cir
cuitry may vary with the application. Optimum no-signal collector 
current for the 2N5070 was found to be approximately 20 mAo 

The key to bias circuitry for good linearity lies in maintaining 
the base-emitter de voltage relatively constant as the RF signal 
amplitude varies. The inherent nature of a forward-biased R F 
power transistor is to bias itself "off" with increasing A F drive 
signal. Therefore, a constant voltage source is required for base 
voltage. 

Temperature effects also complicate the sit'Jation, sint;e VBE 
decreases with increasing temperature. 

A simple solution to the bias problem involves the use of a 
forward-biased diode mounted on the transistor heat sink for 
thermal coupling to the transistor. A large capacitor (several 
hundred microfarads) in parallel with the diode helps maintain a 
constant'VBE with RF drive and improves linearity. while the 
diode provides temperature compensation to prevent thermal run
away. It is also possible to use complex active·circuitry for biasing, 

and some rather exotic schemes have been developed to provide 
the same results. 

Another important consideration is the collector-output net
work. Normally, a network with low impedance to ground for 
harmonics provides better linearity than a network with high 
harmonic impedances; therefore, some experimentation with netM 
work configuration is in order. Proper impedance matching remains 
the primary factor in both input and output network design. 
Further, it must also be stressed that the collector load impedance 
should be designed for the PEP, not the average power output. 
See Chapter ,.3 of Reference 1 for a detailed discussion of network 
design considerations. 

Feedback may also be employed to improve linearity and may 
take the form of either neutralization or negative R F feedback. 
The possibilities here are limited only by the designer's imagination. 
Of course" negative RF feedback involves a decrease in gain to 
improve linearity. 

REFERENCES 

1. Pappenfus, Bruene, Schoen ike, "Single Sideband Principles and 
Circuits", McGrawMHili. 

2. Hejhall, "Systemizing RF Power Amplifier Design", Motorola 
Semiconductor Products Inc., Application Note AN·282 . 

• "Class C", as used here refers to operation with the no signal conM 

ditions IC = 0, and Vee"" o. and a theoretical conduction angle 
of less than 180°, even though the actual conduction angle may 
be more than 1800 . . 
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2NS086 (SILICON) 
2NS087 

CASE 29 (1) 
(TO-92) 

PNP silicon annular transistors designed for 
low-level, low-noise amplifier applications. 

MAXIMUM RATINGS 

Rating Symbol Value Unit 

Collector-Emitter Voltage VCEO 50 Vdc 

Co~lector-Base Voltage VCB 50 Vdc 

Emitter-Base Voltage VEB 3.0 Vdc 

Collector Current - Continuous IC 50 mAdc 
Peak 100 

Total Device Dissipation @ T A = 25° C pili 
D 310 mW 

Derate above 25° C 2.81 mW/oC 

Operating and Storage Junction Temperature TJ , T 111 -55 to +135 °c 
Range 

stg 

THERMAL CHARACTERISTICS 

Characteristic Symbol Max Unit 

Thermal Resistance, Junction to Ambient e 111 

JA 
0.357 °C/mW 

(1) Continuous package improvements have enhanced these guaranteed 'Maximum Ratings as follows: Po:z 1.0 W @ T C = 25°C, 
Derate above 25°C - 8.0 mwflc, T J = -65 to +150oC. 8JC = 12So.C/W. 
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2NS086, 2NS087 (continued) 

ELECTRICAL CHARACTERISTICS T. ~ 25'C unless otherwise noted 

Characteristic 

OFF CHARACTERISTICS 

I Collector-Emitter Breakdown Voltage BVCEO Vdc 
(IC = 1. 0 mAde, IB = 0) 50 - -

Colleetor.-Base Breakdown Voltage BVCBO Vdc 
(IC = 100 /lAde, IE = 0) 50 - -

Collector Cutoff Current ICBO PAde 
(V CB = 10 Vde, ~ = 0) - - 10 

(VCB = 35 Vde, IE = 0) - - 50 

Emitter Cutoff Current lEBO PAde 
(VBE = 3.0 Vde, IC = 0) - - 50 

ON CHARACTERISTICS 

DC Current Gain hFE -
(IC = 100 lLAde, V CE = 5.0 Vdc) 2N5086 150 - 500 

2N~087 250 - 800 
(IC = 1.0 mAde, V CE = 5.0 Vde) 2N5086 150 - -

2N5087 250 - -
(IC = 10 mAde, V CE = 5.0 Vde) 2N5086 150 - -

2N5087 250 - -
Collector-Emitter Saturation Voltage V CE(sat) Vdc 

(IC = 10 mAde, IB = 1. 0 mAde) - - 0.3 

Base-Emitter On Voltage VBE(on) Vde 
(Ic = 1. 0 mAde, V CE = 5.0 Vdc - - 0.85 

DYNAMIC CHARACTERISTICS 

Current-Gain - Bandwidth Product fT MHz 
(IC = 500 )LAde, V CE = 5.0 Vdc, f = 20 MHz) 2N5086 40 120 -

2N5087 40 150 -
O"tput Capacitance Cob pF 

(VCB = 5.0 Vde, IE = 0, f = 100 kHz) - - 4.0 

Small-Bignal Current Gain hre -
(Ic = 1. 0 mAde, V CE = 5.0 Vde, f = 1. 0 kHz) 2N5086 150 - 600 

2N5087 250 - 900 

Noise Figure NF dB 
(IC· = 20 /lAdc, V CE = 5.0 Vdc, Rs = 10 k ohms, f = 10 Hz to 15.7 kHz) 2N5086 - - 3.0 

2N50B7 - - 2.0 
(IC = 100 /lAdc, V CE = 5.0 Vdc, '\; = 3.0 k ohms, f = 1. 0 kHz) 2N50B6 - i.2 3.0 

2N5087 - 1.0 2.0 

NOISE FIGURE 
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2N5086, 2N5087 (continued) 

~ 
~ 
'" 8 
!! 
i 
i 

h PARAMETERS 
Ve. ~ 10 Vdc. f ~ 1.0 kHz. T. ~ 25·C 

(For figures 3. 4. 5. 6. 8) 

This group of graphs illustrates the relationship of the "h" parameters for this series of transistors. To obtain these curves. 4 
units were selected and identified by number - the same units were used to develop curves on each graph. 

O~UNIT #1 
100 

7 
5 

:~ ~ 
or---4 

0 

7. 0 
5. 0 

3. 0 

2. 0 

0 

FIGURE 3 -INPUT IMPEDANCE 

::--. ~ 
1$ 

'" ...... :-.... ~ 

" ::-..... ~ 
~ 
t'!J 

I'-' ~ 
~ 

.J 

fiGURE 4 - VOLTAGE FEEDBACK RATIO 
100 

70 
50 

30 i'" 
20 UNIT #1 
~ '" 

10 """ 
:-.. ....... 

7.0 
5.0 

3.0 
.......... ~ 

2.0 ..... 
.......... 1'00.., 

1. 
0.1 0.2 0.3 0.5 0.7 1.0 2.0 3.0 5.0 7.0 10 

1.0 
0.1 0.2 0.3 0.5 0.7 1.0 2.0 3.0 5.0 7.0 10 

Ie. COLLECTOR CURRENT (mAl 

FIGURE 5 - CURRENT GAIN 
100 0 

700 
UNIT #1 -0 -f-'" 2 -50 

0/ 
V ... -~ J-r-

...... .!-

0.......-: 
i-'" -I-

::--1---" ..... 

0 10 
0.1 0.2 0.3 0.5 0.7 1.0 2.0 3.0 5.0 7.0 10 

~ 2.0 

II 1.75 

~ 1.50 
3 
;; 
e 1.25 
g; 

~ 
~ !:l 1.0 

~ 0.9 

~ 

h::-

~,. 
~ 

hi. i 08 

0.7 
2.0 

Ie. COLLECTOR CURRENT (rnA) 

FIGURE 7 - EFFECT Of VOLTAGE 

h,. 

"-
""'-

hi,') ~ 
I- " I'-- ~ 7" ---I-

....... ...... ~ 
~ ",. - h., --::;; P" 

~ ::::.-

3.0 5.0 7.0 10 20 30 

Ve •• COllECTOR·EMITTER VOlTAGE (VOLTS) 

0 30 

200 

~ 100 
.5 7 0 

~ 0 

0 

Ie. COLLECTOR CURRENT (mA) 

FIGURE 6 - OUTPUT ADMITTANCE 

'" 
./ V ~ 3 

:ii! 

I I 

o f--UNIT #1 

o _f-1: 
...... .--~ .J 7.0 

5.0 

3.0 
0.1 

1. 

~ O. 
~ o. 

I O. 

'" O. 

! 
'1 o. 

0 

7 
5 

3 

2 

I 

7 --;. 0.0 
~ 0.0 5 

.J 0.03 

1. 0.0 
~ 

2 

I 0.0 
0.1 

2-29 

0.2 0.3 M 0.7 1.0 2.0 3.0 5.0 7.0 10 

Ie. COllECTOR CURRENT (mAl 

FIGURE 8 - DETERMINANT 

UNIT #1 ..-
2 

1/ ~ 
4 

0.2 0.3 0.5 0.7 1.0 2.0 3.0 5.0 7.0 10 

Ie. COLLECTOR CURRENT (mA) 



2NS086, 2NS087 (continued) 
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2NS088 (SILICON) 
2NS089 

CASE 29 (1) 
(TO·92) 

NPN silicon annular transistors designed for 
low-level, low-noise amplifier applications. 

MAXIMUM RATINGS 

Rating Symbol 2N5088 2N5089 Unit 

Collector-Emitter Voltage VCEO 30 25 Vdc 

Collector-Base Voltage VCB 35 30 Vdc 

Emitter-Base Voltage VEB 4.5 Vdc 

Collector Current IC 50 mAdc 

Total Device Dissipation @TA = 25DC PD 310 mW 
Derate above 25DC 2.81 mW/DC 

Operating and Storage Junction TJ , T stg -55 to +135 DC 
Temperature Range 

THERMAL CHARACTERISTICS 

Characteristic Symbol Max Unit 

Thermal Resistance, Junction eJA 0.357 DC/mW 
to Ambient 
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2NS088, 2NS089 (continued) 

ELECTRICAL CHARACTERISTICS CT, = 25'C unl ... olhllfW;s, noled) 

Characteristic Symbol 

OFF CHARACTERISTICS 

Collector .. Emitter Breakdown voltl:ge BVCEO 
(IC = 1.0 mAde, ~ = 0) 2N5088 

2N5089 

Collector-Base Breakdown Voltage BVCBO , 
(IC = 100 "Ade, IE = 0) 2N5088 

2N5089 

Collector Cuta!1 Current ICBO 
(VCB =20Vde, IE =0) 2N5088 

(VCB = 15 Vde, ~ = 0) 2N5089 

Emitter Cutoff Current IEB~ 
(VEB(off) = 3.0 Vdc, IC = 0) 

(VEB(Off) = 4.5 Vdc, IC = 0) 

ON CHARACTERISTICS 

DC Current Gain hFE 
(IC = 100 ;tAde, V CE = 5.0 Vde) 2N5088 

2N5089 
(IC = 1.0 mAde, VCE = 5.0 Vde) 2N5088 

2N5089 
(IC = 10 mAde, V CE = 5.0 Vde) 2N5088 

2N5089 

Collector-Emitter Saturation Voltage VCE(sat) 
(IC = 10 mAde, IB,= 1. 0 mAde) 

Base-Emitter On Voltage VBE(on) 
(IC = 10 mAde, V CE = 5.0 Vde) 

DYNAMIC CHARACTERISTICS 

Current-Gain - Bandwidth Product IT 
(IC = 500 "Ade, V CE = 5.0 Vde, 1= 20 MHz 

Collector-Base Capacitance 
(V CB = 5.0 Vdc, ~ = 0, I = 100 kHz, emitter guarded) 

Ceb 

Emitter-Base Capacitance Ceb 
(V BE = 0.5 Vdc, IC = 0, I = 100 kHz, collector guarded) 

Small-Signal Current Gain hie 
(IC = LOmAde, VCE =5.0Vde, 1= LOkHz) 2N5088 

2N5089 

Noise Figure NF 
(IC = 100 ;tAde, V CE = 5.0 Vde, RS = 10 k ohms, 2N5088 

f • 10 Hz to 15.7 kHz 2N5089 

NOISE FIGURE 
VeE = 5.0 Vde, T. = 25'C 

FIGURE 1 - FREQUENCY EFFECTS 
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2N5088, 2N5089 (continued) 
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Ie, COLLECTOR CURRENT (mA) 

FIGURE 6 - OUTPUT ADMITTANCE 
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2N5088, 2N5089 (continued) 

FIGURE 9 - DC CURRENT GAIN 
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2N 5090 (SILICON) 

NPN SILICON RF POWER TRANSISTOR 

· .. designed for amplifier, frequency-multiplier or oscillator circuits 
in Military or Industrial equipment. Suitable for use as output, 
driver or pre-driver stages in VHF and UHF equipment. 

• 1.2 Watts Output Minimum at 400 MHz (7.8 dB Gain) 

• 2.0 Watts Output Typical at 150 MHz (13 dB Gain) 

• Multiple-Emitter Overlay Construction for Excellent 
High-Frequency Performance 

*MAXIMUM RATINGS 
Ratings Symbol Value 

Collector-Emitter Voltage veEO 30 

Collector-Base Voltage VeB 66 

Emitter-Base Voltage VEB 3.5 

CoUector Current - Continuous Ie 0.4 

Total Device Dissipation @I T e • 760 e Po 5.0 
Derata above 750 e 0.04 

Operating and Storage Junction TJ, T stg -66 to +200 
Temperature Range 

·'ndle.tet JEOEC Registered Datil. 

2-35 

Unit 

Vdc 

Vdc 

Vdc 

Adc 

Watts 
w/oe 

°e 

NPN SILICON 
RF POWER 

TRANSISTOR 

Pin 1. Emitter 
2. Base CASE 36 
3. Collector TO-50 

All Leads Isolated from Case 



2N5090 (continued) 

ELECTRICAL CHARACTERISTICS (T C = 25°C l,Inless otherwise noted) 

I Characteristic SVmbol 

OFF CHARACTERISTICS 

Collector-Emitter Sustaining Voltage 
(lc = 5.0 mAdc, IB = 0) 

VCEO(sus) 

Collector-Emitter Sustaining Voltage 
(lC = 5.0 mAde, RBe " 10 Ohms) 

VCER(sus) 

Collector Cutoff Current ICEO 
(Vce" 28 Vde, IB = 0) 

Collector Cutoff Currerit ICEX 
(VCE" 55 Vdc, VBE = -1.5 Vdc) 
(VCE" 30 Vde, VBE = -1.5 Vde, TC" 2000 C) 

Emitter Cutoff Current lEBO 
(VBE " 3.5 Vdc, IC = 0) 

ON CHR,RACTERISTICS 

DC Current Gain hFE 
(IC = 50 mAde, VCE = 5.0 Vdc) 
(lC = 360 mAde, VCE = 5.0 Vdc) 

Collector-Emitter Saturation Voltage VCE(sat) 
(lC = 0.1 R,dc, IB" 20 mAde) 

DYNAMIC CHARACTERISTICS 

Current-Gain-Bandwidth Product fT 
(lC = 50 mAde, Vce = 15 Vde,f = 200 MHz) 

Output Capacitance Cob 
(VCB = 30 Vdc, IE = 0, f" 1,0 MHz) 

FUNCTIONAL TEST 

Power Input (Figure 1) Pin 
(Pout = 1.2 Watts, RL = 50 Ohms, f" 400 MHz) 

Collector Efficiency (Figure 11 17 
(Pout = 1.2 Watts, R L = 50 Ohms, f = 400 MHz) 

-Indicates JEOEC Aegistered.Date. 

FIGURE 1 - 400 MHz TEST CIRCUIT 

C3 (Zl = 50 OHMS) 

+Vce' 28 V 

2-36 

Min Max Unit 

30 - Vdc 

55 - Vde 

- 20 pAdc 

mAde 
- 0.1 
- 5.0 

- 0.1 mAde 

10 200 -
5.0 -
- 1.0 Vdc 

500 - MHz 

- 3.5 pF 

0.2 Watt 

45 - % 

Cl = 0.9-7.0 pF. ARCO 400 o"qui.alent 
C2 = 1.5-20 pF, ARCO 402 or equivalent 
C3 = 1.5-20 pF, ARCa 402 oroquival,nt 
C4· 1000 pF 
II =2turnsNo.1SAWG wire, 1/4"IO,l/S" long 
L2 = RF Choke, 0.1 #H 
l3 = 2 turns No. IS AWG wire, 1/8"10, l/S" Long 
l4 = 3 turns No. 16 AWG wire, 1/4"10,3/8" long 



2N5090 (continued) 

FIGURE 2 - POWER OUTPUT versus FREQUENCY FIGURE 3 - POWER OUTPUT versus POWER INPUT 
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FIGURE 5 - PARALLEL EQUIVALENT INPUT 
CAPACITANCE versus FREQUENCY 
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2N5108 (SILICON) 

NPN SILICON HIGH-FREQUENCY TRANSISTOR 

· .. designed for amplifier, frequency multiplier, or oscillator <lpplica· 
tions in military and industrial equipment. Suitable for use as output, 
driver, or pre-driver stages in UHF equipment and as a fundamental 
frequency oscillator at 1.68 GHz. 

• High Power Output - Pout = 1.0 W (Min) @ f = 1.0 GHz 

• High Current·Gain-Bandwidth Product -
fT = 1200 MHz (Min) @ IC = 50 mAdc 

• Ideal for Radio Sonde Applications -
Pout (oscillator) = 300 mW (Typ) @ f = 1.68 GHz 

MAXIMUM RATINGS 

Rating Svmbol Value 

Collector-Emitter Voltage VeEO 30 

·Collector-Emitter Voltage VeER 55 
IRBE = 10 Ohms) 

·Collector·Base Voltage VeB 55 

*Emitter-Base Voltage VEe 3.0 

·Collector Current - Continuous Ie 0.4 

·Total Device Dissipation @TC=250e Po 3.5 
Derate above 25°C 0.02 

·Storage Temperature Range Tstg -65 to +200 

·Indicates JEDEC Registered Data. 

2-38 

Unit 

Vdc 

Vdc 

Vdc 

Vdc 

Adc 

Watts 
wJOe 

°e 

NPN SILICON 
AMPLIFIER 

TRANSISTOR 

0.315 DIA 0.240 
0.335 0.260 

~::~~DIA~ 

MJrn.:m-t 0.125 -t 
0.016 DIA 0.5 
0.019 MIN 

~ 

0.190 
iffiii 
0.100 

CASE 79(1) 
(TO·39) 

Pin 1. Emitter 
t a ... 
3. Collector 



2N5108 (continued) 

ELECTRICAL CHARACTERISTICS (TC = 25°C unless otherwise noted) 

Characteristic 

OFF CHARACTERISTICS 

"Coliector·Emitter Sustaining Voltage 
(lC = 5.0 mAde, RBE = 10 ohms) 

Coliector·Base Breakdown Voltage 
(lC = 0.1 mAde, IE = 0) 

"Emitter·Base Breakdown Voltage 
(IE = 0.1 mAde, IC = 0) 

"Collector Cutoff Current 
(VCE = 15 Vdc,IB = 0) 

'Collector Cutoff Current 
(VCE = 50 Vdc, VBE = 0) 
(VCE = 15 Vdc, VBE = 0, TC = 1500C) 

ON CHARACTERISTICS 

Coliector·Emitter Saturation Voltage 
(lC = 100 mAde, IB = 10 mAde I 

DYNAMIC CHARACTERISTICS 

"Current·Gain-Bandwidth Product 
(lC = 50 mAde, VCE = 15 Vdc, f = 200 MHz) 

"Output Capacitanca 
(VCB = 30 Vdc, IE = 0, f = 1.0 MHz) 

FUNCTIONAL TEST 

"Common·Emitter Amplifier Power Gain (Figure 1) 
(Pout = 1·.0 W, VCC=2B Vdc,IC = 102 mAde, 

f = 1.0 GHzI 

Power Output (F igure 1) 
(Pin = 316 mW, VCE = 2B Vdc,f= 1.0 GHz) 

"Collector Efficiency 
(Pin = 316 mW, VCE = 28 Vdc,f= 1.0 GHz) 

Power Output (Oscillator) (Figure 2) 
(VCE = 20 Vdc, VEe = 1.5 Vdc, f = 1.68 GHz) 

(Minimum Efficiency = 15%1 

-Indicates JEDEC Registered Data. 

FIGURE 1 - 1 GHz RF AMPLIFIER POWER 
OUTPUT TEST CIRCUIT 

VCC'"+28V 
BIAS 

" 1 II 

" L_.JL _______ _ 

1 
I 

11 1 
.JL..._..J 

BIAS 
TEE 

dl: 1"lnputlina,l:Ilnt.l;Onductllf1lllidth-o.28!Y' 
lI2; ,~ OutpPlllne.tlllfllrCDnduClDrwldlh"O.12S~ 

Q: 2N510a 
R;3.9ohrns 

T1,T2:MicrolabDoubiaStubTuIIII,oIEquivallllt 
BlasTa: MlcnJlBbOIN,DIEquiveiant 

TrensiaorMount: lf32"Microsb'lpboard 

Nall: ImpllianttlmealUremanblf1lmedllattransistorlllebtpim. 

Symbol 

VCER(sus) 

BVCBO 

BVEBO 

ICEO 

ICES 

fT 

Cob 

GpE 

Pout 

12 

Pout 

"Vee 

2-39 

Min 

55 

55 

3.0 

-

-
-

1200 

-

5.0 

1.0 

35 

-

-Vee 

Typ Max Unit 

- - Vdc 

- - Vdc 

- - Vdc 

- 20 /lAde 

- 1.0 /lAde 
- 10 mAde 

- - MHz 

1.3 3.0 pF 

- - dB 

- - Watt 

- - % 

0.3 - Watt 

FIGURE 2 - 1.68 GHz RF OSCILLATOR POWER 
OUTPUT TEST CIRCUIT 

... 2.0v 

o--r------III 11,LI-1/1IrMicrostripBOIrd. U ..... O.I&" 
widlllndl.31"'GI1I

L3-1/1S"MicftJltripllolfd.O.ll1"wlcII.nd v" 

L1 

14 

0.15"10". 
L4-IIFChob.3.S,.H 
Cl-0.4pF-G.OpFJohamoq4840 
C2-l.OpF-l0pFJohwon4355 

C3,C4-25pFFllddlru 
11- 2.0 t ohmll MinlalU19Trim PDt 

H ...... :;lj<'-"t'-r----OUTPUT 



2N5108 (continued) 
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FIGURE 3 - POWER OUTPUT versus POWER INPUT 
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2N51 09 (SILICON) 

The RF Lin.e 

NPN SILICON HIGH-FREQUENCY TRANSISTOR 

. designed specifically for broadband applications requiring low 
cross·modulation distortion and low·noise figure. Characterized for 
use in CATV amplifiers . 

• Low Noise Figure - @ f ~ 200 MHz 
NF ~ 3.0 dB (Typ) 

• High Current·Gain - Bandwidth Product -
fT ~ 1200 MHz (Min) @ IC = 50 mAdc 

*MAXIMUM RATINGS 

Rating Symbol 
Collector-Emitter Voltage VCEO 
Collector-Base Voltage VCBO 
Emitter-Base Voltage VEBO 

Base Current - Continuous IB 

Collector Current - Continuous IC 

Total Device Oissipation@TC = 75°C (1 I Po 
Derate above 2SoC 

Value Unit 

20 Vdc 

40 Vdc 

3.0 Vdc 

400 mAde 

400 mAde 

2.5 Watt 
20 mWf'C 

Storage Temperature Range Tstg -65 to +200 °c 

(1) Total Device Dissipation at T A"" 25°C is 1.0 Watt. 
It: Indicates JEpEC Registered Data. 

FIGURE 1 - VOLTAGE GAIN TEST CIRCUIT 

A4 

~VEE +VCC 

Cl, e2. C5 0.002 ~F 
e38-60.F.AAe04D4 

or Equivalent 
C4 O.OlI'F 

e6, e7 1,5011 pF 
AI 1900HMS,1I2WATI 
R2 6.8 OHMS, 112WATI 

R3 330 OHMS, 1 WATT 
R4 270 OHMS, 1/2 WAIT 

T1 4 turns,. Bifilar winding, 
3/1S" I.D .. '30AWG 
CORe MATERIAL: 
Indiana General 
eF·l02·Ql 

DETAIL 
OF TRANSFORMER 

2-41 

WIDE BAND AMPLIFIER 

NPN SILICON 
HIGH-FREOUENCY 

TRANSISTOR 

STYLE I 
PIN 1. EMITTER 

2. BASE 

&mOlAR 
~ DlA---tf-----l1 0.240 

~OII9Llml 1-'1 [ill, ~ 

OoOl6 D1A-l! 
[Ol9 I--

MIN 

~ 

3. COLLECTOR 

All JEDEC dimensions and notlts .pply 

CAllEn 
TO ... 



2N5109 (continued) 

ELECTRICAL CHARACTERISTICS (TC = 250C unless otherwise noted) 

I Characteristic I Symbol I Min 

'OFF CHARACTERISTICS . 

Collector-Emitter Sustaining Voltage 
(lc = 5_0 mAde, IB = 0) 

Collector-Emitter Sustaining Voltage (1) 
(lC = 5.0 mAde, RBE = 10 ill 

Collector Cutoff Current 
(Vce = 15 Vde, IB = 0) 

Collector Cutoff Current 
(VCE = 15 Vde, VBe = -1.5 V, TC = 1500C) 
(VCE = 35 Vdc, VBE =-1.5 V) 

Emitter Cutoff Current 
(VBE = 3.0 Vde, Ie = 0) 

'ON CHARACTERISTICS 

DC Current Gain 
(lC = 360 mAde, VCE = 5.0 Vde) 
(lC = 50 mAde, VCE = 15 Vde) 

DYNAMIC CHARACTERISTICS 

*Current-Gain - Bandwidth Product 
(lC = 50 mAde, VCE = 15 Vde, f=200MHz) 

*Collector~Base Capacitance 
(VCB = 15 Vde, Ie = 0, f= 1.0 MHz) 

Noise Figure 

(lC = 10 mAde, VCE = 15 Vde, f = 200 MHz) 
(Figure 2) 

FUNCTIONAL TEST 

'Common-Emitter Amplifier Voltage Gain (Figure 1) 
(IC = 50 mAde, VCC = 15 Vde, f = 50to 
216 MHz) 

Cross-Modulation Distortion (Figure 3) 
(lC = 50 mAde, VCE.= 15 Vde, Vout =54dBmV) 

'Power Input (Figure 2) 
(lC = 50 mAde, VCC = 15 Vde, RS = 500hms, 
Pout = 1.26 mW, f= 200 MHz) 

·'ndicatesJEDEC Registered Data. 
(1) Pulsed thru a 25 mH Inductor; 50% Duty Cycle 

VCEO 
(sus) 

VCER 
(sus) 

ICEO 

ICEX 

lEBO 

for 

Ceb 

NF 

Gve 

XM 

Pin 

20 

40 

-

-

-
-

1200 

-

-

11 

-

-

Typ 

-

- .. 

-

-
-
-

-
1.8 

3.0 

-

-70 

-

FIGURE 2 - 200 MHz POWER GAIN TEST CIRCUIT 

Pin 
(Rp50,,1 

Cl 

C2 

L1 

L2 

-VEE 

C4 

L4 

C5 

+Vcc 

2-42 

Cl,C2,C31.0-30pF 
C41.0-20pF 
C5 10,000 pF 

C6, C7 1.000 pF 
C8 O.Ol.F 

Max Unit 

- Vde 

- Vde 

20 /lAde 

5.0 mAde 

·5.0 mAde 

100 "Ade 

MHz 
-

3.5 pF 

- dB 

- dB 

- dB 

0.1 mW 

II 4-1/2 turns, No. 22 wire, 3116"1.0. 
L4 3-112 turns, No. 22 wire, 3/16" I,D. 

L2, L3 0.82.H RFC 
R12400HMS.2WATTS 



2N5109 (continued) 

FIGURE 3 - CROSS MODULATION TEST SETUP 

Generator 1&2 
Matching Network 1 & 2 
Combiner 
Variable Attenuator 
Field Strength Meter, 

with Detector Output 
Filter 
ACVoltmeter 

HP608.D, or equivalent 
501015 ohms 
20 dB isolation between generators 
As required 

50 - 220 MHz 
1000Hz 
Ballantine 861, or equivalent 

FIGURE 4 - CURRENT-GAIN - BANDWIDTH PROOUCT 
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FIGURE 6 - SATURATION VOLTAGES 

IC/IS = 10 

VSE(sat) 

/ 

VCE~ 
.....V 

5.0 7.0 10 20 30 50 70 100 200 300 500 

IC. COLLECTOR CURRENT (mAde) 

OPERATING INSTRUCTIONS FOR 
CROSS MODULATION TEST 

1. Set up equipment as shown in Fig. 3 

2. Set generator 1 to 150 MHz modulated 30% by 1.000 hertz, 
and tune field strength meter to 150 MHz. 

3. Adjust output level of generator t to give rated output 
from the amplifier under test. 

4. Adjust potentiometer and AC voltmeter for a convenient 
level. This level then corresponds to 100% cross modulation. 

5. Remove modulation. Readjust output level of generator 1 
if necessary to obtain the AC voltmeter "100% level". Do not 
readjust generator 1 during the following steps. 

6. Set generator 2 to 210 MHz modulated 30% by 1.000 hertz and 
tune field strength meter to 210 MHz. 

7, Adjust output level of generator 2 to give rated output of the 
amplifier, i.e, The ACvoltmeter indicates the "100% level", 

B. Tune field strength meter to 150 MHz CW and read the AC volt· 
meter la change of the AC voltmeter scale may be necessary). 

9. Calculate percentage of cross modulation by comparing the 
reading of step B to the" 1 00% level". 

FIGURE 5 ;: COLLECTOR-BASE TIME CONSTANT 
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FIGURE 7 - CAPACITANCES yersus REVERSE VOLTAGE 
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2N5109 (continued) 

FIGURE 8 - INPUT ADMITTANCE ve,su. FREQUENCY 
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FIGURE 12 - FORWARD TRANSFER ADMITTANCE 
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FIGURE 9 - INPUT ADMITTANCE 
ve,su. COLLECTOR CURRENT 
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FIGURE 11 - REVERSE TRANSFER ADMITTANCE ve,su. 
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2N5109 (continued) 

o 
> 

FIGURE 14 - OUTPUT ADMITTANCE versus FREQUENCY 
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FIGURE 15 - OUTPUT ADMITTANCE versus COLLECTOR 
CURRENT 
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2N5109 (continued) 

FIGURE 18 - REVERSE TRANSMISSION 
COEFFICIENT versus FREQUENCY 

FIGURE 19 - FORWARD TRANSMISSION COEFFICIENT 
versus FREQUENCY 

FIGURE 20 - INPUT REFLECTION COEFFICIENT AND OUTPUT REFLECTION 
COEFFICIENT versus FREQUENCY 
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2N5146 (SILICON) 

Quad PNP silicon annular transistor designed for 
medium-current, high-speed switching and driver ap
plications. 

7654321 

CASE 83 
(TO-86) 

Lead 1 identified by color dot or by elbow on 
lead. All leads electrically isolated from package. 

8 9 10 !! 12 13 14 

MAXIMUM RATINGS (each device) 

Rating Symbol Value Unit 

Collector-Emitter Voltage VCEO 40 Vdc 

Collector-Base Voltage VCB 40 Vdc 

Emitter-Base Voltage VEB 5.0 Vdc 

Collector Current - Continuous IC 1.5 Adc 

Operating & Storage Junction TJ , T -65 to +200 °c 
Temperature Range stg 

One Four 
Device Devices 

Total Device Dissipation @ T A = 25° C PD 400 500 mW 

Derate above 25°C 2.28 2.86 roW/oC 

Total Device Dissipation @ T C = 25° C PD 1. 25 5.0 Watts 

Derate above 25° C 7.15 28.6 roW/oC 
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2N5146 (continued) 

ELECTRICAL CHARACTERISTICS (T, = 25·C uri less otherwise noted) 

Characteristic 

OFF CHARACTERISTICS 

Collector-Emitter Breakdown Voltage 111 BVCEO Vdc 
(IC = 10 mAdc, IB = 0) 40 -

Collector-Base Breakdown Voltage BVCBO Vdc 
(IC = 10 /lAdc, IE = 0) 40 -

Emitter-Base Breakdown Voltage BVEBO Vdc 
(~ = 10 /lAde, IC = 0) 5.0 -

Collector Cutoff Current ICEX nAdc 
(V CE = 30 Vde, V BE (off) = 2.0 Vde) - 30 100 

Emitter Cutoff Current lEBO nAdc 
(VBE = 3.0 Vde, IC = 0) - 30 100 

Base Cutoff Current IBL nAde 
(V CE = 30 Vde, V BE (off) = 2. 0 Vdc) - - 200 

ON CHARACTERISTICS 
DC Current Gain 111 hFE -

(IC" 1.0Adc, VCE =2.0Vde) 20 40 -
Collector-Emitter Saturation Voltage 111 VCE(sat) Vdc 

(IC = 1. 0 Ade, IB = O. 1 Ade) - 0.7 1.0 

Base-Emitter Saturation Voltage 111 V BE(sat) Vde 
(IC = 1. 0 Ade, IB = O. 1 Adc) - 1.1 1.4 

DYNAMIC CHARACTERISTICS 
Current-Gain-Bandwidth Product fT MHz 

(IC = 50 mAde, V CE = 10 Vde, f = 100 MHz) 150 250 -

Collector-Base Capacitance Ccb pF 
(V CB = 10 Vde, IE = 0, f = 100 kHz) - 11 20 

Emitter- Base Capacitance Ceb pF 
(VBE = 0.5 Vde, IC = 0, f = 100 kHz) - 60 80 

SWITCHING CHARACTERISTICS 
Delay Time td - 7.0 10 ns 

Rise Time 
(Ic = 1. 0 Ade, lel = 0.1 Adc) 

tr - 15 30 ns 

Storage Time ts - 30 80 ns 

Fall Time 
(Ic = 1. 0 Ade, IB1 = IB2 = O. 1 Ade) 

tf 16 30 - ns 

111 Pulse test: Pulse Width ~ 300 /lB, Duty Cycle ~ 2. 0% 

FIGURE 1 '- SWITCHING TIME TEST CIRCUIT 

tr'" 5.00s 
PW:::::400 ns 
DUTY CYCLE~2.0% 

+27.3 V 

O.I,uF 

~T 
150 
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2N5155 (GERMANIUM) 

PNP GERMANIUM POWER TRANSISTORS 
· .. designed for high-current switching applications requiring low saturation 
voltages, fast switching times and above average Collector-Emitter Sustaining 
capability. 

25 AMPERE 
• Alloy Diffused Epitaxial Construction PNPADE GERMANIUM 

• Low Saturation Voltages - POWER TRANSISTOR 
VCE(sat) = 0.9 Vdc (Max) @ IC = 25 Adc 
VBE(sat) = 1.4 Vdc (Max) @ IC = 25 Adc 140 VOLTS 

106 WATTS 
• DC Current Gain -

hFE = 25 (Min) @ IC = 8.0 Adc 

* MAXIMUM RATINGS 

Rating Symbol Value Unit 

Collector-Emitter Voltage VCEO 120 Vdc 

Collector-Base Voltage VCB 140 Vdc 

~ Emitter-Base Voltage VEB 1.5 Vdc 

Collector Current - Continuous IC 15 Adc 
** - Continuous 25 

- Peak 25 

Base Current - Continuous IB 5.0 Adc .. 
Total Device Dissipation @TC = 25°C PD 106 Watts 

Derate above 25° C 1. 25 wic 

00) Jso Operating and Storage Junction TJ , Tstg -65 to +110 °c 
Temperature Range 

T 
THERMAL CHARACTERISTICS h~ Characteristic Symbol Max Unit 

I sso MAX-
083 

0135 ~~==1 
030 

Thermal Resistance, Junction to Case i3JC 0.8 °C/W T 
ML 1 

*Indicates JEDEC Registered Data. I ~8A~. "'-MTG 
--, 

**Motorola guarantees this data in addition to the JEDEC Registered data shown. 0.OS2 BASE 
o 32{42 

PIN DlA 

FIGURE 1 - SUSTAINING VOLTAGE TEST CIRCUIT I-U:f- l:~TH 
O.lSI !ill 

~tica~Sl b ,~ ,bl 
00 DIA I- ~.67~- f--EMITTER 

~ I\~b< I 
0.05 ~ .. ~ lNl187 'Lh> <?1 w.o Common 1.0 

", 0.440 
1.0 L.f/4 o--u JOOW 

""'IB\J)i 
Horizontal ~ 1 (4) 1 ~BASE 
-0 

f = 20 Hz 
IC AdjU:~ 10 mH )11120~djfOr ~ ~ Collector Connected to Case 

Duty Cycle = 0.5% 10 0-150 CASE 11A 

U 
I. + VCE(,.,) ,I (TO·31 

--- - -~~'t Adju't I B = ~~ 
EKcept Pin Diameter 

5.01 3.0 

Q) Close Switch SI for IC = 25A Test. 
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2N5155 (continued) 
ELECTRICAL CHARACTERISTICS (T c = 25·C unless otherwise noted) 

Characteristic Symbol Min Max Unit 

OFF CHARACTERISTICS 
• Collector-Emitter Breakdown Voltage BVCEO Vdc 

.(Ie = 100 mAdc, IB = 0) 120 -
• Collector-Emitter Sustaining Voltage (See FigjIre 1) VCE(sus) Vdc 

(IC = 8.0 Adc, REB = 10 Ohms). 120 -
(IC = 25 Adc, REB = 10 Ohms) 80 -

• Collector Cutoff Current .ICEX mAdc 

(VCE = 140 Vde, VBE(off)= O. 2 Vdc) - 10 

(V CE ;=·140 Vde, V BE (off) = O. 2 Vde, T C = 85°C) - 25 

Collector Cutoff Current IcBo /lAde 
(V CB = 2.0 Vdc, IE = 0) - 200 

• Emitter Cutoff Current lEBO mAde 
(VEB = 1. 5 Vdc, IC = 0) 7 500 

ON CHARACTERISTICS 
• DC Current Gain hFE -

(IC = 8.0 Ade, V CE = 2.0 Vdc) 25 100 

* Collector-Emitter Saturation Voltage VCE(sat) Vde 
(IC = 25 Adc, IS = 2. 5 Ade) - 0.9 

"Base-Emitter Saturation Voltage VBE(sat) Vdc 
(IC = 25 Ade, IS = 2.5 Ade) - 1.4 

Pulse Energy Test (Note 1) (See Figure 2) PET Joule 
(IC = 4.2 Adc, V CE = 30 Vdc) 1. 26 -

DYNAMIC CHARACTERISTICS 
Current-Gain-Bandwidth Product 

(IC ;= 5.0 Ade, V CE = 2.0 Vdc, r = 50 kHz) 

SWITCHING CHARACTERISTICS 

Rise Time 
(V CC = -12 Vdc, IC = 10 Adc, 

t - 18 /lS r 

Storage Ti me lSI = 1. 0 Adc, IB2 = 1. 0 Adc) t - 12 /lS s 

Fall Time (See Fib'llre3) tf - 18 /lS 

"IndIcates JEDEC Reglstereli Data. 
Note 1: Pulse Test: Pulse Width = 10 ms, Duty Cycle = 2.5%. 

FIGURE 2 - PUI.SE ENERGY TEST CIRCUIT FIGURE 3 - SWITCHING TIME TEST CIRCUIT 

1.2 

2.0W 

6.0V 
51 
0.5W 

rUT 

·C. P. Clare HGSM10ll Or Equivalent 

0.10 

Adjlor 

VCE = 30 V 

Adj for 10 ms. Pulse Width 
and 2.5% Duty Cycle 

2N 5157 (SILICON) 

OV -- --

5.0 

~100IlS.' +5.0 V 

. -5.5 V 0--' J\l\J\t-...... '-I 
50115 . 

InpUI Pulse 
Ir. If"; 10 ns 
PRF =60 Hz 

For Specifications, See 2N3902, Volume I. 
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2N5160 (SILICON) 

PNP silicon RF power transistors designed for 
amplifier, frequency multiplier or oscillator applica
tions in military and industrial equipment. Suitable for 
use as Class A, B, or C output driver, or pre-driver 
stages in VHF and UHF. 

CASE 79 
(TO-39) 

Collector connected to case 

MAXIMUM RATINGS 

Rating 

Collector-Emitter Voltage 

Collector-Base Voltage 

Emitter-Base Voltage 

Collector Current 

Total Device Dissipation @TC = 25° C 
Derate above 25° C 

Operating and Storage Junction 
Temperature Range 

ELECTRICAL CHARACTERISTICS (T, = 25'C unless otherwise noted) 

Characteristic 

OFF CHARACTERISTICS 

Collector-Emitter Sustaining Voltage BVCEO(sus) 
(IC : 5.0 mAde, IS : 0) 

Emitter-Base Breakdown Voltage BVEBO 
(IE: O. 1 mAde, IC : 0) 

Collector Cutoff Current ICEO 
(V CE : 28 V dc, IB : 0) 

Collector Cutoff Current ICES 
(VCE : 60 Vdc, VBE : 0) 

Collector Cutoff Current ICBO 
(VCB : 28 Vdc, IE : 0) 

ON CHARACTERISTICS 

DC Current Gain 
(IC : 50 mAdc, V CE : 5.0 Vdc) 

DYNAMIC CHARACTERISTICS 

Current-Gain-Bandwidth Product fT 
(IC : 50 mAdc, V CE : 15 Vdc, f : 200 MHz) 

Collector-Base Capacitance Ccb 
(VCB : 28 Vdc, IE.: 0, f: 0.1 to 1.0 MHz) 

FUNCTIONAL TESTS 
Common-Emitter Amplifier Power Gain GpE 

(V CE : 28 Vdc, Pin: 0.16 Watt, f = 400 MHz) 

(VCE : 28 Vdc, Pin: 50 mW, f: 175 MHz) 

Power Output Pout 
(V CE : 28 Vdc, Pin: 0.16 Watt, f = 400 MHz) 

(V CE : 28 Vdc, Pin: 50 mW, f = 175 MHz) 

Collector Efficiency q 
(V CE = 28 Vdc, Pin = 0.16 Watt, f = 400 MHz) 

2-51 

Symbol Value Unit 

VCEO 40 Vdc 

VCB 60 Vdc 

VEB 4.0 Vdc 

IC 0.4 Adc 

P D 5.0 Watts 
28.6 mW/oC 

TJ , Tstg -65 to +200 °c 

Vde 
40 . -

Vde 
4.0 - -

/lAdc 
- - 20 

mAdc 
- - 0.1 

/lAdc 
- - 1.0 

MHz 
500 900 -

pF 
- 2.5 4.0 

dB 
8.0 a.8 -
- 14.5 -

Watt 
1.0 1.2 -
- 1.4 -

% 
45 55 -



2N5160 (continued) 

FIGURE 1 - 400· MHz TEST CIRCUIT 

Cl - 10 pF 
C2, C3, C4, C5 - 1.0 - 10 pF variable 
C6 - 2400 pF feed through 
C7 - 0.0041'F 

Cs - O.OII'F 
II - 30 nH, 1 turn, No. 20 AWG 
l2 - 75 nH, 3 turns, No. 20 AWG 
l3 - 0.33 I'H, R.F.e. 

C2 RFC 
Q< 5.0 

FIGURE 2 - POWER OUTPUT 
versus FREQUENCY 

1. 5 

I, ...... VCE;~~i-
1. 5 I 

FIGURE 3 - POWER OUTPUT 
versus POWER INPUT 
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v -"- N. 
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FIGURE 4 - PARALLEL INPUT 
IMPEDANCE versus FREQUENCY 
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FIGURE 5 - PARALLEL INPUT 
IMPEDANCE versus FREQUENCY 
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2N5160 (continued) 
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FIGURE 6 - PARALLEL OUTPUT 
CAPACITANCE versus FREQUENCY 
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FIGURE 7 - CURRENT-GAIN-BANDWIDTH 
PRODUCT versus COLLECTOR CURRENT 
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FIGURE 8 - 2N5160 300-MHz COMPLEMENTARY POWER OUTPUT CIRCUIT 

500 pF RFC 

* 
+56 V 

t 470pF To.001 ,F 

38 nH ~ 
2N5160 

5.0 pF 

COUPLING 
CAP 

RG - SOil ISO nH 150 nH RL - 501l 

1.0-IOpF 1.0 -10 pF 

38 nH 

1.0-IOpF 2N3866 1.0 -10 pF 

FIGURE 9 - COMPLEMENTARY CIRCUIT - POWER OUTPUT versus POWER INPUT 
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I 
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0 
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./ 

V 
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2N5161 (SILICON) 

2N5162 

CASE 36 
(10-60> 

PNP silicon RF power transistors designed for 
amplifier or oscillator applications in military and 

.. industrial equipment. Suitable for use as Class B or 
C output or power oscillator in VHF applications. 

Case common to emitter 

MAXIMUM RATINGS 

Rating Symbol 2NS161 2N5162 

Collector-Emitter Voltage VCEO 40 

Collector-Base Voltage VCB 60 

Emitter-Base Voltage VEB 4.0 

Collector Current IC 1.5 5.0 

Total Device Dissipation @ TC = 25°C PD 20 50 
Derate above 25°C 0.114 0.286 

Operating and Storage Junction T J' Tstg -65 to +200 
Temperature Range 

FIGURE 1 - 175 MHz TEST CIRCUITS 
1. - 2N5161 

-28 V 

2400 pF t 
3.0pF-~pF 

V 

5.0-80.pF 
t 

Ll - 1 TURN, #18 AWG (21 nH) 

L2, L3 - 0.33 ~H RFC 

L3 

Ll 

0.02 ~F i 
RFC 

0<5.0 

L4 - 4 TURNS, #16 AWG, )'," I.D. (200 nH) 

lb - 2N5162 

L2 
L4 RL = 50 

l~ 

(;J .-
1.5-15pF 

3.0- 30 pF 
I 

-

-28 V c;---~r-----r-~r-----, 

5.0-80 pF 

Ll - #16 STRAIGHT WIRE, 1 3/B" LONG. 
L2 - 5 TURNS #20 AWG, 1/2" LONG. 

L3 - 1 TURN #18 AWG WIRE. 

RFC 
0<5.0 
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L2 

130 nH 

5.0--80 pF 

5.0-.80 pF 

Unit 

Vdc 

Vdc 

Vdc 

Adc 

Watts 
W/"C 

°c 



2N5161, 2N5162 (continued) 

ELECTRICAL CHARACTERISTICS (T e = 25·C unless otherwise noted) 

Characteristic Symbol Min Typ Max Unit 
OFF CHARACTERISTICS 

Collector-Emitter Sustaining Voltage* BVCEO(sus) * Vde 
(IC = 200 mAde, IB = 0) 40 - -

Emitter-Base Breakdown Voltage VEBO Vde 
(IE = 1. 0 mAde, IC = 0) 2N5161 4.0 - -

(IE = 5.0 mAde, IC = 0) 2N5162 4.0 - -

Collector Cutoff Current ICES mAde 
(VCE = 60 Vde, VBE = 0) 2N5161 - - 0.5 

2N5162 - - 1.0 
(VCE = 28 Vde, VBE = 0, TC = 200"C) 2N5161 - - 5.0 

2N5162 - - 10 

Collector Cutoff Current ICBO mAde 
(VCB =28 \ide, IE = 0) 2N5161 - - 0.1 

2N5162 - - 0.2 

ON CHARACTERISTICS 
DC Current Gain hFE -

I 
(IC = 250 mAde, V CE = 5.0 Vde) 2N5161 10 - -
(IC = 2.0 Ade, V CE = 5.0 Vde) 2N5162 10 - -

DYNAMIC CHARACTERISTICS 
Current-Gain-Bandwidth Product IT MHz 

(IC = 200 mAde, V CE = 20 Vde, I = 100 MHz) 2N5161 - 500 -
(IC = 500 mAde, V CE = 20 Vde, I = 100 MHz) 2N5162 - 500 -

.Collector-Base Capacitance Ccb pF 
(V CB = 28 Vdc, IE = 0, 1= O. I to 1. 0 MHz) 2N5161 - 10 15 

2N5162 - 45 60 

FUNCTIONAL TEST 
Common-Emitter Amplifier Power Gain GpE dB 

(VCC = 28 Vdc, Pout = 7. 5 Watts, 1=175MHz) 2N5161 8.75 10.3 -
(V CC = 28 Vdc, Pout = 30 Watts, 1= 175 MHz) 2N5162 6.0 7.0 -

Power Output Pout Watts 
(VCC = 28 Vdc, P in = 1. o Watt, 1=175 MHz) 2N5161 7.5 8.5 -
(VCC = 28 Vde, P in = 7. 5 Watts, 1=175 MHz) 2N5162 30 35 -

Collector Efficiency 'I % 
(V cc = 28 Vdc, Pout = 7.5 Watts, 1= 175MHz) 2N5161 45 - -
(VCC = 28 Vdc, Pout = 30 Watts, 1=l75MHz) 2N5162 55 - -

* Pnlsed through 25 mH inductor 

2N5161 DESIGN DATA 

9.0 

B.O 
, 

I 7.0 

B.O ... 
~ 5.0 ... 
::::> 
0 

'" 
4.0 

~ 
3.0 ~ 

o..g 2.0 

1.0 

100 

FIGURE 2 - POWER OUTPUT versus 
FREQUENCY 

~ ~ VCC=2BV 

'" ""'- ~in=1.0W 
.......... 

........ ........... ....... 
........... BOOmW 

~ ~ 'r---..... 
400mW'" ~ " ""'- " r--......... .......... 

.......... 

150 200 250 300 350 400 
f, FREIlUENCY (MHz) 

10 

'E B.O 

~ ... 
~ 6.0 ... 
::::> 
o 

'" 3: 4.0 
~ 

a.,g 2.0 
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1.0 
0.1 

FIGURE: 3 - POWER OUTPUT versus 
POWER INPUT 

f = 175 MHz 

i-""'" 
~-

/' 
/' 

/'" 

V -- 13 V 

/ //' 

0.2 0.4 O.B 0.8 1.0 1.2 
Pin' POWER INPUT (Watts) 



2N5161, 2N5162 (continued) 
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LARGE SIGNAL IMPEDANCE DATA 

FIGURE 4 - REAL SERIES INPUT 
RESISTANCE versus FREQUENCY 
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2N5162 DESIGN DATA 

FIGURE 7 - POWER OUTPUT versus 
FREQUENCY 
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FIGURE 8 - POWER OUTPUT versus 
POWER INPUT 
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2N5161, 2N5162 (continued) 

LARGE SIGNAL IMPEDANCE DATA 

FIGURE 9 - REAL SERIES INPUT RESISTANCE 
versus FREQUENCY 
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+j4 

FIGURE 10 - IMAGINARY SERIES INPUT 
REACTANCE versus FREQUENCY 
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FIGURE 11 - OUTPUT CAPACITANCE versus FREQUENCY 
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2NS 164 thru 2NS 171 (SILICON) 
2NS164R thru2NS171R 

THYRISTORS 
SILICON CONTROLLED RECTIFIERS 

· •. designed for industrial and consumer applications such as power 
supplies, battery chargers, temperature, motor, light and welder 
controls. 

• Supplied in Either Pressfit or Stud Package 

• High Surge Current Rating ~ ITSM = 240 Amp 

• Low On·State Voltage ~ 1.2 V (Typ) @ ITM = 20 Amp 

• Practical Level Triggering and Holding Characteristics ~ 
10 mA (Typ) @ TC = 25°C 

MAXIMUM RATINGS 

Rating Symbol Value 

·Peak Reverse Blocking Voltage (1) VRRM 
2N5164,2N5168 50 
2N5165,2N5169 200 
2N5166,2N5170 400 
2N5167,2N5171 600 

*Non·repetitive Peak Reverse Blocking Voltage VRSM 
2N5164,2N5168 75 
2N5165,2N5169 300 
2N5166,2N5170 500 
2N5167,2N5171 700 

Forward Current R MS IT(RMS) 20 

Circuit Fusing Considerations 12, 235 
(T J ~ -40 '0 +1 OOoC, , :s: 8.3 ms) 

*Peak forward Surge Current ITSM 240 
(One cycle, 60 Hz, TJ =-40 '0 +100oC) 

*Peak Forward Gate Power PGFM 5.0 

* Average Forward Gate Power PGF AVI 0.5 

*Peak Forward Gate Current IGFM 2.0 

Peak Ga'. Vol,age - Forward (2) VGFM 10 
Reverse VGRM 10 

*Operating Junction Temperature Range TJ -40'0+100 

·Storage Temperature Range Tstg -40'0+150 

Stud Torque (3) 2N5168-2N5171 30 

THERMAL CHARACTERISTICS 

Characteristic Symbol Typ Max 

*Thermal Resistance, Junction 8JC 
to Case 2N5164,65,66,67 1.0 1.5 

2N5168,69,70,71 1.1 1.6 

*Indicates JEDEC Registered Data. 

Unit 

Volts 

Volts 

Amp 

A 2s 

Amp 

Watts 

Watt 

Amp 

Volts 

°c 
°c 

in. lb. 

Unit 

°C/W 

(1IVRAM for all types can be applied on a continuous de basis without incurring damage. 
Ratings apply for zero or negative gate voltage. Devices should not be tested for blocking 
capability in a.manner such that the voltage applied exceeds the rated blocking voltage. 

(2)Oevlces should not be operated with a positive bias applied to the gate concurrent with a 
negative potential applied to the anode. 

(3)Reliable operatiOn can be impaired if torque rating is exceeded, terminal tubes bent, or 
glass seal broken. 
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THYRISTORS 
PNPN 

50-600 VOLTS 
20 AMPERES RMS 

0.065 

~1.'''h'd' gl'·'·· 
t..::!!:501 DIA---J 

o.~ 

0.305 

r;;;;;;:Ji 
::.~~~~.i 

r-WsOlA--j 
CASE 174 (11 

CASE 175 (1. 

For"R Suffix devices: e.g., 2N5164R, the cathOde 
and anode terminals are rever.d. 



2NS 164 thru 2NS 171, 2NS 164R thru 2NS 171 R (continued) 

ELECTRICAL CHARACTERISTICS (TC = 25°C unles.. otherwise noted) 

Characteristic Symbol Min Max Unit 

"Peak Forward Blocking Voltage VORM(ll Volts 

(TJ = 100°C) 2N5164,2N5168 50 -
2N5165,2N5169 200 -
2N5166,2N5170 400 -
2N5167,2N5171 600 -

*Peak Forward Blocking Current IORM - 5.0 mA 
(Rated VORM@TJ= 100°C, gate open) 

Peak Reverse Blocking Current IRRM - 5.0 mA 

(Rated VRRM @TJ = 100°C, gate open) 

Gate Trigger Current (Continuous de) IGT(2) mA 

(Anode Voltage = 7.0 Vdc, RL = 100 n) - 40 

"(Anode Voltage = 7.0 Vdc, RL = 100 n, TC = -40°C) - 75 

Gate Trigger Voltage (Continuous de) VGT Volts 

(Anode Voltage = 7.0 Vdc, RL = 100 n) - 1.5 

"(Anode Voltage = 7.0 Vdc, RL = 100 n, TC = -40°C) .- 2.5 

"(Anode Voltage = Rated VORM, RL = 100 n, T J = lOOoC) VGO 0.2 -

Forward "ON" Voltage (pulsed, 1.0 msmax, duty cycle ,;1%) VTM Volts 

ilTM=20A) - 1.5 

ilTM=41 A) - 1.7 

Holding Current IH mA 

(Anode Voltage = 7.0 Vde, gate open) - 50 

"(Anode Voltage = 7.0 Vdc, gete open, TC = -40°C) - 90 

Turn-On Time (td + t r ) 
TYPICAL 

(ITM = 20 A, IGT = 40 mAde) ton 1.0 "s 

Turn-Off Time toff "s 
ilTM = 10A,IR = lOA) 20 

ilTM = 10 A, IR = 10 A, TJ = 100°C) 30 

IVORM = rated voltage) 

(dv/dt = 30V/"s) 

Forward Voltage Application Rate dv/dt 50 V/"s 

(Gate open, TJ = 1000C) 

*Indicates JEOEC Registered Data. 

(1)VORM for all types can be applied on a continuous de basis without incurring damage. Ratings apply for zero or negative gate voltage. These 
devices should not be tested with a constant current source for forward or reverse blocking capability such that the voltage applied exceeds the 

rated blocking voltage. 

(2)For optimum operation, Le. faster turn-on, lower switching losses, best di/dt capability, recommended 'GT = 200 mA: 
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2N5164 thru 2N5171, 2N5164R thru 2NS171R (continued) 

MAXIMUM ALLOWABLE NON·RECURRENT SURGE CURRENT 
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2N5164 thru 2N5171, 2N5164R thru 2N5171 R (continued) 
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DERATING AND DISSIPATION FOR RESISTIVE AND INDUCTIVE 
LOADS If = 60 to 400 Hz, SINE WAVE) 

FIGURE 7 - CURRENT DERATlNG(1) FIGURE 8 - FORWARD POWER DISSIPATION 
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FIGURE 9 - FORWARD CONDUCTION CHARACTERISTICS 
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'T. INSTANTANEOUS FORWARO "ON" VOLTAGE (VOLTS) 

FIGURE 10 - TVPICAL THERMAL 
RESISTANCE OF PLATES 

'\ Units mounted in center of _ 

'" 
square sheets of l/B·inch 
thick bright aluminum. Heat_ 

'\ sinks held vertically in still 

"- air. (Heat sink area is twice -
area of one side.) 

..... 
'\ 

" 
2.0 5.0 10 15 

9SA. THERMAL RESISTANCE (OC/W) 

(1)Reverse polarity units must be derated an additional 10%; i.e., 
in Figure 7 the maximum allowable case temperature of the 
2N5164 at 16 Adc is 70°C. a derating of 30°C below the max
imum junction temperature. For the 2N5164R the derating 
would be an additional 10% or 3.00 C, making the allowable case 
temperature 67°C. 
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. For additional mounting information, refer to the Motorola 
brochure "Mounting Techniques for Presstit Silicon Rectifiers 
and Silicon Controlled Rectifiers". 



2N 5179 (SILICON) 

NPN SILICON RF SMALL-SIGNAL TRANSISTOR 

... designed primarily for use in high-gain, low-noise amplifier, oscil
lator, and mixer applications. Can also be used in UHF converter 
applications; 

• High Current-Gain - Bandwidth Product -
fT = 1.4 GHz (Typ) @ IC = 10 mAde 

• Low Collector-Base Time Constant -
rb'Ce = 14ps (Max) @IE = 2.0 mAdc 

• Characterized with Scattering Parameters 

• Low Noise Figure -
NF = 4.5 dB (Max) @f = 200 MHz 

'MAXIMUM RATINGS 

Rating Svmbol 

Collector-Emitter Voltage VCEO 
Applicable 1.0 to 20 mAdc 

Collector-Base Voltage VCB 

Emitter-Base Voltage VEB 

Collector Current IC 

Total Device Dissipation @TA ",; 2SoC PD 
Derate above 25°C 

Total Device Dissipation @ T C = 25°C PD 
Derate above 25°C 

Value Unit 

12 Vdc 

20 Vde 

2.5 Vde 

50 mAde 

200 mW 
1.14 mW/oC 

300 mW 
1.71 mW/oC 

Storage Temperature Range Tstg -65 to +200 °c 

*lndicat8s JEOEC Registered Data. 

2-q2· 

NPNSILICON 
RF SMALL-SIGNAL 

TRANSISTOR 

0.016 01A 
0.019 

I 
0.209 '--
0.230 I 
DlA 

~o 
11, 

0.500 
MIN 

~ 

0.100 

Emitter 
8 •• 

3. Collector 
4. Case 

0.028 
0.048 

CASE 20(101 
TO-72 PACKAGE 

Active Elements Isolated from Case 



2N5179 (continued) 

*ELECTRICAL CHARACTERISTICS (T A = 25°C unless otherwise noted) 

I Characteristic Symbol Min Max Unit 

OFF CHARACTERISTICS 

Collector-Emitter Sustaining Voltage VCEO(sus) Vde 
(lc = 3.0 mAde, IB = 0) 12 -

Collector-Base Breakdown Voltage BVCBO Vde 
(lC = 0.001 mAde, IE = 0) 20 -

Emitter-Base Breakdown Voltage BVEBO Vde 
(IE = 0.01 mAde, IC = 0) 2.5 -

Collector Cutoff Current ICBO ",Ade 
(VCB = 15 Vde, IE = 0) - 0.02 
(VCB = 15 Vde, IE = 0, TA = 15aaC) - 1.0 

ON CHARACTERISTICS 

DC Current Gain hFE -
(lC = 3.0 mAde, VCE = 1.0 Vde) 25 250 

Collector-Emitter Saturation Voltage VCE(sat) Vde 
(lC = 10 mAde, IB = 1.0 mAde) - 0.4 

Base-Emitter Saturation Voltage VBE(sat) Vde 
(lc = 10 mAde, IB = 1.0 mAde) - 1.0 

DYNAMIC CHARACTERISTICS 

Current-Gain - Bandwidth Product <D IT MHz 
(Ie = 5.0 mAde, VCE = 6.0 Vde, I = 100 MHz) 900 2000 

Collector-Base Capacitance Ceb pF 
(VCB = 10 Vde, IE = 0, 1= 0.1 to 1.0 MHz) - 1.0 

Small-5ignal Current Gain hie -
(lc = 2.0 mAde, VCE = 6.0 Vdc, I = 1.0 kHz) 25 300 

Collector-Base Time Constant rb Cc ps 
(I E = 2.0 mAde, VCB = 6.0 Vde, I = 31.9 MHz) 3.0 14 

Noise Figure (See Figure 1) NF dB 
(lC = 1.5 mAde, VCE = 6.0 Vde, RS = 50 ohms, f = 200 MHz) - 4.5 

FUNCTIONAL TEST 

Common-Emitter Amplifier Power Gain (See Figure 1) Gpe dB 
(VCE = 6.0 Vde, IC = 5.0 mAde, I = 200 MHz) 15 -

Power Output (See Figure 2) Pout mW 
(VCB = 10 Vde, IE; = 12 mAde, f2:500 MHz) 20 -

-Indicates JEDEC Registered Values. 
(!)fT is defined as the frequency at which Ihfel extrapolates to unity. 
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2N5179 (continued) 
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2N5179 (continued) 

FIGURE 6 - CURRENT·GAIN-BANDWIDTH PRODUCT 
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2N5179 (continued) 

FIGURE 11- S11.INPUT REFLECTION COEFFICIENT FIGURE 12-S22. OUTPUT REFLECTION COEFFICIENT 

FIGURE 13 -S12. REVERSE TRANSMISSION COEFFICIENT FIGURE 14 -S21. FORWARO TRANSMISSION COEFFICIENT 
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2N5179 (continued) 

FIGURE 15- Sll. INPUT REFLECTION COEFFICIENT AND S22. OUTPUT REFLECTION COEFFICIENT 
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2N 5190 thru 2N5192 (SILICON) 
MJE5190 thru MJE5192 

SILICON NPN POWER TRANSISTORS 

... for use in power amplifier and switching circuits, - excellent safe 
area limits. C6mplement to PNP 2N5193, 2N5194, 2N5195 and 
MJE5193, MJE5194, MJE5195. 

*MAXIMUM RATINGS 

Rating Symbol 2N5190ol,2N51911Ir5192 
MJE5190 MJE5191 MJE5i92 

Collector·Emitter Voltage VCEO 40 I 60 I 80 
COllector-Base Voltage Vce 40 60 80 

Emitter-Base Voltage VEe 5.0_ 
Collector Current Ie 4.0 

Sase Current 'e 
________ 1.0 

2N5190 Serie,jllJE5190 Series 

PD 40 60 

Unit 

Vd, 

Vd, 

Vdc 
Adc 

Adc 

Watts iotal Device Oissipation @TC"'250C I De~ate above 250~ 320 480 mWfJC 
Operating and Storage Junction TJ.Tstg ---455 to +150-

remperature Range 

THERMAL CHARACTERISTICS 

Characteristic 

Thermal Resistance, JunctiOn to Case 

*ELECTRICAL CHARACTEAISTICS(TC ,. 25°C unless otherwise notedl 

eharacteristic I Symbol I Min 

OFF CHARACTERISTICS 

Collector·EmitterSustaining Voltage III 
(iC=O.1 Adc, 18 =01 2N5190,MJES190 

2N5191,MJE5191 
2N5192,MJE5192 

Collector Cutoff Current 
I VeE'" 40 V.dc, IS "'0) 2N5190,MJE51-90 
(Vce" 60 Vdc, IS =01 2N6191,MJE5191 
(VeE" 80 Vdc,IS =01 2N5192,MJE5192 

Collector Cutoff Current 
(VCE" 40 Vdc, VEB(offl'" 1.5 Vdcl 2N51~O,MJE5'9'0 
(VCE =60 Vdc, VE8(offl = 1.5 Vdc) !?N5191,MJE5191 
(VCE = 80 Vdc, V~B(offl = 1-:'5 Vdel 2N5192,MJE5192 
(VeE =40 Vdc, VEBfoff}'" 1.5 Vdc, 

TC"'250CI 
2N5190,MJE5190 

(VCE "'60 Vdc, VEBfoff) '" 1.5 Vdc, 2N5191,MJE5191 
TC'" 12SoC) 

(VCE =8() Vdc, VEBloff) = 1.5 Vdc, 
T c= 12SI.lC) 

2N5192,MJE5192 

COllector Cutoff Current 
(Vca -40 Vde, IE" 0) 2N5190,MJE519C 
(Vca =60 Vdc,le III 0) 2NS191.MJE5191 
(VCS =80 Vde, Ie" 01 2N5192,MJE5192 

Emitter Cutoff Current 
IVeE-S.OVdc.IC· O) 

ON CHARACTERISTICS 

DC Current Gain(1) 

lIe"'.6 Adc. Vee" 2.0 Vdcl 2N5190.MJE5190 
2N5191,MJE5191 
2N5192.MJE519 

IIc=4.0Adc, VCS"2.0 Vdcl 2N5190.MJE519C 
2N5191,MJE5191 
2N5192,MJE519 

Collector-Emitter Saturation VOltage!11 
(Ie'" 1.5 AdC,lS =0.15 Adcl 
IIc ·4.0 AdC. Ie -1.0AdC) 

Sase·EtnitterOn VOltage(fl 
OO"'1.5Adc, Vce=2.0Vdc) 

DYNAMIC CHARACTERISTICS 

Current-Gillin-Bandwidth Product 
IIC=1.0 Adc, VeE'" 10 Vdc, f'" 1.0 MHz) 

I1)Put .. Tnt: Pul .. Width <300 _I, Duty Cycle <2.0%. 
·,ndlcat .. JSbEC Reglster«t Oata10r 2N5190 Serino 

VCEO(sus) 
40 
60 
80 

ICEO 
. -

-
-

ICE X 
-
-
-
-
-
-

ICBO 
-
-
-

'EeO 
-

hFE 

25 
25 
20 

10 
10 
7.0 

VCEhatl 
-
-

VSElon) -
IT 

2.0 

Max 

-
-
-

1.0 
1.0 
1.0 

0.1 
0.1 

0.1 
2.0 

2.0 

2.0 

0.1 
0.1 
0.1 

1.0 

100 
100 
80 

-
-

0.6 
1.4 

1.2 

-
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·c 

Unit 

Vdc 

mAde 

mAdc 

mAde 

mAdc 

-

Vdc 

Vdc 

MH, 

4AMPERE 
POWER TRANSISTORS 

SILICON NPN 

40-80 VOLTS 
40 and 60 WATTS 

0.425 

'4 
~ 002U 0.595 

!llI"266:m 

~ 
STYLE I II~L PIN 1. EMITTER 

2. COLLECTOR .... 0.093T.P. 

3. BASE -1 om 
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2N5190 thru 2N5192/MJE5190 thru MJE5192 (continued) 
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2N5190 thru 2N5192/MJE5190 thru MJE5192 (continued) 

FIGURE 5 - COLLECTOR CUT-OFF REGION 

r--VCE = 30 V 

~TJ.150~C ./ 

~ l=100OC 

I!== ~REVERSE FORWARO" ~ , 
~ i==250e 

10-3 
ICES 

-0.4 -0.3 -0.2 -0.1 +11.1 +11.2 +11.3 +11.4 +11.5 +11.6 

VSE, BASE·EMITTER VOLTAGE (VOLTS) 

FIGURE 7 - SWITCHING TIME EQUIVALENT CIRCUIT 

TURN·ON PULSE 

+11 V RL 

I 

APPRO AX Vee 

Yin 0 t- - - - Yin o-..JV'IIY--p-; 

VEB(Off)--l1--11 RK 

2.0 

1.0 

0.7 
0.5 

jO.3 

~ 0.2 
;:: 
.: 

0.1 

0.07 
0.05 

0.03 
0.02 

APPROX 
+11 V 

13 r- Cjd «Cob 

1 I Ii <7.0 n, 
I I I 100 <12 <500 jlS -4.0 V 

Vin-l- - _1- J.. _ 13<15n, 
I I I 
I I 

-1 
TURN·OFF PULSE 

DUTY CYCLE ~ 2.0% 
APPROX -9.0 V 

FIGURE 9 - TURN-ON TIME 

I 
I'- sofo. 1,@IlCC=30V 

1"'1"--
1,@Vce= 10V 

Id@VEB(olf)"2.0V 

I""1'i'-

0.05 0.07 0.1 0.2 0.3 0.5 0.7 1.0 

IC, COLLECTOR CURRENT (AMP) 

iCI1S'= Ib= f= 
TJ' 250C= f= 

2.0 3.0 4.0 

FIGURE 6- EFFECTS OF BASE-EMITTER RESISTANCE 

~ 107 

g 
w 
~ 106 

r-.. 
....... 

, ..... 

........ VCE =30 V 
..... IC-l0xICES 

, ....... r-.. ~ 
iii 
'" 106 IC .. ICES 

~ 
ill 104 

~ 
~ 103 

- ~ IC = 2 x ICES ...... 
~ ..... 

.. 

(TYPICAL ICES VALUES ....... 
OBTAINED FROM FIGURE 5) 

'" 
E 102 
~ 20 40 60 80 100 120 140 160 

'" TJ, JUNCTION TEMPERATURE (OC) 

FIGURE 8 - CAPACITANCE 

300~~~~~""-n,,nr-r"'-TO"Tn-'I-TI"I~ 

I-Hf-'f"NS:::l-tttt--t--H-+t-t-t++tt T J = ~250C I-

Ccb 

0~~~~~~~~~~~~1 
0.1 0.2 0.3 0.5 1.0 2.0 3.0 6.0 10 20 30 40 

2.0 

1.0 

0.1 
0.6 

j 0.3 
w 
:Ii! O. 
;:: 

2 

.: 
1 

5 

o. 
0.07 
0.0 

0.03 
0.02 

VR, REVERSE VOLTAGE (VOLTS) 

FIGURE 10 - TURN-OFF TIME 

--+-I. ~s IBI'IB~t I--II N- ICIIB =10 
IS"IS 1I81~ t=::: 

1,@VCC=30V TJ' 26°C l-F 
.11 
.If@VCC=10V ...... 

0.05 0.07 0.1 0.2 0.3 0.5 0.7 1.0 2.0 3.0 4.0 

IC, COLLECTOR CURRENT (AMP) 

2-70 



2N5190 thru 2N5192/MJE5190 thru MJE5192 (continued) 

RATING AND THERMAL DATA 
ACTIVE-REGION SAFE OPERATING AREA 
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FIGURE 11 - 2N5190,2N5191,2N5192 
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There are two limitations on the power handling ability of a 
transistor; average junction temperature and second breakdown. 
Safe operating area curves indicate Ie' VeE limits of the transistor 
that must be observed for reliable operation; i.e., the transistor must 
not be subjected to greater dissipation than the curves indicate. 

FIGURE 12 - MJE5190, MJE5191, MJE5192 
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The data of Figures 11 and 12 is based on TJ(pk) = lSOo C; TC is 
variable depending on conditions. Second breakdown pulse limits 
are valid for duty cycles to 10% provided TJ(pk) ~ 1500 C. At high 
case temperatures, thermal limitations will reduce the power that 
can be handled to values less than the limitations imposed by second 
breakdown. (See AN-415) 

FIGURE 13 - THERMAL RESPONSE 
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DESIGN NOTE: USE OF TRANSIENT THERMAL RESISTANCE DATA 
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I I 
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DUTY CYCLE D = tl1= ip 

PEAK PULSE POWER = Pp 

A train of periodical power pulses can be represented by the model 
shown in Figure A. Using the model and the device thermal re
sponse, the normalized effective transient thermal resistance of 
Figure 13 was calculated for various duty cycles. 

To find 0JC(t), multiply the value obtained from Figure 13 by 
the steady state value 8 JC. 

Example: 
The 2N5190 is dissipating 50 watts under the following condi
tions: tl = 0.1 ms, tp = 0.5 ms. (0 = 0.2!. 

Using Figure 13, at a pulse width of 0.1 ms and 0 = 0.2, the 
reading of r(ll, 0) is 0.27. 

The peak rise in junction temperature is therefore: 

l\T = r(tl X Pp X 0JC = 0.27 X 50 X3.12 = 42.20 C 
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2N5193 thru 2N5195 (SILICON) 

MJE5193 thru MJE5195 

SI LICON PNP POWER TRANSISTORS 
... for use in power amplifier and switching circuits, - excellent safe 
area limits. Complement to NPN 2N5190, 2N5191, 2N5192 and 
MJE5190, MJE5191, MJE5192, 

"MAXIMUM RATINGS 

Rating Symbol J~E5J1l3 I r~~W~ I ~1EW/5 
Collector-Emitter Voltage VCEO 40 60 80 

Collector-Base Voltage Ves 40 I 60 I SO 

Emitter-Base Voltage VEe 5.0 

Collector Current 'e --' -4.0---

B8S1tCurrent 'S ---1.0---

2N5193 I MJE51l1l 
SuiI'! Serie5 

Total Oevice Dissipation@Tc=2S0C Po 40 I 60 
Derate above 2sO.C 320 480 

Operating and Storage Junction TJ, Tstg -6510 +150 
Temperature Range 

THERMAL CHARACTERISTICS 

Characcllf'mic 

Thermal Resistance, Junction to Case 

*ELECTRICAL CHARACTERISTICS ITe '" 2SoC unless otherwise noted) 

I a..racteristic I Symbol 

OFF CHARACTERISTICS 

Collector-Emitter Sustaining Voltage (1) 
(Ie = 0.1 Adc, Ie = 01 2N5193. MJE5193 

2N5194, MJE5194 
2N5195. MJE5195 

Collector Cutoff Current 
(VeE = 40 Vdc, IS" 01 
(VCE '"' 60 Vdc, IS = 01 
IVCE = 80 Vdc, IS = 01 

Collector Cutoff Current 

2N5193. MJE5193 
2N5194. MJE5194 
2N5195. MJE5195 

IVeE;" 40 Vdc. VSEloffj- 1.5Vdcl 2N5193. MJE5193 
(VCE" 60 Vdc, VSEloffl" 1.5Vdcl 2N5194. MJES194 
IVCE = 8OVdc, VSEloffl = 1.SVdd 2N5195, MJE5195 
(VeE = 40 Vdc. VSEloffJ '" 1.5Vdc. 2N5193. MJE5193 

TC = 12SoCI 
(VCE .. 60 Vdc, VSEloffi .. 1.5 Vdc. 2N5194. MJE5194 

TC'" 1250 CI 
(VeE" 80 Vdc, Vse (off) .. 1.5 Vdc. 2N5195. MJE5195 

TC = 12SoCI 

Collector Cutoff Current 
(Vca" 40 Vdc, Ie = 0) 
IVCs" 60 Vdc, Ie" OJ 
(VCS .. 80 Vdc. Ie = 0) 

Emitter Cutoff Current 
IVSE .. 6.0 Vdc, IC .. 01 

ON CHARACTERISTICS 

DC Current Gain 111 
(lC = 1.5 Adc, VCE = 2.0 Vdc) 

(lC .. 4.0 Adc. VeE" 2.0 Vdcl 

Collector-Emitter Saturation Voltega 111 
tie" 1.5 AdC.IS" 0.16 Adc) 
IIc .. 4.0 Adc. IS .. 1.0 Adcl 

S....e.mlmr On Vol_ 111 
lie • 1.5 Adc, VCE" 2.0Vdc) 

DYNAMIC CHARACTERISTICS 

Current-Galn-s.ndwidth Product 

2N5193. MJE5193 
2N5194. MJE5194 
2N5195. MJE5195 

2N5193. MJE6193. 
2NS194, MJE5194, 
2N5196, MJE6196 
2N6193, MJE5193, 
2N5194, MJE6194, 
2N&195, MJE5195 

(Ie" 1.0 Ade. VeE-" 10Vdc, f .. 1.0 MHz) 

-.ndat .. JEDEC Reglltered Oetll for 2N5193 Sari ... 

(11 Put .. T.It: Pul .. Wld'ltt:5300JlI, Duty Cyc •• S2.0%. 

VCEO(sus) 

ICED 

'CBO 

Min 

40 
60 
80 

M •• 

1.0 
1.0 
1.0 

0.1 
0.1 
0.1 
2.0 

2.0 

2.0 

0.1 
0.1 
0.1 

1.0 
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Unit 

Vd, 

Vd, 

Vdc. 

Ad, 

Ad, 

Watts 
rnWflC 

°C/W 

Unit 

Vd, 

mAde 

mAde 

mAde 

mAde 

4 AMPERE 
POWER TRANSISTORS 

SILICON PNP 

2NS193 
2N5194 
2N5195 

STYLE 1 

4()'80VOLTS 
40 and 60 WATTS 

0.425 

'---+ 
~ 0020 0.59S 

[HilS ~ 

PIN 1 EMITTER 
-~ 

jl~lOO93TP 2 COLLECTOR 
3 BASE 

0025 

11015 --I 004' 009' 
o 01~ 0035 

~
2 3 fOO55 EIfi'05 

"F--, 
HEATSINK 30 

CONTACT AREA ~ TYP 
(BOnOMI 

CASEn03 

~ ~ ~ 
~'EJ-;;,;;;;;;rl=-=-t---.l 

STYLE 1: BASE IT __ '1 1 0.058 t~~ t 
P(N~: COLLECTOR r--D:OfiI 0.020 

3. EMITTER TYP 

·Oim.nsionistocenterlineoffeads 

CASE '99-04 



2N5193 thru 2N5195/MJE5193 thru MJE5195 (continued) 
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2N5193 thru 2N5195/MJE5193 thru MJE5195 (continued) 

FIGURE 5 - COLLECTOR CUT-OFF REGION 
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2N5193 thru 2N5195/MJE5193 thru MJE5195 (continued) 

RATING AND THERMAL DATA 
ACTIVE-REGION SAFE OPERATING AREA 
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FIGURE 11 - 2N5193. 2N5194. 2N5195 
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There are two limitations on the power handling ability of a 
transistor; average junction temperature and second breakdown. 
Safe operating area curues indicate IC - VCE limits of the transistor 
that must be observed for reliable operation; i.e., the transistor must 
not be subjected to·, greater dissipation than the curves indicate. 
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FIGURE 12 - MJE5193. MJE5194. MJE5195 
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The data of Figures 11 and 12 is based on TJ( k) = 15o"C; TC is 
variable depending on conditions. Second brea~down pulse limits 
are valid for duty cycles to 10% provided TJ(pk) ~ 1500C. At high 
case temperatures. thermal limitations will reduce the power that 
can be handled to values less than the limitations imposed by second 
breakdown. ISee AN-415) 

FIGURE 13 - THERMAL RESPONSE 
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DUTY CYCLE D - t11-ij; 

PEAK PULSE POWER· Pp 

A train of periodical power pulses can be represented by the model 
shown in Figure A. Using the model and the device thermal re
sponse, the normal ized effective transient thermal "resistance of· 
Figure 13 wes calculated for various duty cycles. 

To find BJCltl. multiply tho value obteined from Figure 13 by 
tho steady state value B JC' 

Example: 
The 2N5193 is dissipating 50 watts under the following condi
tions: tl = 0.1 ms. tp = 0.5 ms. 10 = 0.2). 

Using Figure 13. at a pulse width of 0.1 ms and 0 = 0.2. the 
readingofrltl. 0) isO.27. 

Th. peak rise in junction temperature is therefore: 

I'>T = rid X Pp X 8JC = 0.27 X 50 X 3.12 = 42.20C 
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2N5208 (SILICON) 

PNP silicon annular amplifier transistor designed 
for general-purpose RF amplifier applications in the 
frequency range to 300 MHz. 

CASE 29(2) 
10-92 

MAXIMUM RATINGS 

Rating 

Collector-Emitter Voltage 

Collector-Base Voltage 

Emitter-Base Voltage 

Collector Current 

Total Device Dissipation @ TA = 25°C 

Derate above 25°C 

Operating and Storage Junction 
Temperature Range 

THERMAL CHARACTERISTICS 

Characteristic 
Thermal ReSistance, Junction to 

Ambient 

Symbol 

VCEO 

VCB 

VEB 

IC 

PD I1I 

T J' Tstg(,1 

Symbol 
9JA(1I 

Value Unit 
25 Vdc 

30 Vdc 

3.0 Vdc 

50 mAdc 

310 mW 

2.81 mWrC 

-55 to +135 °c 

Max Unit 

0.357 °C/mW 

(1) Continuous package improvements have enhanced these guaranteed Maximum Aatings as follows: Po = 1.0 W @ T C "" 25°C, 
Cerate above 26°C - 8.0 mWfJC, T J '" -65 to +1500 C. (}JC "" 1250 C/W. 
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2N5208 (continued) 

ELECTRICAL CHARACTERISTICS (T, = 2S'C unless otherw<se noted) 

Characteristic 

OFF CHARACTERISTICS 

Collector-Emitter Breakdown Voltage 
(IC = 1. 0 mAdc, IB = 0) 

Collector-Base Breakdown Voltage 
(IC = 0.1 mAdc, IE = 0) 

Emitter-Base Breakdown Voltage 
(IE = 10 j.tAde, IC = 0) 

Collector Cutoff Current 
(VCB = 10 Vde, IE = 0) 

Emitter Cutoff Current 
(VBE =2.0Vde,IC =0) 

ON CHARACTERISTICS 

DC Current Gain 
(IC = 2. 0 mAde, V CE = 10 Vde) 

Base-Emitter On Voltage 
(IC = 2.0 mAde, V CE = 10 Vde) 

SMALL·SIGNAL CHARACTERISTICS 

Current-Gain-Bandwidth Product 
(IC = 2.0 mAde, V CE = 10 Vdc, f = 100 MHz) 

Collector-Base Capacitance 
(VCB = 10 Vde, IE = 0, f = 1.0 MHz) 

Input Capacitance 
(V BE = 2.0 Vde, IC = 0, f = 1. 0 MHz) 

Collector-Base Time Constant 
(IE = 2.0 mAde, V CB = 10 Vde, f = 31.8 MHz) 

Noise Figure (See Figure 1) 
(IC = 2.0 mAde, VCE = 10 Vdc, Rs = 75 ohms, f = 100 MHz, 

BW = 1.0 MHz) 

FUNCTIONAL TEST 

Common-Emitter Amplifier Power Gain (See Figure 1) 
(IC = 2.0 mAde, V CE = 10 Vde, f = 100 MHz) 

Symbol 

BVCEO 

BVCBO 

BVEBO 

ICBO 

lEBO 

hFE 

VBE(on) 

fT 

Ceb 

Cib 

rb'Cc 

NF 

Min Max Unit 

Vdc 
25 -

Vdc 
30 -

Vdc 
3.0 -

nAde 
- 10 

nAde 
- 100 

-
20 120 

Vde 
- 0.85 

MHz 
300 1200 

pF 
- 1.0 

pF 
- 4.0 

ps 
- 10 

dB 
- 3.0 

FIGURE 1 • 100 MHz POWER GAIN AND NOISE FIGURE TEST CIRCUIT 

2.0pF 0.1-10pF 

100 
68pF 

" IN~T(~~-Ir--~----;---~rt 

2.1-30pF 

Vaa 

390 210 

2-77 

')--il--to) OUTPUT 
1000 pF 

Vee 

T1 alnun Core, 5 turns primary. 5 turns 
SlCondary, No. 24 bifil.r wound. 

T2 % inch inn .. diameter. 5% turns 
lapped up % turn, No. 16 bu. wire. 



2N5208 (continued) 

:! 

COMMON·EMITTER Y PARAMETERS (Polar Plots) 
VCE = 10 Vdc. TA = 25°C 

FIGURE 2 • INPUT ADMITTANCE FIGURE 3· OUTPUT ADMITTANCE 
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2N5208 (continued) 

5 

20 

~ 15 
E .s 
! 10 

5.0 

o 

COMMON-EMITTER Y PARAMETERS vs FREQUENCY 
VCE = 10 Vdc, T A = 25°C 

FIGURE 8 - INPUT ADMITTANCE FIGURE 9 - OUTPUT ADMITTANCE 

--lc=2.0mA 
--lc=1.0mA 

!Ii. 

/ 
~ .... -~ .-

....-- I--""" ....... , 
- - b' 9i._ 

~ -...... --
~ 

_. 
30 40 50 70 100 200 

f, FREQUENCY (MHz) 

J 

b,i .... 

f.-: 
'" 
r-

300 

2.5 

2.0 

~ 1.5 

! 
:! 1.0 

0.5 

--o 
30 

./ 
IC = 1.0 to 2.0 mA [-).. / boo 

~~ 
>---f-r- \ -I- go. 

40 50 70 100 200 
f, FREQUENCY (MHz) 

./ 

-
300 

FIGURE 10- FORWARD TRANSFER ADMITTANCE FIGURE 11- REVERSE TRANSFER ADMITTANCE 

70 

60 

50 

- r- 9fe 'i 40 

~ j 30 

20 

r--- -bfe , 

I..C -10 

o I--'"'" 
30 40 50 

Ic=2.0mA 
--lc=1.0mA _ 

r-
9fe-r---
........... 

" I""'r- ...",- " ~ . 

:,.... -- ,"'-
~ :--..... 

.... ' --- bi. 

70 100 200 300 

f, FREQUENCY (MHz) 

2.5 

2.0 

'i 1.5 

1 
~ 1.0 

0.5 

-o 
30 

IC-1.0 to 2.0mA. ~ 

'\. ---_r-
40 50 70 100 

f, FREQUENCY (MHz) 

STABILITY FACTOR CURVES 

./ 
........... -bra 

-9ro'<0.01 

200 

FIGURE 12 - OPTIMUM SOURCE ADMITTANCE FIGURE 13, OPTIMUM LOAD ADMITTANCE 

f, FREQUENCY (MHz) 

When. potentially unstabte dlVic. is operated without f .. dbatk. thlf1l is an infinite number of combinations of 
IOUret and load idmittlnce ... cilted with any given circuit Itabitity factor (k). Equations have been developed for 
d.twmining th' optimum lOurce and load admittance for maximum gain. Figures 1.12 and 13 provide a solution to 
the IqUltiana for the 2N6208. 
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2N5208 (continued) 

NOISE FIGURE 

FIGURE 14 - FREQUENCY EFFECTS FIGURE 15 - SOURCE RESISTANCE EFFECTS 
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2N5209 (SILICON) 

2NS210 

NPN silicon annular transistors designed for low
level, low-noise amplifier applications and for com
plementary circuitry with PNP types 2N5086 and 2N5087. 

CASE 29(1) 
(10·92) 

MAXIMUM RATINGS 

Rating 

Collector-Emitter Voltage 

Collector-Base Voltage 

Emitter-Base Voltage 

Collector Current - Continuous 

Peak 

Total Device Dissipation @ T A = 25°C 

Derate above 25°C 

Operating and Storage Junction 
Temperature Range 

THERMAL CHARACTERISTICS 

Characteristic 

Thermal Resistance, Junction to Ambient 

Symbol Value 

VCEO 50 

VCB 50 

VEB 4.5 

IC 50 

100 

PDIII 310 

2.81 

TJ , Tstg lll -55 to +135 

Symbol Value 

°JA111 0.357 

(1) Continuous package improvements have enhanced thesa guaranteed Maximum Ratings a. 
follows: Po = 1.0 W @ T C = 2SoC. Derate above 2SoC - 8.0 mW/oC, T J = -65 to +150oC, 
8JC = 1250 C/W. 

Unit 

Vdc 

Vdc 

Vdc 

mAdc 

mW 

mW/'C 

°c 

Unit 

°C/mW 



2N5209, 2N5210 (continued) 

ELECTRICAL CHARACTERISTICS (T. = 2S·C unless otherwise noted) 

Characteristic Symbol Min Typ Max Unit 

OFF CHARACTERISTICS 

Collector-Emitter Breakdown Voltage BVCEO Vde 
(IC = 1.0 mAde, IB = 0) 50 - -

Collector.,.Base Breakdown Voltage BVCBO Vde 
(IC .7 0.1 mAde, IE • 0) 50 - -

Collector Cutoff Current ICBO nAde 
(VcB , 10 Vde, IE = 0) - - 10 

(VCB ' 35 Vde, IE' 0) - - 50 

Emitter Cutoff Current lEBO nAde 
(VBE • 3.0 Vde, IC' 0) - - 50 

(VBE = 4.5 Vde, IC = 0) - - 100 

ON CHARACTERISTICS 

DC Current Gain hFE -
(IC = 100 IJAde, V CE • 5.0 Vde) 2N5209 100 - 300 

2N5210 200 - 600 

(IC = 1. 0 mAde, V CE = 5.0 Vde) 2N5209 150 - -
2N5210 250 - -

(IC = 10 mAde, V CE = 5.0 Vde) 2N5209 150 - -
2N5210 250 - -

Collector-Emitter Saturation Voltage VCE(sat) Vde 
(IC = 10 mAde, IB • 1. 0 mAde) - - 0.7 

Base-Emitter On Voltage VBE(on) Vde 
(IC = 1. 0 mAde, VCE = 5.0 Vde) - - 0.85. 

SMALL·SIGNAL CHARACTERISTICS 

Current-Gai:n-Bandwidth Product IT MHz 
(IC = 500 IJAde, V CE = 5.0 Vde, 1= 20 MHz) 30 80 -

Collector Base Capacitance Ceb pF 
(VCB ' 5.0 Vde, IE' 0, 1.100 kHz) (emitter guarded) - - 4.0 

Small-Signal CUrrent Gain hie -
(IC = 1.0 mAde, VCE ' 5.0 Vde, 1= 1. 0 kHz) 2N5209 150 - 600 

2N5210 250 - 900 

Noise Figure NF dB 
(Ie = 20 t,LAdc , V CE = 5.0 Vdc, RS = 22 k ohms, 2N5209 - - 3.0 

1.10 Hz to 15.7 kHz) 2N5210 - - 2.0 

(IC = 20 IJAde, V CE = 5.0 Vdc, Rg ·10 k ohms, 2N5209 - 1.6 4.0 
1.1.0 kHz) 2N5210 - 1.4 3.0 

NOISE FIGURE 
(VCE '" 5.0 Vdc, T A'" 25°C) 

FIGURE 1 - NOISE FIGURE versus FREQUENCY FIGURE 2 - NOISE FIGURE versus SOURCE RESISTANCE 
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2N5209, 2N521 0 (continued) 

h PARAMETERS 
VCE = 10 Vdc, f = 1.0 kHz, TA = 25°C 

(For Figures 3, 4, 5, 6, 8) 
This group of graphs illustrates the relationship of the "h" parameters for this series of transistors. To obtain these curves, 
4 units were selected and identified by number - the same units were used to develop curves on each graph. 

FIGURE 3 - INPUT IMPEDANCE versus 
COLLECTOR CURRENT 
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2N5209, 2N5210 (continued) 

FIGURE 9 - DC CURRENT GAIN 
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2N5219 (SILICON) 

NPN silicon annular transistor. Plastic encapsulated 
package designed for low-level, small-signal, general
purpose amplifier and oscillator applications. 

CASE 29{l) 
(TO-92) 

MAXIMUM RATINGS 

Rating 

Collector-Emitter Voltage 

Collector-Base Voltage 

Emitter-Base Voltage 

Collector Current - Continuous 

Total Device Dissipation @ T A = 2S"C 

Derate above 25"C 

Operating and Storage Junction 
Temperature Range 

Symbol 

VCEO 

VCB 

VEB 

Ie 
PO !1l 

TJ , Tstg !1l 

THERMAL CHARACTERISTICS 

Characteristic Symbol 

Thermal ReSistance, Junction to 9JA !1I 
Ambient 

. ELECTRICAL CHARACTERISTICS (T. = 25·C uniessotherwise noted) 

Characteristic Symbol Min 

OFF CHARACTERISTICS 

Collector-Emi tter Breakdown Voltage BVCEO 
(IC = 1. 0 mAde, IB = 0) 15 

Collector-Base Breakdown Voltage BVCBO 
(IC ~ 100 j.cAde, IE = 0) 20 

Emitter-Base Breakdown Voltage BVEBO 
(IE = 100 j.cAde, IC = 0) 3.0 

Collector Cutoff Current ICBO 
(YCB = 10 Vdc, IE = 0) -

Emitter Cutoff Current lEBO 
(VBE = 2.0Vde, IC = 0) -

ON CHARACTERISTICS 

DC Current Gain hFE 
(IC = 2.0 mAde, V CE = 10 Vde) 35 

Collector-Emitter Saturation Voltage VCE(sat) 
(IC = 10 mAde, IB = 1. 0 mAdc) -

Base-Emitter Saturation Voltage VBE(sat) 
(IC = 10 mAde, IB = 1. 0 mAde) -

DYNAMIC CHARACTERISTICS 

Current-Galn-Bandwidth Product fT 
(IC = 10 mAde, V CE = 10 Vdc) 150 

Collector-Base Capacitance Ccb 
(VCB = 10 Vdc, ~ = 0, f = 1. 0 MHz) -

Small-Signal Current Gain hfe (Ie =2.0mAde, VCE = 10Vde, f=1.0kHz) 35 

Value 

15 

20 

3.0 

100 

310 

2.81 

-55 to +135 

Max 

0.357 

Max 

-

-

-

100 

500 

500 

0.4 

1.0 

-

4.0 

1500 

(1) Continuous package improvements have enhanced these guaranteed Maximum Ratings as follows: Po"" 1.0 W @ TC "" 25°C, 
Derate above 2SoC - 8.0 mW/oC, T J - -65 to +150o C. 8 J C "" 1250 C/W. 
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Unit 

Vde 

Vdc 

Vde 

mAde 

mW 

mW/·C 

·C 

Unit 

·C/mW 

Unit 

Vde 

Vde 

Vdc 

nAde 

nAde 

-

Vde 

Vde 

MHz 

pF 

-



2NS220 (SILICON) 

CASE 29(1) 
(TO-92) 

NPN silicon annular transistor. Plastic encapsulated 
package designed for low~power, large-signal audio and 
general-purpose amplifier applications and for comple
mentary circuitry with PNP type 2N5221. 

MAXIMUM RATINGS 

Rating Symbol Value Unit 

Collector-Emitter Voltage VCEO 15 Vde 

Collector-Base Voltage VCB 15 Vde 

Emitter-Base Voltage VEB 3.0 Vde 

Collector Current - Continuous IC 500 mAde 

Total Device Dissipation @ T A = 25°C POll) 310 mW 

Derate above 25°C 2.81 mW/oC 

Operating and Storage Junction TJ , Tstglll -55 to +135 °c 
Temperature Range 

THERMAL CHARACTERISTICS 

Characteristic Symbol Max Unit 
Thermal Resistance, Junction to 9 JAI1I 0.357 °C/mW 

Ambient 

ELECTRICAL CHARACTERISTICS (TA = 25"C unless otherwise noted) 

Characteristic Symbol Min Max 

OFF CHARACTERISTICS 

Collector-Emitter Breakdown Voltage BVCEO 
(IC = 10 mAdc, IB = 0) 15 -

Collector-Base Breakdown Voltage BVCBO 
(IC = 100 I'Ade, IE = 0) 15 -

Emitter-Base Breakdown Voltage BVEBO 
(IE = 100 I'Ade. IC = 0) 3.0 -

Collector Cutoff Current ICBO 
(VCB = 10 Vde. IE = 0) - 100 

Emitter Cutoff Current lEBO 
(VBE = 3.0 Vde, IC = 0) - 100 

ON CHARACTERISTICS 

DC Current Gain hFE 
(IC = 10 mAde, V CE = 10 Vde) 25 -
(IC = 50 mAde, V CE = 10 Vde) 30 600 

Col.lector-Emitter Saturation Voltage VCE(sat) 
(IC = 150 mAde, IB = 15 mAde) - 0.5 

Base-Emitter Saturation Voltage VBE(sat) 
(IC = 150 mAde, IB = 15 mAde) - 1.1 

DYNAMIC CHARACTERISTICS 

Current-Gain-Bandwidth Product IT 
(IC = 20 mAde, VCE = 10 Vde) 100 -

Collector-Base'Capacitance Ceb 
(VCB = 5.0 Vde, IE = 0, 1= 1. 0 MHz) - 10 

Small-Signal Current Gain hre 
(IC = 50 mAde, V CE = 10 Vde, I = 1. 0 kHz) 30 1800 

(1) Continuous package improvements have enhanced theS89lJaranteed Maximum Ratings as.foIIOws: PO'" 1.0 W@TC '" 251?C, 
Derate above 25°C - B.O mW/oC, T J = -65 to -+ 150°C, 6 JC = 125° C/W. 
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Unit 

Vdc 

Vdc 

Vde 

nAde 

nAde 

-

Vde 

Vdc 

MHz 

pF 

-



2N5221 (SILICON) 

PNP silicon annular transistor. Plastic encapsulated 
package designed for low-power, large-signal audio and 
general-purpose amplifier applications, and for comple
mentary circuitry with NPN type 2N5220. 

CASE 29(1) 
(TO·92) 

MAXIMUM RATINGS 

Rating 

Collector-Emitter Voltage 

Collector-Base Voltage 

Emitter-Base Voltage 

Collector Current 

Total Device Dissipation @ T A = 25°C 
Derate above 25°C 

Operating and Storage Junction 
Temperature Range 

THERMAL CHARACTERISTICS 

Characteristic 

Thermal Resistance, Junction to 
Ambient 

ELECTRICAL CHARACTERISTICS (T. = 25"C unless otherwise noted) 

Characteristic Symbol 

OFF CHARACTERISTICS 

Collector-Emitter Breakdown Voltage BVCEO 
(IC = 10 mAde, IB = 0) 

Collector-Base Breakdown Voltage BVCBO 
(Ic = 100 /LAde, IE = 0) 

Emitter-Base Breakdown Voltage BVEBO 
(~ = 100 /LAde, IC = 0) 

Collector Cutoff Current ICBO 
(VCB = 10 Vde, IE = 0) 

Emitter Cutoff Current lEBO 
(VBE = 3.0 Vdc, IC = 0) 

ON CHARACTERISTICS 
DC Current Gain hFE 

(IC = 10 mAde, V CE = 10 Vdc) 

(Ic = 50 mAdc, V CE = 10 Vde) 

Collector-Emitter Saturation Voltage VCE(sat) 
(IC = ISO mAde, IB = 15 mAde) 

Base-Emitter Saturation Voltage VBE(sat) 
(IC = 150 mAdc, IB = 15 mAde) 

DYNAMIC CHARACTERISTICS 
Current-Gain-Bandwidth Product fT 

(Ic = 20 mAde, VCE = 10 Vde) 

Collector-Base Capacitance Ccb 
(YCB = 5.0 Vdc, IE = 0, f = 1.0 MHz) 

Small-Signal Current Gain hre 
(IC = 50 mAdc, V CE = 10 Vdc, f = 1. 0 kHz) 

Symbol Value 

VCEO 15 

VCB 15 

VEB 3.0 

IC 500 

PD 
111 310 

2.81 
T Till 

J' stg -55 to +135 

Symbol Max 
B 111 

JA 0.357 

Min Max 

15 -

15 -

3.0 -

- 100 

- 100 

25 -
30 600 

- 0.5 

- 1.1 

100 -
- 15 

30 1800 

(1) Continuous package improvement. have enhanced the .. eyaranteed Maximum Rating. as follows: PO'" 1.0 W @ TC .: 2SoC, 
Derate above 2S0C - 8.0 mW/oC, T J = -65 to + 150°C. 8 JC '" 1250 elW. 
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Unit 

Vdc 

Vdc 

Vdc 

mAdc 

mW 
mW/"C 

°c 

Unit 

°C/mW 

Unit 

Vdc 

Vdc 

Vde 

nAde 

nAde 

-

Vde 

Vde 

MHz 

pF 

-



2N5222 (SILICON) 

NPN . silicon annular transistor. Plastic encapsulated 
package designed for RF amplifier, mixer, and video IF 
applications in AM/FM radio and television receivers. 

CASE 29(2) 
(TO·92) 

MAXIMUM RATINGS 

Rating 
Collector-Emiller Voltage 

Collector-Base Voltage 

Emitter-Base Voltage 

CoUector Current 

Total Device Dissipation @TA = 25· C 
Derate above 25· C 

Operating and Storage Junction 
Temperature Range 

THERMAL CHARACTERISTICS 

Characteristic 

·Thermal Resistance, Junction to Ambient 

ELECTRICAL CHARACTERISTICS (T. = 2S"C unless otherwise noted) 

Characteristic Symbol 

OFF CHARACTERISTICS 
Collector-Emitter Breakdown Voltage BVCEO 

(IC = 1. 0 mAdc, lB = 0) 

Collector -Base Breakdown Voltage BVCBO 
(IC = 100 /lAdc, ~ = 0) 

Emitter-Base Breakdown Voltage BVEBO 
(IE = 100 /lAdc, IC = 0) 

Collector Cutoff Current lCBO 
(V CB = 10 Vdc, ~ = 0) 

Emitter Cutoff Current lEBO 
(VBE = 2.0 Vdc, lC = 0) 

ON CHARACTERISTICS 
DC Current Gain hFE 

(IC = 4.0 mAdc, V CE = 10 Vdc) 

Collector-Emitter Saturation Voltage VCE(sat) 
(IC = 4. 0 mAde, IB = 400 /lAde) 

Base~Emitter Saturation Voltage V 
(IC = 4.0 mAdc, IB = 400 /lAde) 

BE (sat) 

DYNAMIC CHARACTERISTICS 
Current -Gain - Bandwidth Product fT 

(IC = 4.0 mAde, V CE = 10 Vde 

Collector-Base Capacitance Ccb 
(V CB = 10 Vdc, ~ = 0, f = 1. 0 MHz) 

Small-Signal Current Galn hfe 
(IC = 4.0 mAdc, V CE = 10 Vdc, f = 1. 0 kHz) 

Symbol Value 
VCEO 15 

VCB 20 

VEB 2.0 

lC 50 

PDIII 310 
2.81 

T T III 
J' stg -55 to +135 

Symbol Max 

8JAI1l 0.357 

Min Max 

IS -

20 -

2.0 -

- 100 

- 100 

20 1500 

- 1.0 

- 1.2 

450 -

- 1.3 

20 3000 

(1) Continuous package improvements have enhanced these guaranteed Maximum Ratings as follows: Po"" 1.0 W §) TC "" 2Soc:. 
Oerate above 25°C - 8.0 mW/oC, T J "" -65 to +150o C. 8 JC ;;z 1250 C/W. 
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Unit 
Vdc 

Vdc 

Vdc 

mAdc 

mW 
mW/'C 

·C 

Unit 

·C/mW 

Unit 

Vdc 

Vdc 

Vdc 

nAdc 

nAdc 

-

Vdc 

Vde 

MHz 

pF 

-



2N5223 (SILICON) 

NPN silicon annular transistor. Plastic encapsulated 
package designed for low-level, small-signal, general
purpose amplifier and oscillator applications. 

MAXIMUM RATINGS 

Rating Symbol 

Collector-Emitter Voltage VCEO 

Collector - Base Voltage VCB 

Emitter-Base Voltage VEB 

Collector Current IC 

Total Device Dissipation @TA = 25" C 
Derate above 25" C 

PDIII CASE 29(1) 
(10-92) Operating and Storage Junction T T III 

J' stg . Temperature Range 

THERMAL CHARACTERISTICS 

Characteristic Symbol 

Thermal ReSistance, Junction to Ambient 9JA III 

EL.ECTRICAL CHARACTERISTICS (T. = 2S'C unless otherwise noted) 

Characteristic Symbol Min 

OFF CHARACTERISTICS 
Collector-Emitter Breakdown Voltage BVCEO 

(IC = 1. 0 mAdc, IB = 0) 20 

Collector-Base Breakdown Voltage BVCBO 
(IC = 100 I'Adc, IE = 0) 25 

Emitter-Base Breakdown Voltage BVEBO 
(IE = 100 I'Adc, IC = 0) 3.0 

Collector Cutoff Current ICBO 
(VCB = 10 Vdc, IE = 0) -

Emitter Cutoff Current lEBO 
(VBE = 3. 0 Vdc, IC = 0) -

ON CHARACTERISTICS 
DC Current Gain hFE 

(IC = 2.0 mAdc, V CE = 10 Vdc) 50 

Collector-Emitter Saturation Voltage VCE(sat) 
(Ic = 10 mAdc, IB = 1. 0 mAdc) -

Base-Emitter Saturation Voltage VBE(sat) 
(IC = 10 mAdc, IB = 1. 0 mAdc) -

DYNAMIC CHARACTERISTICS 
Current-Galn-Bandwidth Product fT 

(IC = 10 mAdc, V CE = 10 Vdc) 150 

Collector-Base Capacitance Ccb 
(V CB = 10 Vdc, ~ = 0, f = 1. 0 MHz) -

Small-Signal Current Gain hfe 
(IC = 2.0 mAdc, V CE = 10 Vdc, f = 1. 0 kHz) 50 

Value 

20 

25 

3.0 

100 

310 
2.81 

-55 to +135 

Max 
0.357 

Max 

-

-

-

100 

500 

800 

0.7 

1.2 

-

4.0 

1600 

(1) Continuous package improvements have enhanced these guaranteed Maximum Ratings as follows: Po == 1.0 W @ TC '" 25°C. 
Derate above 2SoC '- 8.0 mW/oC. T J "" -65 to +150o C. 8JC = 1250C/W. 
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Unit 

Vdc 

Vdc 

Vdc 

mAdc 

mW 
mW/"C 

"C 

Unit 

"C/mW 

Unit 

Vdc 

Vdc 

Vdc 

nAdc 

nAdc 

-

Vdc 

Vdc 

MHz 

pF 

-



2NS224 (SILICON) 

NPN silicon annular transistor. Plastic encapsulated 
package designed for general-purpose, low-level switch
ing applications. 

CASE 29(1) 
(TO·92) 

MAXIMUM RATINGS 

Rating 

Collector-Emitter Voltage 

Collector-Base Voltage 

Emitter-Base Voltage 

Total Device Dissipation @ T A = 25°C 
Derate above 2SoC 

Operating and Storage Junction 
Temperature Range 

THERMAL CHARACTERISTICS 

Characteristic 

Thermal Resistance, Junction to 
Ambient 

Symbol 

VCEO 

VCB 

VEB 

p 111 
D 

TJ , T 111 
stg 

Symbol 
(). 111 

JA 

Value Unit 

12 Vdc 

25 Vdc 

5.0 Vdc 

310 mW 
2.81 mWrC 

-55 to +135 °c 

Max Unit 

0.357 °C/mW 

(1) Continuous package improvements have enhanced these guaranteed Maximum Ratings as follows: Po:: 1.0·W @ 

TC:= 25°C. Derate above 2SoC - 8.0 mW~C. T J = -65 to +150o C. 9 J C = 12SoC/W. 
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2N5224 (continued) 

ELECTRICAL CHARACTERISTICS (T, = 2S0C unless otherwise noted) 

Characteristic Symbol 

OFF CHARACTERISTICS 

Collector-Emitter Breakdown Voltage III BVCEO 
(IC = 10 mAdc, IB = 0) 

Collector-Base Breakdown Voltage BVCBO 
(IC = 100 IlAdc, IE = 0) 

Emitter-Base Breakdown Voltage BVEBO 
(~ = 100 jiAde, IC = 0) 

Collector Cutoff Current ICBO 
(VCB = 15 Vde, IE = 0) 

Emitter Cutoff Current ~BO 
(VBE = 4.0 Vde, IC = 0) 

ON CHARACTERISTICS 
DC Current Gain hFE 

(IC = 10 mAde, V CE = 1. 0 Vdc) 

(IC = 100 mAde, V CE = 1. 0 Vdc) 

Collector-Emitter Saturation Voltage VCE(sat) 
(IC = 10 mAdc, IB = 3.0 mAdc) 

Base-Emitter Saturation Voltage VBE(sat) 
(IC = 10 mAdc, IB = 3.0 mAdc) 

DYNAMIC CHARACTERISTICS 
Current-GaIn-Bandwidth Product fT 

(IC = 10 mAde, V CE = 10 Vdc, f = 100 MHz) 

Collector-Base Capacitance Ccb 
(VCB = 5.0 Vdc, ~ = 0, f = 1.0 MHz) 

SWITCHING CHARACTERISTICS 
Delay Time (See Figure 1) td 

Rise Time (See Figure 1) tr 

Storage Time (See Figure 1) t s 

Fall Time (See Figure 1) tf 

(tI Pulse Test: Pulse Width = 300 jiS, Duty Cycle = 2.0%. 

FIGURE 1 - SWITCHING TIME TEST CIRCUIT 

10.55V-O 

OV 
-1.5V ...J L 

10.7V-n 

3.3k 

Min Max Unit 

Vdc 
12 -

Vdc 
25 -

Vdc 
5.0 -

nAde 
- 500 

jiAde 
- 100 

-
40 400 

15 -
Vde 

- 0.35 

Vdc 
- 0.9 

MHz 
250 -

pF 
- 4.0 

- 25 ns 

- 20 ns 

- 35 ns 

- 25 ns 

VCC=3.0V 

270 

JO----O SCOPE 

-9.1 V] l IN r--"Nv------i 
TURN·ON INPUT PULSE TURN·OFF INPUT PULSE 

GENERATOR SOURCE IMPEOANCE = 50 ohms 

INPUT PULSE, 
RISE TIME t;;;; 2.0 os 
FALL TIME.;;;; 2.0 os 
NOMINAL PULSEWIOTH = 300 ns 
NOMINAL OUTY CYCLE = 2.0% 

2-91 

OSCILLOSCOPE, 
RISE TIME < 0.4 ns 
INPUT RESISTANCE> 50 ohms 
INPUT CAPACITANCE" 4.0 pF 



2N5225 (SILICON) 

NPN silicon annular transistor. Plasticencapsulated 
package designed for medium-current amplifier applica
tions and for complementary circuitry withPNP type 
2N5226. 

CASE 29(1) 
(TO-92) 

MAXIMUM RATINGS 

Rating 
Collector-Emitter Voltage 

Collector-Base Voltage 

Emitter-Base Voltage 

Collector Current 

Total Device Dissipation @TA = 25°C 
Derate above 25° C 

Operating and Storage Junction 
Temperature Range 

THERMAL CHARACTERISTICS 

Characteristic 

Thermal Resistance, Junction to Ambient 

ELECTRICAL CHARACTERISTICS (TA = 25"C unless otherwise noted) 

Characteristic Symbol· 

OFF CHARACTERISTICS 
Collector-Emitter Breakdown Voltage BVCEO 

(IC = 10 mAdc, IB = 0) 

Collector-Base Breakdown Voltage BVCBO 
(IC = 100 /lAdc, IE = 0) 

Emitter-Base Breakdown Voltage BVEBO 
(~ = 100 gAdc, IC = 0) 

Collector Cutoff Current ICBO 
(VCB = 15Vdc, IE =0) 

Emitter Cutoff Current lEBO 
(VBE = 4.0 Vdc, IC = 0) 

ON CHARACTERISTICS 
DC Current Gain hFE 

(IC = 10 mAdc, V CE = 10 Vdc) 

(IC = 50 mAdc, V CE = 10 Vdc) 

Collector-Emitter Saturation Voltage V CE(sat) 
(IC = 100 mAdc, IB = 10 mAdc) 

Base-Emitter Saturation Voltage VBE(sat) 
(lC = 100 mAdc, IB = 10 mAdc) 

DYNAMIC CHARACTERISTICS 
Cu.rrent-Gain-Bandwidth Product fT 

(lC = 20 mAde, V CE = 10 Vdc) 

Collector-Base Capacitance Ccb 
(V CB = 5.0 Vde, ~ = 0, f = 1. 0 MHz) 

Small-Signal Current Gain hfe 
(lC = 50 mAde, V CE = 10 Vdc, f = 1. 0 kHz) 

. Symbol Value 
VCEO 25 

VCB 25 

VEB 4.0 

IC 500 

P III 310 D 2.81 

T T III 
J' stg -55 to +135 

Symbol Max 
8 111 
JA 0.357 

Min .1 Max 

25 -

25 -

4.0 -

- 300 

- 500 

25 -
30 600 

- 0.8 

- 1.0 

50 -

- 20 

30 1800 

(1) Continuous package improvements have enhanced these guaranteed Maximum Ratings 8S follows: Po = 1.0 W @ TC "" 2SoC, 
Derate above 25°C - B.O mW/OC, TJ "" -65 to +150oC. 8 JC" 12SoCIW. 
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Unit 
Vdc 

Vdc 

Vdc 

mAdc 

mW 
mWrC 

°c 

Unit 

°C/mW 

Unit 

Vdc 

Vdc 

Vdc 

nAdc 

nAde 

-

Vdc 

Vdc 

MHz 

pF 

-



2N5226 (SILICON) 

PNP silicon annular transistor. Plastic encapsulated 
package designed for medium-current, amplifier applica
tions and for complementary circuitry with NPN type 
2N5225. 

CASE 29(1) 
(TO-92) 

MAXIMUM RATINGS 

Rating 

CoUeetor-Emitter, Voltage 

Collector-Base Voltage 

Emitter-Base Voltage 

CoUeetor Current 

Total Device Dissipation @TA = 25° C 
Derate above 25°C 

Operating and Storage Junction 
Temperature Range 

THERMAL CHARACTERISTICS 

Characteristic 
Therma.l Resistance, Junction to Ambient 

ELECTRICAL CHARACTERISTICS (TA = 2S"C unless otherwise noted) 

Characteristic Symbol 
OFF CHARACTERISTICS 

CoUeetor-Emitter Breakdown Voltage BVCEO 
(IC = 10 mAde, IB = 0) 

Collector-Base Breakdown Voltage BVCBO 
(Ic = 100 /LAde, IE = 0) 

Emitter-Base Breakdown Voltage BVEBO 
(IE = 100 I'Ade, IC = 0) 

Collector Cutoff Current ICBO 
(V CB = 15 Vde, IE = 0) 

Emitter Cutoff Current lEBO 
(VBE = 4. 0 Vdc, IC = 0) 

ON CHARACTERISTICS 
DC Current Gain hFE 

(IC = 10 mAde, V CE = 10 Vde) 

(IC = 50 mAde, V CE = 10 Vde) 

Collector-Emitter Saturation Voltage VCE(sat) 
(IC = 100 mAde, IB = 10 mAde) 

Base-Emitter Saturation Voltage' VBE(sat) 
(IC = 100 mAde, IB = 10 mAde) 

DYNAMIC CHARACTERISTICS 
Current-Galn-Bandwidth Product fT 

(IC = 20 mAde, V CE = 10 Vde) 

CoUector-Base Capacitance Ceb 
(V CB = 5.0 Vdc, IE = 0, I = 1. 0 MHz) 

Small-Signal Current Gain hIe 
(Ic = 50 mAde, V CE = 10 Vde, 1= 1. 0 kHz) 

Symbol Value 

VCEO 25 

VCB 25 

VEB 4.0 

IC 500 

P 111 310 
D 2.81 

T T 111 
J' stg 

-55 to +135 

Symbol Max 
8 111 
JA 

0.357 

Min Max 

25 -

25 -

4.0 -

- 300 

- 500 

25 -
30 600 

- 0.8 

- 1.0 

50 -

- 20 

30 1800 

(1) Continuous package Improvements have enhanced theta guaranteed Maximum Ratings as follows: Po = 1.0 W @ T C "" 250~. 
Oerate above 25°C - 8.0 mW/oC, T J "" -65 to + 150°C. 8 JC "" 1250 C/W. 
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Unit 

Vde 

Vde 

Vde 

mAde 

mW 
mW/oC 

°c 

Unit 
°C/mW 

Unit 

,Vde 

Vde 

Vde 

nAde 

nAde 

-

Vde 

Vde 

MHz 

pF 

-



2NS227 (SILICON) 

PNP silicon annular transistor. Plastic encapsulated 
package designed for low~level, small-signal general-pur
pose amplifier and oscillator applications. 

MAXIMUM RATINGS 

Rating Symbol Value 
Collector-Emitter Voltage VCEO 30 

Collector-Base Voltage VCB 30 

Emitter-Base Voltage VEB 3.0 

Collector Current IC 50 

Total Device Dissipation @TA = 25· C P (11 310 
Derate above 25·C D 2.81 CASE 29(1) 

(TO-92) Operating and Storage Junction T T 111 
J' stg -55 to +135 

Temperature Range 

THERMAL CHARACTERISTICS 

Characteristic Symbol 

Thermal Resistance, Junction to Ambient 8JAlli 

ELECTRICAL CHARACTERISTICS (T. = 2S'C unless otherwise noted) 

Characteristic Symbol Min 
OFF CHARACTERISTICS 

Collector-Emitter Breakdown Voltage BVCEO 
(IC = 1. 0 mAdc, IB = 0) 30 

Collector-Base Breakdown Voltage BVCBO 
(IC = 100 /lAdc, IE = 0) 30 

Emitter-Base Breakdown Voltage BVEBO 
(IE = 100 /lAdc, IC = 0) 3.0 

Collector Cutoff Current ICBO 
(V CB = 10 Vde, IE = 0) -

Emitter Cutoff Current ~BO 
(VBE = 2.0 Vdc, IC = 0) -

ON CHARACTERISTICS 
DC Current Gain hFE 

(IC = 100 /lAdc, V CE = 10 Vde) 30 

(IC = 2.0 mAdc, V CE = 10 Vdc) 50 

Collector-Emitter Saturation Voltage VCE(sat) 
(IC = 10 mAdc, IB = 1. 0 mAde) -

Base-Emitter Saturation Voltage VBE(sat) 
(IC = 10 mAdc, IB = 1. 0 mAde) -

DYNAMIC CHARACTERISTICS 
Current-Gain-Bandwidth Product IT 

(IC = 10 mAde, V CE = 10 Vdc) 100 

Output Capacitance Ceb 
(V CB = 10 Vdc, IE = 0) -

Small-Signal Current Gain hfe 
(IC. = 2.0 mAdc, V CE = 10 Vdc, f = 1. 0 kHz) 50 

(1) Co'ntinuous package improvements have enhanced these ililaranteed Maximum Ratings as. follows: PD.'" 1.0 W @ TC '" 2SoC, 
Derate above 2SoC - 8.0 mW/oC, T J = -65 to +150o C. 8 JC :: 1250 C/W. 
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Max 

0.357 

Max 

-

-

-

100 

500 

-
700 

0.4 

1.0 

-

5.0 

1500 

Unit 
Vdc 

Vdc 

Vdc 

mAdc 

mW 
mW/·C 

·C 

Unit 

·C/mW 

Unit 

Vdc 

Vde 

Vde 

nAde 

nAde 

-

Vde 

Vde 

MHz 

pF 

-



2N5228 (SILICON) 

PNP silicon annular transistor. Plastic encapsulated 
package designed for general-purpose, low level switch
ing applications. 

CASE 29(1) 
(TO·92) 

MAXIMUM RATINGS 

Rating 

Collector-Emitter Voltage 

Collector-Emitter Voltage 

Collector-Base Voltage 

Emitter-Base .Voltage 

Collector Current 

Total Device Dissipation @ T A = 25°C 
Derate above 25°C 

Operating and Storage Junction 
Temperature Range 

THERMAL CHARACTERISTICS 

Characteristic 

Thermal Resistance, Junction to 
Ambient 

Symbol Value 

VCEO 5.0 

VCES 6.0 

VCB 5.0 

VEB 3.0 

IC 50 

P ,'1 310 D 2.81 

TJ , T (1) 

stg -55 to +135 

Symbol Max 
fi JA'1) 0.357 

(1) Continuous package improvements have enhanced these guaranteed Maximum Ratings as 
follows: Po"'; 1,0 W @TC == 25°C. Derate above 25°C - 8.0 mW/oC, T J == -65 to +150o C, 
eJC = '250 C/W. 

FIGURE 1 - SWITCHING TIME TEST CIRCUIT 

3.3 k 

Unit 

Vdc 

Vdc 

Vdc 

Vdc 

mAdc 

mW 
mW/"C 

°c 

Unit 

°C/mW 

VCC < 3.0 V 

270 

....... ---<>SCOPI; 

1:~""] C 

-10.55V_U 

TURN·ON INPUT PULSE 

9.
1Vl [ 

-1O.7v_D 
TURN·OFF INPUT PULSE 

IN >---W\~---I 

GENERATOR SOURCE IMPEOANCE < 50 ohms 

INPUT PULSE: 
RISE TIME" 2.0 nl 
FAll TIME.; 2.0 ns 
NOMINAL PULSEWIOTH·< 300 ns 
NOMINAL DUTY CYCL~ < 2.11K. 
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OSCillOSCOPE: 
RISE TIME ... 0.4 os 
INPUT RESISTANCE ~ 50 ohms 
INPUT CAPACITANCE" 4.0 pF 



2N5228 (continued) 

ELECTRICAL CHARACTERISTICS (T A = 25°C unless otherwise noted) 

Characteristic Symbol Min Max Unit 

OFF CHARACTERISTICS 
Collector-Emitter Breakdown Voltage BVCEO Vdc 

(IC = 10 mAdc, IB = 0) 5.0 -
Collector-Emitter Breakdown Voltage BVCES Vdc 

(IC = 100 /.LAdc, V BE = 0) 6.0 -
Collector-Base Breakdown Voltage BVCBO Vdc 

(IC = 100 /.LAdc, IE = 0) 5.0 -
Emitter-Base Breakdown Voltage BVEBO Vdc 
(~ = 100 /.LAdc, IC = 0) 3.0 -

Collector Cutoff Current ICES nAdc 
(VCE = 4.0 Vdc, VBE = 0) - 100 

Emitter Cutoff Current ~BO /.L Adc 
(VBE = 2.5 Vdc, IC= 0) - 100 

ON CHARACTERISTICS 
DC Current Gain hFE -

(IC = 10 mAdc, V CE = 0.3 Wc) 30 -
(IC = 50 mAdc, V CE = 1. 0 Vdc) 15 -

Collector-Emitter Saturation Voltage VCE(sat) Vdc 
(IC = 10 mAdc, IB = 3.0 mAdc) - 0.4 

Base-Emitter Saturation Voltage VBE(sat) Vdc 
(IC = 10 mAdc, IB = 3.0 mAdc) 0.65 1. 25 

DYNAMIC CHARACTERISTICS 
Current-Gain-Banclwidth Product fT MHz 

(Ie = 10 mAdc, VCE = 5.0 Vdc, f = 100 MHz) 300 -

Collector-Base Capacitance Ccb pF 
(VCB = 5.0 Vdc, IE = 0, f = 1.0 MHz) - 5.0 

SWITCHING CHARACTERISTICS 
Delay Time (See Figure 1) td - 25 ns 

Rise Time (See Figure 1) tr - 50 ns 

Storage Time (See Figure 1) ts - 90 ns 

Fall Time (See Figure 1) tf - 50 ns 
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2N5229 (SILICON) 
2N5230 
2N5,231 

PNP SILICON ANNULAR TRANSISTORS 

· .. designed for low·level, chopper applications requiring high speed 
operation. This series of devices offers excellent characteristics for 
use in servo·loop, sensing instrumentation and control amplifier for 
motor drive systems. These transistors can also be used as replace· 
ment devices for alloy·type transistors where high BVESO is required. 

• Low Offset Voltage- VEC(off) = 0.5 mVdc (Max)@ls= 100",Adc 

• Low Dynamic "ON" Series Resistance-
r ec (ON) = 6,0 Ohms (Max) @ IS = 1.0 mAdc 

• Space Saving TO·46 Package 

MAXIMUM RATINGS 

Rating Symbol 2N5229 2N5230 2N5231 Unit 

·Collector-Emitter Voltage VCEO 10 20 30 Vde 

"Coliecto,·Base Voltage VCB 15 30 50 Vde 

·Emitter-Base Voltage VES 15 30 50 Vde 

·Collector Currant IC ~50------- mAde 

Total Device Dissipation @TA = 25°C Po ------ 0.5------. Wan 

Derate above 25°C -2.B6- mW/oC 

"Total Device Dissipation@Tc=250C Po .....--2.0~ Watts 

Derate above 25°C ~12-----'" mW/oC 

Operating and Storage Junction TJ,Tstg ..-- -65 to +200 ---.... °c 
Temperature Range 

·Indtcates JEOEC Registered Data. 
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PNP SILICON 
CHOPPER 

TRANSISTORS 

MIN 

L ~:~l~ DIA 

CASE 26 

TO-46 PACKAGE 



2N5229, 2N5230, 2N5231 (continued) 

-ELECTRICAL CHARACTERISTICS (Tc = 25°C unless otherwise noted) 

Characteristic Symbol Min Max Unit 

OFF CHARACTERISTICS 

.Emitter-Collector Breakdown Voltage BVECO Vdc 
(IE = 10 "Adc, IB = 01 2N5229 10 -

2N5230 20 -
2N5231 30 -

Collector-Base Breakdown Voltage BVCBO Vdc 
(lC= 10"Adc,IE =01 2N5229 15 -

2N5230 30 -
2N5231 50 -

Emitter-Base Breakdown Voltage BVEBO Vdc 
(IE = 10"Adc,IC = 01 2N5229 15 -

2N5230 30 -
2N5231 50 -

Collector Cutoff Current ICBO nAdc 
(VCB = 12 Vdc, IE = 01 2N5229 - 1_0 
(VCB = 25 Vdc, IE = 01 2N5230 - 1_0 
(VCB = 40 Vdc, IE = 01 2N5231 - 1_0 

.Emitter Cutoff Current lEBO nAdc 
(VEB = 12 Vdc, IC = 0) 2N5229 - 1_0 
(VEB = 25 Vdc, IC = 0) 2N5230 - 1.0 
!VEB = 40 Vdc, IC = 0) 2N5231 - 1.0 

ON CHARACTERISTICS 

DC Current Gain hFE -

(lC = 100 "Adc, VCE = 1.0 Vdcl 50 -
(lC = 200 "Adc, VCE = 0.5 Vdcl (Inverted Connection) 15 -

Offset Voltage VeC(off) mVdc 
(lB = l00"Adc,IE = 01 2N5229,2N5230 - 0.5 

2N5231 - O_B 

(lB = 1.0 mAde, IE = 01 2N5229 - O_B 
2N5230,2N5231 - 1.0 

DYNAMIC CHARACTERISTICS 

Collector-Base Capacitance Ccb - 5.0 pF 
(VCB = 10 Vdc, Ie =0, f = 140 kHz) 

Emitter-Base Capacitance Ceb - 4.0 pF 
(VEB = 10 Vdc,IC = 0, f = 140 kHzl 

Small-Signal Current Gain hfe 2.0 - -
(lC= 1_0 mAde, VCE =5.0 Vdc, f =4.0 MHz) 

"ON" Series Resistance r ec(ONI Ohms 
(lB= 1.0 mAde, IE =0, le= loo"Adc, f= 1.0 kHzl 2N5229 1_0 6_0 

2N5230 2.0 8_0 
2N5231 2_0 10 

-Indicates JE DEC Registered Data. 
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2N5229, 2N5230, 2N5231 (continued) 

TYPICAL CHARACTERISTICS 
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2N5229, 2N5230, 2N5231 (continued) 
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2N5241 (SILICON) 

HIGH VOLTAGE NPN SILICON TRANSISTOR 

· .. designed for use in high-voltage switching regulators, inverters, 
converters and line operated amplifiers. 

• High Collector-Emitter Voltage - 400 Volts 

• DC Current Gain -
hFE = 10 (Min) @ IC = 3.5 Adc 

• Low Collector-Emitter Saturation Voltage -
VCE(sat) = 0.7 Vdc (Max) @ IC = 2.5 Adc 

• Switching Times - @ IC = 2.5 Adc 
ton = 0.8 f.lS (Max) 
toff = 1.7 f.lS (Max) 

*MAXIMUM RATINGS 

Rating Symbol 

CollectorMEmitter Voltage VCEO 

Collector-Base Voltage VCB 

Emitter-Base Voltage VEB 

Collector Current - Continuous IC 

Base Current IB 

Total Device Dissipation@Tc=62.50 C Po 
Derate above 62.50 C 

Operating Junction Temperature Range TJ 

Storage Temperature Range Tstg 

~HERMAL CHARACTERISTICS 

Characteristic Symbol 

Thermal Resistance, Junction to Case 8JC 

-Indicates JEOEC Registered Data 

Value Unit 

400 Vdc 

400 Vdc 

5.0 Vdc 

5.0 . Adc 

2.0 Adc 

125 Watts 
1.43 wfOc 

-65 to +150 °c 
-65 to +200 °c 

Max Unit 

0.7 °C/W 

2-101 

5.0 AMPERE 

POWER TRANSISTOR 
NPN SILICON 

400 VOLTS 
125 WATTS 

To convert inches to millimeters multiply by 25.4 

All JEOEC diml!l15ionland notes apply 

Collector connected to case 

CASE 11 
TO-3 



2N5241 (continued) 

ELECTRICAL CHARACTERISTICS (TC = 25°C unless otherwise noted 1 

Characteristic SVmbol Min 

OFF CHARACTERISTICS 

Collector-Emitter Sustaining Voltage SVCEO(susl 325 
(lC = 100 mAde, IS = 01 

Collector Cutoff Current ICEO -
(VCE = 400 Vde, IS = 01 

Collector Cutoff Current ICEX 
(VCE = 400 Vde, VES(offl = 1.5 Vdcl -
(VCE = 400 Vdc, VES(offl = 1.5 Vdc, TC = 1250 CI -

Emitter Cutoff Current IESO -
(VSE = 5.0 Vdc, IC = 0) 

ON CHARACTERISTICS 

DC Current Gain hFE 
(lC = 2.5 Adc, VCE = 5.0 Vdc) 15 

(lc = 3.5 Adc, VCE = 5.0 Vdcl 10 

Collector-Emitter Saturation Voltage VCE(satl 
(Ie = 2.5 Adc, IS = 0.5 Adc) -
(Ie = 5.0 Adc,IS = 1.0 Adc) -

.Base-Emitter Saturation Voltage VSE(satl 
(lc = 2.5 Adc, IS = 0.5 Adcl -
(lC = 5.0 Adc, IS = 1.0 Adc) -

DYNAMIC CHARACTERISTICS 

Current·Gain-Sandwidth Product 
(Ie = 0.2 Adc, VCE = 12 Vdc, f = 1.0 MHz) 

SWITCHING CHARACTERISTICS 

Turn-On Time ton -
(VCC= 125 Vdc, IC= 2.5Adc,IS1 = 0.25 Adc) 

Turn·Off Time toft -
(VCC = 125 Vdc, IC= 2.5 Adc, IS1 =0.25Adc, IS2.= 0.5 Adc) 

Pulse Energy Test - 300 
(Vee = 200 Vdc, Ie = 0.3 Adc, tp = 5.0 ms, Duty Cycle = 1.0% 1 

FIGURE 1 - COLLECTOR·EMITTER SUSTAINING 
VOLTAGE TEST CIRCUIT AND WAVEFORM 
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2N5241 (continued) 

FIGURE 2 - ACTIVE-REGION SAFE OPERATING AREA 
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There are two limitations on the power handling ability of a 
transistor: average junction temperature and second breakdown. 
Safe. operating area CUN8S indicate Ie-VeE limits of the transistor 
that must be observed for reliable operation; i.e., the transistor must 
not be subjected to greater dissipation than the curves indicate. 

The data of Figure 1 is based on T J(pk) = 150°C; T C is 
variable depending on conditions. Second breakdown pulse limits 
are valid for duty cycles to 10% provided T J(pk) 150°C. At high 
case temperatures, thermal limitations will reduce the power that 
can be handled to values Ie .. than the limitations imposed by second 
breakdown. (See AN-415) 
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2NS265 
thru (SILICON) 

2NS270 

P-Channel junction depletion mode (Type A) field
effect transistors designed for general-purpose amplifier 
applications. 

CASE 20(5) 
(10·72) 

MAXIMUM RATINGS 

Rating 

Drain-Source Voltage 

Drain-Gate Voltage 

Reverse Gate-Source Voltage 

Drain Current 

Gate Current-forward 

Total Device Dissipation @ T A = 25°C 
Derate above 25°C 

Storage Temperature Range 

Operating Junction Temperature Range 

2-104 

Symbol 

VDS 

VDG 

VGS(r) 

1D 

1G(f) 

PD 

Tstg 

TJ 

Value Unit 

60 Vdc 

60 Vdc 

60 Vdc 

20 mAdc 

10 mAdc 

300 mW 
2.0 mWrC 

-65 to +200 °c 

-65 to +175 °c 



2N5265 thru 2N5270 (continued) 

ELECTRICAL CHARACTERISTICS (TA = 2S"C unless otherwise noted) 

Characteristic Symbol Min Max Unit 
OFF CHARACTERISTICS 

Gate-Source Breakdown Voltage 
V(BR)GSS Vde 

(IG = 10 I'Ade, VOS = 0) 60 -

Gate-Source Cutoff Voltage VGS(off) Vdc 
(Vos = 15 Vdc, 10 = 1. 0 I'Adc) 2N5265, 2N5266 - 3.0 

2N5267, 2N5268 - 6.0 
2N5269, 2N5270 - 8.0 

Gate Reverse Current IGSS 
(VGS = 30 Vde, Vos = 0) - 2.0 nAdc 

(VGS = 30 Vdc, VOS = 0, T A = 150·C) - 2.0 I'Adc 

ON CHARACTERISTICS 
Zero-Gate Voltage Drain Current lOSS mAdc 

(Vos = 15 Vdc, VGS = 0) 2N5265 0.5 1.0 
2N5266 0.8 1.6 
2N5267 1.5 3.0 
2N5268 2.5 5.0 
2N5269 4.0 8.0 
2N5270 7.0 14 

Gate-Source Voltage VGS Vdc 
(Vos = 15 Vdc, 10 = 0.05 mAdc) 2N5265 0.3 1.5 

(VDS = 15 Vdc, ID = 0.08 mAde) 2N5266 0.4 2.0 

(VOS = 15 Vdc, ID = 0.15 mAdc) 2N5267 1.0 4.0 

(VOS = 15 Vdc, ID = 0.25 mAde) 2N5268 1.0 4.0 

(Vos = 15 Vdc, 10 = 0.4 mAde) 2N5269 2.0 6.0 

(VDS = 15 Vdc, 10 = 0.7 mAde) 2N5270 2.0 6.0 

SMALL-SIGNAL CHARACTERISTICS 
Forward Transadmittance !Yfs! I'mhos 

(Vos = 15 Vdc, V GS = 0, f = 1. 0 kHz) 2N5265 900 2700 
2N5266 1000 3000 
2N5267 1500 3500 
2N5268 2000 4000 
2N5269 2200 4500 
2N5270 2500 5000 

Forward Transconductance Re(y!s) I'mhos 
(VOS = 15 Vdc, V GS = 0, f = 100 MHz) 2N5265 800 -

2N5266 900 -
2N5267 1400 -
2N5268 1700 -
2N5269 1900 -
2N5270 2100 -

Output Admittance !Yos! I'mhos 
(V DS = 15 Vdc, V GS = 0, f = 1. 0 kHz) - 75 

Input Capacitance Ciss pF 
(VDS = 15 Vdc, VGS = 0, f = 1.0 MHz) - 7.0 

Reverse Transfer Capacitance Crss pF 
(VOS = 15 Vdc, VGS = 0, ! = 1. 0 MHz) - 2.0 

Common-Source Noise Figure NF dB 
(VOS = 15 Vdc, VGS = 0, - 2.5 

RG = 1. 0 M ohm, f = 100 Hz, BW = 1. 0 Hz) 

Equivalent Short-Circuit Input Noise Voltage en nVjJHz 
(VDS = 15 Vdc, VGS = 0, - 115 

f = 100 Hz, BW = 1. 0 Hz) 
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2N5265 thru 2N5270 (continued) 

FIGURE 1-6 TRANSFER CHARACTERISTIC CURVES 
FOR MINIMAX lOSS LIMITS 
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2N5265 thru 2N5270 (continued) 

FIGURES 7-12 - TYPICAL AND MINIMUM FORWARD TRANSFER ADMITTANCE 
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2N5265 thru 2N5270 (continued) 

TYPICAL CURVES 
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2N5265 thru 2N5270 (continued) 

FIGURE 19 - EQUIVALENT LOW FREQUENCY 
CIRCUIT 
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BIAS NETWORK DESIGN 

Common Sourct 
yParamttlfSforFrequilncies 

BelowlDMHz 

Yis=jwCiss 
yos=jwCOSJI·+ 1fro. 

Yfs=IYfsl 
Vrs=-jwCrss 

FOR WORST CASE lOSS VARIANCE 

This Designers Data Sheet has been published to assist the circuit 
designer in optimizing his "worst case" design. The following ex
ample illustrates the use of the forward transfer characteristics 
curves IPigures 1 thru 6) in the design of a typical bias network. 

Given: VOO ~ -30 Vdc. 10 ~ 1.0 ± 0.25 mAde from -550 C 
to +1250 C 

Procedure: The 2N5268 "worst case" bias conditions across the 
temperature range Ifrom Figure 4) are reproduced in Figure A. 
The first step in the bias network design is to determine the value 
of the source resistance IRS) necessary to hold the ± 0.25 mAde 
10 bias tolerance. To solve RS. plot 10lmax) and 10lmin) on 
Figure A and calculate RS. and VG. 

-1.0 

1 5.0 ... 
~ 4.0 

'" '" a 3.0 

" ;;: 
'" 2.0 c 
ci IOlm.x) 
- 1.0 

IOlminl 

-0.5 0.5 t 1.0 1.5 2.5 3.0 
VGSlmin) VGS(m.x) 

VGS. GATE-SOURCE VOLTAGE IVOLTS) 

FIGURE A 

VGSlmax) - VGSlmin) 
RS~ 

101max) - 10(min) 

1.9 Vdc - 0.8 Vdc 

11.25 mA - 0.75 mA) 
~ 2.2k Ohms 

10(max) VGSlmin) - 10lmin) VGS(max) 
VG~----~--~----~~--~~ 

lo(max) - lo(min) 

1.25 X 0.80 - 0.75 X 1.9 

0.5 
= -0.9 Vdc 

In Figure B the maximum allowable value for Rl will be detarmined 
by loading due to gate reverse current. Gate reverse current vari. 
tions with temperature follow the pattern of all silicon devices. and. 
as a rule. we can assume that it will double with each 150 C tempera
ture rise. Therefore, we can assume a maximum reverse current of 
approximately 0.5 "Adc at 1250 C. based on the specified maximum 
2.0 StAde reverse at lS00C. The variation in V G bias versus tem· 
perature will not be too great if we chose a value for Rl which ra
suits in a bias network current (1, in Figure B) greater than 5 times 
the maximum reverse current. Assuming a value for R 1 of 9.1 Meg
ohms. R2 can be solved from the equation: 

- 30R2 
VG = -0.9 Vdc ""----- (Ignoring IG) 

9.1 + R2 

R2"" 300 k Ohms 

Using the above values of Rl and R2. the variation in VG can be 
computed for IG ~ 0 to IG = 0.5 "Adc. VG will vary from 0.81 Vdc 
at IG = 0.5 "Adc to 0.96 Vdc @ IG = O. This variation will have a 
minimal effect on 10. as can be seen from Figure A by plotting load 
lines with a slope equal to IIRS from VG = 0.81 Vdc and 0.96 Vdc 
respectively. 

FIGURE B 

RS= 

2.2 k 
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2N530 1 (SILICON) 

2N5302 
2N5303 

HIGH-POWER NPN SILICON TRANSISTORS 

.. for use in power amplifier and switching circuits applications. 

• High Collector-Emitter Sustaining Voltage -
BVCEO(sus) = 80 Vdc (Min) @ IC = 200 mAdc (2N<5303) 

• Low Collector-Emitter Saturation Voltage -
VCE(sat) = 0.75 Vdc (Max) @ IC = 10 Adc (2N5301, 2N5302) 

1.0 Vdc (Max) @ IC = 10 Ade (2N5303) 

• Excellent Safe Operating Area -
200 Watts de Power'Rating to 30 Vde (2N5303) 

*MAXIMUM RATINGS 

Rating Svmbol 2N5301 2N5302 2N5303 

C91lector-Emitter Voltage VCEO 40 60 80 

Collector· Base Voltage VCB 40 60 80 

Collector Current - Continuous IC 30 30 20 

Base Current IB -7.5-

Total Device Dissipation @TC=250C PD -200-
Derate above 25°C ---1.14---

Operating and Storage Junction TJ,Tstg - -65 to +200 --
Temperature Range 

THERMAL CHARACTERISTICS 

Characteristic Symbol Max 

Thermal Resistance, Junction to Case BJC 0.875 

Thermal Resistance, Case to Ambient BCA 34 

• Indicates JEOEC Registered Data. 

FIGURE 1 - POWER TEMPERATURE DERATING CURVE 
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20 AND 30 AMPERE 
POWER TRANSISTORS 

NPN SILICON 
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a.oD~TJ. , I MAX 

!, I 1 
: I 
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2N5301, 2N5302, 2N5303 (continued) 

ELECTRICAL CHARACTERISTICS (TC = 250 unless otherwise noted I 

I Ch ... teriltic Symbol Min .... Unit 

·OFf CHARACTERISTICS 

Collector-Eminer Sustaining Voltage {Note 11 VCEO(susl Vd. 
(Ie = 200 mAde, Ie '" 01 2N5301 40 

2N5302 60 
2N5303 80 

Collector Cutoff Cummt 'CEO mAde 
(VeE" 40 Vdc, 'e" 0) 2N5301 5.0 

IVCE = 60 Vdc, 18 '" 0) 2N5302 5.0 

IVCE = 80 Vdc. 'e '" 0) 2N5303 5.0 

Collector Cutoff Current IceX mAde 
(VeE = 40 Vdc. VES/off) = 1.5 Vdc) 2N5301 1.0 

(VeE = 60 Vdc, VeS/off) '" 1.5 Vdc) 2N5302 1.0 

(VeE = 80 Vdc, VEst off) = 1.5 Vdc) 2N5303 1.0 

Collector Cutoff Current ICEX mAd. 
(VeE = 40 Vdc. VESloffl ,. 1.5 Vdc, TC '" 1S00C) 2N5301 10 

(VeE· 60 Vdc. VESCoff) '" 1.5 Vdc. TC = 1SoOC) 2N5302 10 

(VeE'" 80 Vdc. VES(off) = 1.5 Vdc, TC:: 1SOOC) 2N5303 10 

Collector Cutoff Current leBO mAde 
(Vce'" 40 Vdc. 'e = 0) 2N5301 1.0 

(Vee = 60 Vdc, 'e '" 0) 2N5302 1.0 

(Vce = 80 Vdc, Ie = 01 2N5303 1.0 

Emitter Cutoff Current 'EBO 5.0 mAde 
(VSE = 5.0 Vde. Ie = OJ 

ON CHARACTERISTICS 
DC Current Gain {Note 11 hFE 
·(lc = 1.0 Ade. VCE = 2.0 Vde) All TVPES 40 

·tlC = 10 Ade. VCE = 2.0 Vde) 2N5303 15 60 

·(lC = 15 Ade. VCE = 2.0 Vde) 2N5301.2N5302 15 60 
(lC'" 20 Ade. VCE =4.0 Vde) 2N5303 5.0 

IIC = 30 Ade. VeE = 4.0 Vdc) 2N5301.2N5302 5.0 

Collector-Emitter Saturation Voltage (Note 1) VCElsat) Vd. 
(Ie os; 10 Ade. Ie" 1.0 Ade) 2N5301.2N5302 0.75 

lie = 10 Adc. la = 1,0 Adel 2N5303 1.0 

He = 15 Ade.la '" 1.5 Ade) 7N5303 1.5 

fie = 20 Ade. la .. 2.0 Adel 2N5301.2N5302 2.0 

(Ie'" 20 Ade. IS "" 4.0 Adel 2N5303 2.0 

(Ie'" 30 Ade. Ie = 6.0 Ade) 2N5301.2N5302 3.0 

BaM-Emitter Saturation Voltage INote 1) VSElsat) Vd. 
(lC"'OAde.IS'" '.0 Ade) All TVPES 1.7 

fie'" 15 Adc. IS = 1.5 Adc) 2N5301,2N5302 1.8 

lie = 15 Ade, 18 =- '_5 Adc) 2N5303 2.0 

(Ie'" 20 Ade. IS = 2.0 Adc) 2N5301,2N5302 2.5 

(Ie" 20 Ade, 's = 4.0 Adc) 2N5303 2.5 

Sase-Emitter On Voltage (Note " VSEtonl Vd. 
(Ie" 10 Adc. VeE = 2.0 Vdel 2N5303 1.5 

(Ie = 15 Adc. VeE" 2.0 Vdcl 2N5301,2N5302 1.7 

(lc = 20 Adc. VeE = 4.0 Vde) 2N5303 2.5 

lie'" 30 Ade. VeE = 4.0 Vde) 2N5301.2N5302 3.0 

·DYNAMIC CHARACTERISTICS 

Current-Gain-Bandwidth Product IT 2.0 MH, 
(lC"" 1.0 Adc, VCE = 10 Vde, f = 1.0 MHz) 

SnlIIlI-Signal Current Gain hie 40 
lie = 1.0 Adc, VCE '" 10 Vde, f = 1.0 kHz) 

·SWITCHING CHARACTERISTICS 

(Vee = 30 Vdc, IC = 10 Ade. 'S1 = IS2 '" '.0 Ade) 

-Indieetel JEDEC Registered Dera. 
Note 1: Pulse Tnt: Pulse Width ~ 300 PI, Duty CVele ~ 2.0%. 

SWITCHING TIME EQUIVALENT TEST CIRCUITS 

FIGURE 2 - TURN-ON TIME 
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2N5301, 2N5302, 2N5303 (continued) 
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2N5301, 2N5302, 2N5303 (continued) 

FIGURE 9 - DC CURRENT GAIN 
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2N5324 (GERMANIUM) 

2N5325 

PNP GERMANIUM POWER TRANSISTORS 

. . designed primarily for switching, inverter, and industrial power 
supply applications. 

• Low Collector Cutoff Current -
ICEX = 7.0 mAdc (Max) @ VCEX = 250 Vdc (2N5324) 

7.0 mAdc (Max) @ VCEX = 325 Vdc (2N5325) 

• Low Coliector·Emitter Saturation Voltage -
VCE(sat) = 0.5 Vdc (Max) @ IC = 10 Adc 

• Low Base·Emitter Saturation Voltage -
VBE(sat) = 0.75 Vdc (Max) @ IC = 10 Adc 

• Guaranteed Excellent Safe Operating Area (VCER(sus» 
Specified at 3.0 Amps and 10 Amps 

• 100% Stabilization Bake at 1250 C for 100 Hours 

*MAXIMUM RATINGS 

Rating Symbol 2N5324 2N5325 

Coliector·Emitter Voltage 

Coliector·Ba .. Voltage 

Emitter-Base Voltage 

Collector Current - Continuous 

Base Current - Continuous 

Total Device Dissipation @ T C = 25°C 
Derate above 2SoC 

Operating and Storage Junction 
Temperature Range 

"Indicates JEDEC Registered Data. 
THERMAL CHARACTERISTICS 

Characteristic 

Thermal Resistance. Junction to Case 

VCEO 

VeB 

VEe 

IC 

IB 

Po 

TJ,Tstg 

150 200 

250 325 

4.0 

10 

3.0 

56 
0.67 

-65 to +110 

Max 

1.5 

FIGURE 1 - POWER-TEMPERATURE DERATING CURVE 

60 I I I I 

Unit 

Vdc 

Vdc 

Vdc 

Adc 

Adc 

Watts 
WloC 

°c 

I 

r! 50 
FOR TRANSIENT THERMAL RESISTANCE AND 

~ 
z 
c 
>= 
:f 
ti c 
'" ~ 
c ... 
d ... 

40 

30 

20 

10 

o 
o 10 

r-.. SAFE OPERATING AREA INFORMATION. SEE 
FIGURES 2. 3 AND 5. 

...... 
....... 

r-.. 
....... 

...... 
........ 
I, 

r-... 
20 30 40 50 60 70 BO 90 100 110 

TC. CASE TEMPERATURE (OC) 
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10 AMPERE 
POWER TRANSISTORS 

PNP GERMANIUM 

EPITAXIAL BASE 

250-325 VOL TS 
56 WATTS 

QD~.L i I MAX 
Ih'550MA=r 0.83 

MAX 0.30 
0.135 tOlAj I MAX 

M~I ---i-l-

rl MT~ 
I ~OIA/ _.ASE 044 

!..ill if.48 
1197 I 

0.151 D1A 
0J6i 

0.205 I 
0.225 

CASE 11 
TO·3 

0.420 
IrnD 

BASE 

Collector Connected to case 



2N5324, 2N5325 (continued) 

ELECTRICAL CHARACTERISTICS (Te = 250 e unless otherwise noted) 

Characteristic Symbol 

OFF CHARACTERISTICS 

tCollector-Emitter Breakdown Voltage BVCEO 
IIc = 0.1 Ade,IB = 0) 2N5324 

2N5325 

Collector-Emitter Sustaining Voltage VCER(sus) 
IIc = 3.0 Ade, RBE = 10 Ohms) (Figure 4, Test Condition 1) 2N5324 

2N5325 

(lc = 10 Ade, RBE = 10 Ohms) (Figure 4, Test Condition 2) 2N5324 
2N5325 

·Colleetor Cutoff Current (See Note 1) ICEV 
(VCE = 250 Vde, VBE (011) = 0.2 Vde) 2N5324 
(VCE = 250 Vdc, VBE (off) = 0.2 Vde, TC = 85°C) 
(VCE = 325 Vde, VBE (off) = 0.2 Vdc) 2N5325 
(VCE = 325 Vde, VBE (0111= 0.2 Vdc, TC = 850 C) 

*Emitter Cutoff Current lEBO 
(VBE = 4.0 Vdc, IC = 0) 

ON CHARACTERISTICS 

* DC Current Gain hFE 
(lC = 5.0 Adc, VCE = 2.0 Vde) 

*Collector-Emitter Saturation Voltage VCE(satl 
(lC = 10 Adc,IB = 1.0 Adc) 

* 8ase-E mitter Saturation Voltage VBE(sat) 
(I C = 10 Adc, I B = '.0 Ade) 

DYNAMIC CHARACTERISTICS 

Current-Gain-Bandwidth Product 
(lC = 0.5 Adc, VCE = 5.0 Vdc, I = 0.5 MHz) 

SWITCHING CHARACTERISTICS 

*Rise Time tr 

*Storage Time (IC = 5.0 Adc,lBI = IB2 = 0.5 Adc) (See Figure 6) ts 

*Fall Time 

Note 1. Pulse Test: Pulse Width ~ 300 Ils, Duty Cycle:5': 2.0%. 

·Indicates JEDEC Registered Data. 

tJEDEC Registration Defined as V(BR)CEO 

tl 

FIGURE 2 - TRANSIENT THERMAL RESPONSE 
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-
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2N5324, 2N5325 (continued) 
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FIGURE 4 - COLLECTOR-EMITTER 
SUSTAINING VOLTAGE TEST CIRCUIT 

18 SCOPE SCOPE 
SAMPLE COMMON V H OSCILLOSCOPE: 

INPUT 3 
PW .. 26 111$ 

HEWLETT PACKARD MODELllU 
TEKTRONIXMDDEl5030R 

PRF .. 20pps . 

_ t----''';'''''I-f-;---,EOUIVALENT 

3. 

" ..• 
TEST CONDITION 2 
ADJUST E1FOIIIC=10Adc 

TESTCONOtTIONl 
ADJUSTEIFORIC=3.0Adc 
ADJUST E2- 2N5324. VeE ~ 165Vdc 

2N532S;Vce=200Vdc 
ADJUST III fQR IB-O.3Adc 

ADJUST E2-2N5324;VCE=100Vdc 
2N5325;Vce=116Vdc 

ADJUST R1FORIB=1.0Adc 
112: SET TO ALLOW REVERSESURGE CURRENT 

TO BYPASSE2POWERSUPPLY. NOT NEEDED 
fOA POWER SUPPLY WITH LOW REVERSE 
IMPEDANCE. 

FIGURE 6 - SWITCHING TIME TEST CIRCUIT 
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2N5324, 2N5325 (continued) 

FIGURE 9 - DC CURRENT GAIN 
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FIGURE 11 - EFFECTS OF EMITTER-8ASE RESISTANCE 
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FIGURE 10 - COLLECTOR SATURATION REGION 
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FIGURE 14 - TEMPERATURE COEFFICIENTS 
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2N 5334 (SILICON) 

2N5335 

HI.GH-SPEED NPN SILICON POWER TRANSISTORS 

... designed for fast switching and amplifier applications. 

• Total Switching Time - 1.15 lIs Max 

• High Current Switching Specified at 1.0 Adc -
ton = 100 ns Max 
toff = 1.05 lIS Max 

• Collector-Emitter Saturation Voltage -
VCE(sat) = 0.7 Vdc (Max) @ IC = 2.0 Adc 

*MAXIMUM RATINGS 

Rating Symbol 2N5334 2N5335 

Collector·Emitter Voltage VCEO 60 80 

Collector-Base Voltage VCB 60 80 

Emitter-Base Voltage VEB 8.0 

Collector Curr~nt - Continuous IC 3.0 

Base Current - Continuous IS 0.5 

Total Device Dissipation @TC = 25°C Po 6.0 
Derate above 25°C 34 

Operating and Storage Junction TJ. T stg -65 to +200 

Temperature Range 

THERMAL CHARACTERISTICS ** 
Characteristic Ma. 

Thermal Resistance, Junction to Case 29.1 

·'ndicates JEDEC Registered Data. 

"" Motorola Guarantees this data in addition to JE DEC Registered Data. 

6.0 

5.0 

i 
~ 4.0 

.~ 3.0 
i5 

"' ~ 2.0 
~ 

6? 
1.0 

FIGURE 1 - POWER-TEMPERATURE DERATING CURVE 

.......... 
i'--.. 
~ 

""'" '" ~ 
~ 

I"-.. 

Unit 

Vdc 

Vdc 

Vdc 

Adc 

Adc 

Watts 
mW/oC 

°c 

........ 

~ o 
o 20 40 60 80 100 120 140 160 180 200 

. TC, CASE TEMPERATURE lOCI 

Safe Area Curves are indicated bV Figure 5. All limits are applicable and must be observed. 
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2N5334, 2N5335 (continued) 

"ELECTRICAL CHARACTERISTICS (TC = 25°C unless otherwise noted) 

Characteristic Symbol Min Max Unit 

OFF CHARACTERISTICS 
Collector~Emitter Sustaining Voltage (Note 1) VCEO(sus) Vde 

IIC = 50 mAde, IB = 0) 2N5334 60 -
2N5335 80 -

**Collector Cutoff Current ICE X /lAde 
(VCE = 60 Vde, VEB(off) = 1.5 Vde) 2N5334 - 1.0 
(VCE = 80 Vdc, VEB(offl = 1.5 Vdcl 2N5335 - 1.0 
(VCE = 60 Vdc, VEB(off) = 1.5 Vde, TC = 150°C) 2N5334 - 500 
(VCE = 80 Vde, VEB(off) = 1.5 Vde, TC = 150°C) 2N5335 - 500 

Collector Cutoff Current ICBO /lAde 
(VCB = 60 Vde, IE = 0) 2N5334 - 5.0 

(VCB = 80 Vdc, IE = 0) 2N5335 - 5.0 

Emitter Cutoff Current lEBO - IDa /lAde 
(VEB = 8.0 Vde, IC = 0) 

ON CHARACTERISTICS 

DC Current Gain (Note 1) hFE -
IIc = 1.0 Ade, VCE = 2.0 Vde) 30 150 

IIc = 2.0 Ade, VCE = 2.0 Vde) 15 -
Collector-Emitter Saturation Voltage (Note 1) veE (sat) Vdc 

lie = 2.0 Adc, IS = 0.2 Ade) - 0.7 

"lie = 3.0 Adc, IS = 0.6 Adc) - 1.8 

Base-Emitter Saturation Voltage (Note 1) VBE(sat) - 1.5 Vde 

IIc = 2.0 Adc, IS = 0.2 Adc) 

*8ase-Emitter On Voltage (Note 1) VBE(on) Vde 
IIc = 2.0 Adc, VCE = 2.0 Vdc) - 1.5 

IIc = 3.0 Adc, VCE = 2.0 Vde) - 1.8 

'DYNAMIC CHARACTERISTICS 

Current-Gain~Bandwidth Product (Note 2) IT 40 - MHz 

IIc = 0.1 Ade, VCE = 10 Vde, f = 10MHz) 

Output Capacitance Cob - 75 pF 

(VCB = 10 Vde, IE = 0, f = 100 kHz) 

I nput Capacitance Cib - 250 pF 
(VBE = 2.0 Vdc, IC = 0,1 = 100 kHz) 

SWITCHING CHARACTERISTICS 

**Oelay Time td - 50 ns 

Rise Time 
(Vce = 20 Vde, VES(oll) = 3.7 Vde, IC = 1.0 Ade, tr 50 ns 

Storage Time ts 950 ns 

Fall Time IBI = IS2 = IDa mAde) 
tl luu ns 

• Indicates JEDEC Registered Data. 
.. 

Motorola Guarantees this data In addition toJEDEC Registered Data . 

Note1: Pulse Test: Pulse Width ~ 300 IJ,S, DuW Cycle $; 2.0%. 

Note 2: fT is defined as the frequency at which Ihfel extrapolates to unity. 

FIGURE 2 - SWITCHING TIME TEST CIRCUIT. 
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INPUT PULSE 

100 

51 
2.0W 

51 
2.0W 

·6.5 V 

+20 V 

20 

SCOPE 

lN914 

·3.0 V 

2-119 

10 

5. a 

2.0 

1.0 

! o. 5 

'" ~, '0.2 

O. 

0.0 

1 

5 

0.0 2 

0.0 1 

~ 

FIGURE 3 - TURN ON TIME 

TJ"25°S,= 1= 
tJ-. 'C/lB"10= f= 
tr@VCC"'60V 

....... 

tr @VCC,,20V 

td@VEB(off) " 3.0 V 

r-. 
0.0030.005 0.01 0.03 0.05 0.1 0.3 0.5 1.0 3.0 

IC, COLLECT OR CURRENT (AMP) 

---"."""--------



2N5334, 2N5335 (continued) 

FIGURE 4 - THERMAL RESPONSE 
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There are two limitations on the power handling ability of a 
transistor: junction temperature and secondary breakdown. Sate 
operating area curves indicate Ie @ VeE limits of the transistor 
that must be observed for reliable operation; i.e., the transistor 
must not be subjected to greater dissipation than the curves 
indicate. 

The data of Figure 5 is based on TJ(pk) = 20o"C; TC is 
variable depending on conditions. Pulse curves are valid for duty 
cycles of 10% provided TJ(pk) ,;;20o"C. TJ(pk) may be calculated 
from the data in Figure 4. At high case temperatures, thermal 
limitations will reduce the power that can be handled to values 
less than the limitations imposed by secondary breakdown. 
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2N5334, 2N5335 (continued) 

ELECTRICAL CHARACTERISTICS 
(T J = 25°C unless otherwise noted) 
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FIGURE 10 - EFFECTS OF BASE-EMITTER RESISTANCE 
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FIGURE 9 - COLLECTOR SATURATION REGION 
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2N5336 (SILICON) 
thru 

2N5339 
Medium-power NPN silicon transistors designed for 

switching and wide band amplifier applications. 

MAXIMUM RATINGS 

Rating 

Collector-Emitter Voltage 

Collector-Base Voltage 

Emitter-Base. Voltage 

CASE 79 
(TO-39J 

Collector Current - Continuous 

Base· Current 

Total Device Dissipation @ TC = 25°C 

Derate above 25°C 

Operating and Storage Junction 
Temperature Range 

THERMAL CHARACTERISTICS 

Characteristic 
Thermal Resistance, Junction to Case 

Symbol 2N5336 2N5338 
2N5337· 2N5339 

VCEO 80 100 

VCB 80 100 

VEB 6.0 

IC 5.0 

IB 1.0 

PD 6.0 

34.3 
TJ , Tstg -65 to +200 

Symbol Max 

e JC 29.2 

FIGURE 1 - POWER-TEMPERATURE DERATING CURVE 
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Safe Area CurveS are indicated by Figure 5. All limits are applicable and must be observed. 
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2N5336 thru 2N5339 (continued) 

ELECTRICAL CHARACTERISTICS (Tc = 25'C unless otherwISe noted) 

Characteristic I Fig~ Symbol Min I Max I Unit 
OFF CHARACTERISTICS 

Collector-Emitter Sustaining Voltage III - BVCEO(sus) 
Vde 

(IC ; 50 mAde, IB ; 0) 2N5336, 2N5337 80 -
2N5338, 2N5339 100 -

Collector Cutoff Current - ICED )J.Ade 
(VCE ; 75 Vde, IB ; 0) 2N5336, 2N5337 - 100 

(VCE ; 90 Vde, IB ; 0) 2N5338, 2N5339 - 100 

Collector Cutoff Current 12 ICEX )J.Ade 

(V CE ; 75 Vde, VEB(off); 1. 5 Vde) 2N5336, 2N5337 - 10 

(V CE ; 90 Vde, VEB(off) ; 1. 5 Vde) 2N5338, 2N5339 - 10 

(VCE ; 75 Vde, VEB(off); 1. 5 Vde, TC; 150·C) 2N5336, 2N5337 - 1.0 mAde 

(V CE = 90 Vde, V EB(off) ; 1. 5 Vdc, T C ; 150· C) 2N5338, 2N5339 - 1.0 

Collector Cutoff CUrrent - ICBO )J.Ade 
(VCB ; 80 Vde, IE = 0) 2N5336, 2N5337 - 10 

(V CB ; 100 Vdc, IE ; 0) 2N5338, 2N5339 - 10 

Emitter Cutoff Current - lEBO )J.Ade 
(VBE ; 6.0 Vde, Ic ; 0) - 100 

ON CHARACTERISTICS 

DC Current Gain 111 8 hFE -
(IC = 500 mAde, V CE ; 2.0 Vdc) 2N5336, 2N5338 30 -

2N5337, 2N5339 60 -
(IC ; 2.0 Ade, VCE ; 2.0 Vde) 2N5336, 2N5338 30 120 

2N5337, 2N5339 60 240 

(IC ; 5.0 Adc, VCE = 2.0 Vde) 2N5336, 2N5338 20 -
2N5337, 2N5339 40 -

Collector-Emitter Saturation Voltage III 9,11,13 VCE(sat) 
Vde 

(IC ; 2.0 Adc, IB = 0.2 Adc) - 0.7 

(IC = 5.0 Adc, IB = O. 5 Adc) - 1.2 

Base-Emitter Saturation Voltage 111 11,13 V BE (sat) 
Vde 

(IC; 2.0 Adc, IB ; 0.2 Adc) - 1.2 

(IC = 5. 0 Adc, IB = O. 5 Adc) - 1.8 

DYNAMIC CHARACTERISTICS 

Current-Gain-Bandwidth Product - fT MHz 
(IC ; 0.5 Adc, V CE = 10 Vde, f = 10 MHz) 30 -

Output Capacitance 7 Cob 
pF 

(V CB = 10 Vde, IE =0, f; 100 kHz) - 250 

Input Capacitance 7 Cib pF 
(VBE = 2.0 Vde, IC = 0, f = 100 kHz) - 1, pOO 

SWITCHING CHARACTERISTICS 

Delay Time (V CC - 40 Vde, V EB(off) ; 3.0 Vdc, 2,3 td - 100 ns 

Rise Time IC ; 2.0 Ade, IB1 = 0.2 Ade) 
tr - 100 ns 

Storage Time (V CC ; 40 Vde, IC = 2.0 Ade, 2,6 t - 2.0 )J.s 
s 

Fall Time IB1 = IB2 ; 0.2 Ade) tf - 200 ns 

111 Pulse Test: Pulse Width :s 300 )J.s, Duty Cycle :s 2.0%. 
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2N5336 thru 2N5339 (continued) 

FIGURE 2 - SWITCHING TIME TEST CIRCUIT FIGURE 3 - TURN ON TIME 
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There are two limitations on .the power ha".. 
dling abilityof a transistor: junction temperature 
and secondary breakdown. Safe operating area 
curves indicate IC-VCE limits of the transistor 
that must be observed for' reliable operation; 
i.e., the transistor must not be subjected to 
greater dissipation than the curves indicate. 

The data of Figure 5 is based on TJ(pkl = 
20o"C; T C is variable depending on conditions. 
Pulse curves are valid for duty, cycles of 10% pro
videdTJ(pk)S200"C. TJ(pk) maybe calculated" 
from the data in Figure 4. At high case tem
peratures, thermal limitations will reduce the 
power that can be handled to values less than 
the limitations imposed by secondary break
down. 
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FIGURE 7 - CAPACITANCE versus VOL TAGE 
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2N5336 thru 2N5339 (continued) 
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2N5344 (SILICON) 
2N5345 

High voltage power PNP silicon transistors designed 
for high-voltage switching and amplifier applications. 

CASE 80 
(T0-66) 

MAXIMUM RATINGS 

Rating 

Collector-Emitter Voltage 

Collector-Base Voltage 

Emitter-Base Voltage 

Collector Current. - Continuous 

Base Current - Continuous 

Tota). Device Dissipation @TC = 25° C 

Derate above 25° C 

Operating and Storage Junction 
Temperature Range 

THERMAL CHARACTERISTICS 

Characteristic 
Thermal Resistance, Junction to Case 

Symbol 2NS344 2NS345 
VCEO 250 300 

VCB 250 300 

VEB 5.0 

IC 1.0 

IB 0.5 

PD 40 

228 

TJ , Tstg -65 to +200 

Symbol Max 
[I JC 4.38 

FIGURE 1 - POWER-TEMPERATURE DERATING CURVE 
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2N5344, 2N5345 (continued) 

Characteristic 
OFF CHARACTERISTICS 

Collector-Emitter sustaining Voltage IU 
(IC ; 10 mAdc, IB ; 0) 2N5344 

2N5345 

Collector Cutoff Current 
(V CE ; 225 Vde, V BE (off) ; 1. 5 Vde) 2N5344 

(VCE ; 270 Vqe, VBE(off); 1. 5 Vde) 2N5345 

(V CE ; 225 Vde, V BE( if) ; 1. 5 Vdc, T C ; l50·C) 
o 2N5344 

(VCE ; 270 Vdc, VBE( ff); 1. 5 Vdc, TC ; l50·C) 
o 2N5345 

Collector Cutoff Current 
(VCB ; Rated VCB ' IE; 0) 

Emitter Cutoff Current 
(V BE ; 5.0 Vde, IC ; 0) 

ON CHARACTERISTICS 

DC Current Gain 111 
(Ic ; 500 mAde, V CE ; 5.0 Vde) 

(IC ; 1. 0 Ade, V CE ; 5.0 Vdc) 

Collector-Emitter Saturation Voltage 
(IC ; 1. 0 Adc, IB ; O. 2 Ade) 

Base-Emitter Saturation Voltage 
(IC ; 1. 0 Adc, IB ; 0.2 Ade) 

DYNAMIC CHARACTERISTICS 
Current-Gain-Bandwidth Product 

(IC ; 100 mAdc, V CE ; 20 Vde, f ; 10 MHz) 

OUtput Capacitance 
(VCB = 10 Vdc, ~ ; 0) 

SWITCHING CHARACTERISTICS 

Delay Time (V CC ; 100 Vdc, V BE (off) ; O. 85 Vdc, 

Rise Time IC ; 500 mAde, IBI ; 50 mAde) 

Storage Time (V CC ; 100 Vdc, IC ; 500 mAdc, 

Fall Time IBI ; IB2 ; 50 mAdc) 

111 Pulse Test: Pulse Width '" 300 /ls, Duty Cycle", 2.0%. 

FIGURE 2 - SWITCHING TIME TEST CIRCUIT 
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2N5344, 2N5345 (continued) 
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2N5344, 2N5345 (continued) 

TYPICAL DC CHARACTERISTICS 
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2N 5346 (SILICON) 
thru 

2N5349 

MEDIUM-POWER NPN SILICON TRANSISTORS 

· . . designed for switching and wide-band amplifier applications. 

• Low Collector-Emitter Saturation Voltage - VCE(sat) = 1.2 Vdc 
(Max) @ IC = 7.0 Adc 

• DC Current Gain Specified to 5 Amperes 

• Excellent Safe Operating Area 

• Packaged in the Compact, High Dissipation TO·59 Case 

• Isolated Collector Configuration 

MAXIMUM RATINGS 

Rating Symbol 2NS346 2NS348 Unit 2NS347 2NS349 
Collector-Emitter Voltage VCEO 80 100 Vdc 

Collector-Base Voltage VCB 80 100 Vdc 

Emitter-Base Voltage VEB 6.0 Vdc 

Collector Current - Continuous IC 7.0 Adc 

Base Current IB 1.0 Adc 

Total Device Dissipation@ TC = 25·C PD 60 Watts 

Derate above 2SoC 343 mWrC 

Operating and storage Junction TJ , Tstg -65 to +200 ·C 
Temperature Range 

THERMAL CHARACTERISTICS 

Characteristic Max 
Thermal Resistance, Junction to Case 2.91 

FIGURE 1 - POWER-TEMPERATURE DERATING CURVE 
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Safe Area Curves are indicated by Figure 5. All limits are applicable and must be observed. 

2-130 

7 AMPERE 
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2N5346 thru 2N5349 (continued) 

ELECTRICAL CHARACTERISTICS (Tc = 25°C unless otherwise noted) 

I Characteristic 
OFF CHARACTERISTICS 

Collector-Emitter Sustaining Voltage (1l 
Uc - 50 mAde, IB - 0) 2N5346, 2N5347 

2N5348, 2N5349 

Collector Cutoff Current 
(VCE - 75 Vde, 'B - 0) 2N5346, 2N5347 

(V CE .gO Vde, 'B ·0) 2N534B, 2N5349 

Collector Cutoff Current 
(VeE = 75 Vdc, VEB(off) = 1. 5 Vdc) 2N5346, 2N5347 

(VeE = 90 Vdc, VEB(OCf) = 1. 5 Vdc) 2N5348, 2N5349 

(VCE - 75 Vdc, VEB(off) - 1. 5 Vdc, TC _150°C) 2N5346, 2N5347 

(VCE - 90 Vdc, VEB(Off)'" 5 Vdc, TC "50°C) 2N5348, 2N5349 

Collector Cutoff Current 
(V CB - Raled V CB' 'E - 0) 

Emitter Cutoff Current 
(VEB = 6.0 Vdc, Ie = 0) 

ON CHARACTERISTICS 111 
DC Current Gain 

(Ie = SOD mAde, VeE = 2. 0 Ydc) 2N5346, 2N5348 
2N5347, 2N5349 

(Ie = 2.0 Adc, V CE = 2.0 Vdc) 2N5346, 2N5348 
2N5347, 2N5349 

(Ie = 5.0 Adc, VeE =2.0Vdc) 2N5346, 2N5348 
2N5347, 2N5349 

Collector-Emitter Saturation Voltage 
(Ie = 2. 0 Adc, Ie = 0.2 Adc) 

(Ie = 7.0 Adc, IB ::::. 0.7 Adc) 

Base-Emitter Saturation Voltage 
(IC = 2.0 Adc, IB ::: 0.2 Adc) 

(lC=7.0Adc, IB ::: 0.7 Adc) 

DYNAMIC CHARACTERISTICS 
Current-Gain-Bandwidth Product 

(IC '" 500 mAde, V CE ;:: 10 Vdc, (= 10 MHz) 

OUtput Capacitance 
(VCB = 10 Vdc, IE = 0, ('" 100 kHz) 

Input Capacitance 
(V BE = 2.0 Vdc, IC ::: 0, ('" 100 kHz) 

SWITCHING CHARACTERISTICS 
Delay Time (Vec - 40 Vdc, VEB(oIf) - 3.0 Vde, 

Rise Time Ie = 2.0 Adc, IBl = 200 mAde} 

Storage Time (VCC '" 40 Vdc, Ie::: 2.0 Adc, 

Fall Time IS1 = IB2 = 200 mAde) 

(11 Pulse Test: Pulse Width "" 300 /lS, Duty Cycle = 2.0%. 

FIGURE 2 - SWITCHING TIME TEST CIRCUIT 
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Unit 
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2N5346 thru 2N5349 (continued) 

FIGURE 4 - THERMAL RESPONSE 
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There are tWQ limitations on the power han~ 
dling ability of a transistor: junction temper .... 
ture and secondary breakdown. Safe operating 
area curves indicate I C - V CE limits of the 
transistor that must be observed for reliable 
operation; i.e .. the transistor must not be sub
jected to greater dissipation than the curves 
indicate. 

1he data of Figure 5 is based on T J(pld = 
200 C; T C is variable depending on conditions. 
Pulse curves are valid for duty cycles of 10% 
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lated from the data in Figure 4. At high case 
temperatures, thermal limitations will reduce 
the power that can be handled to values less 
than the limitations imposed by .secondary 
breakdown. 

FIGURE 7 - CAPACITANCE versus VOLTAGE 
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2N5346 thru 2N5349 (continueo) 
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FIGURE 8 - DC CURRENT GAIN 
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2N 5357 (SILICON) 

PNP SILICON ANNULAR EPITAXIAL TRANSISTOR 

· .. designed for high-voltage, high-speed saturated switching at col
lector currents of. 1 Ampere or below. Ideally suited for inverters, 
deflection' circ~its and servo amplifiers. 

• High Collector-Emitter Sustaining Voltage -
BVCEO(sus) = 300 Vdc (Min) @ IC = 10 mAde 

• Low Collector-Emitter Saturation Voltage -
VCE(sat)' = 0.3 Vdc (Typ) @ IC = 500 mAde 

• Fast Turn-On Time -
ton = 60 ns (Typ) @VCC = 100 Vdc, IC = 1.0 Adc 

• Fast Turn-Off Time -
toft = 280 ns (Typ) @ VCC = 100 Vdc, IC = 1.0 Adc 

*MAXIMUM RATINGS 

Rating Svmbol Value 

Collector-Emitter Voltage veE a 300 

Collector-Base Voltage VCB 300 

Emitter-Base Voltage VEB 4.0 

Collector Current Continuous IC 3.0 

Base Current - Continuous IB 1.0 

Total Device Dissipation @TC - 75uC Po .30 

Unit 

Vde 

Vde 

Vde 

Ade 

Ade 

Watts 
Derate above 75°C 240 mWf'C 

Operating and S'torage Junction TJ,Tstg -65'0+200 °c 
Temperature Range 

THERMAL CHARACTERISTICS 

Characteristic 

Thermal Resistance, Junction to Case 

*Indicates JEI?EC Regjs~ered Data 

FIGURE l-POWER-TEMPERATURE OERATING CURVE 
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PNP SILICON 
SWITCHING 

TRANSISTOR 

0.2~0 MAX r-T 0.320 MAlI 

et~ U 0.070 
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-- SEATING PLANE 
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0.022 

0.200 I 

~
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BASE . 2N\ . / 
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°1 
. EMI:TER I 0.120 
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To convert inchas to millimeters mUltiply 'by 25.4 

All JEOEC dimensions and notes apply 
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2N5357 (continued) 

*ELECTRICAL CHARACTERISTICS IT A = 250 C unless otherwise noted) 

I Characteristic I Symbol 

OFF CHARACTERISTICS 

Collector-Emitter Sustaining Voltage VCEO(sus) 
I~ = 10 mAde, IB = 0) 

Emitter-Base Breakdown Voltage 
liE = 100 "Ade, Ie = 0) 

Collector Cutoff Current 
(VCE = 200 Vde, VBE(off) = 0.5 Vde, TA = 'OOOC) 

(VCE = 300 Vde, VBE(off) = 0.5 Vde) 

Emitter Cutoff Current 
(VBE = 3.0 Vde, IC = 0) 

(VBE = 4.0 Vde, IC = 0) 

ON CHARACTERISTICS 

DC Current Gain 
IIC = 500 "Ade, VCE = 1.0 Vde) 

IIC = 10 mAde, VCE = '.0 Vde) 

IIC = 100 mAde, VCE = 1.0 Vde) 

IIC = '00 mAde, VCE = 1.0 Vde, TA = -550 C) 

IIC = 500 mAde, VCE = 5.0 Vde) 

II C = 1.0 Ade, V CE = 5.0 Vde) 

Collector-Emitter Saturation Voltage 
IIC = '00 mAde, IB = '0 mAde) 

IIC = 500 mAde, I B = 60 mAde) 

IIC = 1.0 Ade, IB = 100 mAde) 

Base-E mitter Saturation Voltage 
IIC = '00 mAde, IB = 10 mAde) 

IIC = 500 mAde, IB = 60 mAde) 

IIC = '.0 Ade, IB = 100 mAde) 

DYNAMIC CHARACTERISTICS 

Current-Gain-Bandwidth Product 
IIC = 70 mAde, VCE = 20 Vdc, f = 20 MHz) 

Qutput Capacitance 
IVCB = 20 Vdc, IE = 0, f = 100 kHz) 

I nput Capacitance 
(VBE = 2.0 Vde, IC = 0, f = '00 kHz) 

SWITCHING CHARACTERISTICS 

Delay Time (VCC = '00 Vde, 

Rise Time 
IC = 500 mAde, IB' = 60 mAde) 

(See Figure 2) 

Storage Time (VCC = '00 Vde, 

Fall Time IC = 600 mAde,IB' = IB2 =60 mAde) 

(See Figure 2) 

*Indicates JEDEC Registered Data 

FIGURE 2 - SWITCHING TIME TEST CI RCUIT 
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Min Typ MaK Unit 
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FIGURE 3 - TURN-ON TIME 
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2N53S7 (continued) 
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There are two limitations on the power handling ability 
of a transistor: junction temperature and secondary break· 
down, Safe operating area curves indicate Ie-VeE limits of 
the transistor that must be observed for reliable operation; 
i.e., the transistor must not be subjected to greater dissipa· 
tion than the curves indicate. 

T!1e data of Figure 5 is based on T"", == 200'C; Te is 
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for duty cycles of 10% provided TJ/", ""200·C. TJI,'/ may 
be calculated from the data in Figure 4. At high case tem· 
peratures, thermal limitations will reduce the power that 
can be handled to values less than the limitations imposed 
by secondary breakdown. 
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2N5357 (continued) 

TYPICAL DC CHARACTERISTICS 

FIGURE 8 - DC CURRENT GAIN 
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FIGURE 10 - EFFECTS OF BASE·EMITTER RESISTANCE 
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FIGURE 9 -COLLECTOR SATURATION REGION 

II 1\ 
TJ = 250C \ 

\ 

IC: 10 mA \ 150 mA ~ 500 mA 

\ 
'\ 

"""'-r-

0.1 0.2 0.3 0.5 1.0 2.0 3.0 5.0 10 20 30 50 100 

lB. BASE CURRENT (mA) 

FIGURE 11- "ON" VOLTAGES 

- T J ~ 25~C 111111 I 

~ ~B~( .. t)I@II~I/IIJ =-5~-10 Af' 
~ 

IIIIII J.-

- ~mlJeE =-1 10 V 
IIIIII I 
111111 I 
J 11.111. ICIIB = 5.0 ~ 

~ f-- VCE( )@ ICIIB = 10 
I I ~llli I N...J -~ 
IIIIII I I 

1.0 2.0 3.0 5.0 10 20 30 50 100 200300 500 1000 

IC. COLLECTOR CURRENT (mA) 

FIGURE 13 - TEMPERATURE COEFFICIENTS 

'APPLIES FOR lellB :5hFE/2 

-- I TI J _~5JClt~ lH50ci 

III UIIIII 
I111 1111 

'OVC for VCE(sa!) 

OVB for VBE(sa!) I-'" 

II II I1I1 
1.0 2.0 3.0 5.0 10 20 30 50 100 200 31){) 500 1000 

fC. COLLECTOR CURRENT (mA) 



2N5358 (SILICON) 
thru 

2N5364 Silicon N-channel junction field-effect transistors de
pletion mode (Type. A) devices designed primarily for 
general-purpose amplifier applications. 

MAXIMUM RATINGS 

Rating 

Forward Gate Current 

Reverse Gate-Source Voltage 

Drain-Gate Voltage CASE 20(3) 
(TO-72) Total Device Dissipation @TA = 25°C 

Derate above 25° C 

Storage Temperature Range 

Operating Junction Temperature Range 

ELECTRICAL CHARACTERISTICS (TA = 25°C unless otherwise noted) 

Characteristic 

OFF CHARACTERISTICS 
Gate-Source Breakdown Voltage 

(IG = 10 /LAde, VDS = 0) 

Gate-Source Cutoff Voltage 
(VDS = 15 Vdc, ~ = 100 nAdc) 2N5358 

2N53.59 
2N5360 
2N5361 
2N5362 
2N5363 
2N5364 

Gate Reverse Current 
(V GS = 20 Vdc, Vns = 0) 

(V GS = 20 Vdc, VDS = 0, T A = 150·C) 

2-138 

Symbol 

IGm 

VGS(r) 

VDG 

PD 

Tstg 

TJ 

Symbol 

V(BR)GSS 

VGS(off) 

IGSS 

Value Unit 

10 mAdc 

40 Vdc 

4Q Vdc 

300 mW 
2.0 mW/oC 

-65 to +200 °c 

-65 to +175 °c 

Min Max Unit 

Vdc 
40 -

Vdc 
0.5 3.0 
0.8 4.0 
0.8 4.0 
1.0 6.0 
2.0 7.0 
2.5 8.0 
2.5 8.0 

nAdc 
- 0.1 

- 0.1 /LAde 



2N5358 thru 2N5364 (continued) 

ELECTRICAL CHARACTERISTICS (continued) 

I Characteristic Symbol Min Max Unit 

ON CHARACTERISTICS 
Zero-Gate Voltage Drain Current IDSS mAde 

(VDS = 15 Vdc, V GS = 0) 2N5358 0.5 1.0 
2N5359 0.8 1.6 
2N5360 1.5 3.0 
2N5361 2.5 5.0 
2N5362 4.0 8.0 
2N5363 7.0 14 
2N5364 9.0 18 

Gate-Source Voltage VGS Vdc 
(VDS = 15 Vde, 1> = 50/LAde) 2N5358 0.3 1.5 

(VDS = 15 Vdc, ID = 80 /LAde) 2N5359 0.4 2.0 

(VDS = 15 Vde, 1> = 150 /LAde) 2N5360 0.5 2.5 

(VDS = 15 Vde, 1> = 250 /LAde) 2N5361 1.0 5.0 

(VDS = 15 Vde, 1> = 400 /LAde) 2N5362 1.3 5.0 

(VDS = 15 Vde, 1> = 700 /LAde) 2N5363 2.0 6.0 

(VDS = 15 Vde, 1> = 900 /LAde) 2N5364 2.0 6.0 

SMAll·SIGNAl CHARACTERISTICS 
Forward Transadmlttanee IYfsl /Lmhos 

(V DS = 15 Vde, V GS = 0, f = 1. 0 kHz) 2N5358 1000 3000 
2N5359 1200 3600 
2N5360 1400 4200 
2N5361 1500 4500 
2N5362 2000 5500 
2N5363 2500 6000 
2N5364 2700 6500 

Forward Transconductance Re(yfs) /Lmhos 
(V DS = 15 Vdc, V GS = 0 Vde, f = 100 MHz) 2N5358 800 -

2N5359 900 -
2N5360 1400 -
2N5361 1700 -
2N5362 1900 -
2N5363 2100 -
2N5364 2200 -

Output Admittance IYosl /LmhOS 
(VDS =15Vde, VGS=O, f=1.0kHz) 2N5358, 2N5359 - 10 

2N5360, 2N5361 20 
2N5362, 2N5363 40 

2N5364 60 

Input Capacitance Ciss pF 
(VDS = 15 Vde, VGS = 0, f = 1.0 MHz) - 6.0 

Reverse Transfer Capacitance Crss pF 
(VDS = 15 Vde, VGS = 0, f = 1.0 MHz) - 2.0 

Common-Source Noise Figure NF dB 

(V DS = 15 Vdc, V GS = 0, RG = 1.0 Megohm, f = 100 Hz, - 2.5 

BW = 1.0 Hz) 

Equivalent Short-Circuit Input Noise Voltage e 
InV /.JHz 

(VDS = 15 Vde, VGS = 0, f = 100 Hz, BW = 1.0 Hz) 
n - 115 
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2N5358 thru 2N5364 (continued) 

2. 

ll. 
.... 
~ 
'" '" 

0 

5 

~ 1.0 
z 
;;: 
'" '" 

DRAIN CURRENT versus GATE 
SOURCE VOLTAGE 
FIGURE 1 - 2N5358 

VOS-15 V 

Max 
f--TA'-55 C 

I'.. V 1250c -- -Min 

R ~ /11250C 

5~ r-~~~ ./ 25°C 
~ -55°C 

E o. 

a 
o 

~~~: I 
0.2 0.4 

-.....::::: ~ ~ 
0.6 0.8 

VGS. GATE·SOURCE VOLTAGE (VOLTS) 

2.0 

1.8 

1.6 
< .§ 1.4 
.... 
~ 1.2 

g; 1.0 
(.) 

~ 0.8 

'" e 0.6 
§ 

0.4 

0.2 

o 

FIGURE 3 - 2N5359 

~;,>~l~ VOS=15V 

~2~OC 
r\. ./ 1250C 1-~M.x 

'\V -- -Min 

I' 
~ "-
~ 1250C~~ 

~ ... 
25°C ~~ 

-55°C r~~<1:::.-.._ ~ ~ 

1.0 

a 0.2 0.4 0.6 0.8 1.0 1.2 1.4 1.6 1.8 2.0 

4. 0 

3. 51\ 

'\ 1 3.0 

ffi 2. 5~ 
'" 0: 
=> 2.0 
(.) 

z 
: 1.5 
e 
§ 1.0 

0.5 

........... 

r-~ 
r 

125°C 

VGS. GATE·SOURCE VOLTAGE (VOLTS) 

FIGURE 5 - 2N5360 

TA' -55°C VOS=15V 

k' I; 25°C 1- f-Max 

~ 125°C -- f-Min 

,...." ~ 
-55~~ ~ 

25°C 

~ i", -jl 
~~ 

~-
.......... ~ 

0.5 1.0 1.5 2.0 

VGS. GATE-80URCE VOLTAGE (VOLTS) 

FORWARD TRANSFER ADMITTANCE 
versus DRAIN CURRENT 

FIGURE 2 - 2N5358 

SI2oo0 

!1500 
(.) 

~ 
~ 1000 :s 1------:;;; 

o « 
ffi 100 
\j; 

~ 500 
'" .... 
o 
'" « 
~ 300 
~ 

~ 200 

~ 

~ 

- 0.1 

_ 10.000 

-~ .. 7000 
w 
(.) 5000 

~ :s 
e « 

3000 

~ 2000 
~ « a: 
I-

~ 1000 

~ 
'" 700 .... 
l' 5000.1 

I 300 
0 

~ 200 D 

-

i..- f..-! Typ 

V I--- .r ~ M,. -.-
l.--""" 

VOS'15V 

T'OiHZ ~I-

0.2 0.3 0.5 0.7 1.0 

10. DRAIN CURRENT (mA) 

FIGURE 4 - 2N5359 

~p"TYP -

---
~ 

f..-~ -I- Min - VOS'15 V.:: 
'·1.0kH,_ 

0.2 0.3 0.5 0.7 1.0 2.0 

10. DRAIN CURRENT (mA) 

FIGURE 6 - 2N5360 

+-Typ -I---
-I-!A-

z 

~ 
I---V 

Min :s 
o 
« 
~ 100 
\j; 
z: 

0 

~ 700 
l
e 
0: 

~ 50 

~ 

0 

0 

I--" 

.-

~ 30 
0.3 

2-140 

.-

0.5 

~ 
I-1-1-

I-' 

VOS' 15 V 
t-,. l.i kHz 

0.7 1.0 2.0 3.0 

10. DRAIN CURRENT (mA) 



2N5358 thru 2N5364 (continued) 
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2N5358 thru 2N5364 (continued) 

o \ 

DRAIN CURRENT versus 
GATE-SOURCE VOLTAGE 

FIGURE 13 - 2N5364 
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2N5358 thru 2N5364 (continued) 

FIGURE 19 - TYPICAL NOISE FIGURE 
versus FREQUENCY 

FIGURE 20 - TYPICAL NOISE FIGURE 
versus SOURCE RESISTANCE 
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Vis = IVIsI 
Vrs= -jwCrss 

NOTE: Graphical data is presented for dc conditions. Tabular 
data is given for pulsed conditions (Pulse Width = 630 ms, 
Duty Cycle = 10%). 
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2N5400 (SILICON) 
2N5401 

PNP SI LICON ANNULAR TRANSISTORS 

· .. designed for general-purpose, high-voltage amplifier applications. 

• High Voltage Ratings - BVCEO = 120 and 150 Vdc (Min) 

• Low Saturation Voltage 
(VCE(sat) = 0.25 V (max) @ IC = 50 mA 

• Current Gain Specified from 1.0 mAdc to 50 mAdc 

• One-Piece,lnjection-Molded Unibloc Package for High Reliability 

• Excellent for Nixie Driver Applications 

*MAXIMUM RATINGS 

Rating Symbol 2N5400 2N5401 Unit 

Collector-Emitter Voltage VCEO 120 150 Vde 

Collector-Base Voltage VCB 130 160 Vde 

Emitter-Base Voltage VEB 5.0 Vde 

Collector Current - Continuous IC 600 mAde 

Total Device Dissipation @ T A = 25°C Po 111 310 mW 

Derate above 25°C 2.81 mW/oC 

Operating and Storage Junction 111 
Temperature Range TJ, Tstg -65 to +135 Dc 

THERMAL CHARACTERISTICS 

Characteristic Max 

Thermal Resistance, Junction to Ambient 0.351 

(1) Continuous package Improvements have enhanced these guaranteed Max.imum Ratings as 
follows: Po -= 1.0 W @TC = 2SoC, Derate above 2SoC - B.O mW/OC. T J = ...a5 to +150o C, 
(}JC = 1250 C/W. 

• Indicates JEOEC Registered Data 
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HIGH VOLTAGE 

PNPSILICON 
AMPLIFIER TRANSISTORS 

Leads to fit Into 
0.016 
([ljjlj 

DlA HOLE (TYPI 

E Be 

=f 
0.500 
llfN 

J 
[055 J1t 0.045 

~ I-

50 INOM) 
I. Emitter 
2. Base 
3. Collector -

CASE 29 (1) 
TO-92 

~R. 



2N5400, 2N5401 (continued) 

* ELECTRICAL CHARACTERISTICS (T A = 25°C unless otherwise noted) 

Characteristic Symbol 

OFF CHARACTERISTICS 

Coliector·Emitter Breakdown Voltage (Note 1) BVCEO 
IIC = 1.0 mAde, IB = 0) 2N5400 

2N5401 

Collector-Base Breakdown Voltage BVCBO 
(lC = 100 "Ade, IE = 0) 2N54oo 

2N5401 

Emitter·Base Breakdown Voltage BVEBO 
(IE = 10 "Ade, IC = 0) 

Collector Cutoff Current ICBO 
(VCB = 100 Vde, IE = 0) 2N5400 
(VCB = 120 Vde, IE = 0) 2N5401 
(VCB = 100 Vde, IE = 0, TA ~ 1000 C) 2N54oo 
(VCB = 120 Vde, IE = 0, TA = loo0 C) 2N5401 

Emitter Cutoff Current lEBO 
(VEB = 3.0 Vde, IC = 0) 

ON CHARACTERISTICS 

DC Current Gain (Note 1) hFE 
(lC = 1.0 mAde, VCE = 5.0 Vde) 2N5400 

2N5401 
(lC = 10 mAde, VCE = 5.0 Vde) 2N54oo 

2N5401 
(lC = 50 mAde, VCE = 5.0 Vde) 2N5400 

2N5401 

Colleetor·Eminer Saluration Voltage (Note 1) VCE(sat) 
IIC = 10 mAde, IB = 1.0 mAde) 
IIC = 50 mAde, 18 = 5.0 mAde) 

Base-Emitter Saturation Voltage (Note 1) VBE(sat) 
(lc = 10 mAde, IB = 1.0 mAde) 
(lC = 50 mAde, IB = 5.0 mAde) 

DYNAMIC CHARACTERISTICS 
Current-Gain-Bandwidth Product fT 

(lC = 10 mAde, VeE = 10 Vde, f = 100 MHz) 2N5400 
2N5401 

Output Capacitance Cob 
(VCB = 10 Vde, IE = 0, f = 1.0 MHz) 

Small·Signal Current Gain hfe 
(lC = 1.0 mAde, VCE = 10 Vde, f = 1.0 kHz) 2N5400 

2N5401 

Noise Figure NF 
IIC = 250 "Ade, VCE = 5.0 Vde, 
RS = 1.0 k ohm, f = 10 Hz to 15.7 kHz) 

"Indicates JEDEC Registered Data 
Note 1: Pulse Test: Pulse Width = 300 "', Duty Cycle = 2.0% 
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2N5400, 2N5401 (continued) 

h PARAMETERS 
(VCE = 10 Vdc. f = 1.0 kHz. TA = 25°C) 
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There are two limitations on the power hand
ling ability of a transistor: junction temperature 
and secondary breakdown. Safe .operating area 
curves indicate Ie-VeE limlts .. of~etransistor 
that must be observed for reliable operation; i.e., 
the transistor must not be subjected to greater 
diSsipation. than the curves Indicate. 

The.~ata o,f Figure 6 is based on TJlpk) "" 
135oC; T C is variable depending on conditions. 
Pulse curves are valfd for duty cycles of 10% 
provided. TJ(pkj "1350 C. TJ(pk) may be CIII· 
culated from the data in Fiw~ 1 .. At high case 
temperatures, thermal limitations. will reduce 
the poyter that clln be handled 'to values ·Iess 
than the limitations impdsed ,.by· secondary 
breakdown. 



2N5400, 2N5401 (continued) 
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2N5400, 2N5401 (continued) 
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2N5427 (SILICON) 
thru 

2N5430 

~ 
Medium-power NPN silicon transistors designed for 

switching and wide-band amplifier applications. 

CASE 80 
(TO-66l 

MAXIMUM RATINGS 

Rating 

Collector-Emitter Voltage 

Collector-Base Voltage 

Emitter-Base Voltage 

Collector Current - Continuous 

Base Current 

Total Device Dissipation @ TC = 25°C 

Derate above 25°C 

Operating and Storage Junction 
Temperature Range 

THERMAL CHARACTERISTICS 

Characteristic 
Thermal Resistance, Junction to Case 

Symbol 2N5427 2N5429 
2N5428 2N5430 

VCEO 80 100 

VCB 80 100 

VEB 6.0 

IC 7.0 

IB 1.0 

PD 40 

228 

TJ , Tstg -65 to +200 

Symbol Max 

(J JC 4.37 

FIGURE 1 - POWER-TEMPERATURE DERATING CURVE 
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Safe Area Curves are indicated by Figure 5. All limits are applicable and must be observed. 
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Unit 

Vdc 

Vdc 

Vdc 

Adc 

Adc 

Watts 

mW/oC 

°c 

Unit 
°C/W 



2N5427 thru 2N5430 (continued) 

ELECTRICAL CHARACTERISTICS (T c = 2S·C unless otherw;se noted) 

Characteristic 
OFF CHARACTERISTICS 

Collector-Emitter Sustaining Voltage (1) SVCEO(sus) 
(IC = SO mAde, IS = 0) 2N5427, 2N5428 - 80 -

2N5429, 2N5430 100 -
Collector Cutoff Current ICEO 

(VCE = 75 Vde, IS = 0) . 2N5427, 2N5428 - 100 

(V CE = 90 Vde, IS = 0) 2N5429, 2N5430 - 100 

Collector Cutoff Current 12 ICEX 
(VCE = 75 Vde, VEB(Off) = 1. 5 Vde) 2N5427, 2N5428 - 10 

(VCE = 90 Vde, VEB(off) = 1. 5 Vde) 2N5429, 2N5430 - 10 

(VCE = 75 Vde, VEB(off) = 1. 5 Vde, TC = 150"C) 2N5427, 2N5428 - 1.0 

(V CE = 90 Vde, VEB(off) = 1. 5 Vde, TC = 150"C) 2N5429, 2N5430 - 1.0 

Collector Cutoff CUrrent ICBO 
(VCS = Raled VCB' ~ = 0) - - 10 

Emitter Cutoff Current· lEBO 
(V BE = S. 0 Vde, IC = 0) - - 100 

ON CHARACTERISTICS 
DC Current Gain' (1) 8 hFE 

(IC = 500 mAde, V CE = 2.0 Vde) 2N5427, 2N5429 30 -
2N5428, 2N5430 SO -

(IC = 2.0 Ade, VCE = 2.0 Vde) 2N5427, 2N5429 30 120 
2N5428, 2N5430 SO 240 

(IC = 5.0 Ade, V CE = 2.0 Vde) 2N5427, 2N5429 20 -
2N5428, 2N5430 40 -

Collector-Emitter Saturation Voltage (1) VCE(sat) 
(IC = 2.0 Ade, IS = 0.2 Ade) 9,11,13 - 0.7 

(IC = 7.0 Ade, IB = 0.7 Ade) - 1.2 

Base-Emitter Saturation Voltage 11) 11,13 VSE(sat) 
(IC = 2.0 Ade, IS = 0.2 Ade) - 1.2 

(IC = 7.0 Ade, IB = 0.7 Ade) - 2.0 

DYNAMIC CHARACTERISTICS 
Current-Gain-Bandwidth Product - fT 

(IC = 500 mAde, V CE = 10 Vde, {= 10 MHz) 30 -

Output Capacitance 7 Cob 
(V CB = 10 Vde, IE = 0, f = 100 kHz) - 250 

Input Capacitance 7 Cib 
(VBE = 2.0 Vde, IC = 0, f = 100 kHz) - 1,000 

SWITCHING CHARACTERISTICS 
Delay Time (VCC = 40 Vde, VES(off) = 3.0 Vde, 2,3 Id - 100 

Rise Time IC = 2.0 Ade, IBl = 200 mAde) t - 100 r 

Storage Time (V CC = 40 Vde, IC = 2. 0 Ad~, 2,S t - 2.0 s 

Fall Time lSI = IB2 = 200 mAde) 
If - 200 

111 Pulse Test: Pulse Width ~ 3001's, Duty Cycle ~ 2.0%. 

FIGURE 2 - SWITCHING TIME TEST CIRCUIT FIGURE 3 - TURN-ON TIME 
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2N5427 thru 2N5430 (continued) 

FIGURE 4 - THERMAL RESPONSE 
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There are two limitations on the power han
dlingabilityof a transistor: junctiontemperature 
and secondary breakdown. Safe operating area 
curves indicate Ie-VeE limits of the transistor 
that must be observed for reliable operation; 
i.e.. the transistor must not be subjected to 
greater dissipation than the curves indicate. w 

:5 0.2 

~ O. 1 

8 0.05 
:} 

= -

0.02 

0.01 
1.0 

Secondary Breakdown Limited 

- - Bonding Wire Limited 
- - - - Ttlermallimitations TC - 25°C 

Pulse Duty Cycle::: 1 0% 
de ~ Applicable For Rated SVCEO 

2.0 3.0 5.0 7.0 10 20 30 SO 70 100 

VCE, COLLECTOR-EMITTER VOLTAGE (VOLTS) 

The data of Figure 5 is based on T J(pk) = 
20o"C; T C is variable depending on conditions. 
Pulse curves are valid fordutv cycles of 10% pro
videdTJ(pk) ,;20o"C. TJ(pk) may be calculated 
from the data in Figure 4. At high case tern· 
peratures, thermal limitations will reduce the 
power that can be handled to values less than 
the limitations imposed by secondary break
down. 

FIGURE 6 - TURN-OFF TIME FIGURE 7 - CAPACITANCE versus VOLTAGE 
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2N5427 thru 2N5430 (continued) 
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2N5431 (SILICON) 

Silicon annular unijunction transistors characterized 
primarily for low interbase-voltage operation in sensing, 
pulse triggering, and timing circuits. 

CASE 22A 
(TO-1S Modified) 

Lead 3 connected to case 

MAXIMUM RATINGS (TA = 25°C unless otherwise noted) 

Rating Symbol Value Unit 
RMS Power Dissipation* P 

D 
* 300 mW 

RMS Emitter Current I 50 rnA e 

Peak-Pulse Emitter Current ** i ** e 1.5 A 

Emitter Reverse Voltage VB2E 30 V 

Interbase Voltage l' VB2B1~ 35 V 

Operating Junction Temperature Range TJ -65 to +125 uC 

Storage Temperature Range T stg 
-65 to +200 uC 

*Derate 3.0 mW /0 C increase in ambient temperature. 
**Duty Cycle,,; 1.0%, PRR = 10 PPS (see figure 5). 

fBased upon power dissipation at T A = 25°C. 

FIGURE 1 - UNIJUNCTION TRANSISTOR 
SYMBOL AND NOMENCLATURE 
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2N5431 (continued) 

ELECTRICAL CHARACTERISTICS (TA = 25"C unless otherwise noted) 

Characteristic Fig. No. Symbol Min Max Unit 
Intrinsic Standoff Ratio CD 4 'l(ll -

(V B2B1 = 10 V) 0.72 0.80 

Interbase Resi stance RBB kD 
(V B2B1 = 3.0 V, ~ = 0) 6.0 8.5 

Interbase Resistance Temperature Coefficient aRBB %/"C 
(VB2B1 =3.0V, ~ =0, TA =Oto 100·C) 0.4 0:8 

Emitter Saturation Voltage ® VEB1(Sat)® V 
(VB2B1 = 10 V, ~ = 50 rnA) - 3.0 

Modulated Interbase Current IB2(mod) rnA 
(VB2B1 = 10 V, ~ = 50 rnA) 5.0 30 

Emitter Reverse Current IEB20 nA 
(VB2E = 30 V, IB1 = 0) - 10 

Peak-Point Emitter Current Ip /lA 
(V B2B1 = 25 V) - 0.4 

(VB2B1 =4.0V) - 4.0 

Valley-Point Current ® I/~ rnA 
(V B2B1 = 20 V, RB2 = 100 ohms) 2.0 -

Base-One Peak Pulse Voltage 3 VOB1 1.0 - V 
(V BB = 4. 0 volts) 

aJ'l, Intrinsic standoff ratio, is defined in terms of the peak-point voltage, Vp, by means of the equation: Vp = 
TJV B2BI0+ VF , where VF is about 0.49 volt at 25·C @ ~ ;, 10 /lA and decreases with temperature at about 2.5 

mV!'C. The test circuit is shown in Figure 4. Comporients R1, Cl, and the UJT form a relaxation oscillator; 
the remaining circuitry serves as a peak-voltage detector. The forward drop of Diode D1 compensates for VF. 
To use, the "cal" button is pushed, and R3 is adjusted to make the current meter, Ml,read full scale. When 
the "cal" button is released, the value of TJis read directly from the meter, if full scale on the meter reads 1.0. 

® Use pulse techniques: PW ~ 300 /lS, Duty Cycle", 2.0% to avoid internal heating, which may result in erroneous 
readings. 

FIGURE 3 - V OBI TEST CIRCUIT 
VBB 

C, 
0.2 p.F 

RBI 
20 Il 

+4.0 V 

FIGURE 4 - ~ TEST CIRCUIT 

+10 V 

. CAL.-1 R, 
10 kfl 

910 kfl 0, ® 
C2 

1.0 "F 

/ M,,10p.AFUllSCAlE 

@ ° 1. diode with the foliowinSl charactefistics: 

VF =0.49 V@IF=10uA 
'R ~ 2.0 "A@VR=2OV 
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FIGURE 5 - PRR TEST CIRCUIT 
AND WAVEFORM 

DUTY CYCLE", 1.0%, PRR '" 10 PPS 

0.15 g=*=::::}====::::::!I=----F-

20-30 v 
(Adjust for 1.5 A 
peak in Rl) 



2N5435 (GERMANIUM) 
thru 

2N5440 PNP germanium power switching transistors designed 
for high-current, fast-switching applications requiring low 
saturation voltage and excellent safe operating area. 

CASE 3A 
TO-3 Package 
2N5435/5440 OIA_1 MAX 

r -f 1.550 MAX -----j 

t~!~-j 0.1351 

- 0.36 
MAX 

1 
0.610 
0.710 

I 

1.177 

Collector Connected to Case 
CASE 161 (T0·41) ,\ 

CASE 3A ITO·3) ALL OIMENSIONS 10ENTICAL 
EXCEPT PINS - 0.060/0.065 OIA X 0.061/0.071 LONG 

CASE 161 
TO-41 Package 
MP5435/5440 

MAXIMUM RATINGS ** 
2N5435 2N5436 2N5437 

Rating Symbol 2N5438 2N5439 2N5440 
Collector-Emitter Voltage VCEO 60 90 120 

Collector-Base Voltage VCB 80 110 140 

Emitter-Base Voltage VEB 2.5 

Collector Current - Continuous IC 60 

Base Current - Continuous IB 12 

Total Device Dissipation @ TC = 25°C PD 120 

Derate above 25°C 1. 43 

Operating and Storage Junction TJ , Tstg -65 to +110 
Temperature Range 

THERMAL CHARACTERISTICS 

Characteristic 
Thermal ReSistance, Junction to Case 

0 

1 
1. 

O. 

~o o. 51--- 0= .5 

:;w 
ffi::1 0.3 
i= ~ 0.2 
0-", 
20 
!!!z 
'" • 0.1 Zw 
: ~ 0.07 
~~ 0.05 

i~ 0.03 
"l: 

I---r-- .2 

- c- .1 

=-c-,0.5 

- -'0.2 

~~ 
.-r" 

....... 

FIGURE 1 - THERMAL RESPONSE 
.. 

..... c:?' 

V 
OJCh) = ,(11)OJC f= 

OJC = 0.7DCIW Max ,_ f== 
o CURVES APPLY FOR POWER 

";N LE 
PULSE TRAIN SHOWN 
READ TIME AT 11 PUL E 

J 10 = 01 TJlpkl- TC = OJC ,111,01 Ppk 

Max 
0.7 

Fw 11 I--
'2 

OUTY CYCLE, 0 = 11/12 

III I II III 

Unit 
Vdc 

Vdc 

Vdc 

Adc 

Adc 

Watts 

W;OC 

°c 

0.02 

0.01 
0.1 0.2 0.3 0.5 1.0 2.0 3,0 5.0 10 20 30 50 100 200 300 500 1000 2000 3000 5000 10,000 

11, PULSE WIDTH Im.1 

• ·Maximum Ratings for MP5435 Series are the Same as the 2N5435 Series. 
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2N5435 thru 2N5440 (continued) 

ELECTRICAL CHARACTERISTICS (Tc = 25"C unless otherwise noted) * * 
Characteristic ' I Symbol 

OFF CHARACTERISTICS 

Collector-Emitter Breakdown Voltage BVCEO 
(IC = O. 1 Adc, IB = 0) 2N5435, 2N5438 

2N5436, 2N5439 
2N5437, 2N5440 

Collector Cntoff Current ICEX 
(VCE = 80 Vdc, VBE(off) = 0.2 Vdc) 2N5435, 2N5438 

(V CE= 110 Vdc, V BE (off) = 0.2 Vdc) 2N5436, 2N5439 

(V CE = 140 Vdc, V BE (off) = 0.2 Vdc) 2N 543 7, 2N 5440 

(VCE = 80 Vdc, VBE(off) = 0.2 Vdc, TC = +85"C) 2N5435, 2N5438 

(VCE = 110 Vdc, VBE(off) = 0.2 Vdc, TC = +85"C) 2N5436, 2N5439 

(VCE = 140 Vdc, VBE(Off) = 0.2 Vdc, TC = +85"C) 2N5437, 2N5440 

Collector Cntoff Current ICBO 
(VCB = 2.0 Vdc, ~ = 0) 

Emitter Cutoff Current lEBO 
(VBE = 2. 5 Vdc, IC = 0) 

ON CHARACTERISTICS 
DC Current Gain* hFE * 

(IC = 25 Adc, V CE = 2.0 Vdc) 2N5435, 2N5436, 2N5437 
2N5438, 2N5439, 2N5440 

(IC = 60 Adc, VCE = 2. 0 Vdc) 2N5435, 2N5436, 2N5437 
2N5438, 2N5439, 2N5440 

Collector-Emitter Saturation Voltage* VCE(sat)' 
(IC = 60 Adc, IB = 6.0 Adc) 2N5435, 2N5436, 2N5437' 

2N5438, 2N5439, 2N5440 

Base-Emitter" Saturation Voltage;: VBE(sat)* 
(IC = 60 Adc, IB = 6.0 Adc) 2N5435, 2N5436, 2N5437 

2N5438, 2N5439, 2N5440 

SMALL-SIGNAL CHARACTERISTICS 
Current-Gain Bandwidth Product 

(IC = 5.0 Adc, V CE = 5.0 Vdc, f = 100 kHz) 

SWITCHING CHARACTERISTICS 
Rise Time t 

(IC = 25 Adc, IBI = 2. 5 Adc, IB2 = 2: 5 Ado) 
r 

Storage Time ts 
(See Figure 4) 

Fall Time tf 

"Electrical Characteristics for MP5435 series are the same as the 2N5435 series. 
* To avoid excessive heating of the collector junction, perform test with pulse method. 

160 

~ i 120 

z 
o 

i 80 
C 
a: 

... ~ 40 

"-

FIGURE 2 - POWER-TEMPERATURE 
DERATING CU,RVE 

FO~ TRANklENT T~ERMA~ RESI~ANCE 
AND SAFE OPERATING AREA INFDRMA· 
TION. SEE FIGURES 1,5, AND 6. 

~ 
~ 

....... 
~ 

-.......... 
.......... 
~ '-.... 

20 

r-r-_ 
10 

] 
7.0 

!Ii 5.0 
;:: 

'" 3.0 

2.0 
,... 

Min Max Unit 

Vdc 
60 -
90 -

120 -
mAdc 

- 10 

- 10 

- 10 

- 30 

- 30 

- 30 

"Adc - 200 

mAdc 
- 500 

-
20 60 
40 120 

10 -
15 -

Vdc 
- '" 0.75 
- 0.50 

Vdc 
- 1.2 
- 0.9 

- 12 fL· 

- 10 fL· 

- 8.0 fLS 

FIGURE 3 - SWITCHING TIMES 

VCC = 30 V 
181 = ICIlO 

/1-' 182 'IBl 

Is 
f'. 

Vir i>< 

...... 1---' i' 
~ 

If 

-I-

o 
20 40 60 80 100 110 

1.0 
1,.0 2.0 3.0 5.0 7.0 10 20 30 50 70 100 

TC, CASE TEMpERATURE IOC) IC, COLLECTOR CURRENT (AMPS) 
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2N5435 thru 2N5440 (continued) 

FIGURE 4 - SWITCHING TIME 
TEST CIRCUIT 

FIGURE 5 - ACTIVE REGION SAFE 
OPERATING AREA 

;! 

10 0 

0 

0 

0 

0 

0 

0 

0 

+12':~-r--L 

-llVlJ I 
50 ~s I. -I. • 100 JlS 

INPUTPULSE 

lr.tf< 10ns 
PRF "'60 Hz 

5.0 

MR830 

VCC =-30 V 

SCOPE 

10 

I 

~ 50 

0 

0 

" S 
I-

~ 
~ 1 

~ ~: 

0 

0 

0 

0 
0 

...", 

-0..... 

" 

"- 100 

" 5.0 ,;,,'\ 1.0m. 

" 
de 

~ 

8 3. 
~ 

TJ,,1I00C 
o SECONDARY BREAKOOWN LIMITATION ..... 

f--°j'0-THERMAL LIMITATION TC = 250C. CONTINUOUS ~UTY 
Do ~ 

2. o THERMAL LIMITATION. TC = 250C. PULSE OUTY CYCLE -10% 

I. 0 1 SEE FIGURE I FOR LIMITATION AT OTHER OUTY CYCLES "- r-., 
1.0 2.0 3.0 5.0 1.0 10 20 30 50 10 100 

VCE. COLLECTOR·EMITIERVOLTAGE (VOLTS) 
Thtlre are two Iimilatiom on the power handling ability of I 

t\'"ansistor: junctiOf\ temperature .nd secondary bnakdown. Saf, 
operating arg curvet indicate Ie - VCE limits of the tfansillar 
that must be observed tor reliable opeI"ation; i.e .• the transistor 
muSt not be wbjected to greater dissipation than the curve. indi
a ... 

TIM! datil of FiGureS ilb.aed on TJlplcl '"' "aoCiTC b*;· 
abl. dfJp!ilnding on eonditloM. Pulse curves are valid for duty 
eycln to 10% providlld TJ(pkl< "OOe. TJlpk11Tllly becalcullted 
from tIM! data in FllJlr.,. At high ClII8 templratu ..... thermal 
limitations will redua. the pG\Wr that can be handled to v.I~ 
'"' than the limltalions Impollld by aeeondary br'8IIkdown. 

FIGURE 6 - CLAMPED INDUCTIVE 
SAFE OPERATING AREA 

FIGURE 7 - CLAMPED INDUCTIVE SAFE 
OPERATING AREA TEST CIRCUIT 

SEE FIGURE 1= 
FOR TEST -

0.04 0.25 mHo 0.06 {I 

CIRCUIT -

2N5435 2N5431 r---
2N5438 .• '" , , 2N5440 r--

2N5436 I' 
2N5439 

Of-----t- TJ"IIOOC 1\ 

0 

I. 0 
10 

500 

300 

20 0-
z -
~ 100 

~ 7 
~ 50 

0_ 

::> 

'" '" 30 Q 

~ 20 

10 

1.0 
5.0 

.... 

\ 
I I II \ 

20 30 50 10 100 200 

VCE. COLLECTOR·EMITIER VOLTAGE (VOLTS) 

FIGURE 8 - DC CURRENT GAIN 

VCE = 2.0 V 
(Not. I) 

TJ = 1000C 

'250c11 I-

-550C 

2N5435 
2N5436 
2N5437 

I I 

0.1 0.2 0.3 0.5 1.0 2.0 3.0 5.0 10 20 30 50 100 

IC. COLLECTOR CURRENT (AMPS) 

z 

500 

30 

20 

Or-

O~ 
i""'" 

·Set to allow reverse surge current to by pass power supply. Not 
needed for power supply with low reverse impedance. 

FIGURE 9 - DC CURRENT GAIN 

T -IDOoC VCe=2.0V 

~ (NolO I) 

260C - - ~ ~~ • :t;o.c ~ 100 

ffi 
~ 50 
::> 

'" '" 30 o 

~ 0 

0 

5. 0 

2N5438 
2N5439 
2N5440 

II 

0.1 0.2 0.3 0.5 1.0 2.0 3.0 5.0 10 20 30 50 100 

IC. COLLECTOR CURRENT (AMPS) 

NOTE1: Data is obtained from pulse tests and adjusted to nullify the effect of I CaD. 
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2N5435 thru 2N5440 (continued) 

FIGURE 10 - COLLECTOR SATURATION Re.GION 

S 
1.0 

0 0.9 
2 O.B w 

I II I IIII I 

I II I IIII I 

'" « 0.7 ':; 
IC= LOA 3.0 A lOA 25 A SOA 
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> O.S 
'" w ... 0.5 ... 
~ 0.4 r:< 
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~ 0.2 ... 
8 

TJ = 25°C 

tnt , r-
11\ f' K11 I 

r- 2N5435/3S/37 
w O. 
<.> 
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1000 

500 
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1. 
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0 

lB. BASE CURRENT .IAMPS) 

FIGURE 12 - EFFECTS OF BASE-EMITTER, 
RESISTANCE 

VCE - SO V=j== 

...... :-........: r-.... i"""'--. r-.. 20 4b-
r-.... ~ r-... L"---.. t--. 

2.5 
f-- riC 1.25 ICES 

5:r? 
~ 

, 
.......... Il'. ...... 

10 

1== 
f--

t=For V.lues of ICES 
t- See Figure 13 
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'" .., 
c5 o. 
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:> 
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O. 2 
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r-

1.0 

TJ. JUNCTION TEMPERATURE 10C) 

FIGURE 14 - "ON" VOLTAGES 

TJ = 250C 
+- INolell 

~ 

VBElsatl@ IC/IB = 10 .., V 
~.J..-

.., 
- i--:-H"M'_ I· II 

, iBjlrr r CE = 2.0 V .; 
VCElsatl@ Ic/lB = 10 ..,1-" 
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FIGURE 11 - COLLECTOR SATURATION REGION 
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FIGURE 13 - COLLECTOR CUTOFF REGION 
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FIGURE 15 - TEMPERATURE COEFFICIENTS 
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2N5457 (SILICON) 

2N5458 
2N5459 

Silicon N-cnannel junction field-effect transistors de
pletion mode (Type A) designed for general-purpose 
audio and switching applications, 

CASE 29 (5) 
(10-92) 

MAXIMUM RATINGS 

Rating 

Drai~-Source Voltage 

Orain-Gate Voltage 

Reverse Gate-Source Voltage 

Gate Current 

Drain and source may be 
interchanged. 

Total Oevice Dissipation @ TA= 25'C 

Derate above 25°C 

Operating Junction Temperature 

Storage Temperature Range 

ELECTRICAL CHARACTERISTICS (T, = 25'C ""'''' "h .... ' .. """') 

Characteristic Symbol Min 

OFF CHARACTERISTICS 

Gate-Source Breakdown Voltage BVGSS 
(IG = -10J,lAdc, VDS = 0) 25 

Gate Reverse Current loss 
(VGS = -15 Vdc, VDS = 0) -
(VGS = -15 Vdc, VDS = 0, TA = 10OOC) -

Gate-Source CUtoff Voltage VGS(off) 
(VOS = 15 Vdc, 10 = 10 nAdc) 2N5457 0.5 

2N5458 1.0 

2N5459 2.0 

Gate-Source Voltage VGS 
(VOS = 15 Vdc, 10 = 1001'Adc) 2N5457 -
(VOS = 15 Vdc, 10 = 200 J,lAdc) 2N545B -
(VDS = 15 Vdc, 10 = 400 J,lAdc) 2N5459 -

ON CHARACTERISTICS 

Zero-Gate-Voltage Orain Current III lOSS 
(Vos = 15 Vdc, V GS ;, 0) 2N5457 1.0 

2N5458 2.0 

2N5459 4.0 

DYNAMIC CHARACTERISTICS 

Forward Transfer Admittance (1) I Yfsl 
(VOS = 15 Vdc, VGS = 0, f = 1 kHz) 2N5457 1000 

2N5458 1500 

2N5459 2000 

OUtput Admittance (1) IYosl 
(VOS = 15 Vdc, VGS = 0, f = I kHz) -

Input Capacitance Ciss 
(VOS = 15 Vdc, VGS = 0, f = 1 MHz) -

Reverse Transfer Capacitance Cras 
(VOS = 15 Vdc, VGS = 0, f = I MHz) -

(11 Pulse Test: Pulse Width S 630 rns; Duty Cycle S 10% 

Symbol Value 

VDS 25 

VOG 25 

VGs(r) 25 

IG 10 

Po (2) 310 

2.82 

TJ 
(2) 

135 

Tstg 
(2) -65 to + 150 

Typ Max 

- -

- 1.0 

- 200 

- 6.0 

- 7.0 

- 8.0 

2.5 -
3.5 -
4.5 -

3.0 5.0 

6.0 9.0 

9.0 16 

3000 5000 

4000 5500 

4500 6000 

10 50 

4.5 7.0 

1.5 3.0 

(2) Continuous package improvements have enhanced these guaranteed Maximum Ratings as follows: Po'" 1.0 W @TC = 25°C, 
Derate above 25°C - 8.0 mW/oC, T J '" -65 to +1500 C. (J JC " 125° C/W. 
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Unit 

Vdc 

Vdc 

Vdc 

mAdc 

mW 

mWjOC 

°c 

°C 

Unit 

Vdc 

nAdc 

Vdc 

Vdc 

mAdc 

J,lmhos 

"mhos 

pF 

pF 



2N 5460 (SILICON) 
thru 

2N5465 

CASE 29(7) 
(TO-92) 

P-channel depletion mode (Type A) junction field
effect transistors designed for use in general-purpose am
plifier applications. 

MAXIMUM RATINGS 

2N5460 2N5463 
2N5461 2N5464 

Rating Symbol 2N5462 2N5465 Unit 
Drain-Gate Voltage VOG 40 60 Vdc 

Reverse Gate-Source Voltage VGS(r) 40 60 Vdc 

Forward Gate Current IG(f) 10 mAdc 

Totai Oevice Diss.ipation@ TA = 25 DC Po 111 310 mW 

Derate above 25 DC 2.82 mW/"C 

Storage Temperature Range T 111 
stg -65 to +150 DC 

Operating Junction Temperature Range T 111 
J -65 to +135 DC 

(1) Continuous package improvements have enhanced these guaranteed Maximum Ratings as 
follows: Po '" 1.0 W @ TC "" 25°C. Derate above 25°C - 8.0 mW~C, T J "" -65 to + 150°C, 
9JC'" 1250 C/W. .' 

ELECTRICAL CHARACTERISTICS (T. = 25 D C unless otherwise noted) 

I Characteristic I Symbol Min Typ Max Unit 
OFF CHARACTERISTICS 

Gate-Source Breakdown Voltage V(BR)asS Vdc 
(IG = 10 /lAdc, VOS = 0) 2N5460, 2N5461, 2N5462 40 - -

2N5463, 2N5464, 2N5465 60 - -
Gate -Source Cutoff Voltage VGS(off) Vdc 

(VOS = 15 Vdc, 10 = 1.0 /lAdc) 2N5460, 2N5463 0.75 - 6.0 
2N5461, 2N5464 1.0 - 7.5 
2N5462, 2N5465 1.8 - 9.0 

Gate Reverse Current IGSS nAdc 
(VGS = 20 Vdc, VOS = 0) 2N5460, 2N5461, 2N5462 - - 5.0 

(Vas = 30 Vdc, VOS = 0) 2N5463, 2N5464, 2N5465 - - 5.0 

(Vas = 20 Vdc, VOS = 0, TA = 100DC) 2N5460, 2N5461, 2N5462 - - 1.0 /lAdc 

(Vas = 30 Vdc, VOS = O,TA = 100 DC) 2N5463, 2N5464, 2N5465 - - 1.0 

ON CHARACTERISTICS 
Zero-Gate Voltage Orain Current lOSS mAdc 

(VDS = 15 Vdc, V GS = 0) 2N5460, 2N5463 1.0 - 5.0 
2N5461, 2N5464 2.0 - 9.0 
2N5462, 2N5465 4.0 - i6 

Ga,te-Source Voltage Vas Vdc 
(Vos = 15 Vdc, ~ = 0.1 mAdc) 2N5460, 2N5463 0.5 - 4.0 

(VOS = 15 Vdc, 10 ='0.2 mAdc), 2N5461, 2N5464 0.8 - 4.5 

(VOS = 15 Vdc, 10 = 0.4 mAdc) 2N5462, 2N5465 1.5 - 6.0 

SMALL·SIGNAL CHARACTERISTICS 
Forward Transadmlttance I Yfs I /lmhos 

(VDS = 15 Vdc, Vas = 0, f = 1. 0 kHz) 2N5460, 2N5463 1000 - ,4000 
2N5461, 2N5464 1500 - 5000 
2N5462, 2N5465 2000 - 6000 

Output Admittance I Yos I /lmhos 
(VOS = 15 Vdc, V GS = 0, f = 1. 0 kHz) - - 75 

Input CapaCitance Ciss pF 
(VDS = 15 Vdc, Vas = 0, f = 1.0 MHz) - 5.0 7.0 

Reverse Transfer Capacitance Crss pF 
(VDS = 15 Vdc, Vas = 0, f = 1.0 MHz) - 1.0 2.0 

Common-Source Noise Figure NF dB 
(VOS = 15 Vdc, Vas = 0, RG = 1.0 Megohm, f = 100 Hz, 

BW = 1.0Hz) - 1.0 2.5 

Equivalent Short-Circuit lnput Noise Voltage e n nVA/HZ 
(VOS = 15 Vdc, Vas = 0, f = 100 Hz, BW = 1.0 Hz) - 60 115 
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2N5460 thru 2N5465 (continued) 
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FIGURE 1 - 2N5460 and 2N5463 

Vas i 15 V 

"'-
I'--. ."'- TA = ·WC 

/' I 

·25°C 

-I"- ........... ~ V 125°C 

r---~ ~ 
~ ~ 

o 0.2 0.4 0.6 0.8 1.0 1.2 1.4 1.6 1.8 2.0 

10 

9.0 

« 8.0 

.s 7.0 
I-

f"\.. 

'" 
0"" 

~ 6. 

'" i3 5.0 

r--. ~ 4.0 

'" 

I"\. 

t-..... 

VGS. GATE·SOURCE VOLTAGE (VOLTSI 

FIGURE 2 - 2N5461 and 2N5464 
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FIGURE 3 - 2N5462 and 2N5465 
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FIGURE 4 - 2N5460 and 2N5463 
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2N5460 thru 2N5465 (continued) 
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2N 5471 (SILICON) 
thru 

2N5476 

P-channel depletion mode (Type A) junction field
effect transistors designed for general-purpose amplifier 
and switching applications. 

CASE 20(5) 
(TO-72) 

MAXIMUM RATINGS 

Rating 
Drain-Gate Voltage 

Reverse Gate-Source Voltage 

Drain Current 

Forward Gate Current 

Total Device Dissipation @TA = 25D C 
Derate above 25°C 

Storage Temperature Range 

Operating Junction Temperature Range 

2-163 

Symbol 

VDG 

V GS(r) 

In 
IG(f) 

PD 

Tstg 

TJ 

Value Unit 
40 Vdc 

40 Vdc 

5.0 mAdc 

10 mAdc 

300 mW 
2.0 mW/DC 

-65 to +200 DC 

-65 to +175 DC 



2N5471 thru 2N5476 (continued) 

ELECTRICAL CHARACTERISTICS (TA = 25·C unless otherwise noted) 

Characteristic Symbol Min Max Unit 

OFF CHARACTERISTICS 
Gate-Source Breakdown Voltage V(BR)GSS Vde 

(IG = 10 /lAde, VDS = 0) 40 -

Gate-Source Cutoff Voltage V GS(off) Vdc 
(VOS = -15 Vde, 10 = -10 nAde) 2N5471 0.5 4.0 

2N5472 0.7 4.0 
2N5473 0.9 6.0 
2N5474 1.2 7.0 
2N5415 1.5 8.0 
2N5476 2.0 9.0 

Gate Reverse Current IGSS nAdc 

(V GS = 10 Vde, VOS = 0) - 0.1 

(V GS = 20 Vdc, VDS = 0) - 0.5 

(V GS = 20 Vde, VOS = 0, T A = 150·C) - 1.0 /lAdc 

ON CHARACTERISTICS 
Zero-Gate Voltage Drain Currentf1l 'nSS 

mAde 
(VOS = -15 Vdc, V GS = 0) 2N5471 -0.02 -0.06 

2N5472 -0.05 -0.12 
2N5473 -0.10 -0.25 
2N5474 -0.20 -0.50 
2N5475 -0.40 -1.0 
2N5476 -0.80 -2.0 

Gate-Source Voltage VGS Vde 
(VDS = -15 Vde, ID = 2.0 /lAde) 2N5471 0.5 3.0 

(VOS = -15 Vde, 10 = 5.0 /lAde) 2N5472 0.7 3.5 

(VOS = -15 Vde, 'n = 10 /lAde) 2N5473 0.9 4.5 

(V DS = -15 Vde, 10 = 20 /lAdc) 2N5474 1.2 6.0 

(V OS = -15 Vde, ID = 40 /lAde) 2N5475 1.5 7.5 

(V OS '" -15 Vde, 10 = 80 /lAdc) 2N5476 2.0 8.0 

SMAll·SIGNAl CHARACTERISTICS 
Forward Transadmi ttanee' 111 I Yfsl /lmhos 

(V OS = - 15 Vdc, V GS = 0, f = 1. 0 kHz) 2N5471 60 180 
2N5472 90 225 
2N5473 120 300 
2N5474 160 400 
2N5475 200 500 
2N5476 260 650 

Output Admittance 111 IYosl /lmhos 
(V OS = -15 Vdc, V GS = 0, f = 1. 0 kHz) 2N5471 - 1.0 

2N5472 - 1.0 
2N5473 - 2.5 
2N5474 - 2.5 
2N5475 - 5.0 
2N5476 10 

Input Capacitance Ciss pF 
(VOS = -15 Vdc, VGS = 0, 140 kHz" f < 1.0 MHz) - 5.0 

Reverse Transfer Capacitance C pF 
(V OS = -15 Vdc, V GS = 0, 140 kHz < f < 1. 0 MHz) 

rss - 1.0 

Common-Source Noise Figure NF dB 
(V OS = -15 Vdc, V GS = 0, RG = 1. 0 Megohm, - 2.5 

f = 1. 0 kHz, BW = 1. 0 Hz) 

Equivalent Short-Circuit Input Noise Voltage e n nV /.fifZ 
(VOS = -15 Vdc, VGS = 0, f = 1.0 kHz, BW = 1.0 Hz) - 110 

111 Pulse Test: Pulse Width = 630 mB, Duty Cycle = 2.0%. 
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2N5477 (SILICON) 
thru 

2N5480 

MEDIUM-POWER NPN SILICON TRANSISTORS 

designed for switching and wide-band amplifier applications. 

• Low Collector Emitter Saturation Voltage-
VCE(sat) = 1.2 Vdc (Max) @ IC = 7.0 Adc 

• DC Current Gain Specified to 5 Amperes 

• Excellent Safe Operating Area 

• Packaged in the Compact, High Dissipation TO-59 Case 

• Collector Common to Case 

MAXIMUM RATINGS 

Rating Svmbol 2N5477 2N5479 Unit 2N5478 2N5480 
Collector-Emitter Voltage VCEO 80 100 Vdc 

Collector-Base Voltage VCB 80 100 Vdc 

Emitter-Base Voltage VEB 6.0 Vdc 

Collector Current - Continuous IC 7.0 Adc 

Base Current - Continuous IB 1.0 Adc 

Total Device Dlssipation@ TC = 25'C PD 60 Watts 

Derate above 25'C 343 mW/'C 
Operating and Storage Junction T J' Tstg -65 to +200 'c 

Temperature Range 

THERMAL CHARACTERISTICS 

I Characteristic Symbol Max Unit I 
lThermal Resistance, Junction to Case o JC 2.91 'C/W J 

FIGURE 1- POWER-TEMPERATURE DERATING CURVE 
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Safe Area Curves are indicated by Figure 5. All limits are applicable and must be observed. 
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2N5477 thru 2N5480 (continued) 

ELECTRICAL CHARACTERISTICS (Te = 25·C"'.ssoth.<wi,,,otoo) 

Characteristic 

OFF CHARACTERISTICS 
Collector~Emitter SUstaining Voltage (1) 

(Ie ::: 50 mAde, IS = 0) 2N5477, 2N5478 
2N5479, 2N5480 

Collector Cutoff Current 
(V CE = 75 Vdc, 18 = 0) 2N5477, 2N5478 

(V CE = 90 Vdc·, Is ::. O) 2N5479. 2N5480 

Collector Cutoff Current 
(VCE • 75 Vde, VEB(off). 1.5 Vde) 2N5477, 2N5478 

(VCE • 90 Vdc, VEB(off) = 1.5 Vde) 2N5479, 2N5480 

(VCE = 75 Vde, VEB(ofl) = 1.5 Vde, TC = 150'C) 2N5477, 2N5478 

(VeE:: 90 Vdc, VES(off) = .1. 5 Vdc, TC = 150°C) 2N5479, 2N5480 

Collector Cutoff Current 
(VCB = Rated VCB' 1., • 0) 

Emitter Cutoff Current 
(VBE = 6.0 Vde, 'C. 0) 

ON CHARACTERISTICS (11 

~ Current liain 
PC· 500 mAde, VCE .2.0 Vde) 2N5477, 2N5479 

2N5478, 2N5480 

Pc = 2.0 Adc, V CE = 2.0 Vde) 2N5477, 2N5479 
2N5478, 2N5480 

Pc = 5.0 Ade, VCE = 2.0 Vdc) 2N5477, 2N5479 
2N5478, 2N5480 

Collector-EmitteJ' Saturation Voltage 
PC· 2.0 Ade, 'B = 0.2 Adc) 

(Ie:: 7.0Ade, IS = 0.7 Adc) 

Base-Emitter Saturation Voltage 
(Ie = 2.0 Ade, IS = 0.2 Adc) 

(Ie = 7.0 Ade, IB = 0.7 Adc) 

DYNAMIC CHARACTERISTICS 
Current-Gatn-Bandwidth Product 

(IC = SOD mAde,. V CE = 10 Vde, f = 10 MHz) 

Output Capacitance 
(VCB = 10 Vdc, IE = 0, f = 100 kHz) 

Input Capacitance 
(VBE ::: 2.0 Vdc~ IC so 0, f = 100 kHz) 

SWITCHING CHARACTERISTICS 
Delay Time (V CC = 40 Vde, VEB(Off) ::: 3.0 Vdc, 

i--:R"I-se"'T=,'-m-.--1lc = 2.0 Adc, IB1 ::: 200 mAde) 

Storage Time (Vee = 40 Vdc, IC = 2.0 Adc, 

Fall Time 'BI = 'sz = 200 mAde) 

t 1l Pulse Test: Pulse Width ... 300 p.s, Duty Cycle ;= 2.0%. 

FIGURE 2 - SWITCHING TIME TEST CIRCUIT 
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2N5477 thru 2N5480 (continued) 
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2N5477 thru 2N5480 (continued) 
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2N5484 (SILICON) 
thru 

2N5486 
N-channel depletion mode (Type A) junction field

effect transistors designed for VHF/UHF amplifier ap
plications. 

CASE 29 (5) 
(10-92) 

MAXIMUM RATINGS 

Rating 

Drain-Gate Voltage 

Reverse Gate-Source Voltage 

Drain Current 

Forward Gate Current 

Total Device Dissipation @TC = 25° C 
Derate above 25°C 

Operating and Storage Junction 
Temperature Range 

Symbol Value 

VDG 25 

VGS(r) 25 

~ 30 

IG(O 10 

PD 111 310 
2.82 

T T 1'1 
J' stg -65 to +150 

(1) Continuous package improvements have enhanced these guaranteed Maximum Ratings as follows: Po = 1.0 W @ TC "" 25°C, 
Derate above 25°C - 8.0 mW/oC, T J'" -65 to +150oc, 8JC = 1250 C!W. 

ELECTRICAL CHARACTERISTICS (T c = 25·C unless otherwise noted) 

Characteristic 

OFF CHARACTERISTICS 
Gate-Source Breakdown Voltage V(BR)GSS 

(IG = -1. 0 /lAdc, V DS = 0) 25 - -
Gate-Source Cutoff Voltage V GS(off) 

(V DS " 15 Vdc, ID =·10 nAde) 2N5484 O.~ - 3.0 
2N5485 0.5 - 4.0 
2N5486 2.0 - 6.0 

Gate Reverse Current IGSS 
(V GS = -20 Vdc, VDS = 0) - - 1.0 

(V GS = -20 Vdc, VOS = 0, T A = 100°C) - - 0.2 

ON CHARACTERISTICS 

Zero-Gate Voltage Draill Current loSS 
(V OS = 15 Vde, V GS = 0) 2N5484 1.0 - 5.0 

2N5485 4.0 - 10 
2N5486 8.0 - 20 
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Unit 

Vdc 

Vdc 

mAdc 

mAdc 

mW 
mW/oC 

°c 

Vdc 

Vdc 

nAdc 

/lAde 

mAde 



2N5484 thru 2N5486 (continued) 

ELECTRICAL CHARACTERISTICS (continued) 

Characteristic 

SMAll-SIGNAL CHARACTERISTICS 
Forward Transadmittance IYfsl Mmhos 

(V DS = 15 Vdc, V GS = 0, f = 1.0 kHz) 2N5484 3000 · 6000 
2N5485 3500 · 7000 
2N5486 4000 · 8000 

Forward Transconductance Re(yfs) Mmhos 
(V DS = 15 Vdc, V GS = 0, f = 100 MHz) 2N5484 2500 · · 
(VDS = 15 Vdc, V GS = 0, f = 400 MHz) 2N5485 3000 · · 

2N5486 3500 · · 
Output Admittance IYosl Mmhos 

(VDS = 15 Vdc, VGS = 0, f = 1.0 kHz) 2N5484 · · 50 
2N5485 · · 60 
2N5486 · · 75 

Output Conductance Re(yos) Mmhos 
(VDS = 15 Vdc, VGS = 0, f = 100 MHz) 2N5484 · · 75 

(VDS = 15 Vdc, V GS = 0, f = 400 MHz) 2N5485, 2N5486 · · 100 

Input Conductance Re(Yis) Mmhos 
(VDS = 15 Vdc, V GS = 0, f = 100 MHz) 2N5484 · · 100 

(VDS = 15 Vdc, V GS = 0, f = 400 MHz) 2N5485, 2N5486 · · 1000 

Input Capacitance C. pF 
(VD~" 15 Vdc, VGS = 0, f = 1.0 MHz) 

lSS 
· · 5_ 0 

Rever·se Transfer Capacitance C pF 
(VDS = 15 Vdc, VGS = 0, f = 1.0 MHz) 

rss 
· · 1.0 

Output Capacitance C pF 
(VDS = 15 Vdc, V GS = 0, 1.= 1. 0 MHz) 

oss 
· · 2.0 

Common-Source Noise Figure NF dB 
(VDS = 15 Vdc, '1GB = 0, RG = 1.0 Megohm, f=1.0kHz) All Types · · 2.5 

(VDS = 15 Vdc, ~ = 1. 0 mAdc, RG" 1. 0 k ohm, 2N5484 · · 3.0 

f = 100 MHz) 
(V DS = 15 Vdc, ID = 1. 0 mAdc, 'RG " 1. 0 k ohm, 2N5484 · 4.0 . 

f = 200 MHz) 
(V DS = 15 Vdc, ID = 4.0 mAde, RG" 1. 0 k ohm, 2N5485, 2N5486 · · 2. o· 

f = 100 MHz) 
(VDS = 15.Vdc, ID =4.0 mAdc, RG "1.0.kohm, 2N5485, 2N5486 · · 4.0 

f = 400 MHz) 

Insertion Power Gain Gps dB 
(V DS = 15 Vdc, ID = 1. 0 mAdc, f = 100 MH:,l 2N5484 16 · 25 

(V DS = 15 Vdc, ID = 1. 0 mAde, f = 200 MHz) 2N5484 · 14 . 

(V DS = 15 Vdc, ID = 4. 0 mAdc, f = 100 MHz) 2N5485, 2N5486 IS · 30 

(V DS = 15 Vdc, ID = 4_ 0 mAde, f = 400 MHz) 2N5485, 2N5486 10 · 20 

FIGURE 1 - 100 MHz AND 400 MHz NEUTRALIZED AMPLIFIER 

INPUT 

r-~~M~rnG~-r-----------1 
: COIL 1 , c 2 Cs I 

Reference VALUE 
Designation 100 MHz 400 MHz 

I 
I ~ ~ 

-TO 500 

C1 
C2 

1-12 pF O.8-8.0pF 

1000 pF 27 pF 

ADJUST \l" GS FOR 

In=5.0mA 

Vas < 0 VOLTS 

LOAD 

1'1 turns (approximately - depending upon circuit layout), 
AWG 128 enameled copper wire, close w.ound on 9/32" 
ceramic coil form. Tuning provided by a powdered 
iron slug. 

4 1/2 turns, AWG '18 enameled 'copper wire, 5/16" long, 
S/S" I. D_ (AIR CORE). 

:) 1/2 turns, AWG #18 enameled copper wire, 1/4"long, 
S/S" 1_ D. (AIR CORE). 

Cs 1-12pF 0.8-8.0 pF 

NOTE: 
C, 1-12 pF 0.8-8.0 pF 

C 5 1-12 pr O. s-s. 0 pF 

The noise source is a bot-cold body 
(AIL type 70 or equivalent) with a 
test recei ver (AIL type 136 or 
equivalent). 

Co 
C 7 

L1 

0.0015 .... 

0.0015 .... 

3.0 1JIf· 

0.001 p.F 

0.001 p.F 

0.2 pH •• 

L2 O.25pH* 

LS O.14~· 

6 turns (approximately - depending .upon circuit layout), 
AWG #24 enameled copper wire, close wound' on 7/32·" 
ceramic coil form. Tuning provided by an aluminum 
slug. 

0.03 ¢I •• 

0.022 pH •• 

La 1 turn, AWG fI6 enameled copper wire, S/8" I. D. (AIR CORE). 

La 1/2 turn, AWG ;tI6 enameled copper wire. 1/4" I. D. (AIR CORE). 
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2N5550 (SILICON) 

2N5551 

NPN SILICON ANNULAR TRANSISTORS 

· .. designed for general·purpose, high-voltage amplifier applications. 

• High Voltage Ratings - BVCEO = 140 and 160 Vdc (Min) 

• Low Saturation Voltage 
VCE(sat) = 0.25 V (max) @ IC = 50 mA, 2N5550 

= 0.20 V (max) @ IC = 50 mA, 2N5551 

• Current Gain Specified from 1.0 mAdc to 50 mAdc 

• One-Piece,lnjection Molded Unibloc Package for High Reliability 

• Excellent for Nixie Driver Applications 

*MAXIMUM RATINGS 

Rating Symbol 2N5550 2N5551 Unit 

Collector-Emitter Voltage VeEO 140 160 Vde 

Collector-Base Voltage VeB 160 180 Vde 

Emitter-Base Voltage VEB 6.0 Vde 

Collector Current - Continuous Ie 600 mAde 

Total Device Dissipation @ T A = 25°C POll) 310 mW 
Derate above 250 e 2.81 mW/oe 

Operating and Storage Junction TJ, TJ~ -55 to +135 °c 
Temperature Range 

THERMAL CHARACTERISTICS 

Characteristic 

Thermal Resistance, Junction to Ambient 

(1) Continuous package improvements have enhanced these guaranteed Ma)Cimum Ratings as 
follows: Po "" 625 mW @ T A '" 25°C. Derate above 25°C - 5.0 mWflC, Po = 1.5 W @ 

TC '" 25°C. Derate above 25°C - 12 mW/oC, 6JC = 83.30 e/W, ()JA = 200o C/W. 

• Indicates JEDEC Registered Data 
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HIGH VOLTAGE 

NPN SILICON 
AMPLIFIER TRANSISTORS 

E Be 

0.175 

Laadsto tit into 
0.016 
IJ]l9 

~.'. 

0.500 
MiN 

OIA HOLE ITYPI J 
j~0'045 

l.Emitter 
Z.Base 
3. Collector -

if.055 
0.045 I--
[055 

CASE 29 (1) 
TO-92 



2N5550, 2N5551 (continued) 

~ ELECTRICAL CHARACTERISTICS ITA = 25°C unless otherwise noted) 

I Characteristic 'I Symbol Min Max Unit 

OFF CHARACTERISTICS 

Collactor-Eminar Breakdown Voltaga (Note 1) BVCEO Vde 
(lC = 1.0 mAde, IB = 0) 2N5550 140 -

2N5551 160 -
Colleetor-Ba .. Breakdown Voltage BVCBO Vde 

(lC • 100 "Ade, IE = 0) 2N5550 160 -
2N5551 180 -

Eminar-B ... BreakdownVoltage BVEBO Vde 
(IE = 10 "Adc, IC=O) 6.0 -

Collector Cutoff Current ICBO nAde 
(VCB = 100 Vde, IE = 0) 2N5550 - 100 

(VCB = 120 Vde, IE ·0) 2N5551 - 50 

(VCB = l00Vde, IE =0. TA = l000C) 2N5560 - 100 "Ade 

(VCB = 120 Vde, IE = 0, T A = l000C) 2N5551 - 50 

Eminar CUtoff Current lEBO nAde 
(VEB = 4.0 Vde, IC = 0) - 50 

ON CHARACTERISTICS 

,Dt: Current Gain (Note 1) hFE -
(lC· 1.0 mAde, VCE· 5.0 Vde) 2N5550 60 -

2N5551 80 -
(lC = 10 mAde, VCE • 5.0 Vde) 2N5650 60 250 

2N5551 80 250 

(lC = 50 mAde, VCE ';, 5.0 Vde) 2N5550 20 -
2N5551 30 -

Collector-Eminar Saturation Voltage (Note 1) VCE(sat) Vde 
(lC = 10 mAde, IB = 1.0 mAde) Both Types - 0.15 

(lC = 50 mAde, IB = 5.0 mAde) 2N5550 - 0.26 
2N5551 - 0.20 

Base-Emitter Saturation Voltage (Note 1) VBE(sat) Vde 
(lc = 10 mAde, IB -1.0 mAde) Both Types - 1.0 

(lC = 50 mAde, IB = 5.0 mAde) 2N5560 - 1.2 
2N5551 - 1.0 

DYNAMIC CHARACTERISTICS 

Current-Gain-Bandwidth Product fT MHz 
(lC = 10 mAde, VCE = 10 Vde, f =100 MHz) 100 300 

Output Capacitance Cob pF 
(VCB = 10 Vde, IE = 0, f = 1.0 MHz) - 6.0 

I nput Capacitance Cib pF 
(VBE • 0.5 Vde, IC = 0, f = 1.0 MHz) 2N5550 - 30 

2N6551 - 20 

Small-5ignal Current Gain hfe -
(lC = 1.0 mAde, VCE = 10 Vde, f = 1.0 kHz) 50 200 

Noise Figura NF dB 
(lC = 250 "Ade, VCE = 5.0 Vdc, RS= 1.0kohm, 2N5550 - 10 
f = 10 Hz to 15.7 kHz) 2N5551 - B.O . IndlcatesJEDEC RegIstered Data 

Notel: Pulse Test: Pulse Width = 300,,5, Duty Cycle = 2.0% 

FIGURE 1 - THERMAL RESPONSE 
1.0 
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~ ... 
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-"-"" -
1-

,..-~ mJ1 9JClt) = r(1) 9JC 

PI k) 9JC = 100'C/W Max 

- - - 9JA(t)=r(1)9JA 

1:-~~ 9JA = 357'C/W Max 

D CURVES APPLY FOR POWER 
PULSE TRAIN SHOWN 

Duty Cyd" D = '1/t~ 
READ TIME AT'1 

TJ(pl<I- TC = P(pk) 9JC(t) 

0.1 0.2 0.5 1.0 2.0 5.0 10 20 so 1011 
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2N5550, 2N5551 (continued) 

h PARAMETERS 

(VCE = 10 Vdc. f = 1.0 kHz. T A = 25°C) 
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FIGURE 2 - CURRENT GAIN 
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FIGURE 3 - OUTPUT ADMITTANCE 
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FIGURE 5 - VOLTAGE FEEDBACK RATIO 
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FIGURE 6 - ACTIVE REGION SAFE OPERATING AREA 
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There are two limitations on the power handling 
ability of a transistor: junction temperature and 
secondary breakdown. Safe operating araa curves 
indicate IC-VCE limits of the tran~stor that must be 
observed for reliable operation; i.e., the transistor 
must not be subjected to gnater dissipation than 
the curves indicate. 

Th. data of Figure 6 is based on TJ(pk) = 1350 C; 
Te is variable depending on conditions. Pulse turvas 
ar. valid for duty cycles of 10% provided T J(pk) <: 
1350 C. TJ(pk) may be ,alculated from the data in 
Figure 1. At high case t.mperatu ..... thermal limita
tion. will. reduca the power that can be handled to 
values less than the limitations imposed by secondary 
breakdown. 



2N5550, 2N5551 (continued) 
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2N5550, 2N5551 (continued) 

FIGURE 11 - "ON" VOLTAGES 
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FIGURE 13 - SWITCHING TIME TEST CIRCUIT 
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2N5555 (SILICON) 

SILICON N-CHANNEL 
JUNCTION FIELD-EFFECT TRANSISTOR 

Depletion Mode (Type A) Junction Field-Effect Transistor designed 
for high-speed switching applications_ 

• Low Drain-Source "On" Resistance -
rds(on) '" 150 Ohms (Max) 

• Low Reverse Transfer Capacitance -
C 1 2 F (M ) @ f 1 0 MHz rss'" P ax = 

• Fast Turn-On Time - t(on) = 10 ns (Max) 

MAXIMUM RATINGS 

Rating Symbol 

Drain-Source Voltage VDS 

Drain -Gate Voltage VDG 

Gate-Source 'Voltage VGS 

Forward Gate Current 'G(f) 

Total Device Dissipation @TC = 25° C 
Derate above 25' C 

Pl1l 

Operating Junction Temperature Range Ttl) 

Storage Temperature Range Tstg 

Value Unit 

25 Vdc 

25 Vdc 

25 Vdc 

10 mAde 

310 mW 
2.82 mW/'C 

-65 to +175 ·C 

-65 to +150 °c 

(1) Continuous package improvements have enhanced these guaranteed Maximum Ratings as 

follows: Po = 1.0 W @ T C = 2SoC, Derate above 25°C - B.O mW/DC, T J '" -65 to +150o C, 
0JC = 12SoC/W. 
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N-CHANNEL 
JUNCTION FIELD-EFFECT 

TRANSISTOR 

TYPE A 

O-j5 0.185 

Leads to fit into 1 
0.016 19/32 
0.019 

J DIA HOLE ITYPJ -

--:fu45 0.055 
0.045 
0.055 

5' ITYPJ /' 
~R, 

DRAIN ~GATE 
- .b.bJ. -

~:~~~ R, 
0.045 
0.055 

SOURCE 

CASE 29 (5) 

. (TO-92) 

Drain and Source may be 
Interchanged, 



2N5555 (continued) 

ELECTRICAL CHARACTERISTICS (T A = 2S'C unless otherwise noted) 

Characteristic Symbol Min Max Unit 

OFF CHARACTERISTICS 

Gate-Source Breakdown Voltage V(BR)GSS Vde 
(IG = 10 /lAde, V DS = 0) 25 -

Gate Reverse Current IGSS nAdc 
(VGS = 15 Vdc, VDS = 0) - 1.0 

Drain Cutoff Current ID(off) nAde 
(VDS = 12 Vde, V GS = 10 Vde) - 10 

(V DS = 12 Vde, V GS = 10 Vde, T A = 100'C) - 2.0 /lAde 

ON CHARACTERISTICS 

Zero-Gate Voltage Drain Current 111 IDSS mAde 
(VDS = 15 Vde, V GS = 0) 15 -

Gate-Source Forward Voltage VGS(f) Vde 
(IG(t) = 1. 0 mAdc, V DS = 0) - 1.0 

Drain-Source "ON" Voltage VDS(on) Vde 
(lu = 7.0 mAde, VGS = 0) - 1.5 

Static Drain-Source "ON" Resistance 
rDS(on) Ohms 

(lu = o. 1 mAde, V GS = 0) - 150 

SMALL·SIGNAL CHARACTERISTICS 

Small-Signal Drain-Source "ON" Resistance 
rds(on) Ohms 

(V GS = 0, lu = 0, f = 1. 0 kHz) - 150 

Input Capacitance C. pF 
(V DS = 15 Vde, V GS = 0, f = 1. ° MHz) 

,ss - 5. ° 
Reverse Transfer .capacitance C pF 

(VDS = 0, V GS = 10 Vde, f = 1. 0 MHz) 
rss - 1.2 

SWITCHING CHARACTERISTICS 

Turn-On Delay Time (VDD = 10 Vde, lu(on) = 7.0 mAde, td(on) - 5. ° ns 

Rise Time V GS(on) = 0, V GS(off) = -10 Vde) tr - 5.0 ns 

(See Fignre 1) 

Turn-Off Delay Time (VDD = 10 Vde, lu(on) = 7.0 mAde, td(off) - 15 ns 

Fall Time V GS(on) = 0, V GS(off) = -10 Vdc) tf - 10 ns 

(See Fignre 1) 

111 
Pulse Test: Pulse Width < 300 /lS, Puty Cycle < 3. 0%. 

FIGURE 1 - SWITCHING TIMES TEST CIRCUIT 
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2N5556 (SILICON) 
thru 

2N5558 

SILICON N-CHANNEL 
JUNCTION FIELD-EFFECT TRANSISTORS 

Depletion Mode (Type A) devices designed for low-noise amplifier 
applications. 

• Low Noise Figure - NF = 1.0 dB (Max) @ 100 Hz 

• Low Gate Leakage Current - I GSS = 0.1 nAdc (Max) 

• Low Input Capacitance - Ciss = 6.0 pF (Max) 

MAXIMUM RATINGS 

Rating Symbol Value Unit 

Drain-Source Voltage VDS 30 Vdc 

Drain-Gate Voltage VDG 30 Vdc 

Gate - Source Voltage VGS 30 Vdc 

Forward Gate Current IG(f) 10 mAdc 

Total Device Dissipation @ T A = 25· C PD 300 mW 
Derate above 25·C 2.0 mW/"C 

Operating Junction Temperature Range TJ -65 to +175 ·C 

Storage Temperature Range Tstg -65 to +200 ·C 

FIGURE 1 - EQUIVALENT LOW FREQUENCY CIRCUIT 

Cgd 

~r-rO-;~--~-C-dS~~--IY-IS-I-Vi-'------~ 

Vis = jw Giss 
Vos = l/ross + jw Coss 
Yls = IYlsl 
Yrs = -jw Crss 

Ciss = Cgd + Cgs 
Crss = Cgd 
Coss = Cgd + Cds 
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SILICON N-CHANNEL 
JUNCTION FIELD-EFFECT 

TRANSISTORS 

TYPE A 

0.109 r-
0.130 I 

'''h' 
110 

0.500 

~mOIA j 

CASE 20(1) 
nO-72) 

Drain and Source 
may be interchanged. 



2N5556 thru 2N5558 (continued) 

ELECTRICAL CHARACTERISTICS (TA = 25'C unless otherwise noted) 

Characteristic 

OFF CHARACTERISTICS 
Gate-Source Breakdown Voltage V(BR)GSS Vdc 

(IG = -10 /.LAdc, VOS = 0) 30 - -

Gate -Source Cutoff Voltage V GS(off) Vdc 
(VOS = 15 Vdc, ~ = 1.0 nAdc) 2N5556 0.2 - 4.0 

2N5557 0.8 - 5.0 
2N5558 1.5 - 6.0 

Gate Reverse Current IGSS nAdc 
(V GS = -15 Vdc, VDS = 0) - - -0.1 

(V GS = -15 Vdc, VOS = 0, TA = 150'C) - - -100 

ON CHARACTERISTICS 

Zero-Gate Voltage Drain Current (11 IDSS mAdc 
(VOS = 15 Vdc, VGS =0) 2N5556 0.5 - 2.5 

2N5557 2.0 - 5.0 
2N5558 4.0 10 

DYNAMIC CHARACTERISTICS 

Forward Transadmittance (11 
IYlsl /.Lmhos 

(VDS = 15 Vdc, VGS = 0, f= 1.0 kHz) 1500 3500 6500 

Output Admittance (11 IYosl /.Lmhos 
(VOS = 15 Vdc, VGS = 0, 1= 1. 0 kHz) - - 20 

Input Capacitance C. pF 
(VOS = 15 Vdc, VGS = 0, 1= 1.0 MHz) ISS 

4.5 6.0 -

Reverse Transfer Capacitance C pF 
(VDS = 15 Vdc, VGS = 0, 1= 1.0 MHz) rss - 1.2 3.0 

Noise Figure NF dB 
(V OS = 15 Vdc, V GS = 0, RS = 500 k ohms, - - 1.0 

I = 10 Hz, BW = 1. 0 Hz) 

(VOS = 15 Vdc, V GS = 0, RS = 100 k ohms, - - 1.0 

1= 100 Hz, BW = 1.0 Hz) 

Equivalent Input Noise Voltage e nV/jHz 
(VOS = 15 Vdc, VGS = 0, f = 10 Hz, BW = 1.0 Hz) n 

20 35 -
(V OS = 15 Vdc, V GS = 0, f = 100 Hz, BW ~ 1. 0 Hz) - 10 20 

(1) Pulse Test: Pulse Width = 630 ms, Outy Cycle = 10%. 

2N 5581,2N5582 (SILICON) 
For Specifications, See 2N2218,A, Volume I. 
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2N5583 (SILICON) 

PNP SILICON ANNULAR TRANSISTOR 

... designed for applications in high frequency amplifiers and non
saturated switching circuits. Large signal capabilities, low-noise and 
high gain-bandwidth product characteristics of the 2N5583 provide 
excellent performance in a variety of small signal and linear amplifier 
applications_ Ideal for CAT V circuits_ 

e High Current-Gain-Bandwidth Product -
fT = 1300 (Min) @ IC = 100 mAdc 

e. Low Collector-Base Time Constant -
rb'Cc = 8.0 ps (Typ) @ IC = 50 mAdc 

MAXIMUM RATINGS 

Rating Symbol 

'" Collector-Emitter Voltage VCEO 

• Collector-Base Voltage Vca 

"'Emitter-Base Voltage VEa 

'" Collector Current - Continuous IC 

Total Device Dissil'8tion@TA = 25°C Po 
Dorato abovo 25°C 

·Total Device Dissipation@Tc=250C Po 
Derate above 2SoC 

·Operating and Storage Junction TJ, Tstg 
Temperature Range 

-Indicates JEDEC Registered Data. 

Valuo Unit 

30 Vdc 

30 Vdc 

3.0 Vdc 

500 mAde 

1.0 Watt 

5.71 mW/oC 

5.0 Watts 

28.6 mW/oC 

-65 to +200 °c 

2-180 

PNP SILICON 
AMPLIFIER 

TRANSISTOR 

f/ 

0.315 DIA 0.240 
0.335 0.260 

::~~:DIA~ 

0.009 it 0.125 t 
0.016 DlA 0.5 
0.019 MIN 

~ 

Pin I. Emitter 

CASE 79(1) 
CTO-39) 

2. Base 
3. Collector 



2N5583 (continued) 

ELECTRICAL CHARACTERISTICS (T A = 25°C unless otherwise noted) 

Characteristic 

*OFF CHARACTERISTICS 

Collector-Emitter Breakdown Voltage (Note 11 - BVCEO 30 - Vde 
(lC: 10 mAde, IB: 01 

Collector-Base Breakdown Voltage - BVCBO 30 - - Vde 
(lC: 10 "Ade, IE : 01 

Emitter-Base Breakdown Voltage - BVEBO 3.0 - - Vde 
(IE: 100 "Ade, IC: 01 

Collector Cutoll Current 4 ICBO - - 50 nAde 
(VCB : 20 Vde, IE : 0) 

Emitter Cutoff Current - lEBO - - 0.5 "Ade 
(VEB : 2.0 Vde, IC: 0) 

*ON CHARACTERISTICS 

DC Current Gain (Note 11 1 hFE -
(lC: 40 mAde, VCE: 2.0 Vdel 20 40 -

(lC: 100 mAde, VCE : 2.0 Vdel 25 40 100 

(lC: 300 mAde, VCE: 5.0 Vdel 15 22 -
Collector-Emitter Saturation Voltage (Note 11 2,3 VCE(satl - 0.6 0.8 Vde 
(lC: 100 mAde, IB: 10mAdei 

Base-Emitter On Voltage (Note 1) 3 VBE(on) - 0.84 1.8 Vde 
(lC: 100 mAde, VCE : 2.0 Vdcl 

SMALL-SIGNAL CHARACTERISTICS 

'Current-Gain-Bandwidth Product 7 f-r MHz 
(lC: 40 mAde, VCE : 10 Vde, I: 100 MHz) 1000 1300 -

(lC: 100 mAde, VCE : 10 Vde, I: 100 MHz) 1300 1500 -

·Collector-Base Capacitance 5 Cell - 2.5 5.0 pF 
(VCB: 15 Vde, IE: 0, I: 100 kHzI 

*Emitter-Base Capacitance 5 Cob - 18 35 pF 
(VEB = 0.5 Vde, IC = 0, I: 100 kHz) 

Collector-Base Time Constant 8 rb'Ce - 8.0 - ps 
(lC: 50 mAde, VCB: 10 Vde, I: 63.6 MHz) 

SWITCHING CHARACTERISTICS 

Delay Time 
(VCC: 31.4 Vde, IC: 150 mAde, 

9 td - 1.0 - ns 

Rise Time RC : 160 Ohms, RE : 26.6 Ohms) 9 tr - 2.1 - n. 

(See Figure 10lormoredetail) 
Fall Time 9 tl - 1.8 - ns 

·'ndicates JEDEC Registered Data. 
Nota 1: Pulse Test: Pulse Width:S; 300 JJs.. Duty Cycle = 2.0%. 
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2N5583 (continued) 
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2N5583 (continued) 

FIGURE 7 - CURRENT-GAIN-BANDWIDTH PRODUCT 
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2N5589 (SILICON) 

NPN SILICON RF POWER TRANSISTOR 

... designed for 13.6 volt, VHF large signal power amplifier applica· 
tions required in military and industrial equipment operating' to 
240 MHz. 

• Low lead inductance stripline package for easier design and increased 
broadband capability. 

• Balanced Emitter Construction for increased Safe Operating Area. 
The 2N5589 is designed to withstand an Open or Shorted Load 
at rated Output Power. 

• Specified 13.6 Volt, 175 MHz Characteristics -
Output Power = 3.0Watts 
Minimum Gain = 8.2.dB 
Efficiency = 50% . 

*MAXIMUM RATINGS 

Rating Symbol Value 

Collector-Emitter Voltage VCEO. 18 

Collector-Base Voltage VC8 36 

Emitter-Base Voltage VEB 4.0 

Collector Current - Continuous IC 0.6 

Total Device Dissipation III T A:" 25°C Po 15 
Derate above 25°C 86 

Operating and Storage Junction TJ,Tstg -65 to +200 
Temparatura Range 

-Indicates JEOEC Registered Data. 
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Unit 

Vdc 

Vdc 

Vdc 

Adc 

Watts 
mWfJC 

°c 

NPNSILICON 
RF POWER 

TRANSISTOR 

CASE 1448-02 



2N5589 (continued) 

*ELECTRICAL CHARACTERISTICS (T A = 25°C unless otherwise noted) 

I Characteristic I Symbol I Min 

OFF CHARACTERISTICS 

Collector-Emitter Breakdown Voltage (Note 1) 
IIC = 200 mAde,lB = 0) 

Collector-Emitter Breakdown Voltage (Note 1) 
IIC = 200 mAde, VBE = 0) 

Emitter-Base Breakdown Voltage 
liE = 1.0 mAde,lc = 0) 

Collector Cutoff Current 
(VCB = 15 Vde, IE = 0) 

ON CHARACTERISTICS 

DC Current Gain 
IIC = 100 mAde, VCE = 5.0 Vde) 

DYNAMIC CHARACTERISTICS 

Output Capacitance 
(VCB = 15 Vdc, IE = 0, f = 0.1 to 1.0 MHz) 

FUNCTIONAL TEST 

Power Input (Figure 1) 
(Pout = 3.0 W, VC~ = 13.6 Vde, f = 175 MHz) 

Common-Emitter Amplifier Power Gain (Figure 1) 
(Pout = 3.0 W, VCE = 13.6 Vdc, f = 175 MHz) 

Collector E fficiencv (F igure 1 J 
(Pout = 3.0 W, VCE = 13.6 Vde, f = 175 MHz) 

-Indicates JEDEC Registered Data. 
Note1: Pulsed through 25 mH inductor. 

BVCEO 18 

BVCES 36 

BVEBO 4.0 

ICBO -

Pin -

GpE 8.2 

'1 50 

Typ Max 

- -

- -

- -

- 1.0 

0.35 0.45 

- -

- -

FIGURE 1 - 175 MHz TEST CIRCUIT 

.---_._-_._--oIlCC 

RFC 0.1 ~F~ 
1000 pF 

~BunON 

2-185 

All capacitance values in pF unless otherwise indicated 
Ll - 1-3/S"I.ngth of #14 AWG Wire 
L2 - 2 Turns #16 AWG Wire, 1/4" Oia. 1·112" Long 

Unit 

Vde 

Vde 

Vde 

mAde 

Watt 

dB 

% 



2N5589 (continued) 

POWER OUTPUT versus FREQUENCY 

FIGURE 2 FIGURE3 

f, FREQUENCY (MHz) f, FREQUENCY (MHz) 
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2N5589 (continued) 

PARALLEL EQUIVALENT INPUT CAPACITANCE versus FREQUENCY 
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FIGURE 13 
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2N5590 (SILICON) 

NPN SILICON RF POWER TRANSISTOR 

... designed for 13.6 volt, VH F large signal power amplifier applica
tions required in military and industrial equipment operating to 
240 MHz. 

• Low lead inductance stripline package for easier design and increased 
broadband capability. 

• Balanced Emitter Construction for increased Safe Operating Area. 
The 2N5590 is designed to withstand an Open or Shorted Load 
at rated Output Power. 

• Specified 13.6 Volt, 175 MHz Characteristics
Output Power = 10 Watts 
Minimum Gain = 5.2 dB 
Efficiency = 50% 

* MAXIMUM RATINGS 
Ratina Ih'!!tbol Value 

Collector-Emitter Voltage Vc~o 18 
Collector-Base Voltage \IcB. 36 
Emitter-Ba .. Voltage VEe 4.0 
Collector Currant - Continuous IC 2.0 
Totel Device Dissipation @I T A ~ 2SoC Po 30 

Derate above 25°C ...lll 
Oparating and Storage Junction TJ,Tstg -65 to +200 

Temperatura Range 

·Indicates JEOI:C Registered Data. 
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Uni 

Vdc 

Vdc 

Vdc 

Adc 

Watts 
mWfOc 

°c 

NPN SILICON 
RF POWER 

TRANSISTOR 

0.015 L ""C=CJ---:~+I NOM,-

8-32NC3A 

WRENCH 
FLATS 

CASE 14&A-Gl 



2N5590 (continued) 

ELECTRICAL CHARACTERISTICS (T A = 25°C unless otherwise noted) 

Characteristic 

OFF CHARACTERISTICS 

• Coliector·Emitter Sustaining Voltege (Note 1) 
lie = 200 mAde,la = 0) 

"Coliector·Emitter Sustaining Voltage (Note 1) 
IIc = 200 mAde, RBE = 0) 

"Emitter·Base Breakdown Voltage 
(IE = 2.5 mAde, IC = 0) 

Collector Cutoff Current 
(Vce = 15 Vdc, IE a 0) 

ON CHARACTERISTICS 

"DC Current Gain 
(lC = 250 mAdc, VCE = 5.0 Vdc) 

DYNAMIC CHARACTERISTICS 

• Output Capacitance 
(VCB = 15 Vdc, IE = 0, f = 0.1 to 1.0 MHz) 

FUNCTIONAL TEST 

'Power Input (Figure 11 
(Pout = 10 W, VCE = 13.6 Vdc, f = 175 MHz) 

·Common·Emitter Amplifier Power Gein (Figure 11 
(Pout = 10 W, VCE = 13.6 Vdc, f = 175 MHzl 

Collector Efficiency (Figure 11 
(Pout = 10 W, VCE = 13.6 Vdc, f = 175 MHzl 

·'ndicates JEDEC Registered Data. 
Note1: Pulsed through 25 mH inductor. 

Symbol Min Typ 

VCEO(sus) 18 -

VCES(sus) 36 -

BVEBO 4,0 -

ICBO - -

Pin - -

GpE 5.2 -

'I 50 -

FIGURE 1 - 175 MHz TEST CIRCUIT 

,---"",-_--0 Vee 
1000 pF ;!; BUTTON 

All capacitance values in pF unless otherwise indicated 
L1 - 1·3/S" length of #14 AWG Wire 
lZ - 1 Turn '14 AWG Wire, 3/S" Oi •. 1· 1'Z" long 
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Max Unit 

- Vdc 

- Vdc 

- Vdc 

1.0 mAde 

3.0 Watts 

- dB 

- % 



2N5590 (continued) 

POWER OUTPUT versus FREQUENCY 

FIGURE 2 
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2N5590 (continued) 

PARALLEL EQUIVALENT INPUT CAPACITANCE versus FREQUENCY 

FIGURE 8 
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2N5591 (SILICON) 

NPN SILICON RF POWER TRANSISTOR 

· .. designed for 13.6 volt. VH F large signal power amplifier applica
tions required in military and industrial equipment operating to 

240 MHz. 

• Low lead indl!ctance stripline package for easier design and increased 
broadband capabi lity. 

• Balanced Emitter Construction for increased Safe Operating Area. 
The 2N5591 is designed to withstand an Open or Shorted Load 
at rated Output Power. 

• Specified 13.6 Volt. 175 MHz Characteristics
Output Power = 25 Watts 
Minimum Gain = 4.4 dB 
Efficiency = 50% 

-MAXIMUM RATINGS 

Rating Svmbol 

Collector-Emitter Voltage VeEO 

Collector-Base Voltage VeB 

Emitter-Base Voltage VEB 
Collector Current - Continuous Ie 

Total Device DiSSipation @ T e = 250 e Po 
Derate above 260 e 

Value 

18 

36 
4.0 
4.0 

70 
400 

Operating and Storage Junction TJ.T stg -66 to +200 
Temperatura Range 

·Indlcates JEOEC Registered Data. 

Unit 

Vdc 

Vdc 

Vdc 

Adc 

Watts 
mWf'e 

°e 

NPN SILICON 
RF POWER 

TRANSISTOR 

o.m L """'="-------;0...-+1 NOM, 

8-32NCJA 

WRENCH 
FLATS 

CASE 145A-Ol 

FIGURE 1 - 176 MHz TEST CIRCUIT FIGURE 2 - POWER OUTPUT versus FREQUENCY 

RFC 
O.1.Ff.". 

I aVcc 
1000 

~BUTTON 

ALL CAPACITORS IN of UNLESS OTHERWISE INDICATED 
Ll - #14AWG STRAIGHT WIRE.1-3/S" LDNG 
L2 -1 TURN 114 AWG WIRE. 3/S" DIA. 1-1/2" LDNG 
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"- '\. 
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2N5591 (continued) 

ELECTRICAL CHARACTERISTICS (TC = 25°C unless otherwise noted) 

I Characteristic I Symbol I Min Typ Max Unit 

OFF CHARACTERISTICS 

Collector-Emitter Sustaining Voltage (Note 1) VCEO(sus) 
IIc = 200 mAde, IS = 0) 

'Collector-Emitter Sustaining Voltage (Note 1) VCES(sus) 
IIC = 200 mAde, VSE = 0) 

• Emitter-Sase Sreakdown Voltage BVEBO 
liE = 5.0 mAde, IC = 0) 

Collector Cutoff Current ICBO 
(VCB = 15 Vde, IE = 0) 

• ON CHARACTERISTICS I DC Current Gain I hFE I IIC = 0.5 Adc, VCE = 5.0 Vde) 

• DYNAMIC CHARACTERISTICS I Output Capacitance 1 Cob 1 (VCB = 15 Vde, IE = 0, f = 0.1 to 1.0 MHz) 

• FUNCTIONAL TEST 

Power Input (Figure 1) Pin 
(Pout = 25 W, VCE = 13.6 Vdc, f = 175 MHz) 

Common-Emitter Amplifier Power Gain (Figure 11 GpE 
(Pout = 25 W, VCE = 13.6 Vdc, f = 175 MHz) 

Collector Effieienev (Figure 1) 
(Pout = 25 W, VCE = 13.6 Vde, f = 175 MHz) 

-Indicates JEDEC Registered Data. 
Note1: Pulsed through 25 mH inductor. 

FIGURE 3 - PARALLEL EQUIVALENT INPUT 
CAPACITANCE versus FREQUENCY 
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0 -100 
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250 

1"/ 

300 

FIGURE 5 - PARALLEL EQUIVALENT OUTPUT 
CAPACITANCE versus FREQUENCY 
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f, FREQUENCY (MHz) 

2-193 

lS 

36 
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50 
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- - Vdc 
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- 1.0 mAde 

- - -

90 120 pF 

- 9.0 Watts 

- - dB 

% 

FIGURE 4 - PARALLEL EQUIVALENT INPUT 
RESISTANCE versus FREQUENCY 
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~ 
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FIGURE 6 - POWER OUTPUT versus POWER INPUT 
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2N5629 (SILICON) 

2N5630 
2N5631 

HIGH-VOLTAGE - HIGH POWER NPN TRANSISTORS 

· .. designed for use in high power audio amplifier applications and 
high voltage switching regulator circuits. 

• High Collector· Emitter Sustaining Voltage -
VCEO(sus) ; 100 Vdc - 2N5629 

; 120 Vdc - 2N5630 
; 140 Vdc - 2N5631 

• High DC Current Gain - @ IC ; B.O Adc 
hFE; 25 (Min) - 2N5629 

; 20 (Min) - 2N5630 
; 15 (Min) - 2N5631 

• Low Collector·Emitter Saturation Voltage -
VCE(sat) ; 1.0 Vdc (Max) @ IC; 10 Adc 

• Complement to PNP Transistor Series 2N6029, 2N6030, 2N6031 

*MAXIMUM RATINGS 

Rating Symbol 2N5629 2N5630 2N5631 Unit 

Collector-Emitter Voltage 

Collector-Base Voltage 

Emitter-Base Voltage 

Collector Current - Continuous 

Peak 

VCEO 

VCB 

Base Current - Continuous I B 

Total Device Dissipation @ T C = 2SoC Po 
Derate above 2SoC 

Operating and Storage Junction T J. T st9 
Temperature Range 

*THERMAL CHARACTERISTICS 

Characteristic 

Thermal Resistance, Junction to Case 

-Indicates JEDEC Registered Data. 

100 120 140 

100 120 140 

---7.0--~ 

-16--
-20-

-5.0-
_200_ 
_1.14 __ 

-65 to +200 

FIGURE 1 - POWER DERATING 

200 

E 150 « 
~ 

~ 

i 100 iii 
0 
= 
~ 
li! 50 

~ 

" ........ 

'I'... 

'iI'o... 

'" '" '" " 20 40 60 80 100 120 140 160 180 200 
TC, TEMPERATURE (OC) 

Vdc 

Vdc 

Vdc 

Adc 

Adc 

Safe Area Curves are indicated bV Figure 5. All Limits are applicable and must be observed. 
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16 AMPERE 
POWER TRANSISTORS 

NPN SILICON 

100-120-140 VOLTS 
200 WATTS 

-, I 
0.039 01A 

1

jj]j4j 
MTG =r BASE v ___ -+ 

~:l~l DIA 

1.171 
1.197 

All JEDEC dimensions and notes apply 

Collector connected to CIII 

CASE 11 
TO-3 

0.440 
0.480 

0.420 
o:«lI 

BASE 
EMITTER 



2N5629, 2N5630, 2N5631 (continued) 

*ELECTRICAL CHARACTERISTICS (Tc; 25°C unless otherwise noted) 

Characteristic: 

OFF CHARACTERISTICS 

Collector-Emitter Sustaining Voltage (1) 
IIc = 200 mAde, IB = 01 

Collector-Emitter Cutoff Current 
(VCE = 50 Vdc, IB = 0) 
(VCE = 60 Vdc, 19 = 0) 
(VCE = 70 Vdc, IB = 0) 

Collector-eo'llitter Cutoff Current 

(VCE = Rated VCB, VEB(off) = 1.5 Vdc) 
(VCE = Rated VCB, VEB(off) = 1.5 Vdc, TC = 15oDC) 

Corrector-Base Cutoff Current 
(VCB = Rated VCB, IE = 0) 

Emitter-Base Cutoff Current 
(VBE = 7.0 Vdc, IC = 0) 

ON CHARACTERISTICS (1) 

DC Current Gain 
IIC = B.O Ade, VCE = 2.0 Vde) 

IIC = 16 Ade, VCE = 2.0 Vde) 

Collector-Emitter Saturation Voltage 
IIC = 10 Ade, IB = 1.0 Ade) 
IIC = 16 Ade, IB = 4.0 Adc) 

Base-Emitter Saturation Voltage 
IIC = 10 Adc, IB = 1.0 Adc) 

Base-Emitter On Voltage 
IIC = 8.0 Adc, VCE = 2.0 Vdc) 

DYNAMIC CHARACTERISTICS 

Current-Gain-Bandwidth Product (2) 
IIC = 1.0 Adc, VCE = 20 Vdc, 'test = 0.5 MHz) 

Output Capacitance 
(VCB = 10 Vdc, IE = 0, f = 0.1 MHz) 

Small-Signal Current Gain 
IIC; 4.0 Adc, VCE = 10 Vdc, f = 1.0 kHz) . 
Indicates JEDEC Registered Data. 

11) Pulse Test: Pulse Width EO;; 3001'5, Duty cycle;;' 2.0%. 

(2) fT = ih'el • f test 

FIGURE 2 - SWITCHING TIMES TEST CIRCUIT 

VCC 
+30 V 

RC 

2N5629 
2N5630 
2N5631 

2N5629 
2N5630 
2N5631 

2N5629 
2N5630 
2N5631 
All Types 

All Types 

RB 
SCOPE 

Symbol 

VCEO(susl 

ICEO 

ICEX 

ICBO 

lEBO 

hFE 

VCE(sat) . 
VBE(sati 

VBE(onl 

3.0 

2.0 

1.0 

0.7 

:! 0.5 

fT 

Cob 

h'e 

Min Max Unit 

Vdc 
100 -
120 -
140 -

mAde 
- 1.0 
... 1.0 
- 1.0 

mAde 
- 1.0 
- 5.0 

- 1.0 mAde 

- 1.0 mAde 

-
25 100 
20 80 
15 60 
4.0 -

Vde 
- 1.0 
- 2.0 

- 1.8 Vde 

- 1.5 Vdc 

1.0 - MHz 

- 500 pF 

15 - -

FIGURE 3 - TURN-ON TIME 

TJ = 25°C 
Ic/lB = 10 I / VCE - 30 V 

I, 

~ 0.3 

~. 0.2 
--l-

tr• t1:::lOns 
DUTY CYCLE = 1.0% 

51 

-4V = 
RB and RC VARIED TO OBTAIN DESIRED CURRENT LEVELS 

01 MUST BE FAST RECOVERY TYPE, eg: 
MB05300 USED ABOVE IB ~1D0 mA 
MSD610D USED BELOW IB ~100 mA 
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t-- ---...... Id @I VBElolf) = 5.0 V 
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2N5629, 2N5630, 2N5631 (continued) 

FIGURE 4 - THERMAL RESPONSE 
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There are two limitations on the power handling ability of a 
transistor: average junction temperature and second breakdown. 
Safe operating area curves indicate Ie-VeE limits of the transistor 
that must be observed for reliable operation; i.e., the transistor 
must not be subjected to greater dissipation than the curves indicate. 

The data of Figure 5 is based on T Jlpkl - 2OO0 C; T C is variable 
depending on conditions. Second breakdown pulse limits ara valid 
for duty cycles to 10% provided T Jlpkl ..;; 2000C. T Jlpkl may be 
calculated from the data in Figure 4. At high case temperatures, 
thermal limitations will reduce the power that can be handled to 
values less than the limitations imposed by second breakdown. 
ISee AN·4151 
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2N5629, 2N5630, 2N5631 (continued) 
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2N5632 (SILICON) 
2N5633 
2N5634 

H.IGH VOL TAGE-HIGH-POWER 
NPN SILICON TRANSISTORS 

· .. designed for use in high power audio amplifier applications and 
high-voltage switching regulator circuits. 

• High Collector-Emitter Sustaining Voltage -
VCEO(sus) = 100 Vdc (Min) - 2N5632 

= 120 Vdc (Min) - 2N5633 
= 140Vdc (Min) - 2N5634 

• High DC Current Gain @ IC = 5.0 Adc -
hFE = 25 (Min) - 2N5632 

= 20 (Min) - 2N5633 
= 15 (Min) - 2N5634 

• Low Collector-Emitter Saturation Voltage -
VCE(sat) = 1.0 Vdc (Max) @IC= 7.5 Adc 

• Complement to PNP Transistor Series 
2N6229, 2N6230, 2N6231 

*MAXIMUM RATINGS' 
Rating Symbol 

Collactor-Emitter Voltage VCEO 
Collector-Base Voltage VCB 
Emitter-Base Voltage VEB 
Collector Current - Continuous IC 

- Peak 

Base Current - Continuous IB 

Total Device Dissipation @ T C = 250 C Po 
Derate above 2SoC 

2N5632 

100 

100 

------
-

2N5633I 2N5634 

120 I 140 

120 I 140 

7.0 ---
10 -15 -
5.0 ---
150 ---0.B57 

Operating and Storage Junction TJ.Tstg __ -65 to +200 --
Temperature Range 

*THERMAL CHARACTI:RISTICS 
Characteristic 

Thermal Resistance, Junction to Case 

·'ndlcates JEDEC Registered Data. 

FIGURE 1 - POWER DERATING 
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o 25 50 75 100 125 150 175 200 

TC. CASE TEMPERATURE lOCI 

S.fe area limits a,. indicated by Figur. 5. 
80th limltls,. applicable and must be ob.rved. 
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Unit 

Vdc 

Vdc. 

Vdc 

Adc 

Adc 

Watts 
wfDc 
°c 

10 AMPERE 

POWER TRANSISTOR 

NPN SILICON 

100-120-140 VOL TS 
150 WATTS 

rO§l 
hI550."tl. "3 
t~~--i 030 

~~ l...-r---= 

':::. ~ .. ~ 000 044 

1m Olf 
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0655 o:m 

Collector Connected to Case 
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2N5632, 2N5633, 2N5634(continued) 

-ELECTRICAL CHARACTERISTICS (TC = 25°C unless otherwise notedl 

Ch..-riltic 

OFF CHARACTERISTICS 

Collector-Emitter Sustaining Voltage I 1/ 

(lc = 200 mAde,lB = 0) 

Collector-E mitter Cutoff Current 
(VCE = 50 Vde,IB = 0) 
(VCE = 60 Vde,IB = 0) 
(VCE = 70 Vde, IB = 0) 

Collector-Emitter Cutoff Current 
(VCE = Rated VCB, VEB(off) = 1.5 Vde) 
(VCE = Rated VCB, VEB(offl = 1.5 Vde, T C = 15o"C) 

Collector Base Cutoff Current 
(VCB = Rated VCB, 'E = 0) 

Emitter-Base Cutoff Current 
(VBE = 7.0 Vdc,IC = 0) 

ON CHARACTERISTICS 

DC Current Gain(l) 
(lc = 5.0 Adc, VCE = 2.0 Vdc) 

(lc = 10 Adc, VCE = 2.0 Vde) 

Collector-Emitter Saturation Voltage 
(lC = 7.5 Adc.IB = 0.75 Ade) 
(lC = 10 Ade,IB = 2.0 Adc) 

Base-Emitter Saturation Voltage 
(lC = 7.5 Ade, 'B = 0.75 Adc) 

Base-Emitter On Voltage 
(lC = 5.0 Ade, VCE = 2.0 Vdc) 

DYNAMIC CHARACTERISTICS 

Current-Gain-Bandwidth Product (2) 
(lC = 1.0 Adc, VCE = 20 Vdc, ftest = 0.5 MHzl 

Output Capacitance 
(VCB = 10 Vdc, IE = 0, f = 0.1 MHz) 

Small Signal Current Gain 
(VCE = 10 Vdc, IC = 2.0 Adc, f = 1.0 kHz) 

·Indicatel JEDEC Registered Deta. 

(1) Pul .. Tnt: Pulse Width';; 300",., Duty Cvcl.~ 2.0%. 
(21 f-r = I hfe I • ftest 

FIGURE 2 - SWITCHING TIME TEST 
CIRCUIT 

H 
+10V~ 
0- ----

-10V----

tr• tf::=: 10 ns 
DUTY CYCLE = 1.0% 

RS 

51 

-4.0 V 

VCC 
+30 V 

RC 

2N5632 
2N5633 
2N5634 

2N5632 
2N5633 
2N5634 

2N5632 
2N5633 
2N5634 

All Types 

SCOPE 

RS and RC VARIED TO OSTAIN DESIRED CURRENT LEVELS 

01 MUST SE FAST RECOVERY TYPE, ego 
MBD5300 USED ABOVE IB =100 rnA 
MSD6100 USED BELOW IS =100 rnA 

~ 
w 

'" ;:: 
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Symbol 

vCEO(suI) 

'CEO 

'CEX 

'CBO 

lEBO 

hFE 

VCE(satl 

VBE(satl 

VBE(on) 

f-r 

COb 

hfe 

2.0 

1.0 

0.5 

O. 2 

O. 1 

0.05 

0.02 
0.1 

Min Mn Unit 

Vde 
100 -
120 -
140 -

mAde 
- 1.0 
- 1.0 
- 1.0 

mAde 
- 1.0 
- 5.0 

- 1.0 mAde 

- 1.0 mAde 

-
25 100 
20 80 
15 60 
5.0 -

Vde 
- 1.0 
- 2.0 

- 2.0 Vdc 

- 1.5 Vde 

1.0 - MHz 

- 300 pF 

15 - -

FIGURE 3 - TURN-ON TIME 

TJ = 250C _VCE = 30 V 
IC/IS = 10 VSElolf1 = 5.0 V 
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2N5632, 2N5633, 2N5634 (continued) 

FIGURE 4 - THERMAL RESPONSE 
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There are two limitations on the power handling ability of a 
transistor: average junction temperature and second breakdown. 
Safe operating area curves indicate IC - VCE limits of the transistor 
that must be observed for reliable operation; i.e., the transistor 
must not be subjected to greater dissipation than the curves indicate. 

The data of Figure 5 is based on TJ(pkl = 200; TC is variable 
depending on conditions. Second breakdown pu Iso lim its are valid 
for duty cycles to 10% provided T J(pkl~ 2oooC. T J(pkl may be 
calculated from the data in Figure 4. At high case temperatures, 
thermal limitations will reduce the power that can be handled to 
values less than the limitations imposed by second breakdown. 
(See AN4151 

FIGURE 7 - CAPACITANCE 
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2N5632, 2N5633, 2N5634 (continued) 
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2N5635 (SILICON) 
2N5636 
2N5637 

NPN SILICON RF POWER TRANSISTORS 

· .. designed for VHF/UHF amplifier applications. These devices are 
suitable for use in 28 volt systems to 470 MHz. These transistors are 
ideal for 225·400 MHz communications equipment. 

• Balanced Emitter Construction to provide the designer with the 
device technology that assures ruggedness and resists transistor 
damage caused by load mismatch. 

• Low inductance strip line packaging for easier and better broad· 
band designs. 

• Ceram ic Package 

• Choice of Power Levels at 400 MHz, 28 Vdc -
2N5635 - 2.5 Watts - 6.2 dB (Min) Gain 
2N5636 - 7.5 Watts - 5.7 dB (Min) Gain 
2N5637 - 20 Watts - 4.6 dB (Min) Gain 

*MAXIMUM RATINGS 
Rating Symbol 211156351 2N5635 1 21115637 Unit 

Coliector·Emitter Voltege VCEO - 35- Vdc 

Coliector·Base Voltege VCB - 60 - Vdc 

Emitter-Base Voltage VEB - 4.0- Vdc 

Collector Current IC 1.0 I 1.5 I 3.0 Adc 

Totel Device Dissipation@TA = 25°C PD 7.5 I 15 I 30 Watts 
Derate above 25°C 43 86 171 mWf'C 

Operating and Storage Junction TJ,Tstg -65 to +200 °c 
Temperature Range 

• Indicates JEDEC Registered Oata. 

2-202 

NPN SILICON 
RF POWER 

TRANSISTORS. 

2N~2N?i€ 
2N5636 

CASE 144B-02 
2N5635, 2N5635 

o.075 L 
.oM I "1===r-'---;;wc-t1 
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WRENCH 
FLATS 

2N5637 CASE 146A-Gl 



2N5635, 2N5636, 2N5637 (continued) 

*ELECTRICAL CHARACTERISTICS (TA = 25°C unless otherwise noted) 

Characteristic 

OFF CHARACTERISTICS 

Coliector·Emitter Breakdown Voltage (Note 1) 
(lC = 100 mAde, IB = 0) 
(lC = 200 mAde, IB = 0) 

Colleetor·E mitter Breakdown Voltage (Note 1) 

(IC = 100 mAde, VSE = 0) 
(lC = 200 mAde, VBE = 0) 

Emitter·Base Breakdown Voltage 
(IE = 1.0 mAde,lc = 0) 
(IE = 5.0 mAde,lc = 0) 
(IE = 10 mAde,lc = 0) 

Collector Cutoff Current 
(VCB = 30 Vde, IE = 0) 

ON CHARACTERISTICS 

DC Current Gain 
(lC = 100 mAde, VCE = 5.0 Vde) 
(lC = 200 mAde, Vee = 5.0 Vde) 
(lC = 500 mAde, VCE = 5.0 Vde) 

DYNAMIC CHARACTERISTICS 

Output Capacitance 
(VCB = 30 Vde, IE =0, f = 0.1 to 1.0 MHz) 

FUNCTIONAL TEST 

Common·Emitter Amplifier Power Gain 
(Pout = 2.5 Watts, VCE = 2B Vde, f = 400 MHz) 
(Pout = 7.5 Watts, VCE = 2B Vde, f = 400 MHz) 
(Pout = 20 Watts, V CE = 28 Vde, f = 400 MHz) 

Power Output 
(Pin = 0.6 Watt, VCE = 28 Vde, f = 400 MHz) 
(Pin = 2.0 Watts, V CE = 28 Vde, f = 400 MHz) 
(Pin = 7.0 Watts, VCE = 28 Vde, f = 400 MHz) 

Collector Efficiency 
(Pout = 2.5 Watts, V CE = 28 Vde, f = 400 MHz) 
(Pout = 7.5 Watts, VCE = 28 Vde, f = 400 MHz) 
(Pout = 20 Watts, VCE = 28 Vde, f = 400 MHz) 

-Indicates JEDEC Registered Data. 
Note1: Pulsed through 25 mH inductor. 

2N5635 
2N5636,2N5637 

2N5635 
2N5636,2N5637 

2N5635 
2N5636 
2N5637 

2N5635 
2N5636 
2N5637 

2N5635 
2N5636 
2N5637 

2N5635 
2N5636 
2N5637 

2N5635 
2N5636 
2N5637 

2N5635 
2N5636 
2N5637 

2N5635 
2N5636 
2N5637 

FIGURE 1 - 400 MHz TEST CIRCUIT (2N5635,2N5636) 

VCC=2BVdc 

Input &1 

C2 

Cl-1.G-l0pFpinGntrimmtf 
CZ, C3, C4, &5 - 1.0·30 pF piston trimmer 

C6-1.0·20pFpistontrimmtf 

L1, L2, L3 -1 tum, #14 AWG, 1/4" dia. 
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Symbol 

BVCEO 

BVCES 

BVEBO 

ICBO 

hFE 

Cob 

GpE 

Pout 

71 

Min Typ Max Unit 

Vde 
35 - -
35 - -

Vde 
60 - -
60 - -

Vde 
4.0 - -
4.0 - -
4.0 - -

mAde 
- - 0.1 
- - 1.0 
- - 1.0 

-
5.0 - -
5.0 '- -
5.0 - -

pF 
- 5.0 10 
- 10 20 
- 20 30 

dB 
6.2 9.2 -
5.7 7.0 -
4.6 5.8 -

Watts 
2.5 3.2 -
7.5 8.4 -
20 22 -

% 
50 - -
50 - -
60 - -

FIGURE 2 - 400 MHz TEST CIRCUIT (2N5637) 

RFC 
O.15~H 

Cl-1.0·30pFpilion trimmer l2 -30nH,3Tumsll6AWG, 14"0. D., W' L 
C2, C3, C4 - '",O·'0pF piston trimmer La -40 nH, 1 Turn 116 AWG, 3/8 D. D. 

11 - 12 nH, #14 ttraightwire, 314" lonp l4 -10 nH, 1/4"wide,31S"'ong Cu SlrlIP 



2N5635, 2N5636, 2N5637 (continued) 
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2N5635, 2N5636, 2N5637 (continued) 

4.0 

~ 3.0 
~ 
!; 
:= 
:::> 
o 2.0 
a: 
w 
5: 
iii: 
~ 

0..0 1.0 

2N5635 

.... V 
~ o 
o 

r-

10 

9.0 

a 8.0 

! 7.0 

!:; 6.0 := 

2N5636 

...... 
./ 

.,..,... 

---
0.1 

TYPICAL PERFORMANCE DATA 

POWER OUTPUT versu5 POWER INPUT 

FIGURE 9 

-----:----

---- Vee = 13.6 V -
0.2 0.3 0.4 

Pin' POWER INPUT (Watts) 

FIGURE 10 

Vee = 28 V 
f = 400 MHz -----~ ,..--

.,..,... 
g 5.0 
a: 
~ 4.0 ~ ~ 
o 
Q.i; 3.0 

0..°2.0 ,,/' 
/~ 
~ 

1.0 

o 
o 

24 
2N5637 

22 

20 

a 18 
! 16 ... 
:::> 

14 := 
:::> 12 0 
a: 

10 w 
5: 
iii: 8.0 ,/ 

V --------
1.0 

...... 
............. 

./" 
,.., 

.,..,... ---a..~ 6.0 
4.0 / ---/ ............ 2.0 
~ o 
o 2.0 

2.0 

Pin' POWER I NPUT (Watts) 

FIGURE 11 

f=4DOMHz 
Vee = 28 V :.-:---

---~ 

Vee = 13.6V ----
4.0 

Pin' POWER INPUT (Watts) 

2-205 

f=4ooMHz 
vee' 28 V 

0.5 0.6 

Vee -13.6 Vdc 

3.0 

6.0 8.0 



2N5635, 2N5636, 2N5637 (continued) 

CIRCUIT DESIGN DATA 
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2N5635, 2N5636, 2N5637 (continued) 

CIRCUIT DESIGN DATA 

LARGE SIGNAL OUTPUT CAPACITANCE versus FREQUENCY 
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2N5635, 2N5636, 2N5637 (continued) 
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2N5635, 2N5636, 2N5637 (continued) 

APPLICATION INFORMATION 

In addition to a fine selection of quality R F Semiconductors, Motorola 
provides applications information in the form of Application Notes. Any 
of the notes listed on this page may be obtained by writing to the Technical 
Information Center, Motorola Semiconductor Products Inc., P. O. Box 
2091-2, Phoenix, Arizona. 

Small Signal R F Design 

AN-139A~ Understanding Transistor Response 
Parameters 

AN-166 - Using linvill Techniques for RF Amplifiers 
AN-215 - RF Small Signal Design Using Admittance 

Parameters 
AN-238 - Transistor Mixer Design Using Admittance 

Parameters 
AN-247 - An Integrated Circuit RF-IF Amplifier 
AN-406A- UHF Broadband Amplifier Design 
AN-419 - UHF Amplifier Design Using Data Sheet 

Curves 

AN-421 - Semiconductor Noise Figure Considerations 
AN-423 - Field-Effect Transistor RF Amplifier Design 

Techniques 

RF Power Transistor Circuit Design 

2-209 

AN-150 - Getting TransiStors Into Single-Sideband 
Amplifiers 

AN-267 - Matching Network Designs with Computer 
Solutions 

AN-282 - Systemizing RF Power Amplifier Design 



2N5638 (SILICON) 

2N5639 
2N5640 

N-CHANNEL JUNCTION 
FIELD-EFFECT TRANSISTORS 

· .. depletion mode (Type A) Junction F ield·Effect Transistors 
designed for chopper and high·speed switching applications. 

• Low Drain-Source "ON" Resistance -
rds(on) = 30 Ohms (2N5638) 

60 Ohms (2N5639) 
100 Ohms (2N5640) 

• Low Reverse Transfer Capacitance -
Crss = 4.0 pF (Max) @ f = 1.0 MHz 

• Fast Switching Characteristics -
tr = 5.0 ns (Max) (2N5638) 

MAXIMUM RATINGS 

Rating Svmbol 

Drain-Source Voltage VDS 
*Drain-Gate Voltage VDG 
.. Reverse Gate-Source Voltage VGSR 
.. Forward Gate Current IGF 
'T otal Device Dissipation @\ T A - 25°C Po 111 

Derate above 25°C 

"'Storage Temperature Range Tstg 
Operating Junction Temperature Range TJ 111 

Value Unit 

30 Vdc 

30 Vdc 

30 Vdc 

10 mAde 

310 mW 
2.82 mWf'lC 

-65 to +150 °c 

-65 to +135 °c 

(1) Continuous package improvements have enhanced these guaranteed Maximum Ratings as 
follows: Po = 1.0 W@TC = 25°C, Derate above 2SoC - 8.0 mW/oC, T J = -65 to +150o C, 
8 JC = 1250 C/W. 

FIGURE 1 - SWITCHING TIMES TEST CIRCUIT 

INPUT 
{SCOPE AI 

OUTPUT 
{SCOPE 81 

RL '" VOO ~(rds(on) +50) 
10 

·'ndlcates JEDEC Registered Data. 
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2N5638, 2N5639, 2N5640 (continued) 

*ELECTRICAL CHARACTERISTICS (T A = 25°C unless otherwise noted) 

Characteristic Symbol Min Max Unit 

OFF CHARACTERISTICS 

Gate-Source Breakdown Voltage vlBRIGSS 30 - Vde 
(lG = 10 !lAde, VOS = 01 

Gate Reverse Current IGSS 
IVGS = -15 Vde, VOS = 01 - 1.0 nAde 

IVGS = -15 Vde, VOS = 0, TA = 1000CI - 1.0 !lAde 

Drain Cutoff Current 1010ffi 
IVOS = 15 Vde, VGS = -12 Vdel 2N5638 - 1,0 nAdc 

IVOS = 15 Vde, VGS = -8.0 Vdel 2N5639 - 1.0 
IV OS = 15 Vde, V GS = -6.0 Vdel 2N5640 - 1.0 
IVOS = 15 Vde, VGS = -12 Vde, T A = 1000CI 2N5638 - 1.0 !lAde 
IVOS = 15 Vde, VGS = -8.0 Vde, TA = l000CI 2N5639 - 1.0 
IVOS = 15 Vde, VGS = -6.0 Vdc, TA = l000CI 2N5640 - 1.0 

ON CHARACTERISTICS 

Zero-Gate Voltage Drain Current INote 11 lOSS mAde 

IVOS = 20 Vdc, VGS = 01 2N5638 50 -

2N5639 25 -
2N5640 5.0 -

Drain-Source "ON" Voltage VOSlon) Vdc 
(10 = 12 mAde, VGS = 0) 2N5638 - 0.5 
(10 = 6.0 mAde, VGS = 01 2N5639 - 0.5 
(10 = 3.0 mAde, VGS = 0) 2N5640 - 0.5 

Static Drain-Source "ON" Resistance rOSlonl Ohms 
(10 = 1.0 mAde, VGS = 0) 2N5638 - 30 

2N5639 - 60 
2N5640 - 100 

SMALL-SIGNAL CHARACTERISTICS 

Static Drain-Source "ON II Resistance rdslonl Ohms 
IVGS = 0, 10 = 0, f = 1.0 kHzl 2N5638 - 30 

2N5639 - 60 
2N5640 - 100 

Input Capacitance Ciss - 10 pF 
IVOS = 0, VGS = -12 Vde, 1 = 1.0 MHzl 

Reverse Transfer Capacitance Crss - 4.0 pF 
IVOS = 0, VGS = -12 Vde, I = 1.0 MHzl 

SWITCHING CHARACTERISTICS (Figure 1) 

Turn-On Delay 1010n) = 12 mAde 2N5638 !dlonl - 4.0 ns 
Time 6.0 mAde 2N5639 - 6.0 

3.0 mAde 2N5640 - 8.0 

Rise Time VOO= 10 Vde, 1010n) = 12 mAde 2N5638 tr - 5.0 ns 
6.0mAde 2N5639 - 8.0 

VGSlonl = 0, 3.0 mAde 2N5640 - 10 

Turn-Off Delay VGSloll1 = -10 Vde, 1010ni = 12 mAde 2N5638 !dlol!) - 5.0 ns 
Time 6.0 mAde 2N5639 - 10 

RG'=500hms 3.0 mAde 2N5640 - 15 

Fall Time 1010ni = 12 mAde 2N563B tl - 10 ns 
6.0mAde 2N5639 - 20 
3.0 mAde 2N5640 - 30 

·'ndicates JEDEC Registered Data. 

Note 1. Pulse Test: Pulse Width s: 300 /Js. Dutv Cyc'e ~3.0%. 
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2N5641 (SILICON) 
2N5642 
2N5643 

NPN SILICON RF POWER TRANSISTORS 

. designed for VHF power amplifier or oscillator applications in 
military and industrial equipment. These devices are particularly 
suited for use in Class AB, B, or C amplifier applications to 400 MHz. 

• Balanced Emitter Construction to provide the designer with the 
device technology that assures ruggedness and resists transistor 
damage caused by load mismatch. 

• Stripline packaging for lower lead inductance anti better broad· 
band capability. 

• Ceramic Packaging 

• Specified 28 Volt, 115 MHz Characteristics-
2N5641 - 1.0 Watts Output Power at 8.4 dB Gain 
2N5642 - 20 Watts Output Power at 8.2 dB Gain 
2N5643 - 40 Watts Output Power at 1.6 dB Gain 

*MAXIMUM RATINGS 

Rating Svmbol 2N5641f2N564212N5643 Unit 

Coliector·Emitter Voltage VCEO -35- Vdc 

Coliector·Base Voltage VCB -65- Vdc 

Emitter·Base Voltage VEB -4.0 Vdc 

Collector Current Continuous IC 1.0 I 3.0 I 5.0 Adc 

Total Device Dissipation @ T A = 25°C Po 15 1 30
1

60 
Watts 

Derate above 25°C B6 171 342 mWf>C 

Operating and Storage Junction TJ,Tstg -65 to +200 °c 
Temperature Range 

·1 ndicates JE OEC Registered Data. 
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2N5641, 2N5642, 2N5643 (continued) 

*ELECTRICAL CHARACTERISTICS (T A = 25°C unless otherwise noted) 

Characteristic Symbol 

OFF CHARACTERISTICS 

Collector-Emitter Breakdown Voltage (Note 1) BVCEO 
(lC = 200 mAde, IB = 0) 

Collector-Emitter Breakdown Voltage BVces 
(lC= 200 mAde, VBE = 0) 

Emitter-Base Breakdown Voltege BVEBO 
(IE = 5.0 mAde,lC = 0) 2N5641 
(IE = 10 mAde,lC = 0) 2N5642,2N5643 

Collector Cutoff Currant IceO 
(VCB = 30 Vde, IE = 0) 

ON CHARACTERISTICS 

DC Current Gain hFE 
(lC = 100 mAde, VCE = 5.0 Vdel 2N5641 
(lc = 200 mAde, VCE = 5_0 Vdel 2N5642 
(lC = 500 mAde, VCE = 5.0 Vdcl 2N5643 

DYNAMIC CHARACTERISTICS 

Output Capacitance Cob 
(VCB = 30 Vde,lE =0, f= 0.1 to 1.0 MHzI 2N5641 

2N5642 
2N5643 

FUNCTIONAL TEST 

Power Input (Figura II Pin 
(Pout = 7.0 Watts, VCE = 28 Vde, f = 175 MHzI 2N5641 
(Pout = 20 Watts, VCE = 28 Vde, f = 175 MHzI 2N5642 
(Pout = 40 Watts, VCE • 28 Vdc, f = 175 MHzI 2N5643 

Common-Emitter Amplifier Power Gain (Figure 11 GpE 
(Pout = 7.0 Watts, VCE = 28 Vde, f = 175 MHzI 
(Pout = 20 Watts, VCE = 28 Vde, f = 175 MHzI 
(Pout = 40 Watts, VCE = 28 Vde, f = 175 MHz) 

Collector Effieienev (Figura II 
(Pout = 7.0 Watts, VCE = 28 Vde, f = 175'MHzI 
(Pout = 20 Watts, V CE = 28 Vde, f = 175 MHz) 
(Pout = 40 Watts, V CE = 28 Vde, f = 175 MHzI 

Note 1: Pulsed through 25 mH inductor. 
-Indicates JEDEC Registered Data. 

2N5641 

Vcc 

2N5641 
2N5642 
2N5643 

T! 
2N5641 
2N5642 
2N5643 

FIGURE 1 - 175 MHz TEST CIRCUIT 

L2· 

2N5643 

Min Typ 

35 -

65 -

4.0 -
4.0 -
- -

5.0 -
5.0 -
5.0 -

- 8.5 
- 22 
- 45 

- 0.4 
- 1.9 
- 5.0 

8.4 12.6 
8.2 10.2 
7.6 8.1 

60 -
60 -
60 -

Cl. C3. C4 - 5.0 - 80 pF 

e2-9.0-180pF 

Ll-l%" Straight #14 AWG 

2N5642 

~1-3.0-30pF 

C2. C3. C4. - 9.0 -180 pF 

el' C2' C3. e4.· AReo 464 25·280 pF 

LI-l"Stralght#14AWG 

Ll-I" Straight #14 AWG L2 - 1 Tum #16 AWG. %"1:0: 

L2 - 3 Turns #16 AWG.II" 1.0. L2 - 1 Turn #16 AWG. 11"1.0. 

Max Unit 

- Vde 

- Vde 

Vde 
-
-

1.0 mAde 

-
-
-
-

pF 
15 
35 
65 

Watts 
1.0 
3.0 
7.0 

dB 
-
-

% 
-
-
-



2N5641, 2N5642, 2N5643 (continued) 
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2N5641, 2N5642, 2N5643 (continued) 
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2N5641, 2N5642, 2N5643 (continued) 

CI RCUIT DESIGN DATA 

30 

PARALLEL EQUIVALENT INPUT 
RESISTANCE versus FREQUENCY 

FIGURE 11 
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2N5641, 2N5642, 2N5643 (continued) 
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CIRCUIT DESIGN DATA 
LARGE SIGNAL OUTPUT CAPACITANCE versus FREQUENCY 

FIGURE 17 
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2N 5644 (SILICON) 

NPN SILICON RF POWER TRANSISTOR 

· .. designed for 12.5 Volt, UHF large signal amplifier applications re
quired in industrial and consumerFMaquipmentoperating to 520 MHz. 

• Low lead inductance stripline package for ease of design and in· 
creased broadband capability 

• Balanced Emitter Construction to protect against device damage 
due to load mismatch 

• Specified 12.5 Volt, 470 MHz Characteristics
Output Power = 1.0 Watt 
Minimum Gain = 7.0 dB 
Efficiency = 60% 

*MAXIMUM RATINGS 

Rating Symbol Value 

Collector-Emitter Voltage VeEO 18 
Collector-Base Voltage Vca 36 
Emitter-Base Voltage VEa 4.0 
Collector Current Continuous Ie 0.25 
Total Device Dissipation@Tc - 2SoC Po 3.5 

Derate above 25°C 0.02 
Operating and Storage Junction TJ.Tstg -65 to +200 

Temperature Range 

Unit 
Vde 
Vde 
Vde 
Adc 

Watts 
WloC 

°e 

'ELECTRICAL CHARACTERISTICS (TC = 25°C unless otherwise noted) 

Characteristic Symbol Min Ma. Unit 
OFF CHARACTERISTICS 
Collector-Emitter Breakdown Voltage (Note 1) BVCEO 18 Vde 
IIc = 50 mAde. Ie = 01 

Collector-Eminer Breakdown Voltage (Note 1) BVCES 36 - Vde 
IIC - 50 mAde. VeE = 01 

Emitter-Base Breakdown Voltage 
liE = 1.0 mAde.IC = 01 

eVEBO 4.0 Vde 

Collector Cutoff Current ICES - 10 mAde 
(VCE = 15Vdc.VeE=0. TA = 1250CI 

Collector Cutoff Current Iceo 0.1 mAde 
(VCB = 15 Vd •• IE = 01 

ON CHARACTERISTICS 

DC Current Gain 
IIC' 0.1 Ade. VCE = 5.0 Vdel 

DYNAMIC CHARACTERISTICS 

I Current-Gain Bandwidth Product (Note 21 I for I 400 - MHz 
(ic=50mAdc. VCE-12Vdc,l= looMHzl l Output Capacitance I Cob I 8.0 pF 
(VCB- 12Vde.IE =0. 1 = 1.0MHzI 

FUNCTIONAL TEST 

Common-Emitter Amplifier PoWer Gain IFigure 1) GpE 7.0 - dB 
(Pout-I.OW. VCC= 12.5 Vdc. IC=0.133Ade. 
1-470 MHzI 

Collector Efficiency ~ SO - % 
(Pout = I.OW, VCC·12.5Vdc,IC=0.I33Ade. 
1=470 MHzI 

-Indicatel JEDEC Regl.tered Oata. 
Note 1: Pulsed through 26 mH Inductor. 
Nota 2: fT is defined .. the frequency at which "'falextrapolatetto unity. 
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2N5644 (continued) 

DESIGN DATA 
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FIGURE 1 - 470 MHz TEST CIRCUIT 

II ~ COPPER STRAP 1" long, 5f32" Wide 

l2 = 1 Turn #16 AWG WIRE, 3/32" 1.0., Total Length 
of Coil and leads = 13/16" 

RFC 1 = O.1·5~H MOLDED CHOKE with Ferrite Bead on Ground lead, 

RF~ 2: BTUlns#20WIRE, 7/32" 1.0.,318" Long 

All CapacitilflceVaJuesinpF Except As Noted. 

FIGURE 3 - POWER OUTPUT versus FREQUENCY 
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FIGURE 5 - PARALLEL EQUIVALENT INPUT 
RESISTANCE versus FREQUENCY 
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FIGURE 4 - PARALLEL EQUIVALENT OUTPUT 
CAPACITANCE versus FREQUENCY 
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FIGURE 6 - PARALLEL EQUIVALENT INPUT 
CAPACITANCE versus FREQUENCY 
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2N 5645 (SILICON) 

NPN SILICON RF POWER TRANSISTOR 

· .. designed for 12.5 Volt, UHF large signal amplifier applications re
quired in industrial and consumer FM equipment operating to 520 MHz. 

• Low lead inductance stripline package for ease of design and in· 
creased broadband capability 

• Balanced Emitter Construction to protect against device damage 
due to load mismatch 

• Specified 12.5 Volt, 470 MHz Characteristics
Output Power = 4.0 Wan 
Minimum Gain = 6.0 dB 
Efficiency = 60% 

'MAXIMUM RATINGS 

Rating Symbol Villi. 

CoIlector-Emltter Voltage Vceo 18 

Collector-Sna Voltage VCB 36 

Emitter-S .. Voltage VEB 4.0 

Collector Current Continuous IC 1.0 

Total Dsvioe Di.lpetion OTC "'25uC Po 12 
Derate above 25°C 0.068 

Operating and StonIga Junction TJ,Tstg -6510 +200 

Temperatl,lr8 Range 

Unit 

Vde 

Vde 

Vde -Watts 

wf'e 

°c 

"IELECTRICAL CHARACTERISTICS (TC = 25°C unless otherwise noted) a..._ Symbol I Min Mo. Unit 

OFF CHARACTERISTICS 

Collector-Emitter Breakdown Voltage (Note 1) BVeeo 
(Ie = 100 mAde. IS' 0) 

Collector-I:mitter Breakdown Voltagl (Note 1) SVees 
(lC' 100 mAde, VBe - 0) 

t:mitter-~ Breakaown Voltage SVeso 
(Ie' 1.0 mAde, Ie' 01 

Collector Cutoff Current 
(VeE - 15 Vdc, Vee" o. T A - 12SoCJ 

Ices 

Collector Cutoff Cumnt 
(VCS'15Vde,le' 0) 

leBO 

ON CHARACTERISTICS 

I DC Current Gain 
(lC = 0.5 _, Vee = 5.0 Vde) 

DYNAMIC CHARACTERISTICS 

~~rent-ualn BandwJdth Product (Note 21 t,. 
(Ie' 100 mAde, Vee - 12 Vde, 
f-l00MHz) 

Output Capacitance Cob 
(VeB' 12 Vde, Ie • 0, f = 1.0 MHz) 

FUNCTIONAL TEST 

Common-Emitter Amplifier Power Gain ~Figure 1 GPE 
(Pout = 4.0 w, Vee' 12.6 Vde, Ie = 0.53 Ade, 
f=410MHz) 

Collector Efficiency 
(Pout - 4.0W, Vee = 12.6 Vde,IC- 0.53Adc, 
f- 470 MHz) • 

·'ndicates JEOEC Registered Data. 
Note 1: Pulsed through 26 mH Inductor. 

lB Vde 

36 Vde 

4.0 Vde 

10 mAde 

0.5 mAde 

115 

400 MHz 

20 OF 

6.0 dB 

60 % 

Nota 2: fT tadeflMd utttefrMluency at which !hf.lextrepolatel to unltv. 
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2N5645 (continued) 

DESIGN DATA 

FIGURE 1 - 470 MHz TEST CIRCUIT 

L' : COPPER STRAP '" LOI1ll. !;.I3l" Wide 

.L2.: !fT~~~ :~: t!'~ ~,RJI:3l"I.0 •• Total L.ngth 

"AFe 1 '"' 0.15 pH MOLDED CHOkE with Fmite Bead on Ground laad 

RFC 2- STurns#20WIRE. 7132"1.0 .• 3IS" LoI1ll 

All Capacitanct Valuas in pF EXC8f:It As Noted. 

FIGURE 3 - POWER OUTPUT ve,..s FREQUENCY 
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FIGURE 6 - PARALLEL EQUIVALENT INPUT 
RESISTANCE venus FREQUENCY 
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2N5646 (SILICON) 

NPN SILICON RF POWER TRANSISTOR 

· .. designed for 12.5 Volt, UHF large signal amplifier applications re
quired in industrial and consumerFMequipmentoperating to 520 MHz. 

• Low lead inductance stripline package for ease of design and in· 
creased broadband capability 

• Balanced Emitter Construction to protect against device damage 
due to load mismatch 

• Specified 12.5 Volt,470 MHz Characteristics -
Output Power = 12 Watt 
Minimum Gain = 4.7 dB 
Efficiency = 60% 

*MAXIMUM RATINGS 

Rating Symbol Value 

Coliector·Emitter Voltage VCEO 18 

Coliector·Base Voltage VCB 36 

Emitter·Base Voltage VEB 4.0 

Collector Current - Continuous IC 2.0 

Totel Device Dissipation@Tc= 25°C Po 30 

Darate above 26°C 0.171 

Oparating and Storaga Junction TJ,Tstg -65 to +200 

Temparature Range 

Unit 

Vdc 

Vdc 

Vdc 

Adc 

Watts 

wfOc 

°c 

*ELECTRICAL CHARACTERISTICS (TC = 250 C unless otherwise noted) 

I Characteristic I Symbol I Min I Max I Unit 

OFF CHARACTERISTICS 

Coliactor·Emitter Breakdown Voltage (Note 1) 

(lC = 200 mAde, IB = 0) 

Coliector·Emitter Breakdown Voltage (Note 1) 
(lc = 200 mAde, VBE = 0) 

Emitter·Base Breakdown Voltege 
(IE = 1.0 mAde, IC = 0) 

Collector Cutoff Current 
IVCE = 15 Vdc, VBE = 0, T A = 1250 C) 

Collector Cutoff Current 
(VCB = 15 Vdc, IE = 0) 

ON CHARACTERISTICS 

DC Current Gain 
(lC = 1.0 Adc, VCE = 5.0 Vde) 

DYNAMIC CHARACTERISTICS 

Current·Gain - Bandwidth Produet (Note 2) 
(lC = 250 mAde, VCE = 12 Vde, f = 100 MHz) 

Output Capacitance 
(VCB = 12 Vde, IE = 0, f = 1.0 MHz) 

FUNCTIONAL TEST 

Common-Emitter Amplifier Powar Gain (Figure 1) 
(Pout = 12 W, VCC = 12.5 Vdc, IC = 1.6 Adc, 
f = 470 MHz) 

Collector Efficiency 
(Pout = 12 W, VCC = 12.5 Vdc, IC = 1.6 Adc, 
f= 470 MHz) 

*Indicates JEOEC Registered Data. 
Note1: Pulsed through 25 mH indUctor. 

BVCEO 18 -

BVCES 36 -

BVEBO 4.0 -

ICES - 10 

ICBO - 1.0 

for 400 -

Cab - 40 

GpE 4.7 -

'1 60 -

NOte 2: fT I-s defined as the frequency at which Ihf.lextrapolates to unity. 
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Vdc 

Vdc 

Vdc 

mAde 

mAde 

MHz 

pF 

dB 

% 

NPNSILICON 
RF POWER 

TRANSISTOR 
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2 .... 
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4.CnlllttOr 

CASE 14SA-Ol 



2N5646 (continued) 
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DESIGN DATA 

FIGURE 1 - 470 MHz TEST CIRCUIT 

L 1 '" COPPER STRAP 1" Long, 5/32" Wide 

L2'" 1 Turn #16 AWG WIRE, 3/32"/.0., Total length 
of Coil and leads = 13/16" 

RFC 1 '" O.15JJH MOLDED CHOKE with Ferrite Bead on Ground Lead. 

RFC 2 '" 8 Turns #20 WI RE, 7/32" I,D .• 3/8" long 

All Capacitance Values in pF Except As Noted. 

FIGURE 3 - POWER OUTPUT versus FREQUENCY 
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2N5653 (SILICON) 

2N5654 

SILICON N-CHANNEL 
JUNCTION FIELD-EFFECT TRANSISTORS 

Depletion Mode (Type A) Ju nction Field-Effect Transistors designed 
primarily for low-power, chopper and switching applications. 

• Fast Switching Times - 2N5653 
td(on) = 4.0 ns (Max) 

tr = 5.0 ns (Max) 
td(off) = 5.0 ns (Max) 

tf = 10 ns (Max) 

• Low Drain-Source "ON" Resistance-
. rds(on) = 50 Ohms (Max) @ 10 = 1.0 mAdc - 2N5653 

• Low Reverse Transfer Capacitance -
Crss = 3.5 pF (Max) @ VGS = -12 Vdc 

*MAXIMUM RATINGS 

Rating Symbol 

Drain-Gate Voltage VDG 

Reverse Gate-50urce Voltage VGSR 

Forward Gate Current IGF 

Total Device Dissipation I!iI T A = 25°C PD 111 
Derate above 25°C 

Storage Temperature Range Tstg 
111 

·Indicates JEOEC Registered Data. 

Value 

30 

30 

10 

310 
2.82 

-65 to +150 

Unit 

Vdc 

Vdc 

mAde 

mW 
mw;oC 

°c 

(1) Continuous package Improvements have enhanced these guaranteed Maximum Ratings as 
follows: Po = 1.0 W"@TC= 25°C, Derate above 25°C - 8.0 mW/oC, T J => -65 to +1500C. 
8 JC = 12SoC/W. 
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N-CHANNEL 
JUNCTION FIELD-EFFECT 

TRANSISTORS 

(Type A) 

0.175 
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0.D16 
[iii9 
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MIN 

J 
j~.045 ii.m 

0.045 
0.055 

OIA HOLE ITYPI 

CASE 29 (51 
TO-92 

Drain and Source may ba 
Interchanged. 



2N5653, 2N5654 (continued) 

*ELECTRICAL CHARACTERISTICS (T A = 25°C unless otherwise noted) 

Characteristic Symbol 

OFF CHARACTERISTICS 

Gate-Source Breakdown Voltage V(BR)GSS 
(lG = 10 ,.Adc, VOS = 0) 

Gate Reverse Current IGSS 
(VGS = -15 Vdc, VOS = 0) 

(VGS = -15 Vdc, VOS = 0, TA = l00DC) 

Drain Cutoff Current I o (offl 
NOS = 15 Vdc, VGS = -12 Vdc) 2N5653 

NOS = 15 Vdc, VGS = -8.0 Vdc) 2N5654 

NoS = 15 Vdc, VGS = -12 Vdc, TA = 100°C) 2N5653 

(VOS = 15 Vdc, VGS = -8.0 Vdc, TA = l000 C) 2N5654 

ON CHARACTERISTICS 

Zero·Gate Voltage Drain Current (Note 1) lOSS 
(VOS = 20 Vdc, VGS = 0) 2N5653 

2N5654 

Orain·Source "ON" Voltage VOS(on) 
(10 = 10mAdc, VGS = 0) 2N5653 

(10 = 5.0 mAdc, VGS = 0) 2N5654 

SMALL-SIGNAL CHARACTERISTICS 

Static Orain-Source "ON" Resistance rds(on) 
(VGS = 0,10 = 1.0 mAde) 2N5653 

2N5654 

(VGS = 0,10 = 0, f = 1.0 kHz) 2N5653 
2N5654 

Input Capacitance Ciss 
(VOS = 0, VGS = -12 Vdc, f = 1.0 MHz) 

Reverse Transfer Capacitance Crss 
NoS = 0, VGS = -12 Vdc, f = 1.0 MHz) 

SWITCHING CHARACTERISTICS 

Test Condition for 2N5653: 
Turn-On Delay Time (VOO = 10 Vdc, VGS(on) = 0, 2N5653 td(on) 

VGS(off) =-12 Vdc, 2N5654 
Rise Time 10(on) = 10 mAdc, 2N5653 tr 

RG'= 50 Ohms) 2N5654 

Test Condition for 2N5654: 

Turn-Off Delay Time (VOO = 10 Vdc, VGS(on) = 0, 2N5653 ~(off) 
VGS(off) = -12 Vdc, 2N5654 

Fall Time 10(on) = 5.0 mAde, 2N5653 tf 
RG' = 50 Ohms) 2N5654 

(Figure 1) 

-I ndicates JE DEC Registered Data. 
Note 1: Pulse Test: Pulse WidthS 300P.5, Duty CycleS 3.0%. 

FIGURE 1 - SWITCHING TIME TEST CIRCUIT 

INPUT 
(SCOPE AI 

INPUT PULSE: 
tr"1.0ns 
f = 1.0 kHz 

Duty Cycle 0;;; 1.0% 

RL = V~DO -trds(on) + 50) 

""-___ -VGS(off) 
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Min Max 

30 -

- 1.0 

- 1.0 

- 1.0 

- 1.0 

- 1.0 

- 1.0 

40 -
15 -

- 0.75 

- 0.75 

- 50 
- 100 

- 50 
- 100 

- 10 

- 3.5 

- 4.0 

- 6.0 
- 5.0 
'- 8.0 

- 5.0 
- 10 
- 10 

- 20 

VOD 

50 

Unit 

Vdc 

nAdc 

,.Adc 

nAdc 

,.Adc 

mAdc 

Vdc 

Ohms 

pF 

pF 

ns 

ns 

ns 

ns 

0.001 ~F 

:t-T0500HM 
SCOPEB . -

D.1,uF 



2N 5655 2N 5656 2N 5657 (SILICON) 

MJE5655 MJE5656 MJE5657 

PLASTIC NPN 81 LICON HIGH-VOLTAGE 
POWER TRANSISTORS 

· .. designed for use in line-operated equipment such as audio output 
amplifiers; low-current, high-voltage converters; and AC line relays 

• Excellent DC Current Gain - hFE = 3()'250 @ IC = 100 mAdc 

• Current-Gain - Bandwidth Product -
fT = 10 MHz (Min) @ IC = 50 mAdc 

• Packaged in Thermopad Case for Low Cost 

• Choice of Packages - 2N5655, 2N5656, 2N5657 - Case 77 
MJE5655, MJE5656, MJE5657 - Case 199 

*MAXIMUM RATINGS 
2N5665 2N5666 2N5657 

Ratina Symbol MJE5665 MJE5666 MJE5657 

Collector-Emitter Voltage VeEO 250 300 350 
COllector-Base Voltage VeB 275 325 375 
Emitter-Base Voltage VER _6.0 ___ 

Collector Current - Continuous Ie -0.5---
Peak -1.0_ 

Base Current IB _0.25_ 

2N5665 MJE5665 
Series Series 

Total Device Dissipation@TC=250C Po 20 30 
Derate above 2Soe 0.16 0.24 

Operating and Storage Junction T J. T stg -e5 to +150 
Temperature Range 

THERMAL CHARACTERISTICS 

Characteristic 

Thermal Resistance, Junction to Case 

·Indicates JEDEC Registered Data for 2N5655 Series. 

FIGURE 1 - POWER DERATING 
40 

............ 
t--. 

1"--- ...... MJE5655157 0 ...... r-.. )'-.... 
r-.. I ............. ,....... 

0 T655/f' -t--.. t--... 
0 

)"::: ~ 
25 50 75 100 125 150 

TC. CASE TEMPERATURE ('C) 

FIGURE 2 - SUSTAINING VOLTAGE TEST CIRCUIT 
5DmH 

Unit 

Vde 

Vde 

Vde 

Ade 

AIle 

Watts 
wf'e 

°c 

0.5 AMPERE 
POWER TRANSISTORS 

2N5655 
2N5656 
2N5657 

NPN SILICON 

250-300-350 VOLTS 
20 and 30 WATTS 

0.425 1-+ 
~ ".020 0.596 

0026 ii]4!i 

-~ 

om 
PIN 1. EMITTER 

JI~ .. ,," 
ii01, -1 till "" 
~Ol!! Olffi 

2. COLLECTOR 
3. BASE 

'·"'-1 om 
0.142 o:m 

~
23~iilD\ 

=t==-, 
HEATSINK 30 

CONTACT AREA TYP 
!8DTTOM) 

CASE 77-03 

CASE: 198-04 

MJE5655 
MJE5656 
MJE5657 

PIN 1. BASE 
2. COLLECTOR 
3. EMITTER 

We Area Limits a,. Indicated by Flgur. 3 and 4. Both limits are appllcabl. and must be obaerved. 

2-226 



2N5655, 2N5656, 2N5657/MJE5655, MJE5656, MJE5657 (continued) 

·ELECTRICAL CHARACTERISTICS (TC = 250C unless otherwise noted) 

I Characteristic 

OFF CHARACTERISTICS 

Collector-Emitter Sustaining Voltage 
(Ie:: 100 mAde (inductive). L = 50 mHI 

Collector-Emitter Brea"kdown Voltage 
IIc = 1.0 mAde, Ie = 0) 

Collector Cutoff Current 
(VCE = 150 Vde, Ie = 0) 

(VCE = 200 Vde, Ie = 0) 

IVCE = 250 Vde, Ie = 0) 

Collector Cutoff Current 

IVCE = 250 Vde, VEB(off) = 1.5 Vde) 

(VCE = 300 Vdc, VEe(off) = 1.5 Vdel 

(VCE = 350 Vde, VEB(off) = 1.5 Vdel 

(VCE= 150Vde, VEB(off) = 1.5Vdc, TC=loo"CI 

(VCE = 200 Vde, VEB(ofl) = 1.5 Vde, TC = loooCI 

(VCE = 250 Vde, VEe(ofll = 1.5 Vde, TC = loooCI 

Collector Cutoff Current 
(Vce = 275 Vde, IE = 01 

(Vce = 325 Vde, IE = 0) 

(Vce = 375 Vde, IE = 01 

Emitter Cutoff Current 

(VEB = 6.0 Vde, IC = 01 

ON CHARACTERISTICS 

DC Current Gain (1) 

(lC = 50 mAde. VCE = 10 Vdel 

IIc = 100 mAde, VCE = 10 Vdel 

IIc = 250 mAde, VCE = 10 Vde) 

IIc = 500 mAde, VCE = 10 Vdel 

Collector-E mitter Saturation Voltage (1) 
IIc = 100 mAde, Ie = 10 mAdel 

(Ie:: 250 mAde. 'S '= 25 mAde) 

(Ie'" 500 mAde, 's'" 100 mAde) 

Base-Emitter Voltage (1) 
(Ie"" 100 mAde, VeE = 10 Vdcl 

OVNAMIC CHARACTERISTICS 

Current-Gain-Bandwidth Product (21 

(Ie = 50 mAde, VeE == 10 Vdc, f '" 10 MHz) 

Output Capacitance 
(Vce = 10 Vde, IE = 0, I = 100 kHz) 

Small·Signal Current Gain 
(lC = 100 mAde, VCE = 10 Vde, I = 1.0 kHzl 

-Indicates JEDEC Registered Data for 2N5655 Senes. 
(1) Pulse Test: Pulse Width ~ 300 #JS. Duty Cycle'$ 2.0%. 

2N5655, MJE5655 
2N5656, MJE5656 
2N5657, MJE5657 

2N5655, MJE5655 
2N5656, MJE5656 
2N5657, MJE5657 

2N5655, MJE5655 

2N5656, MJE5656 

2N5657, MJE5657 

2N5655, MJE5655 

2N5656, MJE5656 

2N5657, MJE5657 

2N5655, MJE5655 

2N5656, MJE5656 

2N5657, MJE5657 

2N5655, MJE5655 

2N5656, MJE5656 

2N5657, MJE5657 

(2) fT is defined as the frequency at which lhfel extrapolates to unity. 

Symbol Min Ma. 'Unit 

VCEOfsus) Vde 
250 -
300 -
350 -

eVCEO Vdc 
250 -
300 -
350 -

ICEO mAde 
- 0.1 

- 0.1 

- 0.1 

ICEX mAde 
- 0.1 

- 0.1 

- 0.1 

- 1.0 

- 1.0 

- 1.0 

ICBO #lAde 
- 10 

- 10 

- 10 

lEBO 10 pAdc 

hFE 
25 
30 250 

15 

5.0 

VCE(sati Vde 
1.0 

2.5 
10 

VeE 1.0 Vde 

IT 10 MHz 

Cob 25 pF 

hie 20 

ACTIVE-REGION SAFE OPERATING AREA 
FIGURE 3 - 2N5655. 2N5656. 2N5657 FIGURE 4 - MJE5655. MJE5656. MJE5657 
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-? 0.0 I 2N5651 

20 30 40 60 100 200 300 400 600 

VCE, COLLECTOR EMITTER VOLTAGE (VOLTSI 

There are two limitations on the power handling ability of a 
transistor: average junction temperature and second breakdown. 
Safe operating area curves indic.telC - VCE limits of the tranlistor 
that must be observed for reliable operation; i.e .• the transistor must 
not ba IUbJected to greater diSSipation than the curve. indicate. 

~ 0.5 

$ "' 10", 
~ '\ '\ 1 
'" 0.2 r--- T J • lS0·C ++t-1H',,--"i<--t--'I;:+-++-+-i 

! 0.1 I I ,,"" ~ lops= 
t- Second Breakdown limit 
~ - - - - Thermal limit of TC:::: 250 C 
__ - - Bonding Wire limit 
SO.05 11111 de" 

!} tr-~c~u~rvt"~a~pp~IY~b~·110W~~~hW~VtC~EO~=;~~:l~~~~li·0:m:s~r-~ 
0.02~ J MJE5655 

o.ol.\:---+'-~...L+'...LlJ+'-.1!!~!!~~~:~~:!:~-~~~jl;~~1-;.lh-~d 
20 30 40 60 100 ZOO 300 400 600 

VCE, COLLECTOR·EMITTER VOLTAGE (VOLTS) 

The data of Figure. 3 and 4 is based on T J(pk~ = 150o C; T C is 
variable depending on conditions. Second breakdown pulse limit. 
.re valid for duty cycles to 10% provided T J(pk)S1600 C. At high 
case temperatures, thermal limitations will reduce the power that 
can be handled to values '.11 than thelimitetlons impoled by second 
breakdown. (S .. AN-4151 
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2N5655, 2N5656, 2N5657/MJE5655, MJE5656, MJE5657 (continued) 
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LARGE SIGNAL CHARACTERISTICS 

FIGURE 5 - TRANSCONDUCTANCE 
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FIGURE 7 - INPUT ADMITTANCE 
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CUT·OFF CHARACTERISTICS 

FIGURE 6 - TRANSCONDUCTANCE 
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2N5655, 2N5656, 2N5657/MJE5655, MJE5656, MJE5657 (continued) 

FIGURE 9 - CURRENT GAIN 
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2N5668 (SILICON) 

2N5669 
2N5670 

SILICON N-CHANNEL 
JUNCTION FIELD-EFFECT TRANSISTORS 

Depletion Mode (Type A) Junction F ield-EffectTransistors designed 
for VHF amplifier and mixer applications_ 

• Low Cross Modulation and Intermodulation Distortion 

• Drain and Source Interchangeable 

• Low 100-MHz Noise Figure -
NF = 2_5 dB (Max) 

• Low Reverse Transfer and Input Capcitances
Crss = '_0 pF (Typ); Ciss = 4_7 pF (Typ) 

• High Maximum Stable Gain Due to Drain and Gate Lead Separation 

*MAXIMUM RATINGS 

Rating Symbol . Value Unit 

Drain-Source Voltage VOS 25 Vde 

"Drain-Gate Voltage VOG 25 Vde 

"Reverse Gate-Souree Voltage VGSR 25 Vde 

·Forward Gate Current IGF 10 mAde 

Drain Current 10 20 mAde 

"Totel Device Dissipation@TA = 250 C Po'" 310 mW 
nerate above 25°C 2.82 mWJOC 

·Storage Temperature Range Tstg '" -65 to +150 °c 
-I ndic.tes JE OEC Registered Data. 

(1) Continuous package improvements have 'enhanced theE guaranteed Maximum Ratings as 
follows: Po = 1.0 W@ T C = 2SoC. Derate above 2S0C - 8.0 mW;OC. T J ::0 -65 to +1S00C, 
8J C'" 12So'C/W: 
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2NS668, 2NS669, 2NS670 (continued) 

ELECTRICAL CHARACTERISTICS (TA = 25°C unless otherwise noted) 

Characteristic 

'OFF CHARACTERISTICS 

Gate-Source Breakdown Voltage 
(lG = 10 /JAde, VOS = 0) 

Gate-Source Cutofl Voltage 
(VOS = 15 Vde, 10 = 10 nAde) 2N5668 

2N5669 
2N5670 

Gate Reverse Current 

(VGS = -15 Vde, VOS = 0) 

(VGS = -15 Vde, VOS = 0, TA = l00oC) 

'ON CHARACTERISTICS 

Zero-Gate Voltage Drain Current (Note 1) 
(VOS = 15 Vde, VGS = 0) 2N5668 

2N5669 
2N5670 

SMALL-5IGNAL CHARACTERISTICS 

*Forward Transadmittance 
(VOS = 15 Vde, VGS = 0, I = 1.0 kHz) 2N5668 

2N5669 
2N5670 

*Forward Transconductance 

(VOS = 15 Vde, VGS = 0, I = 100 MHz) 2N5668 
2N5669 
2N5670 

·Output Admittance 
(VOS = 15 Vde, VGS = 0, 1= 1.0 kHz) 2N5668 

2N5669 
2N5670 

'Output Conductance 
(VOS = 15 Vde, VGS = 0, f = 100 MHz) 2N5668 

2N5669 
2N5670 

* I nput Conductance 
(VOS = 15 Vde, VGS = 0, I = 100 MHz) 

*Input Capacitance 
(VOS = 15 Vdc, VGS = 0, I = 1.0 MHz) 

* Reverse Transfer Capacitance 

(VOS = 15 Vdc, VGS = 0, I = 1.0 MHz) 

Output Capacitance 
(VOS = 15 Vdc, VGS = 0, f = 1.0 MHz) 

'Common Source Noise Figure (Figure 1) 
(VOS = 15 Vde, VGS = 0, f = 100 MHZ, at RG' ~ 1.0 k ohm) 

Power Gain (Figure 1) 
(VOS = 15 Vde, VGS=O, f= looMHz) 

• Indicates JEDE,C Registered Data. excluding typical values. 

Note 1: Pulse Test: Pulse With = 100 ms, Duty Cycle ~, 0%. 

V(BR)GSS 

VGS(off) 

IGSS 

lOSS 

IVlsl 

Re(Yfs) 

IVosl 

Re(yos) 

Re(Yis) 

Ciss 

Crss 

Coss 

NF 

Gps 

25 -

0.2 -
1.0 -
2.0 -

- -

- -

1.0 -
4.0 -
8.0 -

1500 -
2000 -
3000 -

1000 -
1600 -
2500 -

- -
- -
- -

- 10 
- 25 
- 35 

- 125 

- 4.7 

- 1.0 

- 1.4 

- -

16 -

FIGURE 1 - 100 MHz. POWER GAIN AND NOISE FIGURE TEST CIRCUIT 

Rs"SOOhms 

~'"' 
L1 

Ll ""8.5 Tumsof "4 AWG Tinned Copper, Dia." 3/8", '" 0.9" LOll!!. 
Tapped at "" 2·112 Turn5 (adjusttogi~e RG '" 1.Ok ohm}; 
Parallel Resistance "40k ohms;tllnesat ",a.OpF 

L2"" 13.5Turns#16 AWG Tinned Copper, Dia. ""lf8". '" 1.2' Long. 
Tapped at ""5 Turns;Paralle! Resislance= 40k ohms; 
tunes &1 ""4.0pF. 

LJ 

C1 
1.0-10pF 

Ll "" 17 Turns of 128 AWG Enameled 
Copper Wire, Crase Wound on 9/32" 
Ceramic Form, TUning Providadbva 
PowderedlronSrug. 
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2N5679 (SILICON) 
2N5680 

LOW-POWER PNP SILICON TRANSISTORS 

· .. designed for use as a driver for high·power transistors in general· 
purpose amplifier and switching circuit applications. 

• High Current-Gain-Bandwidth Product -
fT = 30 MHz (Min) @ IC = 10 mAdc 

• Low Coliector·Emitter Saturation Voltage -
VCE(sat) = 0.6 Vdc (Max) @ IC = 0.25 Adc 

• DC Current Gain Bracketed at 0.25 Adc 

• Complement to NPN 2N5681 and 2N5682 

*MAXIMUM RATINGS 

Rating Svmbol 2N5679 

Collector-Emitter Voltage VCEO 100 

Coliector·Base Voltage VCB 100 

Emitter-Base Voltage VEB 
Collector Current Continuous IC 
Base Current IB 
Total Device Dissipation @ TA = 25°C Po 

2N5680 

120 

120 

4.0 

1.0 

0.5 

1.0 
Derate above 25°C 0.0057 

Total Device Dissipation @ T C = 25°C Po 10 
Derate above 2SoC 0.057 

Operating and Storage Junction TJ.Tstg -65 to +200 
Temperature Range 

THERMAL CHARACTERISTICS 

Characteristic Svmbol Max 

Thermal Resistance, Junction to Case 9JC 17.5 

Thermal Resistance. Junction to Ambient 9JA 175 

·1 ndicates JE DEC Registered Data. 

FIGURE 1 - POWER·TEMPERATURE DERATING CURVE 
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TC. CASE TEMPERATURE (DCI 
Safe Area Curves are indicated by Figure 2. 
All limits are applicable and must be observed. 
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Unit 

Vdc 

Vdc 

Vdc 

Adc 

Adc 

Watt 
W/oC 

Watts 
W/oC 

°c 

Unit 

°C/W 
uc/w 

1 AMPERE 
POWER TRANSISTORS 

PNPSILICON 

100-120 VOLTS 
10 WATTS 

0.305 OIA +---I 0.240 
~m DIA-l---~ 
0.335 IH 0.260 

0.D1 6DIAi=t 
0.OJ9 1 

1.5 

~~ -j 
0.200 

CASE 31 (11 
TO·5 

Collector Connected to Case 



2N5679, 2N5680 (continued) 

*ELECTRICAL CHARACTERISTICS (Tc; 25°C unless otherwise noted) 

Characteristic Symbol Min Max Unit 

OFF CHARACTERISTICS 

Collector-Emitter Sustaining Voltage vCEO(sus) Vdc 
(lc; 10 mAdc, IS; 0) 2N5679 100 -

2N5680 120 -
Collector Cutoff Current ICEO "Adc 

(VCE = 70 Vdc, IS = 0) - 10 
(VCE= 80Vdc, IB; 0) - 10 

Collector Cutoff Current ICEX 
(VCE = foo Vdc, VSE(off) = 1_5 Vdc) 2N5679 - 1.0 "Adc 
(VCE = 120 Vdc, VSE(off) = 1.5 Vdc) 2N5680 - 1.0 
(VCE = 100 Vdc, VSE(off); 1.5 Vdc, TC = 15oCC) 2N5679 - 1.0 mAdc 
(VCE = 120 Vdc, VSE(off) = 1.5 Vdc, TC = 1500 C) 2N5680 - 1.0 

Collector Cutoff Current ICBO "Adc 
(VCS = 100 Vdc, IE = 0) 2N5679 - 1.0 
(VCS = 120 Vdc, IE = 0) 2N5680 - 1.0 

Emitter Cutoff Current IESO - 1.0 "Adc 
(VBE = 4.0 Vde, IC = 0) 

ON CHARACTERISTICS 

DC Current Gain hFE -
(lC = 250 mAde. VCE = 2.0 Vde) 40 150 
(lC = 1.0 Ade, VCE = 2.0 Vde) 5.0 -

Collector-E mitter Saturation Voltage VCE(sat) Vdc 
(lC = 250 mAde, IS = 25 mAde) - 0.6 
(lC; 500 mAde, IS; 50 mAde) - 1.0 
(lC; 1.0 Ade, IS; 200 mAde) - 2.0 

Base-Emitter On Voltage VBE(on) - 1.0 Vde 
(lC; 250 mAde, VCE ; 2.0 Vde) 

DYNAMIC CHARACTERISTICS 

Current-Gain-Sandwidth Product fT 30 - -
(lC = 100 mAde, VCE = 10 Vdc. f = 10 MHz) 

Output Capacitance Cob - 50 pF 
(VCB = 20 Vde, IE = 0, f = 1.0 MHz) 

Small-Signal Current Gain hfe 40 - -
(lC = 0.2 Adc, VCE = 1.5 Vdc, f = 1.0 kHz) 

·'ndicatesJEDEC Registered Data. 

FIGURE 2 - DC SAFE OPERATING AREA 
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a: 
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...... 

I---T J • 2000C 
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~' Secondary Breakdown Limited 
1--' - Bonding Wire Limited 1------ Thermal Limitations TC' 250C 
I-- Applicable For Rated BVCEO 

IIII 
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VCE, COLLECTOR·EMITTER VOLTAGE (VOLTS) 

i\ 
100 200 

The Safe Operating Area Curves indicate IC-VCE limits below 
which the device will not enter secondary breakdown. Collector 
load lines for specific circuits must fall within the applicable Safe 
Area to avoid causing a catastrophic failure. To insure operation 
below the maximum T J, power-temperature derating must be ob
served for both steady state and pulse power conditions. 
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2N5681 (SILICON) 
2N5682 

LOW-POWER NPN SILICON TRANSISTORS 

· .. designed for use as a driver for high·power transistors in general
purpose amplifier and switching circuit applications. 

• High Current-Gain-Bandwidth Product -
fT = 30 MHz (Min) @ IC = 10 mAdc 

• Low Coliector·Emitter Saturation Voltage -
VCE(sat) = 0.6 Vdc (Max) @ IC = 0.25 Adc 

• DC Current Gain Bracketed at 0.25 Adc 

• Complement to PNP 2N5679 and 2N5680 

*MAXIMUM RATINGS 

Rating Symbol 21115681 21115682 

Coliector·Emitter Voltage VCEO 100 120 
Coliector·Base Voltage VCB 100 120 
Emitter·Base Voltage VEB 4.0 
Collector Current - Continuous IC 1.0 
Base Current IB 0.5 
Total Device Dissipation @ T A = 25°C Po 1.0 

Derate above 25°C 0.0057 

Total Device Dissipation @TC= 25°C Po 10 
Derate above 25°C 0.057 

Operating and Storage Junction TJ. T stg -65 to +200 
Temperature Range 

THERMAL CHARACTERISTICS 

Characteristic Symbol Max 

Thermal Resistance. Junction to Case 8JC 17.5 

Thermal Resistance. June.tion to Ambient 8JA 175 

-Indicates JEOEC Registered Oata. 

FIGURE 1 - POWER·TEMPERATURE DERATING CURVE 
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TC. CASE TEMPERATURE (OC) 

Safe Area Curves are indicated by Figure 2. 
All limits are applicable and must be ob_rved. 
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Unit 

Vdc 

Vdc 

Vdc 

Adc 
Adc 

Watt 
wfOc 

Watts 
wfOc 

°c 

Unit 

°CIW 

°CIW 

1 AMPERE 
POWER TRANSISTORS 

NPNSILICON 

100-120 VOLTS 
10 WATTS 

0.305 OIA 0.240 
~mOIA~. 
0.335 0.260 

O.DlS OIA{ff=t 
0.019·· 1 

1.5 

~iLj 
0.200 

CASE 31 (1) 

TO·5 

Collector Connected to Ca .. 



2N5681, 2N5682 (continued) 

*ELECTRICAL CHARACTERISTICS (Tc = 25°C unless otherwise noted) 

Characteristic Svmbol Min Max Unit 

OFF CHARACTERISTICS 

Coliector·Emitter Sustaining Voltage VCEO(sus) Vdc 
(lC = 10 mAdc, IB = 0) 2N56Bl 100 -

2N56B2 120 -

Collector Cutofl Current ICEO pAdc 

(VCE = 70Ydc, IB = 0) - 10 
(VCE = BO Vdc, IB = 0) - 10 

Collector Cutoff Current ICEX 
(VCE = 100 Vdc, VEB(oft) = I.S Vdc) 2NS681 - 1.0 pAdc 

(VCE = 120 Vde, VEB(oft) = 1.S Vdc) 2NS682 - 1.0 
(V CE = 100 Vde, VE B(oft) = 1.S Vdc, T C = lS00 C) 2NS681 - 1.0 mAde 
(VCE = 120 Vdc, VEB(oft) = 1.S Vdc, TC = 1S00 C) 2NS6B2 - 1.0 

Collector Cutoff Current ICBO pAdc 
(VCB = 100 Vde, IE = 0) 2N5681 - 1.0 
(VCB = 120 Vde, IE = 0) 2NS682 - 1.0 

Emitter Cutoff Current lEBO - 1.0 "Ade 
(VBE = 4.0 Vde, IC = 0) 

ON CHARACTERISTICS 

DC Current Gain hFE -
(lC = 2S0 mAdc, VCE = 2.0 Vde) 40 ISO 
(lC = 1.0 Ade, VCE = 2.0 Vdc) S.O -

Collector-Emitter Saturation Voltage VCE(sat) Vde 
(lC = 2S0 mAde, IB = 2S mAde) - 0.6 
(IC = SOO mAdc, IB = SO mAde) - 1.0 
(I C = 1.0 Adc, I B = 200 mAde) - 2.0 

Base·Emitter On Voltage VBE(on) - 1.0 Vde 
(lC = 2S0 mAde, VCE = 2.0 Vde) 

DYNAMIC CHARACTERISTICS 

Current·Gain-Bandwidth Product fT 30 - -
(lC = 100 mAdc, VCE = 10 Vdc, I = 10 MHz) 

Output Capacitance Cob - 50 pF 
(VCB = 20 Vdc, IE = 0, f = 1.0 MHz) 

Small,Signal Current Gain hfe 40 - -
(lC = 0.2 Ade. VCE = 1.S Vdc, f = 1.0 kHz) 

-Indicates JEDEC Registered Data. 

FIGURE 2 - DC SAFE OPERATING AREA 
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The Safe Operating Area Curves indicate IC-VCE limits below 
which the device will not enter secondary breakdown. Collector 
load lines for specific circuits must fall within the applicable Safe 
Area to avoid causing a catastrophic failure. To insure operation 
below the maximum T J. power-temperature derating must be ob
served lor both steady state and pulse power conditions. 
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2N5683 (SILICON) 

2N5684 

HIGH CURRENT PNP SILICON TRANSISTORS 

· .. designed for use in high'power amplifier and switching circuit 
applications. 

• DC Current Gain -
hFE = 15 - 60@ IC = 25 Adc 

• Low Coliector·Emitter Saturation Voltage -
VCE(sat) = 1.0 Vdc (Max) @ IC = 25 Adc 

• Complements to NPN2N5685, 2N5686 

*MAXIMUM RATINGS 

Rating Symbol 2N5683 2N5684 

Coliector·Emitter Voltage V('~n 60 80 

Collector-Base Voltage VCB 60 BO 

Emitter-Base Voltage VEB 5.0 

Collector Current - Continuous IC 50 

Base Current 18 15 

Total Device Dissipation @ T C ~ 250C Po 300 
Derate above 2SoC 1.715 

Operating and Storage Junction TJ.Tstg -65 to +200 
Temperature Range 

·THERMAL CHARACTERISTICS 

Characteristic 

Thermal Resistance, Junction to Case 

·Indicates JEDEC Registered Data. 

FIGURE 1 - POWER-TEMPERATURE DERATING CURVE 
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Safe Area Curves are indicated by Figure 2. All limits are applicable and must be observed. 
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POWER TRANSISTORS 
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TO-3 except Pin Oiameter 



2N5683, 2N5684 (continued) 

*ELECTRICAL CHARACTERISTICS (TC = 25°C unless otherwise noted) 

Characteristic Symbol Min Max Unit 

OFF CHARACTERISTICS 

Coliector·Emltter :;ustaining voltage INote II VCEO(sus) vac 
(lc = 0.2 Adc,IB = 0) 2N5683 60 -

2N56B4 80 -

Collector Cutoff Current 'CEO mAdc 

(VCE = 30 Vdc, 'B = 0) 2N5683 - 1.0 
(VCE = 40 Vde, 'B = 0) 2N5684 - 1.0 

Collector Cutoff Current 'CEX mAdc 

(VCE = 60 Vde, VBE(off) = 1.5 Vdc) 2N5683 - 2.0 
(VCE = 80 Vdc, VBE(aff) = 1.5 Vde) 2N5684 - 2.0 
(VCE = 60 Vde, VBE(aff) = 1.5 Vde, TC = 1500 C) 2N5683 - 10 
(VCE = 80 Vde, VBE(off) = 1.5 Vdc, TC = 1500 C) 2N56B4 - 10 

Collector Cutoff Current ICBO mAde 
(VCB = 60 Vde, IE = 0) 2N5683 - 2.0 
(VCB = 80 Vde, 'E = 0) 2N5684 - 2.0 

Emitter Cutoff Current lEBO 5.0 mAdc 
(VBE = 5.0 Vdc, IC = 0) 

ON CHARACTERISTICS . 

DC Current Gain (Note 1) hFE 
(lC = 25 Adc, VCE = 2.0 Vde) 15 60 
(lC = 50 Adc, VCE = 5.0 Vdc) 5.0 -

Coliector·Emitter Saturation Voltage (Note 1) VCE(sat) Vdc 
(lC = 25 Ade, I B = 2.5 Adc) - 1.0 
(lC = 50 Adc, 'B = 10 Adc) - 5.0 

Base·Emitter Saturation Voltage (Note 1) VBE(sat) 2.0 Vdc 

(lC = 25 Adc, 'B = 2.5 Adc) 

Base·Emitter On Voltage (Note 1) VBE(on) 2.0 Vdc 
(lC = 25 Adc, VCE = 2.0 Vde) 

DYNAMIC CHARACTERISTICS 

Current-Gain Bandwidth Product IT 2.0 MHz 
(lC = 5.0 Adc, VCE = 10 Vdc, f= 1.0 MHz) 

Output Capacitance Cob - 2000 pF 

(VCB = 10 Vdc, 'E = 0, f = 0.1 MHz) 

Small-Signal Current Gain hfe 15 -
(lC = 10 Adc, VCE = 5.0 Vdc, f = 1.0 kHz) 

* Indicates JEDEC Registered Data 
Note 1: Pulse Test: Pulse Width ~ 300 ,",5, Duty Cycle ~ 2.0%. 
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FIGURE 2 - DC SAFE OPERATING AREA 

... 
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The Safe Operating Area Curves indicate IC-VCE limits below 
which the device will not enter secondary breakdown. Collector 
load lines for specific circuits must fall within the applicable Safe 
Area to avoid causing a catastrophic failure. To insure operation 
below the maximum T J. power-temperature derating must be ob
served for both steady state and pulse power conditions. 

VCE. COLLECTOR·EMITTER VOLTAGE (VOLTS) 
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2N5685 (SILICON) 
2N5686 

HIGH-CURRENT NPN SILICON TRANSISTORS 

. designed for use in high·power amplifier and switching circuit 
applications. 

• DC Current Gain -
hFE= 15 - 60@ IC = 25 Adc 

• Low Coliector·Emitter Saturation Voltage -
VCE(sat) = 1.0 Vdc (Max) @ IC = 25 Adc 

• Complements to PNP 2N5683 and 2N5684 

*MAXIMUM RATINGS 

Rating Svmbol 2N5685 

Collector-Emitter Voltage VCEO 60 

Coliector·Ba .. Voltage VCB 60 

Emitter~Base Voltage VEa 

Collector Current - Continuous Ie 

Base Current IR 

Total Device Dissipation@TC= 25°C PD 
Derate above 2SoC 

2N5686 

80 

80 

5.0 

50 

15 

300 
1.715 

Operating and Storage Junction TJ,Tstg -65 to +200 
Temperature Range 

*THERMAL CHARACTERISTICS 

Characteristic 

Thermal Resistance. Junction to Case 

·1 odicates JE DEC Registered Data. 

FIGURE 1 - POWER-TEMPERATURE DERATING CURVE 
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Safe Area Curves are indicated by Figure 2. All limits are applicable and must be observed. 
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2N5685, 2N5686 (continued) 

*ELECTRICAL CHARACTERISTICS (TC = 25°C unless otherwise noted) 

I Characteristic I Symbol Min Max Unit 

OFF CHARACTERISTICS 

Coliector·Emitter Sustaining Voltage (Note 1) VCEO(sus) Vdc 

(lC = 0.2 Adc.IB = 0) 2N5685 60 -
2N5686 BO 

Collector Cutoff Current ICEO mAde 

(VCE = 30.Vdc. 18 = 0) 2N5685 - 1.0 

(VCE = 40 Vdc. IB = 0) 2N5686 - 1.0 

Collector Cutoff Current ICEX mAdc 

(VCE = 60 Vdc. VEB(off) = 1.5 Vdc) 2N5685 - 2.0 

(VCE = 80 Vdc. VEB(off) = 1.5 Vdc) 2N5686 - 2.0 

(VCE = 60 Vdc. VEB(off) = 1.5 Vdc. TC = 1500 C) 2N5685 - 10 

(VCE = 80 Vdc. VEB(off) = 1.5 Vdc. TC = 1500 C) 2N5686 - 10 

Collector Cutoff Current ICBO mAde 

(VCB = 60 Vdc. IE = 0) 2N5685 - 2.0 

(VCB = 80 Vdc. IE = 0) 2N5686 - 2.0 

Emitter Cutoff Current lEBO - 5.0 mAdc 

(VBE = 5.0 Vdc. IC = 0) 

ON CHARACTERISTICS 

DC Current Gain (Note 1) hFE -
(lC = 25 Adc. VCE = 2.0 Vdc) 15 60 

(lC = 50 Adc. VCE = 5.0 Vdc) 5.0 -
Collector·Emitter Saturation Voltage (Note 1) VCE(satl Vdc 

(lC = 25 Adc.IB = 2.5 Adc) - 1.0 

(lC = 50 Adc.IB = 10 Adc) - 5.0 

Base·Emitter Saturation Voltage (Note 1) VBE(satl - 2.0 Vdc 

(lC = 25 Adc. IB = 2.5 Adc) 

Base--Emitter On Voltage (Note 1) VBE(on) - 2.0 Vdc 

(lC = 25 Adc. VCE = 2.0 Vdc) 

DYNAMIC CHARACTERISTICS 

Current·Gain-Bandwidth Product IT 2.0 - MHz 

(lC = 5.0 Adc. VCE = 10 Vdc. f = 1.0 MHz) 

Output Capacitance Cob - 1200 pF 

(VCB = 10 Vdc. IE = O. f = 0.1 MHz) 

Small-Signal Current Gain hfe 15 -
(lC = 10 Adc. VCE = 5.0 Vdc. f = 1.0 kHz) 

·'ndicates JEDEC Registered Data 
Note 1: Pulse Test: Pulse Width s: 300 I's. Duty Cvcle s: 2.0%. 
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The Safe Operating Area Curves indicate IC-VCE limits below 
which the device will not enter secondary breakdown. Collector 
load lines for spacific circuits must fall within the applicable Safe 
Area to avoid causing a catastrophic failure. To insur:e operation 
below the maximum T J. power·temperature derating must be ob· 
served for both steady state and pulse power conditions. 
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2N 5692 thru 2N5696 (GERMANIUM) 

MP5692 thru MP5696 

PNP GERMANIUM POWER SWITCHING TRANSISTORS 

_ .. designed for high-current, fast-switching applications requiring 

low saturation voltage and excellent safe operating area. 

MAXIMUM RATINGS 

Rm", Symbol 2N6692 112N5693 112N5694 I r5695 I ~6696 MP5892 MP5893 MP5894 MP5695 MP6696 

'Collector-Emitter Voltage Vceo 30 I 60 I 80 I 100 I 120 

*COllector-Base Voltage Vce 50 I SO I 100 I 120 r 140 

Emitter-Base Voltage VEe . 2.5 . 
Collector Current Continuous IC . 40 

Peak 60 . 
a .. Current Continuous 18 . 12 . 
Total Device Dlssipatian@Tc=2SoC Po 120 

Derate above 26°C 1.43 

Operating and Storage Junction TJ_Tstg . -65 to +110 . 
Temperature Range 

THERMAL CHARACTERISTICS 

Unit 

Vd. 

Vd. 

Vdo 

Ado 

Ado 

w .... 
wl"c 

°c 

CharMrteristic Symbol I Mo. I Unit 

Thermal Resistance, Junction to Case 8JC I 0.1 I °CIW 

·lndica.1 JEDEC Registered D8t8. 

I 
I 

FIGURE 1 - THERMAL RESPONSE 
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40 AMPERE "ADE" 
POWER TRANSISTORS 

PNP GERMANIUM 

50-140 VOLTS 
120 WATTS 

~~~ (TO-31 

2N5692 Series 

~".~ (TO-4l1 I 

MP5692 Seri.. 0 

rT'50MAXili 0 .. 
MAX 0.36 

~L tOlAj MAX 

, ".. 11 .--II "'-MrO 1 0.6101 lMAX 0.125 tl01A BASE 
0.880 NOM 0,61 

i 0 0.012 -HM- ['/j 

MP5692 ;:'181 ~ DIA 
~p .• ~~-

~ -IEMITTER 

(Note 1) 0.205 ~ rn; 
0) Co); WI! 

BASE 

CASE 3A 
(TO-31 

Collector Connected to ca. 
Note 1. Ca" 161 (TO-411 

All dimensions identical to C .. 3A (TO·3) 
except as noted. 

F{kjl tl I--
t2 

DUTY CYCLE, 0 = tlh2 

III 
I I IIIIII 
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2N5692 thru 2N5696/MP5692 thru MP5696 (continued) 
ELECTRICAL CHARACTERISTICS (TC = 25°C unless otherwise noted) 

Characteristic Symbol Min Max Unit 

OFF CHARACTERISTICS 

.. Collector-Emitter Breakdown Voltage BVCEO Vdc 
(lc = 0.1 Adc,IB = 0) 2N5692 MP5692 30 -

2N5693 MP5693 60 -
2N5694 MP5694 BO -
2N5695 MP5695 100 -
2N5696 MP5696 120 -

• Collector Cutoff Current 'CEXI mAdc 

(VCE = 50 Vdc) VBE(off) = 0.2 Vdc 2N5692 MP5692 - 10 

(VCE = 80 Vdc) 2N5693 MP5693 - 10 

(VCE = 100 Vdc) For 2N5694 MP5694 - 10 

(VCE = 120 Vdc) All TVpes 2N5695 MP5695 - 10 

(VCE = 140 Vdc) 2N5696 MP5696 - 10 

"Collector Cutoff Current 'CEX2(1) mAdc 
(VCE = 50 Vdc) VBE(off) = 0.2 Vdc, TC = +8SoC 2N5692 MP5692 - 30 

(VCE = 80 Vdc) 2N5693 MP5693 - 30 
For 

(VCE = 100 Vdc) 2N5694 MP5694 - 30 

(VCE = 120 Vdc) All TVpes 2N5695 MP5695 - 30 

(VCE = 140 Vdc) 2N5696 MP5696 - 30 

'Collector-Emitter Sustaining Voltage (See Figure 3) VCEX(sus) Vdc 

(lc = 10 Adc) 2N5692 MP5692 50 -
2N5693 MP5693 80 -
2N5694 MP5694 100 -
2N5695 MP5695 120 -
2N5696 MP5696 140 -

(lC = 40 Adc) 2N5692 MP5692 45 -
2N5693 MP5693 50 -
2N5694 MP5694 55 -
2N5695 MP5695 60 -
2N5696 MP5696 65 -

• Collector Cutoff Current 'CBO - 200 pAdc 

(VCB = 2.0 Vdc, 'E = 0) 

.. Emitter Cutoff Current 'EBO - 600 mAde 

(VBE = 2.5 Vdc, IC = 0) 

ON CHARACTERISTICS 

.. DC Current Gain t hFE(1) 
(lC = 25 Adc, VCE = 2.0 Vdc) 20 65 

(lc = 40 Adc, VCE = 2.0 Vdc) 10 -

• Collector-Emitter Saturation Voltaget vCE(sad ' ) - 0.75 

(lC = 60 Adc, 'B = 12 Adc) 

.. Base-Emitter Saturation Voltaget VBE(sad(1) - 1.2 
(lC = 60 Adc, 'B = 12 Adc) 

SMALL-SIGNAL CHARACTERISTICS 

.. Current-Gain-Bandwidth Product 
(lC = 5.0 Adc, VCE = 5.0 Vdc. f = 100 kHz) 

SWITCHING CHARACTERISTICS 

.. Rise Time tr - 20 

• Storage Tim. (lC = 25 Adc, 'B1 = 2.5 Adc, 'B2 = 2.5 Adc) ts - 8.0 

* Fall Time (Se. Figure 2) 
tf - 15 

Indicates JEDEC Registered Data. 
(1 )To avoid excessive heating of the collector junction. perform test with pulse method. (PW"5 300 ~s, DC'S. 2.0%). 

FIGURE 2 - SWITCHING TIME TEST CIRCUIT 

+12':~-1L 

-13VlJ I 
50ps / •• 1. IlL 100~ 

INPUT PULSE 

tr• tf~ 10 ns 
PRF=60Hz 

5.0 

IN3879 

VCC=-30V 

1.2 
SCOPE 
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FIGURE 3 - CLAMPED INDUCTIVE SAFE 
OPERATING AREA TEST CIRCUIT 

0.04 L (Not. I' 0.060 ohms 

§ Set to allow reverse surge current to by pass power supply. Not 
needed for power supply with low reverse impedance. 

NOTE I: L -10 mH ,tiC = 10 A 
L=0.25mH.tlc=40 A 

-

Vdc 

Vdc 

ps 

ps 

ps 



2NS716 (SILICON) 
2NS717 
2NS718 

SILICON N·CHANNEL 
JUNCTION FIELD·EFFECT TRANSISTORS 

Depletion Mode (Type A) Junction Field·EffectTransistorsdesigned 
primarily for low·power audio amplifier applications. 

• High DC Input Resistance 

• Drain and Source Interchangeable 

• Low I nput Capacitance -
Ciss = 5.0 pF (Max) @ VOS = 15 Vdc 

• Low Reverse Transfer Capacitance -
Crss = 1.5 pF (Max) @ VOS = 15 Vdc 

• Low Zero Gate Voltage Drain Current
IOSS=0.05-0.25mAdc 2N5716 

0.2 -1.0 mAdc 2N5717 
0.8 -4.0 mAdc 2N5718 

I*MAXIMUM RATINGS 

Rating Svmbol 

Drain-5ource Voltage VDS 

Drain-Gate Voltage VDG 

Reverse Gate-Source Voltage VGSR 

Forward Gate Current IGF 

Total Device Dissipation @TA = 25°C PD '" 
Derate above 25°C 

Operating Junction Temperature TJ 
III 

Storage Temperature Range Tstg 

-Indicates JEOEC Registered Data. . 

V.lue Unit 

40 Vde 

40 Vde 

-40 Vde 

10 mAde 

200 mW 
2.0 mWfOC 

125 °c 

-65 to +150 °c 

(1) Continuous package Imp"rovements have enhanced these g"uaranteed Maximum Ratings as 
follows: Po '; 1.0 W @TC =. 25°C, Derate above 25°C - 8.0 mW/oC, T J .. -65 to +150o C, 
0JC = 1250 C/W. 
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N-CHANNEL 
JUNCTION FIELD·EFFECT 

TRANSISTORS 

leads to fit into 
0.016 
il.019 

(Type A) 

/ 
0.175 

i'" 
0.500 
MIN 

OIA HOLE (TYP) J 
jJto.045 

Pin 1. Drain 
2. Source 
3. Gate 

M55 
0.045 
0.055 

Case 29(5) 
(TO.921 



2N5716, 2N5717, 2N5718 (continued) 

*ELECTRICAL CHARACTERISTICS (T A = 25°C unless otherwise noted) 

Characteristic Symbol Min Max Unit 

OFF CHARACTERISTICS 

Gate-Source Breakdown Voltage V(BR)GSS -40 - Vdc 

(lG = -10 /lAde, VOS = 0) 

Gate-Source Cutoff Voltage VGS(off) Vdc 
(VOS = 15 Vdc, 10= 1.0 nAdc) 2N5716 -0.2 -3.0 

2N5717 -0.5 -5.0 
2N5718 -1.0 -8.0 

Gate Reverse Current IGSS nAdc 
(VGS = -20 Vdc, VOS = 0) - 1.0 

(VGS = -20 Vdc, VOS = 0, TA = 100oC) - 200 

ON CHARACTERISTICS 

Zero-Gate Voltage Drain Current (Note I) lOSS mAde 

(VOS = 15 Vdc, VGS = 0) 2N5716 0.05 0.25 
2N5717 0.2 1.0 
2N5718 0.8 4.0 

SMALL-SIGNAL CHARACTERISTICS 

Forward Transadmittance (Note 1) IYfsl IJmhos 

(VOS = 15 Vdc, VGS = 0, f = 1.0 kHz) 2N5716 200 1000 
2N5717 400 1600 
2N5718 500 2000 

Output Admittance IVosl - 25 /lmhos 
(VOS = 15 Vdc, VGS = 0, f = 1.0 kHz) 

I nput Capacitance Giss - 5.0 pF 

(VOS = 15 Vdc, VGS = 0, f = 1_0 MHz) 

Reverse Transfer Capacitance Crss - 1.5 pF 
(VOS = 15 Vdc, VGS = p, f = 1.0 MHz) 

·lndicates JEOEC Registered Data. 
Note 1: Pulse Test: Pulse Width~ 630 /.Ls, Duty Cycle S; 10%. 

2N 5745 (SILICON) 
For Specifications, See 2N4398, Volume l. 
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2N 5758(SILICON) 
2N5759 
2N5760 

HIGH-VOLTAGE HIGH-POWER 
NPN SILICON TRANSISTORS 

... designed for use in high power audio amplifier applications and 
high voltage switching regulator circuits. 

• High COllector-Emitter Sustaining Voltage -
VCEO(sus) = 100 Vdc (Min) - 2N5758 

= 120 Vdc (Min) - 2N5759 
= 140 Vdc (Min) - 2N5760 

• DC Current Gain@ IC = 3.0 Adc-
hFE = 25 (Min) - 2N5758 

" 20 (Min) - 2N5759 
= 15 (Min) - 2N5760 

• Low Collector·Emitter Saturation Voltage -
VCE(sat) = 1.0 Vdc (Max) @ IC = 3.0 Adc 

• Complement to PNP transistors 2N6226. 2N6227. 2N6228 

*MAXIMUM RATINGS 

Rating Symbol 2N5758 2N5759 2N5760 

Collector-Emitter Voltage VeEO 100 120 140 
Collector-Base Voltage VeB 100 120 140 
Emitter-Base Voltage VEB 7.0-
Collector Current - Continuous Ie - 6.0-

Peak . 10-
Base Current IS 4.0_ 

Total D~Yice Dissipation@Tc = 25°C Po 150_ 
Derate above 2SoC _0.857_ 

Operating and Storage Junction, TJ. Tstg _ -65 to +200 -
Temperature Range 

THERMAL CHARACTERISTICS 

Characteristic 

Thermal Resistance. Junction to Case 

·Indicate$ JEDEC Registered Data 

FIGURE 1 - POWER DERATING 
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Safe area limits are indicated by F loura 5. 
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Unit 

Vdc 

Vdc 

Vdc 

Adc 

Adc 

Watts 
wf'e 

DC 

6 AMPERE 
POWER TRANSISTORS 

NPN SILICON 
100-120-140 VOLTS 

150 WATTS 

~ 

/. :::". 

1.1 0 0 MAX 
I o 

t~1.550MA~ 0.83 0250 

~ t~~:j oToo 

m OIA~U __ --=='f-+-
1.111 
rn7 

All JEOEC dimensions and nolts apply 

Collector connected 10 C_ 
CASE 11 

TQ.3 

0.420 o:m 
BASE 
EMITTER 



2N5758, 2N5759, 2N5760 (continued) 

'ELECTRICAL CHARACTERISTICS (TC = 25°C unlass otherwi .. noted) 

I Characteristic I Symbol 

OFF CHARACTERISTICS 

Coliector·Emitter Sustaining Voltage (U 

(lC = 200 mAde, IS = 0 

Collector Cutoff Current 
IVCE = 50 Vde, IS = 0) 
IVCE = 60 Vde,ls = 0) 
IVCE = 70 Vde, IS = 0) 

Collector Cutoff Current 

IVCE = Rated VCS, VSEloff) = 1.5 Vde) 
IVCE = Rated VCS, VSEloff) = 1.5 Vde, TC = 150oC) 

Collector Cutoff Current 

IVCS = Rated VCS, IE = 0) 

Emitter Cutoff Current 
IVSE = 7.0 Vde, IC = 0) 

ON CHARACTERISTICS II) 

DC Current Gain 
(lC = 3.0 Ade, VCE = 2.0 Vde) 

(lC = 6.0 Ade, VCE = 2.0 Vde) 

Collector-Emitter Saturation Voltage 
(lC = 3.0 Adc, IS = 0.3 Ade) 
(lc = 6.0 Ade, IS = 1.2 Ade) 

Base-Emitter On Voltage 
(lC = 3.0 Ade, VCE = 2.0 Vde) 

DYNAMIC CHARACTERISTICS 

Current-Gain - Bandwidth Product 
(lC = 0.5 Ade, VCE - 20 Vde, f te .. = 0.6 MHz) 

Output Capacitance 
IVCS = 10 Vde, IE = 0, f = 0.1 MHz) 

Small-Signal Current Gain 
(lc = 2.0 Ade, VCE = 10 Vde, f = 1.0 kHz) 

-Indicates JEOEC Registered Data 
(1) Pulse Test: Pulse Width :e;;; 300 jJS. Duty Cycle :S;;;;2.0% 

(2) fT = Ihfe ,- f t85t 

FIGURE 2 - SWITCHING TIME TEST 
CIRCUIT 
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Min Mix Unit 
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2N5758, 2N5759, 2N5760 (continued) 

FIGURE 4 - THERMAL RESPONSE 
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FIGURE 6 - TURN-DFF TIME 
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There are two limitations on the power handling ability of a 
transistor: average junction temperature and second breakdown. 
Safe operating area curves indicate Ie - VeE limits of the transistor 
that must be observed for reliable operation; i.e., the transistor 
must not be subjected to greater dissipation than the curves indicate. 

The data of Figure 5 is based on TJ(pk) = 200; TC is variable 
depending on conditions. Second breakdown pulse limits are valid 
for duty cycles to 10% provided TJ(pk)5 200oC. TJ(pk) may be 
calculated from the data in Figure 4. At high case temperatures. 
thermal limitations will reduce the power that can be handled to 
values less than the limitations imposed by second breakdown. 
(See AN-415) 

FIGURE 1 - CAPACITANCE 
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2N5758, 2N5759, 2N5760 (continued) 
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FIGURE 8 - DC CURRENT GAIN 
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FIGURE 10 - "ON" VOLTAGE 
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FIGURE 12 - COLLECTOR CUT OFF REGION 
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FIGURE 9 - COLLECTOR SATURATION REGION 
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2N 5763 (SILICON) 

High Reliability Produ.cts 

Radiation Resistant 

PNP SILICON ANNULAR TRANSISTOR 
designed for switching and amplifier applications. Unique 

internal package construction coupled with production lot·to·lot 
controls, insure's device reliability and radiation resistance in ALL CD 
types of radiation environments. Post irradiated electrical character· 
istics feature: 
• High Collector·Emitter Breakdown Voltage

BVCEO = 60 Vdc; BVCER = 65 Vdc 

• DC Current Gain Specified - 1.0 to 500 mAdc 

• Similar to Type 2N2907A 

GUARANTEED RADIATION RESISTANCE CAPABILITIES 
'AFTER 5 x 1014 n/cm2 FAST NEUTRON (E::.l0 keV) EXPOSURE (ReactorSpactrum) ~ 

Characteristic Symbol Min 

Coliector·Emitter Br .. kdown Voltage BVCEO 60 
(lC= 10mAdc,IB=0) 

Coliector·Emitter Breakdown Voltage BVCER 
(lc = 10 mAde, RBE = 50 Ohms) 65 

(lc = 10 mAde, RBE = l000hms) 65 

DC Current Gain hFE 
'(lC= 1.0 mAde, VCE = 10 Vde) 7.0 

(lC= 10mAde, VCE = 10 Vde) 14 

(lC= 150 mAde, VCE = 10 Vde) ill 20 

(lC = 150mAde, VCE = 1.0 Vde) ill 15 
(lc= 500 mAde, VCE = 10 Vde) ill 15 

Collector Cutoff Cu"ent ICBO -
(VCB = 50 Vde, IE = 0) 

Coliector·Emitter Saturation Voltage VCE(sati 
(lC= 150mAdc,IB= 15mAde) -
(lc=500mAdc, IB = 50 mAde) -

'AFTER 1 x 107 RADS INTEGRATED GAMMA DOSE 

Characteristic 'Symbol Min 

DC Cu""nt Gain hFE 
(lC= 1.0 mAde, VCE = 10 Vde) 25 

(lc= 10 mAde, VCE = 10Vde) 50 

(lc= 150 mAde, VCE = 10Vde) ill 60 

(lc= 150 mAde, VCE = 1.0 Vde) ill 30 
(lC= 500 mAde, VCE = 10Vde) ill 30 

TYPICAL RADIATION RESISTANT CAPABILITY 
AT 1 x 109 RADS (Si//Sac 

Charactaristic Symbol 

Prompt Photocu"ent ipp 
(Transient Gamma Pulse Width 

(ty»500 ns) 

*Indicates JEOEC Regi.terad Data 

ill Pulse T .. t: Pulse Width ';;;300 "s, Dutv Cycle';;; 2.0% 

Max Unit 

- Vde 

Vde 
-
-

-
-
-

-
-
25 nAde 

Vde 
1.0 

3.5 

Max Unit 

-
-

-
-
-
-

Typ Unit 

<20 mAde 

(!)Contact the Transistor Radiation Department for Additional Information on Classified 
Effects/Capabilities. 
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PNP SILICON 
RADIATION RESISTANT 

TRANSISTOR 

Pin 1. Emitter 
2. Bate 
3. Collector 

!! 

.,028 o:m 

Collector Connected to Case 
CASE 22(1) 

(To-1S) 



2N5763 (continued) 

"MAXIMUM RATINGS 

Rating Symbol Value Unit 

CollectoTMEmitter Voltage VCEO 60 Vde 

Collector·8ase Voltage VCS 65 Vde 

Emitter-Base Voltage VES 5.0 Vde 

Collector Current IC 600 mAde 

Total Device Dissipation @ T A = 2SoC Po 400 mW 

Derate above 25°C 2.28 mW/oC 

Total Device Dissipation @ T C :::: 2SoC Po 1.8 Watts 

Derate above 2SoC 10.3 mW/oC 

Operating and Storage Junction Temperature Range T J,Ts'g -65 '0 +200 DC 

"ELECTRICAL CHARACTERISTICS (TA = 25°C unless otherwise noted) 

Characteristic Symbol Min Max Unit 

OFF CHARACTERISTICS 

Collector-Emitter Breakdown Voltage (j) SVCEO 60 - Vde 

IIc = 10 mAde, IS = 0) 

Collector-Emitter Breakdown Voltage SVCER Vde 

IIc = 10 mAde, RSE = 50 ohms) 65 -

IIc = 10 mAde, RSE = 100 ohms) 65 -

Collector-Base Breakdown Voltage SVCSO 65 - Vde 

IIc = 10 "Ade, IE = 0) 

Emitter-Base Breakdown Voltage SVESO 5.0 - Vde 
liE = 10 !lAde, IC = 0) 

Collector Cutoff Current (Figure 31 
ICSO - 10 nAdc 

(VCS = 50 Vde, IE = 0) 

Emitter Cutoff Current IESO - 100 nAdc 

IVSE = 3.0 Vde, IC = 0) 

ON CHARACTERISTICS 
DC Current Gain hFE -

IIC = 1.0 mAde, VCE = 10 Vde) 70 -

IIc = 10 mAde, VCE = 10 Vde) 70 -

IIc = 150 mAde, VCE = 10 Vde) (!) 70 -
IIC = 150 mAde, VCE = 1.0 Vde) <Ii 35 

IIC = 500 mAde, VCE = 10 Vde) (!) 35 -

Collector-Emitter Saturation Voltage (I) (See Figure 2) VCE(satl Vde 

(lC = 150 mAde,lS = 15 mAde) - 0.4 

IIC = 500 mAde, IS = 50 mAde) - 1.6 

Base-Emitter Saturation Voltage <D VSE(sa') Vde 

(lC = 150 mAde,ls = 15 mAde) - 1.3 

IIC = 500 mAde,ls = 50 mAde) - 2.6 

DYNAMIC CHARACTERISTICS 

Current-Gain-Bandwidth Product rZI fT 200 - MHz 

IIC = 50 mAde, VCE = 20 Vde, I = 100 MHz) 

Collector-Base Capacitance Ceb - 8.0 pF 

(VCB = 10 Vde, IE = 0, I = 100 kHz) 

Emitter-Base Capaci~nce Cob - 30 pF 

(VES = 2.0 Vde, IC = 0, I = 100 kHz) 

SWITCHING CHARACTERISTICS 

'd 10 ns 
Delay Time (VCC =6.0Vde,IC(on) = 150 mAde, 

Rise Time 
IBI = 15 mAde) (Figure 6) 

- 40 ns 'r 

Storage Time Is - 200 ns 
(VCC=6.0Vde,IC(on) = 150 mAde, 

Fall Time lSI = IS2 = 15 mAde) (Figure 7) 'I - 50 ns 

·Indicates JEOEC Registered Data. 

(j) Pulse Test: Pulse Width ~300 IlS, Duty Cycle ~2.0%. 
12) fT is defined as the frequency at which Ihfel extrapolates to unity. 
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2N5763 (continued) 

INTERNAL CONSTRUCTION 

SILICON-TO-KOVAR BRAZE: 
ALUMINUM BASEO EUTECTIC ALUMINUM METALIZATION 

OIRECT TO KOVAR 

RADIATION RESISTANT LOT-TO-LOT ASSURANCE 

NOTE: 

WAfER 
PROCESSING 

PRoOUCTION 
fiNAL TEST 
1. Electrical 

Parameters 
2. Seal Leak Tests 
3. Constant 

Acceleration 
4. High Tempera

ture Bake 

Wafer 
Radiation Resistant 

Confirmation 

Q_ C_ 
VERifY ELECTRICAL 

ANO MECHANICAL 
PARAMETERS 

If desired, alternate High Reliabilitv Processing 
is available to meet customer specific processing 

ASSEMBLY 

Periodic Sample 
Test (LTPO = 10) 
<I> = 5 x 1014 n/em2 
"y= 1 x 107 Rads (Si) 

Die Surface 
Integrity 

INVENTORY 

requ irements. 
EFFECTS OF FAST NEUTRON DOSAGE 

FIGURE 1 - MINIMUM DC CURRENT GAIN 

26 
VCE = 10 Vd++tEnergy > 10 keV i--

2 TJ=250C 

I I II III 
8 

Fast Neutron Dosage 
= 3 x 1014 n/em2 

4 ~ 1/ 5 x 1014 n/em2 I' 
01/ ......I-11l 

~ 1 x 1015 n/em2 

01-'" 6. 

2. oV 
0 

1.0 2.0 3.0 5.0 10 20 30 50 100 200 300 500 1000 

IC, COLLECTOR CURRENT (mAdel 

7.0 

6.0 
cc ~ 
~ .s 5.0 
;;; w 
~ ~ 

~ r'O 

o ~ 3.0 
u "" -<<( 
! ~ 2. 
w"" u« 
>'" 
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1. 

0 

0 

0 

FIGURE 2 - MAXIMUM COLLECTOR-EMITTER 
SATURATION VOLTAGE 

1111111 

~ f---Energy > 10 k,V 

Maximum 

V VCE(sal)@500mA/50 mA 

I" l.,.../ TJ = 25°C 

lTIT 
1111 

TIT 
1015 

~,fAST NEUTRON DOSAGE (n/em21 

1016 



2N5763 (continued) 

FIGURE 3 - MAXIMUM COLLECTOR-BASE LEAKAGE CURRENT FIGURE 4 - TYPICAL PROMPT PHDTDCURRENT GENERATION 
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FIGURE 6 - SATURATED TURN-ON 

SWITCHING TIME TEST CIRCUIT 

PULSE WIDTH = 200± 10 ns 

1010 

INPUT 0hF WAVEFORM 10% 
(SEE NOTE 11 50% 50% 

-16V 1-L,on VCC=-60Vde 

OUTPUT 
WAVEFORM 

90% 
40 

OUTPUT TO 
OSCILLOSCOPE 
(SEE NOTE 2) 

FIGURE 7 - SATURATED TURN-OFF SWITCHING TIME TEST CIRCUIT 

INPUT 
WAVEFORM 
(SEE NOTE 1) 

OUTPUT 
WAVEFORM 

10 p.s'; Pulse Width.; 100 ps 
DUTY CYCLE.; 2.0% 

-30 V ---\.---;;r 

~I 
~ h 

Note 1: The rise time (tr ) of the applied pulse 
shall be ~ 2.0 ns, Duty Cycle ~ 2.0%, 
and the generator source impedance 
shall be 50 Ohms. 

1.0 k 

50 
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+15 Vdc 

1.0 k 

lN916 

-6.0 Vdc 

40 

OUTPUTTO 
OSCI LLOSCOPE 
(SEE NOTE 2) 

OR EQUIVALENT 

Note 2: Oscilloscope: 
Rin~10 k Ohms, Cin :S:'12 pF. 

Rise TimaS5.0 ns. 



2N5777 thru 2N5780 (SILICON) 

MRD14B 

PLASTIC NPN SILICON PHOTO 
DARLINGTON AMPLIFIERS 

· .. designed for applications in industrial inspection, processing and 
control, counters, sorters, switching and logic circuits or any design reo 
quiring extremely high radiation sensitivity, and stable characteristics. 

• Economical Plastic Package 

• Sensitive Throughout Visible and Near Infra·Red Spectral Range 
for Wide Appl ication 

• Range of Radiation Sensitivities and Voltages for Design Flexibility 

• TO·92 Clear Plastic Package for Standard Mounting 

• Annular ·Passivated Structure for Stability and Reliability 

• Precision Die Placement 

MAXIMUM RATINGS 
2N5777* ~~~~~~ Rating Symbol MRD14B 2N5779 

Collector-Emitter Voltage VCEO 12 25 40 

Collector-Base Voltage VCBO 18 25 40 

Emitter-Base Voltage VEBO 8.0 8.0 12 

Light Current IL _250 -
Total Device Dissipation@TA <= 25°C Po 

_200_ 
Unit 

Volts 

Volts 

Volts 

rnA 

rnW 
Derate above 2SoC __ 2.67_ rnW/oC 

Operating and Storage Junction J,Tstglll -65 to +100 
Temperature Range 

·'ndlcates JEOEC Registered Data. 
(1) Heat Sink should be applied to leads during soldering to prevent case temperature 

from exceeding 100°C. 

FIGURE I-CONSTANT ENERGY SPECTRAL RESPONSE 

.~ 
z 
o 

ill 
a: 
w 
> 

g 

10 0 
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0 

a 

o 
0.4 

TA·2S'C 

/ 
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./ 

/ 

0.5 0.6 

/' " / 1\ 
\ 
\ 
\ 

1\ 
\ 
\ 

0.7 0.8 0.9 1.0 1.1 1.2 
~,WAVELENGTH (I'm) 
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°c 

12,25, 40 VOLT 
PHOTO DARLINGTON AMPLIFIERS 

NPN SILICON . 

200 MILLIWATTS 

Die Placement Will Be 
Within the Boundaries 
of the Dotted Circle. 

Seating Plane r-l-;;t5 Ln o:m 

1 leads to fit into 
0.016 
0.019 

OIA HOLE (TYPI-

0.500 
MiN 

~ 
0To~o_1 LL 

--l Lo.oso 
T.P. 

~
S'INOMI ~ R. 

U12 3 ~ 
- 00-

I 

~:~:~R. ~ 

All JEDEC dimensions and notes apply 

CASE 29 (14) 

TO·92 

Clear Plastic 



2N5777 thru 2N5780/MRD14B (continued) 

• STATIC ELECTRICAL CHARACTERISTICS ITA = 250 C unless otherwise notedl 

Characteristic Symbol Min Typ Max Unit 

Collector Dark Current INote 21 ICEO - - 0.1 ",A 
IVCE = 12 VI 

Collector-Emitter Breakdown Voltage INote 21 BVCEO Volts 
IIc = 10mAI MRD14B 12 - -

2N5777,2N5779* 25 - -
2N5778, 2N5780 * 40 - -

Collector-Base Breakdown Voltage INote 21 BVCBO Volts 
IIc = 100 ",AI MRD14B 18 - -

2N5777,2N5779* 25 - -
2N5778, 2N5780 * 40 - -

Emitter-Base Breakdown Voltage INote 21 BVEBO Volts 
liE = 100 ",AI MRD14B 8.0 - -

2N5777,2N5779* 8.0 - -
2N5778, 2N5780 * 12 - -

OPTICAL CHARACTERISTICS IT A = 250 C unless otherwise notedl 

Characteristic Fig. No. Symbol Min Typ Max Unit 

Collector Light Current INotes 1,4,51 - IL rnA 
NCE = 5.0 VI MRD14B . 0.5 2.0 -

2N5777,2N5778 0.5 4.0 -
2N5779,2N5780' 2.0 8.0 -

DC Current Gain INote 21 - hFE -
IVCE = 5.0 V, IC = 0.5 mAl 2N5777,2N5778* 2.5 k - -

2N5779, 2N5780' 5.0 k - -
Wave Length of Maximum Sensitivity 1 AS 0.7 0.8 1.0 ",m 

Turn-On Delay Time INotes 3, 41 2,3 Idl - - 100 "'s 
Rise Time INotes 3, 41 2,3 tr - - 250 ",s 

Turn-Qff Delay Time INotes 3, 41 2,3 1d2 - - 5.0 "'s 
Fall Time INotes 3, 4) 2,3 tf - - 150 "'S 
Collector-Sase Capacitance - Ccb pF 

IVCB= 10V, f= 1.0MHz, IE =0) 2N5777 thru 2N5780 * - - 10 

NOTES: 
·Indlcates JEDEC RegIstered Data. 

1. Radiation Flux Density IH) equal to 2.0 mW/cm2 emitted from 
a tungsten source at a color temperature of 2870 K. 

",m) with a pulsa width equal to or greater than 500 micro
saconds (see Figures 2 and 3). 

2. Measured under dark conditions. (H ... OI. 

3. For unsaturated rise time measurements, radiation is provided by 
a pulsed GaAs Igallium-arsanide) light-emitting diode IA"" 0.9 

FIGURE 2 - PULSE RESPONSE TEST CIRCUIT 

N.C.o---=-H 

i= 10 rnA j 
PEAK OUTPUT 

4. Measurement mode with no electrical connection to the 
base lead. 

5. Die faces curved side of package. 

FIGURE 3 - PULSE RESPONSE TEST WAVEFORM 

Output Pulse 

Output Vo1tage---~---..". 
90% ------f------t+-
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2N5793 (SILICON) 
2N5794 

DUAL NPN SILICON ANNULAR TRANSISTORS 

. designed for high-speed switching circuits, dc to VHF amplifier 
applications and complementary circuitry to the PNP 2N5795 and 
2N5796. 

• DC Current Gain Specified - 0.1 mAdc to 300 mAde 

• Low Collector-Emitter Saturation Voltage -
VCE(sat) = 0.3 Vdc (Max) @ IC = 150 mAdc 

• All Leads Electrically Isolated for Design Flexibility 

• Each Transistor Similar to 2N2218A or 2N2219A 

*MAXIMUM RATINGS 

Rating Svmbol Value 

Collector·Emitter Voltage VeEO 40 

Collector·Base Voltage VeB 75 

Emitter·Base Voltage VEB 6.0 

Collector Current - Continuous Ie 600 

Operating and Storage Junction TJ.Tstg -65 to +200 
Temperature Range 

Each Total 
Device Package 

Total Device Dissipation @TA = 25°C Po 500 600 
Derate above 25°C 2.9 3.4 

Total Device Dissipation @TC = 25°C Po 1.2 2.0 
Derate above 25°C 6.9 11.43 

*'ndicates JEOEC Registered Data. 

2-254 

Unit 

Vdc 

Vdc 

Vdc 

mAde 

°e 

mW 
mw/oe 

Watts 
mwroe 

NPN SILICON 
DUAL TRANSISTORS 

if.N [Jii5 ::: :::flllll) 'j" 0.040 I 

T~i 0.500 u.u19 MIN 

Pin 1. Collector 1 
~m ----.-l 

2. Base 1 
3. Emitter 1 
5. Emitter 2 
6. BaSI! 2 
7. Collector 2 

PINS 4 AND 8 OMITTED 

All leads Electricallv Isolated from Case 

CASE 654-04 
Formerly 32-02 



2N5793, 2N5794 (continued) 
*ELECTRICAL CHARACTERISTICS (T A = 25°C unless otherwise noted) 

I Characteristic 

OFF CHARACTERISTICS 

Collector-Emitter Breakdown Voltagelt) 
(lC = 10 mAde,lB = 0) 

Coliector~Base Breakdown Voltage 
(lc = 10 /lAde, IE = 01 

Emitter-Base Breakdown Voltage 
(IE = 10 /lAde, IC = 0) 

Collector Cutoff Current 
(VCB = 50 Vde, IE = 0) 

Emitter Cutoff Current 
(VEB = 4.0 Vde, IC = 0) 

Collector 1 to Collector 2 Leakage Current 
(V 1 C-2C = ±50 Vde) 

ON CHARACTERISTICS 

DC Current Gain 
(lC= loo/lAde, VCE = 10Vde) 

(lC = 1.0 mAde, VCE = 10 Vde) 

(lC = 10 mAde, VCE = 10 Vde)(l) 

(lC= 150 mAde, VCE = 1.0Vde)(1) 

(lC = 150 mAde, VCE = 10 Vde)(l) 

(IC = 3oo·mAde, VCE = 10 Vde)(l) 

Collector~Emitter Saturation Voltage(1} 
(lC = 150 mAde, IB = 15 mAde) 

(lC = 300 mAde,lB = 30 mAde) 

Base-Emitter Saturation Voltage(1) 
(lc = 150 mAde, IS = 15 mAde) 

(I C = 300 mAde, I B = 30 mAde) 

DYNAMIC CHARACTERISTICS 

Current-Gain-Bandwidth Product(2) 
(lC = 20 mAde, VCE = 20 Vde, I = 100 MHz) 

Collector-Base Capacitance 
(VCS = 10 Vde, IE = 0, 1= 100 kHz) 

Emitter-Base Capacitance 
(VEB = 0.5 Vde, IC = 0, I = 100 kHz) 

SWITCHING CHARACTERISTICS 

Delay Time 
(VCC = 30 Vde, VBE(oll) = 0.5 Vde, 
IC = 150 mAde, IBl = 15 mAde) 

(See Figure 1) 
Rise Time 

Storage Time 
(VCC = 30 Vde, IC = 150 mAde, 
IBl = IB2 = 15 mAde) 

Fall Time 
(See Figure 2) 

*'ndicates JEOEC Registered Data. 
(l)Pulse Test: Pulse Width ~ 300 IJ.S. Duty Cycle ~2.0%. 

(2)fT is defined as the frequency at which Ihfel e~trapolates to unity. 

FIGURE 1 - TURN-ON TIME TEST 

GENERATOR 
RISE TIME" 2.0 ns 
pw:::::: 200 ns 
OUTY CYCLE ~ 2.0% 

619 I 

*CS·" 12pF 
I 
I ____ J 

2N5793 
2N5794 

2N5793 
2N5794 

2N5793 
2N5794 

2N5793 
2N5794 

2N5793 
2N5794 

2N5793 
2N5794 

Symbol Min Max Unit 

BVCEO 40 - Vde 

BVCBO 75 - Vde 

BVEBO 6.0 - Vde 

ICBO - 10 nAde 

lEBO - 10 nAde 

11C-2C - ±1.0 nAdc 

hFE -
20 -
35 -
25 -
50 -
35 -
75 -

20 -
50 -
40 120 
100 300 

25 -
40 .. 

VCE(satl Vde 
- 0.3 

- 0.9 

VSE(sat) Vde 
0.6 1.2 

- 1.8 

IT 250 MHz 

Ceb - 8.0 pF 

Ceb - 25 pF 

ld - 15 ns 

tr - 30 ns 

ts - 250 ns 

tl - 60 ns 

FIGURE 2 - TURN-OFF TIME TEST CIRCUIT 

+30 V 

RC' 200 
OSCILLOSCOPE 
tr O;;;;:5.0 ns 

I 

;::l:;;CS'" 12 pF 
I 
I 

-----~ 
+9·n

9 

0-- ---- - - -0.5 V OUTY CYCLE ~ 2.0% 
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*Cs is total shunt capacitance of oscilloscope and test fixture. 
RC includes oscilloscope resistance. 



2N5795 (SILICON) 
2N5796 

DUAL PNP SILICON ANNULAR TRANSISTORS 

· .. designed for high-speed switching circuits, dc to VHF amplifier 
applications and complementary circuits with the NPN 2N5793 and 
2N5794. 

• DC Current Gain Specified - 0.1 mAdc to 500 mAde 

• Low Collector· Emitter Saturation Voltage -
VCE(sat) = 0.4 Vdc (Max) @ IC = 150 mAdc 

• All Leads Electrically Isolated for Design Flexibility 

• Each Transistor Similar to 2N2904A or 2N2905A 

*MAXIMUM RATINGS 

Rating Symbol Value 

Collector-Emitter Voltage VCEO 60 

Colleetor·Base Voltage VCB 60 

Emitter-Base Voltage VES 5.0 

Collector Current - Continuous IC 600 

Operating and Storage Junction TJ,Tstg -65 to +200 
Temperature Range 

Each Total 
Device Package 

Total Device Dissipation@TA = 25°C Po 500 600 
Derate above 25°C 2.9 3.4 

T atal Device Dissipation @TC == 25°C Po 1.2 2.0 
Derate above 25°C 6.9 11.43 

-'ndlcates JEDEC Register:ed Data. 

FIGURE 1 - SATURATED SWITCHING TIMES TEST CIRCUIT 

Unit 

Vde 

Vde 

Vde 

mAde 

°c 

mW 
mW/oC 

Watts 
mWJOC 

+27.9 V -30 V 

1.0 k 200 

0.1 ~F 1.0 k 1'1/) 

"V' 
, 

~ 
50 111' 

pw. 200 lIS 

"tr< 5.0 III 
DUTY CYCLE = 2.0% 

-= 
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PNPSILICON 
DUAL TRANSISTORS 

0.335
DIAm rnrr 

0.305 DIA . 0.165 
[335" rns 

~~~ if[ 
~ 0.500 

If.Ill9 MIN 
0.016· --.L 

Pin 1. Collecto,' 1 if.Mf 
2. S ... l 
3. Emittar 1 
5. Emittar 2 
6. Ba .. 2 
7. Collector 2 

(Pins 4 and 8 Omitted) 
All lead. Electrically Isolated from ease 

CASE 654-04 



2N5795, 2N5796 (continued) 

'ELECTRICAL CHARACTEHISTICS (T A = 25°C unless otherwise noted) 

Characteristic Symbol Min Max Unit 

OFF CHARACTERISTICS 

I c;olleetor-t:m.tter tlreakdown vo tage BVCEO 60 Vde 
IIC = 10 mAde, IB = 0) 

I Collector-Base Breakdown Voltage BVCBO 60 Vde 
(lc = 10 /lAde, IE = 0) 

Emitter-Base Breakdown Voltage BVEBO 5.0 Vde 
(IE = 10 /lAde, IC = 0) 

Collector Cutoff Current ICBO - 20 nAde 
(VCB = 50 Vde, IE = 0) 

Emitter Cutoff Current lEBO - 100 nAde 
(VEB = 3.0 Vde, IC = 0) 

Collector 1 to Collector 2 Leakage Current 11C-2C ±1.0 nAde 
(V1C-2C = ±50 Vde) 

ON CHARACTERISTICS 

DC Current Gain hFE -
(lc = 100 /lAde, VCE = 10 Vde) 2N5795 40 -

2N5796 75 -

(lC = 1.0 mAde, VCE = 10 Vde) 2N5795 40 -
2N5796 100 -

(IC = 10 mAde, VCE = 10 Vde)(l) 2N5795 40 -
2N5796 100 -

(lC = 150 mAde, VCE = 1.0 Vde) (11 2N5795 20 -
2N5796 50 -

(lC = 150 mAde, VCE = 10 Vde)(l) 2N5795 40 120 
2N5796 100 300 

IIC = 500 mAde, VCE = 10Vde)O) 2N5795 40 -
2N5796 50 -

Collector-Emitter Saturation Voltage I 1 ) VCE(sat) Vde 
(lc = 150 mAde, IB = 15 mAde) - 0.4 

(lc = 500 mAde, IB = 50 mAde) - 1.6 

Base-E mitter Saturation Voltage( 1 ) VBE(sat! Vdc 
(IC = 150 mAde, IB = 15 mAde) - 1.3 

(lC = 500 mAde, IB = 50 mAde) - 2.6 

DYNAMIC CHARACTERISTICS 

Current-Gain-Bandwidth Produet(2) fT 200 - MHz 
(lC = 50 mAde, VCE = 20 Vde, f = 100 MHz) 

Collector-Base Capacitance Ccb - 8.0 pF 
(VCB = 10 Vde, IE = 0, f = 100 kHz) 

Emitter-Base Capacitance Ceb - 30 pF 
(VEB = 2.0 Vdc, IC = 0, f = 100 kHz) 

SWITCHING CHARACTERISTICS (See Figure 1) 

Delay Time 
(VCC = 30 Vde, VBE(off) = 0.5 Vde, 

t(j 12 ns 

Rise Time 
IC = 150 mAde, IBI = 15 mAde) 

tr - 35 ns 

Storage Time ts - 100 ns 
(VCc=30Vde, IC = 150 mAde, 

Fall Time 
IBI = IB2 = 15 mAde) 

tf - 40 ns 

"'Indicates JEDEC Registered Data. 

(1)Pulse Test: Pulse Width ~300 ",s, Duty Cycle ~2.0% 

(21fT is defined as the frequency at which Ihfel extrapolates to unity. 
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2N 58 29 (SILICON) 

PNP SILICON SMALL-SIGNAL RF TRANSISTOR 

. designed for high'gain, low·noise amplifier, oscillator, and mixer 
applications. 

• Low Noise Figure - NF = 2.5 dB (Max) @ f = 450 MHz 

• High Power Gain - Gpe = 17 dB (Min) @f = 450 MHz 

• High Gain-Bandwidth Product - tr = 1600 MHz (Typl 

• Low Collector-Base Capacitance - Ccb = 0.4 pF (Typ) 

'MAXIMUM RATINGS 

Rlltlng , Symbol Value 

Collector-Emitter Voltage VCEO 30 
Collector-Base Voltage VCS 30 
Emitter-Base Voltage VES 3.0 
Collector Current Continuous IC 30 
Total Device Dissipation@TA 2SoC Po 200 

Derate above 2S0C 1.14 

Operating and Storage Junction TJ,Tstg -65 to +200 
Temperature Range 

'ELECTRICAL CHARACTERISTICS (TA = 25°C unless otherwise noted) 

OFF CHARACTERISTICS 

Collector-Emitter Breakdown Voltage 
(Ie = 1.0 mAde, la = 0) 

Collector-Base Breakdown Voltage 
(Ie = 100pAdc,ie = 01 

Emitter-Base Breakdown Voltage 
(Ie '" 100~Adc.IC = 0) 

Collector Cutoff Current 
(Vea = 20 Vdc, Ie = 01 

ON CHARACTERISTICS 

DC Current ain 
UC=2 .. 0rnAdc, VeE = 10Vdcl 

DYNAMIC CHARACTERISTICS 

Current-Gain-Bandwidth Product 1 
(IE =2.0mAdc, VCE'" 10 Vde, 

f= 100 MHz) 

Collector-Base Capacitance 
(Vca= 10 Vde, If:: "'0, f= 100kHz) 

Small..signal Current Gain 
Uc'" 2.0 mAdc, VCE = 10Vde, 

f= 1.0 kHz) 

Collector-Base Time Constant 
liE ... 2.0 mAdc, Vcs= 10 Vdc, 

f= 63.6 MHz) 

Noise Figure (FigUre 11 
tlc= 2.0 mAde, VeE = 10 Vde, 

f= 450MHzl 

FUNCTIONAL TESTS 

Common-Emitter AmplifierPowerGain 
(VCE -10Vdc,IC = 2.0 mAdc, 

f= 460 MHz) 

*'ndicatH JEDEC Registered Data. 

I Symbol I 

BVCEO 

BVCBO 

BVEBO 

ICBO 

h,. 

NF 

(1)fT i, defined as the frequency lit which Ihtelextrapoilltel to unitv· 

Min 

30 

30 

3.0 

0.' 

20 

1.0 

2.3 

M •• 

0.1 

O.S 

200 

S.O 

2.S 

2-258 

Unit 

Vd, 

Vd, 

Vde 

mAd, 

mW 
mWJOC 

°c 

Unit 

Vd, 

Vd, 

Vde 

I'Adc 

pF 

.. 
dB 

PNPSILICON 
RF AMPLIFIER 
TRANSISTOR 

~:~~~ DIA 

fij 1if 
1 I 

I 

0.209r-
0.230 
DlA 

~o 
11, 

0.500 
MIN 

~ 

0.028 
0.048 

CASE 20 (10) 
TO-72 PACKAGE 

ACTIVE ELEMENTS ISOLATED FROM CASE 



2N5829 (continued) 

RF PERFORMANCE DATA 

FIGURE 1 - NOISE FIGURE AND POWER GAIN 
TEST CIRCUIT 

Cl,C2,C3.C4,C5 1.0-11) pF V.'iable Air DII!J~ctrit 
Piston·TvpeCapacitor 

L 1 Silver·Plated Brass Bar Stoc~ 1.0in. 
Long. 114" Diameter 

L2 Si.'vtr·~laled Brass Bal Stock 1.625 in. 
LIJIlq,l/4"DiamBI&I,Tappedl/4" 
trom Hilt End 

C4 

l3 
11 

VOtll 
Al'''500hms 

LJ O.S" LooPQf#16AWG WireO.31511l. 
fronJilndParalieltoL2 

IO,'I-!F 
VEE 

l~~c!:l 
Vee 

FIGURE 3 - NOISE FIGURE versus FREQUENCY 

12 
IRS & IC OPTIMIZED FOR BROAD BAND PERFORMANCE! 
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FIGURE 5 - CONTOURS OF NOISE FIGURE versus 
SOURCE RESISTANCE AND COLLECTOR CURRENT 
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j
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FIGURE 2 - UNILATERALIZED POWER GAIN 
versus FREQUENCY 

COMMON EMITTEr" r-. 
~ 

r'\ 
COMMON BASE 

~ 
VCE" 10 Vde 
IC=2.0mA 

1 1 
20 30 50 70 100 200 300 500 700 1000 1500 

t, FREQUENCY IMHz! 

FIGURE 4 - NOISE FIGURE AND POWER GAIN 
versus COLLECTOR CURRENT 
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FIGURE 6 - CONTOURS OF. NOISE FIGURE versus 
SOURCE RESISTANCE ANO COLLECTOR CURRENT 
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2N5829 (continued) 

COMMON EMITTER CIRCUIT DESIGN DATA 
(VeE = 10 Vdc, Ie = 2.0 mAde) 

0 

0 

0 
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0 
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0 

f.--'" 
5 

0 

,..... 
5 

0 
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70 

........ 
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70 

FIGURE 7 - TRANSDUCER GAIN 
versus FREQUENCY 

(NOTE 11 

r- "--.k=1.2 , 
r--- r- .............. 2.0 \ 

l"- I"--- -r- -....... ~ - - I'-.. -t;o.... ~ 
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I. FREQUENCY (MHzl 

FIGURE 9 - LOAD ADMITTANCE 
versus FREQUENCY (REAL) 

k = 10 (NOTE 11 

........... 
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I'-.. ....... r--. "-2.0 

1.2 --I--
........ 

......... 
-I---:::: :--..... " ........ ..::::: 

100 200 300 500 600 

t. FREQUENCY (MHzl 

FIGURE 11 - SOURCE ADMITTANCE 
versus FREQUENCY (REAL) 

(NOTE 11 

""I---'"'" k = 10 i', 
./ 

V "-4.0 

j..-V V 2.0 r--~ 
I-' ~I---::::- I-"" ~ ~ 1.2 

70 100 200 300 500 600 

I. FREQUENCY (MHz) 

Figures 7 through 18 are included to assist the circuit designer in determin
ing the stability of his particular circuit. Two stability criteria are given in 
these figures. 

The Linvill "e" factor* is a measure of transistor stability when the input 
and output are terminated in the worst-case' (open circuit) condition. When 

• "Transistors and Active Circuits,." Linvi11 and Gibbons, McGraw-Hili, 1961. 
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'" 

FIGURE 8 - LINVILL STABILITY FACTOR 
versus FREQUENCY 
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FIGURE 10 - LOAD ADMITTANCE 
versus FREQUENCY (IMAGINARY) 
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FIGURE 12 - SOURCE ADMITTANCE 
versus FREQUENCY (IMAGINARY) 

500 600 

" ~ 7 

!Z 17 
k = 1.2 

4.0 

~ 1::9 l7 10 A 
~ f/' 

b::~ ...... 

70 100 zoo 300 500 600 

f, FREQUENCY (MHz) 

"e" is less than 1.0, the circuit is unconditionally stable. When "c" is greater 
than 1.0, the circuit is potentially unstable. 

The Stern "K" factort has been defined to determine the stability of a 
practical amplifier terminated in finite load and source admittances. If "K" 
is greater than 1.0, the circuit will be stable. If less than La, the circuit will 
be unstable. For further details, see Application Note AN·215. 

t "Stability and Power Gain of Tuned Transistor Amplifiers," Arthur P. Stern, Proc . 
LR.E., March 1967. 



2N5829 (continued) 

COMMON BASE CIRCUIT DESIGN DATA 
(VCB = 10 Vde, IC = 2.0 mAde) 
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FIGURE 13 - TRANSDUCER GAIN 
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FIGURE 15 - LOAD ADMITTANCE 
versus FREQUENCY (REAL) 
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FIGURE 14 - LINVILL STABILITY FACTOR 
versus FREQUENCY 
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t, FREQUENCY (MHz) 

FIGURE 18 - SOURCE ADMITTANCE 
versus FREQUENCY (IMAGINARY) 
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2N5829 (continued) 
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FIGURE 21 - fT versus COLLECTOR CURRENT 
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FIGURE 23 - CAPACITANCE 
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FIGURE 22 - DC CURRENT GAIN 
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FIGURE 24 - COLLECTOR CHARACTERISTICS 

VERTICAL SCALE 
IC = 1.0 mA/OIV 

I b = 0.02 mA/STEP 

0.1 0.2 0.5 1.0 2.0 5.0 10 20 50 100 
HORIZONTAL SCALE - VCE = 1.0 VlDIV 

REVERSE VOLTAGE (VOLTS) 

ApplV reverse bias between collectof 
and base and mEiasure capacitance 
between these terminals. Em iner is 
open. 

Apply reverse bias between emitter 
and base and measure capacitance 
between these terminals. Collector is 
open. 
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~
ceb 

Apply reverse bias between collactor 
and base and mB.sur. capacitance 
between these terminals. Emitter is 
guarded. 



2N5829 (continued) 
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COMMON EMITTER 

VCE = 10 Vdc - __ VCE = 15 Vdc - --

FIGURE 26 - INPUT ADMITTANCE 
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2N5829 (continued) 

COMMON BASE Y PARAMETER VARIATIONS 
(VCB = 10 Vde, IC = 2.0 mAde) 
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POLAR Y PARAMETERS versus FREQUENCY 

FIGURE 34 - Vib INPUT ADMITTANCE 
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2N5829 (continued) 

COMMON EMITTER Y PARAMETER VARIATIONS 
(VCE = 10 Vde, IC = 2.0 mAde) 
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2N5 83 5 (SILICON) 
2N5836 
2N5837 

NPN SILICON HIGH-FREQUENCY TRANSISTORS 

· .. designed primarily for use in fast current·mode switching circuits 
in military and industrial equipment. Suitable for use in general 
high·frequency amplifier applications to 1.5 GHz. 

• High Current·Gain-Bandwidth Product -
fT = 2.5 GHz (Min) @ IC = 10 mAdc - 2N5835 

2.0 GHz (Min) @ IC = 50 mAdc - 2N5836 
1.7 GHz (Min) @ IC = 100 mAdc - 2N5837 

• Fast Non·Saturated Switching Times -
tr = 250 ps (Typ) @ IC = 10 mAdc - 2N5835 

320 ps (Typ) @ IC = 50 mAdc - 2N5836 
650 ps (Typ) @ IC = 100 mAdc - 2N5837 

• Characterized with Scattering Parameters 

*MAXIMUM RATINGS 

Rating Symbol 2N5835 2N5836 

Collector-Emitter Voltage VCEO 10 10 

Coliector·Base Vortage VCB 15 15 
~mltter·l'ase Vo tage YEB ;j.b ;j.b 

COllector Current Continuous Ie 15 20U 

Totar Device Dissipation@TA = 25u C Po 200 
Derate above 250 e 1.14 -

Totar Device Dissipation@Tc- 25u C Po 2.0 
Derate above 25°C - 6.67 

2N5837 

5.0 

10 
;j.b 

:SOU 

-

2.0 
6.67 

Storage Junction Temperature Range Tstg - -65 to +2OC -

• Indicates JEOEC Registered Data. 

2-266 

Unit 

Vdc 

Vdc 

YdC 
mAde 

mW 
mW/oC 

Watts 
mWJOe 

ue, 

NPN SILICON 
HIGH-FREQUENCY 

TRANSISTORS 

TO·72 
2N5835 

l 0-46 
, 2N5836, 

2N5837 

CASE 20 (10) 
TO·72 

O,040MAX L 

r 
0.500 l mo. 

CASE 26 
TO·46 PACKAGE 



2N5835, 2N5836, 2N5837 (continued) 

*ELECTRICAL CHARACTERISTICS (T A = 25°C unless otherwise noted) 

I Characteristic I Symbol 

OFF CHARACTERISTICS 

Coliector·Base Braakdown Voltage 
(lC = 10 j.lAdc, IE = 0) 

(lc = 100 j.lAde, IE = 0) 

Emitter·Base 8reakdown Voltage 
(IE = 100 j.lAde, IC = 0) 

Collector Cutoff Current 
(VCB = 7.5 Vde, IE = 0) 

(VC8 = 10 Vde, IE = 0) 

(VCB = 5.0 Vde, IE = 0) 

Emitter Cutoff Current 
(VEB = 3.0 Vde, IC = 0) 

ON CHARACTERISTICS 

DC Current Gain 
(lC = 10 mAde, VCE = 6.0 Vde) 

(lC = 50 mAde, VCE = 6.0 Vde) 

(lC = 100 mAde, VCE = 3.0 Vde) 

Base-Emitter On Voltage 
(lC = 10 mAde, VCE = 6.0 Vde) 

(lC = 50 mAde, VCE = 6.0Vde) 

(lC = 100 mAde, VCE = 3.0 Vde) 

DYNAMIC CHARACTERISTICS 

Current·Gain-Bandwidth Product CD 
(lC = 10 mAde, VCE = 6.0 Vde, f = 200 MHz) 

(lC = 50 mAde, VCE = 6.0 Vdc, f = 200 MHz) 

(lC = 100 mAde, VCE = 3.0 Vde, f = 200 MHz) 

Coliector·Base Capacitance 
(VCB = 10 Vdc, IE = 0, f = 0.1 to 1.0 MHz) 

(VCB = 5.0 Vdc, IE = 0, f = 0.1 to 1.0 MHz) 

Coliector·Base Time Constant ~ 
(lC = 10 mAde, VCE = 6.0 Vde, f =63.6 MHz) 

(lC = 50 mAde, VCE = 6.0 Vde, f = 63.6 MHz) 

(lC = 100 mAde, VCE = 3.0 Vde, f = 63.6 MHz) 

SWITCHING CHARACTERISTICS (2) 

Rise Time (See Figure 1) IIC= 10 mAde) 
IIC= 40 mAde) 
II = 100 mAde) 

·'ndicates JEDEC Registered Data 

2N5835 

2N5836 
2N5837 

2N5835 

2N5836 

2N5837 

2N5835 

2N5836 

2N5837 

2N5835 

2N583E 

2N5837 

2N5835 

2N5836 

2N5837 

2N5835 
2N5836 

2N5837 

2N5835 

2N5836 

2N5837 

2N5835 
2N5836 
2N5837 

<DtT is defined as the frequency at which Ihfel extrapolates to unity. 
<%> Tvpical values shown In addition to JEDEC Registered Data. 

BVCBO 

BVEBO 

ICBO 

lEBO 

hFE 

VBE(on) 

1,-

Ccb 

'b'Cc 

Min 

15 

15 
10 

3.5 

-
-
-
-

25 

25 

25 

-
-
-

2.5 

2.0 

1.7 

-
-
-

-
-
-

FIGURE 1 - SWITCHING TIME TEST CIRCUIT 

V:~ 
Ir, If < 0.5 ns 

IC Re RL RK 
mA Ohms Ohms Ohms 
10 380' 100 50 
40 95 25 0 
100 38 10 0 
200 19 5.0 0 

To Oscilloscope Vertical Inputs 
(Tektronix 568 or Equivalent) 

r------'A.'------, 

Channall 
Vin 

50 

Chann,I2 
Vout 
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RS 

Typ Max Unit 

Vde 
- -
- -
- -
- - Vde 

j.lAde 
- 0.01 

- 10 

- 10 

- 100 j.lAde 

-
- -
- -

- -
Vde 

- 0.9 

- 0.9 

- 0.9 

GHz 
- -
- -
- -

pF 
- 0.8 
- 3.5 

- 5.0 

ps 
5.0 -
6.0 -
6.0 -

+1.3 Vd, 

This test set-up is designed to simulate 
a cascade of identical stages. AS = R L 

RL Vin = VOUI= 1.0 V 
o,ef is a transistor of the 
same type 8S the transistor 
under test. 

1-1---0 -0.5 Vd, 

-4.5 Vd, - 2N5835, 2N5836 
-2.5 Vd, - 2N5837 



2N5835, 2N5836, 2N5837 (continued) 

FIGURE 2 - SWITCHING TIME 
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2N5835, 2N5836, 2N5837 (continued) 

2N5835 SCATTERING PARAMETERS 
(lc = 5.0 mAde, VCE = 6.0 Vdc, ZG = ZL = 50 Ohms) 

FIGURE 8 - S11, INPUT REFLECTION COEFFICIENT FIGURE 9 - S22, OUTPUT REFLECTION COEFFICIENT 

FIGURE 10 - S12. REVERSE TRANSMISSION COEFFICIENT FIGURE 11 - S21. FORWARD TRANSMISSION COEFFICIENT 
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2N5835, 2N5836, 2N5837 (continued) 

2N5836 SCATTERING PARAMETERS 
(lc = 100 mAde. VCE = 10 Vde. ZG = ZL = 50 Ohms) 

FIGURE 12 - S11. INPUT REFLECTION COEFFICIENT FIGURE 13 - S22. OUTPUT REFLECTION COEFFICIENT 

FIGURE 14 - S12. REVERSE TRANSMISSION COEFFICIENT FIGURE 15 - S21. FORWARD TRANSMISSION COEFFICIENT 
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2N5835, 2N5836, 2N5837 (continued) 

2N5837 SCATTERING PARAMETERS 
(lc = 100 mAde, VCE = 3.0 Vde, ZG = ZL = 50 Ohms) 

FIGURE 16 - S",INPUT REFLECTION COEFFICIENT FIGURE 17 - S22, OUTPUT REFLECTION COEFFICIENT 

FIGURE 18 - S12, REVERSE TRANSMISSION COEFFICIENT FIGURE 19 - S21, FORWARD TRANSMISSION COEFFICIENT 
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2N5841 (SILICON) 
2N5842 

NPN SI LICON RF TRANSISTORS 

. designed to provide ultra·fast switching times in current-mode 
circuits at collector currents to 80 mAdc. 

• High Current-Gain-Bandwidth Product - @ IC = 25 mAdc 
fT = 2.2 GHz (Min) 2N5841 

1.7 GHz (Min) 2N5842 

• Low Collector-Base Capacitance -
Ccb = 1.5 pF (Max) @ VCB = 4.0 Vdc 

• Fast Non-Saturated Switching Times - @ IC = 30 mAdc 
Typical Values 

td(on) = 0.4 ns 
tr = 0.18 ns 
td(off) = 0.3 ns 
tf = 0.20 ns 

*MAXIMUM RATINGS 
Rating 

Collector-Emitter Voltage 

Collector-Base Voltage 

Emitter-Base Voltage 

Collector Current - Continuous 

Total Device Dissipation @TC - 2SoC 
Derate above 2SoC 

Operating and Storage Junction 

Temperature Range 

*lndic8tes JEQEC Registered Data. 

Symbol Value 

VCEO· 10 

VCB 20 

VEB 3.0 

IC 100 

Po 350 
2.0 

TJ.Tstg -65 to +200 

Unit 

Vde 

Vde 

Vde 

mAde 

mW 
mW/oC 

°c 

2-272 

NPN SILICON 
RF TRANSISTORS 

0.2.09 

o. 178 OIAl 0.130 t-
OIA I 

0.195 I ~o 
40 

0.500 
MIN 

o.ors DlA / 

~ 0.019 

·rJ-1- 0.100 

Pin 1. EmiUeJ 
0.100 t 2. 2. Base 

0.05 ~13 3.CoUector 
1 04 4. Case Lead 

0.036 /.~ 0.028 
ii:045-V: 45" 0.048 

CASE 20 (10) 
TO-72 PACKAGE 

ACTIVE ELEMENTS ISOLATED FROM CASE 



2N5841, 2N5842 (continued) 

*ELECTRICAL CHARACTERISTICS (TC; 25°C unless otherwise noted} 

I Characteristic I Symbol Min 

OFF CHARACTERISTICS 

Coliector·Emitter Sustaining Voltage VCEO(sus) 10 
(lC= 5.0 mAde, IB = 0) 

Coliector·Base Breakdown Voltage BVCBO 20 
(lC = l00IlAdc, Ie = 0) 

Emitter·Base Breakdown Voltage BVEBO 3.0 
(IE = 1001lAdc, IC = 0) 

Collector Cutoff Current ICBO -
(VCB = 10 Vdc, IE = 0) 

Emitter Cutoff Current lEBO -
IVBE = 2.5 Vdc, IC = 0) 

ON CHARACTERISTICS 

DC Current Gain hFE 
(lC = 25 mAde, VCE = 4.0 Vdc) 2N5B41 25 

2N5842 25 

Base·E mitter On Voltage VBElon) -
(lC = 25 mAde, VCE = 4.0 Vdc) 

DYNAMIC CHARACTERISTICS 

Current·Gain-Bandwidth Product f,-
(lC = 10 mAde, VCE = 4.0 Vdc, f = 200 MHz) 2N5B41 2.0 

2N5842 -
(lC = 25 mAde, VCE = 4.0 Vde, f = 200 MHz) 2N5841 2.2 

2N5B42 1.7 

(lC = 50 mAde, VCE = 4.0 Vde, f = 200 MHz) 2N5B41 -
2N5842 -

Collector~Base Capacitance Ccb -
IVCB = 4.0 Vdc, IE = 0, f = 100 MHz) 

Emitter-Base Capacitance Ceb -
IVEB = 0.5 Vdc, IC = 0, f = 100 MHz) 

Colleetor·Base Time Constant rb'Cc 
(lC = 25 """dc, VCE = 4.0 Vdc, f = 31.8 MHz) 2N5841 -

2N5842 -
SWITCHING CHARACTERISTICS 

Turn·On Delay Time Idlon) -
Rise Time 

(lC = 30 mAde) 
tr -

Turn-Off Delay Time Idlott) -
Fall Time 

IIC= 30 mAde) 
tt -

"Indicates JEDEC Registered Data 

FIGURE 1 - SWITCHING TIMES TEST CIRCUIT 

~,~ 
tr=tf~1.0ns 

50 

TO OUAL·CHANNEL 
SAMPLING SCOPE 
WITH 50·0HM INPUTS 
~ 

ViR Vout 
950 

950 

+1.3 V 

RC 

Vin and Voutare attanuated 20:1 at scopa inputs. Before attenuation, Vin = Vout = 1.0 V. 
aref is a transistor of the same type as the transistor under test. 

Re 

-0.5 V 

Typ Max Unit 

- - Vdc 

- - Vdc 

- - Vdc 

- 20 nAdc 

- 100 IlAdc 

-
- 200 
- 250 

- 1.5 Vdc 

GHz 
2.6 -
2.0 -
2.7 -
2.0 -
2.2 -
1.5 -
0.9 1.5 pF 

0.7 1.1 pF 

ps 
18 25 
25 40 

0.40 - ns 

0.18 - ns 

0.30 - ns 

0.20 - ns 

IC RE RC RK 
mA Ohms Ohms Ohms 

1.0 3.8 k 1.0 k 950 
2.0 1.9 k 500 450 
4.0 950 250 200 
6.0 635 167 117 
8.0 475 125 75 
10 380 100 50 
20 190 50 0 
40 95 25 0 
60 64 16-17 0 
80 48 12·13 0 

100 38 10 0 



2N5841, 2N5842 (continued) 

. FIGURE 2 - CURRENT GAIN BANDWIDTH PRODUCT 
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2N5841, 2N5842 (continued) 

VCE = 4.0 Vde, IC = 10 mAde 

FIGURE 8 - INPUT ADMITTANCE versus FREQUENCY 
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NON-SATURATED SWITCHING APPLICATIONS 

SCHMITT TRIGGER HIGH-SPEED CLOCK DRIVER 

OUTPUT 

(NPUTS f o----I------t----..-I 

All Resistor Values are in Ohms 75 35 15 

All Transistors are 2N5841 
All Diodes are 1 N4001 
tr < 1.0 ns with 50 pF Capacitive load VEE = -5.2 V 
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2N5841, 2N5842 (continued) 

VCE = 4.0 Vde,lc = 10 mAde 

FIGURE 12 - Sll. INPUT REFLECTION COEFFICIENT FIGURE 13 - S22. OUTPUT REFLECTION COEFFICIENT 

FIGURE 14 - S21. FORWARD TRANSMISSION COEFFICIENT FIGURE 15 - S12. REVERSE TRANSMISSION COEFFICIENT 

30· 20" 100 350" 340" 330. 
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2N5841 , 2N5842 (continued) 

VCE = 4.0 Vde, IC = 10 mAde 

FIGURE '6 - S".INPUT REFLECTION COEFFICIENT 

FIGURE 17 - S22. OUTPUT REFLECTION COEFFICIENT 



2N5843 (SILICON) 

2N5844 

MONOLITHIC DUAL 
PNP SI LICON ANNULAR TRANSISTORS 

· .. especially designed for low·level,differential amplifier applications. 

• Dielectric Isolation 

• Monolithic Construction 

• Tight DC Current Gain Ratio - 0.95 to 1.0 

• Low Base·Voltage Differential -
IVBl - VBE21 = 2.0 mVdc (Max) @ IC = 100 /LAdc 

• DC Current Gain Specified - 10 /LAdc to 50 mAdc 

*MAXIMUM RATINGS 

Rating Symbol Value Unit 

Coliector·Emitter Voltage VCEO 40 Vde 

Collector-Base Voltage VCB 50 Vdc 

Emitter-Base Voltage VEB 5.0 Vde 

Collector Current IC 50 mAde 

Operating and Storage Junction 
Temperature Range 

TJ,T,tg -65 to +200 °c 

Total Device Dissipation@TA = 250C Po 600 mW 
Derate above 25°C 3.4 mW/oC 

Total Device Dissipation@TC=250C Po 1.6 Watts 
Derate above 25°C 9.15 mWfOC 

*Indicates JEDEC Rsgistered Data. 
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PNPSILICON 
DUAL TRANSISTORS 

PINS 4 AND 8 OMITTED 

Pin Connections, 
BotlomView 

~DIAm 
0.305 DlA 0.165 ms- 1!115 

~~ E ~ 0.500 
D:lJ19 MIN 
0.016 --L 
Imf 

All Led Ellctrlcelty lsollted fram c.. 

Ca .. 6~4-04 
Formerly Case 32-02 



2N5843, 2N5844 (continued) 
ELECTRICAL CHARACTERISTICS (Each Side) (T A = 25°C unless otherwise noted) 

Characteristic 

OFF CHARACTERISTICS 

"Collector·Emitter Breakdown Voltage 
(lC = 10 mAdc,lB = 0) 

"Collector·Base Breakdown Voltage 
(lC = 10"Ade,IE = 0) 

·Emitter~Base Breakdown Voltage 

liE = 10"Adc, IC = 0) 

Collector Cutoff Current 
"(VCB = 50 Vdc, IE = 0) 
IVCB = 50 Vdc, IE = 0, TA = 1500C) 

·Emitter Cutoff Current 
IVEB = 3.0 Vde, IC = 0) 

"Collector to Collector Leakage Current 
111 C-2C = ± 100 Vde) 

ON CHARACTERISTICS 

"DC Forward Current Transfer Ratio (1) 

IIC= 10"Ade. VCE = 5.0Vdc) 2N5B43 
2N5B44 

(lc = 100 "Adc, VCE = 5.0 Vdc) 2N5B43 
2N5B44 

(lc = 1.0 mAde, VCE = 5.0 Vdc) 2N5B43 
2N5B44 

IIC = 10 mAdc, VCE = 5.0 Vdc) 2N5843 
2N5844 

(lC = 10 mAdc, VCE = 5.0 Vdc, TA = -550 C) 2N5B43 
2N5B44 

(lC = 50 mAdc, VCE = 50 Vde) 2N5843 
2N5844 

Colleetor·Emitter Saturation Voltage 11) 
IIC = 10 mAdc, IB = 1.0 mAde) 
(lC = 50 mAde, IB = 5.0 mAde) 

Base·Emitter Saturation Voltage 11) 
(lC = 10 mAdc,lB = 1.0 mAde) 
(lC = 50 mAdc, IB = 5.0 mAde) 

'SMALL-5IGNAL CHARACTERISTICS 

Current·Gain - Bandwidth Product (2) 2N5843 
(lC = 10 mAde, VCE = 20 Ve, I = 100 MHz) 2N5B44 

Coliector·Base Capacitance 
IVCB = 5.0 Vdc, IE = O. I = 100 kHz) 

Emitter-Base Capacitance 
IVEB = 0.5 Vde, IC = 0, f = 100 kHz) 

Collector·Coliector Capacitance 
IVCC = 5.0 Vde, IE = 0, I = 100 MHz) 

I nput Impedance 2N5B43 
(lC = 1.0 mAde, VCE = 10 Vde. f = 1.0 kHz) 2N5844 

Small Signal Current Gain 2N5843 
(lC = 1.0 mAde, VCE = 10 Vdc, f = 1.0 kHz) 2N5B44 

Voltage Feedback Ratio 2N5843 
(lC= 1.0 mAde, VCE = 10Vde, f= 1.0 kHz) 2N5B44 

Output Admittance 2N5843 
(lC = 1.0 mAde, VCE = 10 Vdc, f = 1.0 kHz) 2N5B44 

Wide Band Noise Figure 
(lC = 0.1 mAde, VCE = 10 Vde, RG = 3.0 k ohm., 

Noise Bandwidth = 15.7 kHz) 

MATCHING CHARACTERISTICS 

DC Current Gain Ratio (3) 
(lC = 100 "Adc, VCE = 5.0 Vdc) 

Ba .. Voltage Dilferential 
(lC = 100 "Ade, VCE = 5.0 Vde) 

Ba .. Voltage Differential Change 
IIC = 100 "Ade, VCE = 5.0 Vde, TA = -55 to +250 C) 
IIC = l00I'Adc, VCE = 5.0 Vdc, TA = 25 to 1250 C) 

*Indicates JEDEC Registered Dat8. 
111 Pulse Test S 300 "s, Duty Cycle S 2.0% 
(2) fT is defined as the frequency at which Ihfel extrapolates to unity. 
(3) The lowest hFE reading is taken 8S hFE1 for this ratio. 

Symbol 

BVCEO 

BVCBO 

BVEBO 

ICBO 

lEBO 

11C-2C 

hFE 

VCElsat) 

VBElsati 

fr 

Ccb 

Ceb 

Ccc 

hie 

hie 

hre 

hoe 

NF 

hFE1/hFE2 

IVBE1-VBE21 

AIVBE1-VBE2) 
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Min 

40 

50 

5.0 

-
-

-

-

25 
50 

50 
100 

50 
100 

50 
100 

25 
50 

15 
30 

-
-

0.6 
-

200 
250 

-

-

-

1.0 
2.0 

50 
100 

-
-

4.0 
10 

-

0.95 

-

-
-

Typ Max Unit 

70 - Vdc 

- - Vdc 

- - Vdc 

"Adc 
- 0.01 
- 10 

- 20 nAdc 

- 10 pAdc 

-
- -
- -
- 150 
- 300 

- 150 
- 300 

- -
- -
- -
.- -
- -
- -

Vde 
- 0.25 
- 0.50 

Vdc 
- 0.9 
- 1.2 

- - MHz 
- -
- 6.0 pF 

- 8.0 pF 

- 4.0 pF 

- 6.0 k ohms 
- 12 

- 200 -
- 400 

- 10 X 10-4 

- 20 

- 40 ~mhos 

- 60 

- 6.0 dB 

- 1.0 -

- 2.0 mVdc 

"V/oC 
- B.O 
- B.O 



2N5845 (SILICON) 
2N5845A 

NPN SILICON ANNULAR TRANSISTORS 

. designed for high·current saturated switching and core driver 
applications. 

• Fast Switching Times @ IC = 500 mAde -
ton = 30 ns (Max) - 2N5845A 

40 ns (Max) - 2N5845 

toft = 50 ns (Max) - 2N5845A 
60 ns (Max) - 2N5845 

• High Current Gain - Bandwidth Product -
tT = 250 MHz (Min) - 2N5845A 

200 MHz (Min) - 2N5845 

• Low Coliector·Emitter Saturation Voltage - @ IC = 500 mAde -
VCE(sat) = 0.5 Vdc (Max) - 2N5845A 

0.6 Vde (Max) - 2N5845 

*MAXIMUM RATINGS 

Rating Symbol Value Unit 

Coliector·Emitter Voltage VCEO 40 Vdc 

Collector· Base Voltage VCB 50 Vdc 

Emitter-Base Voltage VEB 6.0 Vdc 

Collector Current - Continuous IC 1.0 Adc 

Total Device Dissipation@TA = 2SoC PD 625 mW 
Derate above 2SoC 5.0 mW/oC 

Total Device Dissipation@TC=2SoC PD 1.5 Watt 
Derate above 2SoC 12 mW/oC 

Operating and Storage Junction TJ.Tstg -55 to +150 °c 
Temperature Range 

THERMAL CHARACTERISTICS 

Characteristic Symbol Max Unit 

Thermiil' Resistance. Junction to Case 8JC 83.3 °C/W 

Thermal Resistance. Junction to Ambient 8JA 200 °CIW 

-Indicates JEOEC Registered Data. 
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0.016 
Ii.lmI 

NPN SILICON 
SWITCHING 

TRANSISTORS 

DlA HOLE ITYP)-

50INOM~~R. 
Pin I. Emitter _1, Z-3U 

2. Base . 
3. Collector I CII 

0.085 R. 0.045 
[D95 [n55 

CASE 29(1) 
TO-92 



2N5845, 2N5845A (continued) 

*ELECTRICAL CHARACTERISTICS (TA = 250 C unless otherwise notedl 

Characteristic Symbol Min Max 

OFF CHARACTERISTICS 

Collector-Emitter Breakdown Voltage <D BVCEO 40 -
(lC = 10 mAde, IB = 01 

Collector-Base Breakdown Voltage BVCBO 50 -
(lC = 100 "Ade, IE = 01 

Emitter-Base Breakdown Voltage BVEBO 6.0 -
(IE = 10 "Ade, IC = 01 

Collector Cutoff Current ICBO - 500 
(VCB = 40 Vde, IE = 01 

Emitter Cutoff Current lEBO - 50 
(VBE = 4.0 Vde, IC = 01 

ON CHARACTERISTICS 

DC Current Gain <D hFE 
(lC = 10 mAde, VCE = 1.0 Vdel 50 -
(lC = 100 mAde, VCE = 1.0 Vdel 50 200 

(lC = 500 mAde, VCE = 1.0 Vdel 2N5845 25 150 
2N5845A 35 150 

Collector-E mitter Saturation Voltage <D VCE(satl 
(lC = 100 mAde, IB = 10 mAde 1 - 0.25 

(lC = 500 mAde, IB = 50 mAdel 2N5845 - 0.6 
2N5845A - 0.5 

Base-Emitter Saturation Voltage VBE(satl 
(lC = 100 mAde, IB = 10 mAdel - 0.85 

(lC = 500 mAde, IB = 50 mAdel 0.8 1.1 

DYNAMIC CHARACTERISTICS 

Current-Gain-Bandwidth Product ~ fT 
(lC = 50 mAde, VCE = 10 Vde, f = 100 MHzl 2N5845 200 -

2N5845A 250 -

Output Capacitance Cob - 9.0 
(VCB = 10 Vde, IE = 0, f = 100 kHzl 

Input Capacitance Cib - 70 
(VEB = 0.5 Vde, IC = 0, f = 100 kHzl 

SWITCHING CHARACTERISTICS 

Turn-On Time 2N5845 ton - 40 
2N5845A - 30 

Delay Time (VCC = 40 Vde, IC = 500 mAde, 2N5845 Id - 17 
IBI = 50 mAdel 2N5845A - 15 

Rise Time 2N5845 tr - 28 
2N5845A - 25 

Turn-Off Time 2N5845 Ioff - 60 
2N5845A - 50 

Storage Time 
(VCC = 40 Vdc, IC = 500 mAde, 

2N5845 ts - 40 
IBI = IB2=50mAdcl 

2N5845A - 38 

Fall Time 2N5845 tf - 30 
2N5845A - 27 . 

Indicates JEOEC Registered Data. 

G)Pulse Test: Pulse Width'S 300 p.s, Duty Cvcle ~ 2.0%. 

@fT is defined as the frequency at which Ihfel extrapolates to unity. 

FIGURE 1 - SWITCHING TIMES TEST CIRCUIT 
-4.0 V +40 V 

1.0k 

o~ 
R8" 100 Ohms 

~..t---...,:,---- SCOPE 

Vin" 10 Vdc 
Zin=50 Ohms 
Pulse Width = 1.Op.s 
tr<2.0ns 

4Total Shunt Capacitance of Test Jig, Connectors, and OSCilloscope. 
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I * Cs*< 7.0pF 
I __ ...I 

Unit 

Vde 

Vde 

Vde 

nAde 

nAde 

-

Vde 

Vde 

MHz 

pF 

pF 

ns 

ns 

ns 

ns 

ns 

os 



2N5845, 2N5845A (continued) 

TRANSIENT CHARACTERISTICS 
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2N5845, 2N5845A (continued) 
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2N5846 (SILl.CON) 
2N5847 

TheRFLine 

NPN SILICON RF POWER TRANSISTORS 

· .. designed primarily for use in large-signal amplifier driver and pre-
driver stages, these devices are intended for use in industrial commun-
ications equipment operating at frequencies to 80 MHz. 

• Optimized for Operation from a 12.5 Volt Supply 

• Power Output @ 12.5 Vdc, 50 MHz 
Pout = 3.5 W - 2N5846 

8.0 W - 2N5847 

• Large-Signal Impedance Data Permit Convenient 
Matching Network Design 

-MAXIMUM RATINGS 

Ratina Svmbol 2N5846 I 2N5847 Unit 
Collector-Emitter Voltage VCEO 18 Vdc 

Collector-Ba .. Voltage VCB 36 Vdt 

Emitter-Ba .. Voltage VEB 4.0 Vdc 

Collector Current - Continuous IC 1.0 1 2.0 Adc 

Total Device Dissipation@lTc=250C Po 10 I 20 Watts 
Derate above 25°C 57.2 114 mW/oC 

O~r8tjng and Storage Junction TJ, Tstg -65 to +200 °c 
Temperature Range 

·'ndlcates JEOEC Registered Oat8. 

2-284 

3_5 W. 7.0 W - 50 MHz 
RF POWER 

TRANSISTORS 
NPN SILICON 

~ ~ 
TO-I 02 CASE 145A-Ol 

CASE 24 

O.31SMAX 

COLLECTOR 

2N584e 

Collector connected to ea .. ; 
stud isolated from c .... 

C_l.A-Ol 
2N5847 



2N5846, 2N5847 (continued) 

*ELECTRICAL CHARACTERISTICS (TC = 25°C unless otherwise noted) 

I Characteristic 

OFF CHARACTERISTICS 

Collector-Emitter Breakdown Voltage (1) 
(lC = 200 mAde, IB = 0) 

Colleetor-E mitter Breakdown Voltage (1) 
(lC = 50 mAde, VBE = 0) 

Emitter-Base Breakdown Voltage 
(IE = 0.25 mAde, IC = 0) 
(IE = 5.0 mAde, IC = 0) 

Collector Cutoff Current 
(VCE = 15 Vde, VBE = 0, TC = 125°C) 

Collector Cutoff Current 
(VCB = 15 Vde, IE = 0) 

ON CHARACTERISTICS 

DC Current Gain 

(lC = 250 mAde, V CE = 5.0 Vde) 
(lC = 500 mAde, VCE = 5.0 Vde) 

DYNAMIC CHARACTERISTICS 

Outpu t Capaci tance 
(Ve.: = 15 Vdc.lo-; = 0,1=0.1 to 1.0 MHz) 

FUNCTIONAL TEST 

Common-Emitter Amplifier POVv'2r Gain 

(VCC = 12.5 Vde, Pout = 3.5 W, 1 = 50 MHz) 
(VCC = 12.5 Vde, Pout = 8.0 W, 1 = 50 MHz) 

Power Output 
(VCC = 12.5 Vde, Pi~ = 350 mW, 1 = 50 MHz) 
(VCC = 12.5 Vde, Pin = 800 mW, 1 = 50 MHz) 

COllector Efficiency 
(VCC = 12.5 Vde, Pout = 3.5 W, 1 = 50 MHz) 
(VCC = 12.5 Vde, Pout", 8.0 W, 1 = 50 MHz) 

·'ndicates JEDEC Registered Data. 
(1)Pulsed thru a 25 mH inductor. 

2N5846 
2N5847 

2N5846 
2N5847 

2N5846 
2N5847 

2N5846 
2N5847 

2N5846 
2N5847 

2N5846 
2N5847 

2N5846 
2N5847 

2N5846 
2N5847 

2N5846 

Vee 

FIGURE 1 - 50 MHz TEST CIRCUITS 

CI, C2, CS 
C3 
C4 
C6 
C7 
11 
l2 
l3 
l4 

t; 
l4 1 

2S·280 pF, Area 464 ar Equivalent 
40 pF, SOD V dc, U nelea 
9.0 -180 pF. Area 463 or Equivalent 
1000 pF Feedthru 
0.1 pF, 75 Vde 
2 Turns, #18 AWG, 3/8" 1.0. 
Small Ferrite Bead, 2% Turns 
S1 urns, #18 AWG, 3/8" 1.0. 
1.0 Mfl, RF Choke 

e4 

2-285 

Symbol 

BVCEO 

BVCES 

BVEBO 

ICES 

ICBO 

GpE 

Pout 

1] 

CI, C3, C4 
C2 
CS 
C6 
11 
l2 
l3 
l4 

Min 

18 

36 

4.0 
4.0 

-
-

-
-

10 
10 

3.5 
8.0 

50 
50 

2N5847 

Vee 

~
e6 

l4 

Max 

-

-

-
-

5.0 
10 

0.5 
1.0 

-
-

-
-

-
-

L3 C4 

C3 

2S-280 pF, Area 464 ar Equivalent 
80·480 pF, Area 466 ar Equivalent 
0.1 pF, 7S Vde 
1000 pF Feedthru 
1 Turn, #14 AWG II" 1.0. 
Large Ferrite Bead 2% Turns 
3 Turns, #14 AWG II" 1.0. 
20 Turns, #18 AWG NYClAD Wire, 

2 Layers (10 Turns Per Layer) 
%"1.0. 

Unit 

Vde 

Vde 

Vde 

mAde 

mAde 

dB 

Watts 

% 



2N5846, 2N5847 (continued) 

POWER OUTPUT versus POWER INPUT 

FIGURE 2 - 2N5846 FIGURE 3 - 2N5847 
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2N5846, 2N5847 (continued) 
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2N5848 (SILICON) 

The RF Line 

NPN SILICON RF POWER TRANSISTOR 

· .. designed primarily for use in large-signal amplifier driver and 
output stages, the 2N5848 is intended for use in industrial communi
cations equipment operating at frequencies to 80 MHz. 

• Optimized for Operation from a 12.5 Volt Supply 

• 20 Watts (Min) RF Power Output at 50 MHz 

• Balanced Emitter Construction for Burn Out Protection 

*MAXIMUM RATINGS 

Rating Symbol Value Unit 

Collector-Emitter Voltage VeED 24 Vdc 

Collector-Base Voltage VeB 48 Vdc 

Emitter-Base Voltage VEB 4.0 Vdc 

Collector Current - Continuous Ie 3.5 Adc 

Total Device Dissipation @Te=250 e Po 50 Watts 
Oerat. above 250 C 285 mWJOC 

Storage Temperature Range T stg -65 to +200 °c 
Stud Torque 111 6.5 in-Ibs. 
·lndic8te. JEDEC ~agistered Data. 

(1)For repeated .'l8mbly uae 6 in-ib •. 
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PIN 1. 
2. 
3. 
4. 

20 W-50 MHz 

RF POWER 
TRANSISTOR 

NPN SILICON 

8-32NC 2A 

To convert inches to millimews multiply by 25.4 

CASE 145A·Ql 



2N5848 (continued) 

*ELECTRICAL CHARACTERISTICS (TC = 25°C unless otherwise noted) 

Characteristic 

OFF CHARACTERISTICS 

Collector-Emitter Breakdown Voltage(l) 
(lC: 100 mAdc, IB: 0) 

Collector-Emitter Breakdown Voltage( 1 ) 

(lC: 50 mAdc, VBE = 0) 

Emitter-Base Breakdown Voltage 
(IE = 5.0 mAdc, IC: 0) 

Collector Cutoff Current 
(VCE: 15 Vdc, VBE : 0, T A: +1250 C) 

Collector Cutoff Current 
(VCB: 15 Vdc, IE: 0) 

ON CHARACTERISTICS 

DC Current Gain 

(lC : 1.2 Adc, VCE : 5.0 Vdc) 

DYNAMIC CHARACTERISTICS 

Output Capacitance 
(VCB: 12.5 Vdc, IE: 0, f: 0_1 to 1.0 MHz) 

FUNCTIONAL TEST 

Common-Emitter Amplifier Power Gain 

(Pout: 20 W, VCC: 12.5 Vdc, IC: 3.2 Adc, f: 50 MHz) 

Collector Efficiency 

(Pout = 20W, Vce: 12.5 Vdc, IC: 3_2 Adc, f: 50 MHz) 

• Indicates JEDEC Registered Data. 

(1)Pulsed thru 8 25 mH Inductor. 

Svmbol 

BVCEO 

BVCES 

BVEBO 

ICES 

ICBO 

GpE 

1) 

Min TVp Max Unit 

24 - - Vdc 

48 - - Vdc 

4.0 - - Vdc 

- - 10 mAdc 

- - 1.0 mAdc 

8_0 - - dB 

50 - - % 

FIGURE 1 - 50 MHz POWER GAIN TEST CIRCUIT 
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2N5848 (continued) 
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2N5849 {SILICON} 

NPN SILICON RF POWER TRANSISTOR 

· .. designed primarily for use in large-signal amplifier output stages, 
the 2N5849 is intended for use in industrial communications equip
ment operating at frequencies to 80 MHz. 

• Optimized for Operation from a 12.5 Volt Supply 

• 40 Watts (Min) RF Power Output at 50 MHz 

• Balanced Emitter Construction for Burn Out Protection 

*MAXIMUM RATINGS 

Rating Symbol Value Unit 

Collector-Emitter Voltage VCEO 24 Vdc 

Collector-Base Voltage VCB 4B Vdc 

Emitter-Base Voltage VEB 4.0 Vdc 

Collector Current - Continuous IC 7.0 Adc 

Total Device Dissipation @TC - 2SoC Po 100 Watts 
Derate above 25°C 571 mWfOC 

Storage Temperature Range Tstg -65 to +200 °c 

* Indicates JEDEC Registered Data. 

2-291 

40W-50 MHz 

RF POWER 
TRANSISTOR 

NPN SILICON 

....L 
~ "'=1-'---=:-+1 
NOM 

10-32 NC 3A 

WRENCH 
FLAT 

CASE 145A-02 



2N5849 (continued) 

*ELECTRICAL CHARACTERISTICS (TC = 25°C unless otherwise noted) 

I Characteristic I Symbol 

OFF CHARACTERISTICS 

Collector-Emitter Breakdown Voltage(l) 
(lC = 200 mAdc, IB = 0) 

Collector-Emitter Breakdown VOltage(l) 
(lC = 100 mAdc, VBE = 0) 

Emitter-Base Breakdown Voltage 
(IE = 10 mAdc, IC = 0) 

Collector Cutoff Current 
(VCE = 15Vdc, VBE =0, TA =+1250C) 

Collector Cutoff Current 
(Vce = 15 Vdc, IE = 0) 

ON CHARACTERISTICS 

DC Current Gain 
(lC = 2_4 Adc, VCE = 5_0 Vdc) 

DYNAMIC CHARACTERISTICS 

Output Capacitance 
(VCB = 12_5 Vdc, IE = 0, f = 0.1 to 1.0 MHz) 

FUNCTIONAL TEST 

Common·Emitter Amplifier Power Gain 
(Pout = 40 W, VCC = 12.5 Vdc, f = 50 MHz) 

Collector Efficiency 
(Pout = 40 W, VCC = 12.5 Vdc, f = 50 MHz) 

""Indicates JEDEC Registered Data. 
(1)Pulsed thru a 25 mH Inductor. 

BVCEO 

BVCES 

BVEBO 

ICES 

ICBO 

GpE 

11 

Min Typ Max 

24 - -

48 - -
4_0 - -

- - 10 

- - 1.0 

7.5 - -

50 - -

FIGURE 1 - 50 MHz POWER GAIN TEST CIRCUIT 

+ 
1.0 """ pF ..J.. 

VCC 

2-292 

Cl 25·280 pF, Areo 464 or Equivalent 
C2 80·480 pF, Areo 466 or Equivalent 
C3 0-75 pF, Hammarlund MAPC 75 or Equival,nt 
C4 0·50 pF, Hammarlund MAPC 50 or.Equival,nt 
11 1 Turn #14 AWG 5/16" 1.0. 
L2 2-1/2 Turns (/22 AWG on 3/S" Ferrite Bead 
L3 18 Turns #18 AWG 3/8" 1.0. 2 Lay,,,, 9 Turns Each 
L4 4Turns #14 AWG 7/16" 1.0. 7116" Long 

Unit 

Vdc 

Vdc 

Vdc 

mAdc 

mAdc 

dB 

% 



2N5849 (continued) 
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2N5849 (continued) 

O.005~F 1,: 

25-280 pF 0.15 ~H 

loon 
1I4W 

RFC 
3.9~H 

40 WATT, 50 MHz TRANSMITTER SCHEMATIC 
(Information obtained from AN-502Ai 

Po = 40W 
Pin = 20 mW 
Overall Gain = 33 d8 
Overall Efficiency = 59.2% 
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*FerrDxculJe Part Number 
RFCI - 20 Turn, 118 AWG, 3116"1.0., 2· Laye .. , 

10 Turns Each, Close Wound. 
RFC2 -18 Turn., 118 AWG. 3116"I.D., 2 Layers, 

g Turns Each, Close Wound. 



2N5851 (SILICON) 

2N5852 

The RF Line 

NPN SILICON TRANSISTORS 

· .. particularly well suited for small·signal amplifier and non·saturated 
switching applications. 

• High Current·Gain-Bandwidth Product -
fT = 1300 MHz (Typ) @ IC = 10 mAdc - 2N5852 

• Low Capacitance -
Ceb = 2.5 pF (Max) @ VBE = 0.5 Vdc 
Ccb = 1.5 pF (Max) @ VCB = 4.0 Vdc 

• Low Coliector·Base Time Constant -
rb'Cc = 15 ps (Max) @ IC = 10 mAdc 

• Low Noise Figure-
NF = 2.5 dB (Typ)@IC= 1.5 mAdc, f = 200 MHz 

• Fast Current·Mode Operation -
tr = 0.6 ns (Typ) @ IC = 30 mA 

*MAXIMUM RATINGS 

Rating Symbol Value 

Collector-Emitter Voltage VCEO 15 

Collector-Base Voltage VCB 30 

Emitter-Base Voltage VEB 4.5 

Collector Cu rrent IC 100 

Total Device Dissipation@TC=2SoC PD SOO 
Derate above 25°C 2.9 

Storage Temperature Range Tstg -65 to +200 

* Indicates JEDEC Registered Data. 

Unit 

Vdc 

Vdc 

Vdc 

mAde 

mW 
mW/oC 

°c 

NPN SILICON 
HIGH-FREQUENCY 

TRANSISTORS 

0.209 

l '.23' r-
::::01'11 OIA r-. i r .. I1• 

I '.11' 

1 
0.500 .,. 

0.019 a.DIS 01A . J 

CASE 201101 

TO·72 

Pin! Emitt!r 
2.8ase 
3.Cotlector 
4 Ca. 

FIGURE 1 - TYPICAL SWITCHING TIMES FIGURE 2 - SWITCHING TIMES versus COLLECTOR CURRENT 
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2N5851, 2N5852 (continued) 

*ELECTRICAL CHARACTERISTICS ITC = 250 C unless otherwise noted I 

Characteristic Symbol Min Typ Max Unit 

OFF CHARACTERISTICS 

Collector·Emitter Breakdown Voltage BVCEO 15 - - Vde 
IIc = 10 mAde, 18 = 01 

Collector-Base Breakdown Voltage BVCBO 30 - - Vde 
IIC = 10 !lAde, IE = 01 

Emitter-Base Breakdown Voltage BVEBO 4.5 - - Vde 
liE = 10 !lAde, IC = 01 

Collector Cutoff Current ICEX - - 1.0 !lAde 
IVCE = 5.0 Vde, VBElonl = 0.4 Vdel 

Collector Cutoff Cu frent ICBO - - 1.0 !lAde 
IVCB = 15 Vde, IE = 01 

Emitter Cutoff Current lEBO - - 1.0 !lAde 
IVBE = 4.0 Vde, IC = 01 

ON CHARACTERISTICS 

DC Current Gain hFE 40 - - -
IIc = 10 mAde, VCE = 1.0 Vdel 

Collector-Emitter Saturation Voltage VCEls.tl - 0.09 0.2 Vde 
IIC = 10 mAde, IB = 1.0 mAdcl 

Base-Emitter Saturation Voltage VBElsatl - 0.82 1.2 Vde 
IIc = 10 mAde, I B.= 1.0 mAde I 

Base-Emitter On Voltage VBElonl - - 1.2 Vde 
IIc = 10 mAde, VCE = 1.0 Vdel 

DYNAMIC CHARACTERISTICS 

Current-Gain-Bandwidth Product fT MHz 
IIc = 5.0 mAde, VCE = 4.0 Vde, f = 100 MHzl 2N5851 - 850 -

2N5852 - 1150 -
IIc = 10 mAde, VCE = 4.0 Vde, f = 100 MHzl 2N5851 800 1000 -

2N5852 1100 1300 -

IIc = 30 mAde, VCE = 4.0 Vde, f = 100 MHzl 2N5851 500 1100 -
2N5852 700 1400 -

Collector-Base Capacitance Ceb - 0.7 1.5 pF 
IVCB = 4.0 Vde, IE = 0, f = 100 kHzl 

Emitter-Base Capacitance Ceb - 1.0 2.5 pF 
IVBE = 0.5 Vde, IC = 0, f = 100 kHzl 

COllector-Base Time Constant rb'Ce ps 
IIc = 5.0 mAde, VCE = 4.0 Vde, f = 31.8 MHzl - 10 20 

IIc = 10 mAde, VCE = 4.0 Vde, f = 31.8 MHzl - 10 15 

IIc = 30 mAde, VCE = 4.0 Vde, f = 31.8 MHzl - 15 20 

Noise Figure NF - 2.5 - dB 
IIc = 1.5 mAde, VCE = 6.0 Vde, RS = 50 ohms, 
f = 200 MHz I 

SWITCHING CHARACTERISTICS 

Turn-On Delay Time IFigure 11 tdlonl ns 
IVin = Vout = 1.0 Vde, IC = 10 mAdel - 0.9 -
IVin = Vout = 1.0 Vde, IC.= 30 mAdel - 0.6 -

Rise Time IFigure 11 tr ns 
IVin = Vout = 1.0 Vde, IC = 10 mAdel - 0.7 -
IVin = Vout = 1.0 Vde, IC = 30 mAdel - 0.6 -

Turn-Off Delay Time IFigure 11 tdloffl ns 
IVin = Vout = 1.0 Vde, IC = 10 mAdel - 0.7 -

IVin = Vout = 1.0 Vde, IC = 30 mAdel - 0.5 -
Fall Time IFigure 11 tf ns 

IVin = Vout = 1.0 Vdc, IC = 10 mAde I - 0.9 -

IVin = Vout = 1.0 Vde, IC = 30 mAdel - 0.7 -
"'Indicates JEDEC Registered Data. 
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2N5851, 2N5852 (continued) 

FIGURE 3 - CURRENT-GAIN-BANDWIDTH PRODUCT 
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FIGURE 7 -INPUT ADMITTANCE 
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FIGURE 6 - SATURATION VOLTAGES 
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FIGURE 8 - FORWARD TRANSFER ADMITTANCE 
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2N5851, 2N5852 (continued) 

FIGURE 9 - REVERSE TRANSFER ADMITTANCE 
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2N5851, 2N5852 (continued) 

FIGURE 12 - INPUT (5111 AND OUTPUT (5221 REFLECTION COEFFICIENTS 

FIGURE 13 - 512. REVERSE TRANSMISSION COEFFICIENT FIGURE 14 - 521. FORWARD TRANSMISSION COEFFICIENT 
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2N5859 (SILICON) 
2N5860 

NPN SILICON ANNULAR MEMORY DRIVERS 

. designed for high·current, high·speed switching applications. 
Ideally suited for ferrite core and plated wire memory driver or MOS 
translator applications. 

• Excellent Current·Gain-Bandwidth Product -
fT = 250 MHz (Min) @ IC = 50 mAdc 

• Low Collector· Base Capacitance -
Ccb = 7.0 pF (Max) @ VCB = 10 \idc 

• Low Collector·Emitter Saturation Voltage -
VCE(sat) = 0.7 Vdc (Max) @ IC = 1.0 Adc 

• Fast Switching Times @ IC = 1.0 Adc 
ton = 35 ns (Max) 
toff = 60 ns (Max) 

~MAXIMUM RATINGS 

Rating Svmbol 2N5859 2N5860 

Collector-Emitter Voltage VCEO 40 45 

Collector-Base Voltage VCB 80 90 

Emitter-Base Voltage VEB 6.0 7.0 

Collector Current - Continuous IC 2.0 

Total Device Dissipation"@ T A = 25°C Po 5.0 
Derate above 2SoC 28.6 

Total Device Dissipation @ T C = 25°C Po 1.0 
Derate above 2SoC 6.0 

Operating and Storage Junction TJ,Tstg -65 to +200 
Temperature Range 

*Indicates JEOEC Registered Data 

2-300 

Unit 

Vdc 

Vdc 

Vdc 

Adc 

Watts 
mW/oC 

Watts 
mW/oC 

°c 

STYLE 1 

NPN SILICON 
MEMORY DRIVER 

TRANSISTORS 

0'350DlA+~ 0.310 I. 
&m alA --Jt----i

l 
0.240 

O.OOOLllill 1-10 

0115, ), 

MIN 

. ~ 
O.016DIA~~ 
ii]19 

PIN l.EMITIER 
2.8ASE 
3. COLLECTOR 

To convert inches to millimeters multlplv ~Y 25.4 

AIiJEDECdimensionsand lIoteslpply 

CASE 79 
TO·39 



2N5859, 2N5860 (continued) 

-ELECTRICAL CHARACTERISTICS (TA = 250e unless otherwise noted) 

I Characteristic SVmboi Min Max Unit 

OFF CHARACTERISTICS 

Collector-Emitter Breakdown Vol~ BVCEO Vde 
(Ie = 10 mAde, IB = 0) 2N5B59 40 -

2N5B60 45 -
Collector-Base Breakdown Voltage BVCBO Vde 

(lC = 100 "Ade,IE = 0) 2N5B59 80 -
2N5860 90 -

Emitter-Base Breakdown Voltage BVEBO Vde 
(IE = 10 "Ade, IC = 0) 2N5859 6_0 -

2N5B60 7_0 -
Collector Cutoff Current ICEX "Ade 

(VCE = 50 Vde, VBE(off) = 2_0 Vde) - 0_2 

(VeE = 50 Vde, VBE(off) = 2_0 Vde, TA = 750C) - 5_0 

Collector Cutoff Current ICBO "Ade 
(VCB = 50 Vde, IE = 0) - 0.25 

(VCB = 50 Vde, IE = 0, TA = 750C) - 5.0 

Emitter Cutoff Current lEBO - 0.1 /lAde 
(VBE = 5.0 Vde, IC = 0) 

ON CHARACTERISTICS 

OC Current Gain hFE -
(lC = 500 mAde, VCE = 1.0 Vde) 2N5B59 30 120 

2N5860 35 100 

(lC = 1.0 Ade, VCE = 1.0 Vde) 2N5859 15 100 
2N5B60 15 80 

(lC = 1.0 Ade, VCE = 1.0 Vde, TA = -550C) 2N5B59 10 -
2N5B60 10 -

Collector·Emitter Saturation Voltage VCE(satl Vde 
(lC = 500 mAde, IB = 50 mAde) - 0.4 

(lC = 1.0Ade,IB = 100 mAde) - 0.7 

Base-Emitter Saturation Voltage VBE(sat) Vde 
(lC = 500 mAde, IB = 50 mAde) O_B 1.0 

(lC = 1.0Ade,IB = 100 mAde) 0.9 1.25 

DYNAMIC CHARACTERISTICS 

Current-Gain-Bandwidth Product fT 250 - MHz 
(lC = 50 mAde, VCE = 10 Vde, f = 100 MHz) 

Collector-Base Capacitance Cob - 7.0 pF 
(VCB = 10 Vde, IE = 0, f = 100 kHz) 

Emitter-Base Capacitance Ceb - 60 pF 
(VEB = 0.5 Vde, IC = 0, f = 100 kHz) 

SWITCHING CHARACTERISTICS 
Turn·On Time ton ns 

(VCC = 30 Vde, VBE(off) = 2.0 Vdc, IC = 500 mAde, 2N5860 - 25 
IB1=50mAde) (Figure 1) 

(Vec = 30 Vde, VBE(off) = 2.0 Vdc, IC = 1.0 Ade, 80th Types - 35 
lSI = 100 mAde) (Figure 3) 

Delay Time td ns 
(VCC = 30 Vde, VSE(off) = 2_0 Vde, IC = 500 mAde, 2N5B60 - 8.0 
181 = 50 mAde) (Figure 1) 

(VCC = 30 Vde, VSE(off) = 2_0 Vde, IC = 1.0 Ade, Soth Types - 6.0 
181 = 100 mAde) (Figure 3) 

Rise Time tr ns 
(VCC = 30 Vde, VSE(off) = 2.0 Vdc, IC = 500 mAde, 2N5860 - 18 
lSI = 50 mAde) (Figure 1) 

(VCC = 30 Vde, VSE(off) = 2_0 Vde, IC = 1.0 Ade, Soth Types - 30 
lSI = 100 mAde) (Figure 3) 
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2N5859, 2N5860 (continued) 

*ELECTRICAL CHARACTERISTICS (TA = 25°C unless otherwise noted) (continued) 

Characteristic Symbol Min Ma, Unit 

Turn-Off Time toff ns 

(Vee = 30 Vde, Ie = 500 mAde, 2N5860 - 60 

ISl = IS2 = 50 mAde) (Figure 2) 

(Vee = 30 Vde, Ie = 1.0 Ade, Soth Types - 60 

ISl = IS2 = 100 mAde) (Figure 4) 

Storage Time ts ns 

(Vee = 30 Vde, Ie = 500 mAde, 2N5860 - 35 

ISl = IS2 = 50 mAde) (Figure 2) 

(Vee = 30 Vde, Ie = 1.0 Ade, Soth Types - 35 
ISl = IS2 = 100 mAde) (Figure 4) 

Fall Time tf ns 

(Vee = 30 Vde, Ie = 500 mAde, 2N5860 - 35 

ISl = IS2 = 50 mAde) (Figure 2) 

(Vee = 30 Vde, Ie = 1.0 Ade, Both Types - 35 

ISl = IS2 = 100 mAde) (Figure 4) 

*, ndicates JE DEC Registered Data 

FIGURE 1 - TURN·ON TIME TEST CIRCUIT 

tr';;; 1.0 os 
P.W.;' 200 ns 
Duty Cycle ,so;; 2.0% 

Vin 

Generator Source Impedance = 50 n 

Vin to 50 Ohm 
OSCILLOSCOPE 

4950 

100 

50 

Pulse Generator: EH1421 Timing Unit and 1121 Pulse Driver 
Oscilloscope: Tektronix 661 Sampling Scope 

+30 V 
+5.8 V 

10% 
-2.0 V 

---1-,10% 

'0" _ ~J~9i'0_% __ --

Vin during ton interval must be +5.8 V. 
All waveforms and bias levels must be set with uni~ in circuit. 

FIGURE 2 - TURN·OFF TIME TEST CIRCUIT 

5.BV II 
Vin --=1- - -l:.=-o 
-4.0 V 

tf"l.0 ns 
P.W.;'1.0", 
Duty Cycle .. 2.0% 
Generator Source Impedance = 50 n 

Vin to 50 Ohm 
OSCILLOSCOPE 

4950 

100 

50 

Pulse Generator: EHt421 Timing Unit and 1121 Pulse Driver 
Oscilloscope: Tektronix 661 Sampling Scope 

Vin +5.9V~ 
+30 V 

- - - - - - -4.0 V 60 
4950 

toff 

Vout--+--

Vin during toff interval must be -4.0 V. 
All waveforms and bias levels must be set with unit in circuit. 
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2N5859, 2N5860 (continued) 

FIGURE 3 - TURN-ON TIME TEST CIRCUIT -IC = 1.0 Adc 
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Vi" during ton interval must be + 1 0.9 V. 
All waveforms and bias levels must be set with unit in circuit. 

FIGURE 4 - TURN·OFF TIME TEST CI RCUIT - IC = 1.0 Adc 
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All waveforms and bias levels must be set with unit in circuit. 

TYPICAL DYNAMIC CHARACTERISTICS 

FIGURE 5 - CURRENT-GAIN-BANOWIDTH PRODUCT 
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2N5859, 2N5860 (continued) 

TYPICAL DYNAMIC CHARACTERISTICS 
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FIGURE 9 - DC CURRENT GAIN 
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FIGURE 10 - "ON" VOLTAGES 
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There are two limitations on the power handling ability of a 
transistor: junction temperature and secondary breakdown. Safe 
operating ·area curves indicate Ie-VeE limits of the transistor that 
must be observed for reliable operation; i.e., the transistor must not 
be subjected to greater dissipation than the curves indicate. 

The data of Figure 5 is based on TJlpk) = 200°C; TC is variable 
depending on conditions. Pulse curves are valid for duty cycles of 
10% provided TJlpk)$ 200°C. At high case temperatures, thermal 
limitations will reduce the power that can be handled to 'values 
less than the limitations imposed by secondary breakdown. 
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2N5859, 2N5860 (continued) 

FIGURE 12 - TEMPERATURE COEFFICIENTS 
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2N5861 :(SILICON) 

NPN SILICON ANNULAR MEMORY DRIVER 

· .. designed for medium-current, high-speed switching applications. 
Ideally suited for ferrite core memory driver circuits. 

• High Collector-Emitter Breakdown Voltage -
BVCEO = 50 Vdc (Min) @ IC = 10 mAdc 

• Low Collector-Emitter Saturation Voltage -
VCE(sat) = 0.5 Vdc (Max) @ IC = 500 mAde 

• Low Collector-Base Capacitance -
Ccb = 7.0 pF (Max) @VCB = 10 Vdc 

• Fast Switching Times @ IC = 500 mAdc -
ton = 25 ns (Max) 
toff = 60 ns (Max) 

*MAXIMUM RATINGS 

Rating Svmbol Value 

Coliector·Emitter Voltage VeEO 50 

Collector-Base Voltage VeB 100 

Emitter-Base Voltage VEB 6.0 

Collector Current - Continuous Ie 2.0 

Total Oevice Dissipation @TA = 25°C Po 1.0 
Derate above 2SoC 6.0 

Total Device Dissipation @TC = 2SoC Po 5.0 
Derate above 2SoC 28.6 

Unit 

Vdc 

Vdc 

Vdc 

Adc 

Watts 
m'w/oe 

Watts 
mW/oe 

Operating and Storage Junction T J,Tstg -65 to +200 °e 
Temperature Range 

*Indicates JEDEC Registered Data 

2-'-306 

NPN SILICON 
MEMORY DRIVER 

TRANSISTOR 

o:31ii 0'3500"l~ 
0.315 
0335 OIA ---tI----1t 0.240 

D 009 L-lim l-i0 

om, I 
0.5 
MIN 

~ 

STYLE 1 

O.OI60lA~~ 
0Ji19 

PIN 1. EMITTER 
2.8ASE 
3. COLLECTOR 

0.029 
[040 

To convert inches 10 miilimelers multiply by 25.4 

All JEOECdim8nsionsand nolesapply 
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2N5861 (continued) 

*ELECTRICAL CHARACTERISTICS (T A = 25°C unless otherwise noted) 

Characteristic Symbol 

OFF CHARACTERISTICS 

Collector-Emitter Breakdown Voltage BVCEO 
(lC = 10 mAde, IB = 0) 

Collector-Base Breakdown Voltage BVCBO 
(lC = 100 "Ade, IE = 0) 

Emitter-Base Breakdown Voltage BVEBO 
(IE = 10 "Ade, IC = 0) 

Collector Cutoff Current ICEX 
(VCE = 50 Vde, VBE(off) = 2.0 Vde) 

(VCE = 50 Vde, VBE(off) = 2.0 Vde, TA = 75°C) 

Collector Cutoff Current ICBO 
(VCB = 50 Vdc, IE = 0) 

(VCB = 50 Vde, IE = 0, TA = +750 C) 

Emitter Cutoff Current lEBO 
(VBE = 5.0 Vde, IC = 0) 

ON CHARACTERISTICS 

DC Current Gain hFE 
(lC = 500 mAde, VCE = 1.0 Vde) 

(lC = 500 mAde, VCE = 1.0 Vde, T A = -55°C) 

Collector-Emitter Saturation Voltage VCE(sat) 
(lC = 500 mAde, I B = 50 mAde) 

Base-Emitter Saturation Voltage VBE(sat) 
(I C = 500 mAde, I B = 50 mAde) 

OYNAMIC CHARACTERISTICS 

Current-Gain-Bandwidth Product IT 
(lC = 50 mAde, VCE = 10 Vde, f = 100 MHz) 

Collector-Base Capacitance Ceb 
(VCB = 10 Vde, IE = 0, f = 100 kHz) 

Emitter-Base Capacitance Cob 
(VBE = 0.5 Vde, IC = 0, f = 100 kHz) 

SWITCHING CHARACTERISTICS 

Turn-On Time 
(VCC = 30 Vde, VBE(off) = 2.0 Vde, 

ton 

Delay Time IC = 500 mAde, IBI = 50 mAde) td 

Rise Time 
(Figure 1) 

tr 

Turn-Off Time 
(VCC = 30 Vde, IC = 500 mAde, 

toff 

Storage Time IBI = IB2 = 50 mAde) ts 

(Figure 2) 
Fall Time tf . 

Indicates JEDEC Registered Data. 

TYPICAL DYNAMIC CHARACTERISTICS 

FIGURE 1 - CURRENT·GAIN-BANDWIDTH PRODUCT 
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FIGURE 2 - CAPACITANCE 
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2N5861 (continued) 

TYPICAL DYNAMIC CHARACTERISTICS 

FIGURE 3 - TURN-ON TIME FIGURE 4 - TURN-OFF TIME 
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FIGURE 5 - TURN-ON TIME TEST CIRCUIT 
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P.W. > 200 ns 
Duty Cycle';; 2.0% 
Generator Source Impedance"" 50 n 
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OSCILLOSCOPE 

4950 

100 
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Pulse Generator: EH1421 Timing Unit and 1121 Pulse Driver 
Oscilloscope: Tektronix 661 Sampling Scope 

+5.8 V 

10% 
-2.0 V 

---+-""10% 

,-, _ ~~"dl'O-%---
Vin during ton interval must be +5.8 V. 
All waveforms and bias levels must be set with unit in circuit. 

FIGURE 6 - TURN·OFF TIME TEST CIRCUIT 
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Pulse Generator: EH1421 Timing Unit and 1121 Pulse Driver 
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Vin during toff interval must be -4.0 V. 
All waveforms and bias levels must be set with unit in circuit. 
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2N5861 (continued) 
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There are two limitations on the power handling ability of a 
transistor: junction temperature and secondary breakdown. Safe 
operating area curves indicate Ie-VeE limits of the transistor that 
must be observed for reliable operation; Le., the transistor must not 
be subjected to greater dissipation than the curves indicate. 

~0.05 
- - -- Thermal limitations @TC= 250 C 
~,pulse Duty Cyel • .; ll1Yo 

The data of Figure 9 is based on TJ(pk) = 2000 C; TC is variable 
depending on conditions. Pulse curves are valid for duty cycles of 
10% provided T J(pk) S; 200oC. At high case temperatures, thermal 
limitations will reduce the power that can be handled to values 
less than the limitations imposed by secondary breakdown. 
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2N5862 (SILICON) 

TheRFLine 

NPN SILICON RF POWER TRANSISTOR 

· ". designed for VHF power amplifier applications in military and in· 
dustrial equipment. Particularly suited for use in Class AB, B, or C 
amplifier applications to 175 MHz. 

• High Output Power Capability -
90 Watts Peak Output for 15 Watts (Typ) Input@ f = 150 MHz 

• Balanced Emitter Construction to Provide the Designer with the 
device Technology that Assures Ruggedness and Resists Tran· 
sistor Damage Caused by Load Mismatch. 

• Stripline Packaging for Lower Lead I nductance and Better Broad
band Capability 

*MAXIMUM RATINGS 

Rating Svmbol Value 

Collector-Emitter Voltage VeEO 35 

Collector-Base Voltage VeB 65 

Emitter-Base Voltage VEB 4.0 

Collector Cur"'"t - Continuous Ie B.O 

Unit 

Vdc 

Vdc 

Vdc 

Adc 

Totel Device Dissipation @Te=SOOe Po 80 Watts 
Derete above sOOe 533 mW/oe 

Operating and Storage Junction TJ. Tstg -65 to +200 °e 
Temperature Range 

*Indicates JEOeC Registered Data 

2-310 

90 WATTS PEAK -150 MHz 

PIN 1. 
2. 
3. 
4. 

NPN SILICON 
RF POWER 

TRANSISTOR 

.L 
-r- ,-,<=,w·--''--''-''-':;-;;;::--+I 
0.072 
D.Of8 

10-32 NC 2A 

WRENCH 
flAT 

To convert inches to millimeters multiply by 25.4 

CASE 145A-02 



2N5862 (continued) 

* ELECTRICAL CHARACTERISTICS (TC = 25°C unless otherwise noted) 

Characteristic Symbol Min Typ Max Unit 

OFF CHARACTERISTICS 

Collector-Emitter Breakdown Voltage <D 
(lc = 200 mAde, IB = 01 

BVCEO 35 - - Vdc 

Collector-Emitter Breakdown Voltage BVCES 65 - - Vdc 
(lC = 200 mAde, VBE = 01 

Emitter-Ba.se Breakdown Voltage BVEBO 4.0 Vdc 
(IE = 10 mAde, IC = 01 

Collector Cutoff Current ICES - - 10 mAde 
(VCE = 30 Vdc, VBE = 0, TC = 1250 C) 

Collector Cutoff Current ICBO - - 2.0 mAde 
(VCB = 30 Vde, IE = 0) 

ON CHARACTERISTICS 

DC Current Gain 
(lC = 3.0 Adc, VeE = 5.0 Vdcl 

DYNAMIC CHARACTERISTICS 

Output Capacitance 
(VCB = 30 Vdc, IE = 0, f = 0.1 to 1.0 MHz) 

FUNCTIONAL TEST (Circuit Tuned at 90 Watts Peak, Vee = 27 Vdc and nQ! retuned for 13.5 Vdc Carrier Power Test) 

Power Input 
(Pout = 90 W Peak, VCC = 27 Vdc, f = 150 MHz, 
33.3% Duty Cycle Square Wave, Power Source Modulated) 

Power Gain CW (Carrier Powed 
(Pout = 24 W, VCC = 13.5 Vdc, f= 150 MHz, 
Circuit Tuned at90W Peak, VCC = 27 Vdc) 

Power Gain 
(VCC = 27 Vde, f= 150 MHz, Pout = 75 W, IC = 4.1 Adc, 
Circuit Tuned at 90 W Peak, VCC = 27 Vde) 

Collector Efficiency 
(Pout = 75W, VCC = 27 Vde, f = 150 MHz, IC = 4.1 Adc) 

Load Mismatch 

(Pout = 75 W, CW, VCC = 27 Vdc, f = 150 MHz, 
10% Duty Cycle, 10 ms Pulse, VSWR 10:1, 
all angles) 

(!) Pulsed through 25 mH Inductor . 

• Indicates JEDEC Registered Data 

Pin (peak) 

GpE 

GpE 

,., 

FIGURE 1 - 150 MHz TEST CIRCUIT 

- 15 -

5.0 - -

7.0 - -

60 - -

Less Than 5% Change in Power 
Readings Before and After Mi .. 
match Tests. 

VCCo---------~----------------._----~ 

C6,C7,CS,C9 It-: __ 1+----__ 1_---'T 
CI L1 

Cl,C2,C3,C4 9.0-1S0 pF, Arco 463 or Equivalent 
&5 150 pF, Underwood 

C6,C7 1000 pF Feedthru. 
&S O.OI"F 
C9 IO"F,50V 
L1 3·1/2 Turns #16 AWG, 1/4"10 
L2 I Turn #16 AWG, 1/4" 10 
L3 O.15101H With a Ferrite Bead on Both Ends 
L49·I/2Turns#16AWGWoundaroundRI 
RI 1.0 k Ohm, 2.0 W 

C2 
&5 

2-311 

RI L4 

L2 

&3 

L3 

I 

~ 

Watts 

dB 

dB 

% 



2N5862 (continued) 

OUTPUT POWER versus FREQUENCY 
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2N5862 (continued) 

PARALLEL INPUT CAPACITANCE versus FREQUENCY 

FIGURE 8 - Vcc -13.5 Vdc. Pout = 25 W FIGURE 9-VCC=21Vdc.Pout=15W 

f-~C~ = 13.hdc 
Pout = 25 W 
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2NS864 (SILICON) 

PNP SILICON ANNULAR TRANSISTOR 

· .. designed for use in general·purpose amplifier and 
medium-speed switching applications. 

• High Collector-Emitter Breakdown Voltage -
BVCEO = 70 Vdc (Min) @ IC = 10 mAdc 

• DC Current Gain Specified - 50 mA to 500 mA 

• High Collector Current - IC = 1.5Adc 

'MAXIMUM RATINGS 

Rating Symbol Value 

Collector-Emitter Voltage VeEO 70 

Collector-Base Voltage Vee 90 

Emitter·Base Voltage VEe 5.0 

Collector Current - Continuous Ie 1.5 

Total Device Dissipation @ T A = 2SoC Po 1.25 
Derate above 2SoC 7.15 

Total Device Dissipation@TC= 25°C Po .. 8.75 
Derate above 2SoC 50 

Operating and Storage Junction TJ. Tstg -65 to +200 
Temperature Range 

·'ndicates JEDEC Registered Data 
··Motorola Guarantees this data in addition.to JEDEC Registered Data. 

Unit 

Vdc 

Vdc 

Vdc 

Adc 

Watts 
mW/oe 

Watts 
mW/oe 

°e 

2-314 

PNPSILICON 
GENERAL-PURPOSE 

TRANSISTOR 

m~olA8 . 
0.315 
if.33!j OIA +----il. 0.240 

0'009L

ll
ffi" I -1 

0.125+ --t 

0.016 01A II 
iJ:ii19 ---II--

0.5 
MIN 

~ 

Pin 1. Emitter 
2. B_ 
3. Collector 

All JEOEC dimensions and notes apply 

CASE 79 
TO-39 



2N5864 (continued) 

*ELECTRICAL CHARACTERISTICS (T A = 25°C unless otherwise noted) 

[ Characteristic Svmbol Min Max Unit 

OFF CHARACTERISTICS 
COllector-Emitter Breakdown Voltage BVCEO 70 - Vde 

(lC = 10 mAde, 'B = 0) 

Collector· Base Breakdown Voltage BVCBO 90 - Vde 
(lC = 10 IlAde, 'E = 0) 

Emitter·Base Breakdown Voltage BVEBO 5.0 - Vde 
(IE = IOIlAde,lc = 0) 

Collector Cutoff Current 'CBO - 0.5 IlAde 
(VCB = 45 Vde, 'E = 0) 

Emitter Cutoff Current lEBO - 0.5 IlAde 
(VBE = 3.0 Vde, IC = 0) 

ON CHARACTERISTICS 
DC Current Gain hFE -

(lC = 10 mAde, VCE = 10 Vde) 50 -

(lC = 30 mAde, VCE = 10 Vde) 50 -
(lC = 150 mAde, VCE = 10 Vde) 50 500 
(lc = 300 mAde, VCE = 10 Vde) 35 -
(lC = 500 mAde, VCE = 10 Vde) 25 -

Collector-Emitter Saturation Voltage VCE(sat) 0.9 Vde 
(lc = 300 mAde, 'B = 30 mAde) 

Base-Emitter Saturation Voltage VBE(sat)** - 1.25 Vde 
(I C = 300 mAde, I B = 30 mAde) 

Base·Emitter On Voltage VBE(on) - 1.0 Vde 
(lC = 150 mAde, VCE = 10 Vde) 

SMALL-SIGNAL CHARACTERISTICS 
Current-Gain - Bandwidth Product (1) ~ 50 - MHz 

(lC = 50 mAde, VCE = 20 Vde, f = 20 MHz) 

Collector-Base Capacitance 
(VCB = 10 Vde, 'E = 0, f = 100 kHz) 

Ceb - 25 pF 

Emitter-Base Capacitance Ceb ** - 150 pF 
(VBE = 1.0 Vde, IC = 0, f = 100 kHz) 

I nput Impedance hie 200 1500 Ohm, 
(lc = 10 mAde, VCE = 10 Vde, f = 1.0 kHz) 

Voltage Feedback Ratio hre - 5.0 X 10-4 
(lc = 10 mAde, VCE = 10 Vde, f = 1.0 kHz) 

Small-Signal Current Gain hfe 50 500 -
(lC = 10 mAde, VCE = 10 Vde, f = 1.0 kHz) 

Output Admittance 
(lC = 10 mAde, VCE = 10 Vde, f = 1.0 kHz) 

hoe 10 200 J,Lmhos 

SWITCHING CHARACTERISTICS (See Figure 1)** 

Delay Time td - 30 ns 

Rise Time 
(VCC = 10 Vde, IC = 300 mAde, 'Bl = 30 mAde) 

tr - 100 ns 

Storage Time ts - 500 ns 

Fall Time 
(VCC = 10 Vde, IC = 300 mAde, IBI = IB2 = 30 mAde I 

tf - 250 ns 

* Indicates JEDEC RegIStered Data. ··Motorola guarantees this data in addition to JEDEC Registered Data. 
(1) fT is defined as the frequency at which 

Ihfel extrapolates to unity. 

FIGURE 1 - TURN-ON AND TURN-OFF SWITCHING TIMES TEST CIRCUIT 

0, 1.0~s I. 
-32V---~ 
INPUT PULSE 

1. Yin = -27 V 4. Duty Cycle = 2.0% 
2. Pulse Width = 1.0 ~s 5. t" tf < 5.0 ns 
3. PRP = 20 kHz 

500 

50 

2-315 

+15V -IOV 

27 
500 

To Scope: 
Tektronix 567 
or equivalent 

/.":;>11:,..--< Zout 
1.0 Megohm 

+4.0 Vdc 



2N5865 (SILl.CON) 

PNP SILICON ANNULAR TRANSISTOR 

· .. designed where high·current, high-voltage conditions are require
ments for general-purpose switching and amplifier applications. 

• Collector-Emitter Breakdown Voltage -
BVCEO = 50 Vdi: (Min) @ IC = 10 mAdc 

• DC Current Gain Specified - 1.0 rnA to 500 rnA 

• Turn-On Time --
ton = 120 ns (Max) @ IC = 500 mAdc 

*MAXIMUM RATINGS 

Rating Symbol Value Unit 

Collector~Emitter Voltage VCEO 50 Vdc 

Coliector~Base Voltage VCB 70 Vdc 

Emitter-Sase Voltage VEB 5.0 Vdc 

Collector Current - Continuous IC 1.0 Adc 

Total Device Dissipation@TA = 25°C 'PO 1.25 Watts 
Derate ab~ve 25°C 7.15 mW/oC 

Total Device Dissipation @TC :::: 25°(; Po 7.0 Watts 
Derate above 2SoC 40 mWJOC 

Operating and Storage Junction TJ,T stg -65 to +200 °c 
Temperature Range 

*Indicates JEDEC Reglste:red Data. 

2-316 

PNPSILICON 
GENERAL-PURPOSE 

TRANSISTOR 

~:~l~DIAlR 
0.315 

o:m DIAr ,&¥s8 

0'009Lm'~' 0.125, --t 

0.016 D'IA--I1-
0.019 

0.5 
MIN 

-.1, 

Pin 1. Emitter 
2. Ball 
3. Collector 

All JEDEC dimensions and notes apply 

CASE 79 
TO·39 



2N5865 (continued) 

*ELECTRICAL CHARACTERISTICS (T A = 25°C unless otherwise noted) 

Characteristic Svmbol Min 

OFF CHARACTERISTICS 

Collector-Emitter Breakdown Voltage BVCEO 50 
(lC = 10 mAde, IB = 0) 

Collector-Base Breakdown Voltage BVCBO 70 
(lC = 10 "Ade, IE = 0) 

Emitter-Base Breakdown Voltage BVEBO 5_0 
(IE = 10 "Ade, IC = 0) 

Collector Cutoff Current ICBO -
(VCB = 35 Vde, IE = 0) 

Emitter Cutoff Current lEBO -
(VBE = 3_0 Vde, IC = 0) 

ON CHARACTERISTICS 

DC Current Gain hFE 
(lc = 1.0 mAde, VCE = 1.0 Vde) 40 

(lc = 150 mAde, VCE = 1.0 Vde) 40 

(lC = 500 mAde, VCE =2.0 Vde) 20 

Collector-Emitter Saturation Voltage VCE(sat) -
(lC = 500 mAde,lB = 50 mAde) 

Base-Emitter Saturation Voltage VBE(sat) -
(I C = 500 mAde, I B = 50 mAde) 

DYNAMIC CHARACTERISTICS 

Current-Gain-Bandwidth Produet( 1) fT 100 
(lC = 50 mAde, VCE = 20 Vde, f = 20 MHz) 

Collector-Base Capacitance Ccb -
(VCB = 10 Vde, IE = 0, f = 100 kHz) 

Emitter-Base Capacitance Cob -
(VBE = 0.5 Vde, IC = 0, f = 100 kHz) 

SWITCHING CHARACTERISTICS 

Delay Time 
(VCC = 10 Vdc,IC = 500 mAde,lBl =50 mAdc) td -

RiseTime tr -

Storage Time 
(VCC = 10 Vde,lc = 500 mAde,lBl = IB2 = 50 mAdc) to -

Fall Time tf -

*Indicates JEDEC Registered Data. 
(1)fT is defined as the frequency at which Ihfel extrapolates itself to unity. 

FIGURE 1 - TURN-ON AND TURN-OFF SWITCHING TIMES TEST CI RCUIT 

INPUT PULSE 3. PRR = 20 kHz 
1. Vin=-45V 4. Duty Cycl. = 2.0% 
2. Pulse Width = 1.0 IJS 5. tr, tf < 5.0 ns 

°L1.0"sJ 

-45V-~ 

500 

50 

2-317 

+18V -10 V 

500 18 Tektronix 567 
or Equivalent. 

Zout> 1.0 Megohm 

Max Unit 

- Vde 

- Vde 

- Vde 

200 nAde 

200 nAde 

-
-

200 

-
1.25 Vde 

1.5 Vde 

- MHz 

20 pF 

150 pF 

30 ns 

90 ns 

350 ns 

150 ns 



2N5867, 2N 5868 PNP (SILICON) 
2N5869,2N5870 NPN 

COMPLEMENTARY SILICON 
MEDIUM-POWER TRANSISTORS 

· .. designed for general·purpose power amplifier and switching 
applications. 

• Low Coliector·Emitter Saturation Voltage -
VCE(sat) = 1.0 Vdc (Max) @ IC = 2.0 Adc 

• Low Leakage Current - ICEX = 0.1 mAdc (Max) 

• Excellent DC Current Gain - hFE = 20 (Min) @ IC = 1.5 Adc 

*MAXIMUM RATINGS 

2N5867 2N5868 
Rating Symbol 2N5869 2N5870 

Collector-Emitter Voltage VCEO 60 80 

Collector-Base Voltage VCB 60 80 

Emitter-Base Voltage VEB 5.0 

Collector Current (1) IC 3.0 
5.0 

Base Current IB 1.0 

Total Device Dissipation @TC = 25°C Po 87.5 
Derate above 25°C 0.5 

Operating and Storage Junction TJ. Tstg -65 to +200 
Temperature Range 

THERMAL CHARACTERISTICS 

Characteristics Max 

Thermal Resistance, Junction to Case 2.0 

*Indicates JEDEC Registered Data. 

Unit 

Vdc 

Vdc 

Vdc 

Adc 

Adc 

Watts 
wf"c 
°c 

(1) The 3.0 Ampere maximum Ie value is ba~d upon JEOEC current gain requirements. 
The 5.0 Ampere maximum value is based upon actual current handling capability of 
the device. 

FIGURE 1 - POWER TEMPERATURE DERATING CUJlVE 
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5.0 AMPERE 

POWER TRANSISTORS 
COMPLEMENTARY SILICON 

60-80 VOLTS 
87.5 WATTS 

a~ h1.550MAiL 
0.83 
MAX 0.30 

~L DlAj MAX 

CASE 11 
TO-3 

EMITTER 

0.420 
ImiI 

BASE 

Collector Connected to Ca. 



2N5867, 2N5868 PNP/2N5869, 2N5870 NPN (continued). 

*ELECTRICAL CHARACTERISTICS (TC = 250 C unless otherwise noted) 
I Characteristic Symbol Min Max Unit 

OFF CHARACTERISTICS 

Collector-Emitter Sustaining Voltage (1) VCEOlsus) Vde 
(lC = 100 mAde, IS = 0) 2N5867,2N5869 60 -

2N5868, 2N5870 80 -
Collector Cutoff Cu rrent ICEO mAde 

IVCE = 30 Vde, 18 = 0) 2N5867,2N5869 - 0.5 
IVCE = 40 Vde, 18 = 0) 2N5868,2N5870 - 0.5 

Collector Cutoff Current ICEX mAde 

IVCE = 60 Vde, VBEloff) = 1.5 Vde) 2N5867,2N5869 - 0.1 

IVCE = 80 Vde, V8E(off) = 1.5 Vde) 2N5868,2N5870 - 0.1 
IVCE = 60 Vde, VBEloff) = 1.5 Vde, TC = 150°C) 2N5867,2N5869 - 2.0 
IVCE = 80 Vde, VBEloff) = 1.5 Vde, TC = 150oC) 2N5868,2N5870 - 2.0 

Collector Cutoff Current ICSO mAde 
IVCB = 60 Vde, IE = 0) 2N5867,2N5869 - 0.1 
(VCS = 80 Vde, IE = 0) 2N5868, 2N5870 - 0.1 

Emitter Cutoff Current lEBO - 1.0 mAde 
IVEB = 5.0 Vde, IC = 0) 

ON CHARACTERISTICS 

DC Current Gain 11) hFE -
IIC = 0.3 Ade, VCE = 4.0 Vdcl 35 -
(I C = 1.5 Ade, V CE = 4.0 Vde) 20 100 
IIC = 3.0 Ade, VCE = 4.0 Vde) 5.0 -

Collector-Emitter Saturation Voltage (1) VCElsal) Vde 
IIc = 2.0 Ade,IB = 0.2 Add - 1.0 
IIc = 3.0 Ade, 18 = 0.6 Ade) - 2.0 

Base-Emitter Saturation Voltage (1) VSElsal) - 1.6 Vde 
(lC = 2.0 Ade, IB = 0.2 Ade) 

Base-Emiller On Vollage 11) VBElon) - 2.0 Vde 

(lC = 3.0 Ade, VCE = 4.0 Vdcl 

DYNAMIC CHARACTERISTICS 

Current-Gain - Bandwidlh Product 12) fT 4.0 - MHz 
IIc = 0.25 Ade, VCE = 10 Vde, f = 1.0 MHz) 

Output Capacitance Cob pF 
IVCB = 10 Vde, IE = 0, f = 1.0 MHz) 2N5867,2N5868 - 200 

2N5869, 2N 5870 - 150 

SmaJl-Signal Current Gain hfe 20 - -
IIC = 0.25 Ade, VCE = 4.0 Vde, f = 1.0 kHz) 

SWITCHING CHARACTERISTICS 

Rise Time t, - 0.7 !is 

Storage Time IVCC = 30 Vde, IC = 1.5 Ade, IBI = IB2 = 0.15 Ade) Is - 1.0 !is 

Fall Time If - 0.8 !is 

·Indlcates JEDEC Registered Data. 
(1) Pulse Test: Pulse Width ~ 300 J.Ls, Duty Cvcle~ 2.0%. 
(2) fT is defined as the frequency at which \hfel extrapolates to unity. 

FIGURE 2 - ACTIVE-REGION SAFE OPERATING AREA 
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below the maximum T J, power-temperature derating must be ob
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2N5871, 2N 5872 PNP (SILICON) 
2N5873., 2N5874 NPN 

COMPLEMENTARY SI LICON 
MEDIUM-POWER TRANSISTORS 

. designed for general-purpose power amplifier and switching 
applications. 

• Low COllector-Emitter Saturation Voltage -
VCE(sat) = 1.0 Vdc (Max) @ IC = 4.0 Adc 

• Low Leakage Current - ICEX = 0.25 mAdc (Max) 

• Excellent DC Current Gain - hFE = 20 (Min) @ IC = 2.5 Adc 

"MAXIMUM RATINGS 

2N5871 2N5872 
Rating Symbol 2N5873 2N5B74 

Collector-Emitter Voltage VCEO 60 80 

Collector-Base Voltage VC8 60 80 

Emitter-Base Voltage VEa 5.0 

Collector Current! 1 ) IC 5.0 
7.0 

Base Current Ie 1.5 

Total Device Dissipation @TC=250C PD 100 
Derate above 25°C 0.572 

Operating and Storage Junction TJ.Tstg -65 to +200 
Temperature Range 

THERMAL CHARACTERISTICS 

Characteristic I Symbol I Max I 
Thermal Resistance, Junction to Case I 6JC I 1.75 I 
·fndlcat •• JEOEC Registered Data. 

Unit 

Vde 

Vde 

Vde 

Ade 

Aile' 

Watts 
WJOC 

°c 

Unit 

°C/W 

(1)The 5.0 Amper. maximum Ie value is based upon JEOEC currant gain requirements. 
The 7.0 Ampere maximum value II basad upon actual currant handling capabilltv 
of the davlce. 
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2N5871, 2N5872 PNP/2N5873, 2N5874 NPN (continued) 

*ELECTRICAL CHARACTERISTICS (TC = 25°C unless otherwise noted) 

Characteristic Svmbol Min Max Unit 

OFF CHARACTERISTICS 

Collector-E mitter Sustaining Voltage (1) VCEO(sus) Vdc 
(lC = 100 mAde, IS = 0) 2N5871,2N5873 60 -

2N5872, 2N5874 80 -
Collector Cutoff Current ICEO mAde 

(VCE = 30 Vde, IS = 0) 2N5871, 2N5873 - 0.5 

(VCE = 40 Vde, IS = 0) 2N5872, 2N5874 - 0.5 

Collector Cutoff Current ICEX mAde 
(VCE = 60 Vde, VSE(off) = 1.5 Vde) 2N5871,2N5873 - 0.25 

(VCE = 80 Vde, VSE(off) = 1.5 Vde) 2N5872, 2N5874 - 0.25 

(VCE = 60 Vdc, VBE(off) = 1.5 Vdc, TC = 150°C) 2N5871,2N5873 - 2.0 

(VCE = 80 Vdc, VBE(oll) = 1.5 Vdc, T C = 150°C) 2N5872, 2N5874 - 2.0 

Collector Cutoff Current ICBO mAde 
(VCS = 60 Vde, IE = Q) 2N5871, 2N5873 - 0.25 

(VCB = 80 Vde, IE = 0) 2N5872, 2N5874 - 0.25 

Emitter Cutoff Current lEBO - 1.0 mAde 
(VEB = 5.0 Vde, IC = 0) 

ON CHARACTERISTICS 

DC Current Gain (1) hFE -
(lC = 0.5 Ade, VCE = 4.0 Vde) 35 -

(lC = 2.5 Ade, VCE = 4.0 Vde) 20 100 

(lC = 5.0 Ade, VCE = 4.0 Vde) 5.0 -

Collector-Emitter Saturation Voltage (1) VCE(sat) Vde 
(I C = 4.0 Ade, I B = 0.4 Ade) - 1.0 

(lC = 5.0 Ade, IB = 1.0 Ade) - 2.0 

Base-Emitter Saturation Voltage (1) VBE(sat) - 1.6 Vde 
(lC = 4.0 Ade, IS = 0.4 Ade) 

Base-E mitter On Voltage (1) VBE(on) - 2.0 Vde 
(lC = 5.0 Ade, VCE = 4.0 Vde) 

DYNAMIC CHARACTERISTICS 

Current-Gain - Bandwidth Product (2) IT 4.0 - MHz 
(lC = 0.25 Ade, VCE = 10 Vde, I = 1.0 MHz) 

Output Capacitance Cob pF 
(VCB = 10 Vde, IE = 0, I = 1.0 MHz) 2N5871,2N5872 - 300 

2N5873, 2N5874 - 200 

Small-Signal Current Gain hie 20 - -
(lC = 0.5 Ade, VCE = 4.0 Vde, I = 1.0 kHz) 

SWITCHING CHARACTERISTICS 

Rise Time tr - 0.7 itS 

Storage Time 
(VCC = 30 Vde, IC = 2.5 Ade, 

ts - 1.0 itS 

Fall Time ISl = IS2 = 0.25 Ade) 
tl - 0.8 IlS 

"'Indicates JEDEC Registered Data. 
(1) Pulse Test: Pulse Width ~ 300 #lS, Duty Cycle ~ 2.0%. 
(2) fT is defined as the frequency at which Ihfel extrapolates to unity. 
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The Sale Operating Area Curves indicate IC-VCE limits below 
which the device will not enter secondary breakdown. Collector 
load lines for specific circuits must fall within the applicable Safe 
Area to avoid causing a catastrophic failure. To insure operation 
below the maximum T J, power-temperature derating must be ob
served for both steady state and pulse power conditions. 



2N5875, 2N5876 PNP (SILICON) 

2N5877, 2N5878 NPN 

COMPLEMENTARY SI LICON 
HIGH-POWER TRANSISTORS 

· .. designed for general·purpose power amplifier and switching appli· 
cations. 

• Low Collector· Emitter Saturation Voltage
VCE(sat) = 1.0 Vdc (Max) @ IC = 5.0 Adc 

• Low Leakage Current -
ICEX = 0.5 mAdc (Max) 

• Excellent DC Current Gain -
hFE = 20 (Min) @ Ie = 4.0 Adc 

*MAXIMUM RATINGS 

Rating Symbol 2N5875 2N5B76 
2N5877 2N5878 

Collector-Emitter Voltage VCEO 60 BO 

Collector-Base Voltage VCB 60 BO 

Emitter-Base Voltage VEB 5.0 

Collector Current (1) IC B.O 
10 

Base Current IB 2.0 

Total Device Dissipation@TC=250C Po 150 
Derate above 25°C 0.B57 

Operating and Storage Junction TJ. Tstg -65 to +200 
Temperature Range 

THERMAL CHARACTERISTICS 
Characteristic Symbol I Max 

Thermal Resistance, Junction to Case °JC 1.17 

·Indicates JEOEC Registered Data 

Unit 

Vdc 

Vdc 

Vdc 

Adc 

Adc 

Watts 
W/oC 

°c 

Unit 

°CIW 

(1) The 8.0 Ampere Maximum Ie value is based upon JEDEC current gain requirements. 
The 10 Ampere Maximum Value is based upon' actual current handling 
capability of the device. 
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2N5875, 2N5876 PNP/2N5877, 2N5878 NPN (continued) 

"ELECTRICAL CHARACTERISTICS (TC = 25°C unless otherwise noted) 
I Characteristic Symbol Mil' Max Unit 

OFF CHARACTERISTICS 

Collector-Emitter Sustaining Voltage 11) VCEOlsus) Vdc 
IIc: 200 mAdc, IS : 0) 2N5875,2N5877 60 -

2N5876, 2N5878 80 -
Collector Cutoff Current ICED mAdc 

IVCE : 30 Vdc, IS: 0) 2N5875, 2N5877 - 1.0 
IVCE: 40 Vdc, IS: 0) 2N5876, 2N5878 - 1.0 

Collector Cutoff Current ICEX mAdc 
IVCE: 60 Vdc, VSEloff) : 1.5 Vdc) 2N5875, 2N5877 - 0.5 
IVCE: 80 Vdc, VSEloff) : 1.5 Vdc) 2N5876,2N5878 - 0.5 
IVCE: 60 Vdc, VSEloff): 1.5 Vdc, TC: 150oC) 2N5875, 2N5877 - 5.0 
IVCE : 80 Vdc, VSEloff) : 1.5 Vdc, TC: 150oC) 2N5876, 2N5878 - 5.0 

Collector Cutoff Current ICSO mAdc 
IVcs: 60 Vdc, IE: 0) 2N5875, 2N5877 - 0.5 
IVCS: 80 Vdc, IE: 0) 2N5876,2N5878 - 0.5 

Emitter Cutoff Current IE80 - 1.0 mAdc 
IVES : 5.0 Vdc, IE : 0) 

ON CHARACTERISTICS 

DC Current Gain 11) hFE -
IIC: 1.0Adc, VCE: 4.0 Vdc) 35 -
IIC: 4.0 Adc, VCE : 4.0 Vdc) 20 100 
IIc: 8.0 Adc, VCE : 4.0 Vdc) 5.0 -

Collector-Emitter Saturation Voltage 11) VCElsat) Vdc 
IIc = 5.0 Adc, IS: 0.5 Adc) - 1.0 
IIC: 8.0 Adc, IS: 1.6 Adc) - 3.0 

Sase-Emitter Saturation Voltage 11) VSElsat) - 1.6 Vdc 
IIC: 5.0 Adc, IS : 0.5 Adc) 

Sase-E mitter On Voltage III VSElon) - 2.5 Vdc 
IIC: 8.0 Adc, VCE: 4.0 Vdc) 

OYNAMIC CHARACTERISTICS 

Current-Gain - Sandwidth Product (2) fT 4.0 - MHz 
IIC: 0.5 Adc, VCE: 10 Vdc, f: 1.0 MHz) 

Output Capacitance Cob - pF 
IVCS: 10 Vdc, IE : 0, f: 1.0 MHz) 2N5875, 2N5876 - 500 

2N5877, 2N5878 - 300 

Small-Signal Current Gain hfe 20 - -
IIC: 1.0 Adc, VCE : 4.0 Vdc, f: 1.0 kHz) 

SWITCHING CHARACTERISTICS 

Rise Time tr - 0.7 /oLS 

Storage Time IVCC: 30Vdc,IC :4.0Adc,IS1: IS2:0.4Adc) ts - 1.0 /oLS 

Fall Time tf - 0.8 /oLS 

"Indicates JEOEC Registered Data. 
(1) Pulse Test: Pulse WidthS 300 IJ.s, Duty Cycle S 2.0%. 
(2) fT is defined as the frequency at which Ihfel extrapolates to unity. 
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The Safe Operating Area Curves indicate IC-VCE limits below 
which the device will not enter secondary breakdown. Collector 
load lines for specific circuits must fall within the applicable Safe 
Area to avoid C8uS!ing a catastrophic failure. To insure operation 
below the maximum T J. power-temperature derating must be ob
served for both steady state and pulse power conditions. 
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2N5879, 2N 5880 PNP (SILICON) 

2N5881,2N5882 NPN 

COMPLEMENTARY SILICON 
HIGH-POWER TRANSISTORS 

· .. designed for general-purpose power amplifier and switching 
applications. 

• Low Coliector·Emitter Saturation Voltage -
VCE(sat) = 1.0 Vdc (Max) @ IC = 7.0 Adc 

• Low Leakage Current - ICEX = 0.5 mAde (Max) 

• Excellent DC Current Gain - hFE = 20 (Min) @ IC = 6.0 Adc 

*MAXIMUM RATINGS 

2N5879 2N5880 
Rating Symbol 2N5881 2N5882 

Collector-Emitter Voltage VCEO 60 80 

Coliector·Sase Voltage VCS 60 80 

Emitter-Base Voltage VES 5.0 

Collector Currentll) IC 12 
15 

Base Current IS 4.0 

Total Device Dissipation @TC:: 2SoC Po 160 
Derate above 25°C 0.915 

Operating and Storage Junction TJ.T stg -65 to +200 
Temperature Range 

THERMAL CHARACTERISTICS 

Characteristic I Svmbol I Max I 
Thermal Resistance, Junction to Case I BJC I 1.095 I 

* Indicates JEOEC Registered Data. 

Unit 

Vdc 

Vdc 

Vdc 

Adc 

Adc 

Watts 
WloC 

°c 

Unit 

°CIW 

(1)The 12 Ampere maximum Ie value is based upon JEDEC current gain requirements. 
The 15 Ampere maximum value iSbased upon actu.al current handling capability 
of the device. 
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2N5879, 2N5880 PNP/2N5881, 2N5882 NPN (continued) 

*ELECTRICAL CHARACTERISTICS (TC = 25°C unless otherwise noted} 

Characteristic Symbol Min Max Unit 

OFF CHARACTERISTICS 

Collector-Emitter Sustaining Voltage 11) VCEO(sus) Vde 
(lC = 200 mAde, 'e = 0) 2N5879,2N5881 60 -

2N5880,2N5882 80 -
Collector Cutoff Current ICED mAde 

(VCE = 30 Vde, Ie = 0) 2N5879, 2N5881 - 1.0 

(VCE = 40 Vde, Ie = 0) 2N5880, 2N5882 - 1_0 

Collector Cutoff Current 'CEX mAde 
(VCE = 60 Vde, VeEloff) = 1_5 Vdc! 2N5879, 2N5881 - 0_5 

(VCE = 80 Vde, VeEloff) = 1.5 Vdc) 2N5880, 2N5882 - 0.5 

IVCE = 60 Vde, VSEloff) = 1.5 Vdc, TC = lS0oC) 2N5879, 2N5881 - 5.0 

(VCE = 80 Vde, VSE(off) = 1.5 Vdc, TC = 150°C) 2N5880, 2N5882 - 5.0 

Collector Cutoff Current IceD mAde 
(VCS = 60 Vdc, 'E = 0) 2N5879, 2N5881 - 0.5 

(VCS = 80 Vdc, 'E = 0) 2N5880,2N5882 - 0.5 

Emitter Cutoff Current 'E80 - 1.0 mAde 
IVES = 5.0 Vdc, Ie = 0) 

ON CHARACTERISTICS 

De Current Gain II) hFE -
IIc = 2.0 Adc, VCE = 4.0 Vdc) 35 -
IIc = 6.0 Adc, VCE = 4.0 Vdc) 20 100 

IIc = 12 Adc, VCE = 4.0 Vdc) 5.0 -
Collector-Emitter Saturation Voltage I I) VCElsati Vde 

IIc = 7.0 Adc, IS = 0.7 Adc) - 1.0 

IIc = 12 Adc, IS = 2.4 Adc) - 4.0 

Sase-Emitter Saturation Voltage II) VSElsati - 1.6 Vdc 
(Ie = 7.0 Adc, IS = 0.7 Ade) 

Sase-Emitter On Voltage (1) VSElon) - 2.5 Vdc 
(lC = 12 Adc, VCE = 4.0 Vdc) 

DYNAMIC CHARACTERISTICS 

Current-Gain-Sandwidth Product 12) fT 4.0 - MHz 
(lc = 1.0Adc, VCE = 10 Vdc, f = 1.0 MHz) 

Output Capacitance Cob pF 
IVcs = 10 Vdc, 'E = 0, f = 100 kHz) 2N5879,2N5880 - 600 

2N5881,2N5882 - 400 

Small-Signal Current Gain hfe 20 - -
IIc = 2.0 Adc, VCE = 4.0 Vdc, f = 1.0 kHz) 

SWITCHING CHARACTERISTICS 

Rise Time tr - 0.7 "s IVCC = 30 Vdc,IC = 6.0 Adc, 
Storage Time ts - 1.0 "s lSI = IS2 = 0.6 Adc) 
Fall Time tf - 0.8 "S 

·'ndlcates JEDEC Registered Data. 
(1) Pulse Test: Pulse Width'S. 300 IJs, Duty Cycle'S 2.0% 
(2) fT is defined as the frequency at which lhfel extrapolates to unity. 

FIGURE 2 - ACTIVE-REGION SAFE OPERATING AREA 
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below the maximum T J, power-temperature derating must be ob
served for both steady state and pulse power conditions_ 
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2N5883, 2N 5884 PNP (SILICON) 

2N5885, 2N5886 NPN 

COMPLEMENTARY SI LICON 
HIGH-POWER TRANSISTORS 

· . . designed for general-purpose power amplifier and switching 
applications. 

• Low Collector-Emitter Saturation Voltage -
VCE(sat) = 1.0 Vdc (Max) @ IC = 15 Adc 

• Low Leakage Current - 'CEX = 1.0 mAdc (Max) 

• Excellent DC Current Gain - hFE = 20 (Min) @ IC = 10 Adc 

*MAXIMUMRATINGS 
2N5883 2N5884 

Rating Symbol 2N5885 2N5886 

Collector~Emitter Voltage VCEO 60 80 

Collector-Base Voltage VCB 60 80 

Emitter-Base Voltage VEB 5.0 

Collector Current") IC 20 
25 

Base Current IB 6.0 

Total Device Dissipation @IT C = 25°C Po 200 
Derate above 25°C 1.15 

Operating and Storage Junction TJ,T stg -65 to +200 
Temperature Range 

THERMAL CHARACTERISTICS 

Oi.racteristic I Symbol I Max I 
Thermal Resistance, Junction to Case I OJC I 0.87 I . Indicates JEDEC Registered Data. 

Unit 

Vdc 

Vdc 

Vdc 

Adc 

Adc 

Watts 
wflc 

°c 

Unit 

°C/W 

(1 )The 20 Ampere maximum I C value Is b8~d upon JE DEC current gain requirements. 
The 25 Ampere maximum value Is based upon actual current handling capabllitv 

of the device. .. 
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2N5883, 2N5884 PNP/2N5885, 2N5886 NPN (continued) 

*ELECTRICAL CHARACTERISTICS (TC = 25°C unless otherwise noted) 

I Characteristic Symbol Min Max U"it 

OFF CHARACTERISTICS 

Collector-Emitter Sustaining Voltage (1) VCEO(sus) Vde 
(lC = 200 mAde, IB = 0) 2NS883, 2NS88S 60 -

2NS884, 2NS886 80 -

Collector Cutoff Current ICEO mAde 
(VCE = 30 Vde, IB = 0) 2NS883, 2NS88S - 2.0 

(VCE = 40 Vde, IB = 0) 2NS884,2NS886 - 2.0 

Collector Cutoff Current ICEX mAde 
(VCE = 60 Vde, VBE(off) = I.S Vde) 2NS883, 2NS88S - 1.0 

(VCE = 80 Vdc, VBE (off) = I.S Vde) 2NS884,2NS886 - 1.0 

(VCE = 60 Vdc, VBE(off) = I.S Vde, TC = IS0oC) 2NS883, 2NS88S - 10 

(VCE = 80 Vdc, V8E(offl = I.S Vde, TC = IS0oC) 2NS884,2NS886 - 10 

Collector Cutoff Current ICBO mAde 
(VCB = 60 Vde, IE = 0) 2NS883,2N5885 - 1.0 

(VCB = 80 Vde, IE = 0) 2NS884, 2N5886 - 1.0 

Emitter Cutoff Current lEBO - 1.0 mAde 
(VEB = S.O Vde, IC = 0 

ON CHARACTERISTICS 

DC Current Gain (1) hFE -
(lC = 3.0 Ade, VCE = 4.0 Vde) 3S -
(lC = 10 Ade, VCE = 4.0 Vdc) 20 100 

(lC = 20 Ade, VCE = 4.0 Vde) S.O -

Collector-Emitter Saturation Voltage ( 1) VCE(sat) Vde 
(lC = IS Ade,IB = I.S Ade) - 1.0 

(lC = 20 Ade, IB = 4.0 Ade) - 4.0 

Base-Emitter Saturation Voltage (1) VBE(sat) - 1.8 Vde 
(lC = IS Ade, IB = 1.5 Ade) 

Base-Emitter On Voltage (1) VBE(on) ,.. 2.S Vde 
(lc = 20 Ade, VCE = 4.0 Vde) 

DYNAMIC CHARACTERISTICS 

Current-Gain-Bandwidth Product (2) fr 4.0 - MHz 
(lC = 1.0 Ade, VCE = 10 Vde, f = 1.0 MHz) 

Output Capacitance Cob pF 
(VCB = 10 Vde, IE = 0, f = 1.0 MHz) 2NS883, 2NS884 - 800 

2NS88S,2NS886 - SOO 

Small-Signal Current Gain hfe 20 - -
(lC = 3.0 Ade, VCE = 4.0 Vde, f = 1.0 kHz) 

SWITCHING CHARACTERISTICS 

Rise Time 
(VCC = 30 Vde,lc = 10 Ade, 

tr - 0.7 "S 
Storage Time 

IBI = IB2 = 1.0 Adc) ts - 1.0 "" Fall Time tf - 0.8 "S 
-Indicates JEDEC Registered Data. 
(1) Pulse Test: Pulse Width'S 300 p.s, Duty Cycle'S 2.0%. 

(2) fT Is defined as the frequency at which Ihfel extrapolates to unity. 

100 

SO 

iL 30 
~ 20 
.... 
~ 10 

a:: 5.0 
a 
'" 3.0 

~ 2.0 

= 1.0 

S 0.5 
E 0.3 

O. 2 

FIGURE 2 - ACTIVE-REGION SAFE OPERATING AREA 

o.oS m, 

-- - -- -!-N_ iO>-. ........ 
l.omr-< o.s:;;;-'~ de 0.1 ms 

~ --- Secondary Breakdo~nllimited 1\ 
I:::: - --- Thermally Limited,Tc-250C 
~ - Bonding Wire limited 

2N5883,2NS885 

The Safe Operating Area Curves indicate IC-VCElimits below 
which the device will not enter secondary breakdown. Collector 
load lines for specific circuits must fall within the applicable Safe 
Area to avoid causing a catastrophic failure. To insure operation 
below the maximum T J. power-temperature derating must be ob
served for both steady state and pulse power conditions. 

1 O. 
1.0 2.0 3.0 

I III 
S.O 7.0 10 

2NS884, 2NS886 -

20 30 SO 70 100 

VCE, COLLECTOR·EMITTER VOLTAGE (VOLTS) 
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2N5887 thru 2N590 1 (GERMANIUM) 

GERMANIUMPNP POWER TRANSISTORS 

· .. designed for low frequency switching and amplifier applications 
requiring to 7.0 amperes collector current. 

• Low Collector-Emitter Cutoff Current -
ICEX = 10 mA Max @ 1000 C with VCE to 75 V 

• Low Collector-Emitter Saturation Voltage -
VCE(sat) = 0.4 V Max @ IC = 7.0 A 

• Broad Range of Current Gain Available 

• TO-66 Cold Weld All Aluminum Package 

• Electrically Similar to 2N3611 Series 

'MAXIMUM RATINGS 

2N5888 
2N6889 2N5890 2N5891 2N5892 

Rating Symbol 2N5887 2N5893 2N5894 2N5895 2N5896 
2N5897 2N5898 2N5899 2N5900 
2N5901 

Collector-Emitter Voltage (Base Openl VCEO 15 25 36 45 60 
Collector-Emitter Voltage VCES 20 30 45 60 75 
Collect<?r-Base Voltage Veao 20 30 45 60 75 

Emitter-Base Voltage VE BO 20 

Collector Current Continuous Ie 7.0 
Base Current Continuous I B 2.0 

Operating Case and Storage T C' T 5tg 65 to +110 
Temperature Range 

Total Device Dissipation@Tc 2SoC PD 51 
Derate above 2S0C 0.67 

-Indicates JEDEC Registered DOIta. 

THERMAL CHARACTER ISTleS 

Characteristic 

Thermal Resistance, Junction to Case 

FIGURE 1 - POWER-TEMPERATURE DERATING CURVE 

a 

a 
57 Watts Maximum 

0- - atTc=250 C -....... 
a ........ 

I'-.. a 
........... 

a ........ 
.......... a 

........... 
a 

a 
, 

20 40 60 80 100 120 

Te. CASE TEMPERATURE lOCI 
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Unit 

Vde 

Vdc 

Vde 

Vdc 

Ade 

Ade 

C 

Watts 
W/oe 

PIN 1. 
2. 

7.0 AMPERE 
POWER TRANSISTORS 

PNP GERMANIUM 

20-75 VOLTS 
57 WATTS 

To convert inches to millimeters multiply by 25.4 

AlI"JEDEC dimensions and notes apply 

Collector connected to case 

CASE 80-02 
TO·66 



2N5887 thru 2N5901 (continued) 

*ELECTRICAL CHARACTERISTICS (TC = 25°C unless otherwise noted) 

I Characteristic 

OFF CHARACTERISTICS 

Collector-Emitter Breakdown Voltage (1) 
liC = 500 mAde, IB = 0) 

Collector-Emitter Breakdown Voltage (1) 
liC = 250 mAde, VBE = 0) 

Collector Cutoff Current 

(VCE = 1/2 VCEO Max) 

Collector Cutoff Current 

(VCE = VCES Max, VBE = 1.0 Vde) 

(VCE = VCES Max, VBE = 1.0 Vde, TC = 100°C) 

Collector Cutoff Curr~nt 
(VCB = '2.0 Vde) 

(VCB = 15 Vde) 

(V CB = 25 Vde) 

(VCB = 35 Vde) 

(VCB = 45 Vde) 

(VCB = 60 Vde) 

Emitter Cutoff Current 

(VBE = 20 Vde, IC = 0) 

ON CHARACTERISTICS (1) 

DC Current Gain 
(lC = 0.5 Ade, VCE = 2.0 Vde) 

lie = 3.0 Ade, VCE = 2.0 Vde) 

(lC = 7.0 Ade, VCE = 2.0 Vde) 

Collector-Emitter Saturation Voltage 
liC = 7.0 Ade, IB = 1.4 Ade) 

liC = 7.0 Ade, IB = 700 mAde) 

Base-Emitter On Voltage 
liC = 7.0 Ade, VCE = 2.0 Vde) 

DYNAMIC CHARACTERISTICS 

Current-Gain-Bandwidth Product 
liC = 0.5 Ade, VCE = 12 Vde) 

(l)Pulse Test: Pulse Width :5,300 p.s, Duty Cycle!:,2.0%. 

·'ndicates JE DEC Registered Data. 

2N5887 
2N5888,89,93,97,2N5901 

2N5890,94,98 
2N5891 ,95,99 

2N5892,96,2N59oo 

2N5887 
2N5888,89,93,97,2N5901 

2N5890,94,98 
2N5891 ,95,99 

2N5892,96,2N 5900 

All Types 

All Types 

All Types 

All Types 

2N5887 

2N5888,89,93,97,2N5901 

2N5890,94,98 

2N5891,95,99 

2N5892,96,2N59oo 

Ail Types 

2N5887,88 
2N5889,90,91,92 
2N5893,94,95,96 

2N5897,98,99,2N59oo 
2N5901 

2N5887,88 
2N5889,90,91 ,92 
2N5893,94,95,96 

2N5897,98,99,2N5900 
2N5901 

2N5887,88 
2N5889 thru 2N5901 

2N5887,88 

2N58B9 thru 2N5901 

All Types 

All Types 
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Symbol Min Max Unit 

BVCEO Vde 
15 -
25 -
35 -
45 -
60 -

BVCES Vde 
20 -
30 -
45 -
60 -
75 -

ICEO - 30 mAde 

ICEX mAde 

- 5.0 

- 10 

ICBO mAde 
-- 0.06 

- 1.0 

- 1.0 

- 1.0 

- 1.0 
.- 1.0 

lEBO - 1.0 mAde 

hFE -
15 350 
30 70 
60 120 
100 200 
175 350 

10 -
15 -
30 -
50 -
75 -
5.0 -
10 -

VCE(satl Vde 
- 0.4 

- 0.4 

VBE(on) - 1.2 Vde 

.. 



2N5887 thru 2N5901 (continued) 

FIGURE 2 - THERMAL RESPONSE 
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FIGURE 5 - SWITCHING TIMES 

I-VCC = 15 Vdc 2N5889·2N5901 
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Ir. 1,,,10 ns 
PRF=60Hz 

INPUT PULSE 

H8 (SEE NOTE) 

Yin 

VCC = -15 V 

RC (SEE NOTE) 

SCOPE 



2N5887 thru 2N5901 (continued) 

FIGURE 7 -ACTIVE·REGION SAFE·OPERATING AREA 
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FIGURE 9 - ACTIVE·REGION SAFE·OPERATING AREA 
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FIGURE 11 - EFFECTS OF BASE·EMITTER RESISTANCE 
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FIGURE 8 -ACTIVE·REGION SAFE·OPERATING AREA 
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FIGURE 12-COLLECTOR CUTOFF REGION 
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2N5887 thru 2N5901 (continued) 
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FIGURE 16 -COLLECTOR SATURATION REGION 
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2N5941 (SILICON) 

2N5942 

The RF Line 

NPN SILICON RF POWER TRANSISTORS 

... designed primarily for applications as a high-power linear amplifier 
from 2.0 to 30 MHz. 

• Optimized for Operation from a 28 Volt Supply 

• Power Output @28 Vdc, 30 MHz-
40 W (PEP) - 2N5941 
80 W (PEP) - 2N5942 

• I ntermodulation Distortion at Rated Power 0 utput -
IMD = -30dB (Max) 

• Isothermal-Resistor Design Results in Rugged Device 

*MAXIMUM RATINGS 

Rating Symbol 2N5941 1 2N5942 

Collector-Emitter Voltage VCEO 35 

Collector-Base Voltage VCBO 65 

Emitter-Base Voltage VEBO 4.0 

Collector Current - Continuous IC 6.0 I 12 

Total Device Dissipation @TC "" 2SoC Po 80 I 140 
Derate above 2SoC 0.457 0.8 

Storage Temperature Range Tstg -65 to +200 

. 
Indicates JEDEC Registered Data 
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Unit 

Vdc 

Vdc 

Vdc 

Adc 

Watts 
wf'c 
°c 

40 W (PEP) - 30 MHz 
80 W (PEP) - 30 MHz 

RF POWER 
TRANSISTORS 

NPN SILICON 

2N5941 2N5942 

0.154 
ilT'Ili 

j 

0.117 0.122 
ifT23 if127 

~¥'J90 PIN1. EMITTER 
. ilATII 2. BASE 

2N 5941' ~: ~~~l~~~OR 
Tocol1ver\ Inches to m,lhmeters multlp1v by 25.4 

CASE 211-01 

PIN 1 EMITTER 
2. BASE 
3. EMITTER 

2N5942 4. COLLECTOR 

Flangelsalaled 
Totonvert inthe!i 10 1llllllllletersmull.p1v by 25.4 

CASE 211-02 



2N5941, 2N5942 (continued) 

*ELECTRICAL CHARACTERISTICS (TC = 250 C unless otherwise noted) 

I Characteristic Svmbol Min Max 'I" Unit . I 

OFF CHARACTERISTICS 

Collector-Emitter Breakdown Voltage BVCEO 35 -
(lC = 100 mAde, IB = 0) 

Collector-Emitter Breakdown Voltage BVCES 65 -
(lC = 100 mAde, VBE = 0) 

Emitter-Base Breakdown Voltage BVEBD 4.0 -
(IE = 1.0 mAdc,lc = 0) 

Collector Cutoff Current ICES 
(VCE = 28 Vdc, VBE = 0, TC = +550 CI 2N5941 - 5.0 

2N5942 - 10 

ON CHARACTERISTICS 

DC Current Gain hFE 
(I C = 0.5 Adc, V CE = 5.0 Vdc) 2N5941 10 -
(I C = 1.0 Adc, V CE = 5.0 Vdc) 2N5942 10 -

DYNAMIC CHARACTERISTICS 

Current-Gain-Bandwidth Product fT 
(lC = 0.25 Adc, VCE = 15 Vdc, f = 50 MHz) 2N5941 50 -
(lc = 0.5 Adc,VCE = 15 Vdc, f = 50 MHz) 2N5942 50 -

Output Capacitance Cob 
(VCB = 28 Vdc, IE = 0, f = 1.0 MHi) 2N5941 - 125 

2N5942 - 250 

FUNCTIONAL TEST 

Common-Emitter Amplifier Power Gain (F igure 1) GpE 
(Pout = 40 W (PEP), IC '" 1.78 AdclMaxl.Vcc = 28 Vdc, 2N5941 13 -
fl = 30 MHz, f2 = 30.001 MHzl 

(Pout = 80 W (PEP), IC = 3.575 Adc!Maxl,Vcc = 28 Vdc, 2N5942 13 -
fl = 30 MHz, f2 = 30.001 MHz) 

Intermodulation Distortion Ratio (Figure 1) IMD 
(Pout = 40 W (PEP). IC = 1.78 Adc(Max),Vcc = 28 Vdc, 2N5941 - -30 
fl = 30 MHz, f2 = 30.001 MHz) 

(Pout = 80 W (PEP). IC = 3.575 Adc(Maxl,Vcc = 28 Vdc, 2N5942 - -30 
fl = 30 MHz, f2 = 30.001 MHz) 

Collector Efficiency 1) 

(Pout = 40 W (PEP). IC = 1.78 Adc(Max),Vcc = 28 Vdc, 2N5941 40 -

fl = 30 MHz, f2 = 30.001 MHz) 

(Pout = 80 W (PEP), IC = 3.575 Adc(Max),Vcc = 28 Vdc, 2N5942 40 -
fl = 30 MHz, f2 = 30.001 MHz) 

FIGURE 1 - 30 MHz TEST CIRCUIT 
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Tl 
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(17!I-7BOpF) C.T. 

..,. ..,. ..,. 

10 
1/2W 

..,. -=-

RF BEADS 

1--.----,~--oVCC 

.---+-.... --..AJ...A.J--' T2 

_J"f"Y'l"-_ (1 :9) 

Vdc 

Vdc 

Vdc 

mAde 

-

MHz 

pF 

dB 

dB 

% 

VBB adjusted for lea: 2N5941 - 20 mAde (Ica = Quiescent 
RFC: 20 TURNH12 AWG ENAMELED WIRE CLOSE WOUND IN 2 LAYERS,114"I.D. 

11: 20 TURNS #24 AWG WIRE WOUND ON MICRO·METALS 13),) TOROID 
CORE CENTER TAPPED. 

T2: 1:9XFMR; &TURNS OF 2 TWISTED PAIRS OF #28 AWG ENAMELED WIRE. 
(8CRESTSPER INCH) BIFILARWOUND ON EACH OF 2 SEPARATE BALUN CORES. 
(Stackpole 151-1503, No.14 Material) Interconnected asshown 
RF BEADS: FERROXCUBE 156·590·6513B 
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2N5942 - 40 mAde Collector Current) 

Cl - 2N5941 - B04BO pF. ARCO 466 or Equiv 
2N5942 -170·780 pF. ARCO 469 or Equiv 

C2 - 2N.941 - 220 pF 
2N.942 - 330 pF 
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FIGURE 5 - 2N5942 
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2N5941, 2N5942 (continued) 

INTERMODULATION DISTORTION versus OUTPUT POWER 
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FIGURE 19 - 2N5942 
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2N5941, 2N5942 (continued) 

100 

0r-= 
f--

20 

10 

5, 0 

Z,O 

1.0 

0, 5 

0,2 

1 0, 
0,50 

0,1 
0,1 

COLLECTOR CURRENTvei'sus BASE-EMITTER VOLTAGE, 

FIGURE 20 - 2N5941 

f=vcc = 28 Vdc 
f- TC - 25DC / 

/ 

0,55 0,60 0,65 

VBE, BASE,EMITTER VOLTAGE (VOLTS) 

FIGURE 22 -'2N5941 

0.70 0.75 

100 

,50 

5 

0,2 

== 
-

1 0, 
0,50 

SAFE OPERATING AREA 

100 

50 

~ 
30 ,. 

:! 
>0- lD 
~ 
'" 5,0 

\ 
\ 

~ 3,0 
'" 0 

~ 1.0 

8 0,5 
.:! 0,3 

0, 1 

FIGURE,21 - 2N5942 

~VCC-28VdC 
t-- TC = 25DC 

/ 

./ 

L 

/ 

/ 
0,54 0,58 0,62 0,66 

VBE. BASE-EMITTER VOLTAGE (VOLTS) 

FIGURE 23~ 2N5942 

/ 

0.70 

0,3 0,5 1.0 3,0 5,0 10 30 50 100 0,1 0,3 0,5 1.0 3,0 5,0 10 30 50 100 

VCE, COLLECTOR-EMITTER VOLTAGE (VOLTS) VCE, COLLECTOR,EMITTER VOLTAGE (VOLTS) 

FIGURE 24 - PUSH-PULL 160-WATT PEP, 30 MHz LINEAR AMPLIFIER 
GpE = 13,5 dB, IMD = -31 dB 

lN2488 BEADS 

~14--CH::H::f----'T"-r-OVBB' 

Pin=1.2W1PEP) 110·J8QpF 
ARCD469 

110·780pF 
ARCD<\6S 

·SETVBsFOR40mAlOtECURRENT . 
11 - WOUND ON INDIANA GENERAL TOROID-

CFll1-UI MATERIAL 
PRI,SEC - B TURNS OF A TWISTED PAIR. t22AWG . 

ENAMELED WIRE. 5CRESTSI'ERINCH. 
SECQNOARY IS CENTER TAPPED. 

BEADS - FERROKCU8E - ~·!i7(1·65138 - STRUNG ON 1211 AWG 

2-338 

QI ANDQ2-2NS942 

BEAOS 

7(1·480 
OF 

ARCO 
428 

Pour = 160W(PEP) 

T2 - WOUND ON MICROMETAL T68·6 TOR01D 
PRI-4TURNSII22AWGCENTERTAPPEO 
SEC -81URNSM2QAWG 



2N5941, 2N5942 (continued) 

APPLICATIONS INFORMATION 

The 2N5941 and 2N5942 transistors are designed for linear power 
amplifier operation in the HF region (2 to 30 MHz). They feature 
guaranteed linear amplifier performance rather than the conven
tional performance demonstrated in a class C* amplifier. 

Class C operation is inherently non-linear, but in many power 
amplifier applications non-linear operation does not present major 
problems. With a single frequency driving signal, the only spurious 
signals generated are harmonics and these can be suppressed in the 
amplifier tuned networks and output filter. 

For single sideband (SSB), low level amplitude modulation 
(AM), and other types of complex signals, class C operation is gen
erally not satisfactory. For instance, when a signal contains 
multiple frequencies at close spacings, odd~order non~I inearities will 
generate spurious outputs which are within the passband of the 
tuned circuits and filters; therefore, the spurious outputs are not 
suppressed before they reach the antenna or other load. As a 
result, such complex signals require linear amplification if the ampl i
fied signal is to be free of spurious outputs. 

A detailed analysis of spurious signals generated by non-linear
ities ·and linearity requirements of various applications is described 
in Chapter 12 of Reference 1. 

The following discussion concerns itself with a detailed descrip
tion of the 2N5941-2 characterization curves and general informa
tion on solid-state linear power amplifier· design. 

The Two-Tone Test 

The 2N5941-42 functional test specification consists of a linear 
power amplifier test with guaranteed limits on power output, gain, 
efficiency, and intermodulation distortion {lMOI output levels. A 
two-tone test signal is used with the test amplifier as shown in 
Figure 1. 

The two-tone test is one of many methods commonly used 
for testing linear amplifier performance. This test involves driving 
the amplifier with two RF signals, .of equal amplitude, separated 
in frequency from each other by approximately 1 kHz. 

When a two-tone test signal consisting of frequencies f1 and f2 
is passed through a non-linear amplifier, odd order non-linearities 
generate spurious signals near the desired carrier. The level of these 
spurious signals provides a measure of the degree of non-linearity 
of the amplifier. This type of non-linearity is called intermodulation 
distortion (IMO). The spurious signals generated by IMD are 
further classified according to the exponential order of the amplifier 
non~linearity, i.e., 3rd order IMO products, 5th order I MD products, 
etc. The 3rd and 5th order IMO products are usually the most signi
ficant encountered with linear power amplifiers. Data on both 3rd 
and 5th order IMD are included in the 2N5941-42 characterization. 

Third order IMD generates spurious signals near the operating 
frequency at frequencies 2fl - f2 and 2f2 - fl; and 5th order 
IMO spurious Signals are at frequencies 311 - 212 and 312 - 2fl. 

Specifications and Characterization 

The two-tone functional amplifier test is performed in a manner 
identical to the conventional class C functional test with two excep
tions: a two-frequency Signal is used in place of a single frequency, 
and amplifier linearity is added to the items tested and specified. 

The functional test procedure for the 2N5941-42 requires 
driving the test amplifier with a two-frequency Signal and measuring 
power output, gain, efficiency, and linearity. 

Power output, gain, and efficiency measurement methods are 
the same for both linear and class C amplifiers. 

Since a multiple frequency test signal has an instantaneous power 
level which varies with time, power levels are normally expressed 
in peak envelope power (PEP). This is the average power level of 
the envelope at its greatest ampl itude point. 

When the test signal consists of multiple Signals with eq~al ampli
tudes and different frequencies, the relationship of average power 
and PEP is given by the following expression: 

PEP 
Average power'" N 

where N = the number of input frequencies. 
Therefore, when measuring the power level of a standard two

tone test Signal, a true average reading power meter will indicate 
112 the PEP 01 the signal. 

Linearity is tested by measuring the amplitudes of the 3rd and 
5th order I MD products. The ratio of one of the 3rd order products 
to one of the two desired frequencies is then expressed as a power 
ratio in decibels (dB). This is repeated for.the 5th order products. 
The smaller of these two ratios (usually the 3rd orderl is then 
included in the electrical characteristics specification as inter
modulation distortion ratio liMO). 

2N594142 Performance Curves 
Figures 2 through 7 show typical power output and gain char

acteristics versus frequency and/or input power, These curves are 
similar to those found on other RF power transistor data sheets 
with one exception, a two-frequency test signal was used rather 
than a single frequency signal. 

The curves shown in Figures 8 and 9 are unique to transistors 
characterized for linear power amplifier service and show the 
typical I MD levels versus power output. 

The 2N5941A2 feature guaranteed IMD performance at the 
-30 dB level. However, the· designer may desire IMD greater or 
less than -30 dB for a particular application. Figures 8 and 9 pro
vide data on IMD levels that can be expected as a function of 
output power. 

Figures 10 and 11 show the variation in gain with dc supply 
voltage and provide data on gain only. They do not include infor
mation on I MO ratio. 

Figures 12 and 13 reflect the power output that can be obtained 
at a fixed IMD ratio for operation with dc supply voltages other 
than 28 Vdc. 

Figures 14 through 19 show the large signal impedance char
acteristics of the 2N5941-42. These are similar to curves shown on 
other Motorola data sheets except a two-frequency test signal was 
used rather than a single frequency signal. 

It must be stressed that the data shown in Figures 14 through 19 
do not represent y, Z, h, s, or any standard two-port parameter set. 
The actual transistor impedance levels during normal operation in 
an amplifier are given. For a detailed discussion of RF power 
transistor large Signal impedance, see Reference 2. 

Linear Amplifier Design 

The following is a discussion of some general design considera
tions for solid-state linear power amplifiers. While this is not a 
detailed analYSis of linear amplifier deSign, some general guidelines 
are provided. 

The major difference between linear power amplifiers and class 
C power amplifiers is in the dc bias circuitry. As stated in the intro
duction, class C operation usuallv involves a collector dc supply as 
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2N5941 r 2N5942 (continued) 

APPLICATIONS INFORMATION (continued) 

the only bias voltage with VE = VB :::: O. The collector current is 
zero until th~ il"!put RF signal turns the transistor "on", 

In contrast, a 'Iin'ear amplifier is normally operated with forward 
bias and some collector cur~ent flowing wh'en no $ignal. is present. 

The magnitude of no·signal collector current and th~ bias cir
cuitry may vary with the application. Optimum no-sianal collector 
currents for the 2N5941 and 2N5942 were found to b8 approx
iniately 20 rnA and 40 mA respectively. 

The key to bias circuitry for good linearity lies in maintaining 
the base-emitter de voltage relatively constant as the "R F signal 
amplitude varies. The inherent nature of a forward-biased RF 
power transistor is to bias itself !'9ff" wtth increasing RF drive 
signal. Therefore, a constant voltage source is required for base 
voltage. 

Temperature effects also c.omplicate the situation, since. VSE 
decreases with i"ncreasing temperature. 

A simple solution to· the bias problem involves the use of a 
forward-biased diode mounted on the transistor heat sink for 
thermal coupling· to the transistor. A sample of this technique is 
shown in the test circuit of Figure 1. The capacitor in parallel with 
the diode helps maintain a constant VSE with RF drive and im
proves linearity,while the diode provides temperature compensation 
to prevent therl11al runaway. It is also possible to use complex 

active circuitry for biasi·ng, and some rather exotic schemes have 
been developed to provide the same results. 

Another .important con.sideration is the collector-output net
work. Normally, a network with low impedance to ground for 
harmonics provides better linearity th~n a network with high 
harmonic impedances; therefore, scime experim.entation with net
~rk configuration is in order. Proper impedance matching remains 
the primary factor in both input and output network design. 
Further, it must also be stressed that the collector load imp~dance 
should be designed for the PEP,. not the average power output. 
See Chapter 13 of Reference 1 for a detailed. discussi~n of network 
des,gn consJderations. 

Feedback may airo be employed. to improve linearity and may 
take the form of either neu1rali2~1ipn or negative RF feedback. 
The possibilities here are limited only by the designer'~ imagination. 
Of course, negativ~ RF feedback invol'!es a decrease in gain to 
improve linearity. . 

REFERENCES 

1. Pappenfu:s; Bruene, Schoenike, "Single Sideband Principles and 
Circuits", McGraw-HilI. 

2. Hejhall, "Systemizing RF Power Amplifier Design", Motorola 
Semiconductor Products Inc., Application Note AN-282. 

"'''Class C", as used here refers to operation with the no signal con· 
ditions Ie = ·0, and VSE ~ 0, and a theoretical conduction angle 
of less than 180°, even though the actual conduction angle may 
be more than 1800 . 
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2N5943 {SILICON} 

The RF Line 

NPN SILICON HIGH·FREQUENCY TRANSISTOR 

. designed specifically for broadband applications requiring low 
cross·modulation distortion and low·noise figure. Characterized for 
use in CATV applications. The 2N5943 was formerly MMB002. 
• Low Noise Figure - @ f = 200 MHz 

NF (Narrowband) = 3.4 dB (Typ) 
NF (Broadband) = 6.B dB (Typ) 

• High Current·Gain - Bandwidth Product -
fT = 1200 MHz (Min) @ IC = 50 mAdc 

• Completely Characterized with Sand Y ·Parameters 

*MAXIMUM RATINGS 

Rating Svmbol Value Unit 

Coliector·E mitter Voltage VCEO 30 Vdc 

Collector· Sase Voltage VCS 40 Vdc 

Emitter·Sase Voltage VEB 3.5 Vdc 

Collector Current - Continuous 'C 400 mAde 

Total Device Dissipation @ T A = 25°C Po 1.0 Watt 
Derate above 25°C 5.7 mW/oC 

Total Device Dissipation @ T C - 2SoC Po 3.5 Watts 
Derate above 25°C 0.02 WPC 

Operating and Storage Junction TJ, Tstg -65 to +200 °c 
Temperature Range 

·Indlcatas JEOEC Registered Data. 

FIGURE 1 - NARROW-SAND TEST CIRCUIT 

Vc 

1.0·10 

" 

50 Ohm. 
~500 

~O 
-= 3.0.35 

Ve 

1.0.10 

TO.OO1 ~F 

-= 50 Ohms 
OUTPUT 

II = 2 turns'20wil'1 
1/4" 10,3116"10119 

L2= Sturns#18 wire 
1/4" ID, 5/8"long, 
tapped 1·314 turns 
from collettor 

All capacitors in pF 
unless otherwise noted. 
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2N5943 (continued) 

*ELECTRICAL CHARACTERISTICS (T A = 25°C unless otherwise noted) 

I Characteristic Symbol Min Typ Max Unit 

OFF CHARACTERISTICS 

Collector-Emitter Breakdown Voltage BVCEO 30 Vde 
(lc = 5.0 mAde, IB = 01 

Collector-Base Breakdown Voltage BVCBO 40 - - Vde 
(lC= 100/LAde,IE = 01 

IEmitter-Base Breakdown Voltage BVEBO 3.5 Vde 
(IE = 100/LAde, IC = 01 

Collector Cutoll Current ICED - - 500 /LAdc 
(VCE = 28 Vdc, IB = 01 

Collector Cutoll Current ICBO 100 /LAde 
(VCB = 15 Vde, IE = 01 

Emitter Cutoff Current lEBO 100 /LAde 
(VBE = 3.5 Vde, IC = 0) 

ON CHARACTERISTICS 

DC Current Gain hFE 25 300 
(lC = 50 mAdc, VCE = 15 Vdc) 

Collector-Emitter Saturation Voltage VCE(satl - 0.15 0.2 Vde 
(lC = 100 mAde, IB = 10 mAde) 

Base-Emitter Saturation Voltage VBE(satl O.BB 1.0 Vdc 
(lC = 100 mAde, IB = 10 mAdel 

DYNAMIC CHARACTERISTICS 

Current-Gain Bandwidth Product \ Figure 21 fy MHz 
(lC = 25 mAde, VCE = 15 Vdc, I = 200 MHzl 1000 1350 -
(lC = 50 mAde, VCE = 15 Vde, I = 200 MHzl 1200 1550 2400 
(lC = 100 mAde, VCE = 15 Vdc, I = 200 MHzl 1000 1425 -

Collector-Base Capacitance (Figure 5) Ceb 1.0 1.6 2.5 pF 
(VCB=30Vde,IE = 0,1= 100kHz) 

Emitter-Base Capacitance (F igure 51 Ceb 8.4 15 pF 
(VEB = 0.5 Vde, IC = 0, 1= 100 kHz) 

Small-Signal Current Gain hIe 25 350 
(lC: 50 mAde, VCE : 15 Vde, f: 1.0 kHzl 

Collector-Base Time Constant rb'Ce 2.0 5.5 20 ps 
(IE = 50 mAde, VCB: 15 Vde, I: 31.B MHz) 

Noise Figure NF dB 
(lC: 30 mAde, VCE : 15 Vde, 1= 200 MHz) (Figure 11 - 3.4 -
(lC: 35 mAde, VCE: 15 Vde, I: 200 MHzl (Figures 6, 11, 141 (1) - 6.B 8.0 

FUNCTIONAL TEST 

Common-Emitter Amplifier Power Gain Gpe dB 
(IC: 10 mAde, VCE: 15Vdc,l: 200MHzI (Figure 11 - 11.4 -
(lC: 50 mAde, VCE : 15 Vde, I: 250 MHzl (Figure 61 7.0 7.6 -

Intermodulation Distortion (Figure 7) 1M - - -50 dB 
(lC = 50 mAde, VCE: 15 Vde, Vout : +50dBmV) 

Cross Modulation Distortion (Figure 81 XM dB 
(lC: 50 mAde, VCE: 15 Vde, Vout = +40dBmVI - -67 -
(lC: 50 mAde, VCE : 15 Vde, Vout = +50 dBmVI - -42 -45 

*Indicates JEDEC Registered Data. 
(1) Includes noise figure of post-amplifier and matching pad. 
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2N5943 (continued) 

FIGURE 2 - CURRENT-GAIN - BANDWIDTH PRODUCT 
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2N5943 (continued) 

COMBINER 

FIGUR,E 7 - INTERMODULATION DISTORTION TEST 
SETUP AND PROCEDURE 
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2N5943 (continued) 
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2N5943 (continued) 

FIGURE 16 - INPUT ADMITTANCE versus FREQUENCY 
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2N5943 (continued) 

FIGURE 22 - OUTPUT ADMITTANCE versus FREQUENCY 
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2N5943 (continued) 

FIGURE 26 - REVERSE TRANSMISSION 
COEFFICIENT versus FREQUENCY 

FIGURE 27 - FORWARD TRANSMISSION COEFFICIENT 
versus FREQUENCY 

FIGURE 28 - INPUT REFLECTION COEFFICIENT AND OUTPUT REFLECTION 
COEFFICIENT versus FREQUENCY 
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2N5944 (SILICON) 

2N5945 
2N5946 

TheRFLine 

NPN SILICON RF POWER TRANSISTORS 

.. designed for 12.5 Volt. UHF large signal amplifier applications 
required in industrial and commercial FM equipment operating to 
520 MHz. 

• Specified 12.5 Volt. 470 MHz Characteristics-
Power Output = 2.0 W - 2N5944 

4.0 W - 2N5945 
lOW - 2N5946 

Minimum Gain = 9.0 dB - 2N5944 
8.0 dB - 2N5945 
6.0 dB - 2N5946 

Efficiency = 60% 

• Overlay construction provides protection against device damage 
due to load mismatch 

• Characterized with series equivalent large·signal impedance 
parameters 

*MAXIMUM RATINGS 

Rating Symbol 2N5944 I 2N5945 I 2N5946 Unit 

Collector-Emitter Voltage VCEO - 16 . Vdc 
Collector-Base Voltage VCBO • 36 . Vdc 
Emitter·Base Voltage VE6Q_ . 4.0 . Vdc 
Collector Current - Continuous Ie 0.4 J 0.8 _L 2.0 Adc 
Total Device Dissipation @TC = 25°C (1 Po 5.0 1 15 1 37.5 Watts 

Derate above 25°C 28.5 85.5 214 mW/oC 
Storage Temperature Range Tstg - -65 to +200 -- °c 
Stud Torque(21 . 6.5 . in-Ibs. 

·Indicatss JEOEC Registered Data 
(1 )These devices are designed for AF operation. The total device dissipation rating 

applies only when the devices are operated as RF amplifiers. 
(2)For repeated assembly use 5 in-Ibs. 

2-349 

2.0,4.0, 10 W - 470 MHz 

RF POWER 
TRANSISTORS 

NPN SILICON 

Til emllleft IllchelilO nulllmecefS 11I",llIplV by 25.4 

STYLE 1 
PIN 1. EMITTER 

2. BASE 
J EMITTER 
4 COLLECTDR 

CASE 244·(11 



2N5944, 2N5945, 2N5946 (continued) 

*ELECTRICAL CHARACTERISTICS (Tc = 25°C unless otherwise noted 1 

Characteristic Symbol 

OFF CHARACTERISTICS 

Collector-Em.itter Breakdown Voltage SVCEO 
(lC = 50 mAde, IS =-01 2N5944 

(lC = 100 mAde, IS = 01 2N5945 

(lc = 200 mAde, IS = 0) 2N5946 

Collector-Emitter Breakdown Voltage SVCES 
(lc = 50 mAde, VSE = 0) 2N5944 

(lC = 100 mAde, VSE = 0) 2N5945 

(lC = 200 mAde, VSE = 0) 2N5946 

Emitter-Base Breakdown Voltage BVEBO 
liE = 1.0 mAde, IC = 0) 2N5944 

(IE = 2.0 mAde, IC = 0) 2N5945. 

(IE = 4.0 mAde, IC = 0) 2N5946 

Collector Cutoff Current ICES 
(VCE = 15 Vdc, VBE = 0, TC = 55°C) 2N5944 

2N5945,2N5946 

Collector Cutoff Current ICBO 
(VCB = 15 Vde, IE = 0) 2N5944,2N5945 

2N5946 

ON CHARACTERISTICS 

DC Current Gain hFE 
(lc = 100 mAde, VCE = 5.0 Vde) 2N5944 

(lC = 200 mAde, VCE = 5.0 Vde) 2N5945 

(lC = 500 mAde, VCE = 5.0 Vde) 2N5946 

DYNAMIC CHARACTERISTICS 

Output Capacitance Cob 
(VCS = 12.5 Vde, IE = 0, f = 1.0 MHzl 2N5944 

2N5945 
2N5946 

FUNCTIONAL TEST 

Common-Emitter Amplifier Power Gain GpE 
(VCC = 12.5 Vde, Pout = 2.0 W, Ic(max) = 267 mAde, 2N5944 

f = 470 MHz) Figure 1 

(VCC = 12.5 Vdc, Pout = 4.0 W, Ic(max) = 533 mAde, 2N5945 

f = 470 MHz) Figure 1 

(VCC = 12.5 Vde, Pout = 10 W, Ic(maxl = 1.33 Ade, 2N5946 

f = 470 MHz) Figure 2 

Collector Efficiency 1) 

(VCC = 12.5 Vde, Pout = 2.0 W, IC(max) = 267 mAde, 2N5944 

f = 470 MHz) Figure 1 

(VCC = 12.5 Vde, Pout = 4.0 W, Ic(max) = 533 mAde, 2N5945 

f = 470 MHz) Figure 1 

(VCC= 12.5 Vde, Pout = lOW, Ic(maxl = 1.33 Adc, 2N5946 

f = 470 MHz) Figure 2 

* Indicates JEDEC Registered Data 470 MHz TEST CIRCUIT SCHEMATIC 
FIGURE 1 - 2N5944, 2N5945 

L2 

1000 pF 1000 pF 
FEEOTHRU FEEOTHRU 

VK-200 
RFC 

+12.5Vdc 

RF 
OUTPUT 

RF 
INPUT 

NOTE: TEST CIRCUIT LAYOUTS SHOWN IN FIGURES 20 AND 21. 
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Min ·1 Typ Max I- Unit 

Vde 
16 - -

Hi - -

16 - -
Vde 

36 - -

36 - -
36 - -

Vde 

4.0 - -

4.0 - -
4.0 - -

mAde 

- - 10 

- - 20 

mAde 

- - 1.0 

- - 2.0 

20 - -

20 - -

20 - -

pF 

- 11 15 
- 18 25 
- 38 45 

dS 
9.0 - -

8.0 - -

6.0 - -

% 
60 - -

60 - -

60 - -

FIGURE 2 "- 2N5946 
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r---.... -<>::-<>...:r.""'"\-o()---o ... 4 +12.5 Vdc 
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2N5944, 2N5945, 2N5946 (continued) 
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2N5944, 2N5945, 2N5946 (continued) 

SERIES EaUIVALENT IMPEDANCE PARAMETERS 

(Vee = 12.5 Vdcl 
(f = 440 to 520 MHzl 

Impedance v.ariation through this 
frequency range is negligible 

FIGURE 9- 2N5944 
Pout = 2.0 Watts 

FIGURE 10 - 2N5945 
Pout = 4.0 Watts 

FIGURE 11-2N5946 
Pout = 10 Watts 

2-352 

(Vee =7.5 VdCl 
(f = 470 MHzl 

FIGURE 12 - 2N5944 
Pout = 1.5 Watts 

FIGURE 13 - 2N5945 
Pout = 3.0 Watts 

FIGURE 14 - 2N5946 
Pout = 7.0 Watts 



2N5944, 2N5945, 2N5946 (continued) 

OUTPUT POWE R versus SUPPL V VOL TAG E 
(f = 470 MHz) 
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APPLICATIONS INFORMATION 

The curves of Figures 9 thru 14 are typical large signal input 
and output impedances of the 2N5944 thru 2N5946 transistors 
when operating in the microstrip test circuits shown in Figures 
1,2,20 and 21. 

These parameters should not be confused with small signal, two
port S, y, h, or Z parameters. For detailed information on RF 
power transistor large-signal impedances, see Application Note 
AN-282. 

Careful examination of Figures 9 thru 14 shows one departure 
from the techniques described in AN-282. 

In the design of HF and VHF (3.0 - 300 MHz) power amplifiers, 
it is customary to design the output network for a parallel load 
resistance computed from the following expression: 

where VCC ~ DC COllector supply voltage 
P = RF power output - in Watts 

This equation is based on the assumption that the collector 
voltage swing is from 0 to 2.0 VCC, 

The octual coi lector loed resistance in a particular ampl ifier may 

2-353 

be somewhat different from the value computed with the equation. 
Normally, this does not cause any problems at H F and VH F 

since the networks commonly used at those frequencies have a 
fairly broed tuning range. 

At UHF. microstrip techniques are very popular. This poses 
new problems, as microstrip amplifier networks generally have a 
much more limited tuning range. Therefore, in UHF microstrip 
amplifier design it is desirable to use the most accurate values avail
able for the transistor impedances. 

Other factors must be conSidered, such as, the collector load 
resistance also being a function of the harmonic loed impedance 
of the output network. In addition, transistor saturation voltages 
are more Significant at UHF. 

The large-signal, complex, series output impedance is measured 
in i microstrip amplifier which is representative of a typical appli
cation. The measured value of load resistance differs somewhat 
from the value predictad by the equation. This data will be helpful 
to the microstrip amplifier designer, while still being fully applicable 
to discrete component amplifier designs as well. 

The data is maasured in the test circuits shown in. Figures I, 2, 
20 and 21. 



2N5944, 2N5945, 2N5946 (continued) 

RF IN 
250mW 

FIGURE 18 -10 WATT, UHF AMPLIFIER 
(Vee = 12.5 Vdc, f = 470 MHz) 
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C6 12 pF DIPPED MICA 

C9,12 1000pFA·8 
ClO,11 1.0"F,35VTANTALUM CAPACITOR 

C13 O.OI"F ERIE 
01 2N5944 
02 2N5946 

L1,3 7TURNS #22 AWG, 0.2" 1.0. 
L2,6 5 TURNS #20 AWG, 0.25" 1.0. 
L4,5 FERRDXCUBE VK 200·20·4B 

B (5 USED) 
FERRDXCUBE BEAD 56590·65·38, 
0.138" DIA. 
0.118" L. 

ZI 0.5 x 1.5" MICROSTRIP 
Z2 0.5 x 1.1" MICRDSTRIP 
Z3 0.5 x 2.2" MICROSTRIP 

e12 p 1 
!--.... -.:tF-f--t-< RF OUT 

UNIT ORIGINALLY TUNED AT 460 MHz 
Pout (with 250 mW input) = 10 W 

[Down 1/2 dB at 450 and 470 MHzl 
TO RETUNE-

Adjust Cl and 2 for min reflected power 
Adjust C4,5,7,8 for max output 

FIGURE 19 -TO WATT, UHF AMPLIFIER, CIRCUIT LAYOUT 
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2N5944, 2N5945, 2N5946 (continued) 

RF INPUT 

470 MHz TeST CIRCUIT LAYOUT 
(See Figures 1 and 2 for Schematic Diagrams) 

FIGURE 20 - 2N5944. 2N5945 

C1,2 1.0·25 pF ARCO 421 OR EQUIVALENT 
C3,4 1.0·25 pF ARCO 421 OR EQUIVALENT 
Ll,2 7TURNS #22 AWG, 0.2" 1.0. 

FER RITE BEAOS FERROXCUBE 56·590·65·3B 
AS SHOWN ON Ll 

. FLl DC SUPPLY FILTER 
2·1000 pF FT CAPACITOR 
1·1.0 "F, 35 V CAPACITOR 
HH OKE FERROXCUBE VK 200·20·48 

CONNECTORS ARE TYPE "N" 
BOARO IS GLASS TEFLON 
3" x 5" xO.060" 
MOUNTING PLATE IS 3" x 5" x 0.15" 

FIGURE 21 - 2N5946 
+12.5 Vdc 

C1,2,3,4 1.0·25 pF ARCO 421 OR EQUIVALENT 
Ll 7TURNS #22 AWG, 0.2" 1.0. 

FERRITE BEAD FERROXCUBE 56·590·65·3B, 
AS SHOWN ON GROUNO ENO 

L2 5 TURNS #22 AWG, 0.2" 1.0. 
FLl OC POWER SUPPLY FILTER 

2 - 1000 pF FT CAPACITOR 
1 - 1.0 "F, 35 V TANTALUM CAPACITOR 
1 - CHOKE FERROXCUBE VK 200·20·4B 
1-0.1"FCK05 . 
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CONNECTORS ARE TYPE "N" 
BOARO IS GLASS TEFLON 3"x5".0.06" 
MOUNTING PLATE IS 3".5".0.15" 
ALUMINUM 

RF OUTPUT 



2N5947 (SILICON) 

The RF Line 

NPN SILICON HIGH FREQUENCY TRANSISTOR 

. designed specifically for broadband applications requiring low 
cross·modulation distortion and low noise figure. Characterized for 
use in CATV applications. The 2N5947 was formerly the MM8012. 

• Low Cross Modulation Distortion -
XM = -57 dB (Max) @ +50 dBmV Output 

• Low Noise Figure - @ f = 200 MHz 
NF (Narrowband) =3.8 dB (Typ) 
NF (Broadband) = 8.5 dB (Max) 

• High Broadband Power Gain -
Gpe = 10 dB (Min) @ f = 250 MHz 

*MAXIMUM RATINGS 

Rating Symbol Value Unit 

Collector~Emitter Voltage VeEO 30 Vde 

Coliector·Base Voltage VeB 40 Vdc 

Emitter-Base Voltage VEB 3.5 Vde 

Collector Current - Continuous Ie 400 mAde 

Total Device Dissipation @TC = 25°C Po 5 Watts 
Derate above 2SoC 28.6 mw/oe 

Storage Temperature Range Tstg -65 to +200 °e 

-Indicates JEOEC Registered Data. 
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NPN SILICON 
HIGH FREQUENCY 

TRANSISTOR 

Pin 1. Emitter 
2. Sase 
3. Emitter 
4. Collector 

I ~~ I + 
~ 0.286 t--'-

CASE 1440·01 (11 



2N5947 (continued) 
*ELECTRICAL CHARACTERISTICS (TA = 25°C unless otherwise noted) 

Characteristic 

OFF CHARACTERISTICS 

Collector-Emitter Breakdown Voltage 
(lC = 20 mAde, IB = 0) 

Collector-Base Breakdown Voltage 

(Ie = 100 !lAde, IE = 0) 

Emitter-Base Breakdown Voltage 
(IE = 100 !lAde, IC = 0) 

Collector Cutoff Current 
(VCE = 28 Vde, IB = 0) 

Collector Cutoff Current 
(VCB = 20 Vde, IE = 0) 

Emitter Cutoff Current 
(V BE = 3.5 Vde, I C = 0) 

ON CHARACTERISTICS 

DC Current Gain 
(lc = 75 mAde, VCE = 20 Vde) 

Collector-Emitter Saturation Voltage 
(I C = 200 mAde, I B = 20 mAde) 

Base-Emitter Saturation Voltage 
(lC = 200 mAde, IB = 20 mAde) 

DYNAMIC CHARACTERISTICS 

Current-Gain - Bandwidth Product (Figure 3) 
IIc = 75 mAde, VCE = 20 Vde, I = 200 MHz) 

Collector-Base Capacitance (Figure 4) 

(VCB = 30 Vde, IE = 0, I = 100 kHz) 

Emitter-Base Capacitance (Figure 4) 
(VEB = 0.5 Vde, IC = 0, I = 100 kHz) 

Small-Signal Current Gain 
(lC = 75 mAde, VCE = 20 Vde, I = 1.0 kHz) 

Collector-Base Time Constant 
(IE = 75 mAde, VCB = 20 Vde, I = 31.8 MHz) 

Noise Figure 

(lC = 50 mAde, VCE = 20 Vde, I = 200 MHz) (Figure 1) 

(lC = 50 mAde, VCE = 20 Vde, f = 200 MHz) (1) (Figure 2, 9) 
(lC = 75 mAde, VCE = 20 Vde, f = 200 MHz) (1) (F igure 2, 9) 

FUNCTIONAL TEST 

Common-Emitter Amplifier Power Gain (Figure 2) 

(lC = 75 mAde, VCE = 20 Vde, 1= 250 MHz) 

Intermodulation Distortion (Figure 2, 101 
(IC = 75 mAde, VCE = 20 Vde, Vout = +50 dBmv) 

Cross Modulation Distortion (Figure 2, 11) 
(lC = 75 mAde, VCE = 20 Vdc, Vout = +50 dBmV) 

• Indicates JEDEC Registered Data. 

(1) Includes noise figure of post-amplifier and matching pad. 

FIGURE 1 - NARROWBAND TEST CIRCUIT 

Cl,C2,C3 
C4,C14,C15 
C5,C8,C9 
CS,CIO,CI1 
C7,C13 
e12 
LT 

1.0-20pF 
1.0-10pf 
470pF 
11.00I.,f 
O.OIJlF 
O.lIlF 
3 Turns AWG;f18, 1/4" 1.0., 
511S" Long 

L2 

L3 

L4,L5 
R1,R2 

L4 

'·1/2 Turns AWG 118, 1/4"t.O., 
3/16"Long 

9·3/4 Turns AWG 118,3/16" 1.0., 
1"long 

Tapped 1·3/4Turnsf!om Collector End 
D.47 pH Molded Choke 
IDOhms 

BVCEO 

BVCBO 

BVEBO 

ICEO 

ICBO 

lEBO 

hFE 

VCE(sat) 

VBE(sat) 

IT 

Ceb 

Ceb 

hIe 

rb'Ce 

NF 

Gpe 

1M 

XM 

75u 

Cl,C2 
C3,C7 
C4,CS,C8 
C6 
LT 
12 
1.3 
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30 - - Vde 

40 - - Vde 

3.5 - - Vde 

- - 100 !lAde 

- - 10 !lAde 

- - 100 !lAde 

25 - 250 -

- 0.2 0.35 Vde 

-- 1.0 1.5 Vde 

1100 1500 - MHz 

- 1.5 4.0 pF 

- 8.2 12 pF 

25 - 300 -

2.0 - 20 ps 

dB 
- 3.8 -
- 7.2 8.5 

- 7.8 -

10 11 - dB 

- -55 -50 dB 

- -60 -57 dB 

FIGURE 2 - BROADBAND TEST CIRCUIT 

O.S-S.Opf 
1500pfUnderwood 
O.OlpF 
470pF 

L3 

R3 

3 Tumsl20 AWG,5!32" 1.0. 
0.B4.,H,OhmileZ23S 
5 Turns 126 AWG, 5/32" 1.0. 

L4 

L5 

R1 
R2 
R3 
R4 

R4 

C6 75U 
L4~-IE-"""-t::7-~OUTPUT 

Vee 

130 AWG Trifilar Wound 
1:9:9 Stllr.kpole S7·0985,III Toroid 

Ferrita Choke, 3 Turns 130 on 
Slackpole 57-tJ156 Bead 
20 Ohms 
6Bohms 
150 Ohms 
360 Ohms 



2N5947 (continued) 

FIGURE 3.7" CURRENT·GAIN-BANDWIDTH PR.ODUCT 
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FIGURE 5 - COLLECTOR·EMITTER SATURATION VOLTAGE 
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FIGURE 4 - CAPACITANCES 
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FIGURE 6 - BASE·EMITTER SATURATION VOLTAGE 
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FIGURE 8 - BROADBAND NOISE FIGURE varsusCURRENT 
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2N5947 (continued) 

FIGURE 9 - NOISE FIGURE TEST SETUP 

NOISE-FIGURE VHF NOISE AMPLIFIER MINIMUM- 200 MHz 
METER I--- DIODE - CABLE -- UNDER 

'15il LOSS PAD ~ 
NARROWBAND r--(NOTE 1) TEST AMPLIFIER H-P 342A HP 343A 

(FIGURE 2) 
5.7 dB 

(50 dB GAIN) 

I 
NOTE t RG-59 CABLE WITH ORIGINAL CENTER CONDUCTOR REPLACED WITH 

#30WIRE. OVERALL LENGTH, INCLUDING BNC CONNECTORS, IS A 
QUARTER·WAVELENGTH AT 200 MHz (APPROX. II INCHES). USEO TO 
MATCH IMPEDANCE DF NOISE DIODE TO AMPLIFIER UNDER TEST. 

THE NDISE FIGURE OF THE POST·AMPLIFIERS AND MINIMUM LOSS 
PAD IS B.4 dB. 

COMBINER 

FIGURE 10 - INTERMODULATION DISTORTION TEST SETUP 

ADJUSTABLE 
ATTENUATOR 

#1 

AMPLIFIER 
UNDER TEST 
(FIGURE 2) 

MEASUREMENT PROCEDURE 

ADJUSTABLE 
ATTENUATOR 

#2 

10 dB 
ATTENUATOR 

3. TURN.CHANNEL 13 OFF AND DRIVE THE TEST AMPLIFIER 

FIELD 
STRENGTH 

METER 

t ADJUST CHANNEL 2 GENERATOR FOR RATED OUTPUT FROM TEST 
AMPLIFIER (CHANNELS G & 13 OFF). 

2. REPEAT FOR CHANNEL G (2 & 13 OFF) AND CHANNEL 13 (2 & GOFF). 
NOTE FOR REFERENCE THE FIELD STRENGTH METER READING FOR 
CHANNEL 13 (2& GOFF). 

WITH CHANNELS 2 & G. MEASURE THE LEVEL OF INTERMODULATION 
DISTORTION AT CHANNEL 13 RELATIVE TO THE REFERENCE LEVEL 
IN STEP 2. 

FIGURE 11 - CROSS MODULATION DISTORTION TEST SETUP 

CROSS·MOOULATION AOJUSTABLE AMPLIFIER ADJUSTABLE FIELD STRENGTH LOCK·IN 
EQUIPMENT r--- ATTENUATDR I-- UNDER TEST I-- ATTENUATOR I-- METER r-- AMPL. P.A.R. 

SKL MODEL 7224 #1 (FIGURE 2 ) H2 JERROLD MODEL HR-B 
MODEL 704B 

MEASUREMENT PROCEDURE 

I. ADJUST THE CROSSMDDULATIDN EQUIPMENT FOR +50 dBmV OUTPUT 
FROM EACH CHANNEl. 

2. ADJUST ATTENUATOR UHOR THE DESIREO OUTPUT LEVEL FROM 
THE TEST AMPLIFIER. ADJUST ATTENUATOR #210 MAINTAIN THE 
FIELD STRENGTH METER INPUT AT +10 dBmV. 

-30 

FIGURE 12 - CROSS MODULATION DISTORTION 
versus OUTPUT LEVEL 

/' 

3. WITH THE FIELD STRENGTH METER SELECT CHANNEL 13. USING 
THE WAVE ANALYZER MEASURE THE LEVEL OF THE MODULATION 
ON CHANNEL 13 DUE TO CROSS-MODULATION OF CHANNELS 2-12. 

FIGURE 13 - CROSS MODULATION DISTORTION 
versus CUR RENT 
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IC, COLLECTOR CURRENT (mAde) 



2N5974 2N5975 2N5976 (SILICON) 

MJE5974 MJE5975 MJE5976 

PNP SILICON PLASTIC POWER TRANSISTORS 

designed for use in general purpose amplifier and switching 
applications. 

• DC Current Gain Specified to 5 Amperes 
hFE = 20·120@IC= 2.5Adc 

= 7.0 (Min) @ IC = 5.0 Adc 

• Coliector·Emitter Sustaining Voltage -
VCEO(sus) = 40 Vdc (Min) - 2N5974. MJE5974 

= 60 Vdc (Min) - 2N5975. MJE5975 
= 80 Vdc (Min) - 2N5976. MJE5976 

• High Current Gain - Bandwidth Product -
fT = 2.0 MHz (Min) @ IC = 500 mAde 

• Complements to NPN Transistors 2N5977. 2N5978. 2N5979 and 
MJE5977. MJE5978. MJE5979 

• Choice of Packages - 2N5974 Series - Case 90 
MJE5974 Series- Case 199 

"MAXIMUM RATINGS 

2N5974 2N5975 
Rating Symbol MJE5974 MJE5975 

Collector-Emitter Voltage VCEO 40 60 

Collector-Base Voltage Ves 60 80 

Emitter-Base Voltage VES 5.0 

Collector Cu rrent Continuous Ie 5.0 
Peak 10 

Base Current IS 2.0 

Total Device Dissipation Po 
@Te=250C . 75 
Derate above 25°C 0.60 

Operating and Storage Junctior TJ.Tstg - -65 to +150 
Temperature Range 

THERMAL CHARACTERISTICS 

Characteristic 

Thermal Resistance, Junction to Case 

* Indicates JEOEC Registered Data for 2N5974 Series. 

FIGURE 1 - POWER DERATING 
0 
!--t'--.. 

0 
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0 

o 
o 20 
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....... 

""" .............. 

~ 
t"-. 

40 60 80 100 120 

T C. CASE TEMPERATU R E (OCI 

2N5976 
MJE5976 

80 

100 

-

r---.. 
140 160 

i-360 

Unit 

Vdc 

Vdc 

Vdc 

Adc 

Adc 

Watts 

wroe 

°c 

5 AMPERE 
POWER TRANSISTORS 

PNP SILICON 

4()'6()'SO VOLTS 
75 WATTS 

0.245 o:m 

'

0+"= - o:m 

. L· 
,--

sr'HEl 
PIN 1 EMITTER 

2 COLLECTOR 
3 BAS~ 

2N&914 
2N5915 
2N5976 

0.105 o:m 

CASE 90-06 

STYlE 2 

OUllfllSlonISloc.nlerhn.oll.ad5 

CASE 191-04 

. PIN 1 BASE 
2 COLLECTOR 
J EMITTER 

MJE591 • 
MJE5915 
MJES!l16 



2N5974, 2N5975, 2N5976/MJE5974, MJE5975, MJE5976 (continued) 

*ELECTRICAL CHARACTERISTICS (TC = 25°C unless otherwise noted) 

Characteristic 

OFF CHARACTERISTICS 

Coliector·Emitter Sustaining Voltage (1) 
(lC = 100 mAde, 18 = 0) 2N5974, MJE5974 

2N5975, MJE5975 
2N5976, MJE5976 

Collector Cutoff Current 
(VCE = 20 Vde, 18 = 0) 2N5974, MJE5974 
(VCE = 30 Vde. 18 = 0) 2N5975, MJE5975 
(VCE = 40 Vde. 18 = 0) 2N5976, MJE5976 

Collector Cutoll Current 
(VCE = 60 Vde. VE8(oll) = 1.5 Vde) 2N5974, MJE5974 
(VCE = 80 Vdc, VEB(olf) = 1.5 Vde) 2N5975, MJE5975 
(VCE = 100 Vde, VEB(off) = 1.5 Vdc) 2N5976, MJE5976 
(VCE = 40 Vde, VEB(oll) = 1.5 Vde, 2N5974, MJE5974 

Te = 125°C) 
(V CE = 60 Vde, VE 8 (oIl) = 1.5 Vde, 2N5975, MJE5975 

Te = 1250 C) 

(VCE = 80 Vde, VEB(oll) = 1.5 Vde, 2N5976, MJE5976 
TC = 125°C) 

Emitter Cutoff Current 
(V8E = 5.0 Vde, IC = 0) 

ON CHARACTERISTICS 

DC Current Gain 
(Ie = 0.5 Ade. VCE = 2.0 Vde) 
(lC = 2.5 Ade, VCE = 2.0 Vde) 
(lC = 5.0 Adc, VeE = 2.0 Vde) 

Collector-Emitter Saturation Voltage 
(Ie = 2.5 Ade, IB = 250 mAde 
(Ie = 5.0 Ado, 18 = 750 mAde 

Base-Emitter Saturation Voltage 
(IC = 5.0 Adc, IB = 750 mAde! 

Base-E mitter On Voltage 
(lC = 2.5 Adc, VCE = 2.0 Vde! 

DYNAMIC CHARACTERISTICS 

Current·Gain - Bandwidth Product (2) 
(Ie = 500 mAde. VCE = 10 Vde, I test = 1.0 MHz! 

Output Capacitance 
(VCB = 10 Vde, IE = 0, I = 0.1 MHz) 

Small-5ignal Current Gain 
(Ie = 0.5 Ade, VeE = 4.0 Vde, 1= 1.0 kHz) 

*'ndicates JEDEC Registered Data for 2N5974 Series. 

(1) Pulse Test: Pulse WidthS30Q IJ.S, Duty Cycle$2.0%. 

(2) fT = I hfe I- f test 

FIGURE 2 - SWITCHING TIME TEST CIRCUIT 

vcc 
·30V 

RC 

51 

tr,tf~10ns 
DUTY CYCLE = 1.0% +4.0 V 

SCOPE 

RS and RC VARIED TO OSTAIN DESIRED CURRENT lEVELS 

01 MUST BE FAST RECOVE RY TYPE. '9: 
MB05300 USED ABOVE 'B~100 mA 
MSD6100 USED BELOW IB ~100 mA 

Symbol 

VCEO(sus) 

ICEO 

ICEX 

lEBO 

hFE 

VCE(satl 

VBE(sat! 

VBE(on! 

IT 

Cob 
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'" 0.2 ;:: 

I O. 

0.07 
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2-361 

Min Max 
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80 
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FIGURE 3 - TURN-ON TIME 
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2N5974, 2N5975, 2N5976/MJE5974, MJE5975,MJE5976 (continued) 

FIGURE 4 - THERMAL RESPONSE 
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FIGURE 5 - ACTlVE·REGION SAFE OPERATING AREA 
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IC. COLLECTOR CURRENT (AMP) 

There are two limitations on the power handling ability of a 
transistor: average junction temperature and second breakdown. 
Safe operating area curves indicate Ie-VeE limits of the transistor 
that must be observed for reliable operat~on; i.e., the transistor 
must not be subjected to greater dissipation than the curves indicate. 

The data of Figure 5 is based on TJ(pkl = 15o"C; TC is variable 
depending on conditions. Second breakdown pulse limits·are valid 
for duty cycles to 10% .provided TJ(pkl ~ 15o"C. T J(pkl may be 
calculated from the data in Figure 4. At high case temperatures, 
thermal limitations will reduce the power that can be handled to 
values less than the limitations imposed by second breakdown. 
(See AN-4151 . 
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2N5974, 2N5975, 2N5976/MJE5974, MJE5975, MJE5976 (continued) 
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2N 5977 2N5978 2N5979 (SILICON) 

MJE5977 MJE5978 MJE5979 

NPN SILICON PLASTIC POWER TRANSISTORS 

designed for use in general purpose amplifier and switching 
applications. 
• DC Current Gain Specified to 5 Amperes 

hFE = 20·120@ IC = 2.5 Adc 
= 7 . .0 (Min) @ IC = 5.0 Adc 

• Coliector·Emitter Sustaining Voltage -
VCEO(sus) = 40 Vdc (Min) - 2N5977, MJE5977 

= 60 Vdc (Min) - 2N5978, MJE5978 
= 80 Vdc (Min) - 2N5979, MJE5979 

• High Current Gain - Bandwidth Product 
fT = 2.0 MHz (Min) @ IC = 500 mAdc 

• Complement to PNP Transistors-
2N5974, 2N5975, 2N5976 and MJE5974, MJE5975, MJE5976 

• Choice of Packages - 2N5977 Series - Case 90 
MJE5977 Series - Case 199 

*MAXIMUM RATINGS 

2N5971 2N5918 
Rating Symbol MJE5911 MJE5918 

COllector·Emitter Voltage VCEO 40 60 

Coliector·Bas. Voltage VCB 60 BO 

Emitter-Base Voltage VEB 5.0 

Collector Current - Continuous IC 5.0 
Peak 10 

Base Current IB 2.0 

Total Device Dissipation Po 
@TC=250C . 15 
Derate above 2SoC . 0.60 

Operating and Storage Junction 
Temperature Range 

TJ.Tstg - -65 to +150 

THERMAL CHARACTERISTICS 

Characteristic 

Thermal Resistance, JunctiOn to Case 

-Indicates JEOEC Registered Data for 2N5977 Series. 

FIGURE 1 -POWER DERATING 
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Unit 
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2N5977, 2N5978, 2N5979/MJE5977, MJE5978, MJE5979 (continued) 

*ELECTRICAL CHARACTERISTICS ITC = 25°C unl ... otherwise noted) 

Ch.racteristiC 

OFF CHARACTERISTICS 

Collector·Emitter Sustaining Voltage (11 
IIC = 100 mAde, 18 = 0) 2N5977, MJE5977 

2N5978, MJE5978 
2N5979, MJE5979 

Collector Cutoff Currant 
IVCE = 20 Vdc, 18 = 0) 2N5977, MJE5977 
IVCE = 30 Vdc,I8 = 0) 2N5978, MJE5978 
IVCE = 40 Vdc, 18 = 0) 2N5979, MJE5979 

Collector Cutoff Current 
IVCE = 60 Vde, VE8Ioll) = 1.5 Vde) 2N5977, MJE5977 
IVCE = 80 Vde, Ve8loll) = 1.5 Vdc) 2N5978, MJE5978 
IVCE = 100 Vdc, VE81off) = 1.5 Vdc) 2N5979, MJE5979 
IVCE = 40 Vdc, VE81olf) = 1.5 Vdc, 

TC = 125°C) 
2N5977, MJE5977 

IVCE = 60 Vdc, VE8Ioll) = 1.5 Vdc, 
TC = 125°C) 

2N5978, MJE5978 

IVCE = 80 Vdc, VE81olf) = 1.5 Vdc, 2N5979, MJE5979 
TC = 125°C) 

Emitter Cutoff Current 
IV8E = 5.0 Vdc, IC = 0) 

ON CHARACTERISTICS 

DC Current Gain 
IIC = 0.5 Adc, VCE = 2.0 Vdc) 
IIc = 2.5 Adc, VCE = 2.0 Vdc) 
IIc = 5.0 Ade, VCE = 2.0 Vdc) 

Coliector·Emitter Saturation Voltage 
IIc = 2.5 Adc, 18 = 250 mAde) 
IIc = 5.0 Ade, 18 = 750 mAde) 

Base·Emitter Saturation Voltage 
IIc = 5.0 Ade, 18 = 750 mAde) 

Base-Emitter On Voltage 
IIc = 2.5 Adc, VCE = 2.0 Vdc) 

DYNAMIC CHARACTERISTICS 

Current Gain - Bandwidth Product (21 
IIc = 500 mAde, VCE = 10 Vde, 'test = 1.0 MHz) 

Output Capacitance 
IVC8 = 10 Vde, Ie = 0, I = 0.1 MHz) 

SmaU-5ignal Current Gain 
IIc = 0.5 Ade, VCE = 4.0 Vde, I = 1.0 kHz) 

-Indicat"" JEOEC Registered Data for 2N5977 Series. 
(1) Pulse Test: Pulse WidthS300J,.ls. Duty Cvcle'52.0%. 

(2) fT == I hfe I- f test 

FIGURE 2 - SWITCHING TIME TEST CIRCUIT 
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2N5977, 2N5978, 2N5979/MJE5977, MJE5978, MJE5979 (continued) 

FIGURE 4 - THERMAL RESPONSE 
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There are two limitations on the power handling abilitY of a 
transistor: average junction temperature and second breakdown. 
Safe operating area curves indicale IC-VCE limits of the transistor 
that must be observed for reliable operation; i.e., the transistor 
must not be subiected to greater dissipation than the curves indicate. 

The data of Figure 5 is based on T J(pk) = lsoDc; T C is variable 
depending on conditions. Second breakdown pulse limits are valid 

. for duty cycles to 10% provided TJ(pk)";; lsoDc. T J(pk) may be 
calculated from the data in Figure 4. At high case temperatures, 
thermal limitations will reduce the power that can be handled to 
values less than the limjtations imposed by Jecond breakdown. 
ISee AN-41S) . 
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2N5977, 2N5978, 2N5979/MJE5977, MJE5978, MJE5979 (continued) 
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2N5980 2N59812N5982(SILICON) 
MJE5981 MJE5980 MJE5982 

HIGH POWER PNP SILICON TRANSISTORS 

designed for use in· general-purpose amplifier and switching 
applications_ 

• DC Current Gain Specified to 8 Amperes -
hFE = 20-120@ IC = 4_0 Adc 

= 7.0 (Min) @ IC = 8.0 Adc 

.• Collector-Emitter Sustaining Voltage 
VCEO(sus) = 40 Vdc (Min) - 2N5980, MJE5980 

= 60 Vdc (Min) - 2N5981, MJE5981 
= 80 Vdc (Min) - 2N5982, MJE5982 

• High Current Gain - Bandwidth Product -
fT = 2.0 MHz (Min) @ IC = 500 mAdc 

• Complements to NPN Transistors- 2N5983, 2N5984, 2N5985 and 
MJE5983,MJE5984,MJE5985 

• Choice of Packages - 2N5980 Series - Case 90 
MJE5980 Series - Case 199 

*MAXIMUM RATINGS 

2N5980 2N5981 
Rating Symbol MJE5980 MJE5981 

Collector-Emitter Voltage VCEO 40 60 

Collector-Base Voltage VCB 60 80 

Emitter-Base Voltage VEB 5_0 

Collector Current Continuous IC . 8.0 
Peak . 15 

ase t,.;urrent B ;S.U 

Total Device Dissipation Po 
@I TC = 25°C 90 

Derate above 25°C . 0.72 

Operating and Stor. TJ, Tst9, - -65 to +150 
J':Inction Temperature Range 

THERMAL CHARACTERISTICS 

Characteristic 

Thermal ResistancB, Junction to Case 
1 • egl 88 or 

FIGURE 1 - POWER DERATING 
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2N5980, 2N5981, 2N5982/MJE5980, MJE5981, MJE5982 (continued) 

-ELECTRICAL CHARACTERISTICS ITC = 250 C unl_ otherwise notedl 

Cha .... terisdc 

OFF CHARACTERISTICS 

Collector-Emitter Sustaining Voltage 111 
(lC = 200 mAde, la = 01 2N5980, MJE5980 

2N5981 , MJE5981 
2N5982, MJE5982 

Collector Cutoff Current 
(VCE = 20 Vdc,IB = 01 2N5980, MJE5980 
(VCE = 30 Vde, IB = 01 2N5981, MJE5981 
(Vc~ = 40 Vde, IR = 01 2N5982, MJE5982 

Collector Cutoff Current 
(VCE = 60 Vde, VBE (off) = 1.5 Vdel 2N5980, MJE5980 
(VCE = 80 Vile, VBE(off) = 1.5 Vdel 2N5981 , MJE5981 
(VCE = 100 We, VSE(offl = 1.5 Vdel 2N5982, MJE5982 
(VCE = 40 Vdc, VBE (off) = 1.5 Vdc, 2N5980, MJE59BO 

TC = 1250 CI 
(VCE = 60 Vdc, VSE (offl = 1.5 Vile, 2N5981, MJE5981 

TC = 1250 C) 
(VCE = 80 Vde, VSEloffl = 1.5 Vde, 2N5982, MJE5982 

T~= 1250 CI 

Emitter Cutoff Current 
(VSE = 5.0 Vdc, IC = 01 

ON CHARACTERISTICS (11 

OC Current Gain 
(lC = 1.0 Aile, VCE = 2.0 Vile) 
(lc = 4.0 Adc, VCE = 2.0 Vile) 
(lc = 8.0 Ade, VCE = 2.0 Vile) 

Collector·Emitter Saturation Voltage 
(lC = 4.0 Aile, IS = 400 mAde) 
(lC = 8.0 Aile, IS = 1.2 Aile) 

a ..... Emitter Saturation Voltage 
(lC = 8.0 Aile, IS = 1.2 Aile) 

Base·Emitter On Voltage 
(lC = 4.0 Aile, VCE = 2.0 Vde) 

DYNAMIC CHARACTERISTICS 

Current-Gain.- Sandwidth Product (2) 
(lC = 500 mAde, VCE = 10 VIIe!test = 1.0 MHz J 

Output Capacitance 
IVCS = 10 Vde, IE = 0, f = 0.1 MHz) 

Small-5ignal Current Gain 
(lC = 1.0 Aile, VCE = 4.0 Vile, f = 1.0 kHz) 

·'ndicates JE DEC Registered Data for 2N5980 Series. 
(1) Pulse Test: Pulse Width:S300 ~s. Duty CycleS2.0%. 

(2) fT=lhfeleftest 
FIGURE 2 - SWITCHING TIME TEST CIRCUIT 
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2N5980, 2N5981, 2N5982/MJE5980~ MJE5981, MJE5982 (continued) 

FIGURE 4 - THERMAL RESPONSE 
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2N5980, 2N5981, 2N5982/MJE5980, MJE5981, MJE5982 (continued) 

FIGURE 8 - DC CURRENT GAIN 
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2N5983 2N5984 2N5985(S'LiCON) 
MJE5983 MJE5984 MJE5985 

HIGH POWER NPN SILICON TRANSISTORS 

designed for use in general purpose amplifier and switching 
applications. 

• DC Current Gain Specified to 8 Amperes 
hFE ~ 20-120@ IC ~ 4.0 Adc 

~ 7.0 (Min) @ IC ~ 8.0 Adc 

• ColieCtor·Emitter Sustaining Voltage -
VCEO(sus) ~ 40 Vdc (Min) - 2N5983. MJE5983 

~ 60 Vdc (Min) - 2N5984. MJE5984 
= 80 Vdc (Min) - 2N5985. MJE5985 

• High Current Gain - Bandwidth Product -
1,- = 2.0 MHz (Min) @ IC = 500 mAdc 

• Complements to PNP Transistors -
2N5980. 2N5981. 2N5982 and MJE5980. MJE5981. MJE5982 

• Choice of Packages - 2N5983 Series - Case 90 
MJE5983 Series - Case 199 

·MAXIMUM RATINGS 

2N5983 2N5984 
Rating Svmbol MJE5983 MJE,5984 

Collector·Emitter Voltage VCEO 40 60 

Collector·Base Voltage VCS 60 BO 

Emitter-Base Voltage VES 5.0 

COllecto"r Current - Continuous IC B.O 
Peak 15 

Base Cur:rent IS 3.0 

Total Device Dissipation Po 
@TC=250C . 90 
Derate above 25°C . 0.72 

Operating and Storage Junctio" TJ.T stg - -65 to +150 
Temperature Range 

THERMAL CHARACTERISTICS 

Characteristic 

Thermal Resistance, Junction to Case 

-'ndlcates JEOEC Registered Data for 2N5983 Series. 

FIGURE 1 - POWER DERATING 
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2N5983, 2N5984, 2N5985/MJE5983, MJE5984, MJE5985 (continued) 

*ELECTRICAL CHARACTERISTICS (T C z 250 C unle .. oth_isa noted) 

I Charactarislic Symbol Min Max Unit 

OFF CHARACTERISTICS 

Collector-Emitter Sustaining Voltage (1) VCEO(sus) Vdc 
(lC = 200mAde,IB = 0) 2N5983, MJE5983 

2N5984, MJE5984 
2N5985, MJE5985 

Collector Cutoff Currant 
(VCE = 20 Vdc,IB = 0) 2N5983, MJE5983 
(VCE = 30 Vdc,IB = 0) 2N5984, MJE5984 
(VCE = 40 Vdc,IB = 0) 2N5985, MJE5985 

Collector Cutoff Currant 
(VCE = 60 Vdc, VEB(off) = 1.5 Vde) 2N5983, MJE5983 
(VCE = 80 Vdc. VEB(off) = 1.5 Vdc) 2N5984, MJE5984 
(VCE = 100 Vde, VEB(off) = 1.5 Vdc) 2N5985, MJE5985 
(VCE = 40 Vdc, VEB(off) = 1.5 Vdc, 2N5983, MJE5983 

TC = 1250 C) 
(VCE = 60 Vdc, VEB(off) = 1.5 Vdc, 2N5984. MJE5984 

TC = 1250 C) 
(VCE = 80 Vdc, VEB(off) = 1.5 Vdc, 

TC = 1250 C) 
2N5985, MJE5985 

Emitter Cutoff Currant 
(VBE = 5.0 Vdc, IC = 0) 

ON CHARACTERISTICS 

DC Current Gain 
(lC = 1.0 Adc, VCE = 2.0 Vdc) 
(lc = 4.0 Ade, VCE = 2.0 Vde) 
(lC = 8.0 Adc, VCE = 2.0 Vdc) 

Collector-Emitter Saturation Voltage 
(lC = 4.0 Adc, IB = 400 mAdc) 
(lC = 8.0 Adc, IB = 1.2 Ade) 

Ba .... Emitter Saturation Voltage 
(lc = 8.0Ade,IB = 1.2 Adc) 

Base-Emitter On Voltage 
(lC = 4.0 Adc, VeE = 2.0 Vdc) 

DYNAMIC CHARACTERISTICS 

Currant-Gain - Bandwidth Product (2) 
(lC = 500 mAdc, VCE = 10 Vde. f tast = 1.0 MHz) 

Output Capacitance 
(VCB = 10 Vdc. IE = 0, f = 0.1 MHz) 

Small-Signal Current Gain 
(lC = 1.0 Adc. VCE = 4.0 Vdc, f = 1.0 kHz) 

• Indicates JEDEC Registered Data for 2N5983 Series. 
(1) Pulse Test: Pulse WidthS-300 IJs. Duty CycleS2.0%. 

(2) fT = I hfe I- f ta•t 

FIGURE 2- SWITCHING TIME TEST CIRCUIT 
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2N5983, 2N5984, 2N5985/MJE5983,MJE5984, MJE5985 (continued) 

FIGURE 4 - THERMAL RESPONSE 
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There are two limitations on the power handling ability of a 
transistor: average junction temperature and second breakdown. 
Safe operating area curves indicate IC·VCE limits of the transistor 
that ·must be observed for reliable operation; i.e., the transistor 
must not be subjected to greater dissipation than the curves indicate. 

The data of Figure 5 is based on T J(pk) = 150"C; T C is variable 
depending on conditions. Second breakdovvn pulse limits are. v~lid 
for dutv cvcle. to 10% provided T J(pk) ~ 150"C. T J(pk) mav be 
calculated from the data in Figure 4. At high case temperatures, 
thermal limitations will reduce the power that can be handled to 
v.ues less than the limitations imposed by second breakdown. 
(See AN-415) . 
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2N5983, 2N5984, 2N5985/MJE5983, MJE5984, MJE5985 (continued) 
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2N5986 2N59812N5988 PNP (SILICON) 

2N5989 2N5990 2N5991 NPN 

HIGH POWER PLASTIC 
COMPLEMENTARY SILICON POWER TRANSISTORS 

· .. designe<ffor. use in general-purPose amplifier and switching circuits. 

• COllector-Base Voltage - VCBO = 60 Vdc - 2N5986. 2N5989 
= 80 Vdc - 2N5987. 2N5990 
= 100 Vdc - 2N5988. 2N5991 

• COllector-Emitter Voltage - VCEO = 40 Vdc - 2N5986. 2N5989 
. . = 60 Vdc - 2N5987. 2N5990 

= 80 Vdc - 2N5988. 2N5991 

• DC Current Gain -
hFE = 20-120 @ IC = 6.0 Adc 

= 7.0 (Min) @ IC = 12 Adc 

• COllector-Emitter Saturation Voltage -
VCE(sat) = 0.7 Vdc (Max) @ IC = 6.0 Adc 

*MAXIMUM RATINGS 
2N5986 

Rating Symbol 2N5989 

Coliector~Base Voltage VCB 60 

Collector-Emitter Voltage VCEO 40 

Emitter-Base Voltage VEB 

Collector Current - Continuous It 
Peak 

Base Current IS' 

T,otal Device Dissipation @TC .. 2SoC Po 
Derate above 25°C 

Operating and Storage Junction TJ, Tstg 
Temperature Range 

THERMAL CHARACTERISTICS 

2N5987 2N5988 
2N5990 2N5991 

SO 100 

60 80 

5.0 

12 
20 

4.0 

100 
O.S 

-65 to +150 

Unit 

Vde 

Vde 

Vde 

Ade 

Ade 

Watts 
wf>c 
°c 

Characteristic Symbol I M ... I Unit 

Thermal Resistance. Junction to Case 8JC J 1".25 I °C/W 

·'ndlcat •• JI:DEC Regl,tered Data 

FIGURE 1 - POWER DERATING 
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2N5986, 2N5987, 2N5988 PNP / 2N5989, 2N5990, 2N5991 NPN (continued) 

-ELECTRICAL CHARACTERISTICS (TC· 25°C unless otherwise noted) 

Choraotoriotic 

OFF CHARACTERISTICS 

Collector-Emitter Sustaining Voltage 
(lc = 0.2 Ade, IS = 0) 2N59B6,2N59S9 

2N59B7, 2N6990 
2N69BS, 2N5991 

Collector Cutoff Current 
(VCE = 20 Vde, IS = 0) 2N5986, 2N59B9 
(VCE = 30 Vde, IS = 0) 2N5987,2N5990 
(VCE =·40 Vde, IS = 0) 2N5988, 2N5991 

Collector Cutoff Current 
(VCE = BO Vde, VSE(offl = 1.5 Vde) 2N59B6, 2N5989 
(VCE = BO Vdc, VSE(offl = 1.5 Vde) 2N5987, 2N5990 
fVCE = 100 Vde, VeEfoff) = 1.5 Vde) 2N59B8,2N5991 
fVCE = 40 Vde, VSE(off) = 1.5 Vde, TC = 125°C) 2N59B6, 2N5989 
fVCE = BO Vde, VBE(off) = 1.5 Vde, TC = 125°C) 2N59B7,2N5990 
fVCE = BO Vde, VSE(off) = 1.5 Vde, TC = 125°C) 2N59B8,2N5991 

Emitter Cutoff Current 
fVSE = 5.0 Vde, IC = 0) 

ON CHARACTERISTICS 

DC Current Gain 
(lC = 1.5 Ade, VCE = 2.0 Vde) 
(lC = 6.0 Ade, VCE = 2.0 Vde) 
(lC = 12 Ade, VCE = 2.0 Vdc) 

Collector-Emitter Saturation Voltage 
(lC = 6.0 Ade, IS = 0.6 Ade) 
(lC = 12 Ade, IS = 1.8 Ade) 

Base-Emitter Saturation Voltage 
(lC = 12 Ade, IS = 1.8 Ade) 

Sase-Emitt ... On Voltage 
(lC = 6.0 Ade, VCE = 2.0 Vde) 

DYNAMIC CHARACTERISTICS 

Current-Gain - Bandwtdth Product 
fiC-0.5Ade, VCE -10Vde,f,8It= 1.0 MHz) 

Output Capacitance 
fVcs = 10 Vde, IE = 0, f = 1.0 MHz) 2N59B6 .hru 2N598B 

2N59B9.hru 2N5991 

SmaU-5ignal Current Gain 
(lC = 2.0 Ade, VCE = 4.0 Vde, f = 1.0 kHz) 

·.ndicates JEOEC Registered Data. 

It) fT = l"f.l- ftest 

FIGURE 2 - SWITCHING TIMES TEST CIRCUIT 
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For PNP test circuit reverse diode and voltage polarities. 
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2N5986, 2N5987, 2N5988 PNP / 2N5989, 2N5990, 2N5991 NPN (continued) 

FIGURE 4 - THERMAL RESPONSE 
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There are two limitations on the pOwer handling ability of a 
transistor: average junction temperature and second breakdown. 
Safe operating area curves indicate Ie - VeE limits of the transistor 
that must be observed for reliable operation; i.e., the transistor must 
not be subjected to greater dissipation than the curves indicate. 

The data of Figure 5 is based on T J(pk) = ISOoC ; T C is variable 
depending on conditions. Second breakdown pulse limits are valid 
for duty cycles to 10% provided T J(pk) ,.;; 150°C T J(pk) may be 
calculated from the data in Figure 4. At high case temperatures, 
thermal limitations will reduce the power that can be handled to 
values less than the limitations imposed by second bre~kdown. 
(See AN-415) 
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2N5986, 2N5987, 2N5988 PNP / 2N5989, 2N5990, 2N5991 NPN (continued) 

PNP 
2N5986 thru 2N5988 I NPN 

2N5989 thru 2N5991 

FIGURE 8 - DC CURRENT GAIN 

300 100 0 

III I Ilr 
II " 

200 

'" ISO 
;;: 1-1-- TJI4.: SIJOC VCE - 2.0 V 

'" 

500 

30 0 Tj ~ 1500t 
I VCe-2.0V 

~ 100 
'" w 
~ 70 
::> 
'-' 
'-' SO 
CI 

tl! 
~ 30 

20 

IS 
0.2 0.3 0.5 

~Soc ....... 
....... 

H- ....... 1:'-, 
-SSoc r--I-- ~ 

l""-

1.0 2.0 3.0 5.0 

IC. COLLECTOR CURRENT (AMP) 

I""" 

10 20 

;;: 200 
co 
>-
ill 
'" 100 
'" a 
::l 50 

~ 30 

20 

10 
0.2 0.5 

zs:t' '" 
-5SOC 

r-I--

1.0 2.0 5.0 

IC. COLLECTOR CURRENT (AMP) 

FIGURE 9 - COLLECTOR SATURATION REGION 
_ 2. 0 
~ 
CI 
~ 
w 1.6 

~ 
g 

1.2 

~ 
;;; 
'I' 0.8 
'" 

~ .... 0.4 
CI 
'-' 
W 
'-' 
> 0 

30 50 

III 
Ic - 3.0 A 

100 

I 
6.0 A 12 A TJ - 25°C 

,... 

h .... 
r-

200 300 500 1000 2000 3000 

'8. BASE CURRENT (rnA) 

~ 
2. 0 

'" ~ 
w 1.6 
co 

~ 
'" > 1. 2 
'" ~ 
~ 0: 0.8 

'" t; 
~ 0.4 
'" '-' 

~ 
> 0 

30 

III I II I 
IC-3.0A 6.0 A 12A 

" 
1\ 

I' 

50 70 100 200 300 500 

I S. BASE CU R RENT (rnA) 

FIGURE 10 - "ON" VOLTAGES 

2. 0 

1.6 
TJ=2Soc I~ 

~ , 
vV II 

VBE{sa,)@llelIS' 10 I-j..- V" 
t:!=tF-

'" ~ 1.2 
w 

~ g 0.8 

>' 
VaE{on). VCE - 2.0 V 

I I JC~~') .'C/IS - 10 "'" I I I-j +t 
0.4 

o 
0.2 0.3 0.5 1.0 2.0 3.0 5.0 10 

IC. COLLECTOR CURRENT (AMP) 

20 

.0 

1. 6 

ie 
;51 
~ 
w 
:i! 

.2 

~ o. B 

'" > 
,; 

.4 

0 

TJ- 2SoC 

VaE{sat).lclla· 10 ~j:::: 
.1 
~S1{O~) I·I~CE - 2;0 V I 

1 1 II I ~ I 

"'" VCE{ .. t).IC/~ I I I I .-, 

0.2 0.3 0.5 1.0 2.0 3.0 5.0 

IC. COLLECTOR CURRENT (AMP) 

2-379 

1000 

~ 

1'--
10 20 

TJ - 2SoC 

-.... 

2000 3000 

~ 

10 20 



2N5986, 2N5987, 2N5988 PNP/2N5989, 2N5990, 2N5991 NPN (continued) 
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FIGURE 11 - TEMPERATURE COEFFICIENTS 
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2N6027 (SILICON) 

2N6028 

SILICON PROGRAMMABLE 
UNIJUNCTION TRANSISTORS 

. designed to enable the engineer to "program" unijunction char
acteristics such as R SS' 1'/, I V, and I P by merely selecting two resistor 
values. Application includes thyristor-trigger, oscillator, pulse and 
timing circuits. These devices may also be used in special thyristor 
applications due to the availability of an anode gate. Supplied in an 
inexpensive TO-92 plastic package for high-volume requirements, this 
package is readily adaptable for use in automatic insertion equipment. 

• Programmable - RSS, 1'/, IV and Ip. 

• Low On-State Voltage - 1.5 VoltsMaximum@IF: 50 mA 

• Low Gate to Anode Leakage Current - 10 nA Maximum 

• High Peak Output Voltage - 11 Volts Typical 

• Low Offset Voltage - 0.35 Volt Typical (RG = 10 k ohms) 

MAXIMUM RATINGS 

Rating Symbol Value Unit 

Power Dissipation (1 ) PF 375 mW 
Derate Above 25°C 1/0JA 5.0 mW/oC 

DC Forward Anode Current(2) IT 200 mA 
Derate Above 25°C 2.67 mA/oC 

* DC Gate Current IG ±.50 mA 

Repetitive Peak Forward Current ITRM 
100 jlS Pulse Width, 1.0% Duty Cycle 1.0 Amp 

'20 jlS Pulse Width, 1.0% Duty Cycle 2.0 Amp 

Non-Repetitive Peak Forward Current ITSM 5.0 Amp 
10 jlS Pulse Width 

.. Gate to Cathode Forward Voltage VGKF 40 Volt 

* Gate to Cathode Reverse Voltage VGKR -5.0 Volt 

* Gate to Anode Reverse Voltage VGAR 40 Volt 

.. Anode to Cathode Voltage VAK ±.40 Volt 

Operating Junction Temperature Range TJ -50 to +100 °c 
.. Storage Temperature Range Tstg -55 to +150 °c 

-Indicates JEDEC Registered Data 
(1)JEOEC Registered Data is 300 mW, derating at 4.0 mW/oC. 
(2)JEDEC Registered Data is 150 mAo 
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SILICON 
PROGRAMMABLE UNIJUNCTION 

TRANSISTORS 

A 

40 VOLTS 

375mW 

G 
K 

'I ~ r:-r~;l~ 

~::::~n1 
0.016 0.500 
0N9 1.lIN 

DlA HOLE ITYPJ- ~ 

jrE' 0.095 
0.045--# ~ 
0]551 

0.045 
0.016 " : 1--0]55 
iJll2j----!r-

STYLE 16: 
PIN 1. ANODE 

2. GATE 
3. CATHODE 0.135 r l MI" 

~-1 
-~---, 

0.080 0.125 
~ iITil5 

To conwrt inches to millimeten multiply by 25.4 

All JEOEC dimensions and notes apply 

CASE 29-02 
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2N6027,2N6028 (continued) 

ELECTRICAL CHARACTERISTICS (T A ~ 25°C unless otherwise noted) 
Characteristic Figure Symbol Min 

*Peak Current 2,9,11 Ip 
(VS = 10 Vdc, RG = 1.0 Mn) 2NS027 -

2NS028 -
(VS = 10 Vdc, RG = 10 k ohms) 2NS027 -

2NS028 -

Offset Voltage 1 VT 
(VS = 10 Vdc, RG = 1.0 Mn) 2NS027 0.2 

2NS028 0.2 

(VS = 10 Vdc, RG = 10 k ohms) (Both Types) 0.2 

*VaUey Current 1,4,5, IV 
(VS = 10 Vdc, RG = 1.0 MH) 2NS027 -

2N6028 -

(VS ~ 10 Vdc, RG ~ 10 k ohms) 2N6027 70 
2N6028 25 

(VS ~ 10 Vdc, RG = 200 Ohms) 2N6027 1.5 
2N6028 1.0 

Gate to Anode Leakage Current - IGAO 
(VS = 40 Vdc, T A = 25°C, Cathode Open) -

(VS = 40 Vdc,.TA = 75°C, Cathode Open) -

Gate to Cathode Leakage ~urrent - IGKS -
(VS = 40 Vdc, Anode to Cathode. Shorted) 

'Forward Voltage (IF = 50 mA Peak) 1,6 VF -

'Peak Output Voltage 3,7 Vo 6.0 

(VB = 20 Vdc, Cc = 0.2IJ.F) 

Pulse Voltage Rise Time 3 tr -
(VB = 20 Vdc, Cc = 0.2 IJ.F) 

·'ndicates JEDEC Registered Data 

FIGURE 1 - ELECTRICAL CHARACTERIZATION 

'VB 

A R2 

-VS = R1 Rt 1 R2 VB 

R1 

1A· PROGRAMMABLE UNIJUNCTION 
WITH "PROGRAM" RESISTORS 
Rl and R2 

VAK 

1B - EQUIVALENT TEST CIRCUIT FOR 
FIGURE 1 A USED FOR ELECTRICAL 
CHARACTE R ISTI CS TESTI NG 

(ALSO SEE FIGURE 21 

Typ Max Unit 

",A 
1.25 2.0 
0.08 0.15 

4.0 5.0 
0.70 1.0 

Volts 

0.70 l.S 
0.50 O.S 

0.35 O.S 

IJ.A 

18 50 
18 25 

270 -
270 -

- - mA 
- -

nAdc 
1.0 10 

3.0 -
5.0 50 nAdc 

0.8 1.5 Volts 

11 - Volts 

40 80. ns 

--tf~----~------~IF--+ IA 

IGAO 

1C - ELECTRICAL CHARACTERISTICS 

FIGURE 2 - PEAK CURRENT (lp) TEST CIRCUIT FIGURE 3 - Vo AND tr TEST CIRCUIT 

ADJUST 
Ip(SENSE) 

100~V = 1.0 nA 

-=- VB RG = R/2 L= O.Ol"F Vs =VB/2 

SCOPE _2_0 .... _U_~_~_~_R ..... _--' 
TEST 

(See F igur. 1) 

Cc 

+VB 

tV 

510 k 
16k 

27k 

20n 0.6 V +-t--~-----------
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2N6027,2N6028 (continued) 

TYPICAL VALLEY CURRENT BEHAVIOR 

FIGURE 4 - EFFECT OF SUPPLY VOLTAGE FIGURE 5 - EFFECT OF TEMPERATURE 
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2N6027, 2N6028 (continued) 
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FIGURE 9 - EFFECT OF SUPPLY VOLTAGE AND RG 
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2N 6 0 2 9(SILICON) 

2N6030 
2N6031 

HIGH-VOLTAGE - HIGH POWER PNP TRANSISTORS 

· .. designed for use in high power audio amplifier applications and 
high voltage switching regulator circuits. 

• High Collector-Emitter Sustaining Voltage -
VCEO(sus) = 100 Vdc - 2N6029 

= 120 Vdc - 2N6030 
= 140 Vdc - 2N6031 

• High DC Current Gain - @ IC = 8.0 Adc 
hFE = 25 (Min) - 2N6029 

= 20 (Min) - 2N60JO 
= 15 (Min) - 2N6031 

• Low Collector-Emitter Saturation Voltage -
VCE(sat) = 1.0 Vdc (Max) @ IC = 10 Adc 

• Complement to NPN Transistor Series - 2N5629, 2N5630, 2N5631 

*MAXIMUM RATINGS 

Rating Symbol 2N6029 2N6030 2N6031 

Collector-Emitter Voltage VeEO 100 120 140 

Collector-Base Voltage Ves 100 120 140 

Emitter-Base' Voltage VES .. 7.0 • 
Collector Current Continuous Ie .. 16 .. 

Peak .. 20 .. 
Base Current - Continuous IS .. 5.0 • 
Total Device Dissipation @ T C 250 e Po .. 200 • 

Derate above 25°C .. 1.14 .. 
Operating and Storage Junction T J, Tstg --65 to +200---

Temperature Range 

*THERMAL CHARACTERISTICS 

Characteristic 

Thermal Resistance, Junction to Case 

-Indicates JE DE C Registered Oata. 

FIGURE 1 - POWER DERATING 
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2N6029, 2N6030, 2N6031 (continued) 

*ELECTRICAL CHARACTERISTICS (TC = 25°C unless otherwise notedt 

Characteristic Svmbol Min Max Unit 

OFF CHARACTERISTICS 

COllector-Emitter Sustaining Voltage (1) VCEO(sus) Vdc 
(lc = 200 mAdc, IB = 0) 2N6029 100 -

2N6030 120 -

2N6031 140 -

Collector-Emitter Cutoff Current ICEO mAdc 
(VCE = 50 Vdc, IB = 0) 2N6029 - 2.0 
(VCE = 60 Vdc,IB = 0) 2N6030 2.0 
(VCE = 70 Vdc, IB = 0) 2N6031 - 2.0 

Collector-Emitter Cutoff Current ICEX mAdc 
(VeE = Rated VCB, VBE(off) = 1.5 Vdc) - 2.0 
(VCE = Rated VCB, VBE(off) =1.5 Vdc, TC = 150oC) - 7.0 

Collector-Base Cutoff Current ICBO - 2.0 mAdc 
(VCB = Rated VCB, IE = 0) 

Emitter~Base Cutoff Current lEBO - 5.0 mAdc 
(VBE = 7.0 Vdc, IC = 0) 

ON CHARACTERISTICS (1) 

DC Current Gain hFE -
(lc = 8.0 Adc, VCE = 2.0 Vdc) 2N6029 25 100 

2N6030 20 80 
2N6031 15 60 

(lC = 16 Adc, VCE = 2.0 Vdc) All Types 4.0 _. 

Collector-Emitter Saturation Voltage VCE(sat) Vdc 
(lC = 10 Adc, IB = 1.0 Adc) - 1.0 
(lC = 16 Adc, IB = 4.0 Adc) -- 2.0 

8ase~Emitter Saturation Voltage VBE(sat) - 1.8 Vdc 
(lC = 10 Adc, IB = 1.0 Adc) 

Base-E mitter On Voltage VBE(on) - 1.5 Vdc 
(lC = 8.0 Adc, VCE = 2.0 Vdc) 

DYNAMIC CHARACTERISTICS 

Current-Gain-Bandwidth Product (2) IT 1.0 - MHz 
(lC = 1.0 Adc, VCE = 20 Vdc, f test = 0.5 MHz) 

Output Capacitance Cob - 1000 pF 
(VCB = 10 Vdc, IE = 0, f = 0.1 MHz) 

Small-Signal Current Gain hfe 15 - -
(lC = 4.0 Adc, VCE = 10 Vdc, f = 1.0 kHz) . 
Indicates JEDEC Registered. Data. (1) Pulse Test: Pulse WIdth s: 300 /Is, Duty CycleS: 2.0%. (2) fT = I hfe I • ftqst 

FIGURE 2 - SWITCHING TIMES TEST CIRCUIT 
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2N6029, 2N6030, 2N6031 (continued) 
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There are two limitations on the power handling ability of a 
transistor: average junction temperature and second breakdown. 
Safe operating area curves indicate IC·VCE limits of the transistor 
that must be observed for reliable operation; i.e., "the transistor 
must not be subjected to greater dissipation than the curves indicate. 

The data of Figure 5 is based on T J(pk) = 2000 C; T C is variable 
depending on conditions. Second breakdown pulse limits are valid 
for duty cycles to 10% provided T J(pk) ..;; 200"C. T J(pk) may be 
calculated from the data in Figure 4. AI high case temperatures, 
thermal limitations will reduce the power that can be handled to 
values less than the limitations imposed by second breakdown. 
(See AN·415) 

FIGURE 7 - CAPACITANCE 

2000 ""-'--'-T"TTTTT""-'--'r-rrTTm--r-r-n1rn""11rTT""111--' 
V='i5~~ 

!IOOO~~~~Ie~~~~~~::~~~~~~~ 
~ 700I-+-H++HI-~-1~~~+I+l1t--+-+++++t1I+---1 
~ 
~ ~r-r++H~--~+1~~~~;-rH~+---t 

~ I--I-H-++++I----!-H-IC ~ 
li~ 
II " Cob 

D~~~#--4-+++~II~--~~~~J~~~ 

~~~~ __ ~~~I~~~I~r~~~ 
0.2 0.5 1.0 2.0 5.0 10 20 50 100 200 

VR, REVERSE VOLTAGE (YOLTSI 

2-386 



2N6029, 2N6030, 2N6031 (continued) 

FIGURE 8 - DC CURRENT GAIN 
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2N6049 (SILICON) 

MEDIUM-POWER PNP SILICON TRANSISTOR 
· .. designed for general-purpose switching and amplifier applications 

• Aluminum TO-66 Package for Better Power Handling Capability-
75 Watts @ TC = 250C 

• Excellent Safe Operating Area 

• DC Current Gain Specified to 4.0 Amperes 

• Complement to NPN Type 2N3054A 

*MAXIMUM RATINGS 

Rating Symbol Value 

Collector-Emitter Voltage VCEO 55 

Collector-Emitter Voltage VCER 60 
IRSE = 100nl 

Collector-Base· Voltage VCB 90 

Emitter-Base Voltage VEB 7.0 

Collector Current - Continuous IC 4.0 

Peak 10 

Sase Current IB 2.0 

Total Device Dissipation @TC - 2SoC PD 75 

Derate above 25° 0.43 

Operating and Storage Junction, TJ, Tstg -65 to +200 
Temperature Range 

·'ndlcates JEDEC Registered Data 

THERMAL CHARACTERISTICS 

Characteristic Symbol Max 

Thermal Resistance, °JC 2.33 
Junction to Case 

FIGURE 1 - POWER-TEMPERATURE DERATING 
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2N6049 (continued) 

*ELECTRICAL. CHARACTERISTICS (TC = 2SoC unless otherwise noted) 

I Characteristic I, Symbol Min Max Unit 

OFF CHARACTERISTICS 

Collector-Emftter ,Sustaining Voltage (1) 
(lr. = 100 mAde, IR = 0) 

Collector-Emitter Sustaining Voltage (1) 
(lC = 100 mAde, RSE = 100 n 

,Collector Cuttolf Current 
(VCE = 30 Vde, 18 = 0) 

Collector Cutoff Current 
(VCE = 90 Vde, VBE(off) = 1.5 Vde) 
(VCE = 90 Vde, VBE(off) = 1.5 Vde, 
TC = lSOoC) 

Emitter Cutoff Current 
(VBE = 7.0 Vde, IC = 0) 

ON CHARACTERISTICS (1) 

DC Current Gain 
(I,C = SOO mAde, VCE = 4.0 Vde) 
(lC = 3.0 Adc, VCE = 4.0 Vde) 

Coliector·Emitter Saturation Voltage 
(lC = 500 mAde, IS = 50 mAde) 
(lC = 4.0 Ade, IB = 800 mAde) 

Base-Emitter On Voltage 
(lC = 500 mAde, VCE = 4.0 Vde) 

DYNAMIC CHARACTERISl'lCS 

Current Gain - Bandwidth Product 

(lC = 200 mAde, VCE = 10 Vde) 

Output Capacitance 

(VCB = 10 Vde,IE = 0, f = 0.1 MHz) 

Small-5ignal Current Gain 
(lC = 100 mAde, VCE = 4.0 Vde, f = 1.0 kHz) 

·,ndicatesJEDEC ~egistered Data 
(1) Pulse test: Pulse WidthS300 ,",s, Duty Cycle ::$2.0% 

FIGURE 2 - SWITCHING TIME EQUIVALENT TEST CIRCUIT 
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2N6049 (continued) 

FIGURE 4 - THERMAL RESPONSE 
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There are two limitations on the power handling ability of a 
transistor: average junction temperature and second breakdown. 
Safe operating area curves indicate Ie - VeE limits of the tran
sistor that must be observed for reliable operation; i.e., the transistor 
must not be subjected to greater dissipation than the curves indicate. 

The data of Figure 5 is based on TJ(pk) = 20o"C; TC is variable 
depending on conditions. Second breakdown pulse limits are valid 
for dutV cvcles to 10% provided TJ(pk) < 200oC. TJ(pk) may be 
calculated from the data in Figure 4. At high case temperatures, 
thermal limitations will reduce the power that can be handled to 
values less than the limitations imposed bV second breakdown. 
(See AN-41Sl. 

FIGURE 7 - CAPACITANCE 
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2N6049 (continued) 
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2N6064 (GERMANIUM) 

2N6065 
2N6066 

PNP GERMANIUM POWER TRANSISTORS 

. designed for high-voltage switching applications. 

• Low Leakage Current -
ICBO = 3_0 mAdc (Max) 

• Low Collector-Emitter Saturation Voltage -
VCE(sat) = 0.8 Vdc (Max) @ IC = 10 Adc 

• Switching Times - ton = 10 /1s @ 3.0 Adc 
toff = 15 /1s@ 3.0 Adc 

'MAXIMUM RATINGS 

Rating Symbol 2N6064 2N6065 

Collector-Emitter Voltage VCEO 80 120 

Collector-Base Voltage VCB 80 120 

Emitter-Base Voltage VEB . 5.0 

Collector Current Continuous IC 10 

Base Current 'B 5.0 

Total Device Dissipation@Tc 25°C Po 56 
Derate above 25°C . 0.67 

2N6066 

160 

160 . 

.Operating and Storage Junction TJ.Tstg _-65to+110_ 
Temperature Range 

THERMAL CHARACTERISTICS 

Characteristic I Symbol I Max I 
~hermal Resistance. Junction to Case I °JC I 1.50 I 
• Indicates JEOEC Registered Data. 

FIGURE I-POWER TEMPERATURE DERATING CURVE 
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POWER TRANSISTORS 

PNP GERMANIUM 
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t-~ ......... ....-r-/---r-_-+ 
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1---

PIN 1. EMITTER 
2. BASE 
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To convert inches to millimeters multiply by 25.4 
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2N6064, 2N6065, 2N6066 (continued) 

·ELECTRICAL CHARACTERISTICS (TC = 25°C unless otherwise noted) 

Characteristic 

OFF CHARACTERISTICS 

Collector-Emitter Sustaining Voltage (1) 
(lc = 100 mAde, IB = 0) 

Emitter Floating Potential 
(VCE = 80 Vde, IB = 0) 

(VCE = 120 Vde, IB = 0) 

(VCE = 160 Vde, IB = 0) 

Collector Cutoff Current 
(VCE = 80 Vde, VBE (off) = 0.2 Vde, T C = +1000 C) 

(VCE = 120 Vde, VBE(off) = 0.2 Vde, TC = +1000 C) 

(VCE = 160 Vde, VBE(off) = 0.2 Vde, TC = +1000 C) 

Collector Cutoff Current 
(VCB = 80 Vde, IE = 0) 

(VCB = 120 Vde, IE = 0) 

(VCB = 160 Vde, IE = 0) 

Emitter Cutoff Current 
(VBE = 5.0 Vde, IC = 0) 

ON CHARACTERISTICS (1) 

DC Current Gain 
(lC = 3.0 Ade, VCE = 2.0 Vde) 

Collector-Emitter Saturation Voltage 
(lC= 1OAde,IB= 1.0Ade) 

Base-Emitter Saturation Voltage 
(lC = 10 Ade, IB = 1.0 Ade) 

DYNAMIC CHARACTERISTICS 

Current-Gain-Bandwidth Product 
(lC = 0.5 Ade, VCE = 12 Vde) 

SWITCHING CHARACTERISTICS (SEE FIGURE 8) 

Turn-On Time 
(lC = 3.0 Ade,lBl = 0.3 Ade, VCC = 30 Vde) 

Turn-Off Time 

(lC=3.0Adc,IBl = IB2=0.3Ade, VCC=30Vdc) 

(1)PutSe Test: Pulse Width ~300 IJS. Duty Cycle 62.0%. 

-Indicates JEDEC Registered Data. 

2N6064 
2N6065 
2N6066 

2N6064 

2N6065 

2N6066 

2N6064 

2N6065 

2N6066 

2N6064 

2N6065 

2N6066 

Symbol 

VCEO(sus) 

VEBF 

ICEX 

ICBO 

lEBO 

hFE 

VCE(satl 

VBE(s_t) 

ton 

toff 

FIGURE 2 - THERMAL RESPONSE 
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Min Max Unit 
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20 50 -
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2N6064, 2N6065, 2N6066 (continued) 

FIGURE 3 - CLAMPED INDUCTIVE SAFE OPERATING AREA 
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2N6064, 2N6065, 2N6066 (continued) 
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2N6067 (SILICON) 

PNP SILICON ANNULAR TRANSISTOR 

· .. designed for medium·current saturated switching and core driver 
applications. 

• Fast Switching Times@ VCC = 40 Vdc -
ton = 40 ns (Max) 

toft = 80 ns (Max) 

• Current·Gain-Bandwidth Product -
fT = 150 MHz (Min) 

• Low Collector·Emitter Saturation Voltage -
VCE(sat) = 0.6 Vdc (Max) @ IC = 500 mAde 

*MAXIMUM RATINGS 

Rating Symbol Value 

Co"ector~Emitter Voltage VCEO 40 

Collector-Base Voltage VCB 50 

Emitter-Base Voltage VEB 5.0 

Collector Current Continuous IC 1.0 

Total Device Dissipation @TA == 25°C Po 625 
Derate above 25°C 5.0 

Total Device Dissipation@Tc-2SoC Po 1.5 
Derate above 25°C 12 

Operating and Storage Junction TJ.Tstg -55 to +150 
Temperature Range 

THERMAL CHARACTERISTICS 

Characteristic Symbol Max 

Thermal Resistance, Junction to Case eJC 83.3 

Thermal Resistance. Junction to Ambient eJA 200 

*Indicates JEDEC Registered Data. 

2-396 

Unit 

Vdc 

Vdc 

Vdc 

Adc 

mW 
mW/oC 

Watt 
mW/oC 

°c 

Unit 

°C/W 

°CIW 

PNP SILICON 
SWITCHING 

TRANSISTOR 

i&Ws 
~.:.::n1 

0.016 0.500 

OIA H~ (TYP)- J 
0.045-!± i!]5S 

I-&; 

50 (NOM) ~ R. 

Pin1.EmitterM23 I 
2. Base 
3. Collector 10 

0.085 R. 0.045 
1rIm5 if.1Ili5 

CASE 29 (1) 

TO·92 



2N6067 (continued) 

*ELECTRICAL CHARACTERISTICS (T A = 250 C unless otherwise noted) 

Characteristic Svmbol 

OFF CHARACTERISTICS 

Collector-Emitter Breakdown Voltage <D BVCEO 
(lC = 10 mAde, IB = 0) 

Collector·Base Breakdown Voltage BVCBO 
(lC = 100 /lAde, IE = 0) 

Emitter-Base Breakdown Voltage BVEBO 
(IE = 10/lAde, IC = 0) 

Collector Cutoff Current ICBO 
(VCB = 30 Vde, IE = 0) 

Emitter Cutoff Current lEBO 
(VEB = 3.0 Vde, IC = 0) 

ON CHARACTERISTICS 

DC Current Gain <D hFE 
(lC = 10 mAde, VCE = 1.0 Vde) 

(lC = 100 mAde, VCE = 1.0 Vde) 

(lc = 500 mAde, VCE = 1.0 Vde) 

Collector-Emitter Saturation Voltage <D VCE(satl 
(lC = 100 mAde, IB = 10 mAde) 

(lc = 500 mAde, IB = 50 mAde) 

Base-Emitter Saturation Voltage <D VBE(s.t) 
(lC = 100 mAde, 16= 10 mAde) 

(lC = 500 mAde, IB = 50 mAde) 

DYNAMIC CHARACTERISTICS 

Current-Gain-Bandwidth Product <2> fT 
(lC = 50 mAde, VCE = 10 Vde, f = 100 MHz) 

Collector-Base Capacitance Ccb 
(VCB = 10 Vdc, IE = 0, f = 100 kHz) 

Emitter-Base Capacitance Ceb 
(VEB = 0.5 Vde, IC = 0, f = 100 kHz) 

SWITCHING CHARACTERISTICS 

Turn-On Time ton 

Delay Time (VCC = 40 Vdc, IC = 500 mAde, 
IBI = 50 mAde, VEB(off) = 4.0 Vde) 

td 

Rise Time tr 

Turn-Off Time toff 

Storage Time 
(VCC = 40 Vde, IC = 500 mAde, 

ts IBI = .IB2 = 50 mAde) 

Fall Time tf 

. 
Indicates JEDEC Registered Data. 

<DPUlse Test: Pulse W~dth 5: 300 /Js, Duty Cycle ~ 2.0%. 

@ fT is defined as the frequency at which Ihfel extrapolates to unity, 

FIGURE 1 - SWITCHING TIMES TEST CIRCUIT 

+4.0 

O~ 

Vin = 10 Vdc 
Zin = 50 Ohms 
Pulse Width = 1.0l'S 
1,<2.0ns 

~.1.0I'F 
50nl . 

1.0kn 

RB'lOon 
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-
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-
-
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MHz 
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.....-;~,..---..,.,-- SCOPE 
I 

~ CS' < 7.0pF 
I __ -.oJ 



2N6067(continued) 

TYPICAL TRANSIENT CHARACTERISTICS 

.,. 

.s 
w 

'" >= 
w 
to 

~ 
0 
t;; 
-; 

~ 
w .. 
>= 
-' 
-' 
! 
~ 

100 

70 

0 

30 

20 

10 

7.0 

5.0 
10 

200 

100 
......... 

70 

50 

30 

200 , 
100 

70 

50 

30 

20 

10 
10 

FIGURE 2-0ELAY TIME 

TJ = 250Ci: 
IC/IB = 10 
VCC = 40 Vdc 

i'. I 

"-
'd @ VEB(off) = 4.0 Vdc V· 

I>--.. 'lJo' 
Id@V'b(off)=O 

, , 

20 30 50 100 200 300 500 1000 

IC, COLLECTOR CURRENT (mAl 

FIGURE 4 - STORAGE TIME 

Is' ~ 1.-\ /8 ~f . ~J!2~ob 
IBI = IB2 

...... 

-- lcllB = 10 
t-... 

IC/IB = 20 - ~ - I--

20 50 100 200 500 1000 

IC, COLLECTOR CURRENT (mAl 

FIGURE 6 - FALL TIME 

.'- , --- VCC = 40 Vdc 

~'r'\ \ 
- - VCC = 10 Vdc 

1 1 1 TJ = 250C 

IC/IB = 20 

"./ 
L "'-

'C/IB'lO 
" '-

."- "-, 
....... ,"'t'- r-.... 

~ 

" I"':."'::: ~-
20 30 50 100 200 300 500 1000 

IC, COLLECTOR CURRENT (mAl 

FIGURE 3 - RISE TIME 

200 , 
i'- r\ --- VCC = 40 Vdc 

..... " ,;" .l - - - VCC = 10 Vdc 
I I TJ=250C 

] 
w 

'" >= 
w 

'" a: 
~ 

100 

70 

50 

I--
30 

20 

10 
10 

100 

IC~B = 20 

IL 

IcllB = 10 " '" "-
i'...' '\ 

" " ... " 

.... r-.. 
20 30 50 100 200 300 500 1000 

IC, COLLECTOR CURRENT (mAl 

FIGURE 5 - STORAGE TIME 

I V V /' 
,,-

<" 
S 80 I /30 /' ./ 
I-

~ 
./t, = 20 / ~o V /" 

'" 60 
~ 
w 

~ 
u. 40 u. 
<;> 
~ 
'" I- 20 
l;i 

I 
II 

/ 
/ 
// 
~ 
"' o 

20 

100 

50 

~ 

;;20 
'-' z .. 
I- 10 

~ 
~ 5.0 
'-' 

2,0 

1.0 
0.1 0.2 

L /~ ,,/' 

1/ ./ ./" ,.-V ..... .......-
,/ / ./" V 60 .................. 

V/ / ........... 70 

/-'" .......- IC = 500 mA 

V 
TJ=250C--I 

40 60 80 100 

IB1, TURN·ON BASE CURRENT (mAl 

FIGURE 7 - CAPACITANCES 

Tr250C 

...... 1'--... 
Cob 

C b 

0.5 1.0 2.0 5.0 10 20 50 100 

VR, REVERSE VOLTAGE (VOLTS) 



2N6067 (continued) 
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2N6068 (SILICON) 
thru 

2N6075 
(Formerly MAC77·1 thru MAC77 ·8) 

MT2 o-----I.~,..---o MTl 
~ 6G 

SILICON BIDIRECTIONAL THYRISTORS 

· .. designed primarily for full-wave ac control applications, such as 
light dimmers, motor controls, heating controls and power supplies; 
or wherever full-wave silicon gate controlled solid-state devices are 
needed. Triac type thyristors switch from a blocking to a conducting 
state for either polarity of applied anode voltage with positive or 
negative gate triggering. [MT2(+)G(+), MT2(-)G(-)] 

• All Diffused and Passivated Junctions for Greater Parameter Uni
formity and Stability 

• Small, Rugged, Thermopad Construction for Low Thermal 
Resistance, High Heat Dissipation and Durabilitv 

MAXIMUM RATINGS 
Rating 

"Repetitive Peak 01f-5t8te Voltage, Note 1 
(TJ= Ilo"CI 2N6068 

2N6069 
2N6070 
2N6071 
2N6072 
2N6073 
2N6074 
2N6075 

·OnoStat. Current RMS (TC = 8SoCI 

·Peak Surge Current 
(One Full cycle, 60 Hz, T J = -40 to +1100CI 

Circuit Fusing Considerations 
(TJ =-40 to+ll00C,t= 1.0 to 8.3 msl 

·Peak Gate Power 

*Average Gate Power 

·Peak Gate Voltage 

*Operating Junction Temperature Range 

·Storage Temperature Range 

Mounting Torque (6-32 Screwl. Note 2 

THERMAL CHARACTERISTICS 
Characteristic 

*Thermal Resistance, Junction to Case 

Thermal Resistance, Case to Ambient 

'Indicates JE DEC Registered Data 
NOTES: 

Symbol Value 

VORM 
25 
50 
100 
200 
300 
400 
500 
600 

IT(RMSI 4.0 

ITSM 30 

12t 3.6 

PGM 10 

PG(AVI 0.5 

VGM 5.0 

TJ -40to+ll0 

Tstg -40 to +150 

- 8.0 

1. Ratings applv for open gate conditions. Thyristor devices shall not be 
tested with a constant current source for blocking capability such that 
the voltage applied exceeds the rated blocking voltage. 

2. Torque rating applies with use of torque washer (Shakeproof W019523 
or equivalent). Mounting torque in e~cess of 6 in. lb. does not appreci
ably lower case-to-sink thermal resistance. Main terminal 2 and heat
sink contact pad are common. 

For soldering purposes (either terminal connection or device mounting). 
soldering temperatures shall not exceed +200oC. 

2-400 

Unit 

Volts 

Amp 

Amp 

A2s 

Watts 

Watt 

Volts 

°c 
°c 

in. lb. 

PIN I. 
2. 
3. 

TRIACS 
(THYRISTORS) 

4 AMPERES RMS 

25 THRU 600 VOLTS 

0,130 r-~1¥otO'150NOM 
0.175 !1..!l§ OiA THRU 
~ 0.1\8 . 

I'V t -.---.-I--~HA>-r- O.l!\] 
I I [450 

-+ 
MAIN TERMINALI '11 L 
MAIN TERMINAL 2 I . O.QS] 

0.595 
[655 

GATE ~~ 0.100 

0.015 ----.j ~.~~~ 
0:Oi5 I 0.070 

~ ___ TE_0.130 

,~ , 
HEAT SINK 

CONTACT AREA 
(BOTTOM} 

CASE n02(51 



2N6068 thru 2N6075 (continued) 

ELECTRICAL CHARACTERISTICS (TC = 25°C unless otherwise noted) 

Characteristic Symbol Min 

*Peak Blocking Current (Either Direction) IOf'lM -
Rated VORM @TJ.= nooc, Gate Open 

·On-5t8te Volt~ge.{Either Directj~n) VTM -
'TM = 6.0 A Peak 

*Gate Trigger Current, Peak 
Main Terminal Voltage = 12 Vdc, R L = 100 ohms, T J = -40°C 

IGl'M -

MT2(+)G(+); MT2HGH 

*Gate Trigger Voltage, Peak 
Main Terminal VOltage.= 12 Vdc, RL = 100 ohms, TJ = -400 C 

VGTM 

MT2(+)G(+), MT2HGH -

Main Terminal Voltage = Rated VORM, RL = 10 k ohms, TJ = ,.110oC 0.2 
MT?I+ GI+l MT2I-IGI-1 

Holding Current (Either Oirection) 'H -
Main Terminal Voltage = 12 Vdc, Gate Open, T J = -400C 

Initiating Currerit-·= 1.0 Adc 

Turn-On Time ton -
'TM = 14 Adc, I.GT = l00mAdc . 

Blocking Voltage Application Rate at Commutation dv/dt -
@VORM, T J = 8SoC, Gate Oper 

• Indicates JEDEC Registered Data 

. MBS4991tMBS4992 
Recommended for Triac Triggering 

Triggers Provide: 

1. Consistent predictable turn-on points. 
2. Simplified circuitry. 
3. Fast turn-on time for cooler, more efficient and reliable 

operatio~. 

Electrical Characteristics 

Symbol MBS4991 MBS4992 

Vs = 6 10V 7.5 9.0V 

'S = 350 "A Max 120 "A Max 

VS1-VS2 = 0.5 V Max 0.2VMax 

Temperature Coefficient = O.02'!6tOC Typ 

(For light dimmer applications the MBS100 i's recommended). 

See AN-526 for Theory and Characteristics of Silicon Bidirectional 
Switches. . 

2--401 

Typ Max Unit 

- 2.0 mA 

1.4 2.0 Volts 

- 60 mA 

Volts 

1.4 2.5 

- -

- 70 mA 

1.5 - 1" 

5.0 VII'S 



2N6068 thru 2N6075 (continued) 
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2N6068 thru 2N6075 (continued) 

FIGURE 7 - MAXIMUM ON·STATE CHARACTERISTICS 
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2N6080 (SILICON) 

2N6081 

The RF Line 

NPN SILICON RF POWER TRANSISTORS 

· .. designed for 12.5 Volt VHF large-signal power amplifier applica
tions required in military and industrial equipment operating to 
300 MHz. 

• Specified 12.5 Volt, 175 MHz Characteristics
Output Power = 4.0 W - 2N6080 

15W - 2N6081 

Minimum Gain = 12 dB - 2N6080 
6.3 dB - 2N6081 

Efficiency = 50% 

• Balanced Emitter Construction to provide the designer with the 
device technology that assures ruggedness and resists transistor 
damage·caused by load mismatch 

• Stripline Packaging for lower lead inductance and better broad
band capabil ity 

*MAXIMUM RATINGS 

Rating Symbol 2N6080 I 2N6081 

Collector-Emitter Voltage VeEO 18 

Collector-Base Voltage VeBO 36 

Emitter-Base Voltage VEBO 4.0 

Collector Current - Continuous Ie 1.0 I 2.5 

Unit 

Vdc 

Vdc 

Vdc 

Adc 

Total Device Dissipation @TC= 25°C (2) Po 12 I 31 Watts 
Derate above 2SoC 68.5 177 mw/oe 

Storage Temperature Range Tstg -65to +200 °e 

Stud Torquel1) - 6.5 in. lb. 

·Indicates JEOEC Registered Data 
(1lFor repeated assembly use 5 in. lb. 

(2)These devices are designed fa ... RF operation. The total device dissipation rating 
applies only when the devices are operated as R F amplifiers. 

2-404 

PIN 1. 
2. 
3. 
4. 

4.0 and 15 W 
175 MHz 

RF POWER 
TRANSISTORS 

NPN SILICON 

~32NC 2A 

WRENCH 
FLATS 

To convert inches to millimeters multiply bV 25.4 

CASE 145A·Ol 



2N6080, 2N6081 (continued) 

*ELECTRICAL CHARACTERISTICS (TC = 25°C unless otherwise noted I 

Characteristic 

OFF CHARACTERISTICS 

Collector-Emitter Breakdown Voltage 
(lC = 10 mAdc,lB = 01 

(lC = 20 mAdc,lB = 01 

Collector-Emitter Breakdown Voltage 
(lC = 5.0 mAdc, VBE = 01 

(lC = 10 mAdc, VBE = 01 

Emitter-Base Breakdown Voltage 
(IE = 1.0 mAdc, IC = 01 

(IE = 2.0 mAdc, IC = 01 

Collector Cutoff Cu rrent 
(VCE = 15 Vdc, VBE = 0, TC = +550 CI 

Collector Cutoff Current 
(VCB = 15 Vdc,IE = 01 

ON CHARACTERISTICS 

DC Current Gain 
(lC = 0.25 Adc, VCE = 5.0 Vdcl 

(lc = 0.5 Adc, VCE = 5.0 Vdcl 

DYNAMIC CHARACTERISTICS 

Output Capacitance 
(VCB = 15 Vdc,IE = 0, f = 0.1 MHzI 

FUNCTIONAL TEST 

Common-Emitter Amplifier Power Gain 
(Pout = 4.0W, VCC = 12.5 Vdc, f= 175 MHzI 

(Pout = 15 W, VCC = 12.5 Vdc, f= 175 MHzI 

Collector Efficiency 
(Pout =4.0W, VCC = 12.5 Vdc, f= 175 MHzI 

(Pout = 15 W, VCC = 12.5 Vdc, f= 175 MHzI . Indicates JEDEC Registered Data 

2N6OBO 

2N6OBI 

2N6OBO 

2N6OBI 

2N6OBO 

2N6OBI 

2N6OBO 
2N6OBI 

2N6OBO 
2N6OBI 

2N6OBO 

2N6OBI 

2N6OBO 
2N6OBI 

2N6080 

2N6OBI 

2N6OBO 

2N6OBI 

Symbol 

BVCEO 

BVCES 

BVEBO 

ICES 

ICBO 

hFE 

GpE 

Tj 

175 MHz TEST CIRCUIT 

Min Typ Mex 

18 - -
18 - -

36 - -
36 - -

4.0 - -

4.0 - -

- - 5,0 
- - 8.0 

- - 0.25 
- - 0.5 

5.0 - -
5.0 - -

12 - -
6.3 - -

50 - -
50 - -

FIGURE 1 - 2N60BO FIGURE 2 - 2N60Bl 

CI,C6 5.0·BOpF,ARC0462or'quivatent 
C2,C5 9.D-180pF,ARC0463 

C31.0pF 
11 25 nH, 'Tum 118 AWG, t14" Lelllth, 1/4" 1.0. 
L2 FerriteCltokeVK·20020/4BFarroxcube 
LJ 150 nH,8.Turnsl18 AWG,3/4" Lengtlt .. 3116" I.D. 
L4 30nH, 1·1/2Turnt,118AWG, 1I4"lengtll,1I4"I.D. 
RI 3300ltms +-''VV''''" ..... ''*''"'P'l-< 

C1 1I 

C2 C3 

12.5Vdc 

cI,es 5.D-80.pF;A.RC0462Grequiva\ent 
C2 a.O·180 pf,ARCO 463 or &quiVillent 
CJ 120pF 
C4 2!.-zaopf,ARCD464orequivalant 
LI Copp.rSlrap.l·1I4"L,1I4"W,D.03"Thick. 
L2 F.rriItChnkeVK·20D20/4BFarroxcubt. 

(FuriteBeadll8llrS..) 
L3 6Turnsl16AWG,WrappedonRl 
L4 30nH, lTurn.#16AWG, 1-1/4"lenglh, 1/4"1.0. L3 
RI l000hms.2W 
RZ 1.5 Ohms, T!4W 

C1 1I 

l2 

C2 C3 

R2 

2-405 

" 

Unit 

Vdc 

Vdc 

Vdc 

mAdc 

mAdc 

-

dB 

% 

12.5Vdc 



2N6080, 2N6081 (continued) 
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2N6080, 2N6081 (continued) 
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2N6082 (SILICON) 
2N6083 
2N6084 

The RF Lin.e 

NPN SILICON RF POWER TRANSISTORS 

.' .. designed for 12.5 Volt VHF large'signal power amplifier applica· 
tions required in military and industrial equipment operating to 
225 MHz . 

• Specified 12.5 Volt, 175 MHz Characteristics
Output Power = 25 W - 2N6082 

30W - 2N6083 
40W - 2N6084 

Minimum Gain = 6.2 dB - 2N6082 
5.7 dB - 2N6083 
4.5 dB - 2N6084 

Efficiency = 50% 

• Balanced Emitter Construction to provide the designer with the 
device technology that assures ruggedness and resists transistor 
damage caused by load mismatch 

*MAXII\I!UM RATINGS 

Rating Symbol 2N6082 I 
2N6083 2N6084 Unit 

Collector-Emitter Voltage VeEO 18 Vdc 

Collector-Base Voltage VeBO 36 Vdc 

Emitter-Base Voltage VEBO 4.0 Vdc 

Collector Current - Continuous Ie 4.0 I 6.0 Adc 

Total Device Dissipation @ T e - 2Soe (2) Po 50 I 75 Watts 
Derate above 25°C 0.286 0.428 wfle 

Storage Temperature Range Tstg -65 to +200 °e 

Stud Torquell) - 6.5 in. lb. 

·'ndicates JEOEC Registered Data 
(UFor Repeated Assembly Use 5 in. lb. 

(2)These devices Br. designed for R F operation. The total 
device dissipation rating applies only when the devices 
are operated 8S R F ampl ifiers. 

2-408 

PIN 1. 
2. 
3. 
4. 

25. 30 and 40 W 
175 MHz 

RF POWER 
TRANSISTORS 

NPN SILICON 

8·32NC 2> 

WRENCH 
FLATS 

To convert inches to millimeters multiply by 25.4 

CASE t46A·Ol 



2N6082, 2N6083, 2N6084 (continued) 

*ELECTRICAL CHARACTERISTICS (TC = 250 C unless otherwise noted) 

Characteristic 

OFF CHARACTERISTICS 

Collector-Emitter Breakdown Voltage 
(lc = 100 mAde, IB = 0) 

Collector-Emitter Breakdown Voltage 
(lc = 15 mAde, VBE = 0) 

(lC = 20 mAde, VBE = 0) 

Emitter-Base Breakdown Voltage 
(IE = 5_0 mAde, IC = 0) 

(IE = 10 mAde, IC = 0) 

Collector Cutoff Current 
(VCE = 15 Vde, VBE = 0, TC = +550 C) 

Collector Cutoff Current 
(VCB = 15 Vde, IE = 0) 

ON CHARACTERISTICS 

DC Current Gain 
(I C = 1.0 Ade, V CE ;:5.0 Vde) 

DYNAMIC CHARACTERISTICS 

Output Capacitance 
(VCB = 15 Vdc, IE = 0, f = 0.1 MHz) 

FUNCTIONAL TEST 

Common-Emitter Amplifier Power Gain 
(Pout = 25W, VCC= 12.5 Vde, f= 175 MHz) 

(Pout =30W, VCC= 12.5 Vdc, f= 175 MHz) 

(Pout = 40W, VCC = 12.5 Vde, f= 175 MHz) 

Collector Efficiency 
(Pout = 25W, VCC = 12.5 Vde, f= 175 MHz) 

(Pout = 30W, VCC = 12.5 Vde, f= 175 MHz) 

(Pout=40W, VCC = 12.5 Vde, f= 175 MHz) 

-Indicates JEDEC Registered Data 

2NS082,2NS083 

2NS084 

2NS082,2N6083 

2N6084 

2NS082,2N6083 
2N6084 

2NS082,2N6083 
2NS084 

2N6082 

2N6083 

2NS084 

2N6082 

2N6083 

2N6084 

Symbol 

BVCEO 

BVCES 

BVEBO 

ICES 

ICBO 

GpE 

'1 

Min Typ Max 

18 - -

36 ~ -

36 - -

4_0 - -

4.0 - -

- - 10 

- - 1.0 
- - 2.5 

6.2 - -
5.7 - -
4.5 - -

50 - -

50 - -
50 - -

FIGURE 1 - 175 MHz TEST CIRCUIT 

CI,C2 25·2S0 pF, ARCO 464 or equivalent 
C3,C4 9.0-ISO pF, ARCO 463 orequillBlent 

II 2NtiOS2, 2N60S3 - H16 AWG, 1-114" long,Straight 
2N60S4 - lTurn,#16AWG, 114" 1.0., 1" length 

l2 1 Turn, H16 AWG, 114" 1.0., 1" length 
l3 5 Turns,H20 AWG,OR 390 Ohm, 1 W Resistor 

RFCI Fernie Cnoke, Ferroxcube VK-200 20/48 

C2 350pF 

2-409 

~;;":;:~----<t---...... -oVCC 

C4 

100 pF C3 

Unit 

Vde 

Vde 

Vde 

mAde 

mAde 

dB 

% 



2NS082, 2NS083, 2NS084 (continued) 
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2N6082, 2N6083, 2N6084 (continued) 
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2N6094 thru 2N6097 (SILICON) 

The RF Lin.e 

PNP SILICON RF POWER TRANSISTORS 

... designed for 12.5 Volt VHF large-signal amplifier applications 
required in military and industrial equipment operating to 250 MHz. 

• Balanced Emitter Construction with Isothermal Resistor Design to 
Provide the Designer with the Optimum in Transistor Ruggedness 

• Low Lead Inductance Stripline Packaging for Easier Design and 
Increased Broadband Capabilities 

• Flange PackageforEasy Mounting and BetterThermal Conductivity 
to Heat Sink 

• Exceptional Power Output Stability versus Temperature 

'MAXIMUM RATINGS 

Rating Svmbol 2N6094 2N6095 2N6096 2N6097 Unit 

Collector-Emitter Voltage VCEO 18 . Vdc 

Collector-Base Voltage VCBO . 36 . Vdc 

Emitter-Base Voltage VEBO 4.0 Vdc 

Collector Current - IC 1.0 2.5 4.0 6.0 Adc 
Continuous 

Total Device Dissipation POI1) 8.0 20 40 60 Watts 
@TC=250C 

Derate above 2SoC 45.7 114 228 343 mWf'C 

Storage Temperature T stg -65 to +200 oc 
Range 

• Indicates JEOEC Registered Data. 
(l)This device is designed for RF operation. The total device dissipation rating applies 

only when the device is operated as an A F amplifier. 
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2N6094 thru 2N6097 (continued) 

*ELECTRICAL CHARACTERISTICS ITC = 250 C unless otherwise noted) 

Characteristic Symbol Min Typ Max Unit 

OFF CHARACTERISTICS 

Coliector'Emitter Breakdown Voltage BVCEO Vde 
IIc = 10mAde,IB = 0) 2N6094 18 - -

IIc = 20 mAde, 18 = 0) 2N6095 18 - --

IIc = 50mAde,IB = 0) 2N6096 18 - -

IIc = 100 mAde,lB = 0) 2N6097 18 - -

Collector Emitter Breakdown Voltage BVCES Vde 
IIc = 5.0 mAde, VBE = 0) 2N6094 36 - -

IIc = 10 mAde, VBE = 0) 2N6095 36 - -

IIc = 15 mAde, VBE = 0) 2N6096 36 - -

IIc = 20 mAde, VBE = 0) 2N6097 36 - -

Emitter-Base Breakdown Voltage BVEBO Vdc 
liE = 1.0 mAde, IC = 0) 2N6094 4.0 - -

liE = 2.0 mAde, IC = 0) 2N6095 4.0 - -

liE = 5.0 mAde, IC = 0) 2N6096 4.0 - -

liE = 10 mAde, IC = 0) 2N6097 4.0 - -

Collector Cutoff Current ICES mAde 
IVCE = 15 Vde, VBE =0, TC=550 C) 2N6094 - - 5.0 

2N6095 - - 8.0 
2N6096 - - 10 
2N6097 - _. 10 

Collector Cutoff Current ICBO 
IVCB = 15 Vde, IE = 0) 2N6094 - - 250 "Ade 

2N6095 - - 500 
2N6096 - - 1.0 mAde 
2N6097 - - 2.5 

ON CHARACTERISTICS 

DC Current Gain hFE -
IIc = 0.25 Ade, VCE = 5.0 Vdc) 2N6094 5.0 - -
II C = 0.5 Adc, VCE = 5.0 Vde) 2N6095,2N6096,2N6097 HI - -

DYNAMIC CHARACTERISTICS 

Output Capacitance Cob pF 
IVCB = 12.5 Vde, IE = 0, f= 100kHz) 2N6094 - 17 20 

2N6095 - 90 120 
2N6096 - 15Q 190 
2N6097 - 300 400 

FUNCTIONAL TEST 

Common-Emitter Amplifier Power Gain IFigure 1) GpE dB 
IPout = 4.0 W, VCC = 12.5 Vdc, Iclmax) = 0.62 Ade, 2N6094 12 - -
f = 175 MHz) - -

IPout = 15W, VCC= 12.5 Vdc,lclmax) = 1.9 Ade, 2N6095 6.3 - -
f = 175 MHz) - -

IPout = 30 W, VCC = 12.5 Vdc,lclmaxl = 3.4 Adc, 2N6096 5.7 
f = 175 MHz) 

IPout =40W, VCC= 12.5 Vdc,lclmax) = 4.3 Ade, 2N6097 4.5 
f = 175 MHz) 

Collector Efficiency IFigure 1) T) % 

IPout =4.0W, VCC= 12.5 Vde, f= 175 MHz) 2N6094 50 - -
IPout = 15 W, VCC = 12.5 Vde, f = 175 MHz) 2N6095 55 - -

!Pout = 30W, VCC = 12.5 Vde, f = 175 MHz) 2N6096 60 .- -
IPout = 40W, VCC= 12.5 Vde, f = 175 MHz) 2N6097 60 - -

·Indicates JEDEC Registered Data 
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2N6094 thru 2N6097 (continued) 
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FIGURE 1 - 175 MHz TEST CIRCUIT 

....-----------------.----.:,--0 -12.5 Vdc 

2N6094 
Cl,C2 ARea 462 or Equivalent 
C3,C4 7.0 pF Unelco J1HF 

C5 AReO 463 or Equivalent 
C6 ARea 461 or Equivalent 
C7 1000pF 
C8 5.0.F.50V 
11 25 nH, 1 Turn, #18 AWG, 1-1/4" Long, 1/4" 1.0. 
L2 VK200 20/48 Ferrite Choke, Ferroxcube 
L3 150 nH. BTurns, #18 AWG, 3/4" Long, 3/16" 1.0. 
L4 36 nH. 1·1/2 Turns. #18 AWG, 1-1/4" Long, 1/4" I.D. 
RI 390 Dhms, 1/2 W 

2N6095 
Cl,e6 ARea 462 or Equivalent 

C2 ARea 464 Dr Equivalent 
C3.C4 40 pF Unelco J1HF 

C5 AReO 463 or Equivalent 
C7 1000 pF 
C8 5.0 .F, 50 V 
11 Copper Strap 114" Wide, '·1/4" LOflg,Straight 
l2 VK20020/4B Ferrite Choke, Ferroxcube 
l3 150 nH,4 Turns, ',8AWG, 3/4" Long. Wound on Al 
l4 1 Turn, 118 AWG. 1-1(4" Long. 114"1.0. 
HI 300 Ohms, 1 W 

2N6096 
CI,C2 
C3,C4 
C5,C6 

C7 
C8 
LI 
L2 
L3 
L4 
RI 

2N6097 
CI,C2,C5 

C6 
C3,C4 

C7 
C8 
LI 
L2 
L3 
L4 
AI 

AReo 462 or Equivalent 
100 pF UneleD J1HF 
AReO 463 or Equivalent 
1000 pF 
~0.F,50V 

1/2 Turn, 116 AWG. 1-1/4" Long. 1/4" 1.0_ 
VK200 20/48 Ferrite Choke. Ferroxcube 
4 Turns. #18 AWG. 3/4" Long. Wound on Rl 
1 Turn, #16 AWG, 1-1/4" Long, 1/4"1.0. 
390 Ohms, 2 W 

AReo 462 or Equivalent 
ARCO 464 or Equivalent 
100 pF Unelco J1HF 
1000 pF 
5.0.F, 50 V 
18nH,l-1/4"Straight.#16AWG 
VK200 20/48 Ferrite Choke, Ferroxcube 
5 Turns, #18 AWG,3/4" Long, Wound on R1 
1 Turn, #18 AWG. 1-1/4" Long, 1/4"1.0. 
160 Ohms,2W 

OUTPUT POWER versus FREQUENCY 
(Vee = -12.5 Vdc) 

FIGURE 2 - 2N6094 FIGURE 3 - 2N6095 
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2N6094 thru 2N6097 (continued) 
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TYPICAL PERFORMANCE DATA 
OUTPUT POWER versus INPUT POWER 

(Vee = -12.5 Vdc. f = 175 MHz) 

FIGURE 6 - 2N6094 
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2N6094 thru 2N6097 (continued) 
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OUTPUT POWER versus SUPPLY VOLTAGE 

FIGURE 12 - 2N6096 
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2N6094 thru 2N6097 (continued) 
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PARALLEL EQUIVALENT INPUT CAPACITANCE versus FREQUENCY 
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2N6094 thru 2N6097 (continued) 
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PARALLEL EQUIVALENT OUTPUT CAPACITANCE versus FREQUENCY 
(Vee = -12,5 Vdc) 

FIGURE 24 - 2N6096 FIGURE 25 - 2N6097 
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FIGURE 26 - 2N6094 
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2N6094 thru 2N6097 (continued) 

INP 
6.5 

ARGO 

UT f\ 46e,... Ll 

W ~~ ..-

-

Cl = = ARGO ~ RFC111 463 7 

~ 7 Transmitter Case Ground 

I 

FIGURE 30 - 90WATT. 175 MHz AMPLIFIER 

5.0 pF 

~'"""'" RFC5 1 5.0 f./ F -

L2 :J q," r" 2N6097 

100 

RFC2 
RFC311 C5 :I:: C7 =~ 

ARGO ARGO OUTPU 
462-- ~ 461 ..... 

"'" 90 W 
..- .,j" -' ~~ L4 

~ C3 

RFC411! 

TO' ~;,":'T L3 

- >--

=~ C2 7 b-" ARGO C9: ::: ; ..fARGO C8 -
461 461 

"::" 

CUB 25{] pF UNElCO J1HF 
C2,C3,C4.C5,C6,C7 100 pF UNElCO J1HF 

C9 25 pf UNELCO J1HF 
RFCl VK200 - 20/48 FerroxClIbe 
RFC24Turns.#18AWG,L+Leads 

1-1/2" 1/4" I {] 
RFC3, RFC4 0.15 pH' Molded ~ith Ferrite 

B!!ad on Ground Leg 
RFC53Turns,#16AWG,on2W, 

100 H Resistor 
L 1 1 Turn, #20 AWG, 1/4" 1.0. 

l2, L3 ST. PC., #18 AWG, 1·1(4" L 
L41·1(4"xl!4"xO.03"Copper 

Strap Center Tapped 
L5 1/2 Turn, #16 AWG, 1/4" 1.0., 

1/2" L 

This is an example of a PNP amplifier designed for negative or positive ground operation. Floating the coaxial connectors with 
bypasses causes no gain loss. The chassis material is Printed Circuit Board which may easily be isolated from the transmitter cabinet. 
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2N6116 (SILICON) 

2N6117 
2N6118 
(Formerly MPU231, MPU232, MPU233) 

SILICON PROGRAMMABLE 
UNIJUNCTION TRANSISTORS 

designed to enable the engineer to "program" unijunction 
characteristics such as RSS, 1/, lV, and Ip by merely selecting two 
resistor values. Application includes thyristor·triggor, oscillator, pulse 
and timing circuits. These devices may also be used in special 
thyristor applications due to the availability of an anode gate. 

• Programmable - RSS, 1/, IV and Ip 

• Hermetic TO·18 Package 

• Low On·State Voltage - 1.5 Volts Maximum @ IF = 50"1A 

• Low Gate to Anode Leakage Current - 5.0 nA Maximum 

• High Peak Output Voltage - 16 Volts Typical 

• Low Offset Voltage - 0.35 Volt Typical (RG = 10k ohms) 

"MAXIMUM RATINGS 

~ating Symbol Valua Unit 

Repetitive Peak Forward Current ITAM 
100 jlS Pulse Width, 1.0% Duty Cycle 1.0 Amp 
20 jlS Pulse Width, 1.0% Duty Cycle 2.0 Amp 

Non·Repetitive Peak Forward Current ITSM 5.0 Amp 
10,tS Pulse Width 

DC Forward Anode Current IT 200. mA 
Derate Above 25°C 2.0 mA/oC 

DC Gate Current IG ±.20 mA 

Gate to Cathode Forward Voltage VGKF 40 Volt 

Gate to Cathode Reverse Voltage VGKA 5.0 Volt 

Gate to Anode Reverse Voltage VGAA 40 Volt 

Anode to Cathode Voltage VAK ±.40 Volt 

Forward Power Dissipation @TA = 25°C PF 250 mW 
Derate Above 25°C 1i6JA 2.5 mW/oC 

Operating Junction Temperature Range TJ -55 to +125 DC 

Storage Temperature Range Tstg -65 to +200 °c 

• Indicates JEOEC Registered Oata 

2-420 

SILICON 
PROGRAMMABLE UNIJUNCTION 

TRANSISTORS 
40 VOLTS 
250mW 

! 

l ~t-
o.17a DlAl DlA rl 
0.195 I ~ 

0.030 
MAX 0.170 

L irn1i 

I 1 
0.500 

Pin 1. Cathode 
2. Gate 
3. Anode 

0.100 

0.028 
I!]4lI 

CASE 22·03 

TO·IS 

All JEOEC dimensions and notes apply 



2N6116, 2N6117, 2N6118 (continued). 

* ELECTRICAL CHARACTERISTICS IT A = 250 C unless otherwise noted) 

Characteristic Figure Symbol Min· 

Offset Voltage 2N6116 1 Vi' 0.2 
(VS = 10 Vdc, RG'= 1.0 Mn) 2N6117 0.2 

2N6118 0.2 
(VS = 10 Vdc, RG = 10 k ohms) All Types 0.2 

Gate to Anode Leakage Current IGAO 
(VS = 40 Vdc; TA = 2i;°C, Cathode Open) -
(VS = 40 Vdc, TA= 7SoC,Cathode Open) -

Gate to Cathode Leakage Current - IGKS -
(VS = 40 Vdc, Anode to Cathode Shorted) 

Peak Current 2N6116 2,9-14 Ip -
(VS = 10 Vdc, RG = 10 Mn) 2N6117 -

2N6118 -
(VS = 10 Vdc, RG = 10 k ohms) 2N6116 -

2N6117 -
2N6118 -

Valley Current 1,4,5 IV 
(VS = 10 Vdc, RG = 1.0 Mn) 2N6116,2N6117 -

2N6118 -
(VS = 10 Vdc, RG = 10 k ohms) 2N6116 70 

2N6117,2N6118 50 
Forward Voltage (I F = '50 rnA Peak) 1,6 VT -
Peak Output Voltage 3,7 Vo 6.0 

(VB = 20 Vdc, Cc = d.2 !J.F) 

Pulse Voltage Rise Time 3 tr -
(VB = 20 Vdc, Cc = 0.2 !J.F) 

·Indicates JEDEC Registered Data 

FIGURE 1 - ELECTRICAL CHARACTERIZATION 

R2 

RI 
.-Ll~~--" -VS '111+R2 VB 

RI 

lA - PROGRAMMABLE UNIJUNCTION 
WITH "PROGRAM" RESISTORS 
RI and R2 

~ RIR2 

ff §:: 
IB - EQUIVALENT TEST CIRCUIT FOR 

FIGURE IA USED FOR ELECTRICAL 
CHARACTERISTICS TESTING 

(ALSO SEE FIGURE 2) 

Typ Max Unit 

0.70 1.6 Volts 
0.50 0.6 
0.40 0.6 
0.35 0.6 

nAdc 
1.0 5.0 
30 75 

5.0 50 nAdc 

1.25 2.0 !J.A 
0:19 0.3 
0.08 0.15 
4.0 5.0 
1.20 2.0 
0.70 1.0 

!J.A 
18 50 
18 25 

270 -
270 -

0.8 1.5 Volts 

16 - Volts 

40 80 ns 

VI' Vp- Vs 

__ ~L-____ ~ ______ ~ __ • IA 

IV IF 
IGAO 

IC - ELECTRICAL CHARACTERISTICS 

FIGURE 2 - PEAK CURRENT Up) TEST CIRCUIT FIGURE 3 - Vo AND t, TEST CIRCUIT 

AOJUST 
FOR -=- 1.0% 

TURN·ON ~ . 
THRESHOLD Y 

-=- VB 

SCOPE 

20 

Ip(SENSEI 
100 "V ' 1.0 nA 

PUT 
UNOER 

TEST 

RG ' R/2 
Vs = VB/2 
(See Figure 11 

+VB 

510 k 

Cc Vo 

20n 
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2N6116, 2N6117, 2N6118 (continued) 

TYPICAL VALLEY CURRENT BEHAVIOR 

FIGURE 4 - EFFECT OF SUPPLY VOLTAGE FIGUR.E 5 - EFFECT OF TEMPERATURE 
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2N6116, 2N6117, 2N6118 (continued) 

TYPICAL PEAK CURRENT BEHAVIOR 

2N6116 
FIGURE 9 - EFFECT OF SUPPLY VOLTAGE AND RG 
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FIGURE 10 - EFFECT OF TEMPERATURE AND RG 
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2N6135 (SILICON) 

The RF Line 

NPN SILICON HIGH FREQUENCY TRANSISTOR 

· .. designed specifically for broadband applications requiring low 
cross·modulation distortion and low noise figure. Characterized for 
use in CATV applications. 

• Low Cross·Modulation Distortion -
XM = -60 dB (Max) @ +50 dBmV Output 

• Low Noise Figure - @f= 200 MHz 
NF (Narrowband) = 4.8 dB (Typ) 
NF (Broadband) = 9.0 dB (Max) 

• High Broadband Power Gain -
Gpe = 10 dB (Min) @ f = 250 MHz 

MAXIMUM RATINGS 

Rating Svmbol Value Unit 

·Collector·Emitter Voltage VCEO 25 Vdc 

·Collector-Base Voltage VCBO 35 Vdc 

*Emitter-Base Voltage VEBO 3.5 Vdc 

·Collector Current Continuous IC 250 mAde 

·Total Device Dissipation@Tc""250C (1) Po 2.5 Watts 
Derate above 2SoC 14.3 mW/oC 

·Storage Temperature Range T stg -65 to +200 °c 
Stud Torque I~) - 6.5 in-Ibs. 

(1) For operation as 8 Class C R F Amplifier, total device dissipation is 5.0 Watts. 
(2) For repeated assembly use 5.0 in-Ibs. maximum. 

-Indicates JEDEC Registered Data 
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2N6135 (continued) 

*ELECTRICAL CHARACTERISTICS (TA = 250 C unlessotherwise noted) 

Characteristic 

Collector-Emitter Breakdown Voltage 
(lr. = 20 mAde, IR = 0) 

Collector-Base BreaKdown Voltage 
(lC = 100 I'Ade, IE = 01 

Emitter-Base Breakdown Voltage 
(IE = lOOI'Ade,lc=O) 

Collector-Cutoff Current 
(VCB = 18 Vde., IE = 0) 

ON CHARACTERISTICS 

DC Current Gain 
(lC = 80 mAde, VCE = 18 Vde) 

DYNAMIC CHARACTERISTICS 

Current Gain - Bandwidth Product 
(lc = 80 mAde, VCE = 18 Vde, I = 200 MHz) 

COllector-Base Capacitance· 
(VCB = 30 Vde, IE. = 0, I = 1.0 MHz) 

Small-Signal Current Gain 
(lC = 80 mAde, VCE;' 18 Vde, I = 1.0 kHz) 

Co'lector~Ba$e Time Constant 
(IE = 80 mAde, VCB = 18 Vde, I = 31.8 MHz) 

Noise Figure 
(lC = 50 mAde, VCE = 18 Vde, I = 200 MHz) (Figure 1) 
(lC = 50 mAde, VCE = 18 Vdc, f = 200 MHz) (1) (Figure 2,9) 
(lc= 80mAde,VCE = 18Vdc,f=200MHz) (1) (Figure 2,9) 

FUNCTIONAL TEST 

Common-Emitter Amplifier Power Gain (Figure 2) 
(lC = 80 mAde, VCE = 18 Vde, I = 250 MHz) 

Intermodulation Distortion (Figure 2,10) 
(lC = 80 mAde, VCE = 18 Vde, Vout = +50 dBmV) 

Cross Modulation Distortion (Figure 2,11) 
(lC = 80 mAde, VCE = 18 Vde, Vout = +50 dBmV) 

·'ndicates JE DEC Registered "Data. 
(1) Includes noise figure of post~ampllfjer and m"atching pad. 

son 

CT,C2,C3 
C4,Ct4.CIS 
CS, ca, C9 
ca, CID, CII 
C7,C13 
e12 
L1 

FIGURE 1 - NARROWBAND TEST CIRCUIT 

Vee --+--'-........ o.A.r-''--, 

1.0-20pF 
l,O-10pF 
470pF 
O.OOI/AF 
Om"F 
O.I/AF 
3 TurnsAWG #18, 1/4" I.U., 
5116"lonll 

l2 

13 

l4.L5 
RI,HZ 

L4 

1·1/2 Turns AWG 118. 114"1.0 .• 
3116"long . 

9-3/4 Turns AWG 118.3/16" r.o., 
l"long 

T8ppedl·3/4Turnsfron.ColiectorEnd 
0.47p.H MoldtdChoke 
10 Ohms 

Symbol Min Typ "Max Unit 

BVCEO 25 - - Vde 

BVCBO 35 - - Vde 

BVEBO 3.S - - Vde 

ICBO - - 10 I'Ade 

IT 1100 1600 2400 MHz 

Ceb - 1.2 3.0 pF 

hie 25 - 300 -

rb'Ce 2.0 - 20 ps 

NF dB 
- 4.8 -
- 8.5 9.0 - - 9.5 -

Gpe 10 11 - dB 

1M - -53 -50 dB 

XM - -62 -60 dB 

FIGURE 2 - BROADBAND TEST CIRCUIT 
R4 

e2 
13 

~-----:--:~_elE6~_£I-~ 751! 
J)'_!lf--'f--< ...... JVvv'-.-~-+-i. "" l4 OUTPUT 

Cl.C2 
C3,G1 
t4, C5, CB 
c. 
L1 
l2 
13 

e4 q;: 

Q.5-6.0IlF 
150DpFUnderwood 
O.OlpF 
47DpF 

A3 

3 Tums#20 AWG, 5/32"1.0. 
D.B4jJH,DhmiteZ235 
5 Turns #26 AWG,S/32" 1.0. 

L4 

R1 
R2 
R3 .. 

Vee 

#3D AWG Tritilar Wound 
1:9:9Stackpole57·0985.'11 Toroid 

FerriteChoke,3Turns*30on 
Stackpole 57·0156 Bead 
ZOOhms 
68 Ohms 
150 Ohms 
380 Ohms 
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2N6135 (continued) 
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2N6135 (continued) 

FIGURE 9 - NOISE FIGURE TEST SETUP 

NOISE·FIGURE VHF NOISE AMPLIFIER MINIMUM· 200 MHz 
METER - DIODE I--- CABLE r---'- UNDER 

"""15i1 LOSS PAD ~ 
NARRDWBAND f--(NOTE I) TEST AMPLIFIER H·P 342A HP 343A 

I 

(FIGURE 2) 
5.7 dB 

NOTE 1. RG·59 CABLE WITH ORIGINAL CENTER CONDUCTOR REPLACED WITH 
#30 WIRE. OVERALL LENGTH, INCLUDING BNC CONNECTORS, IS A 
QUARTER·WAVELENGTH AT 200 MHz (APPROX. 11 INCHES). USED TO 
MATCH IMPEDANCE OF NOISE DIODE TO AMPLIFIER UNDER TEST. 

THE NOISE FIGURE OF THE POST·AMPLIFIERS AND MINIMUM LOSS 
PAD IS B.4 dB. 

FIGURE 10 - INTERMODULATION DISTORTION TEST SETUP 

(50 dB GAIN) 

COMBINER 
ADJUSTABLE 
ATTENUATOR 

#1 

AMPLIFIER 
UNDER TEST 
(FIGURE 2) 

ADJUSTABLE 
ATTENUATOR 

#2 

10 dB 
ATTENUATOR 

FIELD 
STRENGTH 

METER 

MEASUREMENT PROCEDURE 

1. ADJUST CHANNEL 2 GENERATOR FOR RATED OUTPUT FROM TEST 
AMPLIFIER (CHANNELS G & 13 OFF). 

2. REPEAT FOR CHANNEL G (2 & 13 OFF) AND CHANNEL 13 (2 & GOFF). 
NOTE FOR REFERENCE THE FIELD STRENGTH METER READING FOR 
CHANNEL 13 (2& GOFF). 

3. TURN CHANNEL 13 OFF AND DRIVE THE TEST AMPLIFIER 
WITH CHANNELS 2 & G. MEASURE THE LEVEL OF INTERMODULATION 
DISTORTION AT CHANNEL 13 RELATIVE TO THE REFERENCE LEVEL 
IN STEP 2. 

FIGURE 11 - CROSS MODULATION DISTORTION TEST SETUP 

CROSS·MODULATION ADJUSTABLE AMPLIFIER ADJUSTABLE FIELD STRENGTH LOCK·IN 
EQUIPMENT I--- ATTENUATOR - UNDER TEST I--- ATTENUATOR - METER f-- AMPL. PAR. 

SKL MODEL 7224 #1 (FIGURE 2 ) #2 JERRDLD MODEL HR·S MODEL 704B 

MEASUREMENT PROCEDURE 
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u. 
.e 
~ 8.0 
:l 
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~ 6. 0 
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~ 
CIC 4.0 

~ 
~ 
is 2. 0 
(,) 

j 

1. ADJUST THE CROSSMODULATION EQUIPMENT FOR +50 dBmV OUTPUT 
FROM EACH CHANNEL. 

2. ADJUST ATTENUATOR #1 FOR THE DESIRED OUTPUT LEVEL FROM 
THE TEST AMPLIFIER. ADJUST ATTENUATOR #2 TO MAINTAIN THE 
FIELD STRENGTH METER INPUT AT +10 dSmV. 

FIGURE 12 - CAPACITANCE 
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3. WITH THE FIELD STRENGTH METER SELECT CHANNEL 13. USING 
THE WAVE ANALYZER MEASURE THE LEVEL OF THE MODULATION 
ON CHANNEL 13 DUE TO CRDSS·MDDULATIDN OF CHANNELS 2·12. 

FIGURE 13 - COLLECTOR·BASE TIME CONSTANT 
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2N6136 (SILICON) 

The RF Line 

NPN SILICON RF POWER TRANSISTOR 

· .. designed for 12.5 Volt UH F large·signal amplifier applications in 
industrial and commercial FM equipment operating to 520 MHz. 

• Specified 12.5 Volt, 470 MHz Characteristics
Output Power = 25 Watts 
Minimum Gain = 4.0 dB 
Efficiency = 65% 

• Overlay Construction Provides Protection Against Device Damage 
Due to Load Mismatch 

• Characterized With Series Equivalent Large·Signal Impedance 
Parameters 

*MAXIMUM RATINGS 

Rating Symbol Value Unit 

Collector-Emitter Voltage VCEO lB Vdc 

Collector-Base Voltage VCBO 36 Vdc 

Emitter-Base Voltage VEBO 4.0 Vdc 

Collector Cu~rent - Continuous IC 6.0 Adc 

Total Device Dissipation @ T C = 25°C 12) Po 60 Watts 
Derate above 2SoC 0.343 W/OC 

Storage Temperature Range Tstg -65 to +200 °c 
Stud Torque 11) - 6.5 in. lb. 

·Indicates JEDEC Registered Data 
(1) For repeated assembly use 5 in. lb. 
(2) The. devices are designed for RF operation. The total device dissipation rating 

applies only when" the devices are operated as class 8 or C RF amplifiers. 

2-428 
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2N6136 (continued) 

*ELECTRICAL CHARACTERISTICS (Tc = 25°C unless otherwise noted) 

Characteristic Symbol Min Typ Max Unit 

OFF CHARACTERISTICS 

Collector-Emitter Breakdown Voltage BVCEO 18 - - Vde 

(lC = 50 mAde.IB = 0) 

Collector-Emitter Breakdown Voltage BVCES 36 - - Vde 

(lC = 50 mAde. VBE = 0) 

Emitter-Base Breakdown. VO.ltage BVEBO 4.0 - - Vde 
(IE = 50 mAde. ·IC "; 0) 

Collector Cutoff Current ICES - - 20 mAde 

(VCE = 15 Vde. VBE = O. TC = 55°C) 

ON CHARACTERISTICS 

DC Current Gain 
(lC = LO Ade. VCE = 5.0 Vde) 

DYNAMIC CHARACTERISTICS 

Output Capacitance 
(VCB = 12.5 Vde. IE = O. f = 1.0 MHz) 

FUNCTIONAL TEST 

Common-Emitter Amplifier Power Gain GpE 4.0 - - dB 

(Pout = 25 W. VCC = 12.5 Vde. f = 470 MHz) 

Collector Efficiency 11 65 - - % 

(Pout = 25 W. VCC = 12.5 Vde, f = 470 MHz) 

• Indicates JEDEC Registered Data 

FIGURE 1 - 470 MHz TEST CIRCUIT SCHEMATIC 

05 
680pF RFCl 

r-----~~--~------JVYV'-~~~~~--~voo 

1 
12 

f---.---::i~---f=-=r-- RF OUTPUT 

RF INPUT >-1~-;;~~T--{=~Z1~}--T--IEi 
11 

03 
01 FERRITE BEAD 

Note: Test circuit layout shown in Figure 6. 

FIGURE 2- FIGURE 3-
OUTPUT POWER y .... us INPUT POWER OUTPUT POWER versus FREQUENCY 
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2N6136 (continued) 
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FIGURE 4- FIGURE 5-
OUTPUT POWE R versus SUPPL Y 

VOLTAGE 
SERIES EQUIVALENT IMPEDANCE 

PARAMETERS 

k--" 
..--V 

~ _ WAVELENGTHS TOWARD G ~ 
-.--- 0.01 0.02 ENE __ 

OL'----+-::O-t.49::-+-+-+-+-0-f.4-B -+-_ 0.03 

V 
....... V' 

/ 
........-

_ .. - 1----I-- f = 410 MHz 
Pin=10W I 

12 13 14 15 

U~~t-=.r-.... t_t"'"T'FZ='jn""" i1D UGTfVE 

~~~aE~B§~~~~Zin' Zout 

~fH~~ElE45o MHz 1.21+j4.o53.12+jl.92 410 MHz 1.3+j4.11 3.2+jl.96 
510 MHz 1.3+j4.14 3.43+j2.o6 

Vee' SUPPLY VOLTAGE (VOLTS) 

FIGURE 6-
470 MHz TEST CIRCUIT LAYOUT 

11: 1 Scaled Drawing} 

Gl, 2, 3, 4 1.0 ·25pF ARGO 421 OR EQUIVALENT Rl 1.0 OHM, 1/2 WATT 
UHF COMPRESSION CONNECTORS ARE TYPE "N" 
MICAS BOARD IS GLASS TEFLON 

3" X 5" X 0.062" 1 oz COPPER BOTH SIDES 
Ll, L2 5 Turns #20 AWG 0.2 to. SHOWN TO SCALE 

FERRITE BEAD, FERROXCUBE 56·59o·65·3B CLADDING REMOVED IN DARK AREAS 
AS SHOWN ON L 1 MOUNTING PLATE IS 3" X 5" X 0.75" ALUMINUM 

C5,6 - 6BO pF FT. CAPACITOR 21 and 22 BASE ANO COLLECTOR 
el-1.0"F, 35V TANTALUM CAPACITOR LINES ARE 0.5" X 1.75" 

RFC1- CHOKE FERROXCUBE VK 200·20-4B 
eB - O.l"F ERIE eK06 

Note: Figure 6 is 1: 1 scaled layout of test circuit shown in Figure 1. This lavout may be transferred directly to glass teflon board for easy 
reproduction of the test circuit. 
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2N6139 thru 2N6144 (SILICON) 
2N6148 thru 2N61 SO 

OI----I~i:'I~. -0 

SILICON BIDIRECTIONAL THYRISTORS 

· .. designed primarily for full·wave ac «ontrol applications, such as 
light dimmers, motor controls, heating controls and power supplies; 
or wherever full-wave silicon gate controlled solid-state devices are 
needed. Triac type thyristors switch from a blocking to a conducting 
state for either polarity of applied anode voltage with positive or 
negative gate triggering. 

• Economical for a Wide Range of Uses 

• High Surge Current -ITSM = 100Amp 

• Low Forward "On" Voltage - 1.4 V typ @ ITM = 14 A 

• All Diffused and Passivatell Junctions for Greater Stability 

• Rugged Construction in Either 3 Lead, Stud or Isolated Stud 
Package 

• Gate Triggering Guaranteed in Four Modes 

MAXIMUM RATINGS 

Rating SVmbol Value 

'Repetitive Peak Off-State Voltage, Note 1 VORM 
(TJ = -65 to +100"<':.11.0 Sine WINe 
50 to 60 Hz, Gate Openl 

-Peak Principle Voltage 
2N6139, 2N6142, 2N6148 200 
2N6140, 2N6143, 2N6149 400 
2N6141, 2N6144; 2N6150 600 

'Peak Gate Voltage VGM 10 

'On-5tato Current RMS (-65to+750C) ITIRMS) 10 
IFull Cycle Sine WINe, 50 to 60 Hz) 1+9o"CI 5.0 

·Peak Surge Current ITSM 100 
(One Full Cycle, 60 Hz, TJ = +750C, preceded 
and followed by 10 A current) 

Circuit Fusing Considerations 12t 40 
IT J = -65 to +10o"C, t = 1.0 to 8.3 msi 

·Peak Gate Power PGM 20 
IT J = +750C, Pulse Width = 2.0 Il) 

* Average Gate Power 
IT J = +750C, t = 8.3 msl 

PGIAVI 0.5 

·Peak Gate Current IGM 2.0 

·Operating Junction Temperature Range TJ -65 to +100 

·Storage Temperature Range Tltg -65 to +150 

'StudTorque 2N6139 thru 2N6144 - 15 

THERMAL CHARACTERISTICS 

Characteristic SVmbol Max 

·Thermal Resistance,Junction to Case R9JC 2.0 

Thermal Rasistance, Case to Ambient R9CA 50 

-Indicates JEOEC Registered Data 
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Unit 

Volts 

Volts 

Amp 

Amp 

A2s 

Watts 

Watt 

Amp 

°c 

°c 

in. lb. 

Unit 

°C/W 

°C/W 

TRIACS 
(THYRISTORS) 

10 AMPERES RMS 

Q 0437 ... r-!! IIEX PlNIGA,TE 
~ 2. MAIN TEflMINALI 

3.MAINTERMINAL2 
0"'0 

'~-O J.o 
o6!OOOSOl CD 2 MAX 

MAX T ~ 0" MAX 

~ 1Ol1U~" 
~@ 

CASE 86 

SlYlE2 
PlNl.GATE 

2 MAIN TERMINAL I 
3 MAINTERMINAlZ 

SnD-I$OLATEO 

2N6142 

2N6143 

2N6144 

0.07001A 

~O 
O.O~ 

0.610 .L 
MAX t 

~_'_-
0.422 
u.m 

2N6139 

2N6140 

2N6141 

.0700IATYP 

""'! 
~o.m : 

W 
"60 M" 

L_ IO-l2UNF-2A 

l
ij CASE 250 

" -ll-8-m ATCAN 0135 

.,~ II :::750ISPLM:EMENT 

0185 ... 

~~ 

MAX 
0.<30 .. ... 

'INI.GATE 
1. MAIN TERMINAL 1 
1. MAIN TERMINAL 2 

CASE 87L 

2N6148 

2N6149 

2N6150 



2N6139 thru 2N6144, 2N6148 thru 2N6150 (continued) 

ELECTRICAL CHARACTERISTICS (TC = 25°C unless otherwise noted) 

Characteristic Symbol Min Typ 

·Peak Blocking Current (Either Direction) IORM - -
Rated VORM @TJ ~ 1000C, Gate Open 

'On-State Voltage IEither Oirection) VTM - 1.4 
ITM ~ 14 A Peak, Pulse Width ~ 1.0 to 2.0 ms,Outy Cycle ";2.0 % 

Gate Trigger Current. Continuous de IGT 
Main Terminal Voltage ~ 12 Vdc, RL ~ 50 Ohms, Minimum Gate 

Pulse Width ~ 2.0 p.s 
MT2 (+), G(+) - 6.0 
MT2 (+l. G(-) - 6.0 
MT2 (-), G(-) - 10 
MT2 H,G(+) - 25 

'MT2 (+), G(+); MT2 (-), G(-)TC ~ -65°C - -
'MT2 (+), G(-); MT2 (-), G(+)TC ~ -65°C - -

Gate Trigger Voltage, Continuous de VGT 
Main Terminal Voltage ~ 12 Vdc, RL ~ 50 Ohms, Minimum Gate 

Pulse Width ~ 2.0 p.s 
MT2 (+), G(+) - 0.9 
MT2 (+), G(-) - 0.9 
MT2 (-), G(-) - 1.1 
MT2 (-), G(+) - 1.4 

'MT2 (+l. G(+); MT2 (-), G(-) TC ~ -65°C - -
'MT2 (+), GI-); MT2 (-), G(+)TC ~ -650C - -

'Main Terminal Voltage ~ Rated VORM, RL ~ 10 k ohms, TJ ~ 100°C 0.2 -
Holding Current (Either Direction) IH 

Main Terminal Voltege ~ 12 Vdc, Gate Open, } TC ~ 25°C - 6.0 
I nitiating Current ~ 300 mA TC = -650C - -

*Turn~On Time tgt 

Main Terminal Voltege = Rated VORM, ITM = 14 A, 
Gate Source Voltage ~ 12 V. RS=500hms, Rise Time ~ 0.1 ,"S, 

Pulse Width ~ 2.0 p.s - 1.5 

Blocking Voltage Application Rate at Commutation, f=60 Hz, TC=750C dv/dt - 5.0 

On-8tate Conditions: 
ITM ~ 14 A, Pulse Width = 4.0 ms,di/dt=5.3 Alms 

Off-State Conditions: 
Main Terminal Voltage = Rated VORM (200,", min), 
Gate Source Voltage = 0 V, RS = 100 n 

* Indicates JEDEC Registered Data 

NOTES: 
1. Ratings apply for open gate conditions. Thyristor devices shall not be tested 

with a constant current source for blocking capability such that the voltage 
applied exceeds the rated blocking voltage. 

Trigger devices are recommended for gating on Triaes. 

Electrical Characteristics For General Usage 

Triggers Provide: 

1. Consistent predictable turn-on points. 
2. Simplified circuitry. 
3. Fast turn·on time for cooler, more efficient 

and reliable operation. 

Symbol MBS4991 

Vs = 6.0-10V 

IS - 350 ,"A Max 

VS1-VS2= 0.5 V Max 

Temperature Coefficient = 0.02%/oC Typ 

MBS4992 

7.5-9.0 V 

120p.AMax 

0.2 V Max 

Max Unit 

2.0 mA 

1.8 Volts 

mA 

50 
75 
50 
75 

125 
150 

Volts 

2.0 
2.5 
2.0 
2.5 

2.5 
3.0 

-
mA 

40 
150' 

,"S 

2.0 

- VI,"s 

For Lamp Dimmer 

MBS100 

3.0-5.0 V 

l00-400p.A 

0.35 V Max 

See AN-526 for Theory and Characteristics of Silicon Bidirectional Switch.s. 
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2N6139 thru 2N6144, 2N6148 thru 2N6150(continued) 

100 

~ 90 
w 

'" '" I-

~ 
w 

80 <>. 

1ll 
I-
w 

~ 
U 70 
I-

60 

16 

00 

~ 
~ 11 

'" w 
;;: 
~ 
w 8.0 
to 

~ 
> « 
~ 4.0 
ii: 

o 3. 
w 
N 
:::; 
~ 2. 
'" o 
l!O 
w 
to 

o 

0 

0 

~ o 1.0 
. > 
'" w g O. 

~ 
~ O. 
« 
to 
.,0 

7 

5 

~ 0.3 

FIGURE 1 - AVERAGE CURRENT DERATING 

I~ ~ 
~ ~ ~ .. 

!" ~ ~ ~ 
~ I\: ~ ~ 

a== 300 . ,,~ I 60· 
90 t-.. 120· 

~ 150· 180· 

..I. 
.= COiDUCTlON ANr LE 

o 2.0 4.0 6.0 8.0 10 

ITIAV).AVERAGE ON·STATE CURRENT lAMP) 

FIGURE 3 - POWER DISSIPATION 

-~ 
lJO. 7r'-

- ..1", 110· 

90· ~ - .=CONDUCTION ANGLE -60~ 
;,- /. 

.=30· / ~ ~ 
//0~ 

~ ~ 
.dJ ~ 

l/ 7' 

o 1.0 4.0 6.0 8.0 10 

ITlAV).AVERAGE ON·STATE CURRENT lAMP) 

FIGURE 5 - TYPICAL GATE TRIGGER VOLTAGE 

I I I 
OFF·STATE VOLTAGE = 12 Vdc 

ALL MODES 

~r--
i"-r--r-- .... -

-80 -60 -40 -20 20 40 60 80 100 120 

TJ. JUNCTION TEMPERATURE I.C) 

G 
e.. 
w 

'" '" I-

~ 
1ll 
I-
w 

~ 
U 
I-

~ 
I-« 
~ 

'" ~. 
~ 
w 
to 

~ 
> « 
;; 
« 
0:: 

100 

90 

·80 

70 

60 
o 

16 

11 

8.0 

4.0 

FIGURE 2 - RMS CURRENT DERATING 

...... ~ i;;;:::-. 
~ ~ t--.... 

~ ~ ~ ~~~ s:: 
a = 1800 .......... ~ 

/]\y -I. 
.= C~NDUCiION A~GLE 

1.0 4.0 6.0 8.0 10 

ITIRMS). RMS ON·STATE CURRENT lAMP). 

FIGURE 4 - POWER DISSIPATION 

/]\y -I. . m~, V 
.=CONOUCTION ANGLE 

90~ ~ 
/' -:/ rY' V 

~ v.:::. -:/ -f V 
./ ::% ~ :.--::: ~!7 

~ ~ ~ ? • = 30~ 

~ ~ ;...-

o --~ 
3.0 

! 2.0 

!z 
w 
'" -"'0 ::>w 
uN 

~ ~1.0 
to'" 
0: 0 t: !; o. 
!;( 
to O. ; 

O. 

7 

5 

3 

o 1.0 4.0 6.0 ·8.0 10 

ITIRMS). RMS ON·STATE CURRENT lAMP) 

FIGURE 6 - TYPICAL GATE TRIGGER CURRENT 

T 
OFF·STATE VOLTAGE = 11 Vdc 

~ 

I'-........ 
ALL MODES 

~ 
~ 

...... 

...... 
.......... 

-80 -60 -40 -20 20 40 60 80 100 120 

TJ. JUNCTION TEMPERATURE I.C) 

2-433 



2N6139 thru 2N6144, 2N6148 thru 2N6150 (continued) 

FIGURE 7 - MAXIMUM ON·STATE CHARACTERISTICS 
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See AN·292 for details on using transient thermal response curve. 

2-434 



2N6151 (SILICON) 
thru 

2N6156 

o--........ ~ o 

SILICON BIDIRECTIONAL THYRISTORS 

... designed primarily for full·wave ac control applications, such as 
light dimmers, motor controls, heating controls and power supplies; 
or wherever full·wave· silicon gate controlled solid·state devices are 
needed. Triac type thyristors switch from a blocking to a conducting 
state for either polarity of applied anode voltage with positive or 
negative gate triggering, 

• All Diffused and Passivated Junctions for Greater Parameter Uni· 
formity and Stability 

• Small, Rugged, Thermopad Construction for Low Thermal 
Resistance, High Heat Dissipation and Durability 

• Gate Triggering Guaranteed in Two (2N6154, 2N6155, 2N6156) 
or Four Modes (2N6151, 2N6152, 2N6153) 

MAXIMUM RATINGS 

Rating Symbol Valu. Unit 

* Repetitive Peak Off-State Voltage, Note 1 VORM Volts 
(TJ = -40 to +l000CI 

Yz Sine Wave 50 to 60 Hz, Gate Open 
Peak Principle Voltage 

2N6151,2N6154 200 
2N6152,2N6155 400 
2N6153,2N6156 600 

'Peak Gate Vol tage VGM 10 Volts 

'On-5tat. Current RMS IT C = -40 to +750 CI IT(RMSI 10 Amp 
Full Cycle Sine Wave 50 to 60 Hz (TC = +900CI 5.0 

*Peak Surge Current ITSM 100 Amp 
(One Full Cycle, 60 Hz, T J = +750 CI 
pr~ceded and followed by 10 A Cu rrent 

Circu.ite Fusing Considerations 12t 40 A20 

(T J = -40 to +1000 C, t = 1.0 to 8.3 rilol 

'Peak Gate Power ITJ = +750 C,PulseWidth = 2.01J.i1 PGM 20 Watts 

'Average Gate Power (TJ = +750 C, t= 8.3 mol PG(AVI 0.5 Watt 

*Peak Gate Current IGM 2.0 Amp 

·Operating Junction Temperature Range TJ -40 to +100 °c 
·Storage Temperature Range Tstg -40 to +150 °c 
'Mounting Torque 16-32 Screwl" Note 2 - 8.0 in.lb 

ITHERMAL CHARACTERISTICS 

Characteristic Symbol Max Unit 

• Thermal Resistance, Ju~ction to Case R8JC 2.0 °C/W 

Thermal Resistance Case to Ambient R8CA 50 °C/W 

·1 ndlcatel JE DEC Regi.tarad Oat8. 

TRIACS 
(THYRISTORS) 

10 AMPERES RMS 

r~:ml 0.13801ATHRU L .0.148 

~ -¥! I 0.628 
0.658 

L 1 2 3 I SEATING ___ =r __ ~NE 
r- 0.590 

0.125 MAX 0.650 
(UNCONTROLLED) ~ 

0.043(3)-l~ ~0.166 
iJ]f49 T.P. 

0.075 
0.085 

0030L~~0.120 0J!l4, I - t t o.150 

HEATSINK STYLE 4 
CONTACT AREA PIN 1. MT 1 

(BOTTOM) 2. MT 2 
3: GATE 

CASE 90·04 



2N6151 thru 2N6156 (continued) 

ELECTRICAL CHARACTERISTICS (TC = 250 unless otherwise noted) 

Characteristic Symbol Min Typ Max Unit 

*Peak Blocking Current (Either Direction) IORM - - 2.0 rnA 
Rated VORM @TJ = 100°C, Gate Open 

"On-State Voltage (Either Direction) VTM - 1.3 1.8 Volts 
ITM = 14 A Peak; Pulse Width = 1.0 to 2.0 ms, Duty CycleS2.0 % 

Gate Trigger Current, Continuous de IGT rnA 
Main Terminal Voltage = 12 Vdc, RL = 100 Ohms 

Minimum Gate Pulse Width = 2.0!,s 
MT2 1+1, GI+I All Types - 6.0 50 
MT2 1+I,GI-12N6151 thru 2N6153 - 6.0 75 
MT2 I-I, GI-I All Types - 10 50 
MT2 1-1, GI+I 2N6151 thru 2N6153 - 25 75 

*MT2 1+1, GI+I; MT21-1, GI-I TC = -400C All Types - - 100 
*MT2 1+1. GI-I; MT2(-), GI+I TC = -40°C 2N6151 thru 2N6153 - - 125 

Gate Trigger Voltage, Continuous de VGT Volts 
Main Terminal Voltage = 12 Vdc, RL = 100 Ohms 
Minimum Gate Pulse Width = 2.0 J..LS 

MT2 1+1, GI+I All Types - 0.9 2.0 
MT2 1+1. GI-I 2N6151 thru 2N6153 - 0.9 2.5 
MT2 1-1, GI-I All Types - 1.1 2.0 
MT2 1-1, GI+I 2N6151 thru 2N6153 - 1.4 2.5 

*MT2 1+1, GI+I; MT2(-), GI-I TC = -40°C All Types - - 2.5 
*MT2 1+1, GI-I; MT2 (-), GI+I TC = -40°C 2N6151 thru 2N6153 - - 3.0 

Main Terminal Voltage = Rated VORM, RL = 10 k ohms, TJ = 100°C 
*MT2 1+1, GI+I; MT2 (-), G(-) All Types 0.2 - -
*MT2 1+1, GI-I; MT2 I-I, GI+12N6151 thru 2N6153 0.2 - -
Holding Current (Either Direction) IH mA 

Main Terminal Voltage = 12 Vdc, Gate Open, } TC = 25°C - 6.0 40 
Initiating Current = 200 rnA Tr=-400C - - 75* 

*Turn~On Time tgt - 1.5 2.0 ,"S 

Main Terminal Voltage = Rated VORM ' ITM = 14 A 
Gate Source Voltage = 12 V, RS=100 Ohms, RiseTime=O.l!,s, 
Pulse Width = 2.0!,s 

Block ing Voltage Application Rate at Commutation, f = 60 HZ,T C = 75°C dv/dt - 5.0 - V/!'s 

On-State Conditions: 
ITM = 14 A, Pulse Width = 4,0 ms, di/dt = 5.3 Alms 

Off-State Conditions: 
Main Terminal Voltage = Rated VORM 1200 ,"S minI. 
Gate Source Voltage = 0 V, RS = 100 n 

'"Indicates JEDEC Registered Data 

NOTES: 
,. Ratings apply for open gate conditions. Thyristor devices shall not be tested with a constant current source for block ing capability such 

that the voltage applied exceeds the rated blocking voltage. 
2. Torque rating applies with use of torque washer (Shakeproof WD 19522 #6 or equivalent). Mounting torque in excess of 8 in. Ibs. does not 

appreciably lower case-ta-sink thermal resistance. Anode lead and heatsink contact pad are common. 

For soldering purposes (either terminal connection or device mounting), soldering temperatures shall not exceed +230o C. 

Trigger devices are recommended for gating on Triacs 

Triggers Provide: 

1. Consistent predictable turn-on points. 
2. Simplified circuitry, 
3. Fast turn-on time for cooler, more efficient 

and reliable operation. 

Electrical Characteristics For Ganaral Usaga For Lamp Dimmer 

Symbol MBS4991 MBS4992 MBS100 

Vs = 6.0 -10 V 7.5-9.0 V 3.0-5.0 V 

IS = 350!,A Max 120!,A Max 100--400 !'A 

VS1-VS2 = 0.5 V Max 0.2 V Max 0.35 V Max 

Temperature Coefficient = 0.02%/oC Typ 

See AN-526 for Theory and Characteristics of Silicon Bidirectional Switches. 
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2N6151 thru 2N6156 (continued) 

FIGURE 1 - AVERAGE CURRENT DERATING 
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2N6151 thru 2N6156 (continued) 

FIGURE 7 - MAXIMUM ON·STATE CHARACTERISTICS 
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2N6157 (SILICON) 
thru 

2N6165 

Advance InforIDation 

o 

SILICON BIDIRECTIONAL THYRISTORS 

· .. designed primarily for industrial and military applications for the 
control. of ac loads in applications such as lillht dimmers, power sup
plies, heating controls, motor controls, welding equipment and power 
switching systems; or wherever full-wave, silicon gate controlled 
solid-state devices are needed. 

• All Diffused and Passivated Junctions for Greater Stability 

• Isolated Stud for Ease of Assembly 

• Gate Triggering Guaranteed In All 4 Modes 

MAXIMUM RATINGS 

Rating Symbo' Value Unit 

*Repetitive Peak pff-State Voltage (11 VORM Volts 

IT J = -65 to +12SoC) 

1/2 Sine Wave 50 to 60 Hz, Gate Open 

·Peak Principal Voltage 

2N6157. 2N6160. 2N6163 200 
2N6158. 2N6161. 2N6164 400 
2N6159. 2N6162. 2N6165 600 

·Peak Gilte Voltage VGM 10 Volts 

·On-State Current R MS 'TIAMSI Amp 

IT J = -65 '0 +so"CI 30 

ITJ = +950 CI 20 

Full Sine W~e. 50 to 60 Hz 

·Peak Surge Current ' 'TSM 250 Amp 

(One Full cvcle, 60 Hz, preceeded 

lind followed by 30 A current, 

TJ' +SOOCI 

Circuit Fusing Considerations ,2. 210 A2. 

(T J'" -65 to +12SoC • 

• -1.0.oS.3",,1 

·Peak Gate Power PGM 20 Watts 

. IT J - +so"C, Pu'seWid.h = 2.0,,0) 

-Average Gate Power PGIAVI 0.5 Watt. 

IT J - +so"C, • - S.3 m.1 

.*Peak Gate Current 'GM 2.0 Amp 

·Operating Junction Temperature Range TJ -65 to +125 °c 
·Storage Temperature Range Tstg -65 to +150 °c 
·Stud Torque 30 in. lb. 

2N6160 .hru 2N6165 

THERMAL CHARACTERISTICS 

-Thermal Resistance, Junction to Case 

·lndic.~esJEDEC Aagilterld Data. , 

(1) Aatings apply for open po condition •. Thyristor devlc..lhaU not be tested with a 
conltllnt cur,..nt source for ~ocklng capability such that the voltage applied eKctllds 
the rated blocking vo:ltqe. 
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TRIACS 
(THYRISTORS) 

30 AMPERES·RMS 

~ ~ ,.51,:j 
MAX 

DO .. i-----l~.D35 
[O§Q I -iilii8 

I I 
i , 
I I 0.800 

, ',"], 
IlL Iill1 _-11 .465 m q- -II 11m 

AIIJEDEC dimension. and notes apply 
CASE 174 

TO·203 

2N6157 

2N6158 
2N6159 

PIN 1. GATE 
2. MAIN TERMINAL! 

CASE. MAIN TERMINAL 2 

2N6160 
2N6161 
2N6162 

PINI. GATE 
2. MAIN TERMINAL 1 

STUO. "'A1NTERM1NAL2 

2N6163 
2N6164 
2N6165 

PIN I. UTE . 
2. MAIN TERMINAL I 
3.MAINTERMINAL2 

STUD-ISOLATED 



2N6157 thru 2N6165 (continued) 

ELECTR ICAL CHARACTERISTICS (TC = 25°C unless otherwise noted) 

Characteristic Symbol Min Typ· Max Unit 

Peak Blocking Current (Either Direction) IORM - - 2.0 mA 

Rated VORM @TJ= 125°C 

OnoState Voltage (Either Direction) VTM - 1.5 2.0 Volts 

ITM = 42 A Peak, Pulse Width = 1.0 to 2.0 ms, OutyCycle"; 2.0 % 

Gate Trigger Current, Continuous de (1) IGT mA 
Main Terminal Voltage = 12 Vdc, R L = 50 Ohms 

MT2 (+), G(+) - 10 60 
MT2 (+), GH - 15 70 

MT2 H, GH - 15 70 
MT2 H, G(+) - 25 100 

MT2 (+), G(+); MT2 H, GH TC = -65°C - - 200 
MT2 (+), GH; MT2 H, G(+) Tc = -65°C - - 250 

Gate Trigger Voltage, Continuous de VGT Volts 
Main Terminal Voltage = 12 Vdc, RL = 50 Ohms 

MT2 (+), G(+) - 1.0 2.0 
MT2 (+), GH - 1.1 2.1 
MT2 H, G(-) - 1.1 2.1 
MT2 H, G(+) - 1.4 2.5 

All Modes, TC = -65°C - - 3.4 

Main Terminal Voltage = Rated VORM, RL = 10 k ohms, TJ =+1250C 2.0 - -
Holding Currant IH mA 

Main Terminal Voltage = 12 Vdc, Gate Open 
I nitiating Current = 500 mA 

MT2 (+) - 10 70 
MT2 I-I - 15 80 
Either Oirection, TC = -65°C - - 200 

Turn-On Time tgt - 1.0 2.0 I'S 
Main Terminal Voltage = Rated VORM, ITM = 42 A, 
Gate Source Voltage = 12 V, RS = 50 Ohms, Rise Time = 0.11", 
Pulse Width = 2.01" 

Blocking Voltage Application Rate at Commutation, f = 60 HZ,T C = B50C dv/dt - 5.0 - VII's 

On·State Conditions: 
ITM = 42A, Pulse Width = 4.0 m., dildt = 17.5 Alms 

Off State Conditions: 
Main Terminal Voltage = Rated VORM (200 1" min), 
Gate Source Voltage = 0 V, RS = 50 n 

·1 ndicBtes JE DEC Regis1;ared Data. 
(1) All voltage polaritv reference to main terminal 1. 

FIGURE 1 - RMS CURRENT DERATING 
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FIGURE 2 - POWER DISSIPATION versus RMS CURRENT 
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2N6166 (SILICON) 

TheRFLine 

NPN SILICON RF POWER TRANSISTOR 

· .. designed for VHF power amplifier applications in military and in· 
dustrial equipment. Particularly suited for use in Class AB, B, or C 
amplifier applications to 200 MHz 

• High Output Power Capability -
100 Watts Output@f = 150 MHz 

• Balanced Emitter Construction to Provide the Designer With the 
Device Technology that Assures Ruggedness and Resists Tran· 
sistor Damage Caused by Load Mismatch. 

• Flange Case for Ease of Mounting and Improved 
Thermal Conductivity 

*MAXIMUM RATINGS 

Rating Symbol 

Collector~Emitter Voltage VCEO 
Coliector·Ba .. Voltage VCBO 

Emitter·Base Voltage VEBO 
Collector Current - Continuous IC 

Total Device DissipationfSlTc= 250 C(I) Po 
Derate above 25°C 

Value 

35 

65 
4.0 

9.0 

117 
0.667 

Storage Temperature Range Tstg -65 to +200 

THERMAL CHARACTERISTICS 

Charactwisti. Symbol Max 
Thermal Resistance, Junction to Case 6JC 1.5 

Unit 

Vdc 

Vdc 
Vdc 

Adc 

Watts 
wl"c 

°c 

Unit 

°CIW 

(1) This device i. designed for R F operation. The totel device dissipation rating appli .. 
only when the device Is operated as an RF amplifier. 

-Indicat .. JEOEC Registered Data 
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100 WATTS - 150 MHz 

NPN SILICON 
RFPOWER 

TRANSISTOR 

PIN 1. EMITTER 
2. BASE 
3. EMITTER 
4. COLLECTOR 

Flangelsollted 
To converl IRches to mlUim.ters muillpiv by 25.4 

CASE 211-02 



2N6166 (continued) 

*ELECTRICAL CHARACTERISTICS (TC = 250 C unless otherwise noted) 

Characteristic Symbol Min Max Unit 

OFF CHARACTERISTICS 

COllector-Emitter Breakdown Voltage BVCEO 35 - Vde 
(lC = 200 mAde, 'B = 0) 

COllector-Emitter Breakdown Voltage BVCES 65 - Vde 
(lC = 200 mAde, VBE = 0) 

Emitter-Base Breakdown Voltage BVEBO 4.0 - Vde 
(IE = 10 mAde, 'C = 0) 

Collector Cutoff Current 'CES - 5.0 mAde 
(VCE = 30 Vde, VBE = 0, TC = 550 C) 

Collector Cutoff Current 'CBO - 3.0 mAde 
(VCB = 30 Vde, 'E = 0) 

ON CHARACTERISTICS 

DC Current Gain 
(lc = 500 mAde, VCE = 5.0 Vdcl 

DYNAMIC CHARACTERISTICS 

Output Capacitance 

(VCB = 28 Vde, 'E = 0, f = 1.0 MHz) 

FUNCTIONAL TEST 

Common-Emitter Amplifier Power Gain GpE 6.0 - dB 
(P out = 100 W, Vct = 28 Vde, 
IC (Max) =5.95 Ade, f = 150 MHz) 

Common-Emitter Amplifier Power Gain GpE 4.5 dB 
(Pout = 30 W, VCC = 13.5 V, f = 150 MHz) 

Collector Efficiency 1) 60 % 
(P out = 100 W, VCC = 28 Vde, 
IC (Max) = 5_95 Ade, f = 150 MHz) 

FIGURE 1 - 150 MHz TEST CIRCUIT 

r----.-----.----~--~~------~+VCC 

Pin 
RG=50n >-__ ~~ __ ~~ __ ~~rr~~~ __ .-~-; 

Pout 

~--~-J~L~2~~~--~~~~r---< RL=SOn 

C2 r 
Cl, C6 2.7·30 pF, Arco 461 or Equiv.,.nt 
C2, CS 9.0-1BO pF, Arco 463 or Equivalent 
C3 100 pF Underwood 
C4 25 pF Underwood 
C7 0.01 pi Ceramic 0 ist 
CB 0.1 IJ.F Ceramic 0 ist 
C9 2400 pF Bunon 
Cl0 5.0 pi/50 V 
RFC 0.15 ¢i J. W. Miller 

BEAD: FERROXCUBE 56-590-65-3B 
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C5 

Ll 1%" #16 AWG,Straight 

L2 #16AWG~'A %" 

-1 w'l~ %" f--
L3 liS" Wide Copper Strap 

~fYOIA%" *:.u L 
-l%"H%"~ 



2N6166 (continued) 
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OUTPUT POWER 'versus FREQUENCY 

FIGURE 2 -. VCC ~ 28 Vdc FIGURE 3 - VCC = 135 Vdc 
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FIGURE 6 - PARAllEL EQUIVALENT INPUT RESISTANCE 
varsus FREQUENCY 
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2N6166 (continued) 

FIGURE 7 - PARALLEL EQUIVALENT INPUT CAPACITANCE 
versus FREQUENCY 
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FIGURE 8 - PARALLEL EQUIVALENT OUTPUT CAPACITANCE 
versus FREQUENCY 
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2N6171 thru 2N 6174 (SILICON) 
For Specifications, See 2N3870, Volume I. 
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2N6182 thru 2N6185 (SILICON) 

2N6186 thru 2N6189 

MEDIUM-POWER PNP SILICON TRANSISTORS 

. designed for switching and wide-band amplifier applications. 

• Low Coliector·Emitter Saturation Voltage -
VCE(satl = 1.2 Vdc (Maxi @ IC = 10 Adc 

• DC Current Gain Specified to 5 Amperes 

• Excellent Safe Operating Area 

• Packaged in the Compact, High Dissipation TO·59 Case 

• I solated Collector Configuration 

• 2N6182 thru 2N6185 Complement to NPN 2N5477 thru 2N5480 
2N6186 thru 2N6189 Complement to" NPN 2N5346 thru 2N5349 

*MAXIMUM RATINGS 

2N6182 2N6184 
2N6183 2N6185 
2N6186 2N6188 

Rating Symbol 2N6187 2N6189 

Collector-Emitter Voltage VeEO 80 100 

Collector-Base Voltage VeB 80 100 

Emitter-Base Voltage VEB 6.0 

Collector Current - Continuous Ie 10 

Base Current IB 2.0 

Unit 

Vdc 

Vdc 

Vdc 

Adc 

Adc 

Total Device Dissipation@Tc""2sOC PD 60 Watts 

Derate above 2SoC 343 mwtOe 
Operating and Storage Junction TJ, T stg -65 to +200 °e 

Temperature Range 

THERMAL CHARACTERISTICS 

Characteristic M •• 

Thermal Resistance, Junction to Case 2.91 

-Indicates JEDEC Registered Data 

FIGURE 1 - POWER·TEMPERATURE DERATING 
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TC. CASE TEMPERATURE (DC) 

Safe Area Curves are indicated by Figure 5. All limits are applicable and must be observed. 
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10 AMPERE 
POWER TRANSISTORS 

PNP SILICON 

80-100 VOLTS 
60 WATTS 

COLLECT~R EMITTER 

<-. ~.r4 
0.200 0437 

L1 
BASE 

'--SWs OIA 

{2PLACESl 

1O~32 UNF~2A 

(COATED) 

AIiJEOECdlmenslonsandnolesapply 
Colleclorconnecledlocase 

CASE 16M 
TO-59 

BASE 

10~32 UNF-2A 
(COATED) 

AIIJEDECdimensions,ndlMlte,apply 

All leedsisolltedfrom Cile 

CASE 180 

2N6186 thru 2N6189 To-H 



2N6182 thru 2N6185, 2N6186 thru 2N6189 (continued) 
• ELECTRICAL CHARACTERISTICS ITC = 2SoC unless otherwise notedl 

Characteristic 

OFF CHARACTERISTICS 

Collector-Emitter Sustaining Voltage (1) 

(lC = 50 mAde, IS = 01 2N6182, 83, 86, 87 
2N6184, 85, 88, 89 

Collector Cutoff Current 
IVCE = 75 Vde,IS = 01 2N6182, 83, 86, 87 
IVCE = 90 Vde, IS = 01 2N6184, 85, 88, 89 

Collector Cutoff Current 

IVeE = 75 Vde, VSE loffl = 2N6182, 83, 86, 87 

1.5 Vdel 
IVCE = 90 Vde, VSElolfl = 2N6184, 85, 88, 89 
1.5 Vdel 

IVCE = 75 Vdc, VSEloffi = 2N61S2, 83, 86, 87 
1.5 Vde, TC = 1500 CI 

IVCE = 90 Vdc, VSEloffi = 2N6184, 85, 88, 89 
1.5 Vde, TC = 1500 CI 

Collector Cutoff Current 

IVcs = Rated VCS, IE = 01 

Emitter Cutoff Current 
IVSE = 6.0 Vde, IC = 01 

ON CHARACTERISTICS III 

DC Current Gain 
IIC = 0.5 Adc, VCE = 2.0 Vdel 2N6182, 84, 86, 88 

2N6183, 85, 87, 89 
IIc = 2.0 Ade, VCE = 2.0 Vdel 2N6182, 84, 86, 88 

2N6183, 85, 87, 89 
IIc = 5.0 Ade, VCE = 2.0 Vdel 2N6182, 84, 86, 88 

2N6183, 85, 87, 89 

COllector-Emitter Saturation Voltage 
(lC = 2,0 Ade, IS = 0,2 Adel 
(lC = 10 Ade, IS = 1.0 Adel 

Base-Emitter Saturation Voltage 
(lC = 2.0 Ade, IS = 0.2 Adcl 
(Ie = 10 Ade, IS'= 1.0 Adcl 

DYNAMIC CHARACTERISTICS 

Current-Gain-Bandwidth Product (2) 
IIC = 500 mAde, VCE = 10 Vde, 'Test = 10 MHzI 

Output Capacitance 
IVCS = 10 Vde, 'E = 0, , = 100 kHzI 

Input Capacitance 
IVSE = 2.0 Vdc, IC = 0, , = 100 kHzI 

SWITCHING CHARACTERISTICS 

Delay Time IVCC = 40 Vde, VSE loffl = 3.0 Vde, 
Rise Time IC = 2,0 Ade, lSI = 200 mAdei 

Storage Time IVCC = 40 Vde, IC - 2.0 Ade, 
Fa" Time lSI = I£:2 = 200 mAdei 

·'ndicatesJEOEC Registered Data 
(1) Pulse Test: Pulse Width~ 300 /.LS, Duty Cycle ~2.0%. 
(2) fT = I hfel-fTest 

FIGURE 2 - SWITCHING TIME TEST CIRCUIT 
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VCEOlsusi 
80 -
100 -

leEO 
- 100 
- 100 

ICEX 
- 10 
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ICSO 
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VCElsati 
- 0.7 
- 1.2 

VSElsati 
- 1.2 
- 2.0 

'T 
30 -

Cob 
- 300 

Cib 
- 1250 

td - 100 
tr 100 

ts - 2,0 
t, - 200 

FIGURE 3 - TURN·ON TIME 
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2N6182 thru 2N6185, 2N6186 thru 2N6189 (continued) 
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2N6182 thru 2N6185, 2N6186 thru 2N6189 (continued) 

FIGURE 8 - DC CURRENT GAIN 
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FIGURE 12 - COLLECTOR CUT·OFF REGION 
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2N6190 (SILICON) 
thru 

2N6193 

MEDIUM-POWER PNP SILICON TRANSISTORS 

· .. designed for switching and wide band amplifier applications. 

• Low Collector-Emitter Saturation Voltage -
VCE(satl = 1.2 Vdc (Maxi @ IC = 5.0 Amp 

• DC Current Gain Specified to 5 Amperes 

• Excellent Safe Operating Area 

• Packaged in the Compact TO·39 Case for Critical Space Limited 
Applications 

• Complement to NPN 2N5336 thru 2N5339 

*MAXIMUM RATINGS 

2N6190 2N6192 
Rating Symbol 2N6191 2N6193 

Collector-Emitter Voltage VeEO 80 100 

Collector-Base Voltage VCS 80 100 

Emitter-Base Voltage VE8 6.0 

Collector Current - Continuous Ie 5.0 

Base Current IS 1.0 

T.otal Device Dissipation @TC = 2SoC Po 10 

Derate above 25°C 57.1 

Operating and Storage Junction TJ. T.tg -65 to +200 

Temperature Range 

THERMAL CHARACTERISTICS 

Characteristic Max 

Thermal Resistance, Junction to Case 17.5 

* Indicates JEDEC Registered Data. 

FIGURE 1 - POWER·TEMPERATURE DERATING 
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Safe Area Curves are indicated by Figure 5. All limits are applicable and must be observed. 
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5AMPERE 
POWER TRANSISTORS 

PNP SILICON 
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2N6190 thru 2N6193 (continued) 

• ELECTRICAL CHARACTERISTICS ITc. 25°C unless othe",;,. noted I 

Characteristic 

OFF CHARACTERISTICS 

Collector-Emitter Sustaining Voltage t 1) 
(Ie = 50 mAde, '8 = 01 

Collector Cutoff Current 

(VeE = 75 Vdc, Ie '" 01 
(VeE = 90 Vdc, 18 = 0) 

Collector Cutoff Current 
(VeE'" 75 Vdc, VBE(off) = 1.5 Vdc) 
(VeE = 90 Vdc, VBE (off) = 1.5 Vdc! 
tVeE = 75 Vdc, VBEloff) = 1.5 Vdc, 
Tc"" 1SOoCI 
tVeE == 90 Vdc, VBE(off) = 1.5 Vdc, 
Tc = 1S0oCI 

Collector Cutoff Current 
(Vca = 80 Vdc. IE = 0) 
tVca = 100 Vdc, IE = 01 

Emitter Cutoff Current 
tVSE = 6.0 Vdc, Ie'" O} 

ON CHARACTERISTICS (I) 

OC Current Gain 
lie = 500 mAdc, VeE '= 2.0 Vdc) 

(Ie::: 2.0 Adc, VCE "" 2.0 Vdc) 

(Ie = 5.0 Adc, VCE '" 2.0 Vdc) 

Collector-Emitter Saturation Voltage 
(Ie =: 2.0 Adc, 18 = 0.2 Adcl 
tiC'" 5.0 Adc, 18 '" 0.5 Adc) 

ease-Emitter Saturation Voltage 
IIC '" 2.0 Adc, Ie = 0.2 Adcl 
(lC = 5.0 Adc, Ie = 0.5 Adcl 

DVNAMIC CHARACTERISTICS 

Current-Gain-Bandwidth Product (2) 

2N6190.2N6191 
2NS192,2N6193 

2N6190,2NG191 
2N6192,2N6193 

2N6190,2N6191 
2N6192,2N6193 
2N6190.2NG191 

2N6192.2N6193 

2N6190.2NG191 
2N6192.2N6193 

2N6190,2N6192 
2N6191.2N6193 
2N6190.2N6192 
2N6191,2N6193 
2N6190.2N6192 
2N6191,2N6193 

(Ie'" 0.5 Adc, VeE = 10 Vdc, frest'" 10 MHz) 

Output Capacitance 
(VC8 = 10 Vdc. IE '" 0, f '" 100 kHzl 

Input Capacitance 
(VeE = 2.0 Vdc, IC = 0, f = 100 kHzl 

SWITCHING CHARACTERISTICS 

Delav Time 

Rise Time 

Storage Time 

Fall Time 

(Vee - 40 Vdc, VeE (off) - 3.0 Vdc, 
IC '" 2.0 Adc, lel = 0.2 Adcl 

{Vee - 40 Vdc, Ie - 2.0 Adc, 
le1 '" 182'" 0.2 Adcl 

-Indicates JEDEC Registered Data. 
{') Pulse Test: Pulse Width::!:: 300 PS, Duty Cycte~2.0% 
(2) fT '" I hfe I • f Test 

FIGURE 2 - SWITCHING TIME TEST CIRCUIT 
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2N6190 thru 2N6193 (continued) 
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SECOND SREAKOOWN LIMITED 

There are two limitations on the power handling ability of a 
transistor: average junction temperature and second breakdown. 
Safe operating area curves indicate Ie - VeE limits of the tran
sistor that must be observed for reliable operation; i.e., the 
transistor must not be subjected to greater dissipation than the 
curves i nd ieate. 

SONOING WIRE LIMITED 
:5 o. 2 
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-----, THERMALLY UMITEO@TC=250C 

'" 
The data of Figure 5 is based' on T J(pk) ~ 200oC; T C is 

variable depending on conditions. Second breakdown pulse limits 
are valid for duty cycles to 10% provided T J(pk) < 200"C. 
TJlpk) may be calculated from the data in Figure 4. At high 
case temperatures. thermal I,mitations will reduce the power that 
can be handled to values less than the limitaitons imposed by 
second breakdown. 
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2N6190 thru 2N6193 (continued) 
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2N 6226(SILICON) 
2N6227 
2N6228 

HIGH-VOLTAGE HIGH-POWER 
PNP SILICON TRANSISTORS 

... designed for use in high·power audio amplifier applications and 
high-voltage switching regulator circuits. 

• High Collector-Emitter Sustaining Voltage -
VCEO(sus) ~ 100 Vdc (Min) - 2N6226 

~ 120 Vdc (Min) - 2N6227 
~'140 Vdc (Min) - 2N6228 

• DC Current Gain - @ IC ~ 3.0 Adc 
hFE ~ 25 (Min) - 2N6226 

~ 20 (Min) - 2N6227 
~ 15 (Min) - 2N6228 

• Low Collector-Emitter Saturation Voltage -
. VCE(sat) ~ 1.0 Vdc (Max) @ IC ~ 3.0 Adc 

• Complement to NPN Transistors 2N5758. 2N5759. 2N5760 

"MAXIMUM RATINGS 

Rating Symbol .2N6226 2N6227 2N6226 

Collector-Emitter Voltage VCEP 100 120 140 

Collector-Ba .. Voltage VCB 100 120 140 

Emitter-Base Voltage VEB _7.0_ 

Collector Current - Continuous IC -6.0-

Peak '_10·_ 

Base Current: IB ~4.0_ 

Total Device Dissipation Po 
@Tc=250C :-150-

perate above 25°C _0.857_ 

Operating and Storage Junction TJ. Tst9 _-65to+200_ 
Temperature Range 

THERMAL CHARACTERISTICS 

Characteristic 

Thermal Resistance, Junction to Case 

-Indicates JEDEC Registered Data. 

FIGURE 1 -.POWER DERATING 
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2N6226, 2N6227, 2N6228 (continued) 

ELECTRICAL CHARACTERISTICS (TC - 2SoC unl_ otherwi .. noted) 

I Charecteliltic I Symbol 

OFF CHARACTERISTICS 
Collector-Emitter Sustaining Voltage (1) 

(lc=200mAdc,IS=0) 2N6226 
2N6227 
2N6228 

Collector Cutoff Current 
IVCE = SO Vdc, IS = 0) 2N6226 
(VCE = 60 Vdc, IS = 0) 2N6227 
(VCE = 70 Vdc,IS = 0) 2N622S 

Collector Cutoff Current 

(VCE = Rated VCS, VSE(off) = 1.5 Vdc) 
IVCE = Rated VCS' VSEloff) = 1.5 Vdc, TC = lSOoC) 

I <;o"ector "utO r "urren 
(VCS = Rated VCS, IE = 0) 

Emitter Cutoff Current 
(VSE = 7.0 Vdc, IC = 0) 

ON CHARACTERISTICS (1) 

DC Current Gain 
(lC = 3.0 Adc, VCE = 2.0 Vdc) 2N6226 

2N6227 
2N6228 

(lc = 6.0 Adc, VCE = 2.0 Vdc All Types 

Collector-Emitter Saturation Voltage 
(lc = 3.0 Adc, IS = 0.3 Adc) 
(lc = 6.0 Adc, IS = 1.2 Adc) 

Sase-Eminer On Voltage 
(lC = 3.0 Adc, VCE = 2.0 Vdc) 

DYNAMIC CHARACTERISTICS 
Current-Gain Sandwidth Product 12) 

(lC = 0.5 Adc, VCE = 20 Vdc, f test = 0.5 MHzl 

Output Capacitance 
(VCS = 10 Vdc, IE = 0, f =0.1 MHz) 

Small-5ignal Current Gain 
(lC = 2.0 Adc, VCE = 10 Vdc, f = 1.0 kHz) 

-Indicates JEDEC Aeglstered Data. 
(1) Pulse Test: Pulse Width'S300 p.s, Duty CycleS2.0%, 

(2) fT = I hie I • f test 

FIGURE 2 - SWITCHING TIME TEST CIRCUIT 
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2N6226, 2N6227, 2N6228 (continued) 

FIGURE 4 - THERMAL RESPONSE 
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There are two limitations on the power handling ability of a 
transistor: average junction temperature and second breakdown. 
Safe operating area curves indicate IC'YCE limits of the transistor 
that must be observed for reliable operation; i.e .• th.e transistor 
must not be subjected to greater dissipation than the curves indicate. 

The data of Figure 5 is based On T J(pkl : 200oC; TC is variable 
depending on conditions. Second breakdown pulse limits are valid 
for duty cycles to 10% provided T J(pk)~ 2000C. T J(pk) may be 
calculated from the data in Figure 4. At high case temperatures, 
thermal limitations will reduce the power that can be handled to 
values less than the limitations imposed by second breakdown. 
(See AN-415) . 
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2N6226, 2N6227, 2N6228 (continued) 
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FIGURE 12 - COLLECTOR CUT -OFF REGION 
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2N6229(SILICON) 
2N6230 
2N6231 

HIGH-VOLTAGE HIGH-POWER 
PNP SI L.ICON TRANSISTORS 

· .. designed for use in high power audio amplifier applications and 
high voltage switching regulator circuits. 

• High Collector· Emitter Sustaining Voltage -
VCEO(sus) ~ 100 Vdc (Min) - 2N6229 

~ 120 Vdc (Min) - 2N6230 
~ 140 Vdc (Min) - 2N6231 

• High DC Current Gain - @ IC ~ 5.0 Adc 
hFE ~ 25 (Min) - 2N6229 

~ 20 (Min) - 2N6230 
~ 15 (Min) - 2N6231 

• Low Collector·Emitter Saturation Voltage 
VCE(sat) ~ 1.0 Vdc (Max) @ IC ~ 7.5 Adc 

• Complements to NPN 2N5632. 2N5633 and 2N5634 

*MAXIMUM RATINGS 

Rating Symbol 2N1!229 2N6230 2N6231 

Coliector·Emitter Voltage VCEO 100 120 140 

Collector·Basa Voltage VCB 100 120 140 

Emitter-Base Voltage VEB • 7.0 • 
Collector Current Continuous IC • 10 • 

Peak ... 15-

Base Current IB .. 5.0-

Total Device Dissipation @ T C = 250C Po • 150_· 
Derate above 2SOC _0.857_ 

Operating and Storage Junction Tj.Tstg __ - 65 to +200-
Temperature Range 

THERMAL CHARACTERISTICS 

Thermal Resistance, Junction to Case 

-Indicates JEDEC Registered Data. 

FIGURE 8 - POWER DERATING 
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All JEDEC dimensions and notes apply 

Collector connected to C818 
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2N6229, 2N6230, 2N6231 (continued) 
*E LECTRICAL CHARACTER ISTICS IT C = 250 C unless otherwise notedl 

I Characteristic Symbol 

OFF CHARACTERISTICS 

Collector-Emitter Sustaining Voltage (11 
(lC = 200 mAde, IB = 0) 2N6229 

2N6230 
2N6231 

Collector Cutoff Current 
(VCE = 50 Vde, IB = 01 2N6229 
(VCE = 60 Vde, IB = 01 2N6230 
(VCE = 70 Vde, IB = 01 2N6231 

Collector Cutoff Current 
(VCE = 100 Vde, VBE (offl = 1.5 Vdel 2N6229 
(VCE = 120 Vde, VBE(offi = 1.5 Vdel 2N6230 
(VCE = 140 Vde, VBE(offl = 1.5 Vdcl 2N6231 
(VCE = 100 Vde, VBE(offl = 1.5 Vde, 2N6229 

TC = 1500 CI 
(VCE = 120 Vde, VBE(offi = 1.5 Vde, 2N6230 

TC = 1500CI 
(VCE = 140 Vde, VBE(offi = 1.5 Vdc, 2N6231 

TC = 1500CI 

Collector Cutoff Current 
(VCB = 100 Vdc, IE = 01 2N6229 
(VCB = 120 Vdc, IE = 01 2N6230 
(VCB = 140 Vde, IE = 01 2N6231 

Emitter Cutoff Current 
(VBE = 7.0 Vde, IC = 01 

ON CHARACTERISTICS (1) 

OC Current Gain 
(lC = 5.0 Ade, VCE = 2.0 Vdcl 2N6229 

2N6230 
2N6231 

(lc = 10Ade, VCE = 2.0 Vdel All 

Coliector·Emitter Saturation Voltage 
(lc = 7.5 Ade, IB = 0.75 Adel 
(lc = 10 Ade, IB = 2.0 Adcl 

Base-Emitter Saturation Voltage 
(lC = 7.5 Ade,IB = 0.75 Adel 

Base-Emitter On Voltage 
(lC = 5.0 Ade, VCE = 2.0 Vdcl 

DYNAMIC CHARACTERISTICS 

Current-Gain - Bandwidth Produet(21 
(lC = 1.0 Adc, VCE = 20 VdeJ. f test = 0.5 MHzl 

Output Capacitance 
(VCB = 10 Vdc,lE = 0, f = 0.1 MHz) 

Small-5ignal Current Gain 
(lC = 2.0 Adc, VCE = 10 Vde, f = 1.0 kHzl 

-!ndlc::.ates JEDEC Aegistered Data. 
(1) Pulse Test: Pulse WidthS300 ~s. Duty Cycle = 2.0%. 

121 fT = I hfe I • f test 
FIGURE 2 - SWITCHING TIME TEST CIRCUIT 

tr •• ,:::::10 ns 
DUTY CYCLE = 1.0% 

51 

RB 

<4V 

VCC 
-30V 

RC 

SCOPE 

RB and RC VARIED TO OBTAIN DESIREO CURRENT LEVELS 

01 MUST BE FAST RECOVERY TYPE,eg: 
MBD5300 USED ABOVE 'B .. loo mA 
MSD6100 USED BELOW IB .. 100 mA 
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FIGURE 3 - TURN'()N TIME 
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2N6229, 2N6230, 2N6231 (continued) 

FIGURE 4 - THERMAL RESPONSE 
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There are two limitations on the po_r handling ability of a 
transistor: average junction temperature and second breakdown. 
Safe operating area curves indica~e Ie-VeE limits of the transistor 
that must be observed for reliable operation; i.e., the transistor 
must not be subjected to greater dissipation than the curves indicat •• 

Thedata of Figure 5 is based on TJ(pk) = 200"C; TC is variable 
depending on conditions. Second breakdown pulse limits are valid 
for duty cvcles to 10% provided T Jtpk)=:;: 200oC. T Jtpk) may be 
calculated from the data in Figure 4. At high case temperatures, 
thermal limitations will reduce the po_r that can be handled to 
values less than the limitations imposed by second breakdown. 
(See AN-41S) 
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2N6229, 2N6230, 2N6231 (continued) 

0 40 

30 0 
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FIGURE 12 - COLLECTOR CUT·OFF REGION 
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2N6233 (SILICON) 

2N6234 
2N6235 

HIGH VOLTAGE NPN SILICON TRANSISTORS 

. designed for high reliability switching arid pin diode driver 
applications [SAFEGUARD] 

• High Collector-Emitter Sustaining Voltage -
VCEO(sus)= 225 Vdc - 2N6233 

275 Vdc - 2N6234 
325 Vdc - 2N6235 

• DC Current Gain - hFE = 25 to 125 - IC = 1.0 Adc 

• Low Collector-Emitter Saturation Voltage 
VCE(sat) = 0.5 Vdc (Max) @ IC = 1.0 Adc 

• High Frequency Response - fT = 20 MHz (Min) 

•. Fast Switching Times @ 1.0 Adc -
tr = 0.51ls (Max) 
ts = 3.51ls (Max) 
tf = 0.5·lls (Max) 

• Environment Test Data Available 

*MAX/MUM RATINGS , 
Rati~9 Symbol 2N623~ 2N6234 

Collector-Emitter Voltage VCEO 225 275 

Coliector'B ... Voltage VeB 250 300 

2N6235 

325 

350 

Einitter-B;o;e Voltage VEB --:--- 6.0-

CQllector Current ---" Continuous I'e _5.0-. 

Peak ~10-

Base Current IB _2.0___... 

Total Device Dissipation 10> TC = 25°C Po ·-50-
Derate above 25°C -0.286-

Operating and Storage Junction 
Temperature Range TJ. Tstg -65 to +200 

THERMAL CHARACTERISTICS 

Characteristic 

Thermal Resistance. Junction to Case 

110 I ndicates JE_DEC Registered Data. 

FIGURE 1 - POWER TEMPERATURE DERATING 
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Unit 

Vdc 

Vdc 

Vdc " 

Adc 

Adc 

Watts 
W/oC 

°e 

5 AMPERE 
POWER TRANSISTORS 

NPN SILICON 

225,275,325 VOLTS 
50 WATTS 

~ 

H O.470 

. 0.500 ~~ 

~. IF~~~II hlM~~ 
~~~--::::;-~ 

-!~ 1l,(l1jl0lA 
0.2S0 0.034 
0.340 

AI' JEDEC dimensions and notes apply 

. Collector connected to case 

CASE 80-02 
T0-66 

0.360 
MIN 



2N6233, 2N6234, 2N6235 (continued) 

"ELECTRICAL CHARACTERISTICS (TC = 25°C un'e .. otherwise notedl 

Characteristic 

OFF CHARACTERISTICS 

Collector·Emitter Sustaining Voltage (1) 
tie::: 20 mAde, 'S "" 0) 

Collector Cutoff Current 

(VeE = 225. '8 = 01 
(VeE = 275. '8 = 01 
(VeE = 325. '8' 01 

Collector Cutoff Current 
tVeE '" 250 Vdc. VEBloff) '" 1.5 Vdc. 
TC'lsoDCI 
(VeE'" 300 Vdc, VEBloffl '" 1.5 Vdc, 
TC'150oCI 
(VeE = 350 Vdc, VES(off) = 1.5 Vdc, 
TC'15o"CI 

Collector Cutoff Current 
(VCB = 250 Vdc, Ie = 0) 
(VeB = 300 Vdc. 'E = 01 
(VeB = 350 Vdc. 'E = 01 

Emitter Cutoff Current 
(VeE= 6.0 Vdc, Ie = 0) 

ON CHARACTERISTICS (11 

DC Current Gain 
(Ie = O. t Adc, VeE"" 5.0 Vdc) 
(Ie'" 1.0 Adc, VeE"" 5.0 Vdc) 
IIc = 3.0 Adc. VCE = 5.0 Vdcl 

Collector--Emitter Saturation Voltage 
(Ie = 1.0 Adc, 'S = 0.1 Add 
(Ie = 5.0 Adc, IS = 1.0 Adcl 

Base Emitter Saturation Voltage 
(Ie"" 1.DAde,IS ""0.1 Adcl 
(Ie;:: 5.0Adc,IB "" 1.DAde) 

Base-Emitter On Voltage 
(lC:::: 1.0 Adc, VeE"" 5.0Vdcl 

DYNAMIC CHARACTERISTICS 

Current-Gain Bandwidth Product (2) 

21116233 
21116234 
21116235 

21116233 
21116234 
2N6235 

21116233 

2N6234 

21116235 

21116233 
21116234 
2N6235 

(Ie"" 0.25 Adc, VeE = 10 Vdc, ftest = 10 MHz) 

Output Capacitance 
(VCB = 10 Vdc. IE:::: O. f =0.1 MHz) 

. SWITCHING CHARACTERISTICS 

Rise Time 
(Vee:::: 200 Vdc, Ie "" 1.0 Adc, IS = 0.1 Adci 

Storage Time 
(Vee'" 200 Vdc, Ie '" 1.0 Adc, IS1 = IB2 = 0.1 Adc) 

Fall Time 
(Vec:::: 200 Vdc, Ie "" 1.0 Adc, IS1 = 162 = 0.1 Adcl 

·lndlcatesJEOEC Registered Data. 

OJ Pulse Test: Pulse Width ~ 300 jls, Duty Cycle ~ 2.0%. 

(2) fT = Ihfel • f test 

FIGURE 2 - SWITCHING TIME TEST CIRCUIT 
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2N6233, 2N6234, 2N6235 (continued) 

FIGURE 4 - THERMAL RESPONSE 
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There are two limitations on the power .handling ability of a 
transistor: average junction temperature and second breakdown. 
Safe operating erea curves indicate IC - VCE limits of the transis
tor that must be observed for reliable operation; i.e., the transistQr 
must not be subjected to greater dissipation than the curves indio 
cate. 

Thedat. of Figure 5 is based on TJ(pk) = 20o"C; TC is variable 
depending on conditions. Second breakdown pulse limits are valid 
for duty cycles to 10% provided T J( k)';;; 200°C. T J(pk) may b. 
calculated from the data in Figure:r. At high case temperatures. 
thermal limitations will reduce the power that can be handled to 
values less than the limitations imposed by second breakdown. 
(S.o AN-415) 
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2N6233, 2N6234, 2N6235 (continued) 

FIGURE B - DC CURRENT GAIN 
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2N6236 thru 2N6241 (SILICON) 

PLASTIC THYRISTORS 
(PLASTIC SILICON CONTROLLED RECTIFIERS) 

.. PNPN devices designed' for high volume consumer applications 
such as temperature; light. and speed control; process and remote 
control. and warning systems where reliability of operation is 
important. 

• Passivated Surface for Reliability and Uniformity 
• Power Rated at EcOnomical Prices 
• Practical Level.Triggering and Holding Characteristics 
• Flat, Rugged,. Thermopad Construction for Low Thermal Resist· 

ance, High Heat Dissipation and Durability 
• Recommended Electrical Replacement for C 106 

MAXIMUM RATINGS (T J = l00"C unless otherwise noted) 

Rating Symbol Value Unit 

"Aepetitive Peak Volfage(Note 11 VOAM Volts 
( 1/2 Sine Wave) 2N6236 30 
(GateOpen, 2N6237 VAAM 50 
T J = -40 to +1100C) 2N6238 100 

2N6239 200 
2N624O 400 
2N6241 600 

• Non-Repetitive Peak Rev"erse Voltage VASM Volts 
(112 Sine Wave) 2N6236 50 
(Gate Open, 2N6237 100 
TJ = -40 to +llo"C) 2N6238 150 

2N6239 250 
2N624O 450 
2N6241 650 

"'Average On..state Current 
(T J = -40 to +900 C) ITlAV) 2.6 Amp. 
(T J = +100"C) 1.6 

·Surge On-State Current ITSM Amp. 
(112 Sine Wave, 60 Hz, T J = +900C) 25 
(1/2SineWave, 1.5m., T J= +llo"C) 35 

ircuit Fusing Considerations I~t 2.6 A~. 

(TJ =-40to+ll00 C) 
t'= 1.0 to B.3 ms . 

·Peak Gate Power - Forward PGFM 0.5 Watts 
(Pulse Width = 10 I's) 

... Average Gate Po~er - Forward PGF(AV) 0.1 Watt 
(T =B.Oms) 

Peak Gate Currerit - Forward IGFM 0.2 Amp. 

~ak Gate Voltage ~ Aeverse VGAM 6.0 Volt. 

·Operating Junction Temperature Ran.ge TJ -40 to +110 °c 

·Storage Temperature Range T stg -40 to +150 °c 

Mounting Torque (4-40) - B.O in.lb 
(Note 2) 

THERMAL CHARACTERISTICS 
Characteristic Symbol Min Max Unit 

""Thermal Resistance, Ju netion 8JC - 3.0 °CIW 
to ease 

trhermat Resistance Junction 8JA - 75 °CIW 
to Ambient 

·Indicates JEDEC Registered Dati. 
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PLASTIC SILICON 
CONTROLLED RECTIFIERS 

4.0 AMPERES RMS 
30 thru 600 VOLTS 

e 

.ml irnii 

0.130 r- . 0.150NOM L &-m0IA.THRU 

1~ 
0.10 f 0. >A> 
Irnii 

I -+ 0.595 
g:g~~" I-P 02O o:m 0.026 
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0.015 O. 5 
m 0.070 
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EiiTIlf , 
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CONTACT AREA 

IBOTTOM) 
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2N6236 thru 2N6241 (continued) 

ELECTRICAL CHARACTERISTICS (TC = 2SoC unless otherwise noted RGK = 1000 ohms) 

Characteristics 

'Peak Forward Blocking Current (Note 1) 
(Rated VORM, Gate Bias Resistance = 1.0 k Ohms, 

TJ = ll00C) 

·Peak Reverse Blocking Current (Note 1) 

(Rated VRRM, Gate Bias Resistance = 1.0 k Ohms, 
TJ = ll00C) 

* Forward "On" Voltage 
(ITM = 8.2 A Peak, Pulse Width = 1 to 2 ms, 2% Duty Cycle) 

"'Gate Trigger Current (Continuous de) 
(Anode Voltage = 12 Vdc, R L = 24 Ohms, T C = -40oC) 

Gate Trigger Voltage (Continuous de) 
(Source Voltage = 12 V, RS = 50 Ohms) 

'(Anode Voltage = 12 Vdc, RL = 240hms,Tc = -40oC) 
(Anode Voltage = Rated VORM, RL = 1000hms, RGK = 1.0 k Ohms, 

T J = 110°C) 

Holding Current 
(Anode Voltage = 12 Vdc, IGT = 2.0 mAl TJ = 25°C 

• (Initiating On-State Current = 200 mAl TJ=-400C 

"'Total Turn-On Time 
(Source Voltage = 12 V, RS = 6.0 k Ohms) 
(ITM = B.2 A, IGT = 2.0 mA, Rated VORM) RGK = 1.0 k Ohms) 
(Rise Time = 20 ms, Pulse Width = 10 !'s) 

Forward Voltage Application Rate 
(TJ = 1100C) 

·Indlcates JEDEC Registered Data 

NOTES: 

1. Aatings apply for zero or negative gate voltage. Devices shall 
not have a positive bias applied to the gate concurrently with a 
negative potential on the anode. Devices should not be tested 
with a constant current source for forward or reverse blocking 
capability such that the voltage applied exceeds the rated 
block ing voltage. 

Symbol Min Typ Max Unit 

IORM !,A 

- - 200 

IRRM !'A 
- - 200. 

VTM Volts 
- - 2.2 

IGT !,A 
- - SOO 

Volts 

VGT - - 1.0 

VGO 0.2 - -

IH mA 
- - S.O 
- - 10 

tgt !,S 
- - 2.0 

dv/dt VI!'s 
- 10 -

2. Torque rating applies with use of torque washer (Shakeproof 
WD19523 or equivalent). Mounting torque in excess of 6 in. lb. 
does not appreciably lower case-to-sink thermal resistance. 
Anode lead and heatsink contact pad are common. 

For soldering purposes (either terminal connection or device 
mounting). soldering temperatures shall not exceed +2250 C. 
For optimum results, an activated flux (oxide removing) is 
recommended . 

CURRENT DERATING DATA 

FIGURE 1 - MAXIMUM CASE TEMPERATURE FIGURE 2 - MAXIMUM AMBIENT TEMPERATURE 

110 ~-~-~---,--~--r--r--r---. 

30LO-_~--~0.~2--~----Of.4~~~~~O~.6~~~~0~.8 

IF (AV), AVERAGE FORWARO CURRENT (AMP) IF (AV),AVERAGE FORWARO CURRENT (AMP) 
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2N6255 (SILICON) 

TheRFLine 

NPN SILICON RF POWER TRANSISTOR 

... designed for 12.5 Volt VHF large-signal amplifier applications 
required in industrial and commercial FM equipment . 

• Specified 12.5 Volt, 175 MHz Characteristics
Output Power = 3.0 Watts 
Minimum Gain = 7.B dB 
Efficiency = 50% 

*MAXIMUM RATINGS 

Rating Svmbol 

COllector·Emitter Voltage VCEO 

Collector-Base Voltage VCBO 

Emitter·Base Voltage VEBO 

Collector Current - Continuous IC 

Total Device £?issipation @TC = 2SoC Po 
Derate above 25°C 

Value 

18 

36 

4.0 

1.0 

5.0 

28.5 

Storage Temperature Range Tstg -65 to +200 

... Indicates JE DEC Registered 'Data. 

Unit 

Vdc 

Vdc 

Vdc 

Adc 

Watts 

mW/oC 

°c 

This device is designed for RF operation. The total device dissipation applies only when 
the device is operated as an·'RF amplifier. 
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3_0 W-175 MHz 
RF POWER 

TRANSISTOR 

NPN SILICON 

0.370 0'3500IA-r~ 
0.315 
0.335 OIA -tJ------1

1 

0.240 

OOOd.-
lml I.-i0 

0.125, 4 

0.Q160IA--I~ 0.019 

0.5 
MIN 

--.l 

PIN 1. EMITTER 
2. BASE 
3. COLLECTOR 

All JEDEC dimensions and notes apply 

CASE 79 
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2N6255 (continued) 

ELECTRICAL CHARACTERISTICS (Tc = 250 C unless otherwise noted) 

Characteristic Symbol Min Typ Max Unit 

OFF CHARACTERISTICS 
COllector-Emitter Breakdown Voltage BVCEO 18 Vdc 

(lC = 10 mAde, IB = 0) 

Collector-Emitter Breakdown Voltage BVCES 36 - - Vde 
(lc = 5.0 mAde, VBE = 0) 

Emitter-Base Breakdown Voltage BVEBO 4.0 - - Vde 
(IE = 1.0 mAde, IC = 0) 

Collector Cutoff Current ICES - - 5.0 mAde 
(VCE = 15 Vde, VBE = 0, TC = 550 C) 

Collector Cutoff Current ICBO 0.25 mAde 
(VCB = 15 Vde, IE = 0) 

ON CHARACTERISTICS 

Dc Current Gain 

(lC = 250 mAde, VCE = 5.0 Vdc) 

DYNAMIC CHARACTERISTICS 

Output Capacitance 
(VCB = 12.5 Vde,IE = 0, f = 1.0MHz) 

FUNCTIONAL TEST 

Common-Emitter Amplifier Power Gain GpE 7.8 - - dB 

(Pout = 3.0 W, VCC = 12.5 Vde, 
f= 175MHz) 

Collector Efficiency ~ 50 - - % 
(Pout = 3.0 W, VCC = 12.5 Vde, 
f = 175MHz) 

FIGURE 1 - 175 MHz CIRCUIT 

.---<I----------<l 12.5 Vdc 

C5 ~C6 

C4 

Cl Ll 

Cl,3 2.0·50 pF ARCO 461 ELMENCO 
C2,4 5.0·80 pF ARCO 462 ELMENCO 
C5 1000 pF FEED THRU 

" 

C6 5.0.F 
C3 L1 1 TURN #18 AWG )4"1.0. 

C2 L2 2% TURNS #18 AWG )4"1.0. 

RFC, RFCI 0.15"H MOLDED CHOKE 
WITH BEAD ON GROUND LEG 

RF"c2 0.15"H MOLDED CHOKE 
Baad 

BEAD IS FERROXCUBE 
56·570·65/3B 

":" 
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2N6255 (continued) 
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2N6255 (continued) 

175 MHz AMPLIFIER BLOCK DIAGRAMS 

FIGURE 8 - Vee = 12.5 VOL TS 

50mW ~ 2N4427 H 2N6255 H 2N5590 ~ lOWATTS 

400mW BOWATTS 

5mw~ 2N4072 H 2N4073 H 2N6255 ~3WATTS 
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2N 6278 thru 2N 6281 (SILICON) 

HIGH-POWER.NPN SILICON TRANSISTORS 
designed for use in industrial-militarv power amplifier 

and switching circuit applications. 

• High Collector Emitter Sustaining Voltage -
VCEO(sus) = 100 Vdc (Min) - 2N6278 

= 120 Vdc (Min) - 2N6279 
= 140 Vdc (Min) - 2N6280 
= 150 Vdc (Min) - 2N6281 

• High DC Current Gain -
hFE = 30·120 @ IC = 20 Adc 

= 10 (Min) @ IC = 50 Adc 

• Low Coliector·Emitter Saturation Voltage -
VCE(sat) = 1.2 Vdc (Max) @ IC = 20 Adc 

• Fast Switching Times @ IC = 20 Adc 
tr = 0.35p.s (Max) 
ts = 0.8p.s (Max) 
tf = 0.25p.s (Max) 

*MAXIMUM RATINGS 
Rating Svmbol 2N6278 2N6279 2N6280 

Collector-Base Voltage VCR 120 140 160 

Coliector·Emitter Voltage VeEO 100 120 140 

Emitter·Ba .. Voltage VEB • 6.0 

Collector Current -Continuous Ie .. 50 
Peak 100 

Base Current 18 • 20 

Total Device Dissipation @ Po .. 250 
Te=250e • 1.43 
Derate above 250e 

Operating and Storage Junction TJ.Tstg .. -65 to +200 
Temperature Range 

THERMAL CHARACTERISTICS 
Characteristic 

Thermal Resistance, Junction to Case 

-Indicates JEOEC Registered Data 

FIGURE 1 - POWER DERATING 
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Unit 

Vdc 

Vdc 

Vdc 

Adc 

Adc 

Watts 
wfle 

Dc 

50 AMPERE 

POWER TRANSISTORS 
NPN SILICON 

100,120,140, 150 VOLTS 
250 WATTS 

J--0.145 "l:;::=:!.-o.060 
o.m::~ 

0.090 0.931 

,-~~~~~'i[~ 
0.218 0.460 0 105 
iffil j MAX PIN 1. EMITTER 

2. BASE 
3. COLLECTOR 

CASE 188 
Collector c::onnected to case. 



2N6278 thru 2N6281 (continued) 

-ELECTRICAL CHARACTERISTICS (T C = 250C unless otherwise noted) 

I Char.ct.istic I Symbol 

OFF CHARACTERISTICS 

Collector-Emitter Sustaining Voltage VCEO(sus) 
(lC = 50 mAde,lB = 0) 2N6278 

2N6279 
2N62B0 
2N62S1 

Collector Cutoff Current ICEO 
(VCE = 50 Vde, IB = 0) 2N6278 
(VCE = 60 Vdc,IB = 0) 2N6279 
(VCE = 70 Vdc, iB = 0) 2N6280 
(VCE = 75 Vde,IB = 0) 2N62BI 

Collector Cutoff Current ICEX 
(VCE = Rated VCB, VEB(off) = 1.5 Vde) 
(VCE = Rated VCB, VEB(off) = 1.5 Vde, TC= 1500C 

Emitter Cutoff Current lEBO 
(VBE = 6.0 Vde, IC = 0) 

ON CHARACTERISTICS (I) 

DC Current Gain hFE 
(lC = 1.0 Ade, VCE = 4.0 Vdc) 
(lc = 20 Ade, VCE = 4.0 Vde) 
(lC" 50 Ade, VCE = 4.0 Vde) 

Collector-Emitter Saturation Voltage VCE(satl 
(lC = 20 Adc, IB = 2.0 Ade) 
(lC = 50 Ade, IB = 10 Ade) 

Base-Emitter Saturation Voltage VBE(setl 
(lC = 20Ade,IB = 2.0 Adc) 
(lC = 50 Adc, IB = 10 Adc) 

Base-Emitter On Voltage VBE(on) 
/lc = 20 Ade, VCE = 4.0 Vdc) 

DYNAMIC CHARACTERISTICS 
Current-Gain - Bandwidth Product (2) IT 

(lc" 1.0 Ade, VCE " 10 Vde, flest = 10 MHz) 

Output Capacitance Cob 
(VCB = 10 Vde, IE .. 0, f = 0.1 MHz) 

SWITCHING CHARACTERISTICS 
Rise Time tr 

(VCC" SO Vde, IC = 20 Ade, IBI .. 2.0 Ade, VBE (off) = 5.0 Vdc) 

Storage Time Is 
(VCC = SO Vdc, IC" 20 Adc, IB I = IB2 = 2.0 Adc) 

Fall Time If 
(VCC =SOVdc,IC=20Ade,IBI" IB2= 2.0 Ade) 

'Indicates JEDEC Registered Data (1) Pulsa Tost: Pulse Width = 300 jJ., Duty Cycle" 2.0%. 

FIGURE 2 - SWITCHING TIMES TEST CIRCUIT 

1,,11< IOns 
Duty Cycle' 0.5% "::" 

RB' 
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lN3819 

-4.0 V 
Note: For information on Figures 3 8t 6, R8 and RC 

were varilll to obtain desired test conditions. 
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2.0 

1.0 

0.1 

0.5 

] 0.3 

; 0.2 
;:: 
-- 0.1 

0.01 
0.05 

0.03 

0.02 

..... 
~ 

I,@VCC=BQV 

0.5 0.1 1.0 

2-,-472 

Min Max Unit 

Vde 
100 -
120 -
140 -
150 -

/lAde 
- 50 
- 50 

- 50 

- 50 

- 10 JJAde 

- 1.0 mAdc 

100 JJAde 

-
50 -
30 120 
10 -
- Vde 
- 1.2 

- 3.0 

Vdc 
- 1.8 

- 3.5 

Vdc 
- 1.8 

30 - MHz 

- 600 pF 

- 0.35 jJS 

O.SO jJS 

- 0.25 jJS 

(2) IT" Ihlel. Itast 

FIGURE 3 - TURN ON TIME 
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2N6278 thru 2N6281 (continued) 

FIGURE 4 - THERMAL RESPONSE 

1. 
-' o. 
~_ O. 

0 
7 

5 
we 
~~ O. 3 O.~ ---.... -' 
~~ o. 2 

0.1 ~~ 
~:; o. 
~~ 0.0 
~~ 0.05 

It:== 0.05 
7f--

0.02 

~~ 0.03 

." 0.02 
1:" 

1 0.0 
om 

0.01 ..... 

0.02 

~ 
I--

nriTILSEf 

0.05 0.1 0.2 0.5 1.0 2.0 

P(pk} 

~ 
BJC(I} "r(l} BJC 
BJC = 0.70CM Max 
o CURVES APPLY FOR POWER 
PULSE TRAIN SHOWN 
READ TIME AT 11 

DUTY C,CLEj 0 "1111121 
TJ(pk) - TC" P(pk) BJC(I) 

I n 
I I I II 

5.0 10 20 50 100 200 500 1000 

I, TIME (m,) 

FIGURE 5 - ACTIVE REGION SAFE OPERATING AREA 

100 

50 

EO 20 

ffi 
<= 
<= 2.0 
=> de 

- BONDING WIRE LIMITED 

100!,s 

500!" 

1.0ms 

:; 1.0 

~ 0.5 
-- - THERMALLY LIMITED 5.0ms 

_ 0.2 

8 0.1 
~ 0.05 

0.02 
0.01 

2.0 3.0 

5.0 

3.0 

2.0 

1.0 

] 0.7 

~ O. 
0: 

S 

-- 0.3 

O. 2 

o. 
0.0 
0.0 

1 

7 
5 

@TC"250 C(Singl.Pulse) 
SECOND BREAKDOWN LIMITED 
CURVES APPLY BELOW RATED VCEO 

5.0 7.0 10 20 30 

2N6278 
2N6279 
2N6280 
2N6281 

50 70 100 

VCE, COLLECTOR EMITTER VOLTAGE (VOLTS) 

FIGURE 6 - TURN OFF TIME 
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There are two limitations on the Po'N8r handling ability of a 
transistor: average junction temperature and second breakdown. 
Safe operating area curves indicate IC·VCE limits of the transistor 
that must be observed for reliab', operation; i.e., the transistor 
must not be subjected to greater dissipation than the cUNes indicate. 

The data of Figure 5 is based on T Jipk) = 200"c; T C is variable 
dapending on conditions. Second breakdown pulse limits are valid 
for dutv cvcles to 10% provided T J(pk) ..;; 200"C. T J(pk) mav be 
calculated from the data in Figure 4. At high case temperatures, 
·thermal limitations will reduce the power that can be handled to 
values less than the limitations imposed bV second breakdown; 
(See AN-415) 
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2N6278 thru 2N6281 (continued) 
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3N 124 (SILICON) 

3N125 
3N126 

N-channel silicon annular tetrode-connected field
effect transistors, designed for low-power switching 
and amplifier applications·in the audio through VH F 
frequency range, features high breakdOwn voltage, low 
transfer capacitance, and tetrode configuration for a 
broad range of applications. 

CASE 20(4) 
10·72 

ABSOLUTE MAXIMUM RATINGS 

Rating 

Reverse Gate-Source Voltage 
Gate 1 
Gate. 2 

Drain-Source Voltage 

Drain-Gate Voltage 
Gate 1 
Gate 2 

Gate 1-Gate 2 Current 

Gate 2-Gate 1 Current 

Gate Current 
Gate 1 
Gate 2 

Drain Current 

Junction Operating Temperature 

Storage Temperature Range 

Total Device D~ss~ation @ T A = 25°C 
Derate Above 25 C 

Total Device Dissipation @ TC = 25°C 
Derate Above 250C 

Symbol 

Vms 
VG2S 

VDS 

VDG1 
VDG2 

IG1G2 

IG2G1 

101 
IG2 

ID 

TJ 

Tstg 

PD 

PD 

Value Unit 
. 

Vdc 
50 
50 

50 Vdc 

Vdc 
50 
50 

1.0 mAdc 

1.0 mAdc 

mAdc 
20 

( 20 

20 mAdc 

175 °c 

-65 to +175 °c 

300 mW 
1.71 mW/oC 

800 mW 
4.57 mW/oC 



3N124, 3N125, 3N126 (continued) 

ELECTRICAL CHARACTERISTICS ITA = 25°C unless otherwise noted) 

Characleristic Symbol Min Max Unit 
Gate-Source Breakdown Voltage V{BR)GS8 Vde 

(Io'" 10/tAdc:. VDS :;: 0, Ya1G2 = 0) 5. 

Gate Reverse Current 'GSS nAde 
(Vas '" 25 Vdc, YDS :: 0, VOlG2 :: 0) 0.250 

(VGS =25Vdc, Vns=O, VGlG2 =O, TA =+15O"C) 25. 

Zero-Gate~Voltage Drain Current '1lSS mAdo 
(VDS '" 15 Vdc, VOlG2 := 0, VGS '" 0) 3Nl24 •. 2 .2.0 

3N125 I.' 4.5 
3N126 3 •• ... 

Gate-Source Voltage Vas Vdo 
<In' 2. ""de, Vns • 15 Vdo, VGlG2 •• ) 3NI!4 •. 2 2 .• 

(ID :: 150 ~dc. Vns '" 15 Vdc, VOlGZ '" 0) 3N125 I.. 3 .• 

('0 • 300 ""de, V Il6 • 15 Vdo, V GIG2 •• ) 3NI2S 1.5 ... 
Gate-Source Cutoff Voltage VGS(off) Vdo 

(Vns ::: 15 Vde, In = 1.0 /.LAde, VGlG2 = 0) 3N124 -2.5 
3NUS -4,0 
3Nue -6.5 

Gate I-Source Cutoff Voltage VGlS(off) Vdo 
(VOS = 15Vdc, JD=l.O~dc. V02S =O) 3NI24 -5.0 

SNt2S -8.0 
3NI2S -18 

Gate 2-Source Cutoff Voltage V02S(off) Vde 
(Vns :: 15 Vde, In = 1. 0 jU\dc. Vms'" 0) 3NU4 -8.0 

3NI2S -14 
3N12e -26 

Gate I-Gate 2 Reach Through Voltage VG1G2 Vdo 
('GlG2 • 10 ""de, 'S ", '0'.) 3Nt24 I.. 

3NtZ5 3.0 
3N126 5 •• 

Gate 2-Gate t Reach Through Voltage V02Gt Vde 
('G2GI • I. ""do, 'S ", '0'.) 3N12:4 '.D 

3NUS ... 
3N126 I. 

Gate I-Gate 2 Reach Through Drain Current '0 ""do 
(VDS " 15 Vdc, 101 '" 10 ~dc, V02S ,,0) I.. 

Gate 2-Gate 1 Reach Through Drain Current 'D -(VIlS '" 15 Vdc, 102 '" 10 $!Adc, Vms" 0) 1-. 

SMALL·SIGNAL COMMON -SOURCE CHARACTERISTICS 

Forward Transfer .Admittance 
(VOS '" 15 Vdc, VG~S" V02S '" 0, f,. 1.0 kHz) 

.J.Unh08 

Gate I-Gate 2 3Nt24 I y,.1 .00 •• 00 
3Nt25 800 "00 
3N126 1200 3600 

Gate 1 Only 3NII. IY,.,1 25. 1000 
3Nt25 400 1600 
3N128 600 .700 

Gate 2: Only 3Nt!4 ly, •• 1 ••• 800 
3N125 25. 1000 
3Nt26 4.D 1200 

(VOS " 15 Vdc, VatS'" VG2S '" O. f'" 100 MHz) 

Gate 1 Only 3Nt24 ly,.,1 25. 
3N125 400 
3Nt2e 600 

Output Admittance Yco ..... os 
(Vns '" 15 Vdc, Vms =VOIS =0, f'" 100kHz) 3N124 ... 

3NI2S I. 
3N126 •• 

lnplt Capacitance pF 
(VDB ,. 15 Vdc, Vms'" Voas '" 0, f = 1.OkHz) 

Gate I-Gate 2: CI .. I. 

Gate 1 Only C18s1 '.D 

Gate 2 Only C'SiB2 ... 
Reverse Transfer Capacitance oF 

(Vos '" 15 Vdc, Vms ;;Voas '" 0, f '" 100kHz) 

Gate I-Gate 2 Cr•s ... 
Gate 1 Only CrsBI ... 
Gate 2: Only C~8s2 I.' 

Spot Noise Figure NF dB 
(Vns " 15 Vdc, VOlS '" V02S " O. Rs .. 1.0 megohm, .,. 
f '" 1. 0 Idk, BW .. 100 11&) 

Typ 
Static Drain-Source "ON" Resistance rDS(on) ohms 

(VGS'O, VIl6 .O) 3N124 1000 
3N125 7'. 
3N128 .00 
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3N124, 3N125, 3N126 (continued) 
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3N124, 3N125, 3N126 (continued) 

HIGH FREQUENCY Y PARAMETER CHARACTERISTICS 
'JDS = 15 \ldC, VGS = 0, T,,:=: 2SoC - GATE 2 CONNECTED TO SOURCE 

FIGURE 6 -INPUT ADMITTANCE FIGURE 7 - REVERSE TRANSFER ADMITTANCE 
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TYPICAL PERFORMANCE USING THE 3N126 

RfC 
+20V 

l BYPASS 
1.0 megohm 

CIRCUIT POWER GAIN = 8.0 dB" TYPICAL AT IDS MHz IAGC = OVi 

°1 ncludes circuit losses. 
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3N 140 (SILICON) 

N·CHANNEL DUAL·GATE 
SILICON·NITRIDE PASSIVATED 

MOS FIELD·EFFECT TRANSISTOR 

Depletion mode (Type B) dual-gate transistor designed for VHF 
amplifier and mixer applications. 

• Silicon-Nitride. Passivation for Excellent Long Term Stability 

• High Common·Source Power Gain -
Gps = 16 dB (Min) @ f = 200 MHz 

• Low Reverse Transfer Capacitance -
Crss = 0.02 pF (Typ)@ VDS = 13 Vdc 

MAXIMUM . RATINGS 

Rilting Symbol Value Unit 

DI:ain-Source Voltage Vos o to +20 Vdc 

Drain·Gate 1 Voltage VDm 20 Vdc 

Drain·Gate 2 Voltage VOG2 20 Vdc 

Reverse Gate I·Source Voltage VGSlIrl ·8.0 Vdc 

Reverse Gate 2·Source Voltage VGS2(rl 8.0toO.4VDS Vdc 

Forward Gate I-Source Voltage VGSI(fl +1.0 Vdc 

Forward Gate 2-Source Voltage VGS2(fl 0.4VDS Vdc 

Drain Current In 50 mAde 

Total Devtce.D1ssipation @TA = 25°C Po 400 mW 
Derate above 25°C 2.67 mW/"C 

Operating and storage Junction TJ,Tstg -65 to +175 °c 
Temperature Range 

HANDLING PRECAUTIONS: 

MOS fleld-effect transistors haV8 axtremely high Input resistance. They can be damaged 
by the accumulation of exeen static charge. Avoid ·p_lble damage to the devices while 
handling, testing, or In actual operatlo;" by following the procedures outlined below: 

1. TO evold thOl build-up of static charge, ·"the leado of the devices should remain 
shorted together with a metal ring except when being tested or used. 

2_ Avoid unnecessary handling. Pick up d...,lces by ·the case Inste8d of the. lead .. 

3. Do not huert or remove devices from circuits with the power on because transient 
voltages may cause permanent damage to the devices_ 
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N·CHANNEL 

DUAL·GATE 
MOS FIEI,.D·EFFECT 

TRANSISTOR 

~~l~~ 0.195 

!!Jll! ?_ 0.210 

1 
0.500 

D.OI6 D1A/ 
MIN 

om ~ 
0.050- I-

- 1-0.100 

DftAIN\ V- GATE2 
0.100 t 

D,GATE 1 • n .... 
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3N140 (continued) 

ELECTRICAL CHARACTERISTICS (T A = 25°C unless otherwise noted) 

Characteristic 

OFF CHARACTERISTICS 
Gate I-Source Cutoff Voltage 

(VDS : +16 Vdc, ~ : 200 /lAdc, V G2S : +4.0 Vdc) 

Gate 2-Source Cutoff Voltage 
(V DS : +16 Vdc, ~ : 200 /lAdc, V GlS : 0) 

Gate I-Reverse. Current 
(VGlS : 20 Vdc, VG2S : 0, VDS: 0) 

(V GlS : 20 Vdc, VDS : 0, V G2S : 0, T A: 125·C) 

Gate 2-Reverse Current 
(VG2S : 20 Vdc, VG1S: 0, VDS : 0) 

(V G2S: 20 Vdc, VDS : 0, V GlS: 0, TA : 125'C) 

ON CHARACTERISTICS 
Zero-Gate Voltage Drain Current 

(VDD : +14 Vdc, V GIS: 0, V G2S: +14 Vdc) 

SMALL'SIGNAL CHARACTERISTICS 
Forward Transconductance 

(V DO : +14 Vdc, ~ : 10 mAdc, V G2S : +4. 0 Vdc, f : 1. 0 kHz) 

Input Capacitance 
(VOS : +13 Vdc, ~ : 10 mAdc, V G2S : +4. 0 Vdc, f: 1. 0 MHz) 

Reverse Transfer Capacitance 
(V OS : +13 Vdc, ~ : 10 mAdc, V G2S : +4.0 Vdc, f : 1. 0 MHz) 

Common-Source Noise Figure (See Figure 1) 
(VOO : +15 Vdc, Rs : 275 Ohms, RG : 50 Ohms, f : 200 MHz) 

Power Gain (See Figure 1) 
(f : 200 MHz) 

Bandwidth (See Figure 1) 
(f: 200 MHz) 

*Oraln-to-Gate 1 
**Gate 1-to-Orain 

Symbol 

V G1S(off) 

V G2S(off) 

IG1SS 

IG2SS 

RelYfs)" 

Clss 

Crss * 

NF 

G ps 

BW 

Min Max Unit 

Vdc 
-0.5 -4.0 

Vdc 
-0.5 -4.0 

nAdc 
- 1.0 

- 0.2 /lAdc 

nAdc 
- 1.0 

- 0.2 /lAdc 

/lmhos 
6000 18,000 

pF 
3.0 7.0 

pF 
0.01 0.03 

dB 
- 4.5 

dB 
16 22 

MHz-
9.5 14.5 

FIGURE 1 - 200 MHz POWER GAIN AND NOISE FIGURE TEST CIRCUIT 

*TUbular Ceramic 
tOisc Cenmic 

36k 

120 k 

T 
I 
I 

(OHMITE TYPE I 
ZZ35 OR EQUIVALENT), 

(101--- J 

Voo 

+15V 
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el. C2: 1.S·S.0pFvariablaaircapacitor: E.F. Johnson Type 160·102 
or equivalent. 

&3: 1.0·10 pF plston·type variable air capacitor: JFD Type 
VAM·Olp. Johanson Type 4335. or .quivalant. 

C4: 0.3·3.0 pF piston·typ. variable air ,epe,itor: RD._II Type 
MH·13 or equivalent. 

Ll: 5 turns sUvar·pl.ted O.OZ" thi'k. 0.01" - 0.03" wid. ,opper 
ribbon. Internal diameter of winding = 0.25"; winding length 
approx.0.6S", Tapped at 1·1n turns from e,and of 
winding. 

l2: Same as II except winding length approx. 0.1"; no tap. 



3N 155,A (SILICON) 
3N156,A 

P':"channel silicon nitride passivated MOS field-effect 
enhancement mode (Type C) transistors designed for 
chopper and switching applications. 

CASE 20 (2) 
(TO-72) 

MAXIMUM RATINGS 

Rating 

Drain-Source Voltage 

Drain~Gate Voltage 

Gate-Source Voltage 

Drain Current 

Total Device Dissipation @ T A = 25°C 
Derate above 25°C 

Operating Junction Temperature Range 

Storage Temperature Range 

HANDLING PRECAUTIONS: 

Symbol 

VDS 

VDG 

vGS 

ID 

P D 

TJ 

Tstg 

Value Unit 

35 Vdc 

35 Vdc 

50 Vdc 

30 mAdc 

300 mW 
1.7 mWrC 

-65 to +175 °c 

-65 to +200 °c 

MOS field-effect transistors have extremely high input resistance. They can be damaged 
by the accumulation of excess static charge. Avoid possible damage to the devices while 
handling, testing, or in actual operation, by following the procedures outlined below: 

1. To avoid the build-up of static charge, the leads of the devices should remain 
shorted together with a metal ring except when being tested or used. 

2. Avoid unnecessary handling. Pick up devices by the case instead of the leads. 
3. Do not insert or remove devices from circuits with the power on because transient 

voltages may cause permanent damage to the devices. 
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3N155,A, 3N156,A (continued) 

ELECTRICAL CHARACTERISTICS (TA = 25"C unless otherwise noted) 

Characteristic 

OFF CHARACTERISTICS 

Drain-Source Breakdown Voltage V(BR)DSS Vde 
(ID = -10 !lAde, VG = Vs = 0) 35 - -

Gate Reverse Current IGSS pAde 
(VGS = +50 Vde, VDS = 0) - - 1000 

(VGS = +25 Vde, VDS = 0) - - 10 

Zero-Gate Voltage Drain Current IDSS nAde 
(VDS = -10 Vde, V GS = 0) 3N155,3N156 - - 1.0 

3N155A,3N156A - - 0.25 

(VDS = -10 Vde, V GS = 0, T A = 125"C) 3N155,3N156 - - 1000 
3N155A,3N156A - - 250 

Resistance Drain Source RDS(off) Ohms 
(10=0, VGS=O) 1 x 10+10 - -

Resistance Gate Source Input RGS 
1 x 10+16 

Ohms 
(V GS = -25 Vde) - -

ON CHARACTERISTICS 

Gate Source Threshold Voltage VGS(TH) Vde 
(VDS = -10 Vdc, ID = -10 !lAdc) 3N155,3N155A 1.5 - 3.2 

3N156,3N156A 3.0 - 5.0 

Drain Source liON" Voltage VDS(on) Vde 
(ID = -2.0 mAdc, V GS = -10 Vde) - - -1. 0 

Gate Forward Leakage Current IG(f) pAde 
(VGS = -50 Vdc, VDS = 0) - - 1000 

(VGS = -25 Vdc, VDS = 0) - - 10 

"ON" Drain Current ID(on) mAdc 
(VDS = -15 Vdc, V GS = -10 Vdc) 5.0 - -

Static Drain-Source "ON" Resistance rDS(on) Ohms 
(ID = 0 mAde, V GS = -10 Vdc) 3N155,3N156 - - 600 

3N155A 3N156A - - 300 

SMALL·SIGNAL CHARACTERISTICS 

Drain-8ouree Resistance rds(on) Ohms 
(V GS = -10 Vdc, ID = 0, f = 1. 0 kHz) 3N155,3N156 - - 600 

3N155A,3N156A - - 300 

(VGS = -15 Vdc, ID = 0, f = 1. 0 kHz) 3N155,3N156 - - 500 
3N155A 3N156A - - 250 

Forward Transfer Admittance I Yfsl !lmhos 
(VDS = -15 Vdc, ID = -2.0 mAdc, f = 1. 0 kHz) 1000 - 4000 

Input Capacitance Ciss pF 
(VDS = -15 Vdc, V GS = -10 Vdc, f = 140 kHz) - - 5.0 

Reverse Transfer Capacitance Crss pF 
(VDS = 0, VGS = 0, f = 140 kHz) - - 1.3 

Drain-Substrate Capacitance Cd(sub) pF 
(VD{SUB) = -10 Vdc, f = 140 kHz) 4.0 - -

SWITCHING CHARACTERISTICS 

Turn-On Delay td - - 45 !lS 

Rise Time 
(VDD = -10 Vdc, ID(on) = -2.0 mAde, 

65 V GS(on) = -10 Vdc, V GS(off) = 0) tr - - ns 

Turn-Off Delay ts - - 60 ns 
Test Circuit given in Figure 1 

Fall Time tf - - 100 ns 

2-482 



3N155,A, 3N156,A (continued) 

FIGURE 1 - GATE VOLTAGE EFFECTS 
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3N 155,A, 3N 156,A (continued') 

SWITCHING CHARACTERISTICS 
TA = 25°C 
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The switching characteristics shown above were measured in a test circuit similar to 
Figure J 1. At the beginning of the switching interval. the (late volt;;tge is at ground and 
the gate-source capacitance legs'" Ciss - Crss) has no charge. The drain voltage is at 
VOO. and thus the feedback capacitance (Crss) is charged to VOD. Similarly, the drain, 
substrate capacitance (Cd(sub))is charged to VOD since the substrate and SQurce are can· 
nected to ground. 

During the turn·on interval, Cgs is charged to VGS (the inpvt voltage) through RG 
(generator impedance) (Figure 12). Crss must be dist;:harged to VGS - VOlon) through 
RG and the parallel combination of the load resistor (RO) and the channel resistance 
(rds). In addition, Cdlsub) is discharged to a low value,(VO(on))through RO in paralll1'l 
with ds. During turn-off this charge flow is reversed. 

Predicting turn-on time proves to be $omewhat difficult since the channel resistance 
('rds) is a function of the gate-source voltag'e (VGS). As Cgs becomes charged VGS isap
proaching Vin and rds decreases (see Figure 4) and since erss and Cd(sub) are charged 
through rds, turn-on time is quite non·Hnear. 

Iwt!rc~h~ ~:ap;!~~e~i:~t~fR ~~ :iI~h~e~I~~~~~;~r: ~~a~~ dC~~n:i~eC~ifc~'i~~hi~~e:v~ 
and will largely determine the turn-on time. On the other hand, during turn-off rds will 
be almost an open circuit requiring Crss and Cd(sub) to be charged through RO ~nd result
ing in a turn-off time that is long compared to the turn-on time. This is especially notice· 
able for the curves where RG :; 0 and Cgs is charged through the pulse generator imped
anceanly. 

The switching curves shown with RG =;: RD simulate thl! switching behavior of cascaded 
stages where the driving source impedance is normally the same as the load impedance. 
The set of curves with R G '" 0 simulate$ a low source impedance drive such as might occur 
in complementary logic circuits. 

FIGURE 12 - SWITCHING CIRCUIT with MOSFET 
EaUIVALENT MODEL 
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3N 15 7,A (SILICON) 

3N158,A 

P-channel silicon nitride passivated MOS field-effect 
enhancement mode (Type C) transistors designed for 
amplifier and switching applications. 

CASE 20 (2) 
(T0-72) 

MAXIMUM RATINGS 

Rating 

Drain-Source Voltage 

Drain-Gate Voltage 

Gate-Source Voltage 

Drain Current 

Total Device Dissipation @ T A = 25°C 
Derate above 25°C 

Operating Junction Temperature Range 

Storage.Temperature Range 

HANDLING PRECAUTIONS: 

Symbol 

VDS 

VDG 

VGS 

ID 

PD 

TJ 

Tstg 

3N1S7 3N1S7A 
Unit 3N1S8 3N1S8A 

35 50 Vdc 

35 50 Vdc 

50 Vdc 

30 mAdc 

300 mW 
1.7 mWrC 

-65 to +175 °c 

-65 to +200 °c 

MOS field-effect transistors have extremely high input resistance. They can be damaged 
by the accumulation of excess static charge. Avoid possible damage to the deVices while 
handling. testing. or in actual operation. by following the procedures outlined below: 

1. To avoid the build-up of stlltic charge. the leads of the devices should remain 
shorted together with a metal ring except when being tested or used. 

2. Avoid unnecessary handling. Pick up devices by the case instead of the leads. 
3. Do not insert or remove devices from circuits with the power on because transient 

voltages may cause permanent damage to the devices. 



3N 157 ,A, 3N 158,A (continued) 

ELECTRICAL CHARACTERISTICS (TA = 25'C unless otherwise noted) 

Characteristic 

OFF CHARACTERISTICS 

Drain-Source Breakdown Voltage V (BH)DSS Vde 
(10 = -10 /lAde, VG = Vs = 0) 3N157,3N158 35 - -

3N157A,3N158A 50 - -
Gate Reverse Current IGSS pAde 

(VGS = +25 Vde, VOS = 0) - - 10 

Zero-Gate Voltage Orain Current lOSS 
(VOS = -15 Vde, V GS = 0) 3N157,3N158 - - 1.0 nAdc 

3N157A,3N158A - - 0.25 

(VOS = -35 Vde, VGS = 0) 3N157,3N158 - - 10 /lAde 

(VOS = -50 Vde, VGS = 0) 3NI57A,3N158A - - 10 

Input Resistance HGS 
Ix 10+12 

Ohms 
(V GS = -25 Vdc) - -

ON CHARACTERISTICS 

Gate-Source Threshold Voltage VGS(TH) Vdc 
(VOS = -15 Vdc, 10 = -10 /lAde) 3NI57,3N157A 1.5 - 3.2 

3NI58 3NI58A 3.0 - 5.0 

Gate-Source Voltage VGS Vdc 
(VOS = -15 Vdc, 10 = -0.5 mAdc) 3N157,3N157A 1.5 - 5.5 

3NI58,3NI58A ·3.0 - 7.0 

Gate Forward Current IG(f) pAdc 
(VGS = -25 Vdc, VOS = 0) - - 10 

(VGS = -25 Vdc, VOS = 0, TA = +55'C) - - 10 nAde 

"ON" Drain Current 10(on) mAdc 
(VOS = -15 Vdc, V GS = -10 Vdc) 5.0 - -

SMALL·SIGNAL CHARACTERISTICS 

Forward Transfer Admittance I Yf• I 
(VOS = -15 Vdc, 10 = -2.0 mAdc, f = 1.0 kHz) 1000 - 4000 /lmhos 

(VOS = -15 Vdc, V GS = -15 Vdc, f = 1. 0 kBz) 1800 - -
Output Admittance IYosl /lmhos 

(VOS = ~I5 Vdc, 10 = -2.0 mAde, f = 1. 0 kHz) - - 60 

Input Capacitance Ciss pF 
(VOS = -15 Vde, V GS = 0, f = 140 kHz) - - 5.0 

Reverse Transfer Capacitance Crss pF 
(VDS = -15 Vdc, V GS = 0, f = 140 kBz) - - 1.3 

Orain-Substrate Capacitance Cd(SUb) pF 
(VD(sUb) = -10 Vdc, f = 140 kBz) - - 4.0 

Noise Voltage en NV/,fHz 
(HS = 0, BW = 1.0 Hz, - 300 -
VOS = -15 Vdc, ID = -2.0 mAdc, f = 100 Hz) 

(HS = 0, BW = 1.0 Hz, - 120 500 

Vos = -15 Vdc, 10 =-2. 0 mAdc, f = 1. 0 kBz) 
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3N 157 ,A, 3N 1 58;'A (continued) 

FIGURE 1 - FORWARq TRANSCONDUCTANCE 
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3N 157 ,A, 3N 158,A (continued) 

SWITCHING CHARACTERISTICS 
(TA ~ 25°C) 

FIGURE 7 - TURN-ON DELAY TIME 
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FIGURE 9 - TURN-OFF DELAY TIME 
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FIGURE 8 - RISE TIME 
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3N 157 ,A, 3N 158,A (continued) 

FIGURE 11 - SWITCHING CIRCUIT and WAVEFORMS 
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The switching characteristics shown above were measured in" a test circuit similar to 
Figure 11 At the beginning of the switching interval, the gate voltage is at ground and 
the gate-source capacitance (Cgs '" Ciss - Crss) has no charge. The drain voltage is at 
VOO. and thus the feedback capacitance (Crss) is charged to VOD. Similarly, the drain· 
substrate capacitance (Cd(sub»)is charged to Von since the substrate and source are can· 
nected to ground. 

During the turn·on interval, Cgs is charged to VGS (the input voltage) through RG 
(generator impedance) (Figure 12). Crss must be discharged to VGS - VOlon) through 
RGand the parallel combination of the load resistor (RO) and the channel resistance 
(rds). In addition, Cd (sub) is discharged to a low value (VO(on~through RO in parallel 
with rds. Ouring turn·off this charge flow is reversed. 

Predicting tum·on time proves to be somewhat difficult since the channel resistance 
(fds) is a function of the gate·source voltage (VGS). As Cgs becomes charged VGS is ap
proaching Vin and rds decreases (see Figure 5) and since Crss and Cd(sub) are charged 
through rds. tum-on time is quite non-linear_ 

(w~rc~h~ f~~::~~e~i:~t~fR~~s ~ilt:;'::~~%~~r~~ tt~a~~ ;~~n:~~eC:'!f~c~i'n~~~~e:~a~ 
and will largely determine the turn-on time. On the other hand, during turn-off rds will 
be almost an open circuit requiring Crss and Cd(sub) to be charged through RO and result· 
ing in a turn·off time that is long compared to the turn-on time. This is especially notice
able for the curves where RG = 0 and Cgs is charged through the pulse generator imped· 
anceonly_ 

The switching curves shown with RG= RO simulate the switching behavior of cascaded 
stages where the driving source impedance is normally the same as the load impedance. 
The set of curves with RG= 0 simulates a low source impedance drive such as might occur_ 
in complementary logic circuits. 

FIGURE 12 - SWITCHING CIRCUIT with MOSFET 
EQUIVALENT MODEL 
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3N 169 (SILICON) 
3N170 
3N171 

SILICON N-CHANNEL 
MOS FIELD-EFFECT TRANSISTORS 

Enhancement Mode (Type C) transistors designed for low-power 
switching applications_ 

• low Switching Voltages - VGS(th) < 3_0 Vdc 

• Fast Switching Times - t r < 10 ns 

• low Drain-Source Resistance rds(on) = 200 Ohms (Max) 

• Low Reverse Transfer Capacitance Crss = 1.3 pF (Max) 

• Manufactured Using the New Silicon Nitride Process Resulting in 
a Stable VGS(th) and Gate Oxide Breakdown Protection to 
Typical Transients of ± 150 Volts Peak 

MAXIMUM RATINGS (T A = 250 C unless otherwise noted) 

Rating Symbol Value Unit 

*Drain-5ource Voltage VOS 25 Vde 

*Orain-Gate Voltage VOG ±35 Vde 

* Gate-5ource Voltage VGS ±35 Vde 

*Orain Current 10 30 mAde 

Power Dissipation @ T A = 25°C Po 300 mW 
Derate above 25°C 1.7 mW/oC 

·Power Dissipation @ T C = 2SoC Po BOO mW 
* Derate above 2SoC 4.56 mW/oC 

Operating Junction Temperature TJ 175 °c 

·Storage Temperature Range Tst9 -65 to +200 °c 

·Indicates JEOeC Registered Data. 

HANDLING PRECAUTIONS: 

MOS field-effect transistors have extremelv high input resistance. They can be damaged 
by the accumulation of excess static charge. Avoid possible damage to the devices whil .. 
handling, testing, or in actual operation, by following the procedures outlined below: 

1. To avoid the build-up of static charge, the leads of the devices should remain 
shorted together wi:th a metal ring except when being tested or used. 

2. Avoid unnecessary handling. Pick up devices by the case instead of the leads. 
3. Do not insert or remove devices from circuits with the power on because transient 

voltages may cause permanent damage to the devices. 

MOS FIELD-EFFECT 
TRANSISTORS 

N-CHANNEL 

~mOIA 

TYPE C 

0.209 r 
0.230 

OIA~70 

Ii' 
0.500 

j 

TO-72 
CASE 20 (2) 



3N169, 3N170, 3N171 (continued) 

ELECTRICAL CHARACTERISTICS (r A = 25°C unless otherwise noted) 
Substrate connected to source. 

Characteristic 

OFF CHARACTERISTICS 

Symbol 

Orain-Source Breakdown Voltage - V(BR)OSS 
00= 10 "Adc, Vas = 0) 

'Oate Leakage Current -
(VGS = -35 Vdc, VOS = 0) 
(VGS = -35 Vdc. VOS = 0, TA = 1250 C) 

·Zero·Gate-Voltage Orain Current -
(Vas = 10 Vdc, VGS = 0) 
(VOS = 10 Vdc, VGS = 0, TA = 1250 C) 

'ON CHARACTERISTICS 

Gate-Source Threshold Voltage 3N169 -

(Vas = 10 Vdc, 10 = 10 "Adc) 3N170 
3Nl71 

"ON" Drain Current 3 
(VGS = lD Vdc, VOS = 10 Vdc) 

Orain-Source "ON" Voltage -
00 = 10 mAdc, VGS = 10 Vdc) 

SMALL SIGNAL CHARACTERISTICS 

*Drain~S()urce Resistance 4 
(VGS = 10 Vdc, 10 = 0, f = 1.D kHz) 

Forward Transfer Admittance 1 
(VOS = 10 Vdc, 10 = 2.0 mAdc, f = 1.0 kHz) 

'Reverse Transfer CapaCitance 2 
(Vas = 0, VGS = 0, f = 1.0 MHz) 

"Input Capacitance 2 
(VOS = 10 Vdc, VGS = 0, f = 1.0 MHz) 

'Orain-Substrate Capacitance -
(VO(SUB) = 10 Vdc, f = 1.0 MHz) 

'SWITCHING CHARACTERISTICS 

Turn-On Oelay Time 6,1D 

Rise Time 
(VOO= 10Vdc,10(on) = 10mAdc, 

7,10 

Turn-Off Oelay Time 
VGS(on) = 10Vdc, VOS(offl =0, 

8,10 

Fall Time 
RG' = 50 Ohms) 

9,10 

-Indicates JEDEC Registered Data. 

FIGURE 1 - FORWARD TRANSFER ADMITTANCE 
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3N169, 3N170, 3N171 (continued) 

.FIGURE 3 - TRANSFER CHARACTERISTICS FIGURE 4 - DRAIN-SOqRCE "ON" RESISTANCE 
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3N169, 3N170, 3N171 (continued) 
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TYPICAL SWITCHING CHARACTERISTICS 
TA = 25°C 

FIGURES - TURN·ON DELAY TIME 
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FIGURE 10 - SWITCHING TIME TEST CIRCUIT 
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IN -HOUSE NUMBERED 
DEVICE SPECIFICATIONS 

DIODES 
POWER VARACTORS 
RECTIFIERS 
RECTIFIER ASSEMBLIES 
THYRISTORS & TRIGGERS 
TRANSISTORS 
OPTOELECTRONICS 
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1/4M2.4AZ thru 1/ 4M200Z (SILICON) 1/4W 
2.4 - 200 V 

CASE 51 
(00-7) 

MAXIMUM RATINGS 

Hermetically sealed, all-glass case with all external surfaces cor
rosion resistant. Cathode end, indicated by color band, will be 
positive with respect to anode end when operated in the zener 
region. These devices are in the same 400 mW glass package as the 
I N746 and 1 N957 Series, but designated 1/4 Watt to allow char
acterization at a different test current level. 

Junction and Storage Temperature: -65°C to +175°C 
D C Power Dissipation: 1/4 Watt (Derate 1. 67 mW;oC Above 25°C) 

The type numbers specified have a standard voltage (VZ) tolerance of ±20%. 
For closer tolerances, add suffix "10" for ±10% or "5" for ±5%. (3%, 2%, 1% 
tolerances also available.) 

ELECTRICAL CHARACTERISTICS (TA= 25°C. VF = 1.5 V max @ 100 rnA) 

NOMINAL 
MAXIMUM 

MAXIMUM REVERSE LEAKAGE CURRENT ZENER 
ZENER IMPEDANCE DC ZENER 

VOLTAGE@lll TEST (Zn)@l lI CURRENT 
TEST VOLTAGE Vdc· TYPE NO. (Vl ) VOLTS CURRENT ohms (llM) mA I. MAX 

(llT)mA (/LAl VR1 VR2 

1/4M2.4AZ 2.4 10 60 70 75 1 1 
1/4M2.7AZ 2.7 10 60 65 75 1 I 
1/4M3.0AZ 3.0 10 55 60 50 I 1 
1/4M3.3AZ 3.3 10 55 55 50 I 1 
1/4M3.6AZ 3.6 10 50 52 50 I I 

1/4M3.9AZ 3.9 10 50 49 25 I I 
l/4M4.3AZ 4.3 10 45 46 25 1.5 1.5 
1/4M4.7AZ 4.7 10 35 42 10 1.5 1.5 
1!4M5.IAZ 5.1 10 25 39 5 1.5 1.5 
1/4M5.6AZ 5.6 10 20 36 5 1.5 1.5 
1/4M6.2AZ 6.2 10 15 33 5 3.5 3.5 

l/4M6.8Z 6.8 9.2 7.0 33 150 5. 2 4.9 
l/4M7.5Z 7.5 8.3 8.0 30 75 5.7 5.4 
1/4M8.2Z 8.2 7.6 9.0 26 50 6.2 5.9 
1/4M9.IZ 9.1 6.9 10 24 25 6.9 6.6 
1/4MlOZ 10 6.3 11 21 10 7.6 7.2 

1/4MllZ 11 5.7 13 19 5 8.4 8.0 
1/4M12Z 12 5.2 15 18 5 9.1 8.6 
1/4M13Z 13 4.8 18 16 5 9.9 9.4 
1/4MI4Z 14 4.5 20 15 5 10.6 10.1 
1/4M15Z 15 4.2 22 14 5 11.4 10.8 

1/4M16Z 16 3.9 24 13 5 12.2 11. 5 
1/4MI7Z 17 3.7 26 12.5 5 13.0 12.2 
1/4M18Z 18 3.5 28 II. 5 5 13.7 13.0 
1/4MI9Z 19 3.3 30 II. 0 5 14.4 13.7 
l/4M20Z 20 3.1 33 10.5 5 15.2 14.4 

l/4M22Z 22 2.8 40 9.5 5 16.7 15.8 
l/4M24Z 24 2.6 46 9.0 5 18.2 17.3 
l/4M25Z 25 2.5 50 8.0 5 19.0 18.0 
1/4M27Z 27 2.3 58 7.5 5 20.6 19.4 
1/4M30Z 30 2. I 70 7.0 5 22.8 21.6 

*v HI - Test Voltage for 5% Tolerance Device V H2 - Test Voltage for 10% Tolerance DeVice 

No Leakage Specified as 20% Tolerance Device 
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1/4M2.4AZ thru 1/4M200Z (continued) 

. , 

ELECTRICAL CHARACTERISTICS (TA = 25°C, VF = 1.5 V max @ 100 rnA) (continued) 

MAXIMUM 
NOMINAL ZENER MAXIMUM REVERSE LEAKAGE CURRENT 

ZENER IMPEDANCE DC lENER 
VOLTAGE @llT TEST (llT)@ Ii, CURRENT TEST VOLTAGE Vdc· TYPE NO. (Vz) VOLTS CURRENT ohms (lZM) mA I. MAX 

(llTl mA ~J.L;A) VRI 

1/4M33Z 33 1.9 85 6.5 5 25.1 
1/4M36Z 36 1.7 100 6.0 5 27.4 
1/4M39Z 39 1.6 120 5.0 5 29.7 
1/4M43Z 43 1.5 140 4.8 5 32.7 
1/4M45Z 45 1.4 150 4.5 5 34,2 

l/4M47Z 47 1.3 160 4.3 5 35.S 
1/4M50Z 50 1.2 180 4.1 5 38.0 
1/4M52Z 52 1.2 200 4.0 5 39.5 
1/4M56Z 56 1.1 230 3.8 5 42.6 
1/4M62Z 62 1.0 290 3.3 5 47.1 

1/4M68Z 68 0.92 350 3.0 5 51. 7 
1/4M75Z 75 0.83 450 2.8 5 56.0 
1/4M82Z 82 0,:76 550 2.5 5 62.2 
l/4M91Z 91 0.69 700 2.3 5 69.2 
1/4M100Z 100 0.63 900 2 .. 0 5 76.0 

1/4M105Z 105 0.60 1000 1.9 5 79.8 
1/4MllOZ 110 0.57 1200 1.8 5 83.6 
1/4M120Z 120 0.52 1500 1.7 5 91. 2 
1/4M130Z 130 0.48 1900 1.5 5 98.8 
1/4M140Z 140 0.45 2200 1.4 5 106.4 

1/4M150Z 150 0.42 2500 1.3 5 114.0 
1/4M175Z 175 0.36 3300 1.1 5 133.0 
1/4M200Z 200 0.31 4300 1.0 5 152.0 

.V R1 - Test Voltage for 5% Tolerance Device V R2 - Test Voltage fOr 10% Tolerance Device 

No Leakage Specified as 20% Tolerance Device 

SPECIAL SELECTIONS AVAILABLE INCLUDE: (See Selector Guide for details)' 
1 - Nominal zener voltages between those shown. 

VR2 

23.8 
25.9 
28.1 
31. 0 
32.4 

33.8 
36.0 
37,4 

.40.3 
44.6 

49 .. 0 
54.0 
59.0 
65.5 
72.0 

75.6 
79.2 
86.4 
93.6 

100.8 

108.0 
126.0 
144.0 

2 - Matched sets: (Standard Tolerances are ±5.0%, ±3.0%. :!:2.0%, ±l.O%) depending on voltage per device. 
a. Two or more units for series connection with specified tolerance on total voltage. Series matched sets make possible higher 

zener voltages and provide lower temperature coefficients. lower dynamic impedance and greater power handling ability. 
b. Two or more units ·matched to one another with any specified tolerance. 

3 - Tight voltage tolerances: 1.0%.2.0%.3.0%. 
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.4M.64FRIO/IN816 
.4Ml.36FRS 
.4Ml.36FR2 
.4M2.04FRS 
.4M2.04FR2 

CONSTANT-VOLTAGE REFERENCE DIODES FOR 
LOW-VOLTAGE APPLICATIONS 

MZ2360 
MZ2361 
MZ2362 

· .. high-conductance silicon diodes designed as a stable forward 
reference source for biasing transistor amplifiers and similar applica' 
tions. 

• Guaranteed Forward Voltage Range 

• Choice of Package 

• Temperature Effects Provided 

MAXIMUM RATINGS 

Rating Symbol 

FORWARD REFERENCE 
DIODES 

DC Power Dissipation 

@ T L = 300e ±30e. 
Po 

- STABISTORS- Lead Length = 3/8" 

.4Ml.36FRS 

.4M1.36FR2 

.4M2.04FRS 

.4M2.04FR2 
MZ2361 
MZ2362 

Operating and Storage Junction 
Temperature Range 

MECHANICAL CHARACTERISTICS 

Case: ·Choice of package, either Glass or Surmetic 

Dimensions: See outline drawings 

T J. Tstg 

Finish: All external surfaces are corrosion resistant and leads are reaclily solder
able and weldable 

Polarity: Cathode indicated by polarity band. Cathode negative for forward 
reference application. 

Weight: 0.2 Gram (approximate) 

Mounting Positions: Any 

3-5 

Value Unit 

400 mW 

-65 to +175 °e 



.4M.64FR10/1N816, .4Ml.36FR5, .4Ml.36FR2, .4M2.04FR5, .4M2.04FR2, 
MZ2360, MZ2361, MZ2362 (continued) 

ELECTRICAL CHARACTERISTICS (TA = 25°C unless otherwise noted) 

Forward Reference Rev .... Leakage 
Voltage (1) Current (Max) 

• • 
Type Number 

VF 
Volts 

IF 
mA 

IR VR 
jJA Volts Package e_ 

MiniMax 

.4M.64FR10/ 
0.58/0.70 1.0 0.1 4.0 Glass 61 

1N816* (2) 
.4M1.36FR5 1.29/1.43 10 0.1 4.0 Glass 51 
.4M1.36FR2 1.33/1.39 10 0.1 4.0 Glass 51 
.4M2.04FR5 1.94/2.14 10 0.1 4.0 Glass 51 
.4M2.04FR2 2.00/2.08 10 0.1 4.0 Glass 51 
MZ2360 0.63/0.71 10 10 5.0 Surmetic 59 
MZ2361 1.2411.38 10 10 5.0 Surmetic 51 
MZ2362 1.90/2.10 10 10 5.0 Glass 51 

·lndicatesJEDEC Registered Data for 1N816 

(1) Motorola guarantees the forward reference VOltage when measured at 90 seconds while maintaining the lead temperature (TL) at 30°C 
±. 1°C, 3/S" from the diode body. 

(2) Minimum Saturation Voltage for 1N816 = 40 V@100",A. 

.4M.64FR10/lN81!1 

.4Ml.36FR5 

.4Ml.36FR2 

.4M2.04FR5 

.4M2.04FR2 
MZ2361 
MZ2362 

CASE 51 
00·7 

rl-t- ~.~~ OIA 

~OIA 

1.00 MIN 

L_ 
--I 

0.300 MAX 

I 
1.00 MIN 

~ 
All JEOEC dimensions and notes apply 
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MZ2360 
0. 
I I 0.100 DIA ---1 I-- 0.107 

,~~~ 
L ~ 

ro,,",,, ""' ~ 
(CATHODE) I. 

1.10 

~ 
All JEDEC dimensions and notes apply 

CASE 59 
00·41 



.4M.64FR10/1N816, 4Ml.36FR5, .4Ml.36FR2,.4M2.04FR5, .4M2.04FR2, 
MZ2360, MZ2361, MZ2362 (continued) 

TYPICAL FORWARD VOLTAGE CHARACTERISTICS 
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.... 
~ 2.0 

'" fl 
Q 1.0 
a:: 0.7 

~ ~ 0.5 

0.2 

o. 1 

FIGURE 1 - .4M.64FR10/1N816 
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FIGURE 3 - .4M2.04FR5 
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FIGURE 5 - MZ2361 
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.4M.64FR10/1N816, 4Ml.36FR5, .4Ml.36FR2, .4M2.04FR5, .4M2.04FR2, 
MZ2360, MZ2361, MZ2362 (continued) 
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FIGURE 9 - .4M1.36FRSJMZ2361 
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FIGURE 10 - .4M2.04FR5JMZ2362 
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1M3.3IS thru 1M200ZS 
For Specifications, See lN4728 Data, Volume 1. 

1.5M6.8Z thru 1.5M200Z 
For Specifications, See IN378S Data, Volume I. 

5M3.3ZS thru 5M200ZS 
For Specifications, See INS333 Data 

10M6.8Z thru 10M200Z 
For Specifications, See IN2970 Data, Volume I. 

50M3.9Z thru 50M200Z 
For Specifications, See IN2804 Data, Volume I. 
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AF139 (GERMANIUM) 

PNP GERMANIUM AMPLIFIER TRANSISTOR 

· .. designed for use in UHF RF amplifier, mixer and oscillator 
applications. 

• Forward AGC Capability 

• Unneutralized BOO MHz Power Gain - 11 dB (Typ) 

• Noise Figure - NF = B.2 dB (Max) @ f = BOO MHz 

• Low Collector Base Time Constant -
rb'Cc = 3.4 ps (Typ) 

MAXIMUM RATINGS 

Rating Svmbol 

Collector·Emitter Voltage VeEO 

Collector-Base Voltage VeB 

Emitter-Base Voltage VEB 

Collector Current - Continuous Ie 

Total Device Dissipation @TA = 25°C Po 
Derate above 2Soe 

Value 

15 

20 

0.3 

10 

60 
0.8 

Operating and Storage Junction TJ,Tstg -65 to +100 
Temperature Range 

3-9 

Unit 

Vdc 

Vdc 

Vdc 

mAde 

mW 
mW/oe 

°e 

SELECTIVE METAL ETCH 

PNP GERMANIUM 
AMPLIFIER 

TRANSISTOR 

I 
::~:~ l-
OlA I 

~ Q170 

40 

0.500 
MIN 

~ 

0.100 

Pin 1. Emitter 

CASE 20 (10) 

TO·72 PACKAGE 

2. Blse 
3. Collector 
4. Cuo l.ood 



AF139 (continued) 

ELECTRICAL CHARACTERISTICS (T A = 25°C unless otherwise noted) 

Characteristic Symbol Min Typ Max 

OFF CHARACTERISTICS 

Collector Cutoff Current ICED - - 500 
(VCE = 15 Vde, IS = 0) 

Collector Cutoff Current ICSO - - 8.0 
(VCB = 20 Vde, IE = 0) 

Emitter Cutoff Current lEBO - - 100 
(VBE = 0.3 Vde, I C = 0) 

ON CHARACTERISTICS 

DC Current Gain 
(lC = 1.5 mAde, VCE = 12 Vde) 

SMALL-SIGNAL CHARACTERISTICS 

Current-Gain-Bandwidth Product iT 450 580 -

(lC = 1.5 mAde, VeE = 12 Vde, f = 100 MHz) 

Common-Emitter Reverse Transfer Capacitance Cre - 0.23 0.30 
(VCE = 12 Vde, IE = 0, f = 1.0 MHz) 

Collector-Base Time Constant rb'Ce - 3.4 8.0 
(IE = 1.5 mAde, VCB = 12 Vde; f = 31.8 MHz) 

Noise Figure (Figure 1) NF 
(lc = 1.5 mAde, VCE = 12 Vde,. RS = 50 ohms, f = 800 MHz) - - 8.2 

(lc = 1.5 mAde, VCE = 12 Vde, RS = 50 ohms, f = 860 MHz) - - 8.8 

FUNCTIONAL TEST 

I Common-Base Amplifier Power Gain (Figure 1) Gpb 
(lc = 1.5 mAde, VCE = 12 Vde, f = 800 MHz) 9.0 11 -

(lC = 1.5 mAde, VCE = 12 Vde, f = 860 MHz) 7.5 - -

FIGURE 1 - 800 MHz POWER GAIN AND NOISE FIGURE TEST CIRCUIT 

r----'------- -------- ----- --1 
I \ SHIELD C3 $ 
I \ I· 0 0 UTPUT 

INPUT ~Cl \ C4 50[l 
o I 

50n L1 I I I I 
I I 
I Rl C2 R2 I 
I I 
I-=--=- I 
I C6 C5 I 

L_ -') -- --------1-----------~ ---' 
+VEE -vcc 

Cl, C3 -10 pF OUR-MICA 
C4, C5, C6 - 240 pF FEEDTHRDUGH ERIE DR EQUIVALENT 
C2 - 0.4-6.0 pF JOHANSEN DR EQUIVALENT 
Rl - 2.2 kn, 0.25 W 
R2 - lOOn, 0.25 W 
L1 - SILVER PLATED BRASS STRIP 0.08" WIDE, 

0.025" THICK_ APPRDX. LENGTH 1" - TAP 
@1/3 LENGTH 
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Unit 

!JAde 

!JAde 

!JAde 

MHz 

pF 

ps 

dB 

I 

dB 



AF139 (continued) 
COMMON-BASE y PARAMETERS 

TA ~ 25°C 

FIGURE 2 - INPUT ADMITTANCE FIGURE 3 - REVERSE TRANSFER ADMITTANCE 
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FIGURE 5 - OUTPUT ADMITTANCE 
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FIGURE 6 - CURRENT-GAIN-BANDWIDTH PRODUCT FIGURE 7 - COLLECTOR·BASE TIME CONSTANT 
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A F 239 (GERMANIUM) 

PNP GERMANIUM AMPLIFIER TRANSISTOR 

· .. designed for use in UHF RF amplifier and autodyne converter 
applications. 

• Forward AGC Capability 

• Unneutralized 800 MHz Power Gain - 14 dB (Typ) 

• Noise Figure - NF = 5.0 dB (Typ) @ f = 800 MHz 

• Low Collector Base Time Constant -
rb'Cc = 2.0 ps (Typ) 

MAXIMUM RATINGS 

Rating Symbol 

Collector-Emitter Voltage VeEO 

Collector-Base Voltage VeB 

Emitter-Base Vpltage VEB 

CoII~or Current - Continuous Ie 

Total Device Dissipation@TA = 25°C Po 
Derate above 2Soe 

Value 

15 

20 

0.3 

10 

60 
O.B 

·Operating and Storage Junction TJ,Tstg -es to +100 
Temperature Range 

3-12 

Unit 

Vde 

Vde 

Vde 

mAde 

mW 
mW/oe 

°e 

SELECTIVE METAL ETCH 

PNP GERMANIUM 
AMPLIFIER 

TRANSISTOR 

r 
0.209 l 0.230r 

::::DIA1101Ah 

~
0'170 

40 

... 0 
MIN 

O.016 01A I 
0.019 ~ 

CASE 20 (10) 

TO-72 PACKAGE 



AF239 (continued) 

ELECTRICAL CHARACTERISTICS (T A = 25°C unless otherwise noted) 

Characteristic Svmbol Min TVp 

OFF CHARACTERISTICS 

Collector Cutoff Currant ICEO - -
(VCE = 15 Vdc, IB = 01 

Coli actor Cutoff Currant ICBO - -
(VCB = 20 Vde, IE = 01 

Emittar Cutoff Currant lEBO - -
(VBE = 0.3 Vde, IC = 01 

ON CHARACTERISTICS 

DC Currant Gain 
(lC = 1.5 mAde, VCE = 12 Vde) 

SMALL-SIGNAL CHARACTERISTICS 

Currant·Gain-Bandwidth Product for 600 770 
(lC = 1.5 mAde, VCE = 12 Vde, f = 100 MHz) 

Common·Emittar Reverse Transfar Capaeitanea Cre - 0.23 
(VCE = 12 Vde, IE = 0, f = 1.0 MHzl 

Coliector·Ba .. Time Constant rb'Ce - 2.0 
(IE = 1.5 mAde, VCB = 12 Vde, f = 31.8 MHzl 

Noi .. Figure (Figure 1) NF 
(lC = 1.5 mAde, VCE = 12 Vdc, RS=50 ohms, f = 800 MHzl - 5.0 

(lc = 1.5 mAde, VCE = 12 Vde, RS=50 ohms,f = 860 MHzl - -

FUNCTIONAL TEST 

Common-Base Amplifier Powsr Gain (Figure 11 

I 
Gpb 

(lC = 1.5 mAde, VCE = 12 Vde, f = 800 MHzl 11.2 14 

(lC = 1.5 mAde, VCE = 12 Vde, f = 860 MHzl - 13.2 

FIGURE 1 - 800 MHz POWER GAIN AND NOISE FIGURE TEST CIRCUIT 

r----'------- -------- ----- --, 
I \ SHIELD C3 $ 
I Cl \ 1.0 OUTPUT 

INPUT eN' C4 50n o I 

""i" ~ ~ U I"'i 
I cs \ -= - C5 I 

L_ -,) ----------1_ -----------1 __ .J 

+VEE -vcc 
Cl, C3 -10 pF OUR·MICA 
C4, C5, CS - 240 pF FEEOTHROUGH ERIE OR EOUIVALENT 
C2 - 0.4-S.0 pF JOHANSEN OR EQUIVALENT 
Rl - 2.2 kn, 0.25 W 
R2 -lOOn, 0.25 W 
L1 - SILVER PLATED BRASS STRIP O.OS" WIDE, 

0.025" THICK. APPROX. LENGTH 1" - TAP 
@ 1/3 LENGTH 
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Max Unit 

500 "Ade 

B.O "Ade 

100 "Ade 

- MHz 

0.30 pF 

5.0 ps 

dB 
6.0 

6.7 

dB 
-
-



AF239 (continued) 

S 
E 
E 

"j 

COMMON-BASE y PARAMETERS 
TA = 25°C 

FIGURE 2 -INPUT ADMITTANCE 

40 

VCB = 12 Vde 

20~------+--------+-------4--------+-------~ 

0.5 mAde 1.0 mAde 1.5 mAde 

~ 
E 
E 

~ 

-60~ ______ ~ ______ ~ ______ ~ ______ ~ ______ ~ 

20 40 60 BO 100 

9ib(mmhos) 

FIGURE 4 - FORWARD TRANSFER ADMITTANCE 

FIGURE 3 - REVERSE TRANSFER ADMITTANCE 

-0.1 ~------+_-------+-.f___+-___j~------1 

-0.2 

3.5 mAde 
-0.3 

-0.4 ~----+---t''-c---t_+---.-_+----____1 

BOO MHz Ie = 0.5 mAde 

-0.5 '--______ .L-______ -'--,.. ____ ...L. ____ -----' 

-0.3 -0.2 -0.1 

9rb(mmhos) 

FIGURE 5 - OUTPUT ADMITTANCE 

0.1 

BOr--------,--------y---------,-------,--------,,-------, B.O ,------,.-----.,-----,-----,-----....., 
Vcs = 12 Vdc 

200 MHz 400 MHz 7.0 ----1-----1-- VeB = 2.0 Vde 

60~------~------_+---~~~-+_-

40 

~ 
E 
E 

] 
20 

Ie = 3.5 mAde 2.0 mAde 1.5 mAde 1.0 mAde 0.5 mAde 

100 MHz 
-20 0 

-100 -80 -60 -40 -20 20 0 0.4 O.B 1.2 1.6 2.0 

9fb(mmhos) Qob(mmnos) 
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AF239 (continued) 

~ 800 
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~ 600 

~ 500 
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~ 
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;;l 
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;;: 
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.f 0 

FIGURE 6 - CURRENT -GAIN-BANDWIDTH PRODUCT 
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\ 
\ 

""- -
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IC, COllECTOR CURRENT (mAdei 
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FIGURE 7 - TYPICAL POWER GAIN AND NOISE FIGURE 
(See Figure 11 
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BB 1 05A (SILICON) 

BB105B 
BB105G 

VVC -.!I-

SILICON EPICAP DIODES 

· . . designed in the new low-inductance mini-L package for high 
volume requirements of UHF and VHF TV tuning and AFC, general 
frequency control and tuning applications; providing solid-state reli· 
ability in replacement of mechanical tuning methods. 

• Guaranteed Minimum Q Values at VHF and UHF Frequencies 

• Controlled and 'Uniform Tuning Ratio 

• Guaranteed Matching" Tolerance From Diode to Diode and Group 
to Group 

• Upon request, diodes Bre available in matched 58t101 any number or in matched 
groups. All diodes in a set or group can be matched for capacitance along the 
entire specified tuning range, 

MAXIMUM RATINGS 

Rating Symbol Value Unit 

Reverse Voltage VR 30 Volts 

Forward Current IF 200 mA 

Device Dissipation @ T A = 25°C Po 400 mW 
Derate above 2SoC 4.0 mW/oC 

Junction Temperature TJ +125 °c 

Storage Temperature Range Tstg -65 to +150 °c 

FIGURE 1 - DIODE CAPACITANCE 

20 

18 t-. 
~ 16 ,g 

J'... w 
14 ~ 

z l' '" I- 12 
~ i' 
5 10 

w 8.0 
....., 

'" c TA - 250 C i'-Q 6.0 
t 4.0 

f -1.0MHz 

2.0 I I ...... 
0 I I 
0.3 0.5 1.0 2.0 3.0 5.0 10 20 30 

vR. REVERSE VOLTAGE (VOLTS) 
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VOLTAGE VARIABLE 
CAPACITANCE DIODES 

30 VOLTS 

ANODE 

CATHODE 

r· QJ2? J 0.006 RAO 

::~ I L~::§ I 
1 2 2...1...!.§. f 0.125 

l I~ ~020 !l.J@ 0.026 0.D30 0.035 

0.D36 
0.062 
0.D72 

0.483 
0.493 

0.051 
0.075 ifIT6T 

~~~; i m r-

tt~.,. =t 
T~opJ[ 0.031 f 

o:oD65 0.170 0.041 

To convert inches to millimeters multiplv bV 25.4 

CASE 226 
Pin 1. Cathode 

2. Anode 



BB105A, BB105B, BB105G (continued) 

ELECTRICAL CHARACTERISTICS (T A = 25°C unless otherwise noted) 

Characteristic-All Types 

Reverse Breakdown Voltage 
(lR = 10/lAde) 

Reverse Voltage Leakage Current 
(VR = 28 V) 
(VR = 28 V) T A = 60°C 

Series Inductance 
(I = 250 MHz) 

Diode Capacitance Temperature Coefficient 
(VR = 3.0 Vde, I = 1.0 MHz) 

CT Q 

Device VR = 25Vdc f = 100 MHz 
Type pF CT = 9pF 

Min Max Min 

BB105A 2.3 2.8 225 

BB105B 2.0 2.3 225 

BB105G 1.8 2.8 150 

FIGURE 2 - FIGURE OF MERIT 

0 I 160 

140 o-r- TA=250C V 
/ .... 120 

;;; 
0 

~ 100 ... 
o 
~ 80 
:::> 

0 

0 

~ 600 
o· 

400 

200 ----o 
o 4.0 

f= 100 MHz 

V / 
I / / BBI05A,B 

/ / 
/ 

BBI05G 

./ 
V V 

./ V 

8.0 12 16 20 

VR. REVERSE VOLTAGE (VOLTS) 

/ 
V 

24 28 32 
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Symbol 

BVR 

IR 

LS 

TCC 

RS 
Ohms 

Max 

O.B 

O.B 

1.2 

1.04 

ffi 1.03 
:l 
~ 1.02 

'" o 
~ 1.01 
w 
'-' 
~ 1.00 .... 
U 
;!; 0.99 .. 
'-' 
~ 0.98 
o 

~0.97 
'-' 

0.96 
-75 

Min Max Unit 

30 - Vde 

- 50.0 nAde 
0.5 /lAde 

- 3.0 nH 

- 400 ppm/oC 

Package 

C3IC25 Stripe 

Min Max Color 

4.0 5 Blue 

4.5 6 Yellow 

4.0 6 Green 

FIGURE 3 - DIODE CAPACITANCE 

VR = 3.0 Vdc ,,/ V 

--~ ..... / 
/ 

...... . 
-so -25 +25 +50 +75 +100 +125 

TA,AMBIENT TEMPERATURE (OCI 



MA 1 00 (GERMANIUM) 

PNP low noise germanium transistor, designed for audio amp
lifier applications. Feature stabilization bake for greater gain 
stability, and rugged quad-mount construction. 

CASE 31(1) 
(TO-5) 

All leads isolated from case 

MAXIMUM RATINGS (TA = 25°C unless otherwise noted) 

Rating Symbol 

Collector-Base Voltage VCB 

Collector-Emitter Voltage VCES 

Emitter-Base Voltage VEB 

Collector Current (Continuous)* IC* 

Collector Dissipation at T A = 25°C 
Derate above 25°C 

Pn 

Junction Temperature Range TJ 

Storage Temperature Range Tstg 

*Limited by power dissipation. 

Value 

60 

60 

15 

500 

200 
2.67 

-65 to +100 

-65 to +100 

POWER-TEMPERATURE DERATING CURVE 

220 
i/) 

200 ~ 
~ 

~ 180 :::; 
-' 160 
~ 140 z 
0 120 ;:: 
< 100 .... 
en 
en 80 i5 
0:: 60 ..... 
~ 40 .... 

......... 
............. 

............. 
....... 

......... 
............. 

........... ...... r-.... 
0 20 .... 

0 
o 10 20 30 40 50 60 70 80 

TA• AMBIENT TEMPERATURE (OC) 
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Unit 

Vdc 

Vdc 

Vdc 

mAdc 

mW 
mWjOC 

°c 

°c 

,.......... 

~ 
90 100 



MA 100 (continued) 

ELECTRICAL CHARACTERISTICS (T A = 25°C unless otherwise noted) 

Characteristic Symbol Min Max Unit 

Collector-Base Cutoff Current ICBO /lAdc 
(VCB = 60 Vdc, IE = 0) - 100 

(VCB = 30 Vdc, IE = 0) - 10 

Emitter-Base Cutoff Current lEBO flAdc 
(VEB = 15 Vdc, IC = 0) - 10 

Collector- Emitter Leakage Current ICES /lAdc 
(VCE = 60 Vdc, RBE = 0) - 100 

Output Capacitance Cob pF 
(VCB = 6 Vdc, IE = 0, f = 1 MHz) - 25 

Input Impedance hib ohms 
(VCB = 6 Vdc, IE = 1 mAdc, f = 1 kHz) 26 40 

Output Admittance hob )lmhos 
(VCB = 6 Vdc, IE = 1 mAdc, f = 1 kHz) 0,1 1.0 

DC Current Gain hFE -
(VCE = 1 Vdc, IC = 10 mAdc) 30 -

Small-Signal Current Gain hfe -
(VCE = 6 Vdc, IE = 1 mAdc, f = 1 kHz) 50 190 

Small-Signal Current Gain Cutoff Frequency fab MHz 
(VCB = 6 Vdc, IE = 1 mAdc) 1.0 -

Noise Figure NF dB 
(VCE = 5 Vdc, IC = 100 /lAdc, - 8,0 

R = s 1 K ohms, f = 100 Hz) 

BASE INPUT CURRENT versus BASE DRIVE VOLTAGE 
7 

6 :;: 
§ 5 .... z ..... 

4 0:: 
0:: 
::::I 

/ 
VeE = 1 V / 

L 
I 

(.) 

3 ..... 
en ca 2 
~ 

1 

° 

L 

/ 
/'" 

L---" 
,...., 

° 0,2 0,4 0,6 O,g 

VBE, BASE·EMITTER VOLTAGE (VOLTS) 
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MA 112 thru MA 117 (GERMANIUM) 

PNP Germanium transistors for economical circuit 
applications. Available with a wide variety of gain 
ranges. 

CASE 31{l) 
(TO-5) 

All leads isolated from case 

MAXIMUM RATINGS 

Rating 

Collector-Emitter Voltage 

Collector-Base Voltage 

Emitter-Base Voltage 

Collector Current 

Storage Temperature Limits 

Power Dissipation 
@TA ~ +25°C 

Symbol Value 

VCEO 15 

VCB 15 

VEB 15 

IC 200 

Tstg -55 to +85 

Po 175 

ELECTRICAL CHARACTERISTICS ITA = 250 C unless otherwise noted) 

Characteristic Symbol Min Max 

CoUector-Emitter Current ICER 

(VCE = 15 V, 

RBE = 10 K,Q) 600 

Collector-Base Current ICBO 

(VCB = 15 V, 

IE = 0) - 15 

Small Signal Current Gain hfe 

(VCE =6V, 

Ie = 1 mAl MAl 12 30 70 
MA1l3 50 125 
MA1l4 100 250 
MA1l5 30 125 
MAll6 50 250 
MA1l7 30 250 
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Unit 

V 

V 

V 

rnA 

°c 

mW 

Unit 

IJA 

IJA 



MA200 thru MA206 (GERMANIUM) 

CASE 31(1) " 

Germanium PNPtransistor designed for high-voltage 
applications in the audio frequency range, such as neon 
driver. solenoid or relay driver applications. 

(TO-5) ~ 
All leads isolated from case 

MAXIMUM RATINGS (TA = 250C unless otherwise noted) 

Rating Symbol MA200 MA20! MA204 MA205 MA206 Unit MA202 MA203 

Collector-Base Voltage VCB 105 105 90 75 60 Vdc 

Collector-Emitter Voltage VCE 105 105 90 75 60 Vdc 

Emitter-Base Voltage VEB 10 20 20 20 10 Vdc 

Collector Current IC 200 mAdc 

Emitter Current IE 200 mAdc 

Junction and Storage 
°c Temperature Range TJ. Tstg -65 to +100 

Thermal Resistance eJA 0.5 °C/mW 

Collector Dissipation at 
TA = 25°C P D 150 mW 
Derate above 25°C 2.0 mW/oC 

ELECTRICAL CHARACTERISTICS (T A = 250C unless otherwise noted) 

Characteristic Symbl' MIn TIP Mu Uall 

Collector-Sase Cutoff Current leBO IJ.A 
(VCS = 105 Y, IE = 0) MA 200 thru MA203 

(YCS = 90 V, IE = 0) MA204 - 12.0 50 

(YCS = 75 V, IE =. 0) MA205 

(YCS = 60V,IE= 0) MA206 

Collector-Sase Cutoff Current leBO IJ.A 
(YCS = 2.5 V, IE = 0) - 5.0 14 

Emitter-Base Cutoff Current lEBO IJ.A 
(YES = 10 V, Ie = 0) MA2oo, MA202, MA206 - 3.0 50 

(YES = 20Y,Ie = 0) MA201, MA203, MA204, MA205 - 3.0 50 

Collector-Emitter Saturation Voltage VCE(sat) Vdc 
(Ie = 5 mAde, IS = 0.Z5 mAde) - 0.11 0.35 

Base-Emitter Saturation Voltage VSE(sat) Vd. 
(IC = 5 mAde, IS = 0.Z5 mAde) - 0.22 0.40 

DC Current Gain hFE -
(Ic = 5 mAde, VCE = 0.35 Vdc) MAZOO, MA201, MA204, MA205. MA206 20 - -

MA202, MA203 40 - -
DC Collector-Emitter Punch.Through Voltage VPT Vdc 

(YeB necessary to obtain VEB of -1 V max, using 
Instrument With Zin > 11 megohm to measure VSE) 

MA200, MA20l, MA202, MA203 105 - -
MA204 90 - -
MA205 75 - -
MA206 60 - -

Small-Slgoa! Short-Clrcult Forward Current Transfer bt> MHz 
Ratio Cutoff Frequency 
(VCS = 6 Ydc, IE = 1 mAdc) - 1.0 -
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MA200 thru MA206 (continued) 

DC CHARACTERISTICS 
(TJ=2SoC unless otherwise noted) 

CURRENT GAIN 

200 
II 1111111 

TJ ~ 100"C Ve,~ IV 
100 

TJ - 25QC 

- ITJ~I-ssoC 

~ -
20 

\:~ 
1\ 

10 
0.1 0.2 O.S 1.0' 2.0 S.O 10 20 SO· 100 200 

200 

~ 160 

~ 
~ 120 

~ 80 
8 
.!J 

40 

Ie. COLLECTOR CURRENT (mAl 

COLLECTOR SATURATION REGION 

I, ~ I~ rnA r 12 -
~ ..- 10 

f// ~ 8 

'1/ - 6 

./ ~ 
j 
II 12 rnA . 

J~ ..... , V , 
0.2 0.4 0.6 0.8 1.0 

Ve,. COLLECTOR·EMITTER VOlTAGE (VOLTS) 

'" g 

~ 
ffi 
to ; 
j 
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"ON" VOLTAGES 
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MA286 thru MA288 (GERMANIUM) 

PNP germanium transistors for very economical cir
cuit applications. Available with a wide variety of gain 
ranges. 

CASE 31(1) 
(TO-S) 

All leads isolated from case 

MAXIMUM RATINGS 

Rating 

Collector-Emitter Voltage 

Collector-Base Voltage 

Emitter-Base Voltage 

Collector Current 

Storage Temperature Limits 

Power Dissipation 
@ TA = +25·C 

Symbol Value 

VCEO lO 

VCB 10 

VEB 10 

IC 200 

Tstg -55 to +85 

Pn 175 

ELECTRICAL CHARACTERISTICS (TA = 250C unless otherwise noted) 

Clwlcterlstlc SyJnbal Min 

Collector -Emitter Current ICER 

(V CE = 10 V 

RBE = 10 K.o) -

Small Signal Current Gain hfe 

(VCE =6V, 

IC = 1 rnA) MA286 14 
MA287 30 
MA288 180 
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Unit 

V 

V 

V 

rnA 

·C 

mW 

Max Ullt 

pA 

600 

-

40 
250 
-



MA881 thru : MA889 (GERMANIUM) 

PNP germanium transistors for audio amplifier and 
medium-speed switching applications. Recommended 
as driver transistors for 50-60 Volt power transistors. 

CASE 31(1) 
(TO·S) 

All leads isolated from ciase 

MAXIMUM RATINGS 

Rating 

Collector-Base Voltage 
MA$81 thru MA884 
MA$85 tbru MA889 

Collector-Emitter Voltage 
MA$81 thru MA884 
MAI85 thru MA889 

Emitter-Base Voltage 

Collector Current (continUous)* 

Collector DissipaUon at T A" 25°C 

Derate above 2poC 

Storage and Opera~ing Temperature 
Range 

*Limited by power: dissipation 

Symbol Value Unit 

VCB Vdc 
60 
50 

VCES Vdc 
60 
50 

VEB 15 Vdc 

IC* 500 mAdc 

PD 200 mW 

2.67 r{JW/oC 

Tstg' TJ -50 to +100 °c 
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MA881 thru MA889 (continued) 

ELECTRICAL CHARACTERISTICS ITA'" 250 C unless otherwise noted) 

Characteristic Symbol Min Max Unit 

Collector-Base Cutoff Current ICBO ",Ade 
(VCB-30Vde,IE-0) MA881 thru MA884 --- 10 

(VCB - 60 Vde, IE - 0) MA881 thru MA884 --- 100 

(VCB - 25 Vde, IE a 0) MAB85 thru MA889 --- IS 

(V CB a 50 Vde, IE - 0) MA885 thru MA889 --- 100 

Emitter-Base Cutoff Current lEBO /lAdc 

(V EB - 15 Vdc, IC - 0) MA881 thru MA884 --- 10 
MA885 thru MA889 --- 15 

Collector-Emitter Leakage Current IcES 
",Ade 

(V CE - 60 Vde, RBE - 0) MA881 thru MA884 --- 100 

(V CE - 50 Vdc, RBE - 0) MA885 thru MA8S9 --- 100 

Output Capacitance Cob pF 

(V CB - 6 Vdc, IE .0, f - 1 MHz) --- 25 

Input Impedance hib ohms 

(VCB - 6 Vde, ~ - 1 mAdc, f -1 kHz) 26 40 

Output Admittance hob ",mhos 

(V CB - 6 Vdc, IE • 1 mAdc, f. 1 kHz) 0.1 .1.0 

DC Current Gain hFE -.--

(V CE - 1 Vdc, IC • 10 mAde) MA881 30 ---
MA882 40 ---
MA883 75 ---
MA884 125 ---

Small-Signal Current Gain hfe ----
(VCE.6 Vdc, IE. 1 mAde, f - 1 kHz) MA881, MA886 30 70 

MA882, MAS87 50 120 
MA883 , MASSS 100 225 
MA884, MAS89 190 400 
MA885 15 40 

Small-Signal Current Gain Cutoff Frequency fab MHz 

(V CB - 6 Vdc, IE - 1 mAde) MA8S1, MA886 0.75 ---
MAS82, MA887 1.0 ---
MA883, MA8S8 1. 25 ---
MA884, MA8B9 1.75 ---
MABS5 0.5 ---
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MA 909 thru MA 910 (GERMANIUM) 

PNP Germanium transistors for high-voltage neon 
driver, solenoid and relay driver circuits. 

CASE 31(,1.) 
(TO-5) 

All leads isolated from case 

MAXIMUM RATINGS 

Rating 

Collector-Base Voltage 

Collector-Emitter Voltage 

Emitter-Base Voltage 

Collector Current 

Collector Dissipation at TC = 25°C 

Junction and Storage Temperature 

Symbol MA909 

VCB 75 

VCEO 75 

VEB 35 

IC 200 

Pn 150 

T J' Tstg 100 

ELECTRICAL CHARACTERISTICS (TC = 250 C unless otherwise noted) 

Characteristic Symbol 

Collector-Base Cutoff Current . ICBO 
(V CB = 2.5 Vdc, IE = 0) B.oth Types 

(VCB = 75 Vdc, IE = 0) MA909 

(V CB = 90 Vdc, IE =0) MA910 

Emitter-Base Cutoff Current lEBO 
(V EB-- 35 Vdc, IC = 0) MA909 

(VEB = 45 Vdc, IC = 0) MA910 

Collector-Emitter Leakage Current ICES 
(V CE = 75 Vdc, RBE = 0) MA909 

(V CE = 90 Vdc, RBE = 0) MA910 

Collector-Emitter Saturation Voltage V CE(sat) 
(IC = 5 mAdc, Ia = O. 25 mAdc) 

Base-Emitter Saturation Voltage VBE(sat) 
(IC = 5 mAdc, IB = 0.25 mAdc) 

DC Current Gain hFE 
~ = 5 mAdc, V CE = 0.35 Vdc) 

Collector-Emitter Punch-Thru Voltage 
(Vfl = 1.0 Vdc, Rin of VTVM - 10 to 12 Megohms) MA909 

Vpt 

MA910 

MA910 Unit 

90 Volts 

90 Volts 

45 Volts 

rnA 

mW 

°c 

Min Max Unit 

Adc 
- 14 .. 

- 50 

- 50 

Adc 
- 50 

- 50 

Adc 
- 100 

- 100 

Vdc 
- 0.35 

Vdc 
- 0.40 

-
20 -. 

Vdc 
75 -
90 -



MA 1703, MA 17 04, (GERMANIUM) 

MA1706, MA1707 

PNP germanium transistors for audio amplifier and 
medium speed switching applications requiring high ac 
gain at low collector current or high dc gain at high 
collector current. 

CASE 31(1} 
(TO-S) 

All leads isolated from case 

MAXIMUM RATINGS 

Rating 

Collector-Base Voltage 

MA1703, MA1704 

MA1706, MA1707 

Collector-Emitter Voltage 

MA1703, MA1704 

MA1706, MA1707 

Emitter-Base Voltage 

MA 1703, MA 1704 

MA 1706, MA 1707 

Collector Current (Continuous)· 

Base Current (Continous)· 

Maximum Junction Temperature 

Storage Temperature Range. 

Collector Dissipation, Ambient 

Derate above 250 C 

·Limited by power dissipation 

Symbol 

VCB 

VCER 

VEB 

IC 

IB 

TJ 

T stg 

Po 

3-27 

Value Unit 

Vdc 

25 

15 

Vdc 

25 

15 

Vdc 

25 

4.5 

500· mAdc 

50· mAdc 

100 °c 
-65 to +100 °c 

200 mW 

2.67 mW/oC 



MA1703, MA1704, MA1706, MA1707 (continued) 

ELECTRICAL CHARACTERISTICS (T A'" 2SoC unless otherwise noted) 

Characteristic Symbol Min Typ Max Unit 

Collector-Base Cutoff Current 'CBO /.lAde 

(VCB = 1.5 Vde, 'E = 0) MA1703, MA1704 - 3.0 5.0 

(VCB = 15 Vde, 'E = 0) MA170S, MA1707 - - 15 

(VCB = 25 Vde, 'E = 0) MA1703, MA1704 - - 15 

Emitter-Base Cutoff Current 'EBO /.lAde 

(VEB = 4.5 Vdc, 'C = 0) MA170S, MA1707 - - 15 

(VEB = 25 Vdc, 'C = 0) MA1703, MA1704 - - 15 

Collector-Emitter Leakage Current 'CER /.lAde 

(VCE = 15 Vdc, RBe = 10 k ohms) MA170S, MA1707 - - SOO 

(VCE = 25 Vdc, RBe = 10 k ohms) MA1703, MA1704 - - SOO 

Output Capacitance Cob pF 

(VCB = S.O Vdc, Ie'" 0, f = 1.0 MHz) - 10 20 

Small-Signal Current Gain Cutoff Frequency fab MHz 

(VCB = 6.0 Vdc, Ie = 1.0 mAde) MA1703 3.0 - -
MA1704 5.0 - -
MA1706 3.0 - -
MA1707 4.0 - -

Input Impedance hib Ohms 

(VCB = S.O Vdc, Ie '" 1.0 mAde, f = 1.0 kHz) 

MA 1703, MA 1704 25 - 35 

MA 170S, MA 1707 25 - 37 

Small Signal Current Gain hfe -
(VCE = 6.0 Vdc, Ie = 1.0 mAde, f = 1.0 kHz) 

MA1703, MA170S 200 - 500 

MA 1704, MA 1707 350 - 800 

DC Current Gain hFe -
(lC = 100 mAde, VCE = 1.0 Vdc) MA1703. MA170S 100 - 350 

MA 1704, MA 1707 150 - 400 

(Ie = 200 mAde, VCE = 1.0 Vdc) MA1703 70 - -
MA1704 110 - -
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MAC 1 SERIES (SILICON) 

MAC2 SERIES 

MAC 3 SERIES 

MAC4sER'Es 

MAC5sER~Es 
MAC6sERIES 

o~ 

SILICON BIDIRECTIONAL THYRISTORS 

· .. designed primarily for full·wave ac control applications, such as 
light dimmers, motor controls, heating controls and power supplies; 
or wherever full·wave silicon gate controlled solid-state devices are 
needed. Triac type thyristors switch from a blocking to a conducting 
state for either polarity of applied anode voltage with positive or 
negative gate triggering. 

• low "on" Voltage - VTM = 1.3 V (Typ) @ 14 A Peak 

• Available in Several Packages (Case 85, Case 86, Case B6l) 

• Gate Triggering Guaranteed in Two (MAC4, MAC5, MAC6) 
or Four Modes (MAC1, MAC2, MAC3) 

MAXIMUM RATINGS 

Rating Symbol Value 

Repetitive Peak Off-State Voltage, Note 1 VORM 
ITJ= 100°C) ~1 25 

-2 50 
·-3 100 

MACI thru MAC6 -4 200 
-5 300 
-6 400 
-7 500 
-8 600 

On-State Current RMS (TC = 75°C) ITiRMS) 10 

Peak Surge Current ITSM 100 
(One Full cycle, 60 Hz, TJ = -4010 +1000C) 

Circuit Fusing Considerations 12t 40 
(T J =-4Oto+l00oC,1 = 1.010 8.3 msl 

Peak Gate Power PGM 10 

Average Gate Power PG(AV) 0.5 

Peak Gate Current IGM 2.0 

Operating Junction Temperature Range TJ -40 to +100 

Storage Temperature Range TSlg -40 to +150 

Stud Torque MAC2, MAC5 - 15 

NOTES: 

Unit 

Volts 

Amp 

Amp 

A2. 

Watts 

Watt 

Amp 

DC 

°C 

in. lb. 

I. Ratings apply for open gate conditions, Thyristor devices shall not be tested 
with a constant current source for blooking capability such that the voltage 
applied exceeds the rated blocking voltage. 
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TRIACS 
(THYRISTORS) 

10 AMPERES RMS 

25 THRU 600 VOLTS 

MACI,4 
tASE 85 (2) 

MAC2.5 
CASE 86 (2) 

MAC3,6 
CASe 87L (I) 



MAC1, MAC2, MAC3, MAC4, MAC5, MAC6 (continued) 

ELECTRICAL CHARACTERISTICS (TC = 250 C unless otherwise noted) 

Characteristic Symbol Min Typ Max Unit 

Peak Blocking Current (Either Oirection) IORM 2.0 mA 
Rated VORM@TJ = 1000C, Gate Open 

On-State Voltl!ge (Either Oirection) VTM 1.3 I.B Volts 
ITM = 14 A Peak 

Gate Trigger Current, Continuous de IGT mA 
Main Terminal Voltage = 12 Vdc, RL = 100 ohms 

All Mode. MAC1, MAC2, MAC3 - - 40 
MT2(+}G(+}; MT2(-)G(-) MAC4, MAC5, MAC6 - - 50 

Gate Trigger Voltage, Continuous de 
Main Terminal Voltage = 12 Vdc, RL = 100 ohms 

VGT Volts 

All Modes MAC1, MAC2, MAC3 - 0.9 2.0 

MT2(+}G(+}; MT2(-}G(-} MAC4, MAC5, MAC6 - 1.0 2.5 

Gate Trigger Voltage, Continuous dc - All Modes VGO 0.2 - - Volts 
Main Terminal Voltage = Rated VORM, RL = 100ohms, T J = 1000 C 

Holding Current IEither Direction) IH mA 
Main Terminal Voltage = 12 Vdc, Gate Open, MAC1, MAC2, MAC3 - - 30 

Initiating Current ~ tOO rnA MAC4, MAC5, MAC6 - - 50 

Turn·On Time ton - 1.5 - ",s 
ITM = 14 Adc, IGT = 100 mAdc 

Blocking Voltage Application Rate at Commutation dvldt - 5.0 VI",s 
@ VORM, T J = 750 C, Gate Open 

Thermal Resistance, Junction to Case °JC - - 2.0 °CIW 

Thermal Resistance, Ca~ to Ambient eCA - - 50 °C/W 

Trigger devices are recommended for gating on Triacs. 

Electrical Characteristics For General Usage For Lamp Dimmer 
Triggers Provide: 

1. Consistent predictable turn-on points. 
2. Simplified circuitry. 
3. Fast turn-on time for cooler, more efficient 

and reliable operation. 

Symbol 

VS-

IS 

VS1-VS2 -

T~mperature Coefficient 

MBS4991 

6-10 V 

350 ",A Max 

0.5 V Max 

0.02%IUC; Typ 
.' See AN-526 for Theory and Characteristics of SIlicon Bidirectional 

Switches. 

MAC1,4 

t",,~ 0.110 

! 0030 0 I 
0050 0580 f! 0 070 DIA TYP 

o 530 L CD (l) MAX 

MAX J If[185 [O:O~ MAX DIA 
MAX 
0430 
DIA 

MAX 

CASE 85 (2) 

Lead 1 Gate 
2. Anode 1 
3. Anode 2 

MAC2,5 ~ f) 
0.437 
MAX 
HEX 

~ 0.090 AT CAN 
0.110 

0.422 
0.452 

j 
1()'32 UNF·2A 

Lead 1. Gate 
2. Anode 1 
3. Anode 2 

To convert inches to millimeters multiply by 25.4 

CASE 86 (2) 
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MAC3,6 

MBS4992 

7.5-9.0 V 

120 ",A Max 

0.2 V Max 

MBS100 

3.0-5.0 V 

100-400 ",A 

0.35 V Max 

1
- ~Si~ ATCAN 

± 7.50 DISPLACEMENT 

1.2 
MIN 

lead 1. Gate 
2. Anode 1 
3. Anode 2 

CASE 87L (1) 



MAC1, MAC2, MAC3, MAC4, MAC5, MAC6 (continued) 
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MAC1, MAC2, MAC3, MAC4, MAC5, MAC6 (continued) 

FIGuAE 7 - MAXIMUM ON-STATE CHAAACTERISTICS 
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MAC 10-1 thru MAC 10-8 (SILICON) 

MAC11-1 thruMACll-8 

SILICON BIDIRECTIONAL THYRISTORS 

. designed primarily for full·wave ac control applications, such as 
light dimmers, motor controls, heating controls and power supplies; 
or wherever full·wave silicon gate controlled solid·state devices are 
needed. Triac type thyristors switch from a blocking to a conducting 
state for either polarity of applied anode voltage with positive or 
negative gate triggering . 

• All Diffused and Passivated Junctions for Greater Parameter Uni· 
formity and Stability 

• Small, Rugged, Thermopad Construction for Low Thermal 
Resistance, High Heat DisSipation and Durability 

• Gate Triggering Guaranteed in Two (MACII) or Four Modes 
(MAClO) 

MAXIMUM RATINGS 

Rating Symbol Value Unit 

Repetitive Peak Off·State Voltage, Note 1 VORM Volts 
ITJ = 100oC) -·1 25 

-2 50 
-·3 100 

MAC10/ll -4 200 
~5 300 
-6 400 
-.7 500 
-8 600 

On·State Currenl RMS (TC = 75°C) IT(RMS) 10 Amp 

Peak Surge Current ITSM 100 Amp 
(One Full cycle, 60 HZ,T J = -4010 +100oC) 

Circuit Fusing Considerations 12t 40 A2, 

(TJ =-4010+100oC, 1= 1'.010 8.3 ms) 

Peak Gate Power PGM 10 Watts 

Average Gate Power PG(AV) 0.5 Watt 

Peak Gate Current IGM 2.0 Amp 

Operating Junction Temperature Range TJ -4010+100 °c 
Storage Temperature Range T,t9 -4010 +150 DC 

Mounting Torque (6·32 Screw). Note 2 - 12 in. lb. 

NOTES: 

1. Ratings apply for open gate conditions. Thyristor devices $hall not be tested 
with a constant current source for blocking capability such that the voltage 
applied exceeds the rated blocking voltage, 

2, Torque rating applies with use of torque washer (Shakeproof WD19522 #6 
or equivalent). Mounting torque in excess of 8 in. Ibs. does not appreciably 
lower case-to-sink the,rmal resistance, Anode lead and heatsink contact pad 
are common, 

For soldering purposes (either terminal connection or device mounting), solder
ing temperatures shall not exceed +200o C. For optimum resultS, an activated 
flux (oxide removing) is recommended. 
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TRIACS 
(THYRISTORS) 

10 AMPERES RMS 

25 THRU 600 VOLTS 

0.590 
0];50 

+ 
LOl66TYP 

O~Q 0,040. 0110 

°7°341130.060 ro't5il ±: 
r l~ 

HEAT SINK 
CONTACT AREA 

IBOTTOM) 

PIN L MAIN TERMINAL 1 
2 MAIN TERMINAlZ 
3 GATE 

CASE 90 (4) 



MAC10-l thru MAC10-8/MACll-l thru MACll-8(continued) 

ELECTRICAL CHARACTERISTICS (TC = 250 C uhless otherWise noted) 

Characteristic Symbol Min 

Peak Blocking Current (Either Direction) IDRM -
Rated VDRM @ T J = 100oC, Gate Open 

On-State Voltage (Either Direction) VTM -
ITM = 14 A Peak . 

Gate Trigger Current, Continuous de IGT 
Main Terminal Voltage = 12 Vdc, RL = 100 ohms 

MT2(+)G(+); MT2HGH MAC10, MACll -

MT2(+)G(-); MT2(-)G(+) MAC10 -
Gate Trigger Voltage, Continuous de VGT 
Main Terminal Voltage = 12 Vdc, R L = 100 ohms 

MT2(+)G(+); MT2HGH MAC10, MACll -
MT2(+)GH; MT2HG(+) MAC10 -

Gate Trigger Voltage, Continuous de - All Modes VGD 0.2 
Main Terminal Voltage = RatedVDRM, RL = l00ohms, TJ= 1000 C 

Holding Current (Either Direction) IH 
Main Terminal Voltage = 12 Vdc, Gate Open, 

Initiating Current = 100 mA 

Turn-On Time ton -
ITM = 14 Adc, IGT = 100 mAde 

Blocking Voltage Application Rate at Commutation dv/dt -
@VDRM, TJ = 750 C, Gate Open 

Thermal Resistance, Junction to Case 8JC -
Thermal Res~stance, Case to Ambient 8CA -

MBS4991/MBS4992' 
Recommended for Triac Triggering 

Triggers Provide: 

1. Consistent predictable turn-on points. 
2. Simplified circuitry. 
3. Fast turn-on time for cooler, more efficient and reliable 

operation. 

Electrical CharacteriStics 

Symbol MBS4991 MBS4992 

Vs = 6 10V 7.5 9.0 V 

IS = 350p.A Max 120 p.A Max 

VSl VS2 - 0.5 V Max 0.2 V Max 

Temperature Coefficient = 0.02%/oC Typ 

(For light dimmer applications the MBS100 is recommended). 

See AN-526 for Theory and Characteristics of Silicon Bidirectional 
Switches. 
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Typ Max Unit 

- 2.0 mA 

1.3 1.B Volts 

mA 

- 50 

- 75 

Volts 

0.9 2.0 

1.0 2.5 

- - Volts 

50 mA 

1.5 - #lS 

5.0 - VI#lS 

- 2.0 °C/W 

- 50 °C/W 



MAC10-1 thru MAC10-8/MAC11-1 thru MAC11-8 (continued) 

FIGURE 1 - AVERAGE CURRENT DERATING 
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MAC10-1 thru MAC10-8/MAC11-1 thru MAC11-8 (continued) 

FIGURE 7 - MAXIMUM ON-STATE CHARACTERISTICS 
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MAC37 -1 thruMAC37 -7 (SILICON) 

MAC38-1 thruMAC38-7 

SILICON BIDIRECTIONAL THYRISTORS 

· .. designed primarily for industrial and military applications for the 
control of ac loads in applications such as light dimmers, power sup· 
plies, heating controls, motor controls, welding equipment and power 
switching systems; or wherever full·wave, silicon gate controlled 
solid·state devices are needed. 

• 25 Amperes RMS @ Te = 670 e 

• Low On·State Voltage - 1.5 Volts Ma)(imum 

• AII·Diffused Junctions for Greater Uniformity 

• Gate Triggering Guaranteed in Two Modes 

MAXIMUM RATINGS 
Rating Symbol Value Unit 

Repetitive Peak Off·State Voltage (1) VDRM Volts 
ITJ= 1100 C) -1 25 

-2 50 

MAC37 -3 100 

MAC38 
-4 200 
-5 300 
-6 400 
-7 500 

On-State Current RMS ITIRMS) 25 Amp 

Peak Surge Current ITSM 225 Amp 
(One Full cycle, 60 Hz, 
TJ = -40 to +llOoC) 

Circuit Fusing Considerations 12t 210 A2s 
(T J = -40 to +ll00C, 
t = 1.0 to 8.3 ms) 

Peak Gate Power (2) PGM 5.0 Watts 

Average Gate Power PG(AV) 0.5 Watt 

Peak Gate Current (2) IGM 2.0 Amp 

Operating Junction Temperature Range TJ -40 to +110 °c 
Storage Temperature Range Tstg -40 to +150 °c 
Stud Torque - 30 in. lb. 

(1)For either direction of blocking voltage. VOAM for all typas can be applied on a con-
tinuous de basis without incurring damage. Ratings apply for open gate conditions. 
Thyristor devices shall not be tested with a constant current source for blocking cap-
ability such that the voltage applied exceeds the rated blocking voltage. 

(2)T J:II; 110°C, 1.0 second maximum duration; 6.0% duty cycle, ITM = 10 Amp. 
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TRIAC 
(THYRISTORS) 

25 AMPERES RMS 
25 thru 500 VOLTS 

MAC 37 

TERMINAL I GATE MAIN~ 
J 2 

¢ MAIN 
TERMINAL 2 

~q:~1110!A~ 
11.5115 

CASE 174(31 MAC 37 

MAIN TERMINAL 1 
.--=b", 

MAIN 
TERMINAL 2 

CASE 175(3) MAC 38 



MAC37-1 thru MAC37-7, MAC38-1 thru MAC38-7 (continued) 

ELECTRICAL CHARACTERISTICS (TC = 25°C unless otherwise noted) 

Characteristic Symbol Min Typ Max Unit 

Peak Blocking Current IEither Oirection~ IORM - - 4.0 mA 

Rated VORM@TJ= 110°C 

On-State Voltage IEither Direction) VTM - 1.3 1.9 Volts 

ITM = 35 A Peak 

Gate Trigger Current, Continuous de 11) 
Main Terminal Voltage = 7.0 Vdc, RL = 47 ohms 

MT21+)GI+~; MT2HGI-~ IGT - 20 75 mA 

mA 

Gate Trigger Voltage, Continuous dc 11) 
Main Terminal Voltage = 7.0 Vdc, RL = 47 ohms 

MT21+~GI+); MT2I-)GI-~ VGT - 1.0 3.0 Volts 

Gate Trigger Voltage, Continuous dc - MT21+) GI+~; MT21-) GI-) VGO 0.2 - - Volt 

Main Terminal Voltage = Rated VORM, RL = 100 ohms, TJ = ll00C 

Holding Current IEither Oirection~ IH - 10 75 mA 
Main Terminal Voltage = 7.0 Vdc, Gate Open, 

Initiating Current = 150 mA 

Turn-On Time ton - 1.0 - "s 
ITM = 25 Adc, IGT = 200 mA 

Critical Forward Voltage Application Rate IExponential Rise dv/dt - 100 - V/"s 
of Voltage~ 

@VORM, TJ= 110oC, Gate Open 

Thermal Resistance, Junction to Case eJC - - 1.0 °CIW 

(1) All voltage polarity reference to main terminal 1. 

FIGURE 1 - MAXIMUM THERMAL RESPONSE 
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MAC37-1 thru MAC37-7, MAC38-1 thru MAC38-7 (continued) 

FIGURE 2 - AVERAGE CURRENT DERATING 
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FIGURE 4 - AVERAGE CURRENT DERATING 
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FIGURE 6 - POWER DISSIPATION versus AVERAGE CURRENT 
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FIGURE 3 - RMS CURRENT DERATING 

110 

100 

'-' 
90 

0 

'" 80 
<r 
=> 

70 I-.. 
~ 60 

1li 
50 t-

'" j 40 

<.3 30 t-

20 

-........ MAIC 37-I---
IIIIIiIIIa ~ 

~ ~ 

r- I"" X ~ 

I--~ -IB
IO; /< ::>= ~ 

-1. -910~ ,/' /' ""'" -
-6100/ 

,/ ........ 
- .=CONDUCTION ANGLE 

1 
Q = 3

1

°0 

10L-~_~_-L_J-_L-~_~_~_~~ 

o 5.0 10 15 20 25 

IT IRMS). RMS ON·STATE CURRENT lAMP) 

FIGURE 5 - RMS CURRENT DERATING 

110 _=--,---.-,--,-----,--.---,---,----, 

1001--1===t .... ;d-."""'+--t---1--+-
~ 90~~--+-~~~~~~-_+--+-~__1 

~ BO~-4--+-_r-~~~~~~~~-_r~ 
=> 
I- 70 
~ 
:f 60 
1li 
~ 50 

5 40 

~ 30~~--T---.-.--T-

'" t-
!;< 
~ 
<r 

~ 
~ 
w 
to g 
> 

'" :> 
~ 

20~~--+--r-~-+_~~_+--+-_r__1 

10L-~_~_-L_J-_L_~~~_~ _ _L~ 
o 20 25 

IT IRMS). RMS ON-STATE CURRENT lAMP) 

FIGURE 7 - POWER DISSIPATION versus RMS CURRENT 

40.--.--,---,-,--,----,--,--,---,----, 

35 

30 

25 

20 

15 

10 

5.0 

0 
0 

.=CONDUCTION ANGLE 

2.5 5.0 7.5 10 12.5 15 17.5 20 22.5 25 

IT (RMS). RMS ON·STATE CURRENT (AMP) 

3-39 



MAC37-1 thru MAC37-7, MAC38-1 thru MAC38-7 (continued) 

FIGURE 8 - MAXIMUM ON-STATE CHARACTERISTICS 
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FIGURE 11 - TYPICAL GATE TRIGGER CURRENT 
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MID 101 (SILICON) 

SILICON HOT-CARRIER DIODE 
(SCHOTTKY BARRIER DIODE) 

... designed primarily for UHF mixer applications but suitable also 
for use in detector and ultra-fast switching circuits. Supplied in an 
inexpensive plastic package for loW-COst, high-volume consumer 
requirements. 

• The Rugged Schottky Barrier Construction Provides Stable Char-
acteristics by Eliminating the "Cat-Whisker" Contact 

• Low Noise Figure - 7.0 dB Max @ 1.0 GHz 

• Very Low Capacitance - Less Than 1.0 pF @ Zero Volts 

• High Forward Conductance - 0.48 Volts (Typ) @ IF = 10 mA 

MAXIMUM RATINGS 

Rating Svmbol Value Unit 

Reverse Voltage VR 4.0 Volts 

Forward Power Dlssipation@TA=250C PF 280 mW 
Derate ebove 25°C 2.8 mW/oC 

Ju"nction Temperature TJ +125 °c 

Storage T amperature Range TstJl -65 to +150 °c 

ELECTRICAL CHARACTERISTICS (TA = 25°C unless otherwise noted) 

Characteristic Svmbol Min TVp Max Unit 

Reverss Breakdown Voltage V(BR)R 4.0 5.0 - Volts 
(lR = 10"A) 

Dioda Capacitance CT - 0.B8 1.0 pF 
(VR =0, f= 1.0 MHz, Note I) 

Forward Voltage V F.I1I - 0.48 0.60 Volts 
(IF=10mA) 

Noise Figure NF - 6.0 7.0 d8 
(f = 1.0 GHz, Note 2) 

Reverse Leakage IR - 0.02 0.25 "A 
(VR = 3.0 V) 

Saries Inductanca (Note 3) LS - 6.0 - nH 
(f = 250 MHz, Load Length "" 1/16") 

Case Capacitance (Note 1) Cc - 0.18 - pF 
(f= 1.0MHz, Lead Length ""1/16") 

(1) Matched sets avanabl •• Contact Motorol. Sa' •• Office with spacific requirements. 

SILICON HOT-CARRIER 
UHF MIXER DIODE 

leads to fit into 
0.016 
ii:lil9 

DlA HalE ITYP) 

11 - Anode 
T2 - Cathode 

0.175 

=r 
0.594 
TYP 

J 
~~ 

CASE 182-1 



MB010l (continued) 

TYPICAL CHARACTERISTICS 
(T A; 25°C unless noted) 

FIGURE 1 - REVERSE LEAKAGE 
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FIGURE 5 - NOISE FIGURE TEST CIRCUIT 
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NOTES ON TESTING AND SPECIFICATIONS 

0.7 

10 

Note 1 - Cc and CT are measured using a capacitance bridge 
(Boonton Electronics Model 75A or equivalent). 

3-42 

Note 2 - Noise figure measured with diode under test in tuned 
diode mount using UHF noise source and local oscillator 
(LO) frequency of 1.0 GHz. The LO power is adjusted 
for 1.0 mW. IF amplifier NF = 1.5 dB, f = 30 MHz, 
see Figure 5. 

Note 3 - LS is measured on a package having a short instead of a 
die, using an impedance bridge (Boonton Radio Model 
250A RX Meter). 



MBD 102 (SILICON) 

SILICON HOT-CARRIER DIODE 
(SCHOTTKY BARRIER DIODE) 

. designed primarily for UHF mixer applications but suitable also 
for use in detector and ultra-fast switching circuits. Supplied in the 
low-inductance Mini-L package for low-cost, high-volume consumer 
requirements. 

• The Rugged Schottky Barrier Construction Provides Stable Char-
acteristics by Eliminating the "Cat-Whisker" Contact 

• Low Noise Figure - 5.5 dB Typical @ 1.0 GHz 

• Very Low Capacitance - Less Than 1.0 pF @ Zero Volts 

• High Forward Conductance - 0.48 volts (Typ) @ IF = 10 mA 

• Mini-L Ridge Clearly Identifies Cathode Lead for Easy Handling 
and Mounting 

MAXIMUM RATINGS (TJ = 1250C unless otherwise noted) 

Rating Symbol Value Unit 

Reverse Vol tage VR 4.0 Volts 

Forward Power Dissipation @TA = 250 C PF 400 mW 
Derate above 25°C 4.0 mW/oC 

Junction Temperature TJ +125 °c 

Storage Temperature Range T stg -65 to +150 °c 

ELECTRICAL CHARACTERISTICS (T A = 250C unless otherwise noted) 

Characteristic Symbol Min Typ Max Unit 

Reverse Breakdown Voltage V(BRIR 4.0 5.0 - Volts 

OR=1O"AI 

Diode Capacitance CT - 0.8 1.0 pF 

(VR =0, 1= 1.0MHz, Note 11 

Forward Voltage VFlll - 0.48 0.60 Volts 

OF=10mAI 

Noise Figure NF - 6.0 7.0 dB 

(I = 1.0 GHz, Note 21 

Reverse Leakage IR - 0.02 0.25 "A 
(VR = 3.0VI 

Series Inductance (Note 3) LS - 3.0 - nH 
If = 250 MHz, Measured at Lead 
Stop~1/8"1 

Case CapaCitance (Note 1) Cc - 0.1 - pF 
If = 1.0 MHzl 

(1 J Matched sets available. Contact Motorola Salas Office with specific requirements. 
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SILICON HOT-CARRIER 
UHF MIXER DIODE 

ANODE 

CATHODE 

To convert inches to millimeters multiply by 25.4 

CASE 226 



MBD102 (continued I 

TYPICAL CHARACTERISTICS 
ITA = 25°C unless noted) 
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" "-. 

0.2 0.3 0.5 1.0 2.0 3.0 5.0 

PLO. LOCAL OSCILLATOR POWER ImW) 

NOTES ON TESTING AND SPECIFICATIONS 
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Note 1 - Cc and CT are measured using a capacitance bridge 
(Boonton Electronics Model 75A or equivalent).-

Note 2 - Noise figure measured with diode under test in tuned 
diode mount using UHF noise source and local oscillator 
(LO) frequency of 1.0 GHz. The LO power is adjusted 
for 1.0 mW. IF amplifier NF = 1.5 dB. f = 30 MHz. 
see Figure 5. 

Note 3 - LS is measured on a package having a short Instead of • 
die. using an impedance bridge (Boonton Radio Model 
250A RX Meter). 
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MBD501 (SILICON) 

MBD701 

o>----..... ~ __ -o 

SILICON HOT-CARRIER DIODE 
(SCHOTTKY BARRIER DIODE) 

· .. designed primarily for high-efficiency UHF and VHF detector 
applications. Readily adaptable to many other fast switching RF and 
digital applications. Supplied in an inexpensive plastic package for 
low-cost, high-volume consumer and industrial/commerical require
ments. 

• The Schottky BarrierConstruction Provides Ultra-Stable Character
istics By Eliminating the "Cat·Whisker" or "S-Bend" Contact 

• Extremely Low Minority Carrier Lifetime - 100 ps (Max) 

• Very Low Capacitance - 1.0 pF 

• High Reverse Voltage - to 70 Volts 

• Low Reverse Leakage - 200 nA (Max) 

MAXIMUM RATING (TJ = 1250 C unless otherwise noted) 
Rating Symbol Value Unit 

Reverse Voltage VR Volts 
MB0501 50 
MB0701 70 

Forward Power Dissipation @TA ::: 2SoC PF 500 mW 
Derate Above 2SoC 5.0 mW'oC 

Operating Junction Temperature Range TJ -55 to +125 ,oc 

Storage Temperature Range Tstg -65 to +150 °c 

ELECTRICAL CHARACTERISTICS (TA = 250 C unless otherwise noted) 

Characteristic Symbol 

Reverse Breakdown Voltage VIBR)R 
(lR=IOIlAde) MB0501 

MB0701 

Total Capacitance, Figure 1 CT 
(VR = 20 Volts, I = 1.0 MHz) 

Minority Carrier Lifetime, Figure 2 T 

(IF = 5.0 mA, Krakauer Method) 

Reverse Leakage, Figure 3 IR 
(VR = 25 V) MB0501 
(VR = 35 V) MB0701 

Forward Voltage, Figure 4 VF 
(IF = 10 mAde) 

Series Inductance LS 
(I = 250 MHz, Lead Lenth",,"'6") 

Case Capacitance Cc 
(I = 1.0 MHz, Lead Lenth "" 1/16") 
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HIGH-VOLTAGE 
SILICON HOT-CARRIER 

DETECTOR AND SWITCHING 
DIODES 

Min 

50 
70 

-

-

-
-
-

-

-

50-70 VOLTS 

.. ~l 
~::~ 

Leads to fit into 
0.016 
0.019 

OIA HOLE ITYP) 

0.594 
TYP 

J 
I I 0.090 

--I 1--0.110 

r, -Anode 
T2 - Cathode 

CASE 182-1 

TYD Max 

- -
- -

0.5 1.0 

15 100 

7.0 200 
9.0 200 

1.0 1.2 

6.0 -

0.18 -

Unit 

Volts 

pF 

ps 

nAdc 

Vde 

nH 

pF 



MBD501, MBD701 (continued) 
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MBD502 (SILICON) 

MBD702 

o-..... ~_If--~O 

SILICON HOT-CARRIER DIODE 
(SCHOTTKY BARRIER DIODE) 

. designed primarily for high·efficiency UHF and VHF detector 
applications. Readily adaptable to many other fast switching R F 
and digital applications. Supplied in the low·inductance Mini·L pack· 
age for low'cost, high·volume consumer and industrial/commercial 
requirements. 

• The Schottky Barrier Construction ProvidesUltra·Stable Character-
istics by Eliminating the "Cat-Whisker" or "S·Bend" Contact 

• Extremely Low Minority Carrier Lifetime - 100 ps (Max) 

• Very Low Capacitance - 1.0 pF 

• High Reverse Voltage - to 70 Volts 

• Low Reverse Leakage - 200 nA (Max) 

• Mini·L Ridge Clearly Identifies Cathode Lead for Easy Handling 
and Mou nti ng 

MAXIMUM RATING ITJ = 1250 C unless otherwise noted) 
Rating Symbol Value Unit 

Reverse Voltage VR Volts 

MBD502 50 
M8D702 70 

Forward Power Dissipation@TA = 25°C PF 400 mW 
Derate Above 25°C 4.0 mWloC 

Operating Junction Temperature Range TJ -55 to +125 °c 

Storage Temperature Range Tstg -65 to +150 °c 

ELECTRICAL CHARACTERISTICS ITA = 250 C unless otherwise noted) 

Characteristic Symbol 

Reverse Breakdown Voltage V(BRIR 
(lR = 1OI'Adei MBD502 

MBD702 

Diode Capacitance, Figure '1 CT 
(VR = 20 Volts, f = 1.0 MHzl 

Minority Carrier Lifetime, Figure 2 T 

(IF = 5.0 rnA, Krakauer Methodl 

Reverse Leakage, Figure 3 IR 
(VR = 25 VI MBD502 
(VR = 35 VI MBD702 

Forward Voltage, Figure 4 VF 
(IF = 10 mAdel 

Series Inductance LS 
(f= 250 MHz, Measured at Lead Stop::; 1 18") 

Case Capacitance Cc 
(f = 1.0 MHz) 
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HIGH-VOLTAGE 
SILICON HOT-CARRIER 

DETECTOR AND SWITCHING 
DIODES 

50-70 VOLTS 

ANODE 

_ :::.? 
CATHODE. 

,--;;;:",1~ 

MBD502 Marked with Orange Color Stripe 
MBD702 Marked with Brown Color Stripe 

r9.:-~l 0.006 RAD 

lr~W,-·~ 
~~:~ ~0.'62 0.010 

I ~l::'C ~-L-1 I - ~-CC,Q,* 
I I 0.029 [~~ 

I 1.~'0.26 0039 JO.035 ~:~ci: -- 0.036 

~
!9.:Q£2 

0.072 
0.093 
0-:103 

, 0.483 I'" 0.493---~ 

0.05;+ ~ 006i Pin 1. Cathode 0 .. 075 
.! 0.025 r-- 2. Anode 0085 
.I 0. 035 11 
. .L'-~ 
r 1 

o.ots LO.'S9~ 5' JL 0.031 f 
O.OlD I 0.170 - TYP 0.041 

To conllen inches to miliimeters multiply by 25.4 

CASE 226 

Min Typ Max Unit 

Volts 
50 - -
70 - -

- 0.48 1.0 pF 

- 15 100 ps 

nAdc 
- 7.0 200 
- 9.0 200 

- 1.0 1.2 Vde 

- 3.0 - nH 

- 0.1 - pF 



MBD502, MBD702 (continued) 
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MBD5300 (SIUCON) 

Desig:ners Data Sheet 

HOT CARRIER POWER RECTIFIER 
. employing the Schottky Barrier principle in a large area metal·to-silicon power 

diode. State of the art geometry features epitaxial construction with oxide passiva
tion and metal overlap contact. Ideally suited for use as rectifiers in low-voltage, 
high-frequency inverters, free wheeling diodes, and polarity protection diodes. 

• Extremely Low VF • Low Power Loss/High Efficiency 
• Low Stored Charge, Majority - High Surge Capacity 

Carrier Conduction • Industry Standard Package 

Designer's Data for "Worst Case" Conditions 
The Designers Data sheets permit the design of most circuits entirely from 

the information presented. Limit curves - representing boundaries on device char
acteristics - are given to facilitate "worst case" design. 

MAXIMUM RATINGS 

Rating Symbol Value Unit 

Peak Repetitive Reverse Voltage VRRM 
Working Peak Reverse Voltage VRWM 20 Volts 

DC Blocking Voltage VR 

Non·Repetitive Peak Reverse Voltage VRSM 24 Volts 

RMS Reverse Voltage VR (RMS) 14 Volts 

Average Rectified Forward Current 10 16 IT C = 600 C, VR = 20 Volts) Amp 
(single phase, resistive load, 5.0 IT A = 250 C, 
60 Hz') See Figures 6 and 13 P.C. Board Mounting) 

Non-Repetitive Peak Surge Current IFSM 500 Ifor 1 cycle) Amp 

(surge applied at rated load 
conditions) (halfwave single p_hase, 60 Hz) 

Operating and Storage Junction TJ, Tstg -65 to +100 °c 
Temperature Range (Reverse 

voltage applied) 

Peak Operating Junction Temperature TJ Ipk) 220 °c 
JForward Current AJmlied) 

THERMAL CHARACTERISTICS 

Characteristic 

Thermal Resistance, Junction to Case 

ELECTRICAL CHARACTERISTICS 

Characteristic Symbol Max Unit 

Maximum Instantaneous Forward Voltage Drop VF Volts 
(IF = 25 Amp, TJ = 250 C) 0.50 
(IF = 5.0 Amp, TJ = 250 C) 0.35 

Maximum Instantaneous Reverse Current (1) rated IR rnA 
de Voltage) TJ = 250 C 20 

TJ=1000 C 100 

(1)Pulse Test: Pulse Width = 8.3 ms, Duty Cycle = 10% 

MECHANICAL CHARACTERISTICS 
CASE: Welded, hermetically sealed construction. 

FINISH: All external surfaces corrosion·resistantand the terminal leads are readily solderable. 

POLARITY: Cathode to case. 

MOUNTING POSITIONS: Any 

MAXIMUM LEAD TEMPERATURE FOR SOLDERING PURPOSES: 30o"C liS" from 
case for 1 0 seconds at 5.0 Ibs. tension 
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LEAD MOUNTED 
HOT CARRIER 

POWER RECTIFIER 

5 AMPERES 
20 VOLTS 

~
O'450MAX DIA 

@ 

0.350 MAX OIA 

I CATHODE 

1.00 - I--~ DIA 

L 
0.

03°f 
1.00 ANODE 
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To convertinchBsto millimeters multiply by 25.4 
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MBD5300 (continued) 

CURRENT DERATING versus CASE TEMPERATURE 
REFERENCE TEMPERATUflE . CATHODE LEAD END (SEE NOTES) 
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FIGURE 15 - 1.0 kHz SQUARE WAVE INPUT 
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FIGURE 19 - MAXIMUM SURGE CAPABILITY 
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MBD5300 (continued) 

APPLICATION INFORMATION 

High Frequency Operation 

Since current flow in the MBD5300·is the result of majority carrier 
conduction, it is not subject to junction diode forward and reverse 
recovery transients due to mihority carrier injection and stored 
charge. Satisfactory circuit analysis work may be performed by 
using a model consisting of an ideal diode in parallel with a variable 
capacitance. (See Figure 18.1 

Rectification efficiency measurements show that operation will 
be satisfactory up to several megahertz. For example, relative 
waveform rectification efficiency is approximately 70 per cent at 
2.0 MHz, e.g., the ratio of dc power to RMS power in the load is 
0.28 at this frequency, whereas perfect rectification would yi~ld 
0.406 for sine wave inputs. However, in contrast to ordinary 
junction diodes, the" loss in waveform. efficiency is not indicative of 
power loss; it is simply a result of reverse current flow through the 
diode capacitance, which lowers the dc output voltage. 

Mounting Conditions 

The recommended method of mounting to a p.c. board is shown on 
the sketch where RaJA is approximately 250CIW for a 1·1/2" x 
1 1/2" copper surface area of 2.8 mils thickness. Operation with 
mounting conditions resulting. in a higher thermal resistance. is not 
recommended due to the danger .of thermal run away. Figures 
6 through 11. show allowable current ratings for the mou'.lting 
condition shown. 

~ ~11g: 
~. -----~ CASE TEMPERATURE BOARD GROUND PLANE -

REFERENCI' POINT 
RECOMMENDED MOUNTING FOR HALF WAVE CIRCUIT 

Higher current ratings are possible if adequate heat sinking is 
provided. See the curves of Figures 12 through 17 which are based 
upon the case temperature as a reference pOint. 

Current Ratin!ls 

The current ratings shown on Figures 6 through 17 are based upon 
the restriction that junction temperat~re can not exceed 100°C 
when reverse voltage is appl ied; however, temperatures over 1000C 
are permitted during forward conduction. The ratings consider peak 
power dissipation, average power dissipation {in both forward and 
reverse directions}, wave shape and frequency of operation, thermal 
response and steady state thermal resistance. Since the relationship 
is rather c«;Jmplex, the following discu~sion has been prepared as an 
aid to understanding and interpolating the derating curves. 

Power Dissipatiorr 

For a resistive load, the average power in the forward direction 
for square wave operation is less than that for sine wave operation. 
This is due to the lower peak. to average current ratio for square 
wave operation. Capacitive loads provide higher peak to average 
currents then resistive loads which raises the average power. level 
and decreases the ave"rage current ratings. For square wave operation, 
where the current pulse can be approximated by a rectangular pulse, 
the peak current is fairly constant over the length of the pulse, 
causing the average power to be greater than that of the sine wave, 
where the current increases more slowly to the maximum value. 
The effects discussed are evident on the curves of Figures 2 and 3. 

Reverse povver dissipation is dependent upon the reverse volt
age and the rate at which it is applied. Thus, the reverse power 
dissipation is greater for square wave operation where the reverse 
voltage is applied instantly as compared to the sine wave case where 
it builds up more gradually. Figures 4 and 5 show average reverse 
power dissipation. 

Frequency Effects 

In high·frequency operation, power pulses are integrated which 
lowers the peak junction temperature and allows a higher current 
rating because of the slow thermal response of the diode. As a 
result, the maximum case or ambient temperature may be calcu
lated using the follOWing equations: 

T C(max) = 100°C -30CIW x Po 

TA(max) = 100°C -R8JA x Po 

where values of Po may be obtained from Figures 2 through 5 for 
the appropriate waveform condition. The ratings shown at 10 k.Hz 
are only slightly lower than would be calculated from the above 
equations. 

As the input frequency is lowered, the effect of the thermal re
sponse must be considered. The following relationship is applicable; 

TC(max) = 1000C-RaJC [PlAY) + (Ppk-P(AV) r(tl) 
- Ppk r(t2) + Ppk r(t3) - Ppk r(t4)] 

The time reference is the time where reverse voltage is applied; 
r(tl), r(t2), etc., are taken from Figure 1 at times corresponding 
to t1, t2. etc.; the other factors are identified on the diagram below. 

Peak power, Ppk, may be conservatively estimated by determin
ing an equivalent rectangular current pulse of amplitude equal to 
the peak current, and multiplying by VF at that current. Additional 
information on using thermal response data is contained in Motorola 
Application Note AN-292. 

For convenience, derating information is given for several cases 
by the curves of Figures 6 through 17. Approximate values of 
allowable current for other conditions can be obtained by inter-
polation. . 

Interpolating the Rating Curves 

Figures 6 through 11 show ratings for the recommended printed 
circuit board ·mounting condition. For this relatively high thermal 
resistance mounting condition, the effect of frequency is negligible 
and the reverse power dissipation is very significant causing a large 
distinction between sine ~ave and square: wave operation. For re
sistive loads the 60 Hz ratings are only slightly less than the high 
frequency ratings as shown by Figures 6 and 7; the differences 
become negligible with capacitive loads as the other curves show. 
Figure 11 is composed of data from the other curves in this group 
as an aid in interpolating between the peak to average current 
ratios shown on the curves. 

Figures 12 through 17 show ratings based upon case temperature. 
In this case, reverse power has relatively linle effect and frequency 
becomes a consideration. The effect of frequency is shown by 
Figure 13. Note that 10 kHz square wave operation with resistive 
load offers the highest rating since this condition has the lowest 
averaga power dissipation. At 1.0 kHz, however, square wave 
operation offers no advantage over sine wave operation because 
transient thermal effects. are influential and T J may not exceed 
100°C for the square wave case. For capacitive loads, sine wave 
operation allows higher ratings because of lower power dissipation 
as previously discussed. . 

The break in the capacitive load curves (see Figures 12 and 13) 
for 60 Hz operation is necessary to avoid excessive peak junction 
temperatures (220°C) during the forward current pulse. 
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MBD5400 (SILl.CON) 

Advance InforIllation 

HOT CARRIER POWER RECTIFIER 

· .. employing the Schottky Barrier principle in a large area metal·to· 
silicon power diode. State of the art geometry features epitaxial 
construction with oxide passivation and metal overlay contact. 

• Extremely Low VF 

• Low Power Loss/H igh Efficiency 

• Low Stored Charge, Majority Carrier Conduction 

• High Surge Capacity 

• I ndustry Standard Package 

MAXIMUM RATINGS 

Rating Symbol Value 

Peak Repetitive Reverse Voltage VRRM 
Working Peak Reverse Voltage VRWM 20 

DC Blocking Voltage VR 

Non-Repetitive Peak Reverse Voltage VRSM 24 
(halfwave, single phase, 60 Hz) 

RMS Reverse Voltage VR(RMS) 14 

Average Rectified Forward Current 10 25 
(single phase. resistive load, 60 Hz.) 
See Figure 4, TC = 600 C 

Non-Repetitive Peak Surge Current IFSM 600 (for 1 cycle) 
(surge applied at rated load conditions) 

Operating and Storage Junction TJ,Tstg -65 to +100 
Temperature Range 

ELECTRICAL CHARACTERISTICS 

Unit 

Volts 

Volts 

Volts 

Amp 

Amp 

uc 

Characteristic and Conditions Symbol Max Unit 

Maximum Instantaneous Forward Voltage Drop 

(IF = 75 Amp, TJ = 250 CI 

(IF = 25 Amp, TJ = 25°C) 

(IF = 10 Amp, TJ = 25°C) 

Maximum Instantaneous Reverse Current (rated 
de voltage) TC = 25°C 

TC = 1000C 

THERMAL CHARACTERISTICS 

Characteristic 

Thermal Resistance, Junction to Case 

MECHANICAL CHARACTERISTICS 
CASE: Welded, hermetically sealed construction. 

vF Volts 

0.75 

0.45 

0.35 

IR rnA 
30 

200 

FINISH: All external surfaces corrosion-resistant and tl:te" terminal lug is readily solderable 
POLARITY: CATHODE TO CASE 
MOUNTING POSITIONS: Any STUD TORQUE: 15 in. lb. max 
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HOT CARRIER 
POWER RECTIFIER 

25 AMPERES 
20 VOLTS 

The respectiveJEOEC registered 
dimMsionsandnotesapply 
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FIGURE 1 - FORWARD VOLTAGE 
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NOTES ON HIGH FREQUENCY OPERATION 
Sinoe ourrent flow in the MBD5400 is the result of majority 

carrier conduction. it is not subject to normal diode forward and 
reverse recovery transients due to minority carrier injection and 
stored charge. Satisfactory circuit analysis work may be performed 

by using a model consisting of an ideal diode in parallel with a 
variable capacitance. (See Figure 5) . 

Rectification efficiency measurements show that operation will 
be satisfactory up to several megahertz. 
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MBD 5500 A (SILICON) 

HOT CARRIER POWER RECTIFIER 

· .. employing the Schottky Barrier principle in a large area metal·to· 
silicon power diode. State of the art geometry features epitaxial 
construction with oxide passivation and metal overlay contact. 

• Extremely Low VF 

• Low Power Loss/High Efficiency 

• Low Stored Charge, Majority Carrier Conduction 

• High Surge Capacity 

• Industry Standard Package 

Designers Data for "Worst Case" Conditions 

The Designers Data Sheets permit the design of most circuits entirely from the 
information presented. Limit curves - representing boundaries on device character~ 
istics - are given to facilitate "worst case" design. 

MAXIMUM RATINGS 

Rating Symbol Value Unit 

Peak Repetitive Reverse Voltage VRRM 20 Volts 

Working Peak Reverse Voltage VRWM 20 Volts 

DC Blocking Voltage VR 20 Volts 

Non-Repetitive Peak Reverse Voltage 
(half-wave, single phase, 60 Hz peak) 

VRSM 24 Volts 

RMS Reverse Voltage VR(RMSI 14 Volts 

Average Rectified Forward Current 10 50 Amp 
(single phase, resistive load. 60 Hz, 
see Figure 2) TC": 50°C 

Non-Repetitive Peak Surge Current IFSM 800 Amp 
(surge applied at rated load 
conditions, see Figure 5) 

Operating and Storage Junction TJ, Tstg -65 to +100 uC 

Temperature Range 

THERMAL CHARACTERISTICS 

Characteristic Symbol Max Unit 

Thermal Resistance, Junction to Case ReJC 1.3 °C/W 

MECHANICAL CHARACTERISTICS 

CASE: Welded, hermetically sealed construction. 

FINISH: All external surfaces corrosion-resistant and the terminal lead is readily 
solderable. 

POLARITY: Cathode to case. 
MOUNTING POSITIONS: Any 

3-55 

HOT CARRIER 
POWER RECTIFIER 

50 AMPERES 
20 VOLTS 

CASE 43 
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MBD5500A (continued) 

ELECTRICAL CHARACTERISTICS 

Characteristic Symbol Max Unit 

Instantaneous Forward Voltage Drop VF Volts 
(iF = 100 Amp, TC = 25°C) 0.75 

(iF = 10 Amp, T C = 25°C) 0.35 

Instantaneous Reverse Current IR mA 
(VR = 20 V, TC = 25°C) 75 

(VR = 20 V, TC = lO00C) 300 

FIGURE 1 - THERMAL RESPONSE 
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MBD5500A (continued) 

FIGURE 4 - FORWARD VOLTAGE 
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MBD5500A (continued) 

MOUNTING PROCEDURES 

The Motorola MBD5500A rectifier is designed to be press-fitted in 
a heat sink to attain full device ratings. Recommended procedures 
for this type of mounting are as follows: 

1. Drill a hole in the heat sink 0.499 ± 0.001 inch in diameter. 
2. Break the hole edge as shown to prevent shearing off the 

knurled edge of the rectifier when it is pressed into the hole. 
3. The depth and width of the break should be 0.010 inch 

maximum to retain maximum heat sink surface contact. 
4. To prevent damage to the rectifier during press-in, the 

pressing force should be applied only on the shoulder ring 
of the "rectifier case as shown. 

5. The pressing force should be applied evenly about ·the 
shoulder ring to avoid tilting or canting of the rectifier case 
in the hole during the press-in operation. Also, the use of a 
light industrial lubricant will be of considerable aid. 

TYPICAL THERMAL 1ii II 
RESISTANCE. CASE • - - .01 NOM 

TO SINK. ~cs o.ZOCjW / T W 
.01 V' 

SHOULDER RING 1_ 501 _I NOM 

.505 / 

;; j DIA (@)j; HEAT SINK i;/~ 
I 
=f,; 

-I 1- 0.499 ± 0.00 lOlA t 
.24 

HEAT SINK MOUNTING 

RIVET "'... 

d~ 
INTIMATE ~ 

CONTACT AREA 

ADDITIONAL mni; HEAT SINK PLATE 

~li~<; ;;;m;l~ 
COMPLETE KNURL ~ THIN 

CONTACT AREA CHASSIS 

THIN-CHASSIS MOUNTING 

NOTES ON HIGH FREQUENCY OPERATION 

Since current flow in the MBD5500 A is the result of majority 
carrier conduction, it is not subject to normal diode forward and 
r~erse recovery transients due to minority carrier injection and 
stored charge. Satisfactory circuit analysis work may be performed 
by using a model. consisting of an ideal d.iode in parallel with a 
variable capacitance. (See Figure 9) 

Rectification efficiency meas,",rements show that operation will 
be satisfactory up to several megahertz. For example, relative 
waveform rectification efficiency is approximately 70 per cent at 
2.0 MHz, e.g., the ratio of de power to RMS power in the load is 
0.28 at this frequency, whereas perfect rectification would yield 
0.406 for sine wave inputs. However, in contrast to ordinary iunc~ 
tion diodes, the loss in waveform efficiency is not indicative of 
power loss; it is simpty a result of reverse current flow through the 
diode capacitance which lowers the de output voltage. 

The current rating shown in Figure 2 is based on the restriction 
that the junction temperature can not exceed 100oe·when reverse 
voltage is applied; however, temperatures over 1000C are permitted 
during forward current conduction. At an input frequency of 
60 Hz, the time available for cooling permits a significant increase 
in the maximum allowable current over that value jf junction tem~ 
peratures were never allowed to exceed 100oC. However. as 
operating frequency is increased, the time available for cooling 
eventually decreases to the point where it is no longer significant; 
for the MBD5500 this pOint is reached at approximately 10 kHz. 
Consequently the maximum allowable case temperature for all 
frequencies above 10kHz (see Figure 10) may be calculated from 
the expression: 

Values for PD may be obtained from Figure 3 for sinusoidal 
waveforms. 

At frequencies below 10 kHz, the following relationship is 
applicable: 

TC(Max) = 1000C - 9JC [P(AV) + (Ppk - P(AV)) r(t1) 

- Ppk rlt2) + Ppk rlt3) - Ppk r(t4)J 

The time reference is the time when reverse voltage is applied; 
r(tl), dt21, etc., are taken from Figure 1 at times corresponding 
to 11.12. etc.; the other factors are identified on the diagram below. 

'~AV} rlPPk n PPk 

p~ LJ L, 

Lb L~..!3 i..........!=" ., 
"--------' 

Peak power, Ppk' may be conservatively estim~ted by deter~ 
mining an equivalent rectangular current pulse of amplitude equal 
to the peak current, and multiplying by VF at that current. 
Additional information on using thermal response data is contained 
in Motorola Application Note AN-292. 

For convenience, derating information is given in Figure 10 
for frequencies of 1.0 KC, 10 KC .and above. Approximate values 
for allowable current for other frequencies can be obtained by 
interpolation between the curves of Figures 2 and 10. 
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MBD5550 (SILICON) 

MBD5550A 

Advance InforIllation 

HOT CARRIER POWER RECTIFIERS 

· .. employing the Schottky Barrier principle in a large area metal-to
silicon power diode. State of the art geometry features epitaxial 
construction with oxide passivation and metal overlay contact. 

• Extremely Low VF 

• Low Power Loss/H igh Efficiency 

• Low Stored Charge, Majority Carrier Conduction 

• High Surge Capacity 

• Industry Standard Package 

MAXIMUM RATINGS 

Rating Symbol Value 

Peak Repetitive Reverse Voltage VRRM 
Working Peak Reverse Voltage VRWM 20 
DC Blacking Voltage VR 

Non-Repetitive Peak Reverse Voltage VRSM 24 
(halfwave, single phase, 60 Hz) 

RMS Reverse Voltage VR(RMS) 14 

Average Rectified Forward Current 10 50 
(single phase, resistive load. 60 Hz.) 
See Figur. 4, T C = 60°C 

Non-Repetitive Peak Surge Current IFSM 800 (for 1 cycle) 
(surge applied at rated load conditions) 

Operating and Storage Junction 
Temperature Range 

TJ,Tstg -65 to +100 

ELECTRICAL CHARACTERISTICS 

Characteristic Symbol Max 

Maximum I nstantaneous Forward Voltage Drop 

(IF = 10 Amp, T J = 25°C) Both Types 

(I F = 100 Amp, T J = 250 C)(1) MBD5550 
MBD5550A 

Maximum Instantaneous Reverse Current (rated 
de voltage) TC = 25°C MBD5550 

MBD5550A 
TC = 100°C MBD5550 

MBD5550A 

(1)PulseTest: Pulse Width :::; 100 ms, Duty Cycle<1.0%. 

THERMAL CHARACTERISTICS 

Characteristic 

Thermal Resistance, Junction to Case 

MECHANICAL CHARACTERISTICS 
CASE: Welded, hermetically sealed construction. 

vF 
0.35 

0.65 
O.7~ 

IR 
120 
75 

300 
200 

Unit 

Volts 

Volts 

Volts 

Amp 

Amp 

°c 

Unit 

Volts 

mA 

FINISH: All external surfacescorrosion·resistant and the terminal is readily solderable 
POLARITY: CATHODE TO CASE 
MOUNTING POSITIONS: Any STUD TOROUE: 30 in. lb. max 
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HOT CARRIER 
POWER RECTIFIERS 

50 AMPERES 
20 VOLTS 

~0.610 
~!!l 

I 
0.675 
0.685 

I 

To convert inches to millimeters mUltiply by 25.4 

CASE 222 

(Similar to 00·5) 



MBD5550, MBD5550A (continued) 
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NOTES ON HIGH FREQUENCY OPERATION 

Since current flow is the result of majority carrier conduction, 
the diode is not subject to normal forward and reverse recovery 
transients due to minority carrier injection and stored charge. 
Satisfactory circuit analysis work may be performed by using a 
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model consisting of an ideal diode in parallel with .a variable 
capacitance. (See Figure 5) , 

Rectification efficiency measurements· show that operation will. 
be satisfactory up to several megahertz. 



MBS 100 (SILICON) 

A1 00-4C@"'M.F>IG~-""'O A2 

SILICON BIDIRECTIONAL SWITCH 

· .. designed specifically for low cost lamp dimmer and small motor 
speed controls. Supplied in an inexpensive plastic TO·92 package 
for high·volume requirements, this low·cost plastic package is readily 
adaptable for use in automatic insertion equipment. 

• Low Switching Voltage - 4.0 Volts Typical 

• Uniform Characteristics in Each Direction 

• Minimizes "Flash·On" in a Lamp Dimmer 

• Minimizes "Cogging" in a Motor Speed Control 

MAXIMUM RATINGS 

Rating Symbol Value Unit 

Power Dissipation Po 500 mW 

DC Forward Anode Current IF 200 mA 

DC Gate Current (off-state only) IGloffi 5.0 mA 

Repetitive Peak Forward Current IFMlrepl 2.0 Amp 
11.0% Duty Cycle, 10l's Pulse 
Width, T A = l000 CI 

Non-Repetitive Forward Current IFMlnonrepl 6.0 Amp 
10 I'S Pulse Width, T A = 25°C 

Operating Junction Temperature TJ -55 to +125 °c 
Range 

Storage Temperature Range T stg -65 to +150 °c 

3-61 

SILICON 
BIDIRECTIONAL SWITCH 

(PLASTIC) 

3to 5 VOLTS 
500mW 

SEATlNGL 

leads 10 fit Into 

-1 H~ i~;~ 

0.016 0.500 
0.019 MIN 

OIA HOLE ITYPI- ~ 

0.055 I 0.045 :11 ~ ~m 
__ I 1--0045 

STYLE 12 ~~--II--- 0.055 

PIN 1. 
2. 
3. 

~~~~E I 0.135 
ANODE 2 --, MIN r 

11.23~ 

~ ~~5 , 

0.080 0.055 0.125 
0.105 0.165 

All JEDEC dimensions and notes apply 

CASE 29·02 
TO·92 

PLASTIC 



MBS100 (continued) 

ELECTRICAL CHARACTERISTICS (T A = 250 C unless otherwise noted) 

Characteristic 

Switching Voltage 

Switching Current 

Switching Voltage Differential 

Holding Current 

Forward On·State Voltago 
IIF = 175 mAdc) 

Voltage Switchback 
IIF = 10 mAdc) 

FIGURE 1 - FULL RANGE CONTROL CIRCUIT 

Symbol Min Typ Max Unit 

Vs 3.0 4.0 5.0 Vdc 

IS 100 - 400 "Adc 

IVS1-VS21 - - 0.35 Vdc 

IH - - 1.0 mAdc 

VF - - 2.0 Vdc 

AV 2.0 2.8 - Vdc 

APPLICATION NOTE 

The circuit shown in Figure 1 is for full range control and may 
be used as a lamp dimmer or small motor ·speed control. Lamp 
"flash·on" and motor "cogging" is minimized. Suggested triaes 
listed below give power capacity available for each device. The in
rush current and lor motor locked rotor current must be within the 
maximum multicycle surge rating for the triacs suggested. 

TRIAC RECOMMENDATIONS 

Package Maximum Maximum Maximum Single 
Triac Type Lamp Load Motor Load Cycle Surge 

MAC77·4/2N6071 Case 77 500 Watts 1/2 HP 30A 
(Plastic) 

MAC11·4 ~.se 90 1500 Watts 1-1/2 HP l00A 
(Plastic) 

MAC37·4 Case 174 3000 Watts 3 HP 225 A 
(Pressfid 

MAC38·4 Case 175 3000 Watts 3 HP 225A 
(Stud) 
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MCA1911N, P series MCA2011N,P 
6.8 Volts 8.6 Volts 

MCA2111N,P series 
9.S Volts 

MCA2211N,P series 
11 Volts 

REFERENCE AMPLIFIERS 

· .. designed for use in regulated power supplies as a combination 
voltage reference element and error voltage amplifier, providing tern· 
perature compensation for excellent reference voltage stability. 

• Available With Either PNP or NPN Polarity for Versatility of 
Circuit Design 

• Specified With a Variety of Reference Voltage Stabi lity Factors 
Allowing for a Wide Selection of the Most Economical Device 
to Meet Circuit Requirements 

• Available for Operation in Three Different Test Temperature 
Ranges: 0 to +750 C, -55 to +1000 C, -55 to +1500 C 

• Guaranteed Maximum Impedance 

• ''In·Line'' Leads - Ideal for Automatic Insertion 

MAXIMUM RATINGS 

Rating Svmbol Value Unit 

Zener Current IZ 20 mA 

Collector Current IC 20 mA 

Collector-Emitter Voltage VCEO 30 Volts 

Operating and Storage Junction Temperature Range TJ, Tstg -65 to +175 °c 

ELECTRICAL CHARACTERISTICS (T A= 250 C unless otherwise noted) 

Characteristic Svmbol Value Unit 

Nominal Reference Voltage VREF 6.8 - 11 Volts 
(lZ: 5.0 rnA, VCE = 3.0 V, IC = 250 "A) (Nom) 

(Table 1) 

Maximum Reference Voltage Change with Temperatu,re AVREF (Table 1) Volts 
(lz = 5.0 rnA, VCE = 3.0 V, IC = 250,.A) 

Min Max 

Zener Impedance ZZT ohms 
(lZT = 5.0 rnA, lac = 10% IZ) 
MCA1911N, P; MCA2011N,P; MCA2111N,P; Series - 40 

MCA2211N,P Series - 120 

Coliector·Emitter Breakdown Voltage BVCEO 30 - Volts 
(IC= 25O I'A) 

Collector-Cutoff Current ICBO I'A 
(VCB = 45 V) - 0.05 
(VCB = 45 V, T A = 15o"C) - 10 

DC Current Gain hFE 50 300 -
(lC = 250,.A, VCE = 3.0 V) 

ISmall..signal Transconductance Ofe 6500 Ilmhos 
(VCE = 3.0 V, IC: 2501'A, f = 1.0 kHz) 
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series (SILICON) 

REFERENCE AMPLIFIERS 

(1) MeA 1911 Series uses only zener 
diode and transistor. 

r-~--j 

T 
0.380 
0.410 . '"' + 
0.375 
MIN 

~ 
0.018 _II.::!J LO.040 [ou, ~-I-=/ 0.060 

0.110---1 ~ . O~ I ~ i-: [~:~ 

o 00 0 
0.300 
if.32ij 

!-+----'~ 
-j 0.090 

0.110 Pin A. Anode 
E. Emitter 
B. Base 
C. Collector 

CASE 212·(2) 
(Formerly Case 181) 



MCA 1911 N,P ser:ies, MCA2011 N f series, MCA2111 N,P series, MCA2211 Nf series{continued) 

TABLE 1 - ELECTRICAL CHARACTERISTICS (TA = 25°C unless otherwise specified) 

Max Voltage Reference 
Type Change Test Voltage 

Number (Note 2) @ Temperature 
VREF 

(Note 1) AVREF (oC) 
(Volts) 

(Volts) 

6.8 Volt Series (IZT = 5 rnA) 

MCAI911N 0.051 
MCA1912N 0.025 

0, +25, +75 6.8± 10"":' 
MCA1913N 0.010 
MCA1914N 0.005 

MCA1921N 0.105 
MCA1922N 0.052 -55, 0, +25, +75, 

6.8± 5% 
MCA1923N 0.020 +100 
MCA1924N 0.010 

MCA1931N 0.139 
MCA1932N 0.069 -55, 0, +25, +75, 

6.8± 5% 
MCA1933N 0.026 +100, +150 
MCA1934N 0.013 

9.5 Volt Series (I ZT = 5 mAl 

MCA2111N 0.071 
MCA2112N 0.035 

0, +25, +75 9.5± 10% 
MCA2113N 0.014 
MCA2114N 0.007 

MCA2121N 0.147 
MCA2122N 0.073 -55, 0, +25, +75, 

9.5± 5% 
MCA2123N 0.028 +100 
MCA2124N 0.014 

MCA2131N 0.194 
MCA2132N 0.097 -55, 0, +25, + 75, 

9.5± 5% 
MCA2133N 0.038 +100, +150 
MCA2134N 0.019 

NOTES: 

1. Type numbers listed are NPN polarity. For PNP polarity devices 
substitute "P"suffix -e.g.: MCA1911N (NPN) 

MCA 1911P (PNP) 

NOMENCLATURE 
MCA 19 liN 

.,,-,» \'\.,'"" ....... Circuit Assembly 

Reference 
Voltage 

19- 6.8V 
20- 8.6 V 
21- 9.5 V 
22- 11 V 

Temperature 
Range 

1. Oto 75°C 
2. -55 to + 1000C 
3. -55 to + 150°C 

Ll VREF as Specified in 
Table 1 (Le., for 6.8 
Volt Series, 1 designates 
AVREF of 0.051 V) 

Max Voltage Reference 
Type Change Test 

Voltage 
Number (Note 2) @ Temperature 

VREF (Note 1) AVREF (oC) 
(Volts) 

(Volts) 

8.6 Volt Series (lZT = 5 rnA) 

MCA2011N 0.060 
MCA2012N 0.030 

0, +25, +75 8.6 ± 10% 
MCA2013N 0.012 
MCA2014N 0.006 

MCA2021N 0.124 
MCA2022N 0.062 -55, 0, +25, + 75, 

8.6 ± 5% 
MCA2023N 0.024 +100 
MCA2024N 0.012 

MCA2031N 0.164 
MCA2032N 0.082 -55, 0, +25, +75, 
MCA2033N 0.032 +100,+150 

8.6± 5% 

MCA2034N 0.016 

11 Volt Series (I ZT = 5 -rnA) 

MCA2211N 0.082 
MCA2212N 0.041 

0, +25, +75 11 ± 10% 
MCA2213N 0.Q16 
MCA2214N 0.008 

MCA2221N 0.170 
MCA2222N 0.085 -55, 0, +25, +75, 
MCA2223N 0.034 +100 

11 ±5% 

MCA2224N 0.017 

MCA2231N 0.225 
MCA2232N 0.112 -55, 0, +25, +75 
MCA2233N 0.044 +100, +150 

11 ±5% 

MCA2234N 0.022 

2. aVREF is the maximum voltage variation over the specified 
test temperature range, verified by tests at specified points 
within the range. 

TYPICAL APPLICATION IN REGULATED POWER SUPPLIES 
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MCl 1300 thru MCl 1304 (SILICON) 

Field-effect current limiting diodes designed for ap
plications requiring a current reference or a constant 
current over a specified voltage range. 

CURRENT-LIMITER CHARACTERISTICS AND SYMBOL IDENTIFICATION 

CASE 51 
(00·7) 

;t5 
E ;::4 
ffi 3 
a: 
~ 2 
l> I 

~ 

r 
II 

(See Notes 1 thru 6) 

! 
ZK Ipj)VT I I 

J 

Vpo H 
VL I 

: 
00 10 20 30 40 50 60 70 80 90 

VOLTS 

MAXI MUM RATI NGS (T A = 25°C unless otherwise noted) 

Junction and Storage Temperature: -65°C to +200°C 
Peak Operating Voltage: See Table 
ELECTRICAL CHARACTERISTICS (TA = 25°C unless otherwise noted) 

Knee 
Nominal Test Limiter Imped. Limiting 

Pinch-Off Volt. Imped. at 6V Voltage 
Current Note 2 Note 3 Note 4 Note 5 

Type Note 1 Tol. VT ZT (min) ZK (min) VL(max) 
Number Ip (rnA) (rnA) (volts) (megohms) (megohms) (volts) 

MCL1300 O. 5 ±0.3 25 4.000 0.500 1.0 

MCL1301 1.0 ±0.6 25 0.800 0.200 1.5 

MCL1302 2.0 ±0.6 25 0.400 0.100 2.0 

MCL1303 3.0 ±0.6 25 0.300 0.050 2.0 

MCL1304 4.0 ±0.6 25 0.250 0.025 2.5 

Peak 
Operating 

Voltage 
Note 6 
VPO 

(volts) 

75 

75 

75 

75 

75 

These specifications are preliminary. Selections may be made to obtain nominal currents 
between those shown, as well as tighter tolerance units. 

SYMBOL DEFINITIONS: 
Note 1 Ip - The pinch-off current is the guaranteed current at a specified V T' 

Ip is specified as a nominal with a tolerance. 

Note 2 V T - The test voltage for measurement of Ip' 

Note 3 ZT - The impedance at the test voltage, V T,' specified. To provide the most constant 
current ZT should be as high as possIble; thus a minimum ZT is specified. ZT 
is derived from the 90 cycle per second current which results when an AC voltage 
having an RMS value equal to 10% of the test voltage (V T) is superimposed on V T' 

Note 4 ZK - Knee impedance is specified as a minimum also since again the highest value is 
desired. V K is established as 6. 0 V for convenience. 

Note 5 V L - Limiting Voltage. This specification is provided with ZK to indicate the sharp 
knee of the device. The specification is analogous to IR'and ZK of a zener diode. 

V L a maximum specification is measured at 80% on Ip toleranc~. 

Note 6 V PO - The peak-operating voltage is provided and indicates the maximum voltage to be 
applied to the device. The specification is necessary since the devic~ is either 
power limited or breakdown limited beyond this specified voltage. 
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MCR051 (SILICON) 
thru 

MCR054 

A o>----II.~~,....__G-o K 

PLASTIC THYRISTORS 

· .. Annular PNPN devices designed for applications such as relay 
and lamp drivers, small motor controls, gate drivers for larger thy· 
ristors, and sensing and detection circuits. 

• Sensitive Gate Trigger Current - 200 p.A Maximum 

• Low Reverse and Forward Blocking Current -
50 p.A Maximum, T A = 1250 C 

• Low Holding Current - 5.!l mA Maximum 

• Passivated Surface for Reliability and Uniformity 

• Small Size for High Density Packaging 

MAXIMUM RATINGS 

Rating Symbol Value Unit 

Peak Reverse; Blocking Voltage VRRM Vots 

MCR051 15 
MCR052 30 
MCR053 60 
MCR054 100 

Forward Current RMS (See Figure 3) IT(RMS) 0.25 Amp 
(All Conduction Angles) 

Peak Forward Surge Current, T A = 250 C ITSM 6.0 Amp 
(112 cycle, Sine Wave, 60 Hz) 

Circuit Fusing Considerations, T A = 25°C 12t 0.15 A2s 
(t = 1.0 to 8.3 ms) 

Peak Gate Power - Forward, T A = 25°C PGM 0.1 Watt 

Average Gate Power - Forward, T A = 2SoC PGF(AV) 0.01 Watt 

Peak Gate Current - Forward. TA = 2SoC IGFM 1.0 Amp 
(3OOI's, 120PPS) 

Peak Gat~ Voltage - Reverse VGRM 4.0 Volts 

Operating Junction Temperature Range@ Rated TJ -65 to +125 °c 
VRRM and VORM 

Storage Temperature Range Tstg -65 to +150 uc 

Lead Solder Temperature - +230 °c 
1<1/16"fromcase,10smax) 
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MICRO-T 
PLASTIC SI LICON 

CONTROLLED RECTIFIERS 

0.25 AMPERE RMS 
15 thru 100 VOLTS 

UNIT IDENTITY COLOR COOING 
MCR051 - Black on Green Plastic 
MCR052 - Green Plastic 
MCA053 - Yellow on Green Plastic 
MCR054 - Red on Green Plastic 

For Handling Convenience, All Devices 
are Painted White on the Bottom. 

PIN 1. CATHODE 
2. GATE 
3. ANODE 

CASE 2818) 



MCR051 thru MCR054 (continued) 

ELECTRICAL CHARACTERISTICS (RGK ~ 1000 Ohms) 

Characteristic 

Peak Forward Blocking Voltage (Note 1) 

ITA = 125°C) 

Peak Forward Blocking Current 

IRated VDRM @TA = 125°C) 

Peak Reverse Blocking Current 
IRated VRRM @ TA ~ 125°C) 

Forward "On" Voltage INote 2) 
(lTM = 0.25 A peak @ T A = 25°C) 

Gate Trigger Current (Continuous de) (Note 3) 

(Anode Voltage = 7.0 Vdc, RL = 100 Ohms) 

Gate, Trigger Voltage (Continuous de) 
(Anode Voltage = 7.0 Vdc, RL = 100 Ohms) 
IAnode Voltage = Rated VDRM, R L = 100 Ohms) 

Holding Current 
(Anode Voltage = 7.0 Vdc, initiating current = 20 rnA) 

Thermal Resistance, Junction to Ambient 

1. Ratings apply for zero or negative gate voltage but positive 
gate voltage shall not be applied concurrently with a negative 
potential on the anode. When checking forward or reverse 
blocking capability, thyristor devices should not be tested 
with a constant current source in a manner that the voltage 
applied exceeds the rated blocking voltage. 

Symbol Min Max Unit 

VDRM Volts 

MCR051 15 -
MCR052 30 -
MCR053 60 -
MCR054 100 -

IDRM - 50 "A 

IRRM - 50 "A 

VTM - 1.3 Volts 

TC = 25°C IGT - 200 "A 

TC = 25°C VGT - 0.8 Volts 

TC = -65°C - 1.2 
TC = 125°C VGD 0.1 -

TC = 25°C IH - 5.0 mA 
TC = -65°C - 10' 

eJA - 500 °C/W 

2. Forward current applied for 1.0 ms maximum duration, duty 

cycle ~ 1.0%. 

3. RG K current is not included in measurement. 
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MCR051 thru MCR054 (continued) 

FIGURE 1 - POWER DISSIPATION FIGURE 2 - FORWARD VOLTAGE 
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MCR051 thru MCR054 (continued) 

TYPICAL CHARACTERISTICS 

FIGURE 4 -GATE TRIGGER VOLTAGE FIGURE 5 -GATE TRIGGER CURRENT 
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FIGURE 6 -HOLDING CURRENT FIGURE 7 - CHARACTERISTICS AND SYMBOLS 
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AN-240 

AN-295 

AN-422 

AN-453 

SELECTED THYRISTOR·TRIGGER 
APPLICATION NOTES 

seR Power Control Fundamentals 

Suppressing RFI in Thyristor Circuits 

Testers for Thyristors and Trigger £?iodes 
Zero Point Switching Techniques 

To obtain copies of these notes list the AN number(s) 
on your company letterhead and send your request to: 

Technical Information Center 

Motorola Semiconductor Products, Inc. 
P.O. Box 20924 
Phoenix, Arizona 85036 
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MCR 101 (SILICON) 
thru 

MCR104 

PLASTIC THYRISTORS 

· .. Annular PNPN devices designed for low cost, high volume can· 
sumer applications such as relay and lamp drivers, small motor 
controls, gate drivers for larger thyristors, and sensing and detection 
circuits. Supplied in an inexpensive plastic TO·92 package which is 
readily adaptable for use in automatic insertion equipment. 

• Sensitive Gate Trigger Current - 200 I1A Maximum 

• Low Reverse and Forward Blocking Current -
100 I1A Maximum, TC = 850 C 

• Low Holding Current - 5.0 mA Maximum 

• Passivated Surface for Reliability and Uniformity 

MAXIMUM RATINGS(1) 

Rating Symbol 

eaK everse Blocking Voltage VRRM 
MCR101 
MCR102 
MCR103 
MCR104 

Forward Current RMS (See Figures 1 & 2) IT(RMSI 
(At! Conduction Angles) 

Peak Forward Surge Current, T A 25vC ITSM 
(112 cycle, Sine Wave, 60 Hzl 

Circuit Fusing Considerations, T A - 2SoC 12t 
(t = 1.0 to 8.3 m,l 

Peak Gate Power - Forward, T A == 25uC PGM 

Average Gate Power - Forward, T A - 2SoC PGF(AVI 

Peak Gate Current - Forward. T A - 25u C IGFM 
(300"',120 PPSI 

Peak Gate Voltage - Reverse VGRM 

Operating Junction Temperature Range@ Rated TJ 
VRRM and VDRM 

Storage Temperature Range T,tg 

Lead Solder Temperature -
«1/16" from case, 10, maxi 

Value 

15 
30 
60 
100 

0.8 

6.0 

0.15 

0.1 

0.01 

1.0 

4.0 

-65 to +85 

-65 to +150 

+230 

(1) Temperature reference point for all case temperature is center of flat 
portion of package. 
(T C = +8SoC unless otherwise noted.) 

3-70 

Unit 

Volts 

Amp 

Amp 

A2, 

Watt 

Watt 

Amp 

Volts 

°c 

°c 
°c 

PLASTIC SI LICON 
CONTROLLED RECTIFIERS 

0.8 AMPERE RMS 
15 thru 100 VOLTS 

Leads to fIt mto 

O.o!6 
t!ID9 

DIA HOLE ITYPJ-

Pin 1. Cathode 
2. Gate 
3. Anode 

0.080 
0.105 

0.003 -1 °Mll~5 r-ro:on R. 

1231~ 

)V1 
0.085 0.045 I 
0.095 R. 0.055 0.125 

0.165 
CASE 29-02 



MCR101 thru MCR104 (continued) 

ELECTRICAL CHARACTERISTICS (RGK ~ 1000 Ohms) 

Characteristic 

Peak Forward Blocking Voltage (Note 1) 

(Tc ~ 85°C) 

Peak Forward Blocking Current 

(Rated VORM @ TC ~ 85°C) 

Peak Reverse Blocking Current 
(Rated VRRM @ TC ~ 850CI 

Forward "On" Voltage (Note 2) 
(ITM ~ 1.0 A peak @ T A ~ 25°C) 

Gate Trigger Current (Continuous de) (Note 3) 
(Anode Voltage ~ 7.0 Vdc, RL ~ 100 Ohms) 

Gate Trigger Voltage (Continuous del 
(Anode Voltage ~ 7.0 Vdc, RL ~ 100 Ohmsl 
(Anode Voltage ~ Rated VORM, RL ~ 100 Ohms) 

Holding Current 

(Anode Voltage = 7.0 Vdc, initiating current = 20 rnA) 

Thermal Resistance, Junction to Case 

Thermal Resistance, Junction to Ambient 

1. VORMandVRRMforal1 types can be applied on a continuous 
de basis without incurring damage. Ratings apply for zero or 

negative gate voltage but positive gate voltage shall not b", 
applied concurrently with a negative potential on the anode. 
When checking forward or reverse blocking capability, thyris

tor devices should not be tested with a constant current source 

90 ..... 

10 
o 

FIGURE 1 - CURRENT DERATING 
(REFERENCE: CASE TEMPERATURE) 
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\ "r-.. "- ,-" ~ 
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6001 I":: 900 
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0.1 0.2 0.3 0.4 0.5 

IF(AV), AVERAGE FORWARD CURRENT (AMP) 

Symbol Min Max Unit 

VORM Volts 

MCR10l 15 -

MCR102 30 -
MCR103 60 -
MCR104 100 -

IORM - 100 I-'A 

IRRM - 100 I-'A 

VTM - 1.7 Volts 

TC ~ 25°C IGT - 200 I-'A 

TC ~ 25°C VGT - 0.8 Volts 
TC ~ -65°C - 1.2 
TC~850C VGO 0.1 -

TC ~ 25°C IH - 5.0 rnA 
TC ~ -65°C - 10 

eJC - 75 °CIW 

eJA - 200 °C/W 

in a manner that the voltage applied exceeds the rated block lng 

voltage. 

2. Forward current applied for 1.0 ms maximum duration, duty 

cycle 51.0%. 

3. RGK current is not included in measurement. 
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FIGURE 2 - CURRENT DERATING 
(REFERENCE: AMBIENT TEMPERATURE) 
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MCR 106-1 (SILICON) 
thru 

MCR106-4 

PLASTIC THYRISTORS 
(PLASTIC SILICON CONTROLLED RECTIFIERS) 

Annular PNPN devices designed for high volume consumer 
applications such as temperature, light, and speed control; process 
and remote control, and warning systems where reliability of oper· 
ation is important. 

• Annular Passivated Surface for Reliability and Uniformity 

• Power Rated at Economical Prices 

• Practical Level Triggering and Holding Characteristics 

• Flat, Rugged, Thermopad Construction for Low Thermal Resist· 
ance, High Heat Dissipation and Durability 

MAXIMUM RATINGS 

Rating Symbol Value Unit 

Peak Reverse Blocking Voltage 

I 
VRRM 

Volts 
(Note 11 MCR106-1 30 

·2 60 
·3 100 
-4 200 

Forward Current RMS IT(RMSI 4.0 Amp 
(All Conduction Angles) 

Peak Forward Surge Current ITSM 25 Amp 
(Yl cycle, 60 Hz, 
T J = -40 to +llOoCI 

Circuit Fusing Considerations 12t 2.6 A 2s 
(TJ = -40 to +1100 CI 
t = 1,0 to 8.3 msl 

Peak Gate Power - Forward PGFM 0.5 Watt 

Average Gate Power - Forward PGF(AVI 0.1 Watt 

Peak Gate Current - Forward IGFM 0.2 Amp 

Peak Gate Voltage - Reverse VGRM 6.0 Volts 

Operating Junction Temperature 
Range TJ -40to+ll0 °c 
Storage Temperature Range Tsta -40 to +150 °c 
Mounting Torque (4-401 - 8.0 in. lb. 
(Note 21 
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PLASTIC SI LICON 
CONTROLLED RECTIFIERS 

4,0 AMPERES RMS 
30 thru 200 va l TS 

0.130 r~;~10'150NOM 
0.175 !!J!..5 OIA THRU 1.---.- 0.118 . 

• -M Joo 
I I 0.450 

'--rr-----rr-rr-t 
m~" OIA 

_glJIO 
- 0.026 

OIA 

0.015 - 0]35 

0.595 
ifii55 

Jl~L. 1lJl8Q 1 0.0~5100 

0.025 0.070 

~i==€~l ~2~~3r:==~L~ 0.130 

~ 4 
Pin 1. Cathode 

2. Anode 
3. Gate 

CASE 77-02 

To convert mche, to millilnetp.fs multiply by 25.4 



MCR106-1 thru MCR106-4 (continued) 

ELECTRICAL CHARACTERISTICS (TC = 25°C unless otherwise noted RGK = 1000 ohms) 

Characteristics 

Peak Forward Blocking Voltage 
(TJ = 110°C) Note 1 MCR106-1 

-2 
-3 
-4 

Peak Forward Blocking Current 
(Rated VDRM, T J = 110°C) 

Peak Reverse Blocking Current 
(Rated VRRM, TJ = 110°C) 

.Forward "On" Voltage 
(lTM = 4.0 A Peak) 

Gate Trigger Current (Continuous de) 
(Anode Voltage - 7.0 Vdc, RL = 100 ohms, TC = 25°C) 

Gate Trigger Voltage (Continuous de) 
(Anode Voltage = 7.0 Vdc, RL = 100 ohms, TC = 25 0 C) 
(Anode Voltage = Rated VDRM, RL = 100 ohms, T J = 110°C) 

Holding Current 
(Anode Voltage = 7.0 Vdc, T C = 25°C) 

Turn-Off Time 

Turn-Off Time 

Forward Voltage Application Rate 
(TJ = 110°C) 

Thermal Resistance, Junction to Case 

Thermal Resistance, Junction to Ambient 

(1) Does not include current through RG K resi.:+:.,. 

1'\11');-:::;: 

1. Ratings apply for zero or negative gate voltage but positive 
gate voltage shall not be applied concurrently with a negative 
potential on the anode. When cheCking forward or reverse 
blocking capability, thyristor devices should not be tested with 
a constant current source in a manner that the voltage applied 
exceeds the rated blocking voltage. 

Symbol Min Typ Max Unit 

VDRM Volts 
30 - -
60 - -
100 - -
200 - -

IDRM 200 ;tA 
- -

IRRM 200 ;tA 
- -

VTM 2.0 Volts 
- -

IGT 500(1) ;tA 
- -

Volts 

VGT - - 1.0 

VGD 0.2 - -

IH rnA 
- - 5.0 

ton Circuit Dependent 
toff Consult Manufacturer 

dV/dt V/;tS 
- 10 -

8JC - - 3.0 °C/W 

8JA - - 75 °C/W 

2. Torque rating applies with use of torque washer (Shakeproof 
WD19523 or equivalent). Mounting torque in excess of 6 in. lb. 
does not appreciably lower case-to-sink thermal resistance. Anode 
lead and heatsink contact pad are common 

For soldering purposes (either terminal connection or device 
mounting), soldering temperatures shall not exceed +2250 C. For 
optimum results, an activated flux (oxide removing) isrecommended. 

CURRENT DERATING DATA 

FIGURE 1 - MAXIMUM CASE TEMPERATURE FIGURE 2 - MAXIMUM AMBIENT TEMPERATURE 
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MCR107-1 thru MCR107-8 (SILICON) 

PLASTIC THYRISTORS 
(PLASTIC SILICON CONTROLLED RECTIFIERS) 

· .. Annular PNPN devices designed for high volume consumer 
applications such as temperature, light, and speed control; process 
and remote control, and warning systems where reliability of oper· 
ation is important. 

• Annular Passivated Surface for Reliability and Uniformity 

• Power Rated at Economical Prices 

• Practical Level Trigge.ring and Holding Characteristics 

• Flat, Rugged,Thermopad Construction for Low Thermal Resist
ance, High Heat Dissipation and Durability 

MAXIMUM RATINGS 

Rating Symbol Value Unit 

Peak Reverse Blocking Voltage 
VRRM 

Volts 
(Note 1) MCR107-1 30 

-2 60 
_3 100 
-4 200 
-5 300 
-6 400 
-7 500 
-8 600 

Forward Current RMS IT(RMS) 4.0 Amp 
(All Conduction Angles) 

Peak Forward Surge Current ITSM 25 Amp 
(% cycle, 60 Hz, 
.TJ;' -40 to +1 10°C I 

Circuit Fusing Considerations 12t 2.6 A2s 
(T J = -40 to +1 10°C) 
t = 1.0 to 8.3 msl 

Peak Gate Power· Forward PGFM 0.5 Watt 

Average Gate Power" Forward' PGFIAVI 0.1 Watl 

Peak Gate Current· Forward IGFM 0.2 Amp 

Peak Gate Voltage· Reverse VGRM 6.0 Volts 

Operating Junction Temperature 
Range T -40 to +110 °c 

Storage Temperature Range T stg -40 to +150 °c 

Mounting Torque (4-401 - 8.0 in. lb. 
(Note 2) 

THERMAL CHARACTERISTICS 

Characteristic Symbol Max Unit 

Thermal Resistan~, Junction to Case 8JC 3.0 °C/W 

Thermal Resistance, Junction to Ambient 8JA 75 °CIW 
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PLASTIC SILICON 
CONTROLLED RECTIFIERS 

4.0 AMPERES RMS 
30 thru 600 VOLTS 

0.025 
0.015 [i!J5 

0.595 om 

r 
1J~·~ 

o:m 0.010 

f~9§1~2 .~3 ==~E::. i[fjij 
Pin 1. Cathode + 

2. Anode 
3. Gate 

CASE 77-02 



MCR107-1 thru MCR107-8 (continued) 

ELECTRICAL CHARACTERISTICS ITc ~ 25°C unless otherwise noted, RGK ~ 1000 ohms) 

Characteristics 

Peak Forward-Slocking Voltage 
IT J = 1100 CI (Note 1) MCR107 1 

-2 

-3 
-4 

-5 
-6 

-7 
-8 

Peak Forward Block ing Current 
(Rated VORM, T J = 110°C) 

Peak Reverse Blocking Current 
(Rated VRRM, TJ = 110°C) 

Forward "On" Voltage 
(ITM = 4.0 A Peak) 

Gate Trigger Current (Continuous del 
IAnode Voltage: 7.0 Vdc, RL = 100 ohms, TC: 250 CI 

Gate Trigger Voltage (Continuous del 
IAnode Voltage = 7.0 Vdc, RL = 100 ohms, TC = 25°C 1 
IAnode Voltage = Rated VORM, RL = 100 ohms, T J = 110°C) 

Holding Current 
IAnode Voltage - 7.0 Vdc, TC ~ 25°C 1 

Forward Voltage Application Rate 
ITJ = 1100 CI 

(1)00e5 not Inctude current through RGK resistor. 

NOTES: 

(1) Ratings apply for zero or negative gate voltage. Devices shall 

not have a positive bias applied to the gate concurrently with 
a negative potential on the anode. Devices should not be tested 
with a constant current lOurce f_or forward or reverse block ing 

capabilitv such that the voltage applied exceeds the rated 
blocking voltage. 

Symbol Min Typ Max Unit 

VORM Volts 
30 - -
60 - -
100 - -
200 - -
300 - -

400 - -

500 - -

600 - -
IORM pA 

- - 200 

IRRM pA 
- - 200 

VTM Volts 
- - 2.0 

IGT rnA 
- - 20 

Volts 

VGT - - 1.5 

VGO 0.2 - -

IH mA 
- - 20 

dv/dt Vips 
- 10 -

(2) Torque rating applies with use of torque washer (Shakeproof 

WD19523 or equivalent). Mounting torque in excess of 6 in. 
lb. does -not appreciably lower case-ta-sink thermal resistance. 

Anode lead and heatsink contact pad are common. 

For soldering purposes (either terminal connectio_n or device 
mounting), soldering temperatures shall not exceed +2250 C. 

CURRENT DERATING DATA 

FIGURE 1 - MAXIMUM CASE TEMPERATURE 

IF (AV), AVERAGE FORWARO CURRENT lAMP) 

FIGURE 2 - MAXIMUM AMBIENT TEMPERATURE 

.. 
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.... '" .... 
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~ 
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IF IAV), AVERAGE FORWARO CURRENT lAMP) 



MCRl15 (SILICON) 

MCR120 

O-'.r-.r-o 

PLASTIC THYRISTORS 

· .. Annular PNPN devices designed for high volume consumer 
applications such as relay and lamp drivers, small motor controls" gate 
drivers for larger thyristors, and sensing and detection circuits. 
Supplied in an inexpensive plastic TO-92 package which is readily 
adaptable for use in automatic insertion equipment. 

• Sensitive Gate Trigger Current - 200 p.A Maximum 

• Low Reverse and Forward Blocking Current -
100 p.A Maximum, TC = 11 OoC 

• Low Holding Current - 5.0 mA Maximum 

• Passivated Surface for Reliability and Uniformity 

MAXIMUM RATINGS(1) 

Rating Symbol 

Peak Reverse Bloc~ing Voltage VRRM 
MCR115 
MCR120 

Forward Current RMS (See Figures 1 & 2) 'IT(RMSI 
(All Conduction Anglesl. 

Peak Forward Surge Current, T A =. 25°C ITSM 
(112 cycle, Sine Wave, 60 Hzl 

Circuit Fusing Considerations, T A - 25°C 12, 

(, = 1.0,to 8.3 msl 

Peak Gate Power - Forward, T A - 25uC PGM 

Average Gate Power": Forward, T A = 250 C PGF(AVI 

Peak Gate Current Forward, T A = 25uC IGFM 
(300 ItS, 120 PPSI 

Peak Gate Voltage Reverse "VGRM 

Operating Junction Temperature Range@ Rated TJ 
VRRM and VDRM 

Storage Temperature Range Tst9 

Lead Solder Temperature -
«1/16" from case, 10 s max) 

Value 

150 
200 
0.8 

6.0 

0.15 

0.1 

0.01 

t.O 

5.0 

-65 to +110 

-65 to +150 

+230 

(1) Temperature referance point for all case temperatures in center of flat portion 

of package. (TC = +110oC u~less otherwise noted.) 
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Unit 

Volts 

Amp 

Amp 

A2s 

Watt 

Watt 

Amp 

Volts 

°c 

°c 
°c 

PLASTIC SILICON 
CONTROLLED RECTIFIERS 

0.8 AMPERE RMS 
100 and 200 VOLTS 

I~:mi~·m 
SEATINL 

leads to fit into 
0.016 0.500 
~ MIN 

OIA HOLE (TYPI- ~ 

0.045 --=:I~' ~~~~ 0]55 

STYLE 10 I--m 
Pin 1. Cathode 

2. Gate 
3. Anode 

To convert inches to miltimeten multiply by 25.4. 



MCR115, MCR120 (continued) 

ELECTRICAL CHARACTERISTICS IRGK = 1000 Ohms) 

Characteristic 

Peak Forward Blocking Voltage (Note 1) 

(Tc = 110°C) 

Peak Forward Blocking Current 
(Rated VORM@TC= 110°C) 

Peak Reverse Blocking Current 
(Rated VRRM @ TC = 110°C) 

Forward "On" Voltage (Note 2) 
(lTM = 1.0A peak@TA=250 C) 

Gate Trigger Current (Continuous de) (Note 31 
(Anode Voltage = 7.0 Vdc. RL = 100 Ohms) 

Gate Trigger Voltage (Continuous de) 

(Anode Voltage = 7.0 Vdc. R L = 100 Ohms) 
(Anode Voltage = Rated VORM. RL = 1000hms) 

Holding Curfent 

(Anode Voltage = 7.0 Vdc, initiating current = 20 rnA) 

Thermal Resistance, Junction to Case 

Thermal Resistance, Junction to Ambient 

1. VORM and VRRM for all types can be applied on acontinuous 

de ba$is without incurring damage. Ratings apply for zero or 

negative gate voltage but positive gate voltage shall not be 
applied concurrently with a negative potential on the anode. 
vvnen cnecKln·g Torwaru \J •• avr::."a uiU"""'IIIY l,.;iI"'du;j;~y, .. i. y ,:'" 
tor.devices should· not be tested with a constant current source 

11 0 

10 0 

0 

FIGURE 1 - CURRENT DERATING 
(REFERENCE: CASE TEMPERATURE) 

~ ~ ~ t--
~ ~ t--.. ............ r-. 
" 1'.'" ~ ~ J'--.... i'...... de 

0 

'\ .,,1'( J':: i'--l'.. 0 eM = 300 

0 
j 

-'T II! '" CONDUCTION ~ 
o I--- ANGLE 

CASE MEASUREMENT 
POINT - CENTER OF 

oi--'iTPORTN 
40 

3 I 
o 0.1 0.2 

1\ '" 
i,-, ~ 600 

900 

1~ 

0.3 0.4 

IF(AV). AVERAGE FORWARD CU RRENT (AMP) 

"" 1800 

0.5 

Symbol Min Max Unit 

VORM Volts 

MCRl15 150 -
MCR120 200 -

IORM - 100 I'A 

IRRM - 100 I'A 

VTM - 1.7 Volts 

TC= 25°C IGT - 200 I'A 

TC=250C VGT - 0.8 Volts 

TC = -65°C - 1.2 

TC = 110°C VGO 0.1 -

TC = 25°C IH - 5.0 mA 
TC = -65°C - 10 

°JC - 75 °C/W 

°JA - 200 °C/W 

in a manner that the voltage applied exceeds the rated blocking 
voltage. 
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2. Forward current applied for 1.0 ms maximum duration, duty 
cvcle < 1.0%. 

3. RGK current is not included in measurement. 

FIGURE 2 - CURRENT DERATING 
(REFERENCE: AMBIENT TEMPERATURE) 

100 I-~"'''''''':+--+--+ 

3oLo----L----oL.I----~L--O~.2~--~~~0.~3~--L---O~.4 

IF(AV). AVERAGE FORWARD CURRENT (AMP) 



MCR154, MCR155 (SILICON) 

MCR156, MCR157 

THYRISTORS 

SILICON CONTROLLED RECTIFIERS 

.... designed for high frequency power switching applications such as 
inverters, choppers, transmitters, induction heaters, cycloconverters 
and high frequency lighting . 

.• High Voltage Application Rate -
dv/dt = 200 VoltslJls (Min), MCR154, 156 

• Fast Turn·OffTime -
tq = 10 Jls (Max), MCR 154, MCR 156 

MAXIMUM RATINGS 
Rating 

Repetitive Peak Voltage 
ITJ = +1250 C) 
MCR154,155,156,157 -10 

-20 
-30 
-40 
-50 
-60 

Non-Repetitive Peak Reverse Blocking Voltage 
(tE;;5.0ms) 
MCRI54, 155, 156,157 -10 

-20 
-30 
-40 
-50 
-60 

Average On-State Current 
(T C = 6SoC, 180 Conduction Angle) 

Peak Surge Current 
(One cycle, 60 Hz) (T J = 40 to +1250 C) 

Circuit Fusing Considerations 

(T J = -40 to +1250 C) 

Peak Gate Power 

Average Gate Power 

Peak Forward Gate Current 

Peak Reverse Gate Voltage 

(t= f.5ms) 
(t = 8.3ms) 

Operating Junction Temperature Range 

Storage Temperature Range 

Stud Torque (21 

THERMAL CHARACTERISTICS 

Characteristic 

Thermal Resistance, Junction to Case 

Symbol 

VDRM (1) 
and 

VRRM(I) 

ITSM 

It 

VGRM 

Value 

100 
200 
300 
400 
500 
600 

200 
300 
400 
500 
600 
650 

70 

1800 

9,500 
13,000 

15 

3.0 

4.0 

5.0 

-40 to +125 

-40 to +150 

150 
175 

Unit 

Volts 

Volts 

Amp 

Amp 

A s 

Watts 

Watt 

Amp 

Volts 

°c 
°c 

in.lb. 
Kg.- em 

(1) Ratings apply for zero or negative gate voltage. Deyices shall not have 8 positive bias 
applied to the gate concurrently with a negative potential on the anode. Devices should 
not be tested with a constant current source for forward or reverse blocking capablJity 
such that the voltage 'applied exceeds the rated blocking voltage. 

(2) Reliable operation can be impaired if torque rating is exceeded, terminal tubes bent, or 
seal broken. 
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THYRISTORS 
PNPN 

110 AMPERES RMS 
100 thru 600 VOL TS 

MCR154, MCR1.55 
SERIES 

CASE 219 
TO.g4 

MCR156, MCR157 
SERIES 

CASE 246 
TO·83 



MCR154, MCR155, MCR156, MCR157 (continued) 

ELECTRICAL CHARACTERISTICS (Tc = 2SoC unless otherwise noted! 

Characteristic Symbol Min 

Peak Forward Blocking Current 'DRM -
(Rated VDRM, with gate open, TJ = 1250 CI 

Peak Reverse Blocking Current IRRM -
(Rated VRRM, with gate open, TJ = 1250 CI 

Forward "On" Voltage VTM -
(lTM = SOO A Peak, Duty Cycle = 0.01%1 

Gate Trigger Current TJ=2SoC IGT -
(Anode Voltage = 6 V, R L = 3.0 ohms, tp ~ 20 !'., TJ = -40°C -

TJ = +12SoC -

Gate Trigger Voltage VGT 
(Anode Voltage = 6.0 V, RL =3.0 ohms, T J =-400 CI -

(VDRM = Rated, RL = 1000 ohms, T J = +1250 CI 0.25 

Holding Current 'H -
(Anode Voltage = 24 V, Gate Open, Initiating Current = 2.0 A! 

Circuit Commutated Turn-Off Time tq 
(VR= 50 V (Mini; VDRM = Rated; TJ = +1250 C; 
diRldt = 5.0 A/!'s; Repetition Rate = 1.0 pps; 
ITM = 50 A; Duty Cycle ~0.01%; Gate 
Bias during Turn-Off Interval = 0 V, 100 ohms; 
Rate of Rise of Reapplied Forward Blocking Voltage = 20V/!'s Linear! 

MCR154,lS6 -
MCR155,157 -

Critical Exponential Rate of Rise of dvldt 
Forward Blocking Voltage MCR154,l56 200 

(VDRM = Rated, T J = 1250 C, Gate Open! MCR155,157 100 

FIGURE 1 - THERMAL RESPONSE 

3 i O. 

'"' ~ O. 
~ l-1 

'"' ~ 
CI 
W 

~ .... ... 
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Typ Max Unit 

- 10 mA 

- 15 mA 

- 3.0 Volts 

SO ISO mA 
100 200 
30 120 

Volts 
- 3.0 
- -

30 200 mA 

!'. 

- 10 
- 20 

V/!'s 
- -

- -

f-

1.0 10 



MCR154, MCR155, MCR156, MCR157 (continued) 

FORWARD POWER DiSSIPATION 
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MCR154, MCR155, MCR156, MCR157 (continued) 

1 
L 

t 
E ~ ........... ~' -
¢:::;~ ru--

J H '~Seatjng Plane 

L Terminal 4 
1I2:20·UNF·2A ,- S ./'"\ 

ICoated) L- \ 

r-~.\ 
D Yl. STYLE 1: 

TERMINAL I. GATE 

DIM h,Mdl~~N~C!!H~~"'A~X,..j. 
A 
B 
C 
D 
E 
F 
G 
H 
J 
K 

N 
P 
Q 
R 

1.031 
6.8~0 
0.431 
0.110 
0.21~ 
0.1 

1.221 
1.063 
1.S00 
0.650 
0.500 
0.300 
0.150 
0.125 

0.191 0.821 
~.11~ 6.2 5 

0.425 
0.280 
. 0 

I. 31 
2.500 
0.499 
0.310 

0.4619 0.461~ 

All JEOEC dimensions and notes apply 

CASE 219 
TO·94 

2. CATHODE 
3. CATHODE 
4. ANODE 

3-81 

t--r 1 
C 

Terminal 3 

.iTYLE 1: 
TERMINAL I. GATE 

DIM 

A 
B 
C 
D 

F 
G 
H 
J 
K 
L 
M 
N 

Q 

R 
S 
T 

INCHES 
MIN MAX 

1.227 
1.031 1.063 

-T.8lO 
0.650 

0.170 o.~oo 
0.180 
0.060 0.115 

0.125 
0.797 0.827 
0.360 
0.012 

0.425 
0.180 
0.115 
0.4619 
o. 60 

.1~~0 

16.510 
uno 12.100 
4.580 
1.530 2.920 

3.110 
20.250 21.000 
9.200 11.900 
0.310 1.270 

26.180 
14.600 

10.800 12.670 
4.580 6.600 
2.930 4.080 

11.733 11.874 
1.~30 2.030 

All JEDEC dimensions and notes apply 
CASE 246 

TO·83 

2. CATHODE 
3. ANODE 



MCR201 (SILICON) 
thru 

MCR206 

G 

AO~.(_OK 

SIGNAL THYRISTORS 

· .. Annular PNPN devices designed for industrial/military applica· 
tions such as relay and lamp drivers, small motor controllers and 
drivers for larger thyristors, and in sensing and detection circuits. 

• Sensitive Gate Trigger Current - 200 p.A Maximum 

• Low Reverse and Forward Blocking Current -
100 p.A Maximum, TC = 1250 C 

• Low Holding Current - 5.0 mA Maximum 

• Passivated Surface for Reliability and Uniformity 

• TO·18 Metal Package 

MAXIMUM RATINGS 

Rating Symbol Value 

Peak Reverse Blocking Voltage VRRM 
MCR201 15 
MCR202 30 
MCR203 60 
MCR204 100 
MCR205 150 
MCR206 200 

Forward Current RMS (See Figures 4 & 6) IT(RMS) 0.5 
(All Conduction Angles) 

Peak Forward Surge Current, T A = 25°C ITSM 6.0 
(112 cycle, Sine W""e, 60 Hzl 

Circuit Fusing Considerations, T A = 2SoC 12t 0.15 
(t = 1.0 to 8.3 ms) 

Peak Gate Power - Forward, T A = 25°C PGM 0.1 

Average Gate Power - Forward. T A = 25°C: PGF(AV) 0.01 

Peak Gate Current - Forward. T A = 25°C IGFM 1.0 
(300 #,5, 120 PPS) 

Peak Gate Voltage - Reverse VGRM 4.0 

Operating JUhction Temperature Range@ Rated TJ -6510+110 

VRRM and VORM(I) 

Storage Temperature Range T5t9 -65 to +150 

THERMAL CHARACTERISTICS 

Characteristic Symbol Max 

Unit 

VOlts 

Amp 

Amp 

A25 

Watt 

Watt 

Amp 

Volts 

°c 

°c 

Unit 

Thermal Aesistance, Junction to Case 8JC 150 °C/W 

Thermal Resistance, Junction to Ambient 9JA 400 °CIW 

(1)Higher Temperature Devices Available - Consult t=actory. 
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SILICON 
CONTROLLED RECTIFIERS 

0.5 AMPERE RMS 
15 thru 200 VOL TS 

~.mOlA 

Pin 1. Cathode 
2. Gate 
3. Anode 

J! 
~.~~~ 
OIA 

F ~o I~ 

1 
0.500 

j 
0.100 

0.028 
if.il48 

All JEDEC dimensions lind notes applV 

Anode Connected to Case 

CASE 22 (03) 
(TO·1S) 



MCR201 thru MCR206 (continued) 

ELECTRICAL CHARACTERISTICS (RGK = 1000 Ohms) 

Characteristic Symbol Min Max Unit 

Peak Forward Blocking Voltage (Note 1) VORM Volts 

MCR201 15 -
MCR202 30 -
MCR203 60 -
MCR204 100 
MCR205 150 -
MCR206 200 -

Peak Forward Blocking Current IORM - 100 itA 

(Rated VORM @TC = 11OoC) 

Peak Reverse Blocking Current IRRM - 100 itA 
(Rated VRRM @TC= 110°C) 

Forward "On" Voltage (Note 2) VTM - 1.7 Volts 
(lTM = 1.2 A peak @ TA = 25°C) 

Gate Trigger Current (Continuous de) (Note 3) TC = 25°C IGT - 200 itA 
(Anode Voltage = 7.0 Vdc. RL = 100 Ohms) TC = -65°C - 350 

Gate Trigger Voltage (Continuous de) TC = 25°C VGT - 0.8 Volts 
(Anode Voltage = 7.0 Vdc. RL = 100 Ohms) TC = -65°C - 1.2 

TC = 25°C VGO 0.1 -

Holding Current TC = 250 C IH - 5.0 mA 

(Anode Voltage;;: 7.0 Vdc, initiating current = 20 mAl TC = -65°C - 10 

1. Ratings apply for zero or negative gate voltage but positive gate voltage shall not be applied concurrently with a negative potential on the 
anode. When checking forward or reverse blocking capability, thyristor devices should not be tested with a constant current source in a 
manner that the voltage applied exceeds the rated blocking voltage. 

2. Forward current applied for 1.0 ms maximum duration, duty cycle",-1.0%. 

3. RGK current is not included in measurement. 
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FIGURE 2 - POWER DISSIPATION 
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MCR201 thru MCR206 (continued) 
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MCR201 thru MCR206 (continued) 

TYPICAL CHARACTERISTICS 

~ 
0 

~ 
w 
'" .. 
c; 
0 
> 
w 
>-.. 
'" ,.:: 
'" > 

~ 
N 
::J .. 
il'! 
0 
;;;; 
f-

~ 
13 
'" z 
§ 
~ 
~ 

FIGURE 7 - GATE TRIGGER VOLTAGE 
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MCR406-1 (SILICON) 
thru 

MCR406-4 

PLASTIC THYRISTORS 

· .. Annular PNPN devices designed for high volume consumer 
applications, such as temperature, light, and speed control, process 
and remote control, and warning systems where reliability of opera· 
tion is important. Sensitive gate trigger permits operation as a switch 
directly from low level sensors. 

• Annular Passivated Surface for Reliability and Uniformity 

• True Power Rated - 4.0 Amp @ TC = 970 C 

• Low Level Gate Characteristics - IGT = 200 jJA @ T A = 250 C 

• Higher Surge Current Rating - ITSM = 30 Amp 

• Flat, Rugged, Thermopadtt Construction - for Low Thermal 
Resistance, High Heat Dissipation, and Durability 

MAXIMUM RATINGS 

Rating Symbol Value Unit 

Peak Reverse Blocking Voltage VRRM Volts 
(Note 1) MCR406·1 30 

MCR406-2 60 
MCR406-3 100 
MCR406-4 200 

Forward Current R MS IT(RMS) Amp 
(All Conduction Angles) 4.0 

Peak Forward Surge Current ITSM Amp 
(112 cycle, 60 Hz, TJ = -40 to +1100 C) 30 

Circuit Fusing Considerations 12t A2s 
IT J = -40 to 1100 C, t = 1.0 to 8.3 ms) 3.6 

Peak Gate Power - Forward PGFM 0.5 Watt 

Average Gate Power - Forward PGF(AV) 0.1 Watt 

Peak Gate Current - Forward IGFM 0.2 Amp 

Peak Gate Voltage - Reverse VGRM 6.0 Volts 

Operating Junction Temperature TJ -40to+ll0 °c 
Range 

Storage Temperature Range Tstg -40 to +150 °c 
Mounting Torque (6·32 screw) (Note 2) - 12 in. lb. 

3-86 

PLASTIC SILICON 
CONTROLLED RECTIFIERS 

4_0 AMPERES RMS 
30 thru 200 VOLTS 

0.166 TIP 

0.030 .040 0.120 

o·rO
M ...,Lr-°----'C- 0J50 

ANODE t 
HEAT SI 

CONTACT AREA 
(BOTTOMI 

CASE 90 



MCR406-1 thru MCR406-4 (continued) 

ELECTRICAL CHARACTERISTICS (TC; 25°C unless otherwise noted. RGK; 1000 Ohms) 

Characteristic Symbol Min TVp Max Unit 

Peak Forward Blocking Voltage VORM Volts 

(T J = 110oC) Note 1 MCR406-1 
MCR406-2 
MCR406-3 
MCR406-4 

Peak Forward Blocking Current 
(Rated VORM@TJ = 1100 C) 

Peak Reverse Blocking CUrrent 
(Rated VRRM@TJ = 110°C) 

Forward "On" Voltage 
(lTM = 4.0 A peak) 

Gate Trigger Current (Continuous de) 
(Anode Voltage = 7.0 Vde. RL = 100 Ohms) 

Gate Trigger Voltage (Continuous de) 
(Anode Voltage = 7.0 Vde. RL = 100 Ohms) 

(Anode Voltage = Rated VORM. RL = 100 Ohms. T J = 110°C) 

Holding Current 
IAnode Voltage = 7.0 Vde) 

Turn-On Time 

Turn-Off Time 

Forward Voltage Application Rate 
ITJ = 110°C) 

Thermal Resistance, Junction to Case 

Thermal Resistance, Junction to Ambient 

NOTES: 

1. VORM and VRRM for all types can be applied on a continuous 
de basis without incurring damage. Ratings apply for zero or 
negative gate voltage but positive gate voltage shall not be applied 
concurrently with a negative potential on the anode. When check
ing forward or reverse block ing capability. thyristor devices should 
not be tested with a constant current source in a manner that 
the voltage applied exceeds the rated blocking voltage. 

FIGURE 1 - CASE TEMPERATURE versus CURRENT 

w 110 
'" => 
!;: ~ ~ ~ I de 

'" w ... .. 
w 90 >-
w 
~ 
t.> 

~ ... 
1i 70 
:l 
-' 

'" 

<" 0 t' ~~o -
a= 100\ 600", : 900 

\ 

lil~ '---

.. 
=> _a-eo • .. 
X 50 
'" .. 
u 
>- to 2.0 3.0 4.0 
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30 - -
60 - -
100 - -

200 - -

IORM /LA 
- - 100 

IRRM /LA 
- - 100 

VTM Volts 
- - 2.2 

IGT /LA 
- - 200 

VGT Volts 
- - 0.8 

VGO 0.2 - -

IH mA 
- - 3_0 

ton Circuit Dependent. Consult Manufacturer. 
toft 

dv/dt VI/Ls 

9JC 

9JA 

- 10 -
- - 2.0 °C/W 

- - 50 °C/W 

2. Torque rating applies with use of torque washer (Shakeproof 
W019522 #6 or equivalent). Mounting torque in excess of 
8 in. Ibs. does not appreciably lower case-to-slnk thermal resistance. 
Anode lead and heatsink contact pad are common. 

For soldering purposes (either terminal connection or device 
mounting), soldering temperatures shall not exceed +225 0 C. 
For optimum results, an activated flux (oxide removing) is 
recommended. 

FIGURE 2 - AMBIENT TEMPERATURE versus CURRENT 
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MCR406-' thru MCR406-4 (continued) 

FIGURE 3 - FORWARD CONDUCTION CHARACTERISTICS 
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MCR406-1 thru MCR406-4 (continued) 
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SELECTED THYRISTOR-TRIGGER APPLICATION NOTES 

AN-240 - SCR Power Control Fundamentals 

125 

AN-290A - Mounting Procedure for. and Thermal Aspects of, 
Thermopadtt Plastic Power Devices 

AN-295 - Suppressing RFI in Thyristor Circuits 
AN-453 - Zero Point Switching Techniques 

To obtain copies of these notes list the AN number(s) 
on your company letterhead and send your request to: 

Technical I nformation Center 
Motorola Semiconductor Products, Inc. 
P.O. Box 20924 
Phoenix. Arizona 85036 
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MCR407 -1 (SILICON) 
thru 

MCR407-4 

PLASTIC THYRISTORS 
(PLASTIC SI LICON CONTROLLED RECTI FIERS) 

· .. Annular PNPN devices designed for high volume consumer 
applications such as temperature, light, and speed control; process 
and remote control, and warning systems where reliability of oper. 
ation is important. 

• Annular Passivated Surface for Reliability and Uniformity 

• Power Rated at Economical Prices 
• Practical Level Triggering and Holding Characteristics 
• Flat, Rugged, Thermopad Construction--for Low Thermal Re-

sistance, High Heat Dissipation and Durability 

MAXIMUM RATINGS 
Rating Symbol Value Unit 

Peak Reverse Blocking Voltage 
VRRM Volts 

INote 11 MCR407-1 30 
-2 60 
-3 100 
-4 200 

Forward Current RMS ITIRMSI Amp 
(All Conduction Angles) 4.0 

Peak Forward Surge Current ITSM Amp 
II> cycle, 60 Hz, 20 
TJ = -40 to +1100 CI 

Circuit Fusing Considerations 12t A2s 
IT J = -40 to +1100CI 1.6 
t = 1.0 to 8.3 msl 

Peak Gate Power ~ Forward PGFM 0.5 Watt 

Average Gate Power - Forward PGFIAVI 0.1 Watt 

Peak Gate Current· Forward IGFM 0.2 Amp 

Peak Gate Voltage - Reverse VGRM 6.0 Volts 

Operating Junction Temperature 
Range TJ -40to+110 °c 
Storage Temperature Range Tstg -40 to +150 °c 
Mounting Torque 16-321 - 12 in. lb. 
INot.21 
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MCR407-' thru MCR407-4 (continued) 

ELECTRICAL CHARACTERISTICS (TC = 25°C unless otherwise noted RGK = 1000 ohms) 

Characteristics 

Peak Forward Blocking Voltage 
(T J = 11 DoC) Note 1 MCR407-1 

-2 
-3 
-4 

Peak Forward Blocking Current 
(Rated VORM, TJ = 11oDC) 

Peak Reverse Blocking Current 
(Rated VRRM, TJ = 11oDC) 

On State Voltage 
(iTM= 4.0 A) 

Gate Trigger Current (Continuous dc) 
(Anode Voltage - 7.0 Vdc, RL = 100 ohms, TC = 250 C) 

Gate Trigger Voltage (Continuous dc) 
(Anode Voltage = 7.0 Vdc, RL = 100 ohms, TC = 250 C) 
(Anode Voltage = Rated VORM, RL = 100 ohms, TJ = 1100 C) 

Holding Current 
(Anode Voltage = 7.0 Vdc, T C = 250 C) 

Turn-Off Time 

Turn-Off Time 

Forward Voltage Application Rate 
(TJ = 1100 C) 

Thermal Resistance, Junction to Case 

Thermal Resistance, Junction to Ambient 

NOTES: 
1. VORM and VRRM for all types can be applied on a continuousdc 

basis without incurring damage. Ratings apply for zero or negative 
gete voltage but positive gate voltage shall not be applied con
currently with a negetive potential on the anode. When checking 
forward or reverse blocking capability, thyristor devices should not 
be tested with a constant current source in a manner that the 
voltage applied exceeds the rated blocking voltage. 

FIGURE 1 - CASE TEMPERATURE versus CURRENT 
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ITIAVI, AVERAGE FORWARD CURRENT lAMP) 

Symbol Min Typ Max Unit 

VORM Volts 
30 - -
60 - -

100 - -
200 - -

IORM /JA 
- - 100 

IRRM /JA 
- - 100 

VTM Volts 
- - 2.6 

IGT /JA 
- - 500 

Volts 
VGT - - 1.0 
VGO 0.2 - -

IH mA 
- - 5.0 

ton Circuit Dependent 
toft Consult Manufacturer 

dvldt V//Js 
- 10 -

6JC - - 2.0 °C/W 

8JA - - 50 °CiW 

2. Torque rating applies with use of torque washer (Shakeproof 
W019522 #6 or equivalent). Mounting torque in excess of 8 in. 
Ibs. does not appreciably lower case-t[)oosink thermal resistance. 
Anode lead and heatsink contact pad are common. 
For soldering purposes (either terminal connection or device 
mounting), soldering temperatures shall not exceed +2250 C. For 
optimum results, an activated flux (oxide removing) isrecommended. 

FIGURE 2 - AMBIENT TEMPERATURE versus CURRENT 

ITIAV), AVERAGE FORWARD CURRENT lAMP) 
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MCR649·1 thru· MCR649-7 (SILICON) 

Industrial-type, silicon controlled rectifiers in a 
"diamond" package for applications requiring a high 
surge-current rating or low thermal resistance. 
For units with pins (TO-3) specify devices MCR649P-l 
thru MCR649P;..7. . 

CASE 61 CASE 54 
(TO·41) (TO·3 Modified)· 

MAXIMUM RATINGS (TJ= 100'C unless otherwise noted) 

Rating Symbol Value Unit 

Peak Reverse Blocking Voltage* VROM * Volts 
MCR649-1 25 

-2 50 
-3 100 
-4 200 
-5· 300 
-6 400 
-7 500 

F.orward Current RMS It 20 Amp 
(All Conduction Angles) 

Circuit Fusing Considerations 12t A2s 
(TJ = -40 to +1000 Ci t ;ji 8.3 ms) 275 

Peak Forward Surge Current IFM(surge) Amp 
(One Cycle, 60 Hz, TJ = -40 to +100oC) 260 

Peak Gate Power - Forward PGFM 5.0 watts 

Average Gate Power - Forward . PGF(AV) 0.5 watt 

Peak Gate Current - Forward IGFM 2.0 Amp 

Peak Gate Voltage - Forward VGFM 10 Volts 

Reverse VGRM 5,0 

Operating Junction Temperature Ran.ge TJ -40 to +100 °c 

storage Temperature Range Tstg -40 to +150 . °c 

*VROMfor all types can be applied On a continuous de: basis without incurring damage. 

VROM ratings apply for zero or negative gate voltage. 
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MCR649·1 thru MCR649·7 (continued) 

ELECTRICAL CHARACTERISTICS (TC = 25°C unless otherwise noted) 

Characteristic Symbol Min Typ Max Units 

Peak Forward Blocking Voltage VFOM Volts 
(TJ = 100°C) MCR649-1 25' - -

-2 50 - -
-3 100 - -
-4 200 - -
-5 300 - -
-6 400 - -
-7 500 - -

Peak Forward Blocking Current IFOM mA 
(Rated VFOM with gate open, TJ = 100°C) - - 5.0 

Peak Reverse Blocking Current IROM mA 
(Rated VFOM with gate open, TJ = 100°C) - - 5.0 

Gate Trigger Current (Continuous dc) IGT mA 
(Anode Voltage = 7 Vdc, RL = 50 1"2) - 30 80 

Gate Trigger Voltage (Continuous dc) VGT Volts 
(Anode Voltage = 7 Vdc, RL = 50 1"2) - 1.0 3.5 

(Anode Voltage = Rated VFOM' RL = ,500, TJ = 100°C) VGNT 0.3 - -
Holding Current IHO mA 

(Anode Voltage = 7 Vdc, Gate Open) - 20 -
Forward On Voltage VF Volts 

(IF = 20 Adc) - 1.1 1.5 

Turn-On Time (~ + tr) ton its 
(IG = 50 mA, IF = 10 A) - 1.0 -

Turn-Off Time !off /lS 
(IF = 10 A, IR = 10 A, dvldt = 20 ViI'S min, TJ =100oC) - 25 -
(V FXM = rated voltage) 

(VRXM = rated voltage) 

Forward Voltage Application Rate 
(Gate open, TJ = 100°C) 

dv/dt V/I'S 

MCR649-1 thru MCR649-4 - 20 -
MCR649-5 thru MCR649-7 - 30 -

. ' Thermal Resistance (Junction to Case) 6JC - 1.0 1.5 °C/W 
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MCR649·1 thru MCR649·7 (continued) 
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MCR729-5 thru MCR729-10 (SILICON) 

Fast-switching, high-voltage silicon controlled rec
tifiers especially designed and characterized for radar, 
proximity fuse, beacon and similar pulse applications. 

CASE 63 

MAXIMUM RATINGS (TJ" 105°C unless otherwise noted) 

Rating Symbol Value Unit 

Peak Reverse Blocking Voltage" VROM(rep) * 50 Volts 

Forward Current RMS It 2.0 Amp 

Repetitive Pulse Current IFM(Pulse) 100 Amp 
(PW = 10/-ls) 

Average Forward Power PF(AV) 5.0 Watts 

Peak Gate Power - Forward PGFM 20 Watts 

Average Gate Power - Forward PGF(AV) 1.0 Watt 

Peak Gate Current - Forward IGFM 5.0 Amp 

Peak Gate Voltage - Forward VGFM 10 Volts 

Reverse VGRM 10 

Operating Junction Temperature Range TJ -65 to+ 105 °c 

Storage Temperature Range Tstg .65 to + 150 °c 

Stud Torque - 15 in. lb. 

"Characterized for unilateral applicaUons where reverse blocking capability is not important. Higher 
V ROM rated units available on request. 
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MCR729·5 thru MCR729·1 0 (continued) 

ELECTRICAL CHARACTERISTICS ,(Tc = 2S0C unless otherwise noted) 

Characteristic Symbol Min Typ Max Units 

Peak Forward Blocking Voltage" VFOM" Volts 
(TJ = lO50C) MCR729-5 300 - -

-6 400 - -
-7 500 - -
-8 600 - --9 700 -
-10 800 - -

Peak Forward, Blocking c~rrent . IFOM mA 
(Rated VFOM' T J = 105 C, gate open) - 0.2 2.0 

Gate Trigger Current (Continuous de) IGT mAde 
(Anode Voltage = 7 Vdc, RL = 100 ohms) - 10 50 

Gate Trigger Voltage (Continuous de) VGT Volts 
(Anode Voltage = 7 Vdc, RL = 100 ohms) - 0.8 1.5 

Holding Current IHO mA 
(Anode Voltage = 7 Vdc, gate open) S.O 15 -

Forward On Voltage VF Volts 
(It = 2 Adc) 1.1 1.5. 

Dynamic Forward On Voltage VF(on) Volts 
(0.5 (J.s after 50% pt, Ia ,; 200 mA, 
I 1 = 30 Amps) - 15 25 pu se 

Turn-On Time (td + t r ) ton ,ns 
(Ia = 200 mAl 
(Ipulse = 30 Amps peak) - - 200 

(Ipulse = 100 Amps peak) - 400 -
Turn-On Time Variatign .:l.t ns 

(T J = +250 C to+l05 C and -650 C to +250 C) on - 1:50 -
Pulse Turn-Off Time toff(Pulse) - 15 - (J.s 

Test Conditions: PFN discharge; Forward Current = 30 A pulse; Reverse Current - 5 A; 

Rep. Rate =100 'pps; Duty cycle = 0.05%; Forward Voltage = rated VFOM; 

TC'; 85"C;dv/dt = 250 V/ MS; ReverseanQ<ie voltage applied during turn-off 
.. interval = rated V FOM; 
Reverse gate bias during turn-off. interval = -6 V; 
Gate Trigger Pulse: 200 mA, 1 !JS wide, 2 ns rise time. 

Turn-off time measured from PO% pt. of forward, current decay to 10% pt. of reapplied forward voltage. 

Forward Voltage Application Rate dv/dt v//J.s 
(TJ = lO50 C, gate open) 50 - .~ 

Thermal Resistance (Junction to Case) 9 JC - - '3.0 °C/W 

.Other voltage units available upon request. 



MCR846 series (SILICON) 

Silicon controlled rectifiers for low-power switching 
and control applications requiring blocking to 200 volts 
and load currents to 2 amp. 

CASE 63 

MAXIMUM RATINGS (TJ = 105°C unless otherwise noted) 

Rating Symbol Value Unit 

Peak Reverse Blocking Voltage VROM(rep) Volts 
MCR846-1 25 

-2 50 
-3 100 
-4 200 

Forward Current RMS (all conduction angles) If 2.0 Amp 

Circuit Fusing Considerations I2t A2s 
(TJ = -65 to+l050 C; t ;:i 8.3 ms) 35 

Peak Forward Surge Current IFM(surge) Amp 
(One Cycle, 60 Hz, TJ = -65 to + 105°C) 30 

Peak Gate Power - Forward PGFM 5.0 Watts 

Average Gate Power - Forward PGF(AV) 0.5 Watt 

Peak Gate Current - Forward IGFM 2.0 Amp 

Peak Gate Voltage - Forward VGFM 10 Volts 

Reverse VGRM 10 

Operating Junction Temperature Range TJ -65 to +105 °c 

Storage Temperature Range Tstg -65 to +150 °c 

Stud Torque - 15 in -lb. 
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MCR846 (continued) 

ELECTRICAL CHARACTERISTICS(TC = 25°C unless otherwise noted) 

Characteristic Symbol Min Typ Max Units 

Peak Forward Blocking Voltage VFOM Volts 
. (TJ = 105°C) MCR846-1 25 - -

.;2 50 - -
-3 100 - -
-4 200 - -

Peak Forward Blocking Current IFOM mA 
(Rated VFOM with gate open, TJ = 1050 C) - - 2.0 

Peak Reverse Blocking Current IROM mA 
(Rated VROM With gate open, T J = 1050 C) .- 2.0 

Gate Trigger Current (Continuous dc) !aT mA 
(Aliode Voltage = 7 Vdc, RL = 1000) - 10 50 

Gate Trigger Voltage (Continuous dc)· VGT Volts 
(Aliode Voltage = 7 Vdc, RL = 1000) - 0.8 1.5 

Holding Current IHO mA 
(Aliode Vo~tage = 7 Vdc, Gate Open) - 15 -

Forward On Voltage VF Volts 
(IF = 2 Mc) - 1.3 1.6 

Turn-On Time (td + tr ) ton /.IS 
(IG = 50 mA, IF = 2 A) - 0.5 -

Turn-Off Time toff /.IS 
(IF = 2 A, IR = 10 A, dvldt = 50 V//.Is) - 6;0 ~ 

(VFXM = rated voltage) 

(V RXM = rated voltage) 

Forward Voltage Application Rate 
(TJ = l050C, gate open) 

dv/dt 50 - - vl/.Is 

Thermal Resistance (Junction to Case) 8JC - - 3.0 °c/w 
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MCR 1336-5 (SILICON) 
thru 

MCR1336-10 
Fast switching, high-voltage thyristors especially 

designed for pulse modulator applications in radar and 
other similar equipment. 

CASE 63 

MAXIMUM RATINGS 

Rating Symbol Value Unit 
Peak Reverse Blocking Voltage* VROM(rep)* 50 Volts 

(T J = 105°C) 

Repetitive Peak Forw ard Current IFM(rep) 300 Amp 
(pw= 3.0 MS, Duty Cycle = 0.6%, 

TC= 85°C max) 

Current Applic·ation Rate** di/dt** 1000 A/MS 

Peak. Gate Power-Forward PGFM 20 Watts 

Average Gate Power-Forward PGF(AV) 1.0 Watt 

Peak. Gate Current-Forward IGFM 5.0 Amp 

Peak Gate Voltage-Forward VGFM 7.0 Volts 

Reverse*** VGRM *** 7.0 

Operating Junction Temperature Range TJ -65 to +105 °c 

Storage Temperature Range Tstg -65 to +200 °c 

Stud Torque - 15 in. lb. 

*Characterized for unilateral applications where reverse blocking capability is 
not important. Higher voltage units available upon request. VROM(rep) may 
be applied as a continuous dc voltage for zero or negative gate voltage but 
positive gate voltage must not be applied concurrently with a negative potential 
on the anode. When checking blocking capability, do not permit the applied 
voltage to exceed the rated voltage. 

**Minimum Gate Trigger Pulse: iG = 500 mA, PW = 1.0 MS, tr = 20 ns. 

***Do not reverse bias gate during forward conduction if anode current exceeds 
10 amperes. 
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MCR1336-S thru MCR1336-1 0 (continued) 

ELECTRICAL CHARACTERISTICS (T c ~ 2SoC unless otherwise noted) 

Characteristic Symbol Min Typ Max Unit 

Peak Forward Blocking Voltage* VFOM * Volts 
(TC ~ 105'C) r 300 - -

-6 400 - -
MCR1336 

-7 500 - -
-8 600 - -
-9 700 - -
-10 800 - -

Peak Forward and Reverse Blocking Current I FOM - - 2.0 rnA 
(Rated VFOM and VROM' TC = 105'C, gate open) IROM - - 2.0 

Gate Trigger Current (Continuous dc) IGT rnA 
(Anode Voltage" 7 .. 0 Vdc, RL = 100 ohms, TC = 25'C) - - 40 

(Anode Voltage = 7. 0 V dc, RL = 100 ohms, TC = -65'C) - - 100 

Gate Trigger Voltage (Continuous dc) VGT Volts 
(Anode Voltage = rated VFOM' RL = 100 ohms, TC = 105'C) 0.2 - -
(Anode Voltage = 7.0 Vdc, RL = 100 ohms, TC = 25'C) - - 1.25 

(Anode Voltage = 7.0 Vdc, RL = 100 ohms, TC = -65'C) - - 2.0 

Holding Current IHO rnA 
(Anode Voltage = 7.0 Vdc, gate open, TC = 105'C) 1.0 - -
(Anode Voltage = 7.0 Vdc; gate open, TC = 25'C) - - 50 

Forward "On" Voltage VF Volts 
(If = 1. 0 Adc, FYI = 1. 0 ms max, Duty cycle '" 1. 0%) - - 2.0 

Dynamic Forward "On" Voltage VF(on) Volts 
(0. 5 /ls after 50% decay point on dynamic forward voltage waveform) 
Forward Current: 100 A pulse (PFN discharge circuit) - 45 -
Gate Pulse: at 500 rnA, FYI = 1. 0 /ls, tr = 20 ns 

Turn-On Time ns 
Delay Time td - 75 -
Rise Time t - 75 -.r 
Forward Current: 100 A Pulse (Capacitor discharge circuit) 
Gate Pulse: at 500 rnA, PW ~ 1. 0 /ls, tr = 20 ns 

Pulse Turn-Off Time toff(pulse) /lS 
Test Conditions: PFN discharge; Forward Cu.rrent·= 100 A pulse; - 7.0 -
Reverse Current ~ 5.0 A, TC = 85'C, dv/dt = 250'V//ls to Rated VFOM; 

Reverse anode voltage during turn-off interval = 0 V; 
Reverse gate bias during turn-off interval = 6. 0 V. 

Forward Voltage Application Rate (Linear Rise of Voltage) dv/dt V!/lS 
(TC = 105'C, gate shorted) 250 - -

Thermal Resistance (Junction to Case) eJC - - 2.5 'C/W 

*VFOM for alltypes can be applied on a continuous dc basis without incurring damage. Ratings apply for zero or negative gate 
voltage. When checking forward or reverse blOCking capability, these devices should not be tested with a constant current 
source in a manner that the voltage applied exceeds the rated blocking voltage. Other voltage units available upon request. 

3-100 



MCR 1718-5 (SILICON) 
thru 

MCR1718-8 

THYRISTORS 
SILICON CONTROLLED RECTIFIERS 

· .. fast switching, high·voltage thyristors especially designed for 
pulse modulator applications. 

• High-Voltage Capability from 300 to 600 Volts 

• Repetitive Pulse Current to 1000 Amp 

• Pulse Repetition as High as 4000 pps 

• Current Application Rate as High as 1000 A/p.s 

MAXIMUM RATINGS (T J= 125·C unless otherwise noted) 

Rating Symbol Value Unit 

Peak Reverse Blocking Voltage. VROM(rep)· Volts 
MCRI71S-5 300 

-6 400 
-7 500 
-8 600 

Peak Reverse Blocking Voltage (lrransient) VROM(non_rep) Volta 
(NOD-Recurrent 5 IDS (mu.) 

MCR171S-5 400 
-6 500 
-7 600 
-8 700 

Forward Current RMS It 25 Amp 

Peak Repetitive Pulse Current IFM(pulse) 1000 
Amp 

(1-10 "" Pulse Wldth) 

Current Application Rate cti/dt 1000 Ai,," 
(up to 1000 Me peak) 

CIrcu1t Fu.alng C~atlons lit 
250 

A's 
(TJ ". .. 85 to +12~OCj t :li 1.0 ma) 

.~c 6~~)P rOwer PF(AV) 30 Watts 

Peak Gate Power .. Forward PGFM 20 Watts 

Average Gate Power .. Forward PGF(AV) 1.0 watt 

P •• Gate Current - Forward iaFM 5.0 Amp 

P_ Gate Voltage - Forward VGFM 10 Volto 

Reverse VQRM 10 

OperUIDg Junctioo Temperature ~e TJ -65 to +125 °c 
Storace Temperature ~e Totg -65 to +150 C 

stud Torque - 30 In. lb. 

"VROM(rep) for all typ ...... be appUed on a CODtInuous de buIs without incurring <taD,.ge. 
RUIi>ge apply for zoro or nept1ve gale voltace. 
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PNPN 

1000 AMPERE PULSE 
300 thru 600 VOLTS 

CASE 84 
T().48 



MCR1718·5 thru MCR1718·8 (continued) 

ELECTRICAL CHARACTERISTICS (TC = 250 C unless otherwise noted) 

, Characteristic Symbol Min Typ 

Peak Forward Blocking Voltage* VFOM* 
(TJ = 125°C) MCRI71S·5 300 -

-6 400 
-7 500 
-S 600 -

Peak Forward Blocking Current IFOM 
(Rated V FOM with gate open, T J = 125°C) - -

Peak Reverse Blocking Current IROM 
(RatedVROM with gate open, TJ = 125°C) - -

Gate Trigger Current (Continuous dc) IGT 
,(AnodeVpltage = 7 Vdc, RL = 50 0) - 10 

Gate Trigger Voltage (Continuous dc) VGT 
(Anode Voltage = 7 Vdc, RL = 500, TC = 25°C) - O.S 

·0 (Anode Voltage = Rated VFOM' RL = 500, TJ = 125 C) VGNT 0.25 

Holding Current· IHO 
(Anode Voltage = 7 Vdc, Gate Open, TC = 25°C) 5.0 15 

(Anode Voltage = 7 Vdc, Gate Open, TJ = 125OC) - 6.0 

Forward On Voltage VF 
(IF = 25Adc) - 1.1 

Dynalnic Forward On Voltage VF(on) 
(IGT= 500 mA, ~ulse = 500 Amps) 

(LOlls after start (10% pt.) ,Of ~ulse) - 30 

(5.0/l.s after start (10% pt.) of ~ulse) - i 5.0 

Pulse Turn-Off Time toff 
(IF = 500A, ~ = 10 A, dv/dt = 20 V/ /l.s) - 20 

(V FXM = rated voltage) 

(VRXM = rated voltage) 

(Conductive Charging Circuit - Circuit dependent) 

F<;Irward Voltage Application Rate. dv/dt 
(GateO{>en,T J = 125°C) - 50 

Thermal ·Resistance (Junction to Case) 9JC - -
*V FOM for all types can be supplied on a continuous dc basis without incurring 

damage. Ratings apply for zero or negative gate voltage. 
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Max Units 

Volts 
----

mA 
S.O 

mA' 
S.O. 

rnA 
50 

Volts 
1.5 

-
mA 

-
-

Volts 
1.3 

Volts 

-
-

/.Is 
-

.:. 

V//.IS -
'2.0 °C/W 



MCR 1906-1 thru MCR 1906-4 (SILICON) 

CASE 31(2) 

Thyristor!5 (silicon controlled rectifiers) designed 
for applications in control systems and sensing circuits 
where low level gating and holding characteristics are 
necessary_ 

(TO-S) . 

MAXIMUM RATINGS (T J = 100°C unless otherwise noted) 

Rating Symbol Value Unit 

Peak Reverse Blocking V Volt 
Voltage (Note 1) RXM(rep) 

MCR1906-1 25 
. MCR1906-2 50 

MCR1906-3 100 
MCR1906-4 200 

Forward Current RMS If 1.6 Amp 
(All Conduction Angles) 

Peak Forward Surge Current I Amp (One Cycle, 60 Hz, FM(surge) 

T J = -40 to +100° C) 15 

No Repetition Until 
Thermal Equilibrium 
is Restored 

Peak Gate Power Forward PGFM 0.1 Watt 

Average Gate Power Forward PGF(AV) 0.01 Watt 

Peak Gate Current Forward IGFM 0.1 Amp 

peak Gate Voltage - Forward VGFM 6.0 Volt 

Reverse VGRM 6.0 

Operating Junction Temperature TJ -65 to +100 °c 
Range 

Storage Temperature Range Tstg -65 to +150 °c 

Lead Solder Temperature +230 °c 
( > 1/16" From Case, 10 sec. max.) 
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MCR 1906-1 thru MCR 1906-4 (continued) 

ELECTRICAL CHARACTERISTICS (T c = 25°C unless otherwise noted. RGK = 1000 ohms) 

Characteristic Symbol Min Max Unit 

Peak Forward Blocking Voltage (Note 1) VFXM Volt 
MCR1906-1 25 -
MCR1906-2 50 -
MCR1906-3 100 -
MCR1906-4 200 -

Peak Reverse Blocking Current (Note 3) IRXM JJ.A 
(Rated VRXM' TJ = 100°C) - 500 

Peak Forward Blocking Current IFXM JJ.A 
(Rated VFXM' TJ = 100°C) - 500 

Forward "On" Voltage (Pulsed, 1. 0 ms max, Duty Cycle ~.1. 0%) VF Volt 
(IF = 1. 0 Adc peak) - 1. 75 

Gate Trigger Current (Note 2) (Continuous de) IGT mAde 
(Anode Voltage = 7.0 V, RL = 100 ohms) - 1.0 

Gate Trigger Voltage (Continuous dc) Volt 
(Anode Voltage =7.0 V, RL = 100 ohms) VGT - 1.0 

(Anode Voltage = Rated V FXM' RL ·= 100 ohms, T J = 100° C) VGNT 0.1 -
Holding Current IHX rnA 
(Anode Voltage = 7. 0 V) - 5.0 

Turn-On Time t on Circuit dependent, 
Turn-Off Time toff . consult manufacturer 

NOTES: 1. V RXM and VFXM can be applied for all types on a continuous dc basis without incurring damage. Thyristor 

devices shall not be tested with a constant current source for forward or reverse blocking capability such 
that the voltage applied exceeds the rated blocking voltage. 

100 

90 
w 
~ 80 <.> 
w -... <.> 
'" ~ 
~ w 70 
o a: 
j ~ 
.. ;i! 60 
:Ii w 
::> .. 
:Ii :Ii _ w 

50 x'"' .. 
:Ii 

:i 40 

2. RGK current is not included in measurement. 

3. Thyristor devices shall not have a positive bias applied to the gate concurrently with a negative potential 
applied to the anode. . 

FIGURE 1 ~ CASE TEMPERATURE 
versus CURRENT 

IF(AV). AVERAGE FORWARD CURRENT (AMPS) 
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FIGURE 2 - AMBIENT TEMPERATURE 
versus CURRENT 
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MCR 1907-1 thru MCR 1907 -6 (SILICON) 

\ Fast turn-on, fast turn-off silicon controlled recti
fiers for high-frequency applications requiring block
ing to 400 volts and load currents to 25 amp. 

CASE 64 
(TO·48) 

MAXIMUM RATINGS (TJ= 12S0C unless otherwise noted) 

Rating Symbol Value Unit 

Peak Reverse Blocking Voltage* VROM(rep) * Volts 
MCR1907-l 25 

-2 50 
-3 100 
-4 200 
-5 300 
-6 400 

Peak Reverse Blocking Voltage VROM(non-rep) Volts 
(Non-Recurrent 5 ms (max.) 

MCR1907-1 35 
-2 75 
-3 150 
-4 300 
-5 400 
-6 500 

Forward Current RMS It 25 Amp 
(All Conduction Angles) 

Circuit Fusing Considerations 12t A2s 
(TJ = -65 to+ l250 C; t ::; 8.3 ms) 75 

Peak Forward Surge Current IFM(surge) Amp 
(One Cycle, 60 Hz, TJ = -65 to +1250 C) 150 

Peak Gate Power - Forward PGFM 5.0 Watts 

Average Gate Power - Forward PGF(AV) 0.5 Watt 

Peak Gate Current - Forward IaFM 2.0 Amp 

Peak Gate Voltage - Forward VGFM 10 Volts 

Reverse VGRM 5.0 

Operating Junction Temperature Range TJ -65 to +125 °c 

Storage Temperature Range Tstg -65 to +150 °c 

Stud Torque - 30 in. lb. 

*VROM(rep) for all types can be applied on a continuous dc basis without incurring damage. 

Ratings apply for zero or negative gate voltage. 
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MCR1907·1 thru MCR1907~6(continued) 

ELECTRICAL CHARACTERISTICS (TC = 2SOC unless otherwise noted) 

Characteristic Symbol Min Typ Max 

Peak Forward Blocking Voltage* VFOM* 
(TJ '" 125°C) MCR1907-1 25 - ---2 50 - -

-3 100 - -
-4 200 - -
-5 300 - -
-6 ." 400 - -

Peak Forward Blocking Current IFOM 
(Rated VFOM with gate open, TJ = 125°C) - - 4.0 

Peak Reverse Blocking Current IROM 
(Rated VROM with gate open, TJ = 1250 C) - - 4.0 

Gate Trigger Current (Continuous dc) IGT 
(Anode Voltage '" 7 Vdc, RL = 500) - 15 30 

Gate Trigger Voltage (Continuous dc) VGT 
(Anode Voltage = 7 Vdc, RL = 50 Q) - - 1.5 

(Anode Voltage = Rated VFOM' RL '" SOil, T J = 1250 C) VGNT 0.25 - -
Holding Current IHO 

(Anode V'oltage = 7 Vdc, Gate Open) - 12 -
Forward On Voltage VF 

(IF'" 20 Adc) - 1.4 1.7 

Turn-On Time ton 
(IG '" 200 mA, IF '" 10 A) - 0.5 -

Turn-Off Time toff 
(IF = 10 A, IR '" 10 A, dv/dt = 30 Vlllsmin.) - - 12 

(VFXM = rated voltage) TJ'" 125°C 
(VRXM = rated voltage) 

Forward Voltage· Application Rate dv/dt 30 - -.(TJ '" 1250 C, gate open). . 

Thermal Resistance (Junction to Case) (JJC - 1.0 1.7 

*VFOM for all types can be applied on a continuous dc basis without incurring damage. 

Ratings apply for zero or negative gate voltage. These devices should never be tested 
with a constant current source for forward or reverse blocking capability such that 
the voltage applied exceeds the rated blocking voltage. 
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'\. 
~ ............ ~ o· ISO· 
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MCR1907·1 thru MCR1907·6 (continued) 

TURN·OFF TIME TEST CIRCUIT t TYPICAL TURN·OFF TIME VlnUI 
PEAK FORWARD CURRENT AND JUNCTION TEMPERATURE 

14 

12 
I.I_IOA I I 

- dv/dt-30Vl,.,min 
IF~20A J--

~ 10 
i!! - f---tisTANOARO TEST VALUE> 

(SEtECTm 

llOY ~~~~:=t~;;=;=+j~J~o~1 RECOVERVDIOOD 
60 Hz -j SOOPEIYOLTAGE) 2 

IF-~ ~ -
IF~ f---

.; 
;:! 

j 4 
IF ~ f---
I 

-65 -50 -25 25 50 75 100 125 

fOO 

is 
~ 10 

TJ • JUNCTION TEMPERATURE 1°C) 

FORWARD CONDUCTING CHARACTERISTICS 

TYPICAL-~7 .L"~MAXI UM 

~ 
-""'-TJ 125°C~ 

~ 1.0 
I I TJ 25°C -

:_! 0.1 
i! 0.0 0.5 1.0 1.5 2.0 2.5 

Forward.conduction current is passed through the device 
(SCR, and test device triggered on). The anode is then 
driven negative (SCR. triggered on), causing reverse current 
to flow. The anode-to-cathode potential goes negative with 
a decrease in reverse current. Forward voltage is then ap
plied to the anode of the device (SCRa triggered on). The 
device has fully recovered when it regains its ability to block 
the reapplied forward voltage. 

.J!. '" INSTANTANEOUS FORWARD ON VOLTAGE (VOLTS) 

t Consult manufacturer for further circuit information. 

MCR2604·1 thru 

MCR2605-1 thru 

.MCR2604~8 
MCR2605-8 

CASE 87 
MCR2604·1 

thru 
MCR2604·8 

CASE 88 
MCR260S·1 

thru 
MCR260S·8 

These series of silicon controlled rectifiers are 
electrically identical to the 2N4151 thru 2N4198 series, 
but are available in the cases illustrated. 

MCR2818-1, -3, -5, -7 
MCR2918-1, -3, -5, -7 

For Specifications, See Thyristor Selector Guide 
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MCR2315 SERIES (SILICON) 

MCR2614L SERIES 

SILICON CONTROLLED RECTIFIERS 

... designed for applications requiring blocking voltages through 400 
volts and rms currents through B.O amperes. These devices are avail
able in a choice of space-saving, economical packages for mounting 
versatility. 

• Low Forward Voltage Drop - Typically 1.0 Volt at 5.0 A at 250 C 

• Fast,Stable Switching Times - Typically 1.0 IJ.s Turn-On, 12 IJ.s 
Turn-Off at 250 C 

• All-Diffused Junctions for Greater Parameter Uniformity 

• Fatigue-Free Solder Construction 

• Glass-to-Metal Hermetic Seal 

MAXIMUM RATINGS 

Rating Symbol Value Unit 

Peak Reverse Blocking Voltage* VRRM . Volts 

r 25 
-2 50 

MCR2315 -3 100 
MCR2614L -4 200 

-5 300 
-6 400 

Forward Current RMS IT(RMSI Amp 
(All Conduction Angles) 8.0 

Peak Surge Forward Current 
(One cycle, 60 Hz, 

ITSM Amp 

TJ = -40 to +1000 C) 
80 

Circuit Fusing Considerations 12t A2s 
(T J = -40 to +1 OOoC; t ~ 8.3 ms) 

40 

Peek Gate Power - Forward PGFM 5.0 Watts 

Average Gate Power - Forward PGF(AV) 0.5 Watt 

Peak Forward Gate Current IGFM 2.0 Amp 

Peak Gate Voltage Volts 
Forward VGFM 10 
Reverse VGRM 10 

Operating Junction Temperature TJ -40 to +100 °c 
Range 

Storage Temperature Range Tstg -40 to +150 °c 
Stud Torque (MCR2315 series) , 15 in. lb. 

·VRRM(rep) for all types can be applied on a continuous de basis without 
incurring damage. Ratings apply for zero or negative gate voltage. 
Devices should not be tested with a constant current source for forward or 
reverse blocking capability such that the voltege applied exceeds the rated 
blocking voltage. 
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SILICON CONTROLLED 
RECTIFIERS 

B.D AMPERES RMS 
25 thru 400 VO L 1S 

MCR2315 
CASE 86 

MCR2614L 
CASE 87L t. . . 1) 

0.437 
MAX ' 
HEX 

L-....:' 0.090 AT CAN 
0.110 

CASE 86 

CASE 87L 



MCR2315 series, MCR2614L series (continued) 
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ELECTRICAL CHARACTERISTICS (TJ = 250 C unless otherwise noted) 
Apply to all case types unless otherwise noted 

Characteristic Symbol 

Peak Forward Blocking Voltage' VORM* 
ITJ = 1000 CI 

C 
-2 

MCR2315 -3 
MCR2614L ~ 

-6 

Peak Forward Blocking Current IORM 
(Rated VORM. TJ = 1000C. gate openl 

Peak Reverse Blocking Current 
(Rated VRRM. TJ = 1000 C. gate openl 

IRRM 

On State Voltage 
(lTM = 5.0 Adcl 

VTM 

Gate Trigger Current (Continuous de) IGT 
(Anode Voltage = 7.0 Vdc, RL = 100ni 

Gate Trigger Voltage (Continuous del 
(Anode Voltage = 7.0 Vdc, RL = 100 nl VGT 
(Anode Voltage = 7.0 Vdc, RL = 100 n, TJ = 100°C) VGO 

Holding Current IH 
IAnode Voltage = 7.0 Vdc, gate openl 

Turn-On Time ton 
(lTM = 5.0 Adc, IGT = 20 mAdel 

Turn-Off Time toff 
(lTM = 5.0 Adc, I R = 5.0 Adcl 
(lTM = 5.0 Adc, IR = 5.0 Adc. TJ = 1000CI 

Forward Voltage Application Rate dvldt 
IT J = 1000CI 

Thermal Resistance, Junction to Case °JC 
MCR2614L 
MCR2315 

Thermal ReSistance, Case to Ambient'll * DCA 
MCR2614L 

Min Typ Max Unit 

Volts 
25 - -
50 - -
100 - -
200 - -
300 - -
400 - -

mA 
- - 3.0 

mA 
- - 3.0 

Volts 
- 1.0 1.6 

mA 
- 10 40 

Volts 
- 0.6 1.5 

0.2 - -
mA 

- 10 50 

I'S 
- 1.0 -

I's 
- 15 -
- 30 -

VII's 
- 50 -

°C/W 
- 1.5 2.7 
- 1.8 3.0 

°C/W 
- 50** -

*VORM for all types can be applied on a continuous de basis without incurring damage. Ratings apply for zero or negative gate voltage. 

Devices should not be tested with a constant current source for forward or reverse blocking capability in a manner that the voltage 
applied exceeds the rated block ing voltage . 

•• Applies for the worst-case conditions of: (al highest DCA package configuration, (blleads terminated at end points, (cl temperawre 
measured at hottest spot on device (center of case bottom I , and (dl still air mounting. 

FIGURE 1 - CURRENT DERATING - HALF WAVE FIGURE 2 - TYPICAL PARAMETER VARIATIONS 
versus TEMPERATURE 
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MCR3818-1 thru MCR3818-8'(sILiCON) 
MCR3918-1 thru MCR3918-8 

THYRISTORS. 
SILICON CONTROLLED RECTIFIERS 

· .. designed for industrial and consumer applications such as power 
supplies, battery chargers, temperature, motor, light and welder con· 
trois. 

• Economical for a Wide Range of Uses 

• High Surge Current - ITSM = 240 Amp 

• Low Forward "On" Voltage - 1.2. V (Typ) @ ITM = 20 Amp 

• Practicai Level Triggering and Holding Characteristics -
10 mA(Typ)@TC=250 C 

• Rugged Construction in Either Pressfit or Stud Package 

MAXIMUM RATINGS 

Rating Symbol. Value 

Repetitive Peak Reverse Blocking VRRMlll 
Vol~ge 

r 
25 

-2 50 

MCR3818 
-3 100 
-4 200 
-5 300 

MCR3918 -6 400 
-7 500 
-6 600 

Non-repetitive Peak Reverse VRSM 
Blocking Voltage ItS 5.0 msl 

r 
35 

-2 75 

MCR3818 
-3 150 
-4 300 
-5 400 

MCR3918 -6 500 
-7 600 
-8 700 

Forward Current RMS IT(RMSI 20 

Peek Surge Current (one cycle, 60 Hzl ITSM 240 
(T J = -40 to +l00"CI 

Circuit Fusing Considerations 12t 235 
(TJ = -40 to +100"CI (t= 1.0t08.3 msl 

Peak Gate Power PGM 5.0 

Average Gate Powar PG(AVI 0.5 

Peak Forward Gate Currant IGM 2.0 

Peak Gate Voltage 
Forward VGFM 10 
Reverse VGRM 10 

Operating J~nction Temperature Range TJ -40 to +100 

Storage Temperature Range Tstg -40 to +150 

Unit 

Volts 

Volts 

Amp 

Amp 

A2. 

Wen 

Watt 

Amp 

Volts 

°c 
°c 

Stud Torque (MCR3918 Seriesl . - 30 in. lb. 

(1) VRRM for all types can be" applied on a .contlnuous de basis without Incurring damage. 
Ratings apply for zero or negative gate voltage. Devices shall not have a positive bias appli
ed :to the 9818 concurrently with a negative potential on the enode. 
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THYRISTORS 
PNPN 

20 AMPERES RMS 
25 thru 600 VOLTS 

MCR3818 Series MCR3918 Series 

~'2' ¢ 1. Calhode 
2. Galr 

I.2!tSOI OIA.:J 0.505 

CASE 174 (11 

CASE 175 (1) 



MCR3818-1 thru MCR3818-8, MCR3918-1 thru MCR3918-8 (continued) 

ELECTRICAL CHARACTERISTICS (Tc = 25°C unless otherwise noted) 

Characteristic:: Svmbol Min TVp Max Unit 

Peak Forward Blocking Voltage (T J - lOOoCI VORM(H Volts 

r 
25 - -

-2 50 - -
MCR3818 -3 100 - -

-4 200 - -
MCR3918 -5 300 - -

-6 400 - -
-7 500 - -
-8 600 - -

Peak Forward Blocking Current IORM - 1.0 5.0 mA 
(Rated VORM, with gate open, T J = lOOoC) 

Peak Reverse Blocking Current IRRM - 1.0 5.0 mA 
(Rated VRRM, with gate open, TJ = 1000CI 

Forward "On" Voltage (lTM = 20 A Peak) VTM - 1.2 1.5 Volts 

Gate Trigger Current (Continuous de) IGT - 10 40 mA 
(Anode Voltage = 7.0 V, RL = 10051) 

Gate Trigger Voltage (Continuous dc) 
(Anode Voltage = 7.0 V, RL = 10051) VGT - 0.7 1.5 Volts 
(Anode Voltage = Rated VORM, R L = 10051, T J = lOOoC) VGO 0.2 - -

Holding Current (Anode Voltage = 7.0 V, gate openl IH - 10 50 mA 

Turn-On Time (td +tr)(ITM = 20 Adc, IGT = 40 mAde I ton - 1.0 - /-IS 

Turn-Off Time toff /-IS 
(lTM = 10 A, IR = 10 A) - 15 -
(lTM = 10 A,IR = 10 A, TJ = 1000C) - 25 -

Forward Voltage Application Rate (TJ = 1000 CI dv/dt - 50 - V//-IS 

Thermal Resistance, Junction to Case 6JC - °C/W 
MCR3818 - - 1.5 
MCR3918 - - 1.6 

(1) VORM for all types can be applied on a continuous de basis without incurring damage. Ratings apply for zero or negative gate voltage. 
Devices should not be tested with a constant current source for forward or reverse blocking capability such that the voltage applied exceeds 
the rated blocking voltage. 

FIGURE 1 - CURRENT DERATING 
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FIGURE 2 - POWER DISSIPATION 
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MCR383S-1 thru MCR383S-8 (SILICON) 

MCR393S-1 thru MCR393S-S 

THYRISTORS 
SILICON CONTROLLED RECTIFIERS 

· .. designed for industrial and consumer applications such as power 
supplies, battery chargers, temperature, motor, light and welder 
controls. 

• Economical for a Wide Range of Uses 

• High Surge Current - ITSM = 325 Amp 

• Low Forward "On" Voltage - 1.2 V (Typ) @ ITM = 35 Amp 

• Practical Level Triggering and Holding Characteristics-
10 mA (Typ) @ TC = 250 C 

.' Rugged Construction in Either Pressfit or Stud Package 

MAXIMUM RATINGS 

Rating Symbol Value 

Repetitive Peak Reverse Blocking VRRM(1) 
Voltage 

I 
-1 25 
-2 50 
-3 100 

MCR3835 -4 200 
-5 300 

MCR3935 -6 400 
-7 500 
-8 600 

Non·Repetitive Peak Reverse VRSM 
Blocking Voltage 
It S:5.0 ms) 

I 
-1 35 
-2 75 
-3 150 

MCR3835 -4 300 
-5 400 

MCR3935 -6 500 
-7 600 
-8 700 

Forward Current RMS IT(RMS) 35 

Peak Surge Curren.t ITSM 325 

lOne cycle, 60 Hz) (TJ=-40to+1000 C) 

Circuit Fusing Considerations 12t 435 
IT J = -40 to +1 oooC) It = 1.0 to 8.3 ms) 

Peak Gate Power PGFM 5.0 

Average Gat~ Power PGFIAVI 0.5 

Peak F orward~Gate Current IGFM 2.0 

Peak Gate Voltage - Forward VGFM 10 
Reverse VGRM 10 

Operating Junction Temperature Range TJ -40to+100 

Storage Temperature Range Tstg -40to+150 

Stud Torque (MCR3935 Series) - 30 

Unit 

Volt. 

Volts 

Amp 

Amp 

A2s 

Watts 
Watt 

Amp 

Volt. 

°c 
°c 

in. lb. 

(HVRRM for all types can be applied on .8 continuous de basis wlth.out Incurring damage. 
Ratings appl.v for zero or negative gate·voltage. Cevices shall not have a positive b1as applied 
to the gate concurrently with a negative potential on the anQde. 
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THYRISTORS 
PNPN 

35 AMPERES RMS 
25 thru 600 VOL TS 

MCR3835 Series 

0065 

f-~:~~iDI~-
CASE 174 (1) 

CASE 175(1) 

1 Cathode 
2. Gate 



.MCR3835-1 thru MCR3835-8, MCR3935-1 thru MCR3935-8(continued) 

ELECTRICAL CHARACTERISTICS (TC ~ 25°C unless otherwise noted) 

Characteristic Symbol Min Typ Max Unit 

Peak Forward Blocking Voltage VORM(li Volts 
(TJ = l000 C) 

r 
25 - -

-2 50 - -
-3 100 - -

MCR3B35 -4 200 - -
-5 300 - -

MCR3935 -6 400 - -
-7 500 - -
-8 600 - -

Peak Forward Blocking Current 
(Rated VORM, with gate open, TJ = l00oC) 

IORM - 1.0 5.0 mA 

Peak Reverse Blocking Current IRRM - 1.0 5.0 mA 
(Rated VRRM, with gate open, TJ = l00oC) 

Forward "On" Voltage VTM - 1.2 1.5 Volts 
(iTM = 35 A Peak) 

Gate Trigger Current (Continuous dc) IGT - 10 40 rnA 
(Anode Voltage = 7.0 V, RL = l00!l) 

Gate Trigger Voltage (Continuous dc) VGT 0.7 1.5 Volts 
(Anode Voltage = 7.0 V, RL = 100 n) -
(Anode Voltage = Rated VOM, RL = lOOn, TJ = l00oC) VGO 0.2 - -

Holding Current 'H - 10 50 mA 
(Anode Voltage = 7.0 V, gate open) 

Turn-On Time (td + t r ) ton - 1.0 - j.lS 

(lTM = 35 Adc, IGT = 40 mAdc) 

Turn-Off Ti me toff lis 
(iTM=10A,IR=10A) - 15 -

(iTM = 10 A, 'R = 10 A, TJ = l000 C) - 25 -
Forward Voltage Application Rate dv/dt - 50 - V/J.IS 

(TJ= l000C) 

Thermal Resistance, Junction to Case MCR3835 8JC - - 1.2 °C/W 
MCR3935 - - 1.3 

(1 )VORM for all types can be applied on a co~tinuous de basis without incurring damage. Ratings apply for zero or negative gate voltage. Devices 
should not be tested with a constant current source for forward or reverse blocking capability such that the voltage applied exceeds the 
rated blocking voltage. 

FIGURE 1 - CURRENT DERATING 
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FIGURE 2 - TYPICAL POWER DISSIPATION 
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MD708, F (SILICON) 

MD708A, F 
Dual NPN silicon annular transistors designed for 

high-speed, logic switching and space saving consid
erations. Matched pairs are available for differential 
amplifier applications. 

MD708B, F 

1 2 4 5 

NPN 

CASE 
654·01 

PINS 4 AND 8 OMITTED Case 610-02 

MD708 
MD708A 
MD708B 

MD708F 
MD708AF 
MD708BF 

Pin Connections. Bottom View 
All Leads Electrically Isolated from Case 

MAXIMUM RATINGS (each side) (TA;: 25"C unless otherwise noted) 

Rating Symbol Value 
Collector-Emitter Voltage VCEO 15 

Collector-Base Voltage VCB 40 

Emitter-Base Voltage VEB 5.0 

Collector Current IC 200 

op~rating and b'torage Junction 
Temperature Range TJ • Tatg -65 to +200 

One Both 
Side Sides 

Total Device Dissipation @ T A = 25· C PD 

Metal Can 300 400 
Derate above 25 0 C 1.7 2.3 

Flat Package 250 350 
Derate above 25°C 1.5 2.0 

NPN 

Unit 
Vdc 

Vdc 

Vdc 

mAdc 

·C 

mW 
mWjOC 

mW 
mWjOC 

FIGURE 1 - TURN·ON AND TURN·OFF nME TEST CIRCUIT FIGURE 2 - CHARGE-stORAGE nME CONSTANT TEST CIRCUIT 

t..: v •• - -4 Vdc * 
I VI. = +21 Vdc , 

50n 

NOTE: AU SWITCHING TIMES MEASURED WITH WMATRON 
MODEL 420 SWITCHING TIME TEST SET DR EQUIVAUNT. 

·82OD 

lIC 

':/-10 Vdc 
160n 

1orI: V" "" +16 Vdc 
o V---..,I ..... V,...I.-"'--...,itl-r.~VdC 
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MD70S,F / MD70SA,F / MD70SB,F (continued) 

ELECTRICAL CHARACTERISTICS (each side) 

I Characteristic 
OFF CHARACTERISTICS 

Collector-Emitter Sustaining Voltage III 
(IC = 30 mAde, IB = 0) 

Collector-Base Breakdown·Voltage 
(IC = 10 "Ade, IE = 0) 

Emitter-Base Breakdown Voltage 
(IE = 10 !lAde, IC = 0) 

Collector Cutoff Current 
(VCB = 20 Vde, IE = 0) 

(V CB = 20 Vde, IE = 0, T A = +150·C) 

ON CHARACTERISTICS 

DC Current Gain' III 
(IC = 0.5 mAde, V CE = 1.0 Vde) 

(IC = 10 mAde, VCE = 1. 0 Vde) 

(IC = 100 mAde, V CE = 5.0 Vde) 

(IC = 150 mAde, V CE = 5.0 Vdc) 

Collector-Emitter Saturation Voltage 
(IC = 10 mAde, 1l = 1 mAde) 

(IC = 50 mAde, 1l = 5 mAde) 

(IC = 100 mAde, 1l = 10 mAde) 

Base-Emitter Saturation Voltage 
(IC = 10 mAde, 1l = 1 mAde) 

(IC = 50 mAde, 1l = 5 mAde) 

(IC = 100 mAde, 1l = 10 mAde) 

DYNAMIC CHARACTERISTICS 

Currel'lt-Gain-Bandwldth Product 
(IC = 20 mAde, V CE = 10 Vde, f = 100 MHz) 

Ootput Capacitance 
(V CB = 10 Vde, IE = 0, f = 100 kHz) 

Input CapaCitance 
(VBE = O. 5 Vde, IC = 0, f = 100 kHz) 

Charge-storage Time Constant ( Figure 2) 
(IC = 10 mAde, 111 = 112 = 10 mAde) 

Torn-On Time (Figure 1) 
(IC = 10 mAde, 111 = 3 mAde, 112 = 1 mAde) 

Torn-Off Time (Figure 1) 
(IC = 10 mAde, IBI = 3 mAde, 112 = 1 mAde) 

MATCHING CHARACTERISTICS 

DC Current Gain Ratio·· 
(IC = 10 mAde, V CE = 1 Vdc) MD708A, MD70SAF 

MD70SB, MD70SBF 

Base Voltage DIfferentisl 
(IC = 10 mAde, V CE = 1 Vde) MD708A, MD708AF 

MD708B, MD708BF 

Base Voltage DIfferential Gradient 
(IC = 10 mAde, V CE = 1 Vde, T A = -55 to +125 ·C) MD708A, MD708AF 

MD708B, MD708BF 

111 Pulse Test: Pulse Width = 300 fIB; Doty Cyele = 2% 
"'lbe lowest hFE reading is taken as hFEI for this test. 
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(T A = 2SoC unless otherwise noted) 

I Symbol I Min I Max Unit 

BVCEO(sus) Vde 
15 -

BVCBO Vde 
40 -

BVEBO Vdc 
5.0 -

ICBO "Ade - 0.015 

- 50 

hFE -
40 -
40 200 

35 -
30 -

VCE(sat) Vdc 
- 0.2 

- 0.35 

- 0.5 

VBE(sat) Vde 
0.65 0.S5 

- 0.95 

- 1.1 

fT MHz 
300 -

Cob pF 
- 5.0 

Clb pF 
- 7.0 

ts ns 
- 25 

ton ns 
- 35 

toff ns 
- 75 

hFEl/hFE2" -
0.9 1.0 
O.S 1.0 

IVBEI - VBE21 mVdc - 5.0 

- 10 

4(VI!!!l1 - VBEZ ) "V;oC - 10 
4TA - 20 



MD918, F (SILICON) 

MD918A, F 
MD918B, F 

Dual NPN silicon annular tral).sistors designed for 
ultra-high frequency oscillator and aInplifier applica
tions and for differential amplifier applications requir
ing a matched pair of transistors with a high degree of 
parameter uniformity under varying environmental con
ditions. 

CASE 654-04 

MD918 
MD918A 
MD918B 

CASE 610-02 

MD918F 
MD918AF 
MD918BF 

Pin Connections. Bottom View 
All leads Electrically Isolated from Case 

1 2 

MAXIMUM RATINGS (each side) (TA = 25°C unless otherwise noted) 

Rating Symbol Value 
Collector-Emitter Voltage VCEO 15 

Collector-Base Voltage VCB 30 

Emitter-Base Voltage VEB 5.0 

Collector Current IC 50 

Operating and Storage Junction 
T J' Tstg -85 to +200 Temperature Range 

One Both 
Side Sides 

Total Device Dissipation @ T A = 25·C PD 

Metal Can 300 400 
Derate above 25·C 1.7 2.3 

Flat Package 250 350 
Derate above 25·C 1.5 2.0 
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4 5 

NPN 

Unit 
Vdc 

Vdc 

Vdc 

mAdc 

·C 

mW 
mW/·C 

mW 
mW/oC 



MD918,F/MD918A,F/MD918B,F (continued) 

ELECTRICAL CHARACTERISTICS (each side) (T A = 2Soe unless otherwise noted) 

c==== _______________ ~C~h~ar~ac~t~en~·s~tk~ __________________ ~ ___ S~ym~b~ol __ _L __ ~M~i~n __ _L __ ~M~ax~~ __ ~Un~it~~ 
OFF CHARACTERIST)CS 
,-----

COllector-Emitter Breakdown Voltage BVeEo Vde 
(Ie = 3 mAde, Ia = 0) 15 -

Collector-Base Breakdown Voltage BVeBO Vdc 
(Ie = 1 "Ade, IE = 0) 30 -

Emitter-Base Breakdown Voltage BVEBO Vdc 
(IE = 10 "Ade, Ie = 0) 5.0 -

Collector Cutoff Current ICBO "Ade 
(VCB = 15 Vde, IE = 0) - 0.010 

(V CB = 15 Vde, IE = 0, T A = lSO"C) - 1.0 

ON CHARACTER)STICS 

DC Current Gain hFE -
(IC = 1 mAde, V CE = 5 Vde) 50 -

Collector-Emitter Saturation Voltage VCE(.at) Vdc 
(IC = 10 mAde, Ia = 1 mAde) - 0.2 

Base-Emitter Saturation Voltage VBE(.at) Vde 
(IC = 10 mAde, IB = 1 mAde) - 0.9 

DYNAMIC CHARACTERISTICS 

Current-Gain-Bandwtdth Product IT MH. 
(IC = 4 mAde, V CE = 10 Vde, 1= 100 MHz) 600 -

Output Capacitance Cob pF 
(V CB = 10 Vde, IE = 0, I = 140 kHz) - 1.7 

(VCS = 0, IE = 0, 1= 140 kHz) - 3.0 

Input Capacitance Cib pF 
(VBE = O. 5 Vde, IC = 0, 1= 140 kHz) - 2.0 

Noise Figure NF dS 
(IC = 1 mAde, V CE = 6 Vdc, I = 60 MIIz, RS = 400 ohms) - 6.0 

MATCHING CHARACTERISTICS 

DC Current Gain Ratio. hFE1/hFE2* -
(IC = 1 mAde, V CE = 5 Vde) Moo18A, M0018AF 0.9 1.0 

Moo18S, M0018SF O.B 1.0 

Base Voltage Differential IVsEl - VsE21 mVdc 
(IC = 1 mAde, VCE = 5 Vde) Moo18A, M0018AF - 5.0 

Moo1BS, M0018SF - 10 

Base Voltage Diflerentla1 Change A(VBE1 - VSE2) /lV/"C 
(IC = 1 mAde, V CE = 5 Vdc, T A = -55 to +125" C) Moo18A, M0018AF 

ATA - 10 
Moo18S, M0018SF - 20 

·The lowest hFE reading is taken as hFEl for this ratio. 
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MD984 (SILICON) 

PNP silicon annular dual transistor for high-speed 
switching and amplifier applications. 

CASE 654-04 

MAXIMUM RATINGS (each side) 

Rating 

Collector-Base Voltage 

Collector-Emitter Voltage 

Emitter-Base Voltage 

Collector Current 

Junction Temperature 

storage Temperature Range 

Total Device Dissipation 

(25°C Case Temperature) 
Derate above 25°C 

Total Device Dissipation 

(25°C Ambient Temperatl,lre) 
Derate above 25°C 

PINS 4 AND 8 OMITTED 
PIN CONNECTIONS 

(BOTTOM VIEW) 

Symbol 

VCB 

VCEO 

VEB 

IC 

TJ 

Tstg 

Value 

40 

20 

5.0 

200 

+200 

-65 to +200 

One Side 80th Sides 

P D 
1.6 3.0 
9.1 17.2 

PD 
0.5 0.6 
2.9 3.4 
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Unit 

Vdc 

Vdc 

Vdc 

mAdc 

°c 

'c 

W 
mW/oC 

W 
mW/"C 



MD984 (continued) 

ELECTRICAL CHARACTERISTICS (each side) 
(TA = 25°C unless otherwise noted) 

Cbaracteristic Symbol 

Collector-Base Breakdown Voltage BVCBO 
(IC " -10 /.LAdc, IE " 0) 

Collector-Emitter Breakdown Voltage' UI BVCEO 
(IC " -10 mAdc, IB " 0) 

Emitter-Base Breakdown Voltage BVEBO 
(IE = -10 /.LAdc, IC = 0) 

Collector Cutoff Current ICBO 
(V CB " -20 Vdc, IE " 0) 

(V CB " -20 Vdc, IE = 0, TA " 150·C) 

Collector-Emitter Saturation Voltage VCE(sat) 
(IC = -10 mAdc, IB = -1 mAde) 

(IC " -50 mAde, IB " -5 mAde) 

Base-Emitter Saturation Voltage VBE(sat) 
(IC = -10 mAdc, IB = -1 mAde) 

DC Forward Current Transfer Ratio hFE 
(IC = -10 mAde, VCE " -10 Vdc) 

Output Capacitance Cob 
(V CB = -10 Vdc, IE = 0, f;" 100 kHz) 

Small-Signal Forward Current Transfer Ratio hfe 
(IC = -20 mAde, V CE = -20 Vde, f = 100 MHz) 

Current-Gain- Bandwidth Product fT 
(IC = -20 mAde, V CE = -20 Vdc) 

111 Pulse Test: Pulse Width ~ 300 /.Ls, Duty Cycle l!i 2% 

3-119 

Minimum Maximum Unit 

Vdc 
40 ---

Vdc 
20 ---

Vdc 
5.0 ---

!JAdc 
--- .025 

--- 30 

Vdc 
--- 0.3 

--- 0.5 

--- 0.9 Vdc 

---
25 ---

pF 

--- 4.0 

---
2.5 ---

MHz 
250 ---



MD986, F (SILICON) 

NPN - PNP silicon annular Star complementary pair 
dual transistors for high-speed switching circuits and 
DC to UHF amplifier applications. 

, NPN 

2 

CASE 654..Q4 CASE 610-02 
7 4 

MD986 PINS 4 AND 8 OMITTED 
5 

MD986F PNP 

Pin Connections, Bottom View 
All leads Electrically I solated from Case 

MAXIMUM RATINGS. (each side) 

Rating Symbol Value Unit 

Collector-Base Voltage VCB 40 Vdc 

Collector-Emitter Voltage VCEO 15 Vdc 

Emitter-Base Voltage VEB 5:0 V4c 

Collector Current Ie 200 mAdc 

Operating Junction Temperature TJ +200 °c 

Storage Temperature Range Tstg -65 to+200 °c 

One Side Both Sides 

Total Device Dissipation @ T A = 25°C PD 
Flat Package 250 350 mW 
Derate above 250C 1.5 2.0 mW/oC 

Metal Can 500 600 mW 
Derate above 25°C 2.9 3.4 mW/oC 
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MD986,F(continued) 

ELECTRICAL CHARACTERISTICS (each side) 

(TA =" 25°C unless otherwise noted) 

Test Conditions and Limits are given in magnitudes only. 
Care must be taken to insure the application of proper 
polarities for the NPN or PNP transistor, respectively. 

Characteristics 

Collector-Base Breakdown Voltage 
(Ie = 10 J1,Adc, IE = 0) 

Collector-Emitter Breakdown Voltage 111 

(IC = 10 mAde, IB = 0) 

Emitter-Base Breakdown Voltage 
(IE = 10 J1,Adc, Ie = 0) 

Collector Cutoff Current 
(VCB = 20 Vdc, IE = 0) 

(V CB = 20 Vdc, IE = 0, T A = 150oC) 

Symbol 

BVCBO 

BVCEO 

BVEBO 

IeBO 

Collector-Emitter Saturation Voltage VCE(sat) 
(IC = 10 mAde, IB = 1 mAde) 

(IC = 50 mAde, IB = 5 mAde) 

Base-Emitter Saturation Voltage VBE(sat) 
(Ie = 10 mAde, IB = 1 mAde) 

DC Forward Current Transfer Ratio hFE 
(IC = 10 mAde, VCE = 10 Vdc) 

OUtput Capacitance Cob 
(V CB = 10 Vdc, IE = 0, f = 100 kHz) 

Current-Gain - Bandwidth Product fT 
(VCE = 20 Vdc, Ie = 20 mAdc) TO-5 Package 
(V CE = 10 Vdc, Ie = 20 mAdc) Flat Package 

(UPulae Test: Pulse Width ~ 300 jJ.s, Duty Cycle ~ 2% 
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Min Max Unit 

Vdc 
40 -

Vdc 
15 -

Vdc 
5 .. 0 -

J1,Adc 
- 0.025 

- 30 

Vdc 

- 0.3 

- 0.5 

Vdc 

- 0.9 

-
25 -

pF 

- 4.0 

MHz 
200 -
200 -



MD 1120 (SILICON) 

MDl121 
MDl122 

NPN silicon annular Star dual transistors for differ
ential amplifiers and other applications requiring a 
matched pair with a high degree of parameter uniform
ity. 

CASE 654·04 

MD1120 
thru 
MD1122 

~@ 
PINS 4 AND 8 OMITTED 

Pin Connections. Bottom View 
All Leads Electrically I solated from Case 

MAXIMUM RATINGS (each side) 

Rating Symbol Value Unit 

Collector-Base Voltage VCB 60 Vdc 

Collector-Emitter Voltage VCEO 30 Vdc 

Emitter-Base Voltage VEB 5.0 Vdc 

D.C. Collector Current IC 500 mAdc 

Junction Temperature TJ +200 °c 

Storage Temperature Range Tstg -65 to + 200 °c 

One Side 80th Sides 
Total Device Dissipation PD 

@ TA = 25°C Metal Can 500 600 mW 
(Derate above 25°C) 2.9 3.4 mW/oC 
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MDl120 thru MD1122 (continued) 

ELECTRICAL CHARACTERISTICS (each side) 
(TA = 25°C unless otherwise noted) 

Chlracteristlcs 

Collector-Base Breakdown Voltage 
(IC = 10 /L Ade) 

Collector-Emitter Breakdown Voltage· 
(IC = 10 mAde) 

Emitter-Base Breakdown Voltage 
(IE = 10 /LAde) 

Collector Cutoff Current 
(VCB = 50 Vde) 
(VCB = 50 Vde, TA = 150°C) 

Emitter Cutoff Current 
(VEB = 3 Vde) 

CoUector .. Emitter Saturation Voltage 
(Ie = 10 mAde, IB = 1 mAde) 

Base .. Emitter Saturation Voltage 
(Ie = 10 mAde, IB = I mAde) 

DC Forward Current Transfer Ratio 
(Ie = 10 /LAde, VCE = 10 Vde) MD1l21, MD1l22 
(Ie = 100 /LAde, VCE = 10 Vde) All Types 
(Ie = I mAde, VCE=IO Vde) All Types 
(lC = 10mAde, VCE = 10 Vdc) All Types 

DC CUrrent GaIn Ratio "" 
(Ie = 100 "Ade, VCE = 10 Vde) MD1l20 

MD1l21, MD1l22 
(Ie = I mAde, V CE = 10 Vde) MD1l22 

Base Voltage DiUerential 
Uc = 100 /LAde, VCE = 10 Vdc) MD1l20, MD1l21 

MD1l22 
(Ie = 1 mAde, VeE = 10 Vde) MD1l22 

Base Voltage DiUerential Change 
(Ie = 100 /LAde, Vat = 10 Vdc, 
T A • _55°C to + OC) MD1l21, MD1l22 

Collector OUtput Capacttance 
(VCB = 10 Vde, f = 100 kHz) 

smaU-SigDal Forward CUrrent Transfer Rallo 
(Ie • 20 mAde, V CE = 20 Vde, f= 100 MHz) 

Current-Gain-Bandwidth Product 
(V CE = 20 Vde, Ie = 20 mAde) 

• Pulae Test: Pulae Width ,.; 300 ".. Duty Cyc:le:S 2% 
.. Tbe -lin: readIDc 18 tUeD ulln:l for tbI8 ratiO 

SymbGI 

BVCBO 

BVCEO" 

BVEBO 

ICBO 

lEBO 

VCE (sat) 

VBE (sat) 

hFE 

hFElhFE2"" 

I VBEI-VBE21 

.Ii (VBEI-VBEZ) 

"T~ 

Cob 

lite 

CT 
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Min Mu Unit 

Vde 
60 -

Vde 
30 -

Vde 
5.0 -

/LAde 
- 0.010 
- 10 

nAdc 

- 10 

Vde 

- 0.1 

Vde 

- 0.85 

20 100 
30 120 
40 160 
50 200 

-
0.8 1.0 
0.9 1.0 
0.9 1.0 

mVdc 

- 10 

- 5.0 

- 5,0 

/LV/oC 

- 10 

pF - 8.0 

-
2.5 -

MHz 
250 -



MD 1129, F (SILICON) 

NPN silicon annular dual transistors for differential 
amplifiers and other applications requiring a matched 
pair with a high degree of parameter uniformity. 

CASE 654-04 

MD1129 

MDl129 

PINS 4 AND 8 OMITTED 

~ 
\ 

l 
CASE 610-02 

MD1129F 

Pin Connections Bottom View 
All Leads Electrically Isolated from Case 

MAXIMUM RATINGS (each side) 

Rating Symbol Value' 

Collector-Base Voltage VCB 60 

Collector-Emitter Voltage VCEO 
30 

Emitter-Base Voltage VES 5.0 

Collector Current IC 200 
(Limited by PD) 

Operating Junction Temperature TJ +200 

Storage Temperature Range Tstg -65 to +200 

, MD1129F 

r";=+-l 
9 2 

NPN NPN 

7 4 

L=:t-5 

Unit 

Vde 

Vdc 

Vdc 

mAde 

°c 

°c 

One Side Both Sides 

Flat Package 
Total Device Dissipation PD 

250 350 mW 
Derate above 25°C TA = 25°C 1.5 2.0 mW;aC 

TO-5 Package 
Total Device Dissipation PD 

500 600 mW 
Derate above 25°C TA = 25°C 2.9 3.4 mW/'C 
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MDl129,F (continued) 

ELECTRICAL CHARACTERISTICS (each side) 

(TA = 25°C unless otherwise noted) 

Characteristic 

Collector-Base Breakdown Voltage 
(IC = 10 /.LAde) 

Collector-Emitter Breakdown Voltage 111 
(IC = 10 mAde) 

Emitter-Base Breakdown Voltage 
(IE = 10 j.LAde) 

Collector Cutoff Current 
(V CB = 50 Vde) 

(V CB = 50 Vde, T A = 150°C) 

Emitter Cutoff Current 
(VEB = 3 Vde) 

Collector-Emitter Saturation Voltage 
(IC = 10 mAde, Ia = 1 mAde) 

Base -Emitter Saturation Voltage 
(IC • 10 mAde, IB = 1 mAde) 

DC Forward Current Transfer Ratio 
(IC = 10 j.LAde, V CE = 10 Vde) 

(IC = 100 j.LAde, V CE = 10 Vde) 

(IC = 1 mAde, V CE = 10 Vde) 

(IC = 10 mAde, V CE = 10 Vde) 

DC Current Gain Ratio** 
(IC = 100 j.LAde, V CE = 10 Vde) 

(IC = 1 mAde, V CE = 10 Vde) 

Base Voltage Differential 
(IC = 100 j.LAde, V CE = 10 Vde) 

(IC = 1 mAde, V CE = 10 Vde) 

Base Voltage Differential Change 
(IC - 100 j.LAde, V CE = 10 Vde, T A = _55°C to +l25°C) 

Collector Output Capacitance 
(VCB = 10 Vde, f = 100 kHz) 

Current-Gain -Bandwidth Product 
(V CE = 10 Vde, IC = 20 mAde) 

111 Pulse Test: Pulse Width ;:; 300 I1S, Duty Cycle ~ 2% 
""The lowest hFE reading is taken as hFEl for this ratio 
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Symbol 

BVCBO 

BVCEO 

BVEBO 

ICBO 

~BO 

VCE(sat) 

VBE(sat) 

hFE 

hFE/hFE2** 

IVBECVBE21 

.d(VBECVBEt 
6TA 

Cob 

fT 

Min Max Unit 

Vde 
60 -

. Vde 
30 -

Vde 
5.0 -

/.LAde 
- .010 

- 10 

nAde 
- 10 

Vde 
- 0.1 

Vde 
- 0.85 

-
60 -

100 300 

100 -
100 -

-
0.9 1.0 

0.9 1.0 

mVde 
- '5.0 

- 5.0 

j.LVrC 
- 10 

pF 

- 8.0 

MHz 
200 -



MD 1130, F (SILICON) 

PNP silicon annular dual transistors for differential 
amplifiers and other applications requiring a matched 
pair with a high degree of parameter uniformity. 

\ MD1130 MD1130F 

C 9' "'/ \\ 

9 2 

PNP PNP 
CASE 654-04 CASE 610-02 7 4 

MD1130 MD1130F 5 

PINS 4 AND 8 OMITTED 

Pin Connections Bottom View 
All Leads Electrically Isolated from Case 

MAXIMUM RATINGS (each Side) 

Rating Symbol Value Unit 

Collector-Base Voltage VCB 60 Vdc 

Collector-Emitter Voltage VCEO Vdc 
40 

Emitter-Base Voltage VEB 5.0 Vdc 

Collector Current IC 200 tnAdc 
(Limited by PO) 

Operating Junction Temperature TJ +200 °c 

Storage Temperature Range Tstg -65 to +200 °c 

One Side Both Sides 

Flat Package 
Total DeVice Dissipation @ T A " 25°C Po 

250 350 mW 
Derate above 25°C 1.5 2 mw;ac 

Metal Can 
Total Device Dissipation @ T A ,,25°C Po 

500 600 mW 
Derate above 25°C 2.9 3.4 mW;ac 
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MD1130, F (continued) 

ELECTRICAL CHARACTERISTICS (each side) 
(TA = 25°C unless otherwise noted) 

Cbaracteristic 

Collector-Base Breakdown Voltage 
(IC ~ -10 IlAde) 

Collector-Emitter Breakdown Voltage III 
(IC ~ -10 mAde) 

Emitter-Base Breakdown Voltage 
(IE; -10 IlAdc) 

Collector Cutoff Current 
(V CB ~ -50 Vdc) 

(V CB ~ -50 Vdc, T A = 150" C) 

Emitter Cutoff Current 
(VEB = -3 Vdc) 

Collector-Emitter Saturation Voltage 
(Ic ,,-10 mAdc, IS = -1 mAde) 

Sase-Emitter Saturation Voltage 
(IC " -10 mAde, IB = -1 mAde) 

DC Forward Current Transfer Ratio 
(IC ; -10 Il Ade, VCE ; -10 Vde) 

(IC = -100 IlAde, V CE = -10 Vde) 

(IC = -I mAde, VCE = -10 Vdc) 

(Ie = -10 mAde, VCE = -10 Vde) 

DC Current Gain Ratio" 
(IC ~ -100 /J.'Ade, VCE = -10 Vdc) 

(Ic = -1 mAde, VCE = -10 Vdc) 

Sase Voltage Differential 
(IC " -100 Il Ade , V CE = -10 Vdc) 

(IC = -1 mAdc, VCE = -10 Vde) 

Base Voltage Differential Change 
(IC = -100 J.l.Adc, VCE = -10 Vdc, T A = _55°C to +125" C) 

Collector Output Capacitance 
(V CB = -10 Vdc, F = 100 kHZ) 

Current-Gain - Bandwidth Product 
(VeE = -10 Vdc, IC = -20 mAde) 

CUPulse Test: Pulse Width li 300 J.l.s, Duty Cycle li 2% 
** The lowest hFE reading is taken as hFE 1 for this ratio 
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Symbol 

BVCBO 

BVCEO 

BVEBO 

ICBO 

lEBO 

VCE(sat) 

V BE (sat) 

hFE 

hFE1/hFE2 ** 

IVBE1-VBE21 

<1(VBE1-VBE~) 
ATA 

Cob 

IT 

Min Max Unit 

Vdc 
60 -

Vdc 
40 -

5.0 - Vde 

IlAdc 
- .010 

- 10 

nAdc 
- 10 

Vdc 
- 0.25 

Vde 
- 0.9 

-
60 -

100 300 

100 -
100 -

-
0.9 1.0 

0.9 1.0 

mVdc 
- 5.0 

5.0 -
J.l.V/oC 

- 10 

pF 
- 4.0 

MHz 
200 -



MD 1132 (SILICON) 

NPN silicon annular dual transistors for differential 
amplifiers and other applications requiring a matched 
pair with a high degree of parameter uniformity. 

CASE 654·04 
PINS 4 AND 8 OMITTED 

Pin Connections Bottom View 
All Leads Electrically Isolated from Case 

MAXIMUM RATINGS leach side) 

Rating Symbol Value Unit 

Collector-Base Voltage VCB 30 Vdc 

Collector-Emitter Voltage VCEO IS Vdc 

Emitter-Base Voltage VEB 5.0 Vdc 

Collector Current Ie SO mAdc 

Junction Temperature TJ +200 °c 
Storage Temperature Range Tstg -65 to +200 °c 

One Side Both Sides 

Total Device Dissipation PD 
@ TA = 2SoC 300 400 

mW 
Derating Factor Above 2SOC i.7 2.3 mW/oC 
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MD1132 (continued) 

ELECTRICAL CHARACTERISTICS (each side) 

(T A = 25°C unless otherwise noted) 

Characteristics Symbol 

Collector-Base Breakdown Voltage 
(IC = 1 /lAdc) 

BVCBO 

Collector-Emitter Breakdown Voltage 
(IC = 3mAdc) 

BVCEO 

Emitter-Base Breakdown Voltage BVEBO 
(IE = 10 /lAdc) 

Collector Cutoff Current IeBO 
(V CB = 15 Vdc) 
(VCB = 15 Vdc, TA = 150°C) 

Collector-Emitter Saturation Voltage VCE(sat) 
(IC = 10 mAdc, IB = 1 mAdc) 

Base-Emitter Saturation Voltage VBE(sat) 
(IC = 10 mAdc, IB = 1 mAdc) 

DC Forward Current Transfer Ratio hFE 
(Ie = 1 mAdc, V CE = 5 Vdc) 

DC Current Gain Ratio* hFEl/hFE2* 
(IC = 1 mAdc, VCE = 5 Vdc) 

Base Voltage Differential I VBEI-VBE2 I 
(IC = 1 mAdc, VCE = 5 Vdc) 

Base Voltage Differential Change 4(VBEI-VBE2) 
(IC = 1 mAdc, VCE = 5 Vdc, TA = -55 to + 25°C) 
(Ie = llI~AdC, VCE '= 5 Vdc, TA = +25 to+125°C) 4TA 

Collector Output Capacitance Cob 
(VCB = 10 Vdc, f = 140 kHz) 
(VCB '" 0 Vdc, f = 140 kHz) 

Input Capacitance Cib 
(VBE = 0.5 Vdc, f = 140 kHz) 

Small Signal Forward Current Transfer Ratio bre 
(Ie = 4 mAdc, VCE = 10 Vdc, f '" 100 MHz) 

*The lowest hFE reading is taken as hFE 1 for this ratio 
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Min Max Unit 

Vdc 
30 -

Vdc 
15 -

Vdc 
5.0 -

/lAdc 
- .010 
- 1.0 

Vdc 

- 0.4 

Vdc 

- 1.0 

-
50 -

-
0.9 1.0 

mVdc 
- 5.0 

IJ.v/"c 
- 10 

- 10 

pF 

- 1.7 
- 3.0 

pF 

- 2.0 

-
6.0 -



MD2218, MD2218A (SILICON) 

MD2218F, MD2218AF 
MQ2218 

DUAL AND QUAD NPN SILICON. 
ANNULAR TRANSISTORS 

· .• designed for high·speed switching circuits, dc to VH F amplifier 
applications and complementary circuitry with the PNP MD2904, 
MD2904A, MD2904F; MD2904AF and' MQ2904. 

• DC. Current Gain Specified from 0.1 to 300 mAdc 

• High Current·Gain-Bandwidth Product -
1,- = 200 MHz (Min) @ IC = 20 mAdc 

• Each Transistor Similar to the 2N2218 

tMAXIMUM RATINGS (Each Transistor) 

MD2218 
Rating Symbol MD2218F 

M02218 

Coliector·Emitter Voltage VCEO 30 
Coliector·Base Voltage VCB 60 
Emitter·Base Voltage VEB 5.0 

MD2218A 
MD2218AF 

40 
75 

6.0 
CoI!8Gtor Current 'e" 600 
Operating and Storage Junction TJ.Tstg -65 to +200 

Temperatura Range 

One Both 
Side Sides 

Total Device Dissipation @ T A = 25°C PD 
MD221B. MD2218A 500 600 

Derate above 25°C 2.9 .3.4 
M02218F. MD2218AF 250 .350 

Derate above 25°C. 1.5' ·2.0 

Total Device Dissipation'@ T C = 25°C PD 
MD2218. MD2218A 1.6 3.0 

Derata above 25°C 9.1 17.2 
MD2218F. MD2218AF 800 900 

Derate above 25°C 4.6 5.2 

One Four 
Device Devices 

Total Device Dissipation @ T A = 25°C PD 
M02218 400 600 

Derata. above 25°C 2.28 2.86 

Total Device Dissipetion @ T C = 250C PD 
M02218 0.65 3.5 

Derate above 25°(: 3.71 14.B 

fOevices mounted on a printed circuit board in the vertical position shielded 
from air movement. 
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Unit 

Vde 

Vde 

Vde 

mAde 

°c 

mW 
mWf'C 

mW 
mWf'C 

Watts 
mWf'C 

mW 
mW/oC 

mW 
mWf'C 

Watts 
mWf'C 

NPNSILICON 
TRANSISTORS 

MD2904 
MD2904A 

PIn COfInedlonl, 80ttom VIew 

CASE 654,04 

ItJ35"OIAt om 

~DIA~r 

\ ". 

I 

AlILuds&laclricallv!sol/lledlfomC.1e 

MD2904F 
MD2904AF ~.~"" 

PNP PNP 
Pin Con_lion .. Bottom Yi~ 

CASE 
. 610A-03 

All laids I.olated 
frome ... 

M02904 

~ 

= CASE 607 
(T()'86) 

.. , 

lIlId 1 identilied by tolor dot or by albowon lead. 

AIiJEDECdimenullII,andnlltesapply 

All leeds isollted 
from case 



MD2218, MD2218A, MD2218F, MD2218AF, MQ2218 (continued) 

ELECTRICAL CHARACTERISTICS (Each Transistor) (TA = 25°C unless otherwi~ noted) 

Characteristics apply to corresponding flat package, and quad type number. 

Characteristic Symbol Min 

OFF CHARACTERISTICS 

Collector-Emitter Breekdown Voltage 
. 

BVCEO· 
(lC = 10 mAde, IB = 01 MD2218 30 

MD221SA 40 

Collector-Base Breekdown Voltage BVCBO 
(lC= 10"Ade,IE =01 MD2218 60 

MD2218A 75 

Emitter-B_ Breekdown Voltage BVEBO 
(IE = 10 "Ade, IC = 01 MD2218 5.0 

MD2218A 6.0 

Collector Cutoff Current ICEX 
(VCE = 50 Vde, VEB(offl = 3.0 Vdel MD2218 -

MD2218A -
Base Cutoff Current IBL 

(VCE = 50 Vde, VEB(offl = 3.0'Vdel MD2218 
MD2218A 

ON CHARACTERISTICS 

DC Current Gain hFE· 
(lC = 0.1 mAde, VCE = 10 Vdel 20 

IIc = 1.0 mAde, VCE = 10 Vdel 25 
(lC = 10 mAde, VCE = 10 Vdel 35 
(lC - 150 mAde, VCE = 10 Vdel 40 
(lC = 150 mAde, VCE = 1.0 Vdel ,20 
(lC - 300 mAde, VCE = 10 Vdel MD2218 :20 

MD2218A 25 

Collector-Emitter Saturation Voltage· VCE(satl· 
(lC = 150 mAde, 18 = 15 mAdel MD2218 1-

MD221SA -
(lC - 300 mAde, I B = 30 mAdel MD221B -

MD221SA -
Base-Emitter Saturation Voltage· VBE(satl· 
(lC = 150 mAde, IB = 15 mAde) MD221B 0.6 

MD221 SA 0.6 

IIc = 300 mAde, IB = 30 mAde) MD2218 -
MD221SA -

DYNAMIC CHARACTERISTICS 

Current-Gain-Bandwidth Product f,- 200 
IIc = 20 mAde, VCE = 20 Vde. f= 100 MHz) 

Output Capacitance Cob -
(VCB - 10 Vde, IE = 0, f = 100 kHz) 

I nput Capacitance Cib 
(VBE = 0.5 Vde, IC = 0, f = 100 kHz) MD2218 -

MD221 SA -
SWITCHING CHARACTERISTICS 

DelavTime 
(VCC = 30 Vde. MD2218 tct -
VEB(off) = 0.5 Vde, MD221 SA -

RiseTime IC= 150mAde,IBl = 15 mAde) MD2218 tr -
MD221 SA -

Storage Time 
(VCC = 30 Vde, 

MD2218 ts -
MD22tSA -

Fall Time 
IC -150 mAde, 
IBI = IB2 = 15 mAdei MD2218 tf -

MD221 SA -

.. Pulse Test: Pulse Width :s: 300 " •• Dutv Cvele :s: 2.0%. 

For more detailed Information pertaining to the electrical characteristics curves, see the 2N2218 data sheet. 
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Max Unit 

Vde 
-
-

Vde. 
-
-

Vde 
-
-

"Ade 
0.020 
0.Q15 
0.03 "Ade 

-
-
-
-

120 
-
-
-

Vde 
0.4 
0.3 

1.2 
0.9 

Vdc 
1.3 
1.2 

2.0 
1.8 

- MHz 

8.0 pF 

pF 
30 
25 

20 ns 
15 

40 ns 
30 

280 ns 
250 

70 ns 
60 



MD2219, MD2219 A (SILICON) 

MD2219F, MD2219AF 
MQ2219A 

DUAL AND QUAD NPNSILICON 
ANNULAR TRANSISTORS 

... designed for high-speed switching circuits, dc to VH F amplifier 
applications and complementary circuitry with the PNP MD2905, 
MD2905A, MD2905F, MD2905AF, and MQ2905A. 

• DC Current Gain Specified from 0.1 to 300 mAdc 

• High Current-Gain-Bandwidth Product -
t-r = 200 MHz (Min) @ IC = 20 mAdc 

• Each Transistor Similar to the 2N2219 

C1lMAXIMUM RATINGS (Each Transistor) 

Rating Symbol MD2219 
MD2219f 

Collectqr-Emitter Voltage VeF;Q, 30 
Collector-Base Voltage Vca 60 
Emitter-Base Voltage V!;;jt 5.0 
Collector Current Ie 

MD2219A 
MD2219AF 
MQ2219A 

40 

75 

6.0 

600 
Operating and Storage Junction TJ,Tstg -S5to +200 

Temperatuni Range 

One Both 
Side Sides 

Total Device Dissipation @ T A = 250 e PD 
MD2219. MD2219A 500 600 

Derata above 250 e 2.9 3.4 
MD2219F. MD2219AF 250 350 

Derate above 250 C 1.5 2.0 

Total Device Dissipation @ T e = 250 e Po 
MD2219, MD2219A 1.6 3.0 

Derate above 25°C 9.1 17.2 
MD2219F, MD2219AF BOO 900 

Derate above 2SoC 4.6 5.2 

One Four 
Device Devices 

Total Device Dissipation @ T A = 250 C Po 
MQ2219A 400 500 

Derate abOve 25°C 2.28 2.86 

Total Device Dissipation @ T C = 25°C Po 
MQ2219A' 0.65 3.5 

Derata above 250 e 3,71 14.8 

C1JOevices mounted on a printed circuit board in the vertical pOlition shielded 
from air movement. 
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Unit 

Vdc 

Vdc 

Vdc 

mAde 

°c 

mW 
mW/oC 

mW 
mwf>C 

Watts 
mWf>e 

mW 
mW/oC 

mW 
mW/oe 

Watts 
mWf>C 

NPNSILICON 
TRANSISTORS 

MD2904 
MD2904A 

MD2904F 
MD2904AF 

O.
335 01A t ~ !f.37ij .-

mD'A-r"l 0.140 

I 1--1 

\ 
45' 

0.500 .IN 
-~ 

All L1IlId, Eladrica1\~ Isolated f10m tau 

~~".' 
~ \ PNP PNP 

'inCOttMdIOflS.8ottOIllYin, 1 
O.050T.P. 

~~~--r.--,--o:D14O 

,
CASE 

610A-03 

O~.~O --:":,,,:-l--HI-~. ~C;;,~;;;.~---' 

All leads Isolated 
from case 

MQ2904 

~ 

~ 
CASE 607 

(TO-S6) 

L I MIN MAX 1--"''''i,!{'·03· 
c:::J 

lHd 1 idenlifiedby COIOI dol or by elhow on Iud. 

AIiJEDECdimensionsan~nolel~pply 

All leads isolated 
from case 



MD2219, MD2219A, MD2219F, MD2219AF, MQ2219A (continued) 

ELECTRICAL CHARACTERISTICS (Each Transistors) (T A = 25°C unless otherwise noted) 

Characteristics apply to corresponding flat package, and quad type number. 

Characteristic Symbol Min 

OFF CHARACTERISTICS 

Collector-Emitter Breakdown Voltage III BVCEO 111 
(lc = 10 mAde, 'B = 0) MD2219 30 

MD2219A 40 

Collector-Base Breakdown Voltage BVCBO 
(lC = 10 "Adc, 'E = 0) M02219 60 

MD2219A 75 

Emitter-Base Breakdown Voltage BVEBO 
(IE = 10 "Ade, IC = 0) MD2219 5.0 

MD2219A 6.0 

Collector Cutoff Current 'CEX 
(VCE = 50 Vdc, VEB(off) = 3.0 Vde) MD2219 -

MD2219A -
Base Cutoff Current 'BL -

(VCE = 50 Vdc, VEB(off) = 3.0 Vde) MD2219 
MD2219A 

ON CHARACTERISTICS 

DC Current Gain 111 hFE 111 
(lC = 0.1 mAde, VCE = 10 Vde) 35 
(lC= 1.0 mAde, VCE =10Vde) 50 
(lC = 10 mAde, VeE = 10 Vde) 75 
(Ie = 150 mAde, VeE = 10 Vde) 100 
(lC = 150 mAde, VCE = 1.0 Vdc) 50 
(Ie = 300 mAde, VCE = 10 Vde) 30 

Collector-Emitter Saturation Voltage 111 V CE (sat) 111 
(lC = 150 mAde,lB = 15 mAde) MD2219 -

MD2219A -
(lC = 300 mAde, 'B = 30 mAde) MD2219 -

MD2219A -

Base-Emitter Saturation Voltage 111 V BE (sat) 111 
(lc = 150 mAde, 'B = 15 mAde) MD2219 . 0.6 

MD2219A 0.6 

(I C = 300 mAde, I B = 30 mAde) MD2219 -
MD2219A -

DYNAMIC CHARACTERISTICS 

Current-Gain-Bandwidth Product fT 250 
(lC = 20 mAde, VCE = 20 Vde, f= 100 MHz) 

Output Capacitance Cob -
(VCB = 10 Vdc, 'E = 0, f = 100 kHz) 

I nput Capacitance Cib 
(VBE = 0.5 Vde, IC = 0, f = 100 kHz) MD2219 -

MD2219A -

SWITCHING CHARACTERISTICS 

Delay Time 
(VCC = 30 Vdc, 

MD2219 td -
VES(off) = 0.5 Vde, 

MD2219A -
Rise Time IC= 150 mAde, lSI = 15 mAde) MD2219 tr -

MD2219A -
Storage Time MD2219 ts -

(VCC = 30 Vde, MD2219A -
Fall Time 

IC = 150 mAde, 
MD2219 181 = 'B2 = 15 mAde) tf -
MD2219A -

III PuiS. Test: Pulse Width :S: 300 "S, Duty Cycle:S: 2.0%. 
For more detailed information pertaining to the electrical characteristics, see the 2N2219 data sheet. 
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Max Unit 

Vdc 
-
-

Vdc 
-
-

Vde 
-
-

"Adc 
0.020 
0.015 

0.03 "Ade 

-
-
-
-

300 

-
-

Vde 
0.4 
0.3 

1.2 
0.9 

Vde 
1.3 
1.2 

2.0 
1.8 

- MHz 

8.0 pF 

pF 
30 
25 

20 ns 
15 

40 ns 
30 

280 ns 
250 

70 ns 
60 



MD2369, F (SILlCO~) 
MD2369A, F 

Dual NPN silicon annular transistors designed for 
high-speed, logic switching and. space saving consid
erations. Matched pairs are available for differential 
amplifier applications. 

1 2 4 5 

NPN NPN 

CASE 654-04 

MD2369 
MD2369A 

\ . 

PINS 4 AND 8 OMlnEO 
CASE 610-02 

MD2369F 
MD2369AF 

Pin Connections, Bottom View 
All Leads Electrically Isolated from Case 

MAXI MUM RA TI N GS (each side) (T A = 25°C unless otherwise noted) 

Rating Symbol Value 
Collector-Emitter Voltage VCEO 15 

\ 

Collector-Base Voltage. VCB · 40 

Emitter-Base Voltage VEB 5.0 

Collector Current IC 
(10 p.s Pulse) 500 

Operating and Storage Junction 
TJ • Tstg -65 to +200 Temperature Range 

One. Both 
Side Sides 

Total Device Dissipation @ TA = 25DC Po 

Metal Can 500 600 
Derate above 25DC 2.9 3.4 

. Flat Package 250 350 
Derate above 25DC 1.5 2.0 
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Unit 

Vdc 

Vdc 

Vdc 

mAde 

DC 

mW 
mW/DC 

mW 
mW/DC 



MD2369,F/MD2369A,FI (continued) 

ELECTRICAL CHARACTERISTICS (each side) ITA = 250C unless otherwise notedl 

Characteristic 

OFF CHARACTERISTICS 

Collector-Emitter Breakdown Vollage I1f 
(Ie ~ 10 mAde, Is • 0) 

Collector-Bue Breakclcnm Voltage 
(Ie = 10 "Adc, 19 = 0) 

Emltter-Bue Breakdown Vollage 
(IE = 10 "Ade, Ie = 0) 

Collector Cutofl Current 
(VCB • 20 Vde, IE' 0) 

(VCB = 20 Vdc, IE = 0, TA = +150°C) 

ON CHARACTERISTICS 

DC Current GaIn,III 
(IC = 10 mAde, V CE = 1.0 Vdc) 

(IC = 10 mAde, V CE = 1.0 Vdc, T A = _55°C) 

Collector-Emitter Saturation Voltage 
(IC = 10 mAde, Is = I mAde) 

Bue-Emitter Saluratlon Voltage 
(IC = 10 mAde, Is = 1 mAde) 

DYNAMIC CHARACTERISTICS 

Current-Gain-Bandwidth Produet 
(IC • 10 mAde, V CE = 10 Vde, I = 100 MHz) 

Output ~Itance 
(VCB ' 5 Vdc, Ig = 0, f = 140 kHz) 

Input Capacltanee 
(VBE ~ I Vdc, IC = 0, f = 140 MHz) 

Charge Storage Time Constant (FIgure 3) 

Turn-On Time (Figure I) 

Turn-Off Time (Figure 2) 

MATCHING CHARACTERISTICS 

DC Current GaIn Ratio •• 
(Ie • 3 mAde, V CE = I Vdc) MD236&A, MD236&AF 

Base, Voltage DIfferential 
(IC· 3 mAde, VCE = I Vdc) MD2~6&A, MD236&AF 

Bue Voltag8 DIfferential Gradient 
(IC = 3 mAde, V CE = I Vdc, T A = -55 to +125°C) MIl2369A, MD236&AF 

11) ,Pulse Test: Pulse WlcIth = 300,.0; Duty Cycle ~ 2% 
•• ",. lowest hFE reading Ia taken as hFEI for thla test. 

Symbol Min 

BVCEO 
15 

BVCBO 
40 

BVEBO 5.0 

ICBO -
-

hFE 
40 

ZO 

VCE(sat) -
VBE(sat) 

0.7 

'T 
500 

Cob -
Cib -
ts -
ton -
toff -

hFEI/hFEZ 
0.& 

IVBEI - VBal -
~(VBEI - VBEZ) 

~TA -

Max 

-
-
-

0.03 

30 

140 

-
0.Z5 

0.85 

-
4.0 

4.0 

13 

15 

20 

1.0 

5.,0 

10 

SWITCHING TIME EQUIVALENT TEST CIRCUITS 

Unit 

Vdc 

Vdc 

Vdc 

"Me 

-

Vdc 

Vde 

MHz 

pF 

pF 

DB 

no 

DB 

-

mVde 

"V!OC 

+10.6 v~FIGU'I,l;:t. ':".:-~'mA + ... ~t?C:~ " •• 
o -0 ,.,t-_-

-1.5V-\ <Ins ;4::;Cs*<4pf -9.15 V Ukll ~Cs*<4pf 
PULSE WIDTH (t,) = 300 ns 3.3 k!l _J PULSE WIDTH (t,) = 300 ns < 1 ns -l 

DUTY CYCLE = 2% DUTY CYCLE = 2% 

FIGURE 3 - STORAGE TIME EQUIVALENT TEST CIRCUIT 

;;A 
<~ .see-l!:-

PULSE WIDTH (I,) = 300 .s.c 
DUTY CYCLE = 2% 
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MD2904, MD2904A (SILICON) 

MD2904F, MD2904AF 
MQ2904 

DUAL AND QUAD PNP SILICON 
ANNULAR TRANSISTORS 

... designed for high·speed switching circuits, dc to VH F amplifier 
applications and complementary circuitry with the NPN MD2218, 
MD2218A, MD2218F, MD2218AF, and MQ2218. 

• DC Current Gain Specified - 0.1 to 500 mAde 

• High Current·Gain-Bandwidth Product -
fT = 200 MHz (Min) @IC = 50 mAdc 

• Each Transistor Similar to the 2N2904 

tMAXIMUM RATINGS (Each Transistor) 

MD2904 
Rating Svmbol MD2904F MD2904A 

MQ2904 MD2904AF 

Coliector·Emitter Voltage VCEO 40 60 
Coliector·Sase Voltage VCS 60 

Emitter-Sase Voltage VES 5.0 

Collector Current IC 600 

Operating and Storage Junction TJ,Tstg -65 to +200 
Temperature Range 

Ona Both 
Side Sides 

Total Devica Dissipation @TA = 250 C Po 
MD2904, MD2904A 500 600 

Derate above 2SoC 2.9 3.4 
MD2904F, MD2904AF 250 350 

Derate abOve 2SoC 1.5 2.0 

Total Devica Dissipation @ T e = 250 e Po 
MD2904, MD2904A 1.6 3.0 

Derate above 2soe 9.1 17.2 
MD2904F, MD2904AF 800 900 

Derate above 2Soe 4.6 5.2 

One Four 
Davice Devices 

Total Device Dissipation @ T A = 250 e Po 
MQ2904 400 500 

Derate above 2Soe 2.28 2.86 

Total Devica Dissipation@Te = 25°.c Po 
MQ2904 0.65 3.5 

Derate above 250 e 3.71 14.8 

tOevices mounted on a printed circuit board in the vertical position shielded 
from air movement. 
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Unit 

Vdc 

Vdc 

Vdc 

mAde 

°c 

mW 
mW/oC 

mW 
mW/oe 

Watts 
mW/oC 

mW 
mWJDe 

mW 
mW/oC 

Watts 
mW/oC 

PNPSILICON 
TRANSISTORS 

MD2904 
MD2904A 

'!ItStMICIOMIT1[O 

Pin Connections, Bottom View 

CASE 654-04 

&.t~~ DIAt 
~OIA-tr 

I 

All LeadsElectricallvllolatedftomCau 

MD2904F 
MD2904AF ~~".' 

~-

PNP PNP 
Pin COfInediDns, Bottom View 9 1 

~; 
T-
0100 --;'.;;-"1--++--;;;;;;;---'-

CASE" 0.160 I-~~'~ 
610A-03 L IO.\~1 r;~~i 

II I tLO.OO3 
All leads isolated 0.030 . n:tms 

from case if.i!8ij 

MQ2904 

CASE 607 
(TO-S6) 

m --.l 0,",' 

~ 0;:0 ~~I:O~ O.ri03 T.P. O'()30 

SEAT~~~6 0T'~_ omo 
PLANE .• 0.050 

0.010 TP. 

ill91i 1.-l 

0.015 
MAX 

Lead 1 idanlilied by Golor dot or by elbow on lead. 

All JEDECdimensionsand notes spply 

All leads isolated 
from case 



MD2904, MD2904A, MD2904F, MD2904AF, MQ2904\(continued) 

ELECTRICAL CHARACTERISTICS (Each Transistor) (T A ~ 25°C unless otherwise noted) 

Characteristics apply to corresponding flat package, and quad type number. 

Characteristic Symbol Min 

OFF CHARACTERISTICS 

Coliector·Emitter Breakdown Voltage 
. 

BVCEO· 
(lC = 10 mAdc, 'B ~ 0) MD2904 40 

MD2904A 60 

Coliector·Base Breakdown Voltage BVCBO 60 
(lC = 10 "Ade, 'E = 0) 

Emitter·Base Breakdown Voltage BVEBO 5.0 
(lB = 10"Ade,lc = 0) 

Collector Cutoff Current 'CEX 
(VeE = 50 Vdc, VBE(oft) = 3.0 Vdc) -
(VCE = 50 Vdc, VBE(off) = 3.0 Vde, TA = 1500C) -

Base Cutoff Current 'BL -
(VCE = 50 Vdc, VBE(oft) = 3.0 Vde) 

ON CHARACTERISTICS 

DC Current Gain· hFE 
. 

(IC = 0.1 mAde, VCE = 10 Vde) MD2904 20 
MD2904A 40 

(lC = 1.0 mAde, VCE = 10 Vdc) MD2904 25 
MD2904A 40 

(Ie = 10 mAde, VCE = 10 Vdc) MD2904 35 
MD2904A 40 

(Ie = 150 mAdc, VCE = 10 Vde) All Types 40 

(lC = 500 mAde, VCE = 10 Vdc) MD2904 20 
MD2904A 40 

Coliector·Emitter Saturation Voltage· VCE(sat)· 
(lc = 150 mAde,lB = 15 mAdc) -
(lC = 500 mAdc,lB = 50 mAdc) -

Base·Emitter Saturation Voltage· VBE(sat)* 
(lC = 150 mAdc,lB = 15 mAde) -
(lC = 500 mAde,lB = 50 mAde) -

DYNAMIC CHARACTERISTICS 

Current·Gain-Bandwidth Product tr 200 
(lC = 50 mAdc, VCE = 20 Vdc, f = 100 MHz) 

Output Capacitance Cob -
(VCB = 10 Vdc, IE = 0, f = 100 kHz) 

I nput Capacitance Cib -
(VBE = 2.0 Vdc, Ie = 0, f = 100 kHz) 

.. 

SWITCHING CHARACTERISTICS 

Turn·On·Time ton -
rVCC = 30 Vdc, VBE(off) = 0.5 Vde, 

DelavTime td -
IC = 150 mAde, 'Bl = 15 mAde! 

Rise Time tr -
Turn·Oft·Time toft -

(VCC = 30 Vdc, IC = 150 mAdc, 
Storage Time ts -

'Bl = IB2 = 15 mAdc) 
Fall Time tf -

·Pulse Test: Pulse Width ~ 300 #J.s, Duty Cycle ~ 2.0%. 
For more detailed information pertaining to the electrical characteristic curves. see the 2N2904 data sheet. 
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Max Unit 

Vdc 
-
-

- Vdc 

- Vdc 

"Adc 
0.020 

30 

0.030 "Adc 

-
-
-

-
-
-
-

120 

-
-

Vdc 
0.4 
1.6 

Vdc 
1.3 

2.6 

- MHz 

8.0 pF 

30 pF 

45 ns 

12 ns 

35 ns 

130 ns 

100 ns 

40 ns 



MD2905, MD2905A (SILICON) 

MD2905F, MD2905AF 
MQ2905A 

DUAL AND QUAD PNP SILICON 
ANNULAR TRANSISTORS 

· .. designed for high·speed switching circuits. dc to VH F amplifier 
applications and complementary circuitry with the NPN MD2219. 
MD2219A. MD2219F. MD2219AF. and MQ2219A. 

• DC Current Gain Specified - 0.1 to 500 mAdc 

• High Current·Gain-Bandwidth Product -
11" = 200 MHz (Min) @ IC = 50 mAdc 

• Each Transistor Similar to the 2N2905 

111 MAXIMUM RATINGS (Each Transistor) 

,Rating Symbol MD2906 
MD2905A 
MD2905AF 

MD2905F MQ2905A 

Coliector·Emitter Voltage VCEO 40 60 

Coliector·Base Voltage VCB 60 
Emitter·Base Voltage VEB 5.0 

Collector Current IC 600 
Operating and Storage Junction TJ.Tstg -65 to +200 

Temparature Range 

One Both 
Side Si .... 

Total Device Dissipation @TA = 25°C Po 
MD2905. MD2905A 500 600 

Derate above 25°C 2.9 3.4 
MD2905F. MD2905AF 250 350 

Derate above 25°C 1.5 2.0 

Total Device Dissipation @ T C = 25°C Po 
MD2905. MD2905A 1.6 3.0 

Derate above 25"C 9.1 17.2 
MD2905F. MD2905AF 800 900 

Derate above 25°C 4.6 5.2 

One Four 
Device Devices 

Total Device Dissipation @ T A = 25°C Po 
MQ2905A 400 600 

Derate above 25°C 2.28 2.86 

Totel Device Dissipation @ T C = 25°C Po 
MQ2905A 0.65 3;5 

Derate above 25°C 3.71 14.8 

11 Devices mounted on 8 printed circuit board in the vertical position shielded 
from air movement. 
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Unit 

Vde 

Vde 

Vde 

mAde 

°c 

mW 
mWflC 

mW 
mW/oC 

Watts 
mW/oC 

mW 
mW/oC 

mW 
mWflC 

Watts 
mWflC 

PNPSILICON 
TRANSISTORS 

MD2905 
MD2905A 

m; 0 ~:t§1~ 
@'PNpm Ql :,~ ~i -illL-L 
'~~' 

PNP' I 

PINS 'AIIDIOMlTtm 

CASE 654-04 

All leads isolated 
from case 

MD2905F 
MD2905AF 

~, 

. CASE PNP rbl-Jd, PNpJir 

610-02 ~ .. 
D.15D .... 

ilIil 
0.105 

MQ2905A 

~, 

~ 
I' 1011 IJ !3 .. 

CASE 607 

lndtidentilledbysquere npressiontm __ ofCIl'. 

Leld I illentffitd !Ir color dot or by elllow 011 ... 
t40LEAD FLAT PACKAGE 

AI,I leads isolated 
from case 



MD2905, MD2905A, MD2905F, MD2905AF, MQ2905A (continued) 

ELECTRICAL CHARACTERISTICS (Each Transistor) (T A = 25°C unless otherwise noted) 

Characteristics apply to corresponding flat package. and quad type number. 

Characteristic Svmbol Min 

OFF CHARACTERISTICS 

Coliector·Emitter Breakdown Voltege'l1l BVCEO 
(lC = 10 mAde. 'B = 01 MD2905 40 

MD2905A 60 

Coliector·Base Breakdown Voltage BVCBO 60 

(lC = 10 "Ado. 'E = 01 

E mitter·Base Breakdown Voltage BVEBO 5.0 
(lB= 10"Ade.IC=01 

Collector Cutoff Current 'CEX 
(VCE = 50 Vde. VBE(offl = 3.0 Vdel -
(VCE = 50 Vde. VBE(offl = 3.0 Vde. T A = 1500CI -

Base Cutoff Current 'BL -
(VCE = 50 Vde. VBE(off) = 3.0 Vdel 

ON CHARACTERISTICS 

DC Current Gain fII hFE 
(lC = 0.1 mAde. VCE = 10 Vdel M'D2905 35 

MD2905A 75 

(lc = 1.0 mAde. VCE = 10 Vdel MD2905 50 
MD2905A 100 

(lc = 10 mAde. VCE = 10 Vde) MD2905 75 
MD290SA 100 

(lC = 150 mAde. VCE = 10 Vdel All Types 100 

(lC = 500 mAde. VCE = 10 Vdel MD2905 30 
MD290SA 50 

Coliector·Emitter Saturation Voltagefll VCE(satl 
(lC = 150 mAde. 'B = 15 mAde) -
(lC = 500 mAde. I B = 50 mAdel -

Base·Emitter Saturation Voltage 111 VBE(satl 
(lC = 150 mAde.IB = 15 mAdel -
(I C = 500 mAde. I B = 50 mAdel -

DYNAMIC CHARACTERISTICS 

Current·Gain-Bandwidth Product fT 200 
(lC = 50 mAde. VCE = 20 Vdc.·f = 100 MHzl 

Output Capacitance Cob -
(VCB = 10 Vdc. IE = O. f = 100 kHzl 

I nput Capacitance Cib -
(VBE ,= 2.0 Vdc. Ie = O. f = 100 kHzl 

SWITCHING CHARACTERISTICS 

Turn·On·Time 
(VCC = 30 Vdc. VBE(oftl = 0,.5 Vde. 

tan -

Deley Time td -
IC= 150mAdc.IBl = 15 mAde) 

Rise Time tr -
Turn·Off·Time taft -

(VCC = 30 Vde.lc = 150 mAde. 
Storage Time ts -

'Bl = 'B2 = 15 mAde) 
Fall Time tf -

fII Pulse Test: Pulse Width ~ 300 ,.. •• Duty Cycle ~ 2.0%. 

For more detailed information pertaining to the electrical characteristic curves, see the 2N2905 data sheet. 
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Max Unit 

Vde 
-
-
- Vde 

- Vde 

"Ade 
0.020 

30 

0.030 "Ade 

-
-
-
-
-
-' 
-

300 

-
-

Vde 
0.4 

1.6 

Vde 
1.3 
2.6 

- MHz 

8.0 pF 

30 pF 

45 ns 

12 ns 

35 ns 

130 ns 

100 ns 

40 ns 



MD3250, A, F ,AF(sILiCON) 
MD3251, A, F, AF 

Dual PNP silicon annular transistors, especially 
designed for low-level, differential amplifier applica
tions. 

1lt 
PNP 

~ - II 9 2 

CASE 654-04 CASE 610-02 7 4 

5 
MD3250, A 
MD3251, A 

PINS 4 AND.8 OMITTED 
MD3250F, AF PNP 
MD3251F, AF 

Pin Connections Bottom View 
All Leads Electrically Isolated from Case 

MAXI MUM RATI NGS (each side) (T A = 25°C unless otherwise noted) 

Rating Symbol Value Unit 

Collector-Base Voltage VCB 50 Vdc 

Collector-Emitter. Voltage VCEO 40 Vdc 

Emitter-Base Voltage VEB 5.0 Vdc 

DC Collector Current IC 50 mAdc 

Junction Temperature TJ +200 °c 

storage Temperature Range Tstg -65 to +200 °c 

One Side Both Sides 

Total Device Dissipation @ T A = 25°C Po 
500 600- mW Metal Can 

Derate above 25°C 2.9 3.4 mWrc 

Flat Pack 250 350 mW 
Derate above 25°C 1.5 2.0 mWrC 

Total Device Dissipation @ TC = 25°C 
Metal Can 

Po 
1.2 2.0 W 

Derate above 25°C 6.85 1l.42 mW/oC 
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MD3250, A,F,AF and MD3251, A,F,AF (continued) 

ELECTRICAL CHARACTERISTICS (TA = 25°C unless otherwise noted) 

Characteristic Symbol 

OFF CHARACTERISTICS 

Collector-Base Breakdown Voltage BVCBO 
(IC = 10/.LAde, IE = 0) 

Collector-Emitter Breakdown Voltage BVCEO 
(Ic = 10 mAde, IB = 0) 

Emitter-Base Breakdown Voltage BV EBO 
(IF.'= 10 /.LAde, Ic = 0) 

Collector Cutoff Current ICBO 
(VCB = 50 Vde, IE = 0) 

(V(,R = 50 Vde, IE = 0, T~= 150'C) 

Emitter Cutoff Current lEBO 
(V EB = 3 Vde, lC = 0) 

ON CHARACTERISTICS 

DC Forward Current Transfer Ratio f1I hFE 
(IC = 10/.LAde, V CE = 5 Vde) MD3250, MD3250A 

MD3251, MD3251A 

(IC = 100 /.LAde, VCE =5Vde) MD3250, MD3250A 
MD3251, MD3251A 

(IC = 100 /.LAde, VCE = 5 Vde, TA =-55'C) MD3250, MD3250A 
MD3251, MD3251A 

(IC = I mAde, V CE = 5 Vde) MD3250, MD3250A 
MD3251, MD3251A 

(IC = 10 mAde, VCE = 5 Vde) MD3250, MD3250A 
MD3251, MD3251A 

(IC = 50 mAde, V CE = 5 Vde) MD3250, MD3250A 
MD3251, MD3251A 

Collector-Emitter Saturation Voltage (11 
V CE(sat) 

(IC = 10 mAde, IB = 1. 0 mAde) 

(1(' = 50 mAde, IR = 5 mAde) 

Base-Emitter Saturation Voltagelll 
VBE(sat) 

(IC = 10 mAde, IB" 1. 0 mAde) 

(IC = 50 mAde, IB = 5 mAde) 

SMALL SIGNAL CHARACTERISTICS 

Current-Gain - Bandwidth Product MD3250, MD3250A fT 
(Ic = 10 mAde, V (' ... = 20 Vde, f = 100 MHz) MD3251, MD3251A 

Output Capacitance Cob 
(V(,R = 5 Vde, IF. = 0, f = 10<1kHz) 

Input Capacitance Cib t YBE = O. 5 Vde, IC = 0, f = 100 kHz) 

Small Signal Current Gain MD3250, MD3250A hfe 
(IC = 1. 0 mA, V CF. = 10 V, f = 1 kHz) MD3251, MD3251A 

Voltage Feedback Ratio MD3250, MD3250A h 
(IC = 1.0 mA, VCE = 10 V, f = 1 kHz) MD3251, MD3251A re 

Input Impedance MD3250, MD3250A h. 
(IC = 1.0 mA, VCE = 10 V, f = 1 KHz) MD3251, MD3251A Ie 

Output Admittance MD3250, MD3250A h 
(IC = 1. 0 rnA, V CF. = 10 V, f = 1 kHz) MD3251, MD3251A oe 

Wide Band Noise Figure NY 
(IC = 100 /.LA, V CE = 10 V, Rg = 3 kohm, MD325.0, MD3250A 

Noise Bandwidth 10 cps to 15.7 kHz) MD3251, MD3251A 

MATCHING CHARACTERISTICS (Types MD3250A and MD3251A only) 

DC Current Gain Ratio*'" hFE/h~'E2" 
(IC = 100 /.LAde and 1 mAde, V CE = 5 Vde) MD3250A, MD3251A 

Base Voltage Differential IVBEI-VBE21 
(IC= 10 /.LA, to 10 mA, V CE = 5 Vde) MD3250A, MD3251A 

(IC = 100/.LAde, V CE = 5 Vde) MD3250A. MD3251A 

Base Voltage Differential Change 
<l.lVBEI-VBE2' (IC = 100 /.LAde, V CE = 5 Vde, T A = -55 to +25°C) MD3250A, MD325iA 

(IC = 100/.LAde, V CE = 5 Vde, T A = 25 to 125°C) MD3250A, MD3251A <I..fA 

I Min I Typ I Maxi Unit 

Vde 
50 - -

Vde 
40 -

Vde 
5.0 - -

/.LAde 
- - 0.01 

- - 10 

nAde 
- - 20 

-
25 - --
50 - -
50 - 150 

100 - 300 

25 - -
50 - -
50 - 150 

100 - 300 

50 - -
100 - -

15 - -
30 - -

Vde 
- - 0.25 

- - 0.50 

Vde 
'0.6 - 0.9 

- - 1.2 

200 - - MHz 
250 - -

pF 
- - 6.0 

pF 
- - 8.0 

50 - 200 --
100 - 400 

- - 10 xIO-,4 
- - 20 

1.0 - 6.0 kohms 
2.0 - 12 

4~0 - 40 /.LmhOS 
10 - 60 

dB - - 4.0 

- - 3 .• 0 

-
0.9 - 1.0 

mVde 
- - 5.0 

- - 3.0 

"''''j'e - - 10 

- - 10 

C1l'Pulse Test ~ 300 /.Ls, duty cycle ~ 2% •• The lowest hFE reading is taken as hFEI for this ratio 
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MD3250, A,F,AF and MD3251, A,F,AF (continued) 

NORMALIZED CURRENT GAIN CHARACTERISTICS 
. 2 .0 

1 
I25°C' TJ 

0 1 25°C 

I 
TJ = -55°C 

I 
~ 

~ 
, 

"-
'" ........ '" 
" I' --- ~ 

5 NORMALIZED AT Ie = 10 mAeVe. = I V 

TYPICAL h" = 74 - M03250, M03250A ~ 

I 

I 167 - M03251, M03251A " 3 O. 
0.1 0.2 0.5 1.0 2.0 5.0 10 20 50 
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MD3250, A,F,AF and MD3251, A,F,AF (continued) 
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MD3467 (SILICON) 

MD3467F 
MQ.3467 

Dual and quad PNP silicon annular transistors designed 
for medium-current, high-speed switching and driver ap
plications where space reduction is required. 

M03467 M03467F 

CASE 654-04 

.~ 

.~. CASE 610-02 

PNP~ 'N'~'N' 
, 7 

Pins 4 and 8 omitted Pin connections, bottom view 

Pin connections, bottom view Lead 1 identified by square 

impression on underside of case. 

All leads isolated 
from case 

MAXIMUM RATINGS (each transi~tor) 

Rating Symbol 

Collector-Emitter Voltage VCEO 

Collector-Base Voltage VCB 

Emitter-Base Voltage VEB 

Collector Current - Continuous IC 

Operating and Storage Junction T J' Tstg 
Temperature Range 

Total Device Dissipation @ T A = 25°C PD 
MD3467 

Derate above 25.oC 
MD3467F 

Derate above 25°C 

Total Device Dissipation @ TC = 25°C PD 
MD3467 

Derate above 25°C 
MD3467F 

Derate above 25°C 

Total Device Dissipation @ T A = 25°C PD 
MQ3467 

Derate above 25°C 

TotalDevice Dissipation@ TC = 25°C 
MQ3467 

PD 

Derate above 25°C 

3-144 

M03467 

CASE 607 

Lead 1 identified by COIOT 
dot or by elbow on lead. 

Value Unit 

40 Vdc 

40 Vdc 

5.0 Vdc 

1.0 Adc 

-65 to +200 °c 

One Both 
Side Sides 

500 600 mW 
2.86 3.43 mW;oC 
250 350 mW 
1. 43 2.0 mW;oC 

1.0 2.0 Watts 
5.7 11.4 mW;oC 
1. 25 2.5 Watts 
7. 15 14.3 mwrc 
One Four 

Device Devices 
mW 

400 500 
2.28 2.86 mWrC 

Watts 
1. 25 5.0 
7.15 28.6 mWrC 



MD3467, MD3467F, MQ3467 (continued) 

ELECTRICAL CHARACTERISTICS (each transistor) (T A = 25° C unless otherwise noted) 

Characteristic 

OFF CHARACTERISTICS 

Colleclor-Emitter Breakdown Voltage 1" BVCEO 
(IC = 10 mAdc, IB = 0) 40 

Collector-Base Breakdown Voltage BVCBO 
(IC = 10 ~dc, IE = 0) 40 

Emitter-Base Breakdown Voltage BVEBO 
(~ = 10 ~dc, IC = 0) 5.0 

Colleclor Cutoff Current ICBO 
(V CB = 30 Vdc, IE = 0) - 30 

Emitter Cutoff Current ~BO 
(V BE = 3.0 Vdc, IC = 0) - 30 

ON CHARACTERISTICS 

DC Current Gain 111 hFE 
(IC = 500 mAdc, V CE = 1. 0 Vdc) 20 40 

Collector-Emitler Saturation Voltage 111 VCE(sal) 
(IC = 500 mAdc, IB = 50 mAdc) - 0.35 

Base-Emitter Saturation Voltage III VBE(sat) 
(IC = 500 mAde, IB = 50 mAdc) - 0.9 

DYNAMIC CHARACTERISTICS 

Current-Gain -Bandwidth Product fT 
(IC = 50 mAdc, V CE = 10 Vdc, f = 100 MHz) 150 250 

Colleclor-Base Capacitance Ccb 
(V CB = 10 Vdc, ~ = 0, f = 100 kHz) , - 11 

Collector-Emitter Capacitance Ceb 
(VBE = 0.5 Vdc, IC = 0, f = 100 kHz) - 60 

SWITCHING CHARACTERISTICS 

Delay Time td - 7.0 

Rise Time 
(IC = 500 mAdc, IB1 = 50 mAdc) 

t 15 r -

Storage Time I 30 
(IC = 500 mAdc, IB1 = IB2 = 50 mAdc) 

s 

Fall Time tf - 16 

III. Pulse Test: Pulse Width ~ 300 /lS, Duty Cycle ~ 2. 0% 

FIGURE 1 - SWITCHING TIMES TEST CIRCUIT 

I,'" 2.5 ns 
PW<><500 ns 

Duly Cycl. '" 2.0% O.lI'F 

'-V-T 
+27.7 V 

300 
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300 

IN916 
0' 

Equiv. 

Vdc 
-

Vdc 
-

Vdc 
-

nAdc 
100 

nAdc 
100 

-
-

Vdc 
0.5 

Vdc 
1.2 

MHz 
-

pF 
20 

pF 
80 

10 ns 

30 ns 

80 ns 

30 ns 

-30 V 

.59 

t-----o To Scope 
I,,,, 2.5 ns 



MD3725 (SILICON) 

MD3725F 
MQ3725 

Dual and quad NPN silicon annular transistors de
signed for medium-current, high-speed switching and 
driver applications where space reduction is required. 

CASE 654-04 

Cffi .. '\f[] 

MD3725F 

~ 
~ 

CASE 610-02 

ft~ft 
• 7 

"NS • ANI) • OMRllD 

Pin Connections, Bottom View 

Pin Connections, 80tt0m View 

Lead 1 identified by squara Impression 
or dot on underside of case 

Lead 1 identified by color dot or by 
elbow on lead. 

All leads isolated from case All leads isolated from case 

MAXIMUM RATINGS (each transistor) 

Rating Symbol 

Collector-Emitter. Voltage VCEO 

Collector-Base Voltage VCB 

Emitter-Base Voltage VEB 

Collector CUrrent - Continuous IC 

Operating and Storage Junction T J' Tstg 
Temperature Range 

Total Device Dissipation @ T A = 25°C PD 
MD3725 

Derate above 25°C 
MD3725F 

Derate above 25°C 

Total Device Dissipation @ TC = 25°C PD 
MD3725 

Derate above 25°C 
MD3725F 

Derate above 25°C 

Total Device DisSipation @ T A = 25°C PD 
MQ3725 

Derate above 25°C 

Total Device Dissipation @ TC = 25°C 
MQ3725 

PD 

Derate above 25°C 

3-146 

All leads electrically isolated from 
package. 

Value Unit 

40 Vdc 

65 Vdc 

6.0 Vdc 

1.0 Adc 

-65 to +200 °c 

One Both 
Side Sides 

500 600 mW 
2.9 3.4 mW;oC 
250 850 mW 
1.5 2.0 mW;oC 

1.0 2.0 Watts 
5.7 11.4 mW;oC 
1.25 2.5 Watts 
7.1 14.3 mW;oC 

One Four 
Device Devices 

mW 

400 500 
2.28 2.86 mW;oC 

Watts 
1.25 5.0 
7.15 28.6 mW;oC 



MD3725, MD3725F, MQ3725 (continued) 

ELECTRICAL CHARACTERISTICS (fA = 25"C unless otherwISe noted) 

Characteristic Symbol Min Max Unit 

OFF CHARACTERISTICS 

Collector-Emitter Breakdown Voltage BVCEO Vde 
(IC ~ 10 mAde, 'B ~ 0) 40 -

Colleetor-Base Breakdown Voltage BVCBO Vde 
(IC ~ 1OI'Ade, IE = 0) 65 -

Emitter-Base Breakdown Voltage BVEBO Vde 
(IE ~ 1OI'Adc, IC ~ 0) 6.0 -

Collector Cutoff Current ICBO /lAde 
(VCB ~ 40 Vde, IE ~ 0) - 1.7 

(VCB ~ 40 Vde, IE ~ 0, TA ~ 100"C) - 120 

ON CHARACTERISTICS 

DC Current Gain hFE -
(IC ~ 100 mAde, V CE ~ 1. 0 Vde) 50 150 

(IC ~ 500 mAde, V CE ~ 2.0 Vde) 30 -
Collector-Emitter Saturation Voltage VCE(sat) Vde 

(IC ~ 100 mAde, IB ~ 10 mAde) - 0.26 

(IC ~ 500 mAde, IB ~ 50 mAde) - 0.52 

Base-Emitter Saturation Voltage VBE(sat) Vde 
(Ie ~ 100 mAde, IB = 10 mAde) - 0.86 

(IC ~ 500 mAde, IB ~ 50 mAde) 0.85 1.2 

DYNAMIC CHARACTERISTICS 

Current-Gain-Bandwidth Product IT MHz 
(Ie ~ 50 mAde, V CE = 10 Vde, f ~ 100 MHz) 250 -

Output Capacitance Cob pF 
(V CB ~ 10 Vde, 'E ~ 0, f ~ 100 kHz) - 10 

Input Capacitance Cib pF 
(VBE ~ 0.5 Vde, IC ~ 0, f = 100 kHz) - 55 

SWITCHING CHARACTERISTICS 

Turn-On Time (Figure I) t on 
ns 

(IC ~ 500 mAde, IBI ~ 50 mAde) - 45 

Turn-Off Time (Figure 1) toff ns 
(IC ~ 500 mAde, IBI ~ IB2 ~ 50 mAde) - 75 

FIGURE 1 

43 15 
1.0 IJ.F 100 

VIN=+9.7 ~i 
,-~~~ ____ ,--Jvv~-o+30V 

PULS~ GENERATOR 62 1.0 k 
tr• tf - 1.0 ns 
P.W. "" 1.0 IJ.S 
ZIN =50n -
D.C. < 2.0% -3.8 V 
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1.0 IJ.F 1 
TO SAMPLING 
OSCILLOSCOPE 

ZIN ~ 100 kn 
tr <1.0ns 



MD3762 (SILICON) 

MD3762F 
MQ3762 

Dual and quad PNP silicon annular transistors designed 
for high-current, high-speed switching and driver appli
cations where space reduction is required. 

M03762 M03762F MQ3762 

t~~NP 
PN~ 

~rbWJ 
CASE 610-02 PNP~PNP 

• 7 

Pin cOl'1nections, bottom view 

CASE 607 

Pins 4 and 8 omitted 

Pin connections, bottom view Lead 1 identified by square 
impression on underside of case_ 

Lead 1 identified by color 
dot ot by elbow on lead_ 

All leads isolated 
from case 

MAXIMUM RATINGS (each transistor) 

Rating Symbol 

Collector-Emitter Voltage VCEO 

Collector-Sase Voltage VCS 

Emitter-Sase Voltage VES 

Collector Current - Continuous IC 

Operating and Storage Junction T J' Tstg 
Temperature Range 

Total Device Dissipation@TA = 25°C PD 
MD3762 

Derate above 25°C 
MD3762F 

Derate above 25°C 

Total Device DiSSipation @ TC = 25°C PD 
MD3762 

Derate above 25°C 
MD3762F 

Derate above 25°C 

Total Device Dissipation @ TA = 25°C PD 
MQ3762 

Derate above 25°C 

Total DE!Vice Dissipation @ TC = 25°C 
MQ3762 

PD 

Derate above 25°C 

3-148 

Value Unit 

40 Vdc 

40 Vdc 

5.0 Vdc 

1.5 Adc 

-65 to +200 °c 

One Both 
Side Sides 

500 600 mW 
2.86 3.43 mW;oC 
250 350 mW 
1.43 2.0 mW;oC 

1.0 2.0 Watts 
5.7 11.4 mW;oC 
1..25 2.5 Watts 
7;15 14.3 mw;oC 

One Four 
Device Devices 

mW 

400 500 
2.28 2.86 mW;oC 

Watts 
1.25 5.0 
7.15 28.6 mW;oC 



MD3762, MD3762F, MQ3762 (continued) 

ELECTRICAL CHARACTERISTICS (each transistor) (T A = 25"C unless otherwise noted) 

I Characteristic I Symbol Min I Typ 

OFF CHARACTERISTICS 

Collector-Emitter Breakdown Voltage (11 BVCEO 
(IC = 10 mAdc, IB = 0) 40 

Collector-Base Breakdown Voltage BVCBO 
(IC = 10 IJ,Adc, IE = 0) 40 

Emitter-Base Breakdown Voltage BVEBO 
(~ = 10 ",Mc, IC = 0) 5.0 

Collector Cutoff Current leBO 
(V CB = 30 Vdc, IE = 0) -

Emitter Cutoff Current ~BO 
(V BE = 3.0 Vdc, IC = 0) -

ON CHARACTERISTICS 

DC Current Gain 111 hFE 
(IC = 1. 0 Adc, V CE = 2.0 Vdc) 20 

Collector-Emitter Saturation Voltage (11 VCE(sat) 
(Ie = 1. 0 Adc, IB = 0.1 Adc) -

Base-Emitter Satoration Voltage III VBE(sat) 
(IC = 1. 0 Adc, IB = 0.1 Adc) -

DYNAMIC CHARACTERISTICS 

Current-Gain - Bandwidth Product fT 
(IC = 50 mAdc, V CE = 10 Vdc, f = 100 MHz) 150 

Collector-Base Capacitance Ccb 
(V CB = 10 Vdc, ~ =.0, f = 100 kHz) -

Emitter-Base Capacitance Ceb 
(V BE = 0.5 Vdc, IC = 0, f = 100 kHz) -

SWITCHING CHARACTERISTICS 

Delay Time td -
(IC = 1. 0 Adc, IB1 = O. 1 Adc) 

Rise Time t -r 

Storage Time t -s 
(IC = 1. 0 Adc, IB1 = IB2 = O. 1 Adc) 

Fall Time tf -
111 Pulse test: Pulse Width ~ 300 /lB, Duty Cycle ~ 2.0% 

FIGURE 1 - SWITCHING TIMES TEST CIRCUIT 

tr'" 2.5 ns 
pw ... 4QO ns 

Duty Cycle "'2.0% O.IIlF 

'-V-T 
+27.3 V 

150 

150 

IN916 
or 

Equiv. 

30 

30 

40 

0.7 

1.1 

250 

11 

60 

7.0 

15 

30 

16 

Max Unit 

Vdc 
-

Vdc 
-

Vdc 
-

nAdc 
100 

nAdc 
100 

-
-

Vdc 
1.0 

Vdc 
1.4 

MHz 
-

pF 
20 

pF 
80 

10 ns 

30 ns 

80 lis 

30 ns 

-30 V 

... ----0 To Scope 
tr:5 2.5 ns 



MD4957 (SILICON) 

CASE 654-04 

Dual PNP silicon annular 450-MHz amplifier de
signed for high-gain, low-noise amplifier, oscillator, 
and mixer applications. 

Pin Connections, Bottom View 

Allle.ds electrically isolated from case 

MAXIMUM RATINGS (each side) 

Rating Symbol 

Collector-Emitter Voltage VCEO 

Collector-Base Voltage VCB 

Emitter-Base Voltage VEB 

Collector Current IC 

Operating and Stor~ge Junction TJ , Tstg 
Temperature Range 

Total Device· Dissipation @ T - 25°C A- P D 
Der ate above 25°C 

TYPICAL NOISE FIGURE vs. FREQUENCY 

6.0 

5.0 

s 
:s 4.0 .... 
a: 
~ 
~ 3.0 

veo = 10 Vdc 

I. = 2.0 rnA 

Value Unit 

30 Vdc 

30 Vdc 

3.0 Vdc 

30 mAdc 

-65 to +200 °c 

One Both 
Side Sides 
200 400 mW 
1.15 2,3 mW/oC 

/' 
V" 

./ 

./ 
/ 

.... 
sa o ..-"" I'" 

; 2.0 

1.0 

o 
0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 1.0 

f, FREQUE,.CY (GHz) 
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MD4957 (continued) 

ELECTRICAL CHARACTERISTICS (TA = 25'C unless otherwise noted) 

Characteristic 

OFF CHARACTERISTICS 

Collector-Emitter Breakdown Voltage BVCEO 
(IC = 1. 0 mAdc, IB = 0) 30 

Collector-Base Breakdown Voltage BVCBO 
(IC = 100 ILAdc, IE = 0) 30 

Emitter-Base Breakdown Voltage BVEBO 
(IE = 100 ILAdc, IC = 0) 3.0 

Collector Cutoff Current ICBO 
(VCB = 20 Vdc, IE = 0) -

ON CHARACTERISTICS 

DC Current Gain 
(IC = 2.0 mAde, VCE = 10 Vdc) 

DYNAMIC CHARACTERISTICS 

Current-Gain-Bandwidth Product fT 
(IC = 2.0 mAde, VCE = 10 Vdc, f = 100 MHz) 1000 

Collector-Base Capacitance Ccb 
(V CB = 10 Vdc, IE = 0, f = 100 kHz) -

Small-Signal Current Gain hfe 
(IC = 2.0 mAde, VCE = 10 Vdc, f = 1.0 kHz) 20 

Collector-Base Time Constant r 'c 
(IE = 2.0 mAde, V CB = 10 Vdc, f = 63.6 MHz) b c -

Noise Figure NF 
(IC = 2.0 mAde, VCE = 10 Vdc, f = 450 MHz) Figure 1 -
(IC = 2.0 mAdc, V CE = 10 Vdc, RS = 50 ohms, f = 1. 0 GHz) -

FUNCTIONAL TESTS 

Common-Emitter Amplifier Power Gain Gpe 
(V CE = 10 Vdc, IC = 2.0 mAdc, f = 450 MHz) -
(VCE = 10 Vdc, IC = 2.0 mAdc, RS = 50 ohms, f = 1.0 GHz) -

FIGURE 1 - NOISE FIGURE AND POWER GAIN TEST CIRCUIT 

Vin •• 0.4·6.0 pF 

R STf= 50 R • 50~.PF 

L1 1.0-10 
pF 

3-151 

Vdc 
- -

Vdc 
- -

Vdc 
- -

/.LAdc 
- 0.1 

MHz 
1500 -

pF 
0.4 0.8 

-
- 200 

ps 
4.0 8.0 

dB 
2.6 -
5.0 -

dB 
18 -
13 -

• Button type capacitors 
.* Variable air piston type capacitors 

1. L1 . silver plated brass bar, 1.0 
in. Ig by 0.25 in od. 

2. L2· silver plated brass bar, 1.5 
in. Ig by 0.25 in od. Tap is 
0.25 in. from collector 

3. L3· II turn of AWG No. 16 wire 
0.25 in. from and parallel to 
l2. 

4. The noise source is a hot-cold body 
(All type 70 or equivalent) with a 
test receiver (All type 136 or 
equ ivalend. 



MD4957 (continued) 
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MD4957 (continued) 

COMMON BASE Y PARAMETER VARIATIONS 
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MD5000, A, B (SILICON) 

Dual PNP silicon annular transistors designed 
for ultra-high frequency oscillator and amplifier appli
cations and for differential-amplifier applications re
quiring a matched pair oftransistors with a high degree 
of parameter uniformity under varying environmental 
conditions. 

CASE 654-04 

PINS 4 AND 8 OMITIED 

. Pin Connections, Bottom View 
All Leads Electrically Isolated from Case 

MAXI MU M RATINGS ITA = 25°C unless otherwise notedl 

Rating Symbol Value Unit 

Collector-Emitter Voltage VCEO 15 Vdc 

Collector-Base Voltage VCB 20 Vdc 

Emitter-Base Voltage VEB 5.0 Vdc 

Collector Current Ie 50 mAdc 

Operating and Storage .Junction TJ. Tstg -65 to +200 °c 
Temperature Range 

One Both 
Side Sides 

TotaIDeviceDissipation@TA=250C PI) 300 400 mW 
Derate above 250C 1.7 2.3 mWjOC 
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MDSOOO, A, B (Continued) 

ELECTRICAL CHARACTERISTICS (each side) (T A = 25°C "nIM' o,h",wi .. no'''') 

Characteristic Symbol Min Typ Max Unit 

OFF CHARACTERISTICS 

Collector-Emitter Breakdown Voltage BVCEO Vde 
(Ie : 3 mAde, IB : 0) 15 - -

Collector-Base Breakdown Voltage BVCBO Vde 
(Ie· 10 /lAde, IE : 0) 20 - -

Emitter-Base Breakdown Voltage BVEBO Vde 
(IE: 10 /lAde, Ie : 0) 5.0 - -

Collector CUtoff Current ICBO /lAde 
(VCB " 15 Vde, IE" 0) - - 0.010 

(YCB " 15 Vde, IE" 0, T A : 150°C) - - 1.0 

ON CHARACTERISTICS 

DC Current Gain hFE -
(Ic : 3 mAde, VCE : 1 Vde) 20 50 -

Collector-Emitter Saturation Voltage VCE(sat) Vde 
(Ic : 10 mAde, IB " 1 mAde) - - 0.4 

Base-Emitter Saturation Voltage VBE(sat) Vde 
(IC " 10 mAde, IB" 1 mAde) - - 1.0 

DYNAMIC CHARACTERISTICS 

Current-Gain-BandWidth Product fT MHz 
(Ie : 4 mAde, VCE : 10 Vde, f " 100 MHz) 600 900 -

Output Capacitance Cob pF 
(YCB " 10 Vde, IE : 0, f " 140 kHz) - - 1.7 

Input Capacitance Cib pF 
(YBE " 0.5 Vde, IC" 0, f" 140 kHz) - - 2.0 

Noise FigUre NF dB 
(IC : 1 mAde, V CE : 6 Vde, f : 60 Milz, RS - 400 ohms) - 3.0 6.0 

FUNCTIONAL TEST 
Amplifier Power Gain 

(IC " 6 mAde, VCB : 12 Vde, RG" RL" 50 ohms, f " 200 MHz) 

MATCHING CHARACTERISTICS 
DC Current Gain Ratio. hFEI/hFE2* -

(IC : 4 mAde, V CE : 10 Vde) MD5OO0 - 0.7 -
MD5000A 0.9 - 1.0 
MD5000B 0.8 - 1.0 

BAse Voltage Differential IvBE1 - VBE21 mVdc 
(IC " 4 mAde, VCE " 10 Vde) MD5000 - 5.0 -

MD5000A - - 5.0 
MD5000B - - 10 

Base Voltage Differential Change A,(VBEI - VBE2) p.v/oc 
(Ie "4 mAde, VCE " 10 Vde, TA : -55 to +1250C) MD5000 

ATA - 10 -
MD5000A - - 10 
MD5000B - - 20 

·The lowest hFE reading is taten as hFEl for this ratio. 
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MD6001 , F (SILICON) 

MD6002,F 

Silicon annular complementary-pair dual transistor 
is designed for high-speed switching circuits, DC to 
VHF amplifier applications and complementary cir
cuitry. 

PINS 4 AND 8 OMITTED 

CASE 654-04 

MAXIMUM RATINGS (each side) (TA=250Cunlessotherwisenoted) 

PIN CONNECTIONS 
(BOTTOM VIEW) 

Test Conditions and Limits are given in magnitudes only. Care must be taken to in
sure the application of proper polarities for the NPN or PNP transistor, respectively. 

Rating Symbol Value 

Collector-Base Voltage VCB 60 

Collector-Emitter Voltage VCEO 30 

Emitter-Base Voltage VEB 5.0 

OC Collector Current IC 300 
(Limited by PO) 

Junction Temperature TJ +200 

Storage Temperature Range Tstg ';'65 to +200 

ONE SIDE BOTH SIDES 

Total Device Dissipation @ T A = 25°C Po 500 600 

Derate above 25°C 2.9 3.4 

Total Device Dissipation @ TC = 25°C Po 1.2 2.0 

Derate above 25°C 6.83 11.43 

NPN SATURATED SWITCHING TIME TEST CIRCUITS 
For PNP Switching Tests, reverse diodes, voltage polarities, and Input pulses. 

FIGURE f - NPN TURN·ON TIME FI.GURE 2 - NPN TURN·OFF TIME 

+30Y GENERATOR 
RISETIME ~ 2 ns 

PW ~200ns 
DUlY CYCLE - 2% 

Rc' 2000 

+9'n
9 

_6yI9\1\,Sl....--+-I 

0-- - -- -O.SV 

I 

*C"~12'PF 
I 

lOOOSl 

__ J 
DUlY CYCLE ~ 2% -13.8V 

-SOOp.S -u 
'Cs is total shunt capaCitance 01 oscilloscope and test fixture. 
Rc includes oscilloscope resistance. 

3-156 

+30V 

Rc' 20012 

1N916 

-3V 

Unit 

Vdc 

Vdc 

.. Vdc 

mAdc 

°c 

°c 

mW 

mWjOC 

W 

mWrC 

OSCILLOSCOPE, 
t.~Sns 



MD600 1, F, MD6002,F (continued) 

ELECTRICAL CHARACTERISTICS (each side) ITA = 25°C unless otherwise noted) 

Characteristic Symbol I Mini Max I Unit I 
OFF CHARACTERISTICS 

Collector-Sase Sreakdown Voltage SVCSO Vde 
(Ic = 10 }.LAdc, IE = 0) 60 --

Collector-Emitter Sreakdown Voltage III SVCEO Vde 
(IC = 10 mAde, IS = 0) 30 --

Emitter-Sase Sreakdown Voltage SVESO Vde 
(IE = 10 }.LAde, IC = 0) 5.0 --

Collector Cutoff Current ICEX }.LAde 
(V CE = 50 Vde, VES = 3 Vdc) - 0.02 

(VCE = 50 Vdc, VES = 3 Vde, T A = 150 a C) - 30 

Base Cutoff Current ISL /lAde 
(VCE = 50 Vde, VES = 3 Vde) -- 0.03 

ON CHARACTERISTICS 

DC Current Gain III hFE -
(IC = 0.1 mAde, VCE = 10 Vde) MD600t, MD6001F 20 -

MD6002, MD6002F 35 -
(IC = 1.0 mAde, VCE = 10 Vde) MD6001, MD6001F 25 -MD6002, MD6002F 50 -
(IC = 10 mAdc, V CE = 10 Vde) MD6001, MD6001F 35 -

MD6002, MD6002F 75 -
(IC = 150 mAde, VCE = 10 Vdc) MD6001, MD6001F 40 120 

MD6002, MI15002F 100 300 

(Ie = 150 mAde, VCE = 1 Vde) MD6001, MD6001F 20 -MD6002, MD6002F 50 -
(IC = 300 mAde, VCE = 10 Vdc) MD6001, MD6001F 20 -

MD6002, MD6002F 30 -

Sase-Emitter Saturation Voltage III VSE(sat) Vde 
(IC = 150 mAde, IS = 15 mAdc) - 1.3 

(IC = 300 mAde, IS = 30 mAde) - 2.0 

Collector-Emitter Saturation Voltage (1) V CE(sat) Vdc 
(IC = 150 mAdc, IS = 15 mAde) - 0.4 

(IC = 300 mAde, IS = 30 mAdc) - 1.4 

DYNAMIC CHARACTERISTICS 
Gain - Sandwidth Product fT 

200 (IC = 50 mAdc, V CE = 20 Vdc, f = 100 MHz) - MHz 

Collector Output Capacitance Cob pF 
(V CS = 10 Vdc, IE = 0, f = 100 kHz) - 8.0 

Collector Input Capacitance Cib pF 
(VSE = 2 Vde, IC = 0, f = 100 kHz) - 30 

Delay Time See Figure 1 VCC = 30 V, VSE(off) = 0.5 V td --- 20 ns 

Rise Time IC = 150 rnA, lSI = 15 mA t r - 40 ns 

Storage Time See Figure 2 V CC = 30 V, IC = 150 mA t -- 280 ns s 

Fall Time lSI = IS2 = 15 mA t f - 70 ns 

"'Pulse Test: PW;; 300 ,",sec, Duty Cycle;; 2% 
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MD6003 (SILICON) 

MD6003F 

SILICON ANNULAR COMPLEMENTARY 
DUAL TRANSISTORS 

· .. designed for DC to VH F amplifier applications 
and complementary circuitry. 

• Contains One NPN and One PNP Transistor Having Identical 
Specifications 

• NPN Transistor Similar to the 2N2218 or 2N2219 
PNP Transistor Similar to the 2N2904 or 2N2905 

• DC Current Gain Specified - 0.1 mAdc to 300 mAdc 

• High Current Gain - Bandwidth Product -
fT = 200 MHz (Min) @ IC = 50 mAdc 

• Low Collector-Emitter Saturation Voltage -
VCE(sat) = 0.4 Vdc (Max) @ IC = 150 mAdc 

MAXIMUM RATINGS (each side) 

Rating Symbol Value 

Collector-Emitter Voltage VCEO 30 

Collector-Base Voltage VCB 50 

Emitter-Base Voltage VEB 5.0 

Collector Current IC 300 
Operating and storage Junction TJ. Tstg -65 to +200 

Temperature Range 

One Side Both Sides 
Totel Device.Dissipation @TA = 25uC Po 

Can Package 500 600 
Derate above 25°C 2.87 3.43 

Flat Package 250 350 
Derate above 25°C 1.43 2.0 

Total Device DiSsipation @ T C - 25uC Po 
Can Peckage '.2 2.0 

Derate above 25°C 6.86 '1.43 
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Unit 

Vd. 

Vd. 

Vdc 

mAde 

°c 

mW 
mWfJC 

mW 
mW/oC 

Watts 
mW/oC 

NPN·PNP 
COMPLEMENTARY DUAL 
SILICON TRANSISTORS 

@,.PNP 

',(/::/0' 
NPN I 

&:M& DIA t"- ----1 
O.305DIA~"11 0.16' 

Pin COnnectiOnS, 
_View 

~- °jl': 
~ i' I-T 

p;, I. C,IIK'" 1 !ill _-.I.. 
Z.Bue\ 
3. Emitter 1 0200 
5. Emitter2 . 
6. Base 2 
7.Cotleclorl 

Q,QSOT.P. 

r
i 
45' 0,029 

0:0., 

PINS 4 AND 8 OMITIEO 
All LBacbElatfrically ISIllatedfrom Case 

MD6003 
C_ 654-04 

(Formerlv Ca .. 32·021 

Pin Connections. 
BQ~tomView .PN 

.¢~---,--.--",", ... 
T-
°i~ --;;-:-;;-l--H--;,;;;.,O);;;----'-

[1fiI MAX 

f--O•,5D--t[o . .,. L ,MINI "AX 

,r::7-----r D.IlIl3 

~D30 T -
mil 

PNP 

Leadlid'ntifiedbysquarainiprlSliononundersid.ofC8Stl. 

All leads Electrically lsolet.dffom Case 

Case 610A 



MD6003, MD6003F (continued) 

ELECTRICAL CHARACTERISTICS (each side) (T A = 25°C unless otherwise noted) 

Characteristic Symbol Min Max Unit 

OFF CHARACTERISTICS 

Collactor-Emitter Breakdown Voltage (11 BVCEO 30 - Vdc 
(lC = 10 mAdc,lB = 01 

Collector-Base Breakdown Voltage BVCBO 50 - Vdc 
(lC = 10l'Adc, IE = 01 

Emitter-Base Breakdown Voltage BVEBO 5.0 - Vdc 
(IE = 10l'Adc, IC = 01 

Collector Cutoff Current ICBO - 100 nAdc 
(VCB = 40 Vdc, IE = 0) 

ON CHARACTERISTICS 
DC Current Gain (11 hFE -

(lC = 1.0 mAdc, VCE = 10 Vdc) 40 -

(lC= 150mAdc, VCE- 10Vdc) 70 -
(lC· 300 mAdc, VCE = 10 Vdc) 30 -

Collector-Emitter Saturation Voltage (11 VCE(satl - 0.4 Vdc 
(lC = 150 mAde, IB = 15 mAdc) 

Base-Emitter SatUration Voltage (1) VBE(satl - 1.3 Vdc 
(lC = 150 mAde, IB = 15 mAdc) 

DYNAMIC CHARACTERISTICS 
Currant-Gain - Bandwidth Product fT 200 - MHz 

(lC = 50 mAde, VCE = 20 Vde, f = 100 MHz) 

Output Capacitance Cob - 8.0 pF 

(VCB = 10 Vdc, IE = 0, f = 100 kHz) 

I nput Capacitance Cib 30 pF 
(VEB = 2.0 Vd., IC = 0, f = 100 kHz) 

(1) Pulse Test: Pulse Width ";;300,.., Duty Cycle ";;2.0%. 
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MD6100 (SILICON) 

Dual NPN-PNP complementary-pair silicon annular 
transistor designed for complementary circuits where 
low -level, low-noise amplification is required. 

@t...;PNP 

31Q~7 

NPN I .' 

PINS 4 AND 8 OMlillD 

Pin Connections, 
Bottom View 

CASE 654-04 

MAXIMUM RATINGS .(each side) 

Rating 

Collector-Emitter Voltage 

Collector-Base Voltage 

Emitter-Base Voltq;e 

Collector Current .. Continuous 

Operating and Storap Junction 
Telllperature Range 

Total DeVice Dissipation @ T A = 25·C 
Derate above 25·C 

Tots~:~c~s~r.gon @ TC = WC 

Symbol 

VCEO 

VCB 

VEB 

lC 

TJ ,' T stg 

PD 

PD 

Value 

45 .. 

60 

5.0 

50 

-65 to +200 

One Both 
Side Sides 

500 600 
2.9 3.4 

1.2 2.0 
6.83 11.43 

ELECTRICAL CHARACTERISTICS (each side) (T A = 25°C unless otherwise noted) 

Characteristic Symbol Min I 
OFF CHARACTERISTICS 

Collector-Emitter Breakdown Voltage t1I BVCEO 
(Ic· = 10 mAde, Is = 0) 45 -

Collector-Base Breakdown Voltage BVCBO 
(Ic = 10 ~Ad.,. IE =·0) '80 -

Emitter-Base Breakdown Voltq;e . BVEBO 
(IE = 10 ~Adc, IC = 0) 5.0 -

Collector Cutoff Current ICBO 
(V cli = 50. Vde, IE = 0) - 0.010 

(Y CB = 50 Vde, IE = 0, T A = 150·C) - 10 

ON CHARACTERISTICS 

DC Current GaIn'« 11 hFE 
(IC = 10 ~Ade, V CE = 5 Vdc) 50 -
(IC = 100 "Ad., V CE = 5 Vde) 100 -
(IC = 500 "Adc, V CE = 5 Vd.) 150 -
(IC = 1 mAde, VCE = 5 Vde) 150 -
(IC = 10 mAde, V CE • 5 Vde) 125 -

Collector-Emitter Saturation Voltage t1I VCE(sat) 
(IC = 100 ~Adc, Is = 10 ~Ad.) - 0.2 

(IC = 1 mAd., Is = O. 1 mAde) - 0.25 

Base-Emitter Saturation Voltage f1I VBE(sat) 
(IC = 100 ~Ade, Is = 10 "Ade) - 0.7 

(IC = 1 mAde, Is = O. 1 mAde) - 0.8 

Base-Emitter On Voltage VBE(on) 
(IC = 100 "Ade, V CE = 5 Vde) - 0.7 

DYNAMIC CHARACTERISTICS 

Current.-Gam-Bandwidth Product IT 
(IC = 500 "Adc, V CE = 5 Vde, I = 30 MHz) 30 -

Output Capacitance Cob 
(VCB = 5 Vde, IE = 0, 1= 100 kHz) - 4.0 

Input Capacitance Clb 
B.O (VBE "0.5 Vde, Ic = 0, f = 100 kHz) -

Noise Figure NoisE.' Bandwidth :: NF 
(Ie = 100 "Ad., V CE = 10 Vde, RS = 3k ohms, 10 Hz to 15 kHz) - 4.0 

IIl'Pulse Test: Pulse Wldth:5300 "s; Duty Cyele.:52% 
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Unit 

Vdc 

Velc 

Vdc 

mAde 

·C 

mW 
mW/"C 

Watts 
mW/·C 

Unit 

Vdc , 

Vd. 

Vd • 

~Ade 

-

Vde 

Vdc 

Vde 

MHz 

pF 

pF 

dB 



MDA920 serieS 

SILICON 
MINIATURE DIODE ASSEMBLIES 

CASE lOa 
MDA920 

CASE 109 
MDA920A 

Miniature Integral Diode Assemblies (MIDA ) are low-current rectifier circuit 
configurations designed with a high output-current/size ratio for applications 
where space is at a premium. MIDA packages are available with flat ribbon 
leads and with round leads. For round leads, add suffix "A" to type number. 
Example, MDA920A-1. 

ELECTR ICAL CHARACTERISTICS ITA = 25°C unless otherwise noted) 

Characteristic Symbol 
Maximum Forward Voltage Drop per Cell VF 

(IF = 500 mA Continuous) 

Maximum Reverse Current (Figure 2) IR 
(V R = Rated V RM) 25°C 

100°C 

MECHANICAL CHARACTERISTICS 

CASE: Transfer molded plastic encapsulation. 

FINISH: All external surfaces are corrosion· resistant. 
terminals are readily solderable. 

POLARITY: Embossed symbol on 4·lead devices. 

Value 

1.2 

60 
600 

Terminal designation by color dots on 3·lead devices: 

Unit 
Vdc 

/.LAde 

AC input - yellow 
+DC output - red 
-DC output - white 

SINGLE PHASE FULL WAVE BRIDGE 
ACO----...,.. 

MOUNTING POSITION: Any. 

WEIGHT (approx.): 0.4 gram. 5 
ACo-----4r 

ABSOLUTE MAXIMUM RATINGS (TA = 2S'C unless otherwise noted) 

DC OUTPUT PEAK FULL WAVE 
SINE WAVE VOLTAGE ONE CYCLE PEAK FULL WAVE 

PEAK REVERSE RMS INPUT DC OUTPUT SURGE CURRENT REPETITIVE 
DEVICE VOLTAGE PER CELL VOLTAGE Res. Cap. CURRENT NON·REPETlTlVE FORWARD CURRENT 

MARKING (DC or RECURRENT) (LINE to LINE) Load Load @ 75·C AMBIENT (SINUSOIDAL 60 cps) (NONSINUSOIDAL 60 cps) 

MOTOROLA LETTER V.M V" V ... V~I 1.,1 1~111I.-g.1 IFM1r.pj 

TYPE NO. SYMBOLS Volts Volts Volts Volts Amp Amp Amp 

MDA920·1 BA 25 18 15 25 

·2 BB 50 35 30 50 

·3 Be 100 70 62 100 

·4 BD 200 140 124 200 1.0 32.0 5.0 

·5 BE 300 210 185 300 

·6 BF 400 280 250 400 

-7 BO 600 420 380 600 

3-161 



MINIATURE DIODE ASSEMBLIES (continued) 

FIGURE 1 - TYPICAL FORWARD CHARACTERISTICS 
I.U 

O. 9 

O. 8 

o. 7 

r 
~ O. 6 

~ a O. 5 
Ii! ; e ,0. 4 

8 
.!E O. 3 

O. 2 

O. I 

o 
o 0.2 

I I 
I I 

. -55'C~ r-- -/..I 2S'C_ .. 

150'C .. N "il 
I 1/ 
/ '/ 
I I; 

VII 
J VI 

~0 V· 
0.4 0.6 0.8 1.0 1.2 1.4 

V,. FORWARD VOLTAGE DROP (VQtTSI 

FIGURE 3 - MAX ALLOWABLE SURGE CURRENT 
40 

36 

21'\. 
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4 
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2 
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4 

o 
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" 
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I"'I~ 
~IICYCLE l 

i'. , 

"-
fA = 2S'C " '" I'~ 
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NUMBER Of CYCLES Af 60 H. 

FIGURE 2 - TYPICAL REVERSE CHARACTERISTICS 
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lSO'C 
.... 

".;.....-"" 
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0 ./ 
lOO'C 

--0 --- I SS'C J 

O. I 2S'C /' 

--0.0 I 
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FIGURE 4 - MAX ALLOWABLE DC OUTPUT .CURRENT 
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MDA922-1 (SILICON) 
thru 

MDA922-9 

Designers Data Sheet 

MINIATURE INTEGRAL DIODE ASSEMBLIES 

passivated, diffused-silicon dice interconnected and transfer 
molded into void less hybrid rectifier circuit assemblies. 

• Large Inrush Surge Capability - 100 A (For 1.0 Cycle) 

• Efficient ThermalManagement Provides Maximum Power Handling 
in Minimum Space 

Designers Data for "Worst Case" Conditions 
The Designers Data Sheet permits the design of most circuits entirely from 

the information presented. Limit curves - representing boundaries on device 
characteristics - are given to facilitate "worst case" design. 

MAXIMUM RATINGS 
Rating (Per leg) Symbol cl -2 -3 -4 -5 -6 -7 -8 -9 

Peak Repetitive Reverse Voltage VRRM 
!working Peak Reverse Voltage VRWM 2550 100 200 300 400 600 800 1000 

DC Blocking Voltage VR 

DC Output Voltage 
R ~sistive Load Vdc 1530 62 124 185 250 380 500 620 
Capacitative Load Vdc 2550 100 200 300 400 600 800 1000 

~ine WfNe RMS Input Voltage VRIRMS) 1835 70 140 210 280 420 560 700 

Average Rectified Forward 
Current 

(single phase bridge 10 1.8 
resistive load. 60 Hz, 
see Figure 6, T A = 55°C) 

Non-Repetitive Peak Surge 
Current, (see Figure 2) 

rated load, T J = 175°C IFSM 60 I for 1 cycle) 

no load, T J = 25°C 100 I for 1 cycle I 

Operating and Storage Junction 
TJ, T stg -55 to +175 

Temperature Range 

ELECTRICAL CHARACTERISTICS 

Unit 

Volts 

Volts 
VOlts 

Volts 

Amp 

Am~ 

°c 

Characteristic Symbol Max Unit 

Maximum Instantaneot,ls"Forward Voltage Drop VF 1.1 Volts 
(Per Leg) (I F = 0.75 Amp, T J = 25°C) Figure 1 

Maximum Reverse Current (Rated de Voltage IR 20 "A 
across ae terminals, T = 25°C I 

TH E RMAL CHARACTE R ISTICS) 

Characteristic Symbol Max Unit 

Thermal Resistance, Junction to Ambient 
(Full-Wave Bridge Operation, R8JA 40 °C/W 
Typical Printed Circuit Board Mounting) 

MECHANICAL CHARACTERISTICS 

CASE: Transfer-molded plastic encapsulation. MOUNTING POSITION: Any 
POLARITY: Terminal-designation embossed WEIGHT: 1.0 gram (approx) 

on case +DC output TERMINALS: Readily solderable 
-DC output connections, corrosion resistant. 
~AC input 
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~ 
SINGLE-PHASE 

FULL-WAVE BRIDGE 

1.8 AMPERES 

25 - 1000 VOLTS 

; 

0.112 
NOM 

J~j15 , MAX 

t I~ , 

0.050 I 0.265 I 0.260 t 
MAX ~MAX~O.280~ 

0.030 t 
MAX 

l~ 
T t 

CASE 216-01 

0.185 
MAX 



MDA922-1 thru MDA922-9 (continued) 
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FIGURE 1 - FORWARO VOLTAGE (PER LEGl 
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FIGURE 2 - MAXIMUM SURGE CAPABILITY 

SURGE APPLIED AT NO 

...... LOAD CONDITIONS (TJ = 250CI'-

I' 
VRRM APPLIED AFTER SURGE 

.......... 
........... ........... 

r-- N V\ r-......r--
I---- 1.0 CYCLE 
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SURGE APPLIED AT RATED ~ 
LOAD CONDITIONS (TJ" 175°C) ........ 
VRRM APPLIED AFTER SURGE I"---

II II 
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NUMBER OF CYCLES AT 60 Hz 

FIGURE 3 - FORWARD VOLTAGE 
TEMPERATURE COEFFICIENT 

TYPICAL RANGE ,....., 

V v 
~ f-"" 

100 

1.0 1.5 2.0 2.5 3.0 3.5 4.0 0.1 0.2 0.5 1.0 2.0 5.0 10 20 50 100 

VF, INSTANTANEOUS FORWARD VOL TAGE (VOLTS) IF, INSTANTANEOUS FORWARD CURRENT (AMP) 

FIGURE 4 - TYPICAL THERMAL RESPONSE 

0.005 0.01 0.02 0.1 

t, TIME OR PULSE WIDTH (SECONDS) 
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MDA922-1 thru MDA922-9 (continued) 

FIGURE 5 - POWER DISSIPATION 
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FIGURE 6 - CURRENT DERATING 
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FIGURE 7 - BASIC CIRCUIT USES FOR BRIDGE RECTIFIERS 

] 
Lo,d 2 

Lo,d 1 

CIRCUIT A CIRCUITS 

APPLICATION NOTE 

The Data of Figure 4 applies for typical wire terminal or printed 
circuit board mounting conditions in still air. Under these or simi
lar conditions, the thermal resistance between the diode junctions 
and the leads at the edge of the case is a small fraction of the ther
mal resistance from junction to ambient. Consequently. the lead 
temperature is very close to the junction temperature. Therefore, 
it is recommended that the lead temperature be measured when the 
diodes are operating in prototype equipment, in order to determine 
if operation is within the diode temperature ratings. The lead having 
the highest thermal resistance to the ambient will yield readings 
closest to the junction temperature. By measuring temperature as 
outlined, variations of junction to ambient thermal resistance, 
caused by the amount of surface area of the terminals or printed 
circuit board and the degree of air convection, as well as proximity 
of other heat sources cease to be important design ·considerations. 

Bridge rectifiers are used in two basic cir~it configurations as 
shown by circuits A and 8 of Figure 7. The current derating data 
of Figure 6 applies to the standard bridge circuit (A). where IA = lB. 
The derating data considers the thermal response of the junction 
and is based upon the criteria that the junction temperature must 
not exceed rated T J(max) when peak reverse voltage is applied. 
However, because of the slow thermal response and the close ther-

mal coupling between the individual semiconductor die in the 
MDA922 assembly. the maximum ambient temperature is given 
closely by 

where PT is the total average power dissipation in the assembly. 
For the circuit of Figure B. use of the above formula will yield 

suitable rating information. For example to determine T A(max) 
for the conditions: 

IA = 2.0A, IpK = 8,0 lavg 
IB = 1.0A. IpK = 1B lavg 

From Figure 5: For IA. read PTA"" 4.2W 
For lB. read PTS "" 2.2W 

PT = (PTA + PTB) + 2 = 3.2W 

(Division by 2 is necessary as data from Figure 5 is for full wave 
bridge operation.) :. T A(max) = 1750 - (40) (3.2) = 470 C. 
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MDA922-1 thru MDA922-9 (continued) 

TYPICAL DYNAMIC CHARACTERISTICS (PER LEG) 
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FIGURE 11 - CAPACITANCE 

I1111 

TJ=250C 

...... 

I" 

'""" 
I"'.: 

0.5 1.0 2.0 5.0 10 20 50 100 200 

VR, REVERSE VOLTAGE (VOLTS) 

RECTIFIEREFFICIENCY NOTE 

FIGURE 12 - SINGLE·PHASE FULL·WAVE 
BRIDGE RECTIFIER CIRCUIT 

The rectification afficiency factor u" shown in Figure 10 was 
calculated using the formula: 

V2<i(dcl 

P(dc) R L V20 (dcl 
a=-- =---·100%= ·100% (I) 

P{rmsl V20 (rms) V20 (acl + V2o (dcl 

RL 
For a sine wave input Vrn sin (wtl to the diode, assumed lassless, 
the maximum theoretical efficiency factor becomes: 

,,2RL 8 
a(sine) =-- 100%=~'100%= 81.2% 

V2m ,,2 

For a square wave 
input of amplitude V m, 
the efficiency factor· 
becomes: 

, RL 
a(square) = --·100% = 100% 

V2m 

RL 

(2) 

(;31 

As ttJe frequency of the input signal is increased, the rever~ 
recovery time of the diode (Figure 91 becomes significant, result· 
i~g il! ~n increasing ae voltage component across RL which is 
opposite in polarity to the forward current, thereby reducing the 
value.of the efficiency factor o. as shown on Figure 10. 

It should be emphasized that Figure 10 shows waveform effi· 
ciency. only; it does not provide a measure of diode losses .. Data 
was obtained by measuring the ac component of Vo with ·a true 
rms ac voltmeter and the de component with a de voltmeter. The 
data was used in Equation 1 to obtain points for Figure 10. 
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SILICON 
MOLDED ASSEMBLY RECTIFIER BRIDGES 

Single-Phase Full-Wave Bridge 

MDA942 SERIES (1.5 AMPS DC) 
MDA952 SERIES (6.0 AMPS DC) 
MDA962 SERIES (10.0 AMPS DC) 
MDA972 SERIES (16.0 AMPS DC) 
MDA1491 SERIES (1.5 AMPS DC) 
MDA 1591 SERIES (4.0 AMPS DC) 

Three-Phase Full-Wave Bridge 
MDA 1505 SERIES (8.0 AMPS DC) 

MDA942 

CASE 110 MDA942A 
CASE 111 

MDA972 

CASE 116 

MDA952 

CASE 113 

Molded assembly rectifier bridges are individual her
metically sealed rectifiers interconnected and encapsu -
l~ted in molded assemblies for use as single-phase and 
three-phase full-wave bridge configurations, with output 
current from 1.5 to 16 amps, peak reverse voltage from 
50 to 600 volts. 
ELECTRICAL CHARACTERISTICS (TA = 25°C unless otherwise noted) 

Characteristic Symbol Value 

Maximum Forward Voltage Drop per Cell VF 
(IF = O. 75 Ade) MDA942 series 1.1 

(IF = 3.0 Ade) MDA952 series 1.0 

(IF = 5.0 Ade) MDA962 series 1.0 

(IF = 5.0 Ade) MDA972 series 1.0 

(IF = 0.75 Ade) MDA1491 series 1.1 

(IF = 4.0 Ade) MDA1505 series 1.0 

(IF = 2.0 Ade) MDA1591 series 1.0 

Maximum Reverse Current per Cell ~ 
(VR = Rated VR~ MDA942 series 0.01 

MDA952 series 1.0 

MDA962 series 1.0 

MDA972 series 1.0 

MDA1491 series 0.01 

MDA1505 series 1.0 

MDA1591 series 1.0 
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MDA962 

CASE 115 

MDA1505 

CASE 114 

MDA1491 
MDA1591 

CASE 112 

Unit 

Vde 

mAde 



RECTIFIER BRIDGES (continued) 
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Q 
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TYPICAL FORWARD CHARACTERISTICS 
PER CElL (MDA942 & MDA1491 SERIES) 
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0.2 0.4 0.6 0.8 1.0 1.2 1.4 

TYPICAL FORWARD CHARACTERISTICS 
PER CElL (MDA952. MDA962. MDA972. MDA1505 & MDA1591 SERIES) 
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~ 
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o VI 
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V,. FORWARO VOLTAGE (VOLTS) V" FORWARD VOLTAGE (VOLTS) 

MAXIMUM ALLOWABLE FULL WAVE SURGE CURRENT MAXIMUM ALLOWABLE DC OUTPUT 
AT RATED LOAD CONDITIONS (RESISTIVE OR INDUCTIVE LOAD) 

~ 100 

\ I I .~ 
ALL TYPES 
TA = 25°C 80 

\ 
r'\ 

60 

r... 
40 

~ r-.. - 20 

o o 
1 4 6 8 10 20 40 60 80 100 

CYCLES AT 60 H, 

o 

WC" 

\ ALL TYPES 

\ 
\ 

\ 

\ 
\ 

I \ 
I \ 
I \ 

25 50 75 100 125 150 175 

TA,AMBIENT TEMPERATURE (OC) 

MECHANICAL CHARACTERISTICS 

CASE: Molded plastic encapsulation, hermetically 
sealed individual rectifier cells. 

FINISH: All external surfaces are corrosion
resistant, terminals are 
readily solderable. 

MOUNTING POSITION: Any 
WEIGHT: MDA942, MDA942A - 3.8 grams 
(approx.l MDA952 - 35 grams 

POLARITY: Terminal designation by color dots: MDA962. MDA1505 - 92 grams 
MDA972 - 340 grams AC input - yellow 

+OC output - red 
-DC output - not marked 

MDA1491 - 33 grams 
MDA1591 - 39 grams 
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RECTIFIER BRIDGES (continued) 

SINGLE-PHASE 
FULL-WAVE BRIDGE 

THReE-PHAt;E 
FULL-WAVE BRIDGE 

'm-t-rr. ." '. , •.... ' .. 
UJ:j 

MDA942 CASE 110 

I 

O.l400lA 
C.8. 0.250 x O.12S 
2 PLACES 

O.140DtA 
C.8.0.2SOxD.125 
. 2 PlACES 

1.00 MAX 

=t:§! • • 
0.144 
110M I 

O.l40DIA 
C.B.O.25QxD.lb 

'2PlACES' . 

6.00 OM 

• • 
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RECTIFIER BRIDGES (continued) 

MAXI MUM RATI NGS ITA = 2SoC unless otherwise noted) 

SINE WAVE DC DUTPUT DC OUTPUT PEAK FULL WAVE PEAK FUll WAVE 
PEAK REVERSE RMS INPUT VOLTAGE CURRENT ONE CYCLE RECURRENT 

VOLTAGE PER CEll VOLTAGE Rn. Cap. ~5'C SURGE CURRENT FORWARD CURRENT 
TYPE NO. 10C or RECURRENTI o.lNE tILINE! Load Load A lENT 160 hI 160 Hz) 

Valls Volts Valls Valls Amps Amps Amps 

MDA942-1 50 35 30 50 1. 50 25 6.0 
-2 100 70 62 100 1. 50 25 6.0· 
-3 200 140 124 200 1. 50 25 6.0 
-4 300 210 185 300 1. 50 25 6.0 
-5 400 280 250 400 1. 50 25 6.0 
-6 600 420 380 600 1. 50 25 6.0 

MDA952-1 50 35 30 50 6.00 150 35 
-2 100 70 62 100 6.00 150 35 
-3 200 140 124 200 .6.00 150 35 
-4 300 210 185 300 6.00 150 35 

2 

-5 400 280 250 400 6.00 150 35 
-6 600 420 380 600 6.00 150 35 

MDA962-1 50 35 30 50 10.0 250 60 

3 
-2 100 70 62 100 10.0 250 60 
-3 200 140 124 200 10.0 250 60 
-4 300 210 185 300 10.0 250 60 
-5 400 280 250 400 10.0 250 60 

MDA972-1 50 35 30 50 16.0 250 60 
-2 100 70 62 100 16.0 250 60 

4 -3 200 140 124 200 16.0 250 60 
-4 300 210 185 300 16.0 250 60 
-5 400 280 250 400 16.0 250 60 

MDA1491-1 50 35 30 50 1. 50 25 6.0 
-2 100 70 62 100 1. 50 25 6.0 

5 -3 200 140 124 200 1. 50 25 6.0 
-4 300 210 185 300 1. 50 25 6.0 
-5 400 280 250 400 1. 50 25 6.0 
-6 600 420 380 600 1. 50 25 6.0 

MDA1591 -1 50 35 30 50 4.00 100 25 
-2 100 70 62 100 4.00 100 25 
-3 200 140 124 200 4.00 100 25 

6 -4 300 210 185 300 4.00 100 25 
-5 400 280 250 400 4.00 100 25 
-6 600 420 380 600 4.00 100 25 

MDA1505 -1 50 35 47 50 8.00 200 45 
-2 100 70 95 100 8.00 200 45 
-3 200 140 190 200 8.00 200 45 

7 -4 300 210 285 300 8.00 200 45 
-5 400 280 380 400 8.00 200 45 
-6 600 420 570 600 8.00 200 45 

Maximum Operating and Storage Temperature: -65°C to +150°C (All Types) 
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MDA952FR-l 
thru 

MDA952FR-5 

Advance InforIllation 

MOLDED ASSEMBLY RECTIFIER BRIDGE 

... individual hermetically sealed fast recovery rectifiers intercon
nected and encapsulated in molded assemblies for use as single-phase 
full·wave· bridge, with output current of 6 Amps, and peak rever.se 
voltage from 50 to 400 volts . 

• Maximum Recovery Time of 0.2 Microsecond Provides High 
. Efficiency at Frequencies of 125 kHz or Higher 

MAXIMUM RATINGS MDA962FR 

Rating IPer Leg) Symbol -1 -2 -3 

Peak R"epetitive Reverse Voltage VRM(rep) 
50 100 200 

Working Peak Reverse Voltage VRM(wkg) 

DC Blocking Voltage VR 50 100 200 

DC Output Voltage 
Resistive Load Vdc 31 62 124 
Capacitive Load Vdc SO 100 200 

RMS Input Voltage Vr 35 70 140 

DC Output Current 10 6.0 
@TA~+S50C 

Peak Full-Wave, One-Cycle IFM(surge) .. 150 
Su rge Cu rrent (60 Hz) 

ELECTRICAL CHARACTERISTICS PER LEG (Tc = 2SoC) 

Characteristic and Conditions Symbol 

Maximum Forward Voltage Drop VF 
(IF = 3.0 Amp) 

Maximum Reverse Current IR 
(Rated VR) 

Maximum Reverse Recovery Time t" 
(IF = 1.0 Amp) 

MECHANICAL CHARACTERISTICS 

CASE: Molded plastic encapsulation, hermetically sealed 
individual rectifier cells. 

FINISH: All external surfaces are corrosion-resistant, 
terminals are readily solderablB. 

POLARITY: Terminal-designation embossed on case 
+DC output 
-DC output 

AC not marked 

MOUNTING POSITION: Any 

WEIGHT: 35 'grams (approx.) 

-4 -5 

300 400 

300 400 

185 250 
300 400 

212 282 .. 
.. 

Max 

1.1 

50 

200 
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Unit 

Volts 

Volts 

Volts 

Volts 

Amp 

Amp 

Unit 

Vdc 

I'A 

ns 

SINGLE-PHASE 
FULL-WAVE BRIDGE 

0.140 
TYP 

6 AMPERES 

50 thru 400 VOLTS 

1.25 ---I 
0.406 r--MAX I 

0.550 o.rr }_____ TYP ~
YPI 

:.~: yr----
MIN 0.250 I 25 

MIN 1-0.1 
MIN 

Case 113 



MDA970-1 thru MDA970-3 

Design.ers Data Sheet 

INTEGRAL DIODE ASSEMBLIES 

diffused silicon dice interconnected and transfer molded into 
rectifier circuit assemblies for use in applications where high output 
current!size ratio is of prime importance. These devices feature: 

• Void·free, Transfer·molded Encapsulation to Assure High Resistance 
to Shock, Vibration, and Temperature Extremes 

• High Dielectric Strength 
• Simple, Compact Structure for Trouble·free Performance Under 

Extreme Environmental Conditions 

Designers Data for "Worst Case" Cond itions 
The Designers Data Sheet permits the design of most circuits entirely from 

the information presented. Limit curves - representing boundaries on device 
characteristics - are given to facilitate "worst case" design. 

MAXIMUM RATINGS 

Rating 

Peak Repetitive Reverse Voltage 
Working Peak Reverse Voltage 
DC Blocking Voltage 

RMS Reverse Voltage 

DC Output Voltage 
Resistive Load 
Capacitive Load 

Average Rectified Forward Current 
TA "'2SoC 
TC - 5SoC 

Non-Repetitive Peak Surge Current 
I surge applied at rated load 
conditions) 

Operating and Storage Junction 
Temperature Range 

THERMAL CHARACTERISTICS 
Charact .. istics 

Symbol 

VRRM 
VAWM 

VR 

VRIRMSI 

Vdc 
Vdc 

10 

'FSM 

TJ,Tstg 

MOA970-1 MDA970-2 MDA970·3 Unit 

Volts 

50 100 200 

35 70 140 Volts 

Volts 
31 62 124 
50 100 200 

Amp 
4.0 
8.0 

150 Amp 

--65 to +150 °c 

Thermal Resistance, Junction to Case r.:~~:-::-=:-1r--::-'=-:-+----:;--:;;---+-o,::-:;:;---I 

ELECTRICAL CHARACTERISTICS PER LEG 
Characteristic 

Forward Voltage 
/IF"" 6.28 Amp. T J '" 25°C) 
(IF = 6.28 Amp, TJ = 15o"CI 

Reverse Current 
I Rated VRM applied to ae terminals. + and -
terminals open) 

Symbol Min Max 

o.g 
0.8 

1.0 

3-172 

Unit 

Vdc 

mA 

SI NG LE-PHASE 
FULL-WAVE BRIDGE 

4 AMPERES 
50 - 200 VOLTS 

Case 117 

0240 
oliO 
1 
I ///0 a a/II 

lEAD PATT[RM C[NTfRED. 
lEADS MUST f!T INTO 
oo~s MIN D1A IIOlE 

CASE: Transfer-molded.plastic encapsulation. 
FINISH: All external surfaces are corrosion

resistant. Leads are readily solderable. 
POLARITY: Embossed symbols 

AC input~-
+ DC output == + 
- DC output = -

MOUNTING POSITION: Any 
WEIGHT (Approximately): 7.5Grams 



MDA970-1 thru MDA970-3 (continued) 
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MDA970-1 thru MDA970-3 (continued) 

MAXIMUM CURRENT RATINGS 

FIGURE 5 - CASE TEMPERATURE 
DERATING 
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NOTE 1 - THERMAL COUPLING AND EFFECTIVE 
THERMAL RESISTANCE 

In multiple chip devices where. there is coupling of heat between 
die. the junction temperature can be calculated as follows: 

(1) "TJl = R81 POI + R82K82P02+R83Ka3P03+R84Ka4P04 

Where "T Jl is the change in junction temperature of diode 
R81thru 4 is the thermal resistance of diodes 1 through 4 
POlthru 4 is the power dissipated in diodes 1 through 4 
POT is the total package power dissipation. 
K82 thru 4 is the thermal coupling between diode 1 and 
diodes 2 through 4. 

An effective package thermal resistance can be defined as 
follows: 

(21 R8(EFFI = "TJ1/POT 

Assuming equal thermal resistance for each die and for the 
conditions where 

POI = P02 = P03 = P04. PDT = 4PO 1 equation (11 simplifies to 

LIT Jl = R81POTI1+K82+K83+K841/4 

3"'-174 

Substituting into equation (21. 

(31 R81EFFI = R8111 + K82 + K83 + K841/4 

For this rectifier assembly. thermal coupling between opposite 
diodes is 65% and between adjacent diodes is 72.5% when the case 
t~mperature is used as a reference. When the ambient temperature 
is used as the ref'!rence, the ooupling is a function of the mounting 
conditions and is essentially the same for opposite and adjacent 
diodes. 

The effective bridge thermal resistance, junction to ambient, 
is (from equation 3) 

(41 R8(EFFIJA = R8JA(1 +3K8(AVIJAI/4 

Where Ka(AVIJA "'K8(AV)JCR8JC + R8CA/(R8JC + R8JA) 
and K8(AVIJC is approximately 70%. R8CA is the case to 

ambient thermal resistance. 



MDA970-1 thru MDA970-3 (continued) 

Note 2 

Split Load Derating Information 
From Figure 7, for an average current of 3.1 A and an I(PK)/ 

I(AV) = 7.23 read PT(AV) = 4.8 watts or 1.2watts/diode:'POl = 
P03 = 1.2 watts 

Bridge rectifiers are used in two basic configurations as shown 
by circuits A and 8 of Figure 8. The current derating data of 
Figures 5 and 6 apply to the standard bridge circuit (A) where 
IA = IB- For circuit B where IA *IS,derating information can be 
calculated as follows: 

Similarly, for a load current 18 of 1.55A,diode #2 end diode 
#3 each see 0.775 A average resulting in an I (PK) /I(A V) '" 8.8. 

Thus, the package power dissipation for 1.55 A is 2.3 watts or 
0.575 watts/diode.:. P02 = P04 = .0.575 watts. 

(5) TR(MAX) = TJ(MAX) - 6TJl The maximum junction temperature occurs in diode #1 and #3. 

Where TR(MAX) is the reference temperature (either case or 
ambient) 

From equation (1) for diode #1 6T Jl = 9[1.2 +.65(.575) +.725 
(1.25) + .725 (,575)] 

6T Jl can be calculated using equation (1) in Note 1. 6TJl '" 260 C 

For example, to determine TC(MAX) for the following load 
conditions': 

Thus TC(MAX) = 15()'26 = 1240 C 

The total package dissipation in this example is: 

IA = 3.1 A average with peak current of 11.2 A 

18 = 1.55 A average with peak current of 6.8 A 

PJ = 2 X 1.2 + 2 X 0.575'" 3.6 watts 

First calculate the peak to average ratio for IA. I(PK)/I(AV) = 
11.2/1.55 = 7.23 (Note that the peak to average ratio is on a per 
diode baSis.) 

(Note that although maximum ReJC is loDC/watt, 90 C/watt is 
used in this example and on the derating data as it is unlikely that 
all four die in a given package would be at the maximum value,) 

100 

70 

~ 

~ 50 
;;a 
!li 
~ 

i 
30 

20 

Note 3 

Under typical wire terminal or printed circuit board mounting 
conditions, the thermal resistance between the diode junctions 
and the leads at the edge of the case is a small fraction of the ther
mal resistance from junction to ambient. Consequently. the lead 
temperature is very close to the junction temperature. Therefore, 
it is recommended that the lead temperature be measured when the 
diodes are operating in prototype equipment, in order to determine 
if operation is within the diode temperature ratings. The lead having 
the highest thermal resistance to the ambient will yield readings 
closest to the junction temperature. By measuring temperature as 
outlined. variations of junction to ambient thermal resistance, 
caused by the amount of surface area of the terminals or printed 
circuit board and the degree of air convection, as well as proximity 
of other heat sources cease to be important design considerations. 

TYPICAL DYNAMIC CHARACTERISTICS 

FIGURE 9 - RECTIFICATION EFFICIENCY FIGURE 10 - REVERSE RECOVERY TIME -- -:::-;-
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MDA970-1 thru MDA970-3 (continued) 

TYPICAL DYNAMIC CHARACTERISTICS (continuedl 
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FIGURE 11 - JUNCTION CAPACITANCE 
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RECTIFIER EFFICIENCY NOTE 

FIGURE 13 - SINGLE·PHASE FULL·WAVE 
BRIDGE RECTIFIER CIRCUIT 

The rectification efficiency factor (J shown in Figure 9 wa~ 
calculate? usi.ng the formula: 

V20 (dcl 

~P(del R L V2 (del 
a=--=---.100%= 0 .100%.111 

Plrmsl V20lrmsl V20lael + V20(dcl 

RL 

For a sine wave input V m sin (wt) to the diode, assumed lossless, 
the maxi.mum theoretical efficiency factor becomes: 

4V2m 

,,2RL . 8 . . 
alsinel = -' -' 100% = -' 100%= 81.2% 

V2m ,,2 

For a squ~re wave 
input of amplitude V m. 
the e'fficieilcy factor 
becomes: 

V2m· 

RL 
a(squarel = -. -·100% = 100% 

.V2m 

RL 

.121 

131 

As the frequency o~ the i;'put signal is increased, the reverSe 
recovery time of the diode IFigure 10) becomes significant, result· 
ing in an .ncreasing. ae vottage component aero.55 R L which is 

.opposite in' polarity io the forward current, thereby reducing the 
value of the efficiency factor a, as shown on Figure 9. ' 

It should be emphasized that Figure 9 shows waveform effi· 
ciency only; it does not provide a measure of diode losses. Data 
was obtained by measuring the ac component of Va with a true· 
rms ae voltmeter and ·the de component with a de velfme.ter. The 
data was used in Equation 1 to obtain points for Figure 9. 
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MDA9aO-1 thru MDA9aO-6 
MDA990-1 thru MDA990-6 

Designers Data Sheet 

INTEGRAL DIODE ASSEMBLIES 

· . passivated, diffused silicon dice interconnected and transfer 
molded into void less hybrid rectifier circuit assemblies. The MDA990 
seri!'s incorporates an electrically insulated aluminum disc for im-
proved: heat dissipation when mounted directly on a metal chasis 
or heat-sink. 

• Large surge capability - 300 A 

• Efficient Themi'al Management Provides Maximum Power Handling 
In Minimum Space 

D~signers Data .for ·"VVorst Case" Conditions 
The Designers Data sheets permit the design of most circuits entirely from the 

:information presented. Limit curves - representing boundaries on device character~ 
istics - are given to facilitate "worst case" design. 

MAXIMUM RATINGS 

Riling (Per .... ' 

Peak RepetItive Reverse Vpltage 
Working Patlk Reverse Voltage 
OC BIOdtinu Voltage 

RMS Reverse V.Q11age 

OC Output Voltage 
Resiativa Lolid 
Capacitive load 

AV9rage Red:ified Forward Curren\ 
(Sinule phas8 bridge resinive load. 
60 Hz, T C '" SSOCI MOA980 

MOA990 

Symbol 

VRRM 
VR_ 

VR 

VR RMS) 

lid, 
Vdo 

'0 

Non.Repetitiw pe.. Surge Cutrent tFSM 
(Surgaappliedalralldlo8CIoonditions! 

Operating and Storage Junaion T J.T stg 
Temperature Range 

THERMAL CHARACTERISTICS 

50 

3S 

30 
50 

ELECTRICAL CHARACTERISTleSITe = 2SOC unle.otherwlse notedl 

Forward Volt. (Per Oiode! 
(IF "'8.9AI 
·(IF "47.AJ 
(IF -18.9 A, TJ .. 11SOa 
IIF .. 47 A.TJ '" 17S°C;! 

Reverse Current 

--

(Rated VRMlIPPli.dlO~tefmi""s.+and~ 
,terminal~opanJ 

MOA980 
MDA990 
MDA980 
MOA~ 

MECHANICAL-CHARACTERISTICS 

.. 
100 

70 

62 
.00 

VF 

'R 

CASE: Transfer-molded plastic encapsulation 

POLARITY: Terminal-designation embossed on ca.a 
+DC output 
-DC output 
_ AC not marked 

... 
200 

"0 

12' 
200 

12 
-311 

300 

.. 
300 

2'0 

'.5 
300 

--6510+116 

Min -,. 
0.88 
0.98 

.. .. 
... 600 

280 .20 

'50 380 
400 600 

... , 
" I .~ .... I 2.28 

... , 
OS7 
.m 
0.85 
0.98 

0.5 

MOUNTING POSITION: Salt down-highest heat transfer efficiency accom
plished through the surface opposite the terminals. 

WEIGHT: MDA980 - 21 grams (app,ox.) 
MDA990 - 22.5 grams (approx.1 

TE R M I NA LS: Suitable for fast-on connections, read i1y solderable connections, 
corrosion resistant. 

MOUNTiNG TORQUE: 20 in. lb. Mex. 
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Unit 

Volls 

\lohs 

\lolls 

Amp 

A.., 

°c 

Unit 

°CIW 

°CIW. 

""" Volt, 

rnA 

SINGLE-PHASE 
FULL-WAVE BRIDGE 

12 and 27 AMPERES 
50 thru 600 VOLTS 

CASE 179-01 
MDA980 Series 

Aluminum 
Disc 

0.875010. 

CASE 179·02 
MDA 990 Series 

a:; O_.¥1~ ~_ ~~ml I" 0 

O.B61l - _ --or o:m ., ". L :: 
~..J 1- - 3i!t 

·Holtand tounl8nink for 
116.tht .... dlltflW. 

lm DEEP 

ALUMINUM 
DISC 
G.871DIA. 

/"""1==---' 

CASE 179-01-02 



MDA980-1 thru MDA980-6/MDA990-1 thru MDA990-6 (continued) 

FIGURE 1 - FORWARD VOLTAGE FIGURE 2 -MAXIMUM SURGE CAPABILITY 
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FIGURE 4 - TYPICAL THERMAL RESPONSE 
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MDA980·1 thru MDA980,.6/MDA990·1 thru MDA990~6(continued) 

FIGURE 5 - MDA980 CURRENT DERATING 
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FIGURE 6 - MDA990 CURRENT DERATING 
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NOTE 1 - THERMAL COUPLING AND EFFECTIVE 
THERMAL RESISTANCE 

I n multiple chip device. where there i~coupling of heat between 
die; the junction temperature can be calculated as follows: 

(1.1 "TJ1 = R8JC. (PD1 + K82 P02 + K63 P03" K64 P04] 
Where "TJ1 is the change in junction temperature of diode 1 

R6JC is the thermal resistence junction to case. 
,P01 thru4 isthe power dissipated in diodes 1 through 4 
PDT is the total package power dissipation. 
K82 thru 4 is the thermal coupliag between diode 1 and 
diodes 2 through 4. 

An effective package thermal resistance can be defined as 
follows: 

(2) R6(EFF) = "T J1/POT 

Assuming equal thermal resistence for each die and Po ~ P02 = 

3-179 

P03" P04. where PDT = 4P01equation (1) simplifies to 

"TJ1 =R6JC PDT (1 +_K6;!,~ K6.3+ K64)/4 

Substituting into equation (2). 

(3) R8(EFF) = R6JC (1 + K62 + K83 + K64)/4 

For the MDA980 rectifier assembly. thermal coupling between 
opposite diodes is 42% and between adjacent diodes is 50% when 
the case temparature is used as a reference. Similarly for the 
MOA990. thermal coupling between opposite diodes is 12% and 
between adjacent diodes is 20%. 



MDA980-1 thru MDA980-6/MDA990-1 thru MDA990-6(continued) 

NOTE 2 - SPLIT LOAD DERATING INFORMATION 

Bridge rectifiers are used in two basic configurations as shown 
in circuits A and B of Figure 9. The current derating data of 
Figures 5 and 6 apply to the standard bridge circuit (AI where 
'A = 'B' For circuit B where IA :;ela. derating information can be 
calculated as follows: 

(51 TR(MAXI = T J(MAXI - 6T Jl 

Where TR(MAX) is the reference temperature (either case or 
ambient) 

L1T J1 can be calculated using equation (1) in Note 1. 

For example, to determine TC(MAXI for the MDA990 with 
the following capacitive load conditions: 

IA = 20 A average with a peak of 86 A 
I B = lOA average with a peak of 72 A 

First calculate the peak to average ratio for IA· I(PKliI(AVI = 
86/10 = 8,6. (Note that the peak to average ratio is on a per diode 
basis and each diode provides 10 A average). 

From Figure 7, for an average current of 20 A and an I (PKI/ 
I(AVI = 8.6 read PT(AVI = 40 watts or 10 watts/diode. Thus 
POl = P03 = 10 watts. 

Similarly, for a load current IB of 10 A, diode #2 and diode #3 
each see 5.0 A average resulting in an I (PKI/I (A VI ~ 14.4 

Thus, the package power dissipation for 10 A is 20.2 watts or 
5.05 watts/diode. :. P02 = P03 = 5.05 watts. 

The maximum junction temperature occurs in diodes #1 and 
#3. From equation (11 for diode #1 L'>TJl = 5.6 [10 + 0.12 
(5.051 + 0.2 (101 + 0.2 (5.051]. 

L'>TJl "'63.60 C 
Thus TC(MAXI = 175-76 = 990 C 
The total package dissipation in this example is: 
PJ = 2 x 10 + 2 x 5.05'" 30.1 watts 

(Note that although maximum RBJC is 60 C/W, 5.60 C/watt is 
used in this example and on the derating data as it is unlikely that 
all four die in a given package would be at the maximum value.) 

FIGURE 9 - BASIC CIRCUIT USES FOR BRIDGE 
RECTIFIERS 

Load 

CIRCUIT A 

] 
CIRCUIT B 
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MDA980-1 thru MDA980-6/MDA990-1 thru MDA990-6(continued) 

FIGURE 10 - REVERSE RECOVERY TIME 
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FIGURE 12 - RECTIFICATION EFFICIENCY 
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FIGURE 13 - JUNCTION CAPACITANCE 
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RECTIFIER EFFICIENCY NOTE 
FIGURE 14 - SINGLE-PHASE FULL-WAVE 

BRIDGE RECTIFIER CIRCUIT 

The rectification efficiency fector a sh!lWn in Figure 12 was 
calculated using the formula: 

V20 (dc) 

Pldc) R L V20 (dc) 
a=--=---·100%= ·100%(1) 

p(rms) V20 (rms) V20 (ac) + V20 (dc) 

RL 

For a sine wave input V m sin (wt) to the diode, assumed lossless, 
the maximum theoretical efficiency factor becomes: 

,,2Rl 8 
a(sina) = -2-' 100% = -' 100% = 81..2% 

V m ,,2 

For a sq uare wave 
input of amplitude V m• 
the efficiency factor 
becomes: 

Rl 
O"(square) = --' 100% = 100% 

V2m 

Rl 

(2) 

(3) 

As the frequency of the input signal is increased. the reverse 
recovery time of the diode (Figure 10) becomes significant. result
ing in an increasing Be voltage components across R L which is 
opposite in polarity to the forward current. thereby reducing the 
value of the efficiency factor a. as shown on Figure 12. 

It should be emphasized that Figure 12 shows waveform effi
ciency only; it does not provide a measure of diode losses, Data 
was obtained by measuring the ac components of Vo with a true 
rms ac voltmeter and the dc component with a dc voltmeter. The 
deta was used in Equation (1) to obtain points for Figure 12. 
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HIGH VOLTAGE SILICON RECTIFIER MOLDED ASSEMBLIES 

10 - to 2.5 A MDA1330H 
MDA1331H 
MDA1332H 
MDA1333H 

VRM/rep) = 5000 and 10,000 VOLTS 

Compensated series-connected rectifier cells for high-voltage,single-phase, 
half-wave circuit applications. Each cell in the series string is shunted by a 
high-voltage capacitor and resistor for equal voltage distribution. 

NOTES: 

1. MOA 1330H and MOA 1331 H. add suffix "e" for common cathode, 
"U" for common anode, "0" for voltage doubler. 

2. MOA 1332H and MOA 1333H, reverse polarity available by adding 
suffix "Ru. 

MAXIMUM RATINGS 

Rating Symbol MDA1330H MDA1331H 

Peak Repetitive Reverse Voltage <D VRM(rep) 5,000 10,000 (Rated Current, Over Operating Temperature Range) 

RMS Reverse Voltage 
(Rated Current Over the Complete Operating V 3,500 7,000 
Temperature Range) 

r 

DC Blocking Voltage ® VR 3,000 6,000 (Over Operating Temperature Range) 

Average Half Wave Rectified Forward Current 
(Resistive Load, 180' Conduction Angle, 
60cps, Free Convection Cooling) TA = 40'C 10 1.0 1.0 

TA = 100'C 0.3 0.3 

Peak 1 Cycle Surge Current 
IFM(surge) (T A = 40' C, Superimposed on Rated 25 25 

Current at Rated Voltage) 

Operating Frequency Range DC to 400 

Operating and Storage Temperature Range -55 to +110 

MDAl332H 

5,000 

3,500 

3,000 

2.5 

0.5 

250 

<D VRM(rep) ratings of 5,000 or 10,000 volts peak are both the maximum repetitive 
and non-repetitive ratings. Where voltage tran&ient suppression is employed, 
these assemblies can be reliably operated at the maximum ratings. 

® The DC Blocking Voltage rating (VR), is established by. the continuous power 
disSipation ratings of the shunting resistors and is not a function of the series 
rectifiers. 

ELECTRICAL CHARACTERISTICS 

Rating Symbol MDA1330H MDA1331H MDA1332H 

Maximum Full-Cycle Average Forward Voltage Drop 
(Half-Wave, Resistive Load, Rated Current and VF(AV) 5.0 10.0 5.0 
Voltage, T A =40'C) 

Maximum Full-Cycle Average Reverse Current 
(Half-Wave, Resistive Load, Rated Current and ~(AV) 0.2 0.2 3.0 
Voltage, T A =40'C) 

Note: Ambient temperatures are measured at the cold air source point i. e. imme
diately below the rectifier legs under convection cooling and on the cool air 
side with forced air cooling. 
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MDA1333H Units 

10,000 Volts 

7,000 Volts 

6,000 Volts 

2.5 Amps 

0.5 

250 Amps 

cps 

'C 

MDA1333H Units 

10.0 Volts 

3.0 rnA 



HIGH VOLTAGE SILICON RECTIFIERS (continued) 

ELECTRICAL DESIGN NOTES 

1. For single-phase, full-wave circuits using "Series 1300" stacks, multiply 
the current ratings given for the half-waveby two. 
2. For three-phase,full-wave and half-wave circuits, multiply given current 
ratings for single-phase,half-wave by two and one half. 
3. For capacitive loads, sufficient surge and capacitor inrush current pro
tection must be employed. Recurrent peak currents up to six times the single
phase average output-current ratings can be safely sustained when the average 
value of these peaks are held at or below the rated average output; Non
repetitive peak currents must be held to the maximum surge ratings. 

4.0 

i 3.0 

I 
I f2 2.0 

I 
!ilj 

~ 
." 1.0 

o 
o 2 4 

TYPICAL FORWARD CHARACTERISTICS 
(TJ = 25°C) , 1.0 

7.0 

11! 
~ 6.0 

~ B 5.0 

MDAI330H MDA1331H MOA1332H MOAI333H I 
~ 4.0 

I I 
/ if 

) J 
I J 

II II 

i i 3.0 

til 
.$ 2.0 

1.0 

o 
10 12 14 16 18 ·0 10' 12 14 16 18 

v, INSTANTANEOUS FORWARD VOLTAGE (VOLTS) v, INSTANTANEOUS FORWARD VOLTAGE !VOLTSI 
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HIGH VOLTAGE SILICON RECTIFIERS (continued) 
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HIGH VOLTAGE SILICON RECTIFIERS (continued) 

MECHANICAL DESIGN INFORMATION AND OUTLINE DI
MENSIONS FOR THE BASIC MDA133DH AND MDA1331H 
RECTIFIER LEGS. 

0.50 NOM. 1 rO,SOMAX 
-.Lr-'"I, ....... ----.-

-1 T -!-

o c * 8 A 

J l~L 
J 0'266iILLEDTERMINALSLOTS~-~IJo.l44NOM 0.046 WIDE. 0.172 DEEP 

1.25 MAX 1.35 
MAX 

POLARITY DOTS: RED = +DC OUTPUT 

Device ADim BDlm CDim DDim 

MDA1330H 4_25max 3.70±O.O5 3. 25max 3.00nom 

MDA1331H 7_00max 6. 39±O.05 6.00max 5. 25nom 

NOTES: These basic rectifier legs are suitable for chassis 
mounting and connection into multiple leg circuits. Center 
tapped versions of the MDAI330H and MDAI331H are 
also available for use in lower voltage. Center tapped and 
Voltage Doubler applications. The center tapped versions 
of the MDA1330H and MDA1331H are designated by a 
different suffix leiter' as follows: instead of "Ii" specify 
"C" for common cathode. center tap 
"U" for common anode. center tap 
"D" for voltage doubler. 

I</> TOP ViEW 
(41 0.260 HOLES --+I 

0.275 I 

t 
6-7/8 MAX 

1·1/8 NOM 

AC 

MECHANICAL DESIGN INFORMATlO" AND OUTLINE DI
MENSIONS FOR THE BASIC MDA1332H AND MDA133311 
RECTIFIER LEGS. 

Device A Dim 8 Dim 

(4) 0.260 HOLES 
0.275 

3/4 

t 
CDlm 

MDA1332H 5-5/8 nom 3-1/4 1/16 1-1/8 nom 

MDA1333H 11-1/4 nom 6-1/2±1/16 2-3/8 nom 

NOTE I. Insulated mountinl! bars are supplied 
with all Series 1300 stacks and tbe sinl![e unit bar is 
shown above. For multiple leg circuits. mouliling bars are 
available in lengths suitable for 2 or 3 legs mounted side 
by side. In addition. the mounting arrangement used is also 
suitable for mounting ·legs top and boltom on the same bar 
with stand-offs employed for support of the assembly. 
NOTE 2. Offset mounting taps are used to provide more 
compact multiple leg assemblies. When top & boltQm or 
side by side mounting is employed. reverse polarity legs 
are often required in some circuits. Legs of reverse polarity 
to that shown above are designated by an "R" suffix. i.l:. 
MDAI332HR. 
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MF3304 (SILICON) 

PNP silicon epitaxial transistor designed for low
level, high-speed switching applications. 

MAXIMUM RATINGS ITA = 250C unless otherwise noted) 

Rating Symbol Value Unit 
Collector-Base Voltage VCB 18 Vdc 

Collector-Emitter Voltage VCEO 12 Vdc 

Emitter-Base Voltage VEB 5.0 Vdc 

Total Device Dissipation @ TA = 25°C Po 200 mW 

Derate above 25·C 1.14 mW/·C 

Total Device Dissipation @ TC = 25°C Po 300 mW 

Derate above 25·C 1.7l inW/·C 

Operating Junction Temperature TJ 200 ·C 

storage Temperature Range Tstg -65 to +200 ·C 

ELECTRICAL CHARACTERISTICS ITA = 2SoC unless otherwise noted) 

Characteristic Symbol Min Typ Max Unit 
Collector- Base Breakdown Voltage BVCBO Vdc 

(IC = 100 f.J.A, IB =0) 18 - -
Collector- Em itter Breakdown Voltage BVCES Vdc 

tIC = 100 f.J.A, IB = 0) 12 - -
Collector-Emitter Sustaining Voltage* V * Vdc 

(IC = 10 rnA, IB = 0) 
CEO(sus) 12 - -

Emitter-Base Breakdown Voltage BVEBO Vdc 
(IE = 100 Ji.A, IC = 0) 5.0 - -
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MF3304 (continued) 

ELECTRICAL CHARACTERISTICS ITA = 2SOC unless otherwise notedl 

Characteristic Symbol Min Typ Max Unit 
Collector Cutoff Current ICBO nA 

(VCB = 9 V, IE = 0) - - 10 

Collector Reverse Cllrrent ICES 
(VCE = 6 V, VEB :" 0) - - 10 IJA 

(VCE = 6 V, VEB = 0, lS0'C) - - 10 /J. A 

Collector- Emitter Saturation Voltage V CE(sat) Ydc 
(IC " 1. 0 rnA, IB = O. 1 rnA) - - 0.15 

(IC = 10 rnA, 1s = 1.0 rnA) - - 0.16 

(IC = 10 rnA, 1s = 1.0 rnA, 12S'C) - - 0.23 

(IC" 50 rnA, 1s = 5.0 rnA) - - 0.50 

Base-Emitter Saturation Voltage VBE(sat) Vdc 
(IC = 1.0 rnA, IB = O. 1 rnA) 0.7 -- 0.8 

(IC = 10 rnA, lu = 1.0 rnA) 0.8 - 0.9 

(IC" 50 rnA, 1s = 5.0 rnA) - - 1.2 

Dc· Current Gain hFE 
(IC" 1.0 rnA, VCE " -0.3 V) 20 - -
(IC" 10 rnA, VCE " -0.3 V) 30 - 120 

(IC = 10 rnA, VCE =-0.3 V, -55'C) 15 - -
(Ic" 50 mA, VCE " -1.0 V) 20 - -

High- Frequency· Current Gain hfe -
(IC" 10 rnA, VCE " -5.0 V, f = 100 MHz) 6.0 - -

Output Capacitance** Cob •• pF 
(V CB " -5.0 V, IE = 0, f" 140 kHz) - - 2.5 

Emitter Transition Capacitance CTE pF 
(V EB = -0.5 V, IC ,,0, f" 140 kHz) - - 2.5 

Collector.o.Base Time Constant r 'c ps 
(VCB" 10 V, IC" 10 rnA, f" 31.8 MHz) b c - - 40 

Charge storage Time ts ns 
(IC '" 1s1 '" 1s2'" -10 rnA) - - 30 

Turn-On Time ton ns 
(IC '" 10 rnA, 1s1" O. 5 rnA) - - 60 

Turn-Off Time toff ns 
(IC '" 10 rnA, 1s1 '" 1s2 '" -0.5 rnA) - - 60 

TYPICAL AMPLIFIER PERFORMANCE 

Noise Figure NF dB 
(V CE " 10 V, IC = 2 rnA, f" 60 MHz, - 2.7 -
RS" 200 ohms) 

AC Current Gain hfe -
(VeE =10 V, IC" 2 rnA, f" 1 kHz) - 70 -

Current Gain - Bandwidth· Product fT MHz 
(VCE" to V, Ie" 2 rnA, f" 100 MHz) - 700 -

Collector-Base Time Constant r 'C ps 
(V CB " 10 V, Ie" 2 rnA) 

b c - 15 -
**Measured in guarded circuit 

*PuIse Conditions: PW" 300 ps, Duty Cycle ~ 2%. 
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MFE 120 (SILICON) 

MFE121 
MFE122 

N-CHANNEL DUAL-GATE 
SILICON-NITRIDE PASSIVATED 

MOS FIELD-EFFECT TRANSISTORS 

... depletion mode (Type B} dual gate transistors designed for VHF 
amplifier and mixer applications. These types are specified as 
follows: 

• MFE120 - RF Amplifier@ 105 MHz 
MFE 121 - RF Amplifier@ 60 and 200 MHz 
MFE 122 - Mixer @ 60 and 200 MHz 

• Silicon Nitride Passivation for Excellent Long Term Stability 

• Diode Protected Gates 

MAXIMUM RATINGS 

Rating Symbol Value 

Drain-Source Voltage VOS +25 

Drain Cur"rent In 30 

Total Device Dissipation @TA = 25°C Po 300 
(Package Limitation) 

Derate above 25°C 1.7 

Operating and Storage Junction TJ• Tstg -65 to +200 
Temperature Range 

3-188 

Unit 

Vdc 

mAdc 

mW 

mW/oC 

DC 

N-CHANNEL 

DUAL GATE 
MOS FIELD-EFFECT 

TRANSISTORS 
TypeB 

~:~~~ OIA 

PIN 1. DRAIN 
2. GATE 2 
3. GATE 1 
4. SOURCE. 

SUBSTRATE 
ANO CASE 

:l~~ r-
DIA. I 

r ~D 
11' 

0.500 
MIN 

-.J 

0.D28 
0.048 

To convert inches to millimeters multiplv by 25.4 

All JEDEC dimensions and notes apply 

CASE 20 (91 
TO·72 



MFE 120, MFE121, MFE122 (continued) 

ELECTRICAL CHARACTERISTICS (TA = 25°C unless otherwise noted) Substrate Connected to Source 

Characteristic Symbol Min Typ Max Unit 

OFF CHARACTERISTICS 

Drain-Source Breakdown Voltage V(BRIDSX 25 - - Vdc 
(lD = 10JlAdc, Vs = 0, VG 1 = -4.0 Vdc, VG2 = +4.0 Vdcl 

Gate 1 - Source Breakdown Voltage V(BRIG1S0 ±7.0 - ±20 Vdc. 
(lGl =±10JlAdc, VG2S = 01 

Gate 2 - Source Breakdown Voltage V(BRIG2S0 ±7.0 - ±20 Vdc 
(lG2 = ±10JlAdc, VG2S= 01 

Gate 1 to Source Cutoff Voltage VG1S (0ff) - - -4.0 Vdc 
(VDS = 15 Vdc, VG2S = 4.0 Vdc, ID = 200 JlAdcl 

Gate 2 to Source Cutoff Voltage VG2S (off) - - -4.0 Vdc 
(VDS = 15 Vdc, VG1S = 0, ID = 200JlAdcl 

Gate 1 Reverse Leakage Cu Trent IG1SS - - 20 nAdc 
(VG1S = +6.0 Vdc, VG2S = 0, VDS = 01 

Gate 2 Reverse Leakage Current 

(VG2S = +6.0 Vdc, VG1S = 0, VDS = 01 
IG2SS - - 20 nAdc 

ON CHARACTERISTICS 

Zero·Gate Voltage Drain Current IDSS mAdc 
(\iDS = 15 Vdc, VG1S = 0, VG2S = 4.0 Vdcl MFE120 2.0 7.0 18 

MFE121 5.0 10 30 
MFE122 2.0 9.0 20 

SMALL-SIGNAL CHARACTERISTICS 

Forward Transadmittance (Gate 1 to Drain) Yls J..(mhos 
(VDS = 15 Vdc, VG2S = 4.0 Vdc, MFE120,22 8000 - 18,000 
I D = 10 mAde, I = 1 .0 k Hzl MFE121 10,000 - 20,000 

Input Capacitance Ciss pF 
(VOS = 15 Vdc, VG2S = 4.0 Vdc, MFE120,22 - 4.5 7.0 
10 = IDSS, I = 1.0 MHzl MFE121 - 4.5 6.0 

Output Capacitance Coss pF 
(VDS = 15 Vdc, VG2S = 4.0 Vdc, MFE120,22 - 2.5 4.0 
ID = IDSS, I = 1.0 MHzl MFE121 - 2.5 3.5 

Reverse Tnmsfer Capacitance 
(VDS = 15 Vdc, VG2S = 4.0 Vdc, 

erss - 0.023 - pF 

I D = 6.0 mAde, I = 1.0 MHzl 

Common-8ource Noise Figure NF dB 
(VOS = 15 Vdc, VG2S = 4.0 Vdc, 
I D = 6.0 mAdc, Zs is optimized lor N FI 

(I = 105 MHz - Figure 11 MFE 120 - 2.9 5.0 
(I = 60 MHz - Figure 31 MFE 121 - 2.6 5.0 
(I = 200 MHz - Figure 31 MFE 121 - 2.6 5.0 

Common-Source Power Gain Gps dB 
(VDS = 15 Vdc, VG2S = 4.0 Vdc, 
ID = 6.0 mAde, Zs is optimized lor NFl 

(I = 105 MHz - Figure 11 MFE120 17 19.6 -
(I = 60 MHz - Figure 31 MFE121 20 27.8 -
(I = 200 MHz - Figure 31 MFE 121 17 18.6 -

Level 01 Unwanted Signal lor 1.0% Cross Modulation - - 100 - mV 
(VDS = 15 Vdc, VG2S = 4.0 Vdc, ID = 6.0 mAdcl 

Common·Source Conversion Power Gain (Gate 1 Injection, Figure 2) Gc dB 
(VDS = 15 Vdc, VG2S = 4.0 Vdc, Local 
Oscillator Voltage = 925 mVrmsl 

(Signal Frequency = 60 MHz, Local Oscillator 
Frequency = 104 MHzl MFEl22 15 16.5 -
(Signal Frequency = 200 MHz, Local Oscillator 
Frequency = 244 MHzl MFE122 12 13.3 -
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MFE120, MFE121, MFE122 (continued) 

FROM 5011 
105MHz 
GENERATOR 

FROM SOil 
200 MHz 
GENERATOR 

r;30 

II C2 
0.8-10 

C2 
0.8-
10 

11 

C3 
0.8-10 

FIGURE 1 - 106 MHz TEST CIRCUIT 

rim 
10 k 

l2 

10001~ 

3.9 pH 

~-10 150k 5.6 pH 

All Capacitance Values in pF; All Aesistance Values 
in Ohms. 

L1: 6-1/2 Closewound Tumson 1/4" Oiameterform. 
L2: 5 Closewound Turns on 1/4" Diameter Form 

With Tap 1-112 Turns from Bottom. 

C2 
0.8-10 

6.8 

150k 

'--------. 
10001 ~ 

+15V 

FIGURE 2 - 60 AND 200 MHz TEST CIRCUIT 

pl470 

RFC I~ 
47 

C3 
0.8-10 

l2 

4101~ 

RFC 

4701~ 

Cl,C2,C3,C4,C5,C6: Johanson Cfllpacitor Type 2951 
or Equivalent 

C7: Area Capacitor Type 404 or Equivalent. 
Overall Bandwidth: 1.3 MHz@-3.0dB. 

For 200MHz 
Test 

l-
All Capacitance Values in pF; All Resistance Values in Ohms. 

f· 60 MHz f • 200 MHz 
C1 Arco·Capacit-orType Area Capacitor Type 

462 or Equivalent 404 or Equivalent 
C2,C3,C4 Johanson Capacitor Johanson Capacitor Type 

T yp.2951 or 2951 or Equivalent 
Equivalent 

II 12ClosewoundTurns 4Turnsonl/4"Diameter 
on 114" Diameter Form. 1" length 
Form 

L2 9 Closewound Turns 3 Turns on 1/4" Diameter 
on 1/4" Diameter Form, 3/4" Length 

+15 V Form 
RFC 10pH , 1.0"H 
Overall 6.0 MHz@-3.0dB 8.5 MHz@-3.0dB 
Bandwidth 

FIGURE 3 - 60 AND 200 MHz CONVERSION POWER GAIN 

+20V 

1000 1.0 k 

150 k r 
50 k 

C3 
0.8-10 
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l2 

1500 
f--.----.@ TO 5011 44 MHi . I. ,IF AMPLIFIER 

All Capacitance Values in pF; All Resistance Values in Ohms. 
C1,C2,C3: Johanson Capacitor Type 2951 or Equivalent 

60 MHz 200 MHz 
L1: 14 Closewound Turns L1: 5 Turns on t/4"Dianieter 

on 1/4" Diameter Form Form, 1" Length 
L2: 15 CloseWQund Turns L2: 15 Closewound Tumson 

on 1/4" Diameter Farm 1/4" Diameter Form 



MFE120, MFE121, MFE122 (continued) 
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MFE2000 (SILICON) 

MFE2001 
Silicon N -channel junction field-effect transistor 

designed for VHF/UHF amplifier applications. 

CASE 20(1) 
(TO-721 

MAXIMUM RATINGS 

Rating 

Drain-Source Voltage 

Drain-Gate Voltage 

Gate-Source Voltage 

Drain Current Active elements 
isolated 

from case 
Total Device Dissipation @TA ; 25'C 

Derate above 25'C 

Operating & Storage Junction 
Temperature Range 

ELECTRICAL CHARACTERISTICS (T. = 25'C unless otherwise noted) 

Characteristic 

OFF CHARACTERISTICS 

Gate-Source Breakdown Voltage 
(IG ; -1. 0 /lAdc, VDS ; 0) 

Gate-Source Voltage 
(In; 0.5 mAdc, V DS ; 15 Vdc) 

Gate Reverse Current 
(VGS ;-20Vdc, VDS=O) 

(VGS ; -20 Vdc, Vns ; 0, TA = l50'C) 

ON CHARACTERISTICS 

Zero-Gate Voltage nrain Current 
(Vns ; 15 Vdc, V GS ; 0) 

SMAll-SIGNAL CHARACTERISTICS 

Forward Transfer Admittance 
(Vns = 15 Vdc, VGS = 0, f = 1.0 kHz) 

Output Admittance 
(Vns ; 15 Vdc, V GS = 0, f = 1. 0 kHz) 

Input Capacitance 
(Vns ; 15 Vdc, VGS ; 0, f; 1.0 MHz) 

Output Capacitance 
(Vns = 15 Vdc, VGS ; 0, f; 1. 0 MHz) 

Reverse Transfer Capacitance 
(Vns = 15 Vde, VGS ; 0, f; 1. 0 MHz) 

Small-Signat Power Gain (Figure 1) 
(Vns = 15 Vde, In; 4.0 mAde, f; 100 MHz) 

(Vns ; 15 Vde, In = 4.0 mAde, f = 400 MHz) 

Noise Figure (Figure 1) 

MFE2000 
MFE2001 

MFE2000 
MFE2001 

MFE2000 
MFE2001 

MFE2000 
MFE2001 

(V DS = 15 Vde, In = 4.0 mAde, f = 100 MHz, RG = 1. 0 k ohm) 

(Vns ; 15 Vde, In; 4.0 mAde, f; 400 MHz, RG = 1. 0 k ohm) 
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V(BR)GSS 

VGS 

IGSS 

I Yf.! 

!Yo.! 

CisS 

COBS 

Crss 

Gps 

NF 

Symbol Value Unit 

VDS 25 Vde 

VDG 25 Vdc 

VGS 25 Vdc 

ID 30 mAde 

PD 300 mW 

2.0 mW/DC 

T J' Tstg -65 to +175 ·C 

Vdc 
25 - -

Vdc 
0.5 - 4.0 
3.0 - 7.5 

pAdc 
- - 100 

- - 200 nAdc 

IJlllhos 
2500 - 6000 
4000 - 8000 

IJlllhos 
- - 50 
- - 75 

pF 
- - 5.0 

pF 
- - 2.0 

pF 
- - 1.0 

dB 
18 23 -
10 14 -

dB 
- 1.6 2.0 

- 3.3 4.0 



MFE2000, MFE2001 (continued) 

FIGURE 1 -100 MHz and 400 MHz NEUTRALIZED AMPLIFIER 

r--------r-----------, 
NEUTRALIZING L I. I 

I COIL 1 " C2 .. .. C3 I 
I r;-<-

INPUT : C1 I TO 500 . 
_____ ~ L2 I LOAD 

TO 50n 'I I C IJ., -= I 
SOURCE:· L3 -= 5 ~ -=S: SIDELD I 

I .Jl 'C6 CASE I . J;lC7 I 
L - - - --=-~"H":: -- --+- --=...J.~ E----....l 

VGS--!.......VDS tID = 5.0 rnA NOTE: 

The noise source is a hot-cold body 
(AlL type 70 or equivalent) with a 
test receiver (AIL type 136 ·or 

ADJUST V GS FOR 

ID = 5.0 rnA 

+15 V 

equivalent). . VGS < 0 VOLTS 

Reference VALUE 
Designation 100 MHz 400 MHz 

C1 7.0 pF 1. 8 pF 

C2 1000 pF 27 pF 

C3 3.0 pF 1. 0 pF 

C4 1-12 pF 0.8-8.0 pF 

C5 1-12 pF 0.8-8.0 pF 

C6 O. 0015 J.LF 0.001 fl.F 

C7 0.0015 J.LF 0.001 J.LF 

L1 3.0 !ill* 0.2 !ill** 

L2 0.25 !ill* 0.03 !ill*' 

L3 0.14 !ill* 0.022 !ill" 

17 turns (approximately - depending on circuit layout), 
AWG 1128 enameled copper wire, close wound on 9/32" 
ceramic coil form. Tuning provided by a powdered 
iron slug. . 
4-1/2 turns, AWG 1118 enameled copper wire, 5/16" long, 
3/8" I. D. 

3-1/2 turns, AWG 1118 enameled copper wire, 1/4" long; 
3/8" 1. D. 

6 turns approximately -(depending on circuit layout), 
AWG 1124 enameled copper wire, close wound on 7/32" 
ceramic coil form. Tuning provided by an aluminulll 

. slug. 
1 turn, AWG 1116 enameled copper wire, .3/8" I. D. 

1/2 t,!rn, AWG 1116 enameled copper wire, 1/4" 1. D~ 
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MFE2004 (SILICON) 

MFE200S 
MFE2006 Silicon N-channel depletion mode (Type A) junction 

field-effect transistors designed for chopper applications. 

MAXIMUM RATINGS 

CASE 22.{4) 
(TO-1S) 

Rating 

Drain-Source Voltage 

Drain-Gate Voltage 

Gate-Source V.oltage 

Forward Gate Current 

Total Device Dissipation @ T C = 25° C 
Derate above 25° C 

Operating Junction Temperature Range 

Storage Temperature Range 

ELECTRICAL CHARACTERISTICS (T A = 250(: unless otherwise noted) 

Characteristic Symbol 

OFF CHARACTERISTICS 

Symbol Value 

VDS 30 

VDG 30 

VGS 30 

IG(f) 10 

PD 1.8 
10 

TJ -65 to +175 

Tstg -65 to +200 

Min I. Max 

Gate-Source Breakdown Voltage V(BR)GSS 
(IG = 1. 0 !lAdc, VDS = 0) 30 -

Gate Reverse Current IGSS 
(VGS = 20 Vdc, VDS = 0 - 0.2 

(V GS = 20 Vdc, VDS = 0, TA = 150°C) - 0.4 

Drain Cutoff Current ID(off) 
(V DS = 20 Vdc, V GS = 12 Vdc) - 0.2 

(VDS = 20 Vdc, V GS = 12 Vdc, T A = 150°C) - 0.4 

ON CHARACTERISTICS 

Zero-Gate Voltage Drain Current 111 lOSS 
(VOS = 20 Vdc, V GS = 0) MFE2004 8.0 -

MFE2005 15 -
MFE2006 30 -

Gate-Source Voltage VGS 
(V OS = 20 Vdc, 1> = 50 !lAdc) MFE2004 1.0 6.0 

MFE2005 2.0 8.0 
MFE2006 5.0 10 

Gate-Source Forward Voltage VGSF 
(IG = 1. 0 mAdc, VDS = 0) - 1.0 

Drain-Source "ON" Voltage VDS(on) 
(ID = 3.0 mAdc, V GS = 0) MFE2004 - 0.4 

(ID = 6. 0 mAdc, V GS = 0) MFE2005 - 0.4 

(ID = 10 mAdc, V GS = 0) MFE2006 - 0.4 

Static Drain-Source "ON" Resistance rDS(on) 
(ID = 1. 0 mAdc, V GS = 0) MFE2004 - 80 

MFE2005 - 50 
MFE2006 - 30 

111 Pulse Test: Pulse Width '" 300 !lS, Duty Cycle" 3.0%. 
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Unit 

Vdc 

Vdc 

Vdc 

mAdc 

Watts 
mWjOC 

°c 

°c 

Unit 

Vdc 

nAdc 

!lAdc 

nAdc 

!lAdc 

mAdc 

Vdc 

Vdc 

Vdc 

Ohms 



MFE2004, MFE2005, MFE2006 (continued) 
ELECTRICAL CHARACTERISTICS (continued) 

I Characteristic 
SMALL-SIGNAL CHARACTERISTICS 

Static Drain-Source "ON" Resistance 
(V GS = 0, ~ = 0, f = 1. 0 kHz) MFE2004 

MFE2005 
MFE2006 

Input Capacitance 
(VDS = 0, V GS = -12 Vdc, f = 1. 0 MHz) 

Reverse Transfer Capacitance 
(V DS = 0, V GS = 6.0 Vdc, f = 1; 0 MHz) MFE2004 

(V DS = 0, V GS = 8.0 Vdc, f = 1. 0 MHz) MFE2005 

(VDS=O, VGS = 12Vdc, f=1.0MHz) MFE2006 

SWITCHING CHARACTERISTICS 
Turn-On Delay Time (See Figure 1) 

(VDD = 3.0 Vdc, ~ = 3.0 mAdc, VGS = 0) MFE2004 

(VDD = 3.0 Vdc, ID = 6.0 mAdc, V GS = 0) MFE2005 

(VDD = 3.0 Vdc, ID = 10 mAdc, V GS = 0) MFE2006 

Rise Time (See Figure 1) 
(VDD = 3.0 Vdc, ID = 3.0 mAdc, V GS = 0) MFE2004 

(VDD = 3.0 Vdc, ID = 6.0 mAdc, V GS = 0) MFE2005 

(VDD = 3.0 Vdc, ID = 10 mAdc, V GS = 0) MFE2006 

Turn-Off Time (See Figure 1) 
(V DD = 3.0 Vdc, ID = 3.0 mAdc, V GS(off) = 6.0 Vdc) MFE2004 

(VDD = 3.0 Vdc, ID = 6.0 mAdc, V GS(off} = 8.0 Vdc) MFE2005 

(V DD = 3.0 Vdc, ID = 10 mAdc, V GS(off) = 12 Vdc) MFE2006 

Symbol Min 

rds(on) -
-
-

C. 
ISS -

C 
rss -

-
-

td(on) 
-

-
-

t 
r -

-
-

toff -
-

-

FIGURE 1 - SWITCHING TIMES TEST CIRCUIT 

SKl MQOEl 
503A 

OR EQUIV 

3.0 VOC 

R 

PULSE WIDTH 

TEKTRONIX 
561 

SAMPLING 
SCOPE 

OR EQUIVALENT 

VGS(on) = 0 ---~U-'------1k:--iO%-
INPUT WAVEFORM 

I, = If'" 1.0 ns 
50% -1+-----'-'--1 

90% - I-I,------/
VGS(off) 

OUTPUT WAVEFORM 

90%--~-f'---------~-

I, 

R=~ 
10(on) 

==::::::::::~=========~~:::= 0.20 V MAX 
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Max Unit 

Ohms 
80 
50 
30 

pF 
16 

pF 
5.0 

5.0 

5.0 

ns 
20 

15 

10 

ns 
40 

20 

10 

ns 
80 

60 

40 



MFE2007 (SILICON) 

MFE2008 
MFE2009 Silicon N-channel depletion mode (Type A) junction 

field-effect transistors designed for chopper applications. 

CASE 22 (4) 
(TO-1S) 

MAXIMUM RATINGS 

Rating 
Drain-Source Voltage 

Drain-Gate Voltage 

Gate-Source Voltage 

Forward Gate Current 

Total Device Dissipation @ T C = 25° C 

Derate above 25° C 

Operating Junction Temperature Range 

Storage Temperature Range 

Symbol Value 
VDS 25 

VDG 25 

VGS 25 

IG(f) 50 

PD 1.8 

10 

TJ -65 to + 175 

Tstg -65 to + 200 

FIGURE 1 - SWITCHING TIMES TEST CIRCUIT 

INPUT 
(SCOPE AI 

OUTPUT 
(SCOPE BI 

PULSE 
GENERATOR 

'r "- 5.0 ns, 1.0 kHz, 1.0% DUTY CYCLE 

Ir 

-VOS' 15 Vdc 

1.0 k 50 

O.OI.F 

+ 8-TO SCOPE B 

10 .F/25 mVdc 

+-~~==-~"TO SCOPE A 

50 
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Unit 
Vdc 

Vdc 

Vdc 

mAdc 

Watts 

mWiC 

°c 

°c 



MFE2007, MFE2008, MFE2009 (continued) 

ELECTRICAL CHARACTERISTICS (T A = 25'C unless otherwise noted) 

Characteristic Symbol Min Max Unit 
OFF CHARACTERISTICS 

Gate-Source Breakdown Voltage V(BR)GSS Vde 
(IG = 10 ~Ade, VDS = 0) 25 -

Gate Reverse Current IGSS nAde 
(V GS = 15 Vde, VDS = 0) - 2.0 

(VGS=15Vde, VDS=O, TA = 150' C) - 4.0 ~Ade 

Drain Cutoff Current ID(off) nAde 
(VDS = 15 Vde, V GS = 12 Vde) - 2.0 

(VDS = 15 Vde, VOS = 12 Vde, TA ~ 150'C) - 4.0 )lAde 

ON CHARACTERISTICS 
Zero-Gate Voltage Drain Current 11) IDSS mAde 

(VDS = 20 Vde, VGS = 0) MFE2007 S.O -
MFE200S 20 -
MFE2009 50 -

Gate-Source Voltage VGS Vde 
(VDS = 15 Vde, ID =1.0 {LAde) MFE2007 0.5' 10 

MFE200S 1.0 10 
MFE2009 3.0 10 

Gate-Source Forward'Voltage VGSF Vde 
(IG = 1. 0' mAde, VDS = 0) - 1.0 

Drain-Source "ON" Voltage: 
VDS(on) Vde 

(~ = 5.0 mAde, V GS = 0) MFE2007 - 0.75 

(~= 10 mAde, VGS = 0) MFE200S - 0.75 

(ID = 20 mAde, V GS = 0) MFE2009 - 0.75 

Static Drain-Source "ON" Resistance rDS(on) Ohms 
(ID = 1.0 mAde, VGS = 0) MFE2007 - 40 

MFE200S - 30 
'" MFE2009 - 20 

SMALL SIGNAL CHARACTERISTICS 
Static Drain-Source "ON" Resistance rdS(OD) Ohms 

(V GS = 0, ~ = 0, f = 1. 0 kHz) MFE2007 - 40 
MFE200S - 30 
MFE2009 20 

Input Capacitance e tss pF 
(VDS =0, VGS = 10 Vde, f = 1.0 MHz) - 30 

Reverse Transfer Capacitance C rS8 pF 
(VDS = 0, VGS = 12 Vde, f = 1.0 MHz) - 15 

SWITCHING CHARACTERISTICS 
Turn-On Delay Time (See Figure 1) td(on) - 10 DS 

Rise Time (See Figure 1) t r - 6.0 DS 

Turn-Off Delay Time (See Figure 1) Id(off) ns 
(VDD = 15 Vde, ID= 5.0 mAde) MFE2007 - 35 

(VDD = 15 Vde, ~= 10 mAde) MFE200S - 20 

(VDD = 15 Vde, ID = 20 mAde) MFE2009 - 12 

Fall Time (See Figure 1) If DS 
(VDD = 15 Vde, ID = 5.0 mAde) , MFE2007 - 65 

(VDD = 15 Vde, ID = 10 mAde) MFE200S - 40 

(VDD = 15 Vde, ~ = 20 mAde) MFE2009, - 25 

(11 Pulse Tesl: Pulse Width < 300 )ls, Duty Cycle < 3.0%. 
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MFE201 0 (SILICON) 

MFE2011 
MFE2012 

Silicon N-channel depletion mode (Type A) junction 
field-effect transistors designed for chopper applications. 

CASE 22 (4) 
(TO·18) 

MAXIMUM RATINGS 

Rating 
Drain-Source Voltage 

Drain-Gate Voltage 

Gate-Source Voltage 

Forward Gate Current 

Total Device Dissipation @ T C = 25° C 

Derate above 25° C 

Operating Junction Temperature Range 

Storage Temperature Range 

Symbol Value 
VDS 25 

VDG 25 

VGS 25 

IG(f) 50 

PD 1.8 

10 

TJ -65 to +175 

T 
stg 

-65 to +200 

FIGURE 1 - SWITCHING TIMES TEST CIRCUIT 

INPUT 
(SCOPE AI 

OUTPUT 
(SCOPE BI 

PULSE 
GENERATOR 

I, "- 5.0 os, 1.0 kHz, 1.0% OUTY CYCLE 

I, 

-VOS' 15 Vd, 

1.0 k 50 

+.---.:f::==--.-TO SCOPE A 

50 
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Unit 
Vdc 

Vdc 

Vdc 

mAdc 

Watt 

mW/DC 

°c 

°c 



MFE2010, MFE2011, MFE2012 (continued) 

ELECTRICAL CHARACTERISTICS (T A = 25"C unless otherwise noted) 

Characteristic Symbol Min Max Unit 

OFF CHARACTERISTICS 
Gate-Source Breakdown Voltage V(BR)GSS Vde 

(IG = 10 MAde, V DS = 0) 25 -

Gate Reverse Current IGSS nAde 
(VGS = 15 Vde, VDS = 0) - 3.0 

(VGS = 15 Vde, VDS = 0, T A = 150°C) - 6.0 MAde 

Drain Cutoff Current ID(oll) nAde 
(VDS = 15 Vde, V GS = 12 Vde) - 3.0 

(V DS = 15 Vde, V GS = 12 Vde, T A = 150° C) - 6.0 MAde 

ON CHARACTERISTICS 
Zero-Gate Voltage Drain Current {u ~SS mAde 

(VDS = 20 Vdc, VGS = 0) MFE2010 15 -
MFE2011 40 -
MFE2012 100 -

Gate-Source Voltage VGS Vde 
(V DS = 15 Vde, ID = 1. 0 MAde) MFE2010 0.5 10 

MFE2011 1.0 10 
MFE2012 3.0 10 

Gate-Source Forward Voltage VGSF Vde 
(IG = 1. 0 mAde, VDS = 0) - 1.0 

Drain-Source "O~" Voltage VDS(on) Vde 
('D = 8.0 mAde, VGS = 0) MFE2010 - 0.75 

(ID = 15 mAde, VGS = 0) MFE2011 - 0.75 

(ID = 30 mAde, V GS = 0) MFE2012 - 0.75 

Static Drain-Source "ON" Resistance rDS(on) Ohms 

('D = 1. 0 mAde, V GS = 0) MFE2010 - 25 
MFE2011 - 15 
MFE2012 - 10 

SMALL·SIGNAL CHARACTERISTICS 
Static Drain-Source "ON" Resistance rds(on) Ohms 

(V GS = 0, ID = 0, I = 1. 0 kHz) MFE2010 - 25 
MFE2011 - 15 
MFE2012 - 10 

Input Capacitance e lss pF 
(V DS = 0, V GS = 10 Vde, I = 1. 0 MHz) - 50 

Reverse Transfer Capacitance Crss pF 
(V DS = 0, V GS = 12 Vde, I = 1. 0 MHz) - 20 

SWITCHING CHARACTERISTICS 
Turn-On Delay Time (See Figure 1) Id(on) - 10 ns 

Rise Time (See Figure 1) I r - 6.0 ns 

Turn-Off Delay Time (See Figure 1)· Id(off) ns 
(V DD = 15 Vde, 'D = 8.0 mAde) MFE2010 - 35 

(V DD = 15 Vde, ~ = 15 mAde) MFE2011 - 20 

(V DD = 15 Vde, ID = 30 mAde) MFE2012 - 12 

Fall Time (See Figure 1) II ns 
(V DD = 15 Vde, ~ " 8.0 mAde) MFE2010 - 75 

(V DD = 15 Vdc, 'D = 15 mAde) MFE2011 - 45 

(V DD = 15 Vde, ~ = 30 mAde) MFE2012 - 25 

(1) Pulse Test: Pulse Width ~ 300 }lS, Duty Cycle:s: 3.0%. 
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MFE2093 (SILICON) 

MFE2094 
MFE2095 

CASE 20(3) 
(TO·72) 

Silicon N -channel junction field -effect transistors, 
designed for low-power audio-amplifier and switching 
applications. Drain and source interchangeable. 

MAXIMUM RATINGS ITA = 250C unless otherwise noted} 

Rating Symbol Value Unit 

Drain-Source Voltage VDS 50 Vdc 

Drain-Gate Voltage VDG 50 Vdc 

Gate-Source Voltage VGS 50 Vdc 

Drain Current ID 3.0 mAdc 

Power Dissipation @ T A = 25°C PD 300 mW 

Derate above 25°C 2.0 mW/"C 

Operating Junction Temperature TJ 175 °c 

Storage Temperature Range Tstg ~65 to +200 °c 

ELECTRICAL CHARACTERISTICS (TA = 25°C unless otherwise noted) 

Characteristic Symbol Min Typ Max Unit 

OFF CHARACTERISTICS 

Gate-Source Breakdown Voltage V(BR)aSS Vdc 
(la = -10 ~Adc, Vos = 0) 50 - -

Gate Reverse Current lass nAde 

(Vas' ·15 Vdc, Vos = 0) - - 0.1 

(Vas = -IS Vdc, Vos = 0, TA • 150°C) - - 100 

Gate-Source Cutoff Voltage Vasto!!) Vdc 
('0 = 0.1 nAdc, Vos = IS Vdc) MFE2093 · 1.5 2.5 

MFE2094 3.0 4.5 
" MFE2095 - 4.5 5.5 

ON CHARACTERISTICS 

Zero-Gate-Voltage -Drain Current (1) losS mAde 
(Vos = 15Vdc, Vas = 0) MFE2093 0.1 0.35 0.7 

MFE2094 0.4 0.7 1.4 
MFE2095 1.0 1.5 3.0 

DYNAMIC CHARACTERISTICS 

Forward Transfer Admittance 
! Y!-! 

,umhos 
(V OS = 15 Vdc, Vas = 0, ! = I kHz)f1l MFE2093 250 400 500 

MFE2094 350 500 700 
MFE2095 400 600 BOO 

(Vos = IS Vdc, Vas = 0, i = 100 MHz) MFE2093 150 - -
MFE2094 250 - -
MFE2095 300 -

Output Admittance ! Yo_! 
Jlmhos 

(VOS = 15 Vdc, Vas = 0, ! = I kHz) 111 MFE2093 · 0.5 1.5 
MFE2094 - 1.0 3.0 
MFE2095 4.0 10.0 

Drain-SOurce Resistance r ds(on) Ohms 
(VOS = 0, Vas = 0) MFE2093 - 2500 

MFE2094 - 1600 
MFE2095 · 1300 -

Input Capacitance CiSS pF 
(VOS' 15 Vdc, Vas = 0, ! = 140 kHz) - 4.0 6.0 

Reverse Transfer Capacitance C rss 
pF 

(VOS = 15 Vdc, Vas = 0, ! = 140 kHz) 1.2 2.0 

f11 Pulse Test: Pulse Width ~ 630 mB, Duty Cycle;;; 10% 
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MFE2133 (SILICON) 

N -channel junction silicon field-effect transistor 
designed for high-level chopperapplicaUons. 

CASE 79 A 
(10-39 with 11/2" leads) 

DRAIN ~SOURCE 

(~ 0 o.~ 
~'Z.GATE&CASE 

MAXI MUM RATINGS·· (T A = 25·C unless otherwise noted) 

Rating Symbol Value 

Drain-Source Voltage Vns 30 

Drain-Gate Voltage Voo 30 

Gate-Source Voltage Vas 30 

Gate-Drain Current Ia 10 

Total Device Dissipation @ T.C = 25°C PD 1.5 

Derate Above 25°C 10 

Operating JWlction Temperature TJ 175 

Storage. Temperature Range Tstg -65 to +200 
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Unit 

Vdc 

Vdc 

Vdc 

mAdc 

W 

mW/oC 

°c 

°c 



MFE2133 (continued) 

ELECTRICAL CHARACTERISTICS (T A = 25°C unless otherwise noted) 

Characteristic Symbol Min Typ Max Unit 

OFF CHARACTERISTICS 

Gate-Source Breakdown Voltage V(BR)GSS Vdc 
Uo = -1 "Adc, VIlS = 0) 30 - -

Draln Cutoff Current 1000 nAde 
(VOO = 15 Vdc, Is = 0) - - 1.0 

(VOO = 15 Vdc, Is = 0, T A = 1500C) - - 1000 

ON CHARACTERISTICS 

Zero-Gate-Voltage Draln Current 111 loss mAdc 
(VIlS = 10 Vdc, V as = 0) 25 - -

Drain CUtoU Current ID(oU) nAde 
(VIlS = 10 Vdc, Vas = -10 Vdc) - - 1.0 

(V1lS = 10 Vdc, Vas = -10 Vdc, T A = 150oC) - - 1000 

DYNAMIC CHARACTERISTICS 

Forward Tr ..... fer Admittance' 111 Yfs "mhos 
(V1lS = 10 Vdc, Vas = 0, f = 1 kHz)' 12000 - -

Draln-Source Reslatanc. rds(on) obms 
(Vas = 0, 10 = 0, f = 1 kHz) - 40 60 

Input Capacitance Clas pF 
(VI)II = 10 Vdc, Vas Z 0, f = 1 MHz) - 14 20 

Reverse Transfer Capacitance CrBB pF 
(Vas = -10 Vdc, VIlS S 0, f = 1 MHz) - 3.0 5.0 

III 'Pulse Teat: Pulse Wldth;i 830 _; Duty Cycle = 10% 

FIGURE 1 - DRAIN-SOURCE SATURATION REGION FIGURE 2 - DRAIN-SOURCE RESISTANCE 
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MFE3001 (SILICON) 

Silicon N-channel insulated-gate field-effect transistor 
designed for low.:.power applications in the audio fre
quency range. 

CASE 20 (2) 
(TO-72) 

MAXI MUM RA TI NGS (TA = 25°C unless otherwise noted) 

Rating Symbol Value 

Drain-Source Voltage VDS 20 

Gate-Source Voltage VGS ±30 

Drain Current ID 20 

Power Dissipation at T A = 25°C PD 300 
Derating Factor above 25°C 2.0 

Operating JWlction Temperature TJ +200 

Storage Temperature Range Tstg -65 to+ 200 

HANDLING PRECAUTIONS: 

Unit 

Vdc 

Vdc 

mAdc 

mW 
mWjOC· 

°c 

°c 

MOS field-effect transistors have extremely high input resistance. They can be damaged 
by the accumulation of excess static charge. Avoid pc>ssible damage to the devices while 
handling, testing, or in actual operation, by following the procedures outlined below: 

1. To avoid the build-up of static charge, the leads of the devices should remain 
shorted together with a metal ring except when being tested or used. 

2. Avoid unnecessary handling. Pick up devices by the case instead of the leads. 
3. Do not insert or remove devices from circuits with the power on because transient 

voltages may cause permanent damage to the devices. 
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MFE3001 (continued) 

ELECTRICAL CHARACTERISTICS (T. = 25'C unless otherwise noted) 

Characteristic Symbol Min Max Unit 

OFF CHARACTERISTICS 

Drain-Source Br'eakdown Voltage BVDSX Vdc 
(V GS = -8 V, In = 10 tLAdc) 20 -

Zero-Gate-Voltage Drain Current IDSS mAdc 
(V GS = 0 Vdc, Vos = 10 Vdc) 0.5 6.0. 

Gate-Source Voltage Cutoff VGS(off) Vdc 
(IDS = 1 tLAdc, Vos = 10 Vdc) - -8.0. 

ON CHARACTERISTICS 

"On" Drain Current ID(on) mAdc 
(VGS = 3.5 Vdc, Vos = 10 Vdc) S.D -' 

Gate-Reverse Current* IGSS• pAdc 
(V GS = -10 Vdc, Vos = 0) - 10 

DYNAMIC CHARACTERISTICS 

Forward Transfer Admittance IYfs I tLmhos 
(VDS = 10 Vdc, VGS = 0, f = 1 kHz) 700 3500 

Output Admittance Iyos I ),I mhos 
(VOS = 10 Vdc, VGS = 0, f = 1 kHz) - 100 

" Input Capacitance Ciss pF 
(VDS = 10 Vdc, V GS = 0, f = 1 MHz) - 5.0. 

Reverse Transfer Capacitance Crss pF 
(VDS = 10 Vdc, VGS = 0, f = 1 MHz) - 1.5 

*This value of current includes both the FET leakage current as well as the leakage current associated with 
the test socket and fixture when measured under best attainable conditions. 
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MFE3002 (SILICON) 

Silicon N-channel MOS fjeld-effect transistor de
signed for chopper applications. 

Active Elements isolated 
from Case 

CASE 20(7) 
(TO-72) 

MAXIMUM RATINGS 

Rating 

Drain -Source Voltage 

Drain -Gate Voltage 

Gate -Source Voltage 

Drain Current 

Total Device Dissipation @ ·T A = 25°C 

Derate above 2 5 ° C 

Operating & Storage Junction 
Temperature Range 

HANDLING PRECAUTIONS: 

Symbol 

VDS 

VDG 

VGS 

ID 

PD 

TJ , Tstg 

Value Unit 

15 Vdc 

20 Vdc 

±30 Vdc 

30 mAdc 

300 mW 

2.0 mW/"C 

-65 to +175 °c 

MOS field-effect transistors have extremely high input resistance. They can be damaged 
by the accuniulation of excess static charge. Avoid possible damage to the devices while 
handling, testing, ()r in actual operation, by following the procedures outlined below: 

1. To avoid the build-up of static charge, the leads of the devices should remain 
shorted together with a metal ring except when being tested or used. 

2. Avoid unneceSsary hendling. Pick up devices by the case instead of the leads. 
3. Do not insert or remove devices from circuits with the power on because tran~ent· 

voltages may cause permanent damage to the devices. 

ELECTRICAL CHARACTERISTICS (T A = 250 C unless otherwise noted) 
Substrate Connected to Source 

I Characteristic Symbol Min Max 

OFF CHARACTERISTICS 

Orain-Source Breakdown Voltage BVOSS 
(V OS = 0, 10 = 10 pAdc) 15 -

Gate Leakage Current lOSS 
(VOS = 10 Vdc, Vos = 0) - 100 

ON CHARACTERISTICS 

Zero-Gate Voltage Oraln Current lOSS 
(Vos = 10 Vdc. VGS = 0) . - 10 

(Vos = 10 Vdc. Vos = 0, TC = 125·C) - 100 

Gate-Source Threshold Voltage VOS(TH) 
(VOS = 10 Vdc, 10 = 10 pAdc) - 3.0 

SMALL 'SIGNAL CHARACTERISTICS 

Drain-Source Resistance rds(on) 
(VOS = 10 Vdc, 10 = 0, f = 1.0 kHz) - 100 

Oraln-Substrate Capacitance Cd(sUb) 
(VO(SUB) = 10 Vdc, f = 1.0 MHz) - 4.0 

Input Capacitance Ciss 
(Vos = 10 Vdc, Vos = 0, f = 1.0 MHz) - 5.0 

Reverse Transfer Capacitance Crss 
(VOS=O, VGS=O, f=I.0MHz) - 1.~ 
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Unit· 

Vdc 

pAdc 

nAdc 

Vdc 

Ohms 

pF 

pF 

pF 



MFE3003 (SILICON) 

Silicon P-channel MOS field-effect transistor de
signed for chopper applications. 

\ 
CASE 20(7) 

(10-72) 

MAXIMUM RATINGS 

Rating 

Drain-Source Voltage 

Drain-Gate Voltage 

Gate-Source Voltage 

Drain Current 

Totai Device Dissipation @ T ~ ; 25°C 

Derate above 25°C 

Operating & Storage Junction 
Temperature Range 

ELECTRICAL CHARACTERISTICS (T. = 25"C unless otherwise noted) 

Characteristic Symbol 

OFF CHARACTERISTICS 

Drain-Source Breakdown Voltage 
V(BR)DSS 

(V GS = 0, ID = -10 IlAdc) 

Gate Leakage Current IGSS 
(V GS = ±10 Vdc, VDS = 0) 

ON CHARACTERISTICS 

Zero-Gate Voltage Drain Current Ioos 
(Vos = -10 Vdc, VGS = 0) 

(VOS = -10 Vdc, VGS ; 0, TC = 125°C) 

Gate-Source Threshold Voltage VGS(TH) 
(VOS = -10 Vdc, ID = -10 IlAdc) 

SMALL·SIGNAL CHARACTERISTICS 

Drain-Source Resistance rds(on) 
(V GS = -10 Vdc, ID = 0, f = 1.0 kHz) " 

Drain-Substrate Capacitance Cd(sub) 
(V D(SUB) = -10 Vdc, f = 1. 0 MHz) 

Input Capacitance C. 
(VOS = -10 Vdc, VGS ; 0, f = 1.0 MHz) 18S 

Reverse Transfer Capacitance Crss 
(V OS ; 0, V GS = 0, f = 1. 0 MHz) 

HANDLING PRECAUTIONS: 

Symbol Value Unit 

Vns 15 Vdc 

VDG 20 Vdc 

VGS ±30 Vdc 

ID 30 mAdc 

PD 300 mW 

2.0 mW;oC 

T J' Tstg -65 to +175 °c 

Min Max Unit 

Vdc 
15 -

pAdc 
- 100 

nAdc 
- 10 

- 100 

Vdc 
- 4.0 

Ohms 
- 200 

pF 
- 4.0 

pF 
- 5.0 

pF - 1.0 

MOS field-effect transistors have extremely high input resistance. They can be damaged 
by the accumulation of excess static charge. Avoid possible damage to the devices while 
handling. testing. or in actual operation. by following the procedures outlined below: 

1. To avoid the build-up of static charge. the leads of the devices should remain 
shorted together with a metal ring except when being tested or used. 

2. Avoid unnecessary handling. Pick up devices by the case instead of the leads. 
3. Do not insert or remove devices from circuits with the power on because tran!;ient 

voltages may cause permanent damage to the devices. 
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MFE3004 (SILICON) 

MFE3005 

CASE20171~ 
(TO-72) ) ~ 

Silicon N-channel MOS field-effect transistors de
signed for VHF/UHF amplifier applications. 

Active Elements Isolated From Case 

MAXIMUM RATINGS 

Ratirig Symbol Value Unit 

Drain-Source Voltage VDS 20 Vdc 

Drain-Gate Voltage VDG 20 Vdc 

Gate-Source Voltage VGS ±30 Vdc 

Drain Current ID 10 mAdc 

Total Device Dissipation @ TA = 25°C PD 300 mW 

Derate above 25°C 2.0 mW;oC 

Operating & Storage Junction T J' Tstg -65 to +175 °c 
Temperature Range 

HANDLING PRECAUTIONS: 

MOS field-effect transistors have extremely high input resistance. They can be damaged 
by the accumulation of excess static charge. Avoid possible damage to the devices while 
handling, testing, or in actual operation, by following the procedures outlined below: 

1. To avoid the build-up of static charge, the leads of the devices should remain 
shorted together with a metal ring except when being tested or used. 

2. Avoid unnecessary handling. Pick up devices by the case instead of the leads. 
3. Do not insert or remove devices from circuits with the power on because transient 

voltages may cause permanent damage to the devices. 
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MFE3004, MFE300S (continued) 

ELECTRICAL CHARACTERISTICS (T, = 25"C unless otherwise noted) 

Characteristic 

ON CHARACTERISTICS 

Drain-Source Break,down Voltage 
(V GS = -5.0 Vdc, 10 = 10 jLAdc) 

Gate-Source Cutoff Voltage 
(10 = 10 j.lAdc, Vos = 15 Vdc) 

Gate Reverse Curre'nt 
(VGS = "15 Vdc, Vos = 0) 

OFF CHARACTERISTICS 

Zero-Gate Voltage Drain Current 
(V OS = 15 Vdc, VC;S = 0) 

SMALL·SIGNAL CHARACTERISTICS 

Forward Transfer Admittance 
(Vos = 15 Vdc, 10 = 2.0 mAde, f = l. 0 kHz) 

Input Capacitance 
(VOS = 15 Vdc, VGS = 0, f = 1.0 MHz) 

Reverse Transfer Capacitance 
(VOS= 15Vdc, VGS,O, f=I.0MHz) 

Small-Signal Power Gain 
(VOS = 15 Vdc, 10 = 2. 0 mAde, Rg = 1. 8 k ohms, f = 200 MHz) 

(Figure 1) MFE3004 
(VOS = 15 Vdc, 10 = 2. 0 mAde, RS = 650 ohms, f = 400 MHz) 

(Figure 2) MFE3005 

Noise Figure 
(V OS = 15 Vdc, 10 = 2. 0 mAde, RS " 1.8 k ohms, f = 200 MHz) 

(Figure 1) MFE3004 
(VOS = 15 Vdc, 10 = 2. 0 mAde, Rg" 650 ohms, f = 400 MHz) 

(Figure 2) MFE3005 

FIGURE 1 - 200 MHz TEST CIRCUIT 
NEUTRALIZED 

Symbol Min Max 

BVOSX 
20 -

VGS(off) - 5.0 

IGSS - 50 

IYfsl 
2000 -

Cis. - 4.5 

Cras - 0.2 

Gps 

16 -
10 -

NF 

- 4.5 

- 4.5 

FIGURE 2 - 400 MHz TEST CIRCUIT 
NEUTRALIZED 

Unit 

Vdc 

Vdc 

pAdc 

jLmhos 

pF 

pF 

dB 

dB 

1----;lE'-~OUT IN@--:M"--., I--*"--E> OUT 

12 1/2 turns AWG 116, 
1/4" l. D .• 1. 2" winding 
length. 

2.0 k 1M 

Unless otherwise specified: 470 ~ 
Capacitance values in pF 
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4 turns AWG 116. 
1/'" I. D .• 3/S" 
winding length. 

2.0 k 



MFE3006 (SILICON) 
thru 

MFE3008 

N-CHANNEL DUAL-GATE 
SILICON-NITRIDE PASSIVATED 

MOS FIELD-EFFECT TRANSISTORS 

· .. depletion mode (Type B) dual gate transistors designed for VHF 
amplifier and mixer applications. These types are specified as follows: 

MFE3006 - RF Amplifier@ 100 MHz 
MFE3007 - RF Amplifier @ 200 MHz 
MFE3008 - Mixer @ 100 and 200 MHz 

• Silicon Nitride Passivation for Excellent Long Term Stability 

• High Common-Source Power Gain -
MFE3006: Gps = 20 dB (Min) @f= 100 MHz 
MFE3007: Gps = 18 dB (Min) @ f = 200 MHz 

• High Common-Source Conversion Gain
MFE3008: Gps = 14.dB (Min) @ f = 100 MHz 

Gps = 10 dB (Min) @f= 200 MHz 

• Low Reverse Transfer Capacitance -
Crss = 0.02 pF (Typ) @ VDS = 15 Vdc 

MAXIMUM RATINGS 

Rating Symbol Value 

Drain-Source Voltage VDS +25 
Gate 1 Source Voltage VG1S ±35 
Gate 2 Source Voltage VG2S ±35 
Drain Current ID 30 
Total Device Dissipation @TA "25°C PD 300 

Derate above 25°C 2.0 

Operating Junction Temperature Range TJ -65 to +175 

Storage Temperature Range Tstg -65 to +175 

HANDLING PRECAUTIONS: 

Unit 

Vdc 

Vdc 

Vde 

mAde 

mW 
mW/oC 

°c 

°c 

MOS field-effect transistors have extremely high input resistance; 'They can be damaged 
by the accumulation. of exces;; static charge. Avoid possible damage to the devices while 
handling, testing, or in actual oPeration, by following the procedures outlined below: 

1. To avoid the build-up of static charge, the leads of the devices should remain 
shorted together with a metal ring except when being tested or used. 

2. Avoid unnecessary handling. Pick up devices by the case instead of the leads. 
3. Do not insert or remove devices from circuits with the power on becBuSIlI, transient 

voltages may cause permanent damage to the devices. 
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MFE3006 thru MFE3008 (continued) 

ELECTRICAL CHARACTERISTICS ITA: 25°C unless otherwise noted) 
Substrate Connected to Source 

Characteristic 

OFF CHARACTERISTICS 

Drain·Source Breakdown Voltage 
(ID = 10 "Adc, Vs = 0, VGl = VG2 = -4.0 Vdc) 

Gate 1 to Source Cutoff Voltage 
(VDS = 15 Vdc, VG2S = 4.0 Vdc, ID = 200 "Adc) 

Gate 2 to Source Cutoff Voltage 
(VDS = 15 Vdc, VGlS = O,ID = 200 "Adc) 

Gate 1 Reverse Leakage Current 
(VG1S = -10 Vdc, VG2S = 0, VDS = 0) 
(VG1S = -35 Vdc, VG2S = 0, VDS = 0) 

Gate 2 Reverse Leakage Current 
(VG2S = -10 Vdc, VG1S = 0, VDS = 0) 
(VG2S = -35 Vdc, VG1S = 0, VDS = 0) 

ON CHARACTERISTICS 

Zero·Gate Voltage Drain Current 
(VDS = 15 Vdc, VG1S = 0, VG2S = 4.0 Vdc) MFE3006 

MFE3OO7 
MFE3008 

SMALL-SIGNAL CHARACTERISTICS 

Forward Transadmittance (Gate 1 to Drain) 
(VDS= 15 Vdc, VG2S=4.0Vdc,ID = 10 mAde, f= 1.0kHz) MFE3006/8 

MFE3007 

Input capacitance 
(VDS= 15 Vdc, VG2S=4.0Vdc,ID= 10mAdc,f= 1.0MHz) MFE3006/8 

MFE3007 

Output Capacitance 
(VDS= 15Vdc, VG2S=4.0Vdc,ID= 10 mAde, f= 1.0MHz) MFE3006/B 

MFE3007 

Reverse Transfer capacitance 
(VDS= 15Vdc, VG2S=4.0Vdc,ID = 10mAdc,f= 1.0 MHz) 

Common..source Noise Figure 
(VDS = 15 Vdc, VG2S = 4.0 Vdc,ID= 10 mAde, RS= l0000hrJl!') 

f = 100 MHz, Figure 1 MFE3006 
f = 200 MHz, Figure 4 MFE3007 

Common-8ource Power Gain 
(VDS = 15 Vdc, VG2S=4.0 Vdc,ID = 10 mAde) 

f = 100 MHz, Figure 1 MFE3006 
f = 200 MHz, Figure 4 MFE3007 

Level of Unwanted Signal for 1.0% Cross Modulation 
(VDS = 15 Vdc, VG2S = 4.0 Vdc,ID = 10 mAde) 

Common-8ource Conversion Power Gai,n 
(VDS = 15 Vdc, VG2S = 0.5 Vdc, Local Os<;illator Voltage = 3.0 Vrms) 
Signal Frequency = 100 MHz, Local Oscillator Frequency = 130MHz, 

Figure 3 MFE3008 

Signal Frequency = 200 MHz, Local Oscillator Frequency = 230 MHz, 
Figure 6 MFE3008 
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Symbol 

V(BR)DSX 

VG1S(off) 

VG2S(off) 

IG1SS 

IG2SS 

IDSS 

Yfs 

Ciss 

Coss 

Crss 

NF 

Gps 

-

Gps 

Min Typ Max Unit 

25 - - Vdc 

- - -3.0 Vdc 

- - -3.0 Vdc 

nAdc 
- - 1.0 
- - 10 

nAdc 
- - 1.0 
- - 10 

mAde 
2.0 7.0 18 
5.0 10 20 
2.0 9.0 20 

"mhos 
8000 - lB,ooO 

10,000 - 18,000 

pF 
- 4.5 6.0 
- 4.5 5.5 

pF 
- 2.5 4.0 
- 2.5 3.5 

- 0.02 - pF 

dB 

- 2.5 4.0 
- 3.0 4.0 

dB 

20 25 -
18 21 -
- 100 - mV 

dB 

14 17 -

10 13 -



MFE3006 thru MFE3008 (continued) 

TEST CIRCUITS 

f = 100MHz 

FIGURE 1 - NOISE AND POWER GAIN 

Uk 270 

Hi -= 
-= 120k 

All capacitance values are in pF; all resistance valuesar. in ohms. 
Cl. C3, C4; Johanson Type 2951 Of equivalent 

&2: Centralab Type B25-G.N. or equivalent 
L1: 5 Turns #18 AWG Wire (Internal diameter 5I1S", length 5/8") 
L2: 5 Turns #18 AWG Wire (lntlfnal diameter 3/B", Length 5/8") 

Adjust Cl, e2. C3 and C4 for maximum signal outpul; Cl and C2for minimum 
noi. figura. bafora m9lllsuring power gain. 

Overall bandwid'h • 3.0 MHz" -3.0 dB 
4.5 MHz" -6.0 dB 

FIGURE 2 - GAIN REDUCTION 

VARIABLE ~ 
VG2S o-~~~'VV'..---?iE---T-' 

VOLTAGE "* 

FROM 501l 1000 
SIGNAL ~H"---;'--. 

GENERATOR' r . 
OR NOISE -= 10 k 
SOURCE 

All capacitanCtvaluesara in pF;all resistance values art in ohms. 
Cl. C3, C4: Johanson Type 2951 or equivalent 

+lSV 

C2: Cantralab Type 825-G.N. or equivalent 
L1: 5 Tu,,,, 116 AWG WIre(l_naI diam.tsr 5116", Length 5/8"1 
L2: 5 Tums #16 AWG Wire (Internal diameter 3/8", Length 5/8") 

DwraII bandwidth· 3.0 MHz" -3.0 dB 
4.5 MHz Ii> -6.0 dB 

FIGURE 3 - CONVERSION POWER GAIN 
M/I{I,-=_--<t.....aVOD 

+lSV 

TO 30 MHz 
IF AMPLIFIER 
(501lINPUTI 

,...----+---t,r--<~ 

FROM 501l 

~~:A~ )-oe=Mi4=;:;:t:: 
GENERATOR 

-= 
All capacitance valilas are in pF;"all resistance values ue in ohms. 

LI: n ... 1SI16AWG Wire (In,,,nal dlameu, 5116",Length 7116"1 
U: 25 Turns.32 AWG Wi" wound on 1/4" 0.0. ceramic form 
13: 4 Turns 126 AWG Wire wound on top of and at dc supply and of L2 
Cl: Johanson Capacitor Type 3908 or equivalent 

C2, C3: Johanson Capacitor Type 2950 or equivalent 

f= 200 MHz 

FIGURE 4 - NOISE AND POWER GAIN 

All C8pa&itanca values are In pF; all resistance values are in ohms. 
Cl, C3, C4: Johanson Type 2951 or equivalent 

C2: Johanson Type 3908 or equivalent 
ll: 4 Turns #16 AWG Wire (Intamal diameter 114", length 3/4") 
L2: 5 Turm 116 AWG Wire IInternal dia~eter 1/4",length 3/4") 

Adjust Cl, C2, e3and C4for maximum signal output; Cl and C2 for minimum 
noise figure, before measuring powar gain. 

Overall bandwidth = 9.5 MHz@-3.0dB 
14 MHz II! -6.0 dB 

FIGURE 5 - GAIN REDUCTION 

CI 
0.8-10 

FROM 501l 100 
SIGNAL ~H>---<'--. 

GENERATOR' ~ • 
DR NOISE -= IUk 
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SOURCE 

All capacitance values are in pF; all resistance valuesara in ohms. 
Cl, C3, C4: Johanson Type 2951 or aquivalent 

C2: Johanson Type 3908 or aquivalent 
L1: 4 Tums',6 AWG Wire IInternal diameter 1/4",length 3/4") 
L2: 5 Turns #16 AWG Wi ..... (lntarnal diameter 1/4", length 3/4"1 

Overall bandwidth'" 9.5 MHz@-3.0dB 
14 MHz@-6.0dB 

FIGURE 6 - CONVERSION POWER GAI.N 

TO 30 MHz 
IF AMPLIFIER 
(50n INPUTI 

,....---+----++--<~ 

FROM 501l 

~g::~ >-e~~;:::;:;;t:; 
GENERATOR 

10001 
All capacitance values ;'10 pF; all rUtstal1C8 val;es are in ohms. 

L1: 2 Turns f16 AWG _ (1ntem~ dl.motor 1/4",Length 1/4"1 
lZ: 25 Turns #32 AWG Wire wound on 1/4" 0.0. ceramic fonn 
L3: 4 Tuml#26 AWG Wirawound on top of and at dc$Upply 8nd of L2 
Cl: Johanson Capacitor Type 3908 or equivalent 

C2, C3: Johanson Capacitor Typa 2950 or aquival8nt 



MFE3006 thru MFE3008 (continued) 

CIRCUIT PERFORMANCE 

FIGURE 7 - POWER GAIN versus SOURCE RESISTANCE 
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FIGURE 8 - NOISE FIGURE ve .... sSOURCE RESISTANCE 
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MFE3006 thru MFE3008 (continued) 

COMMON-SOURCE ADMITTANCE PARAMETERS 
(VDS = 15 Vde, VG2S = 4.0 Vde, ID = 10 mAde) 

FIGURE 13 -INPUT ADMITTANCE FIGURE 14 - REVERSE TRANSFER ADMITTANCE 
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FIGURE 15 - FORWARD TRANSFER ADMITTANCE 
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MFE3006 thru MFE3008 (continued) 
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COMMON-SOURCE CIRCUIT DESIGN DATA AS A 
FUNCTION OF THE STERN "K" FACTOR 

(VDS = 15 Vde, VG2S = 4.0 Vde, ID = 10 mAde) 

FIGURE 17 - TRANSDUCER POWER GAIN FIGURE 18 - SOURCE ADMITTANCE 
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FIGURE 19 - LOAD ADMITTANCE 
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DESIGN NOTE 

-

-
4.0 

1 
-jSs 

I 
- - - MFE3006@100MHz_ 

MFE~007 @200 MHz 

.- -jSs 

ds .- --= 
- G,S 

I 
6.0 8.0 10 

"K" FACTOR 

Figures 17-19 are included to assist the circuit designer in 
determining the transducer gain and the proper source and load 
admittances required for a given stability IStern "K" factor'). 

The Stern "K" factor has been defined to determine the sta
bility of a practical amplifier terminated in finite load and source 
admittances. If "K" is greater than 1.0, the circuit will be stable. 
If less than 1.0, the circuit will be unstable. For further details, 
see Application Note AN-215. 

As the erss of the MFE3006-7 is comparable to the distributed 
capacitance of the circu it where it is used, a feedback capacitance 
of 0.1 pF has been used throughout these calculations. 

-"Stability and Power Gain of Tuned Transistor Amplifiers," 
Arthur.P. Stern. Proc. I.R.E., March 1967 .. 
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MFE 30 20 (SILICON) 

MfE3021 

DUAL P-CHANNEL 
MOS FIELD-EFFECT TRANSISTORS 

E~hancement Mode (Type C) MaS Field-Effect Transistors de
signed primarily for low-power, chopper or switching applications. 

• Low Reverse Gate Current -
IGSS510 pAdc@VGS=-25Vdc 

• Low Drain-Source "ON" Resistance -
rds(on) = 250 Ohms (Max) @VGS = -15 Vdc (MFE3021) 

MAXIMUM RATINGS 

Rating Svmbol Value Unit 

Drain-Source Voltage VOS -25 Vde 

Drain-Gate Voltage VOG -25 Vde 

Reverse Gate-Source Voltage VGSR +25 Vde 

Forward Gate-Source Voltage VGSF -25 Vde 

Drain Current 10 200 mAde 

Total Device Oissipation@TA = 25°C Po 0.6 Watt 
Derate above 25°C 4.0 mW/oC 

Storage Temperature Range Tstg -65 to +200 °c 

Operating Junction Temperature Range TJ -65 to +175 °c 

3"--215 

DUAL P-CHANNEL 
MOS FIELD-EFFECT 

TRANSISTORS 

(Type C) 

0.100 
T.P. 

t 

Styl.1: 
Pin 1. Drain 1 

2. Omitted 
3. Gate 1 

All JEDEC dimensions and notes apply 4. Substrate 

CASE 642 
TO·76 

5. Gate 2 
6. Omitted 
7. Drain 2 
8. Source 1 



MFE3020, MFE3021 (continued) 

ELECTRICAL CHARACTERISTICS IT A = 25°C unless otherwise noted) 

Characteristic I Symbol Min Max Unit 

OFF CHARACTERISTICS 

Orain-5curce Breakdown Voltage V(BR)OSS -25 - Vdc 
110= 10llAdc, VGS=O) 

Source-Drain Breakdown Voltage V(BR)SOS -25 - Vdc 
liS; 10llAdc, VGO = 0) 

Zero-Gate Voltage Source Current ISOS - 10 nAdc 
(VSO = -15 Vdc, VGO = 0) 

Zero-Gate Voltage Drain Current Q) lOSS - 10 nAdc 
(VOS; -15 Vdc, VGS; 0) 

Gate Reverse Current IGSS - 10 pAdc 
(VGS = -25 Vdc, VOS = 0) 

ON CHARACTERISTICS 

Gate-Source Threshold Voltage VGS(th) -2.0 -6_0 Vdc 
(VOS; -15 Vdc,IO; IOIlAdc) 

"ON" Drain Current 10(on) 10 75 mAde 
(VOS = -15 Vdc, VGS = -15 Vdc) 

SMALL-SIGNAL CHARACTERISTICS 

Drain~Source "ON" Resistance rds(on) Ohms 
(VGS = -15 Vdc, 10 = 0, f = 1.0 kHz) MFE3020 - 500 

MFE3021 _. 250 

Forward Transadmittance <D iYfsi 500 - Ilmhos 
(VOS; -15 Vdc, VGS = -15 Vdc, f = 1.0 kHz) 

I nput Capacitance Ciss - 7.0 pF 
(VOS; -15 Vdc, VGS = -15 Vdc, f = 1.0 MHz) 

Reverse Transfer Capacitance Crss - 1.5 pF 
(VOS = 0, VGS = 0, f = 1.0 MHz) 

Source-Substrate Capacitance CSU - 5.0 pF 
NOU; -15 Vdc, VGS; 0, IS = 0, f = 1.0 MHz) 

Drain-5ubstrate Capacitance COU - 5.0 pF 
(VSU = -15 Vdc, VGS = 0, IS = 0, f = 1.0 MHz) 

SWITCHING CHARACTERISTICS 

Delay Time 
(VOO = -15 Vdc, 10(on) = 10 mAdc, 

td - 20 ns 
Rise Time 

VGS(on) = -15 Vdc, VGS(off) = 0) tr - 30 ns 
Turn-Off Time toft - 50 ns 

CD Pulse Test: Pulse Width S; 630 ms, Duty Cycle'S: 10%. 

FIGURE 1 - SWITCHING TIMES CIRCUIT 

INPUT PULSE 
lr<4.0ns 
tf <4.0 ns 
Pulse Width· 0.3., 
Pulse Repetition Rate EO; 120 pps 
Source Impedance = 50 Ohms 

Input 
1.4 k 

51 

VOO 
OSCillOSCOPE 
Ir" 1.0 ns 
Input Resistance ~ 107 Ohms 

1.4k InputCapacitance"1.5pF 

Output 
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MFE4007 (SILICON) 
thru 

MFE4012 
P-charinel junction field-effect transistors, depletion 

mode (Type A) designed for general-purpose amplifier 
applications. 

CASE 20 (5) 
(TO-72) 

MAXIMUM RATINGS 

Rating 
Drain-Source Voltage 

Drain-Gate Voltage 

Reverse Gate";Souree Voltage 

Drain Current 

Forward Gate Current 

Total Device Dissipation @ T A = 25°C 

Derate above 25°C 

Storage Temperature Range 

Symbol 
VDS 

VDG 

VGS(r) 

ID 

IG(f) 

PD 

Tstg 

Operating Junction Temperature Range TJ 

3-217 

Value Unit 
40 Vdc 

40 Vdc 

40 Vdc 

20 mAde 

10 mAdc 

300 mW 

2.0 mW;oC 

-65 to +200 °c 

-65 to +175 °c 



MFE4007 thru MFE4012 (continued) 

ELECTRICAL CHARACTERISTICS (T c = 2SOC unless otherwise noted) 

Characteristic Symbol Min Max Unit 
OFF CHARACTERISTICS 

Gate-Source Breakdown Voltage V(BR)GSS Vde 
(IG = 10 /LAdc, Vos = 0) 40 -

Gate-Source Cutoff Voltage VGS(off) Vde 
(VDS = 15 Vdc, Iv = 1.0 /LAde) MFE400'l, MFE400B - 3.0 

MFE4009, MFE4010 - 6.0 
MFE4011, MFE4012 - B.O 

Gate Reverse Current IGSS nAdc 
(VGS = 20 Vdc, Vos = 0) - 2.0 

(V GS = 20 Vdc, Vos = 0, T A = 150·C) - 2.0 /LAdc 

ON CHARACTERISTICS 
Zero-Gate Voltage Drain Current lOSS mAdc 

(VDS = 15 Vdc, VGS = 0) MFE400'l 0.5 1.0 
MFE400S O.S 1.6 
MFE4009 1.5 3.0 
MFE4010 2.5 5.0 
MFE4011 4.0 S.O 
MFE4012 7.0 14 

Gate-Source Voltage VGS Vdc 
(VDS = 15 Vdc, Iv = 50 /LAdc) MFE4007 0.3 1.5 

(VDS = 15 Vdc, Iv = SO /LAdc) MFE400S 0.4 2.0 

(VDS = 15 Vdc, Iv = 150 /LAdc) MFE4009 1.0 4.0 

(VDS = 15 Vdc, Iv = 250 /LAdc) MFE4010 1.0 4.0 

(VDS = 15 Vdc, ~ = 400 /LAde) MFE4011 2.0 6.0 

(VOS = 15 Vde, ~ = 700 /LAde) MFE4012 2.0 6.0 

SMALL·SIGNAL CHARACTERISTICS 
Forward Transadmittance IYfsl /LmhOS 

(VDS = 15 Vdc, VGS = 0, f = 1.0 kHz) MFE400'l 900 2700 
MFE400S 1000 3000 
MFE4009 1500 3500 
MFE4010 2000 4000 
MFE4011 2200 4500 
MFE4012 2500 5000 

Forward Transconductance Re(Yfs) /Lmhos 
(VDS = 15 Vdc, VGS = 0, f = 100 MHz) MFE4oo7 SOO -

MFE400S 900 -
MFE4099 1400 -
MFE4010 1700 -
MFE4011 1900 -
MFE4012 2100 -

Output Admittance IYosl /Lmhos 
(VDS = 15 Vdc, VGS = 0, f = 1. o kHz) - 75 

Input Capacitance Ciss pF 
(VDS = 15 Vdc, VGS = 0, f = 1.0 kHz) - 7.0 

Reverse Transfer Capacitance Crss pF 
(VDS = 15 Vdc, VGS = 0, f = 1.0 MHz) - 2.0 

Common-Source Noise Figure NF dB 
(V DS = 15 Vde, V GS = 0, RG = 1.0 Megohm, f = 100 Hz, 

BW = 1.0 Hz) - 2.5 

Equivaient Short-Circuit Input Noise Voltage en nV/1JjZ (VDS = 15 Vde, VGS = 0, f = 100 HZ, BW = 1.0 Hz) - 115 

3-218 



MFE4007 thru MFE4012 (continued) 

TRANSFER CHARACTERISTIC CURVES FOR MIN/MAX lOSS LIMITS 
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MFE4007 thru MFE4012 (continued) 

TYPICAL AND MINIMUM FORWARD TRANSFER ADMITTANCE 
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MFE4007 thru MFE4012 (continued) 

TYPICAL CURVES 
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MFE4007 thru MFE4012 (continued) 

FIGURE 19 - EaUIVALENT LOW FREQUENCY 
CIRCUIT 

·Cosp is ella in PlII1I8I with Strits Comltinelion of C. and Cr.. 

BIAS NETWORK DESIGN 

CommBllSaun:a 
yPilimatenforFraqulncia 

BIlow 30 MHz 

Yil-jwCiss 
Yos=jwCosp-+ 1Jroa 

YfI-IYhl 
Vrs"'-jwCr. 

FOR WORST CASE lOSS VARIANCE 

This Designers Date Sheet hes been published to assist the circuit 
deSigner in optimizing his "worst cese" design. The following ex
emple illustrates the usa of the forward transfer charectaristics 
curves IPigures 1 thru 6) in the design of a typical bias network. 

Givan: VOO = -30 Vde. 10 = 1.0 ± 0.25 mAde from -550 C 
to+1250 C 

Procedure: The MFE4010 "worst cese" bias conditions across the 
temperature range Ifrom Figure 4) are reproduced in Figure A. 
The first step in the bias network dasign is to determine the ¥!Ilue 
of the source rasistance IRS! necessary to hold the ± 0.25 mAde 
10 bias tolerance. To solve RS. plot 10lmax) and 10lmin) on 
Figure A and calculate RS. and VG' 

1 5.0 

4.0 

-1.0 -0.5 0.5 t 1.0 1.5 2.5 3.0 
VGSlmln) VGSlmsx) 

VG&. GATE-80URCE VOLTAGE (VOLTS) 

FIGURE A 

VGSlmax) - VGSlmin) 1.9 Vdc - 0.8 Vdc = 2.2 k Ohms 

RS= 10Imax)-10Imin) 11.25mA-0.75mA) 

101max) VGSlmin) - 10lmin) VGSlmax) 
VG= . 

101max) -IOlmin) 

1.25 X 0.80 - 0.75 X 1.9 

0.5 
=-0.9 Vdc 

In Figure 8 the maximum allowable value for R1 will be determined 
by loading due to gate reverse current. Gate reverse current varia
tions with temperature follow the pettern of all silicon devices. and. 
es 8 rule, we can assume that it will double with each 15°C tempera
ture rise. Therefore. we can assume a maximum reverse current of 
approximately 0.5 "Adc at 1250 C. besedon the specified maxim~m 
2.0 "Adc reverse at i 500C. The variation in V G bias versus tem
perature will not be too greet if we chose a value for Rl which re
sults in a·bias network current III in Figure 8) greater than 5 times 
the maximum reverse current. Assuming a value for R 1 of 9.1 Meg
ohms. R 2 can be solved from the equation: 

-30R2 
VG = -0.9 Vde ,..--- IIgnoring IG) 

9.1 + R2 

Using the above values of. R 1 and R2. the variation in V G can be 
computed for IG = 0 to IG = 0.5 "Adc. VG will vary from 0.81 Vde 
at IG = 0.5 ,.Adc to 0.96 Vdc @ IG = O. This variation will have a 
minimal effect on 10. es can be seen from Figure A by plotting load 
lines with a slope equal to I/RS from VG = 0.81 Vdc and 0.96 Vdc 
respectively. 

FIGURE B 

RS= 
2.2 k 
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MHQ2221 (SILICON) 

MHQ2222 

QUAD DUAL-IN-LINE 
NPNHERMETIC SILICON ANNULAR 
GENERAL-PURPOSE TRANSISTORS 

· .. designed for general·purpose switching circuits and DC to VHF 
amplifier applications. 

• DC Current Gain Specified - 10 to 500-mAdc 

• Low Coliector·Cutoff Current -
ICBO = 10 nAdc (Max) @ VCB = 50 Vdc 

• High Collector Breakdown Voltages -
BVCEO = 40 Vdc (Min) BVCBO = 60 Vdc (Min) 

• Transistors Similar to 2N2218 thru 2N2222 Series 

• TO-116 Ceramic Packaging - Compact Size Compatible With IC 
Automatic I nsertion Equipment 

MAXIMUM RATINGS 

-- - Rating Symbol Value Unit 

Collector~Emitter Voltage VCEO 40 Vde 

Colloc-tor-B ... Voltage VCB 60 Vde 

EmitterMBase Voltage VEB 5.0. Vdc 

Collector Current - Continuous IC 500 mAde 

Each Total 
Transistor Device 

Total Device Dissipation@TA"250C Po 0.65 1.9 Watts 
Derate above 25°C 3.72 10.88 mW/oC 

Total Device Dissipation @TC = 25_oC Po 1.3\ ~~3.1 
Watts 

Derate above 25°C 7.43 ' mWfOC 

Operating a~d Storage Junction TJ,Tstg -65 to +200 °c 
Temperature Range 

, 

CONNECTION DIAGRAM 

c-

-- 3-223 

INDE~ 
NotCH 

QUAD DuAL-IN-L1NE 
NPN SILICON 

GENERAL-PURPOSE 
TRANSISTORS 

-
0.190--j 
ImI! r-J rl!J!.ill 0.110 

Weight"" 1.95~9rams 
To convert inches to milli.metaR multiply by 25.4. 
AnJE,OECTO·116 dimensions and notes apply. 

CASE'632 

TO·t16~ 



MHQ2221, MHQ2222 (continued) 

ELECTRICAL CHARACTERISTICS (TA = 250 C unless otherwise noted I 

Characteristic 

OFF CHARACTERISTICS 

Collector-Emitter Breakdown Voltage( 11 
(lC = 10 mAde, IB = 0) 

Collector-Base Breakdown Voltage 

(lC = 10 "Ade, IE = 01 

Emitter-Base Breakdown Voltage 
(IE = 10 "Ade, IC = 0) 

Collector Cutoff Current 
(VCB = 50 Vde, IE = 0) 

Emitter Cutoff Current 
(VBE = 3.0 Vde, I C = 0) 

ON CHARACTERISTICS 

DC Current Gain(11 

(lC = 10 mAde, VCE = 10 Vdel 

(lC = 150 mAde, VCE = 10 Vde) 

(lC = 500 mAde, VCE = 10 Vdel 

Collector-Emitter Saturation Voltage 
(lc = 150 mAde, IB = 15 mAde) 
(lC = 500 mAde, IB = 50 mAde I 

Base-Emitter Saturation Voltage 
(lC = 150 mAde, IB = 15 mAde) 
(I C = 500 mAde, I B = 50 mAde) 

DYNAMIC CHARACTERISTICS 

Current-Gain-Bandwidth Product 
(lC = 20 mAde, VCE = 20 Vde, I = 100 MHz) 

Output Capacitance 
(VCB = 10 Vde, IE = 0, I = 100 kHz) 

I nput Capacitance 
(VBE = 0.5 Vde, IC = 0, I = 100 kHzl 

SWITCHING CHARACTERISTICS (Figure 11 

Turn-On Time 
(VCC = 30 Vde, VBE(olll = 0.5 Vde, 
IC= 150 mAde, IBI = 15mAde) (Figure 11 

Turn-Off Time 
(VCC = 30 Vde, IC = 150 mAde, 
IBI = IB2 = 15 mAde) (Figure 21 

(1JPulse Test: Pulse Width OS; 300 ~s. Duty Cycle = 2%. 

FIGURE 1 - OELAY AND RISE TIME 
EQUIVALENT TEST CIRCUIT 
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FIGURE 2 - STORAGE TIME AND FALL 
TIME EQUIVALENT TEST CIRCUIT 
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SCOPE 
Rin> 100 k ohms 
Cin" 12pF 
RISE TIME" 5.0 ns 



MHQ2369 (SILICON) 

QUAD DUAL-IN-LiNE 
NPN HERMETIC SILICON ANNULAR 

SWITCHING TRANSISTOR .. 

· .. designed for low-current, high-speed switching and space saving 
applications. 

• High Current-Gain-Baridwidth Product -
fT = 550 MHz (Typ) @ IC = 10 mAdc 

• Fast Switching Times - @ VCC = 3.0 Vdc 
ton = g.o ns (Typ) 
toft = 15 ns (Typ) 

• Low Saturation Voltage -
VCE(sat) = 0.25 Vdc (Max) @ IC = 10 mAdc 

• Each Transistor Similar to 2N2369 

• TO-116 Ceramic Packaging - Compact Size Compatible With IC 
Automatic Insertion Equipment 

MAXIMUM RATINGS 

Rating Symbol Value Unit 

Collector-Emitter Voltage VeEO 15 Vdc 

Collector-Base Voltage VeB 40 Vdc 

Emitter-Base Voltage VEB 4.5 Vdc 

Collector Curtent - Peak Ie 500 mAde 

Each Total 
Transistor Device 

Total Device Dissipation@TA = 25°C Po 0.5 1.5 Watts 
Derate above 2SoC 2.86 8.58 mwfDe 

Total Device Dissipation@Te=250e Po 1.0 3.5 Watts 
Derate above 25°C 5.71 20 mw/oe 

Operating and Storage Junction 
Temperature Range 

TJ,T stg -65 to +200 °e 

CONNECTION DIAGRAM 

3-225 

QUAD DUAL-IN-LiNE 
NPN SILICON 
SWITCHING 

TRANSISTOR 

.190....1 I.- --I I.- 0.090 
D.2f1j I I -I I 0.110 

INDEX ~ '-w 
.D15LI- ill UJ .. 
1m3 II ~ l-iI:ifIii .3""1 

I .66D-d 1::,: fl.-r--irnli I 1\1 rno II 
~

o.,oo-g 

~ - - - - - - T_MT-11-0290~ 
MIN -ff+o:mtt --r-= I 0.'90 I SEATING .008 II..--

--j o:m I- PLANE o:m II 
Weight"" 1.954grams 

To convert inches to millimeters multiply by 25.4. 
AIIJEDEC 10·116 dimensions and notes apply. 

CASE 632 

TO-116 



MHQ2369 (continued) 

ELECTRICAL CHARACTERISTICS (T A = 250 C unless otherwise noted) 

Characteristic Symbol Min Typ Max 

OFF CHARACTERISTICS 

Collector-Emitter Breakdown Voltagel11 BVCEO 15 
(lC = 10 mAdc, 'B = 0) 

Collector-Base Breakdown Voltage BVCBO 40 
(lc = 10 "Ade, 'E = 0) 

Emitter-Base Breakdown Voltage BVEBO 4.5 - -
(IE = 10 "Ade, IC = 0) 

Collector Cutoff Current 'CBO - - 0.4 
(VCB = 20 Vde, 'E = 0) 

Emitter Cutoll Current lEBO - - 500 
(VBE = 3.0 Vdc, IC = 0) 

ON CHARACTERISTICS 

DC Current Gain(l' hFE 
(lC = 10 mAde., VCE = 1.0 Vdc) 40 - -
(lC = 100 mAdc; VCE = 2.0 Vdc) 20 - -

Collector-Emitter Saturation Voltage VCE(sat) 
(Ie = 10 mAde, 'B = 1.0 mAde) - - 0.25 

Base-Emitter Saturation Voltage VBE(sat) 
(lC = 10 mAde, 'B = 1.0 mAde) - - 0.9 

DYNAMIC CHARACTERISTICS 

Current-Gain Bandwidth Product IT 550 
(lC = 10 mAde, VCE = 10 Vdc, I = 100 MHz) 

Output Capacitance Cob - 2.5 -
(VCB = 5.0 Vdc, 'E = 0, 1= 140 kHz) 

Input Capacitance Cib - 3.0 -
(VBE = 0.5 Vdc, IC = 0, I = 140 kHz) 

SWITCHING CHARACTERISTICS 

Turn-On Time ton 
(VCC = 3.0 Vde, VBE(off) = 1.5 Vde, - 9.0 _. 
'c=10mAdc,IBI =3.0mAdc) 

Turn-Off Time toff 
(VCC = 3.0 Vdc, IC = 10 mAdc, - 15 -
181 = 3_0mAdc, '82= 1.5 mAdc) 

(1)Pulse Test: Pulse Width "S 300 I!s, Duty Cycle = 2%. 

SWITCHING TIME EQUIVALENT TEST CIRCUITS 

FIGURE 1 - ton CIRCUIT FIGURE 2 - toll CIRCUIT 

+10.6V nIl 

0---
-1.5 V 

., <1.0ns 

PULSE WIDTH (q) = 300 ns 
DUTY CYCLE = 2.0% 

270 

----i II I-- 3.0 V _"W'Ir--....., 

+10'7:~_ _ _ _ 270 
3.3 k 

3.0 V o-"W\r--., 

3.3 k 

jl'T otal Shunt Capacitance of test jig and connectorl. 

Unit 

Vdc 

Vde 

Vde 

nAde 

nAde 

-

Vdc 

Vdc 

MHz 

pF 

pF 

ns 

ns 



MHQ2483 (SILICON) 

MHQ2484 

QUAD DUAL-IN-LINE 
NPN HERMETIC SILICON ANNULAR 

AMPLIFIER TRANSISTORS 

· .. designed for low-level, high-gain amplifier applications. 

.• Low Noise Figure - @ I C ~ 10 /lAde 
NF ~ 3.0dB (Typ) - MHQ2483 

= 2.0dB (Typ) - MHQ2484 

• Transistors Similar to MM2483 and MM2484 

• TO-116 Ceramic Packaging - Compact Size Compatible With IC 
Automatic Insertion Equipment 

MAXIMUM RATINGS 

Rating Svmbol MH02483 MH02484 Unit 

Collector-Emitter Voltage VCEO 25 30 Vdc 

Collector-Base Voltage VCB 35 Vdc 

Emitter-Base Voltage VEB 4.5 Vdc 

Collector Current - Continuous IC 50 mAde 

Each Total 
Transistor Device 

Total Device Dissipation@TA = 25°C Po 0.6 1.8 Watts 
Derate above 25°C 3.42 10.3 mW/oC 

Total Device Dissipation@Tc=2SoC Po 1.2 4.2 Watts 
Derate above 25°C 6.85 24 mW/oC 

Operating and Storage Junction TJ,TsIg -6510 +200 °c 
Temperature. Range 

CONNECTION DIAGRAM 

3-227 

QUAD DUAL-IN-LiNE 
NPN SILICON 
AMPLIFIER 

TRANSISTORS 

0.190 ....j ,--....j '-- 0.090 
IUTO I I I I D.i1O 

INDEX D NOTCH'\,.] 14 . 

I' 

0"" L~ ~ ~ al,. 
l!M3 . II ii1i7li. 0.325-1 

I a66o-=:J 1:.:,: '"-
~irnli I III imlIll 

~0"oo-8 

~ ------T-Mf-110.190 1\ 
MIN . -f+~* 
--,--:: I 0.'90 I SEATING aooa J\---

""""4 I£m r- PLANE fi1m \\ 

Weight,., 1.954grams 
To convert inches to millimeters multiply by 25.4. 
AU JEOEC TO-116 dimension$and notes apply. 

CASE 632 

TO·'16 



MH02483, MH02484 (continued) 

ELECTRICAL CHARACTERISTICS IT A = 25°C unless otherwise noted) 

Characteristic 

OFF CHARACTERISTICS 

Collector-Emitter Breakdown Voltage(1) BVCEO 40 - - Vdc 
(lC = 10 /lAde, IB = 0) 

COllector-Base Breakdown Voltage BVCBO 60 - - Vdc 
(lc = 10 !lAde, IE = 0) 

Emitter-Base Breakdown Voltage BVESO 6_0 - - Vdc 
(IE = 10!lAde,lc = 0) 

Collector Cutoff Current ICBO - - 20 nAdc 
(VCB = 45 Vde, IE = 0) 

Emitter Cutoff Current IESO - - 20 nAdc 
(VBE = 3.0 Vde, IC = 0) 

ON CHARACTERISTICS 

OC Current Gain(1) hFE -
(lC = 0.1 mAde, VCE = 5.0 Vde) MH02483 100 - -

MH02484 200 - -
(lC = 1.0 mAde, VCE = 5.0 Vde) MHQ2483 150 - -

MHQ2484 300 - -

(lC = 10 mAde, VCE = 5.0 Vde) MHQ2483 150 - -
MHQ2484 300 - -

Collector-Emitter Saturation Voltage(l) VCE(sat) - - 0.35 Vde 
(lc = 1.0 mAde,lS = 0.1 mAde) 

8ase-Emitter On Voltage VSE(on) - - 0.7 Vdc 
(lC = 0.1 mAde, VCE = 5.0 Vde) 

DYNAMIC CHARACTERISTICS 

Current-Gain-Bandwidth Product t,- - 175 - MHz 
(lC = 500 !lAde, VCE = 5.0 Vde, f = 20 MHz) 

Collector-Base Capacitance Ceb - 1.8 - pF 
(VCS = 5.0 Vde, IE = 0, f = 100 kHz) 

Emitter-Base Capacitance Ceb - 4.0 - pF 
(VSE = 0.5 Vde, IC = 0, f = 100 kHz) 

Noise Figure NF dB 
(lC = 10 !lAde, VCE = 5.0 Vde, RS = 10 k ohms, MH02483 - 3.0 -
f = 10 Hz to 15.7 kHz, SW = 10 kHz) MHQ2484 - 2.0 -

3-228 



MHQ2906 (SILICON) 

MHQ2907A 

QUAD DUAL-IN-LiNE 
PNP HE'RMETIC SILIcON ANNULAR 
GENERAL-PURPOSE TRANSISTORS 

· .. designed for general-purpose switching circuits and DC to VHF 
amplifier applications. 

• High Collector-Base Breakdown Voltage
BVCBO = 60Vdc (Min)@lc=10/LAdc 

• DC Current Gain Specified - 10 to 500 mAdc 

• High Current·Gain-Bandwidth Product -
fT = 350 MHz (Typ) @ IC = 50 mAdc 

• Transistors Similar to 2N2906 and 2N2907 A 

• TO·116 Ceramic , Packaging - Compact Size Compatible With IC 
Automatic Insertion Equipment 

MAXIMUM RATINGS 

Rating Symbol MHQ2906 MHQ2907A Unit 

Collector-Emitter Voltage Vceo 40 60 Vdc 

COllector·e .... Voltago" Vee 60 Vdc 

Emitter-Base Voltage VEe 5.0 Vde 

Collector Current - Continuous Ie 600 mAde 

Each Total 
Transistor Device 

Total Device Dissipation @TA 325°C Po 0.7 2.1 Watts 
Derate above 25°C 4.0 '12 mW/oe 

Total DeviCe OiSSipation@Te=250e Po 1.4 4.9 Watts 
Derate above 25°C 8.0 28 mW/oe 

Operating and Storage Junction 
Temperature Range 

TJ.T stg -65 to +200 °e 

CONNECTION DIAGRAM 

3-229 

QUAD DUAL-IN-LiNE 
PNP SILICON 

GENERAL-PURPOSE 
TRANSISTORS 

Q190 .... i L- -I L-!!.ill. 
mil I I I I Q110 

INDEX ~ .. ~w 
iliI~~ I_W~ -l 

I Q600-d 1:':2: H-r---rnn I III rnlIll 

~Q200a 
..L..!:l - - - - - - T-MTAX

--
0.100 0.290 
MIN iiJln 'II 

T---:: I Q290 I SEATING QINI8 -.11..-
---1 u:m t- PLANE mJTS,\ 

Weight"" 1.954 grams 
To conytn inches to millimeters multiply bV 25.4. 
All JEOEC TO-116 dimensions and notes apply. 

CASE 632 
TO-116 



MHQ2906, MHQ2907A (continued) 

ELECTRICAL CHARACTERISTICS (TA = 250 C unless otherwise noted) 

I Characteristic I Symbol 

OFF CHARACTERISTICS 

Collector·Emitter Sreakdown Voltage(1) 
(lC = 10 mAde, IS = 0) MHQ2906 

MHQ2907A 
Collector·Sase Breakdown Voltage 

(lC = lO"Ade,IE = 0) 

Emitter·Base Sreakdown Voltage 
(IE = 10"Ade,IC=0) 

Collector Cutoff Current 
(VCS = 30 Vde, IE = 0) 

Emitter Cutoff Current 
(VCS = 3.0Vde, IE = 0) 

ON CHARACTERISTICS 

DC Current Gain(l) 
(lC = 10 mAde, VCE = 10 Vde) MHQ2906 

MHQ2907A 
(lC = 150 mAde, VCE = 10 Vde) MHQ2906 

MHQ2901A 
(lC = 500 mAde, VCE = 10 Vde) MHQ2906 

MHQ2907A 

Coliector·Emitter Saturation Voltage (1) 
(lC = 150 mAde, IS = 15 mAde) 
(lC = 500 mAde, IS = 50 mAde) 

Base·Emitter Saturation Voltage (1) 
(lc = 150 mAde, IS = 15 mAde) 
(lC = 500 mAde, IS = 50 mAde) 

DYNAMIC CHARACTERISTICS 
Current·Gain-Bandwidth Product 

(lC = 50 mAde, VCE = 20 Vde, f = 100 MHz) 

Output Capacitance 
(VCS =10 Vdc, IE = 0, f = 100 kHz) 

Input Capecitance 

(VSE = 2.0 Vdc, IC = 0, f = 100 kHz) 

SWITCHING CHARACTERISTICS 
Turn-On Time 

(VCC = 30 Vde, IC = 150 mAde, 
IBI = 15 mAde) (Figure 1) 

Turn·Off Time 
(VCC = 6.0 Vde, IC = 150 mAde, 
lSI = 182 = 15 mAde) (Figure 2) 

(l)Pull8 Test: Pulse WidthS 300 ,,5, Dutv Cvcle = 2%. 

FIGURE 1 - DELAY AND RISE 
TIME TEST CIRCUIT 

·30 

INPUT 
Zo=50n 

200 

PRF = 150 PPS 
RISE TIME .. 2.0 ns 

0:LJ 
-J200nsL 

50 

1.0 k 
TO ascI LLOSCOPE 
RISE TIME.;; 5.0 lIS 
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SVCEO 

SVCSO 

SVESO 

ICSO 

IESO 

hFE 

VCE(sat) 

VBE(sat) 

IT 

Cob 

Cib 

ton 

toff 

INPUT 
Zo =50n 
PRF = 150 PPS 
RISE TIME.;; 2.0 '" 

Min Typ Max Unit 

Vde 
40 - -
60 - -
60 - - Vde 

5.0 - - Vde 

- - 10 nAde 

- - 50 nAde 

-
35 - -
100 - -

40 - -
100 - -
30 - -
50 - -

Vde 
- - 0.4 
- - 1.6 

Vde 
- - 1.3 
- - 2.6 

- 350 - MHz 

- 6.0 - pF 

- 20 - pF 

- 30 - ns 

- 100 - ns 

FIGURE 2 - STORAGE AND FALL 
TIME TEST CIRCUIT 

+15 V 

1.0 k 

50 IN916 

·6.0 

TO ascI LLOSCOPE 
RISE TIME.;; 5.0 ns 



MHQ3250 (SILICON) 

MHQ3251A 

QUAD DUAL·IN·LlNE 
PNP HERMETIC SI LICON 

ANNULAR TRANSISTORS 

· .. designed for general·purpose .switching and amplifier applications. 

• High Current·Gain-Bandwidth Product -
fT = 400 MHz (Typ) @ IC = 10 mAdc 

• Low Capacitance -
Cob = 4.0 pF (Typ) @ VCB = 10 Vdc 
Cib =4.5 pF (Typ) @ VBE = 1.0 Vdc 

• Transistor Similar to 2N3250 and 2N3251A 

• TO·116 Ceramic Packaging - Compact Size Compatible With Ie 
Automatic Insertion Equipment 

MAXIMUM RATINGS 

Rating Symbol MH03250 MH03251A Unit 

Collector-Emitter Voltage VCEO 40 60 Vdc 

Collector-Base Voltage VCB 60 Vdc 

Emitter-Base Voltage VEB 5.0 Vdc 

Collector Current Peak IC 200 mAde 

Each Total 
Transistor Device 

Total Device Dissipation@TA == 25°C PD 0.6 1.8 Watts 

Derate above 25°C 3.92 10.3 mW/oC 

Total Device Dissipation @TC=250C PD 1.2 4.2 Watts 
Derate above 25°C 6.85 24 mW/oC 

Operating and Storage Junction TJ,Tstg -65 to +200 °c 
Temperature Range 

CONNECTION DIAGRAM 

QUAD DUAL·IN·LlNE 
PNP SILICON 

SWITCHING AND AMPLIFIER 
TRANSISTORS 

0.190...,J I-..J 1-!!J!l!Q. 
o:m 1 I I I 0.110 

INDEX ~ "'""w llll~~ ~ ~~ '"'l 
I ~"0-d 1:.:,: f1.-r-- irniI. I III [l!1I11 

~0'200a ..J..........t: _____ MAX __ 

0.100 - - T r-Illo290 I~ 
MIN --f+-omtt 
T--:: I 0.'90 I SEATING ~008 -.1"-

--j lffilI I- PlANE [011;'\\ 

Weight'" 1,954grams 

TocanvertincliastomiUimetarsmultip1vbv 25.4 .. 
AU JEOECTQ·116 ~imansiansand notes apply. 

CASE 632 

TO-116 



MHQ3250, MH03251A (continued) 

ELECTRICAL CHARACTERISTICS (TA = 250 C unless otherwise noted) 

Characteristic 

OFF CHARACTERISTICS 

Collector-Emitter Breakdown Voltage(l) BVCEO Vde 
(lc = 10 mAde, IB = 0) MH03250 40 - -

MH03251A 60 - -
Collector-Base Breakdown Voltage BVCBO 60 - - Vde 

(lC = 10 ,.Ade, IE = 0) 

Emitter-Base Breakdown Voltage BVEBO 5.0 - - Vde 
(IE = 10 ,.Ade, IC = 0) 

Collector Cutoff Current ICBO - - 20 nAde 
(VCB = 40 Vde, IE = 0) 

Emitter Cutoff Current lEBO - - 50 nAde 
(VBE = 3.0 Vde, IC = 0) 

ON CHARACTERISTICS 

DC Current Gain(l) hFE -
(lC = 1.0 mAde, VCE = 1.0 Vde) MH03250 45 - -

MH03251A 90 - -

(lC = 10 mAde, VCE = 1.0 Vde) MH03250 50 - 200 
MH03251A 100 - 300 

(lC = 50 mAde, VCE = 1.0 Vde) MH03250 15 - -
MH03251A 30 - -

Collector~Emitter S.aturation Voltage VCE(satl Vde 
(lC = 10 mAde.IB = 1.0 mAde) - - 0.25 
(lC = 50 mAde, IB = 5.0 mAde) - - 0.5 

Base-Emitter Saturation Voltage VBE(sat) Vde 
(lC = 10 mAde, IB = 1.0 mAde) 0.6 - 0.9 
(lC = 50 mAde, Ie = 5.0 mAde) - - 1_2 

OYNAMIC CHARACTERISTICS 

Current-Gain-Bandwidth Product fT - 400 - MHz 
(IC = 10 mAde, VCE = 20 Vde, f = 100 MHz) 

Output Capacitance Cob - 4.0 - pF 
(VCB = 10 Vde, IE = 0, f = 100 kHz) 

Input Capacitance Cib - 4.5 - pF 

(VBE = 1.0 Vde, IC = 0, f = 100 kHz) 

SWITCHING CHARACTERISTICS (Figure. 1 and 2) 

Turn-On Time ton - 50 - ns 

(VCC = 3.0 Vde, VBE(oll) = 0.5 Vde, 
IC= 10 mAde, IBI = 1.0 mAde) 

Turn-Ofl Time toll - 225 - ns 

(VCC = 3.0 Vde, IC = 10 mAde, 
IBI = IB2 = 1.0 mAde) 

(1)Pulse Test: Pulse Width OS; 300 }Js, Duty Cycle = 2%. 

FIGURE 1 - DELAY AND RISE TIME 
EOUIVALENT TEST CIRCUIT 

FIGURE 2 - STORAGE AND FALL TIME 
EOUIVALENT TEST CIRCUIT 

300 ns 

DUTY CYCLE = 2.0% 

-3.0 V 
< 1.0 ns 

275 

: O~--~--+r------~ 
: C,<4.0pF" 

-"'--
'T' 

~-10.9V 

10<t1 <500,us 
DUTY CYCLE =2.0% 

*Tota! shunt capacitance of test jig and connectors. 
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-3.0 V 

I 
I 
I 
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I ·C,<4.0pF" 
_.1._ 
'1' 

I 
_...J 



MHQ3467 (SILICON) 

QUAD DUAl-IN~L1NE 
PNP HERMETIC SILICON ANNULAR 

MEMORY DRIVER TRANSISTORS 

.' ' .. desig~ed for medium-current. high:speed switching, ferrite core 
and plated wire memory driver, and MOS translator applications. 

• Low Collector-Emitter Saturation Voltage -
VCE(sat) = 0;5 Vdc (Max) @ IC = 500.mAdc 

• High Collector-Emitter Breakdown Voltage -
BVCEO = 40 Vdc (Min) @ IC = 10 mAdc 

• Transistor Similar to 2N3467 

• TO-116 Ceramic Packaging - Compact Size Compatible With IC 
Automatic I nsertion' Equipment 

MAXIMUM RATINGS 

Rating Symbol Value Unit 

CoII8Ctor~Emitter Voltage VCEO 40 Vde 

Collector-Base Voltage VeB 40 Vde 

Emitter-Sase Voltage VEe 5.0 Vde 

Collector Current - Continuous Ie 1.0 mAde 

Each Total 
Transistor Device 

TO~,al Device Di~ipation @TA = 2SoC Po 0.9 2.7 Watts 
Derate above 25°C 5.13 15.4 mWf'C 

Total Device'Dissipation@1;c""2SoC Po 1.8 6.3 Watts 
Derate above 25°C 10.3 36 mw/oe 

Operating and Storage Junction TJ,Tstg -55 to +200 °c 
Temperature Range 

CONNECTION DIAGRAM 

c 

3-233 

QUAD DUAL-IN-L1NE 
PNPSILICON 

MEMORY DRIVER 
TRANSISTORS 

"'" ~~~l~~ 

.'90...J l---I l-IIJ!B!L 
[If(j I I I I 0.110 

INOEX~~ '-w 
001&L~ ~ ~J3D 
I!ID' - II . IIJmi 1-.32&1 

I .... ~ 111 ::2: flo-r--1rniI I Ilrniill 
~0200a . MAX 

Joo--B ------r-r-#'- 0290 
MIN +l-rno ~ -r--= I .290 I SEATIN. 0""" -.'II,..--

--t [1l1I t-- PLANE [mIl 

Weight .. 1.954 grams 
To convtft inches to miltimetell multiply by 25.4. 
All JEOEC TO·' 18 dimensiORSand notes apply. 

CASE 632 
TO·116 



MHQ3467 (continued) 

ELECTRICAL CHARACTERISTICS (T A = 250 C unless otherwise noted) 

Characteristic Symbol Min 

OFF CHARACTERISTICS 

Collector-Emitter Breakdown Voltage(l) BVCEO 40 
(lC = 10 mAde, IB = 0) 

Collector-Base Breakdown Voltage BVCBO 40 
(lC = 10 !lAde, IE = 0) 

Emitter-Base Breakdown Voltage BVEBO 5_0 
(IE = 10 !lAde, IC = 0) 

Collector Cutoff Current ICBO -
(VeB = 30 Vde, IE = 0) 

Emitter Cutoff Current lEBO -
(VBE = 3_0 Vdc, IC = 0) 

ON CHARACTERISTICS 

DC Current Gain(l) hFE 
(lC = 500 mAde, VCE = 1.0Vde) 20 

Colleetor·Emitter Saturation Voltage( 1) VCE( .. t) 
(lC = 500 mAde, IB = 50 mAde) -

Base·Emitter Saturation Voltage(l) VBE(sat) 
(lC = 500 mAde, IB = 50 mAde) -

SWITCHING CHARACTERISTICS (FIgure 1) 

Delay Time td -
(Ie = 500 mAde, lSI = 50 mAde) 

Rise Time tr -
Storage Time ts -

(le=500mAdc,IBl = IB2= 50 mAde) 
Fall Time tf -

(1 )Pulse Test: Pulse Width.s; 300 J,Ls, Duty Cycle = 2%. 

FIGURE 1 - SWITCHING TIMES TEST CIRCUIT 

tr 0;:;;: 5.0 os 
PW~0.5"s 

+27.7 V 

300 

Duty Cycle ~ 2.0% 0.1 "F 

"-V-T 
INPUT 

10% 

DUTPUT_-'-_'I ,"-;--'=~ 

3.-234 

300 

IN916 
or Equiv 

Typ Max Unit 

- - Vde 

- - Vde 

- - Vde 

- 200 nAdc 

- 200 nAde 

-
- -

Vde 
- 0.5 

Vdc 
- 1.2 

- 10 ns 

- 30 ns 

- BO ns 

- 30 ns 

-30 V 

59 

t-----o To Scope 
tr 0;:;;: 5.0 ns 



MHQ3546 (SILICON) 

QUAD DUAL-IN-L1NE 
PNP HERMETIC SI LICON ANNULAR 

SWITCHING TRANSISTOR 

, , , designed for low-level, high-speed switching applications, 

• High Current-Gain-Bandwidth Product -
IT = 1000 MHz (Typ) @ IC = 10 mAdc 

• Fast Switching Times 
ton = g,O ns (Typ) 

toft = 20 ns (Typ) 

• Transistor Similar to 2N3546 

• TO-116 Ceramic Packaging - Compact Size Compatible With IC 
Automatic Insertion Equipment 

MAXIMUM RATINGS 

Rating Svmbol Value Unit 

Collector-Emitter Voltage VeEO 12 Vdc 

Collector-Base Voltage VeB 15 Vdc 

Emitter-Base Voltage VEB 4_5 Vdc 

Collector Current - Continuous Ie 200 mAde 

Each Total 
Transistor Device 

Total Device Dissipation@TA =2SoC PD 0_5 1.5 Watts 
Derate above 2SoC 2_86 8.58 mw/oe 

Total Device Dissipation@Te=250e PD 1.0 3,5 Watts 
Derate above 2SoC 5_71 20 mw/oe 

Operating and Storage Junction TJ,Tstg --65 to +200 °e 
Temperature Range 

CONNECTION DIAGRAM 

3-235 

QUAD DUAL-IN-L1NE 
PNP SILICON 

SWITCHING TRANSISTOR 

0,190--1 ~--l ~~ 
imli I I I I 0.110 

INDEX~ ""'Ow 
.015 LI..- U I I U .lao 
=~ II ~ f-~~',il 

0.6W ),o."o~ 
iIJ8ii I ilo:lBli II 

~
0'2°O-8 

~ ------T-M-r-11- 0,290 1\ 
MIN -I+-IrnI* 
T----:: I .290 I SEATING .008 .'ll--

-J ![3lO t- PLANE [Iffij \\ 

Weight'" l.gS4grams 
To convert inches to millimeters multipl'j by 25.4. 
All JEOEC TO-lIS dimensions and natetapp1v. 

CASE 632 

TO-116 



MHQ3546 (continued) 

ELECTRICAL CHARACTERISTICS ITA = 25°C unless otherwise noted) 

Characteristic Symbol Min Typ 

OFF CHARACTERISTICS 

Collector-Emitter Breakdown Voltage I 1 ) BVCEO 12 -
(lC = 10 mAde, IB = 0) 

Collector-Base Breakdown Voltage BVCBO 15 -
(lC = 10 "A dc, IE = 0) 

Emitter-Base Breakdown Voltage BVEBO 4.5 -
(IE = 10 "Ade, IC = 0) 

Collector Cutoff Current ICBO - -

IVCB = 10 Vde, IE = 0) 

Emitter Cutoff Current lEBO - -
IVBE = 3.0 Vde, IC = 0) 

ON CHARACTERISTICS 

OC Current Gainll) hFE 
(lC = 1.0 mAde, VCE = 1.0 Vde) 20 -
(lC = 10 mAde, VCE = 1.0 Vde) 30 -
(lC = 50 mAde, VCE = 1.0 Vde) 25 -

(lC = 100 mAde, VCE = 1.0 Vdel 15 -

Collector-Emitter Saturation Voltage VCElsatl - -
IIc = 50 mAde, IB = 5.0 mAde) 

Base-Emitter Saturation Voltage VBElsat) 0.8 -
IIC = 50 mAde, IB = 5.0 mAde) 

DYNAMIC CHARACTERISTICS 

Current-Gain Bandwidth Product IT 1000 

(lC = 10 mAde, VCE = 10 Vde, 1= 100 MHz) 

Output Capacitance Cob - 2.0 
IVCB = 10 Vde, IE = 0, I = 1.0 MHz) 

Input Capacitance Cib - 3.5 

IVBE = 0.5 Vde, IC = 0, f = 1.0 MHz) 

SWITCHING CHARACTERISTICS IF,gure 1) 

Turn-On Time ton - 15 

IVCC = 3.0 Vde, VBEloff) = 2.0 Vde, 
IC = 50 mAde, IBl = 5.0 mAde) 

Turn-Off Time toff - 25 

(VCC = 3.0 Vde, IC = 50 mAde, 
IBl = IB2 = 5.0 mAde) 

(1)Pulse Test: Pulse Width'S 300 /Js, Duty Cycle = 2%. 

FIGURE 1 - SWITCHING TIME TEST CIRCUIT 

Vss -2.0 V 

100 62 

...-:;>I.;:-... OVou,· 

Vin o-----j H~M.+i 
100 

·Oscilloscope Rise Time ~ 1.0 ns 
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PULSE WIDTH> 200 n' 
RISE TIME < 1.0 n' 

Zin = 50 H 

ton: VS8': +3.0 V, Vin = -7.0 Vdc 
'off' VSS = -4.0 V. Vin = +6.0 Vdc 

Max Unit 

- Vde 

- Vde 

- Vde 

10 nAde 

0.1 "Ade 

-

-
-
-
-

0.25 Vde 

1.3 Vde 

MHz 

- pF 

- pF 

- ns 

- ns 



MHQ3798 (SILICON) 

MHQ3799 

QUAD DUAL-IN-LiNE 
PNP HERMETIC SILICON ANNULAR 

AMPLIFIER TRANSISTORS 

· .. designed for low-level, low-noise amplifier applications. 

• Low DC Current Gain Specified - 10 J.lAdc to 10 mAdc 
hFE ~ 150 (Min) @ IC ~ 500 J.lAdc - MH03798 

~ 300 (Min) @ IC ~ 500 J.lAdc.- MH03799 

• Low Capacitance -
Cob ~ 2.3 pF (Typ) @VCB ~ 5.0 Vdc 

• Low Noise Figure - NF ~ 2.5 dB (Typ) @ IC ~ 100 J.lAdc 

• Transistors Similar to 2N3798 and 2N3799 

• TO-116 Ceramic Packaging - Compact Size Compatible With IC 
Automatic Insertion Equ ipment 

MAXIMUM RATINGS 

Rating Svmbol MH03798 MH03799 Unit 

COllector-Emi.tter Voltage VCEO 40 60 Vdc 

Collector-Base Voltage VCB 60 Vdc 

'Emitter-Base Voltage VEB 5.0 Vdc 

Collector Current - Continuous IC 50 mAde 

Each Total 
Transistor Device 

Total Device Dissipation@TA = 2SoC PD 0.5 1.5 Watts 

Derate above 25°C 2.86 8.58 mW/oC 

Total Device Dissipation@Tc=2SoC PD 1.0 3.5 Watts 
Derate above 2SoC 5.71 20 mW/oC 

Operating and Storage Junction T J,Tstg -65 to +200 °c 
Temperature Range 

CONNECTION DIAGRAM 
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MH03798, MH03799 (continued) 

ELECTRICAL CHARACTERISTICS ITA = 250 C unless otherwise noted I 

Characteristic Symbol Min Typ Max Unit 

OFF CHARACTERISTICS 

Colleetor·Emitter Breakdown Voltagel1 I BVCEO Vde 
IIc = 10 mAde, IB = 01 MHQ3798 40 - -

MHQ3799 60 - -

Colleetor·Base Breakdown Voltage BVCBO 60 - - Vde 
IIc = 10 "Ade, IE = OJ 

Emitter·Base Breakdown Voltage BVEBO 5.0 - - Vde 
(IE = 10"Ade, IC = 01 

Collector Cutoff Current ICBO - - 10 nAde 
IVeB = 50 Vde, IE = 01 

Emitter Cutoff Current lEBO - - 20 nAde 
IVBE = 3.0 Vde, Ie = 01 

ON CHARACTERISTICS 

De Current Gainll I hFE -
IIC = 10 "Ade, VCE = 5.0 Vde) MHQ3798 100 - -

MHQ3799 225 - -
IIC = 100 "Ade, VCE = 5.0 Vde) MHQ3798 150 - -

MHQ3799 300 - -
(lC = 500 "Ade, VeE = 5.0 Vde) MHQ3798 150 - -

MHQ3799 300 
(Ie = 10 mAde, VeE = 5.0 Vde) MHQ3798 125 - -

MHQ3799 250 - -
Collector-Emitter Saturation Voltage VeElsat) Vde 

(Ie = 100 "Ade, IB = 10 "Ade) - - 0.2 
(lc = 1.0 mAde, IB = 100" Ade) - - 0.25 

Base-Emitter Saturation Voltage VBElsat) Vde 
(Ie = 100 "Ade, IB = 10 "Ade) - - 0.7 
(lc = 1.0 mAde, I B = 100 "Ade) - - 0.8 

DYNAMIC CHARACTERISTICS 

Current-Gain-Bandwidth Product fT - 325 - MHz 
(lC = 1.0 mAde, VCE = 5.0 Vde, f = 100 MHz) 

Output Capacitance Cob - 2.3 - pF 
IVCB = 5.0 Vde, IE = 0, f = 100 kHz) 

I nput capacitance Cib - 5.5 - pF 
IVBE = 0.5 Vde, IC = 0, f = 100 kHz) 

Noise Figure NF dB 
(lc = 100 "Ade, VCE = 10 Vde, RS=3.0kOhms, MHQ3798 - 2.5 -
f = 10 Hz to 15.7 kHz) MHQ3799 - 1.5 -

(1)Pulse Test: Pulse Width -s 300 ~s, Duty Cycle = 2%. 
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MHQ6001 (SILICON) 

MHQ6002 

QUAD DUAL-IN-LINE 
HERMETIC SILICON ANNULAR 

COMPLEMENTARY PAIR TRANSISTORS 

· .. designed for high-speed switching circuits, DC to VH F amplifier 
applications and complementary circuitry. 

• DC Current Gain Specified - 1.0 to 300 mAdc 

• High Current-Gain-Bandwidth Product -
fT ~ 400 MHz (Typ) @ IC ~ 50 mAdc 

• NPN Transistor Similar to 2N2218 or 2N2219 

• PNP Transistor Similar to 2N2904 or 2N2905 

• TO-116 Ceramic Packaging - Compact Size Compatible With IC 
Automatic I nsertion Equipment 

MAXIMUM RATINGS 

Rating Symbol Value Unit 

Collector-Emitter Voltage VCEO 30 Vdc 

Cqllector-Base Voltage VCB 60 Vdc 

Emitter-Base Voltage VEB 5.0 Vdc 

Collector Current - Continuous IC 300 mAde 

Each Total 
Transistor Device 

Total Device Dissipation@TA-2SoC Po 0.65 1.9 Watts 
Derate above 2SoC 3.72 10.88 mW/oC 

Total Device Dissipation@Tc=2SoC Po 1.3 4.6 Watts 
Derate above 2SoC 7.43 26.3 mW/oC 

Operating and Storage Junction TJ,Tstg -65 to +200 DC 
Temperature Range 

CONNECTION DIAGRAM 
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MH06001. MH06002 (continued) 

ELECTRICAL CHARACTERISTICS (TA = 250 C unless otherwise noted) 

I Characteristic Symbol Min Typ Max 

OFF CHARACTERISTICS 

Collector·Emitter ereakdown Voltagel11 eVCEO 30 - -
(lC = 10 mAde, Ie = 0) 

Collector-Base Breakdown Voltage eVceo 60 
(lC = 10 !-lAde, IE = 0) 

Emitter-Base Breakdown Voltage eVEeO 5.0 - -
(IE = 10 !-lAde, IC = 0) 

Collector Cutoff Current Iceo - - 20 
(Vce = 50 Vde, IE = 0) 

Emitter Cutoff Current IEeO 30 
(VeE = 3.0 Vde, IC = 0) 

ON CHARACTERISTICS 

DC Curren' Gain(l) hFE 
(lC = 1.0 mAde, VCE = 10 Vde MHQ6001 25 - -

MH06002 50 - -
(lC = 10 mAde, VCE = 10 Vde) MH06001 35 - -

MH06002 75 - -
(lC = 150 mAde, VCE = 10 Vde) MHQ6001 40 - -

MH06002 100 - -
(lC = 300 mAde, VCE = 10 Vde) MH06001 20 - -

MHQ6002 30 - -

Collector-Emitter Saturation Voltage (11 VCE(sat) 
(lC = 150 mAde,le = 15 mAde) - - 0.4 
(IC = 300 mAde, Ie = 30 mAde) - - 1.4 

Base-Emitter Saturation Voltage 11) VeE (sa,) 
(lC = 150 mAde, Ie = 15 mAde) - - 1.3 
(lC = 300 mAde, Ie = 30 mAde) - - 2.0 

DYNAMIC CHARACTERISTICS 

Current-Gain-Bandwidth Product IT - 400 -
(lC = 50 mAde, VCE = 20 Vde, I = 100 kHz) 

Output Capacitance Cob 
(Vce = 10 Vde, IE = 0, I = 100 kHz) NPN - 6.0 -

PNP - 4.5 -

I nput Capacitance Cib 
(VeE = 2.0 Vde, IC = 0, I = 100 kHz) NPN - 20 -

PNP - 17 -
SWITCHING CHARACTERISTICS (Figure 1) 

Turn-On Time 'on - 30 -
(VCC = 30 Vde, veE (011) = 0.5 Vde, 
IC = 150 mAde, leI = 15 mAde) 

Turn-Off Time toll 
(VCC = 30 Vde, Ie = 150 mAde, NPN - 225 -
leI = le2 = IS' mAde) PNP - 100 -

(l)Pulse Test: Pulse Width'S 300 /-Ls, Duty. Cycle = 2%. 

NPN SATURATED SWITCHING TIME TEST CIRCUITS 
For PNP Switching Tests, reverse the diodes, voltage polarities, and input pulses. 

FIGURE 1 - NPN TURN·ON TIME FIGURE 2 - NPN TURN·OFF TIME 

GENERATOR 
RISE TIME <;; 2.0 ns 

PW<;;200 ns 
DUTY CYCLE ~ 2.0% 

+30 V 

RC' 200 

~n_-_0",:,,19----4H 

----j r-- 10 to 100 "s 

... T-! r <5.0ns 
+16.2 V 

*Cs is total shunt capacitance of oscilloscope and test fixture. 
Re includes oscilloscope resistance. 
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+30 V 

RC' 200 

-3.0 V 

Unit 

Vde 

Vde 

Vde 

nAdc 

nAdc 

-

Vde 

Vde 

MHz 

pF 

pF 

ns 

n' 

OSCILLOSCOPE, 
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MHQ61 00 (SILICON) 

MHQ6100A 

QUAD DUAL-IN-LiNE 
HERMETIC SILICON ANNULAR 

COMPLEMENTARY PAIR TRANSISTORS 

... designed for complementary circuits where low· level, low·noise 
amplification is required. 

• Low Collector Cutoff Current -
ICBO = 10 nAdc (Max) @ VCB = 50 Vdc 

• PNP Transistor Similar to 2N379B 

• NPN Transistor Similar to 2N930 

• TO·116 Ceramic Packaging - Compact Size Compatible With IC 
Automatic Insertion Equipment 

MAXIMUM RATINGS 

Rating Symbol MHQ61 00 MHQ6100A Unit 

Coliecto ... ~Emitter Voltage VeEO 40 45 Vdc 

Collector-Base Voltage Vee 60 Vdc 

Emitter-Base Voltage VEe 5.0 Vdc 

Collector Current - Continuous Ie 50 mAde 

Each Total 
Transistor Device 

Total Device Dissipation@TA == 25°C PD 0.5 1.5 Watts 
Derate above 25°C 2.86 8.58 mWloe 

Total Device Dissipation@Tc;;:::2SoC PD 1.0 3.5 Watts 
Derate above 25°C 5.71 20 mW/oe 

Operating and Storage Junction TJ.Tstg -65 to +200 °e 
Temperature Range 

CONNECTION DIAGRAM 
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MH06100, MH06100A (continued) 

ELECTRICAL CHARACTERISTICS (T A = 250 C unless otherwise noted 1 

Characteristic Symbol Min Typ Max Unit 

OFF CHARACTERISTICS 

Coliector·Emitter Breakdown Voltagelll BVCEO Vdc 
(lC = 10 mAde, IB = 01 MHOS100 40 - -

MHOS100A 45 - -
Coliector·Ba .. Breakdown Voltage BVCBO 60 - - Vde 

(lC = 10 I'Adc, IE = 01 

i E::mitter·Base Breakdown Voltage BVEBO 5.0 Vde 
(IE = 10 I'Ade, IC = 0) 

Collector Cutoff Current ICBO - - 10 nAdc 
(VCB = 50 Vde, IE = 0) 

ON CHARACTERISTICS 

DC Current Gain!l) hFE -
(lC = 100 I'Ade, VCE = 5.0 Vde) MHOS100 50 - -

MHOS100A 100 - -

(I C = 500 I'Ade, V CE = 5.0 Vde) MHOS100 75 - -
MHOS100A 150 - -

(lC = 1.0 mAde, VCE = 5.0 Vde) MHOS100 75 - -

MHOS100A 150 - -

(lC = 10 mAde, VCE = 5.0 Vdel MHOS100 SO - -
MHOS100A 125 - -

Collector-Emitter Saturation Voltage VCElsatJ - 0.25 Vde 
(lC = 1.0 mAde, IB = 0.1 mAde) 

Base-Emitter Saturation Voltage VBElsatJ - 0.8 Vde 
(lC = 1.0 mAde, IB = 0.1 mAd.e) 

DYNAMIC CHARACTERISTICS 

Current·Gain-Bandwidth Product fT MHz 
(lc = 500 I'Ade, VCE = 5.0 Vde, f = 20 MHz) NPN - 175 -

PNP - 130 -
Output Capacitance Cob pF 

(VCB = 5.0 Vde, IE = 0, f = 100 kHz) NPN - 4.5 -
PNP - 2.3 -

Input capacitance Cib pF 
(VBE = 0.5 Vde, IC = 0, f = 100 kHz) NPN - S.O -

PNP - 5.5 -

(1)Pulse Test: Pulse Width -S 300 /J5, Duty Cycle::;: ?%. 

3-242 



MJ105 
BU105 

(SILICON) 

HORIZONTAL DEFLECTION SILICON 
TRANSISTORS 

· .. designed for use in line operated black and white (19 and 20 inch 
1100 deflection circuits) or color (11. and 14 inch 900 deflection .. 
circuits) television receivers. 

• High Collector· Emitter Voltage -
VCER (Peak) ~ 1400 Vdc - MJ105 

;. 1500 Vdc - BU105 

• . Coliector·Emitter Saturation Voltage -
VCE(sat) ~ 5.0 Vde (Max)@ IC ~ 2.5 Ade 

• Fall Time @ IC ~ 2.0 Adc -
tf ~ 0.5 j.lS (Typ) 

~ 1.0j.ls (Max) 

MAXIMUM RATINGS 
Rating SVmboi MJl051 BU105 

Collector-Emitter Voltage VCEO 750 

Collector-Emitter Voltage - Continuous VeER 750 I 750 
IRBE' 100 nl Peak 1400 11500 

Collector·Base Voltage _ Continuous VeB 750 
Peak 750 1 

1400 1500 

Emitter-Base Voltage VEB 5.0 

Collector Current Continuous IC 2.5 

Base Current - Positive IB 2.5 
Negative 1.5 

Total Device Dissipation@TC '" gOOe Po 10 
Derate above goDC 0.4 

Operating and Storage Junction Temperature TJ,Tstg -66to+115 
Range 

THERMAL CHARACTERISTICS 
OIaracteristic 

Thermal Resistance, Junction to Case 

ELECTRICAL CHARACTERISTICS ITc '" 25°C unless otherwise noted) 

OIaracteristic S,mbol M;n 

OFF CHARACTERISTICS 

Collector-Emitter Sustaining Voltage (1) aVCEO(sus) 750 
{lC:e 100 mAde,la:o 0) 

Collector Cutoff Current ICES 
(VCE = 1400 Vdc, Vee = 0) MJ105 

(VeE:O 1500 Vdc, VeE'" 0) BUI05 

Emitter-Base Voltage BVEBO 5.0 
lie = 100 mAde, IC = 01 

ON CHARACTERISTICS I Coliector·Emitter Saturation Voltage I VCEbatl 
IIC:O 2.5 Adc, 18 = 1.5 Adc) I Base-Emitter Saturation Voltage I VBElsatl 
He" 2.5 Adc, IS = 1.5 Adc) 

DYNAMIC CHARACTERISTICS 

Current-Gain Bandwidth Product (21 
(IC'" 0.1 Adc, VCE "" 5.0 Vdc, f test = 1.0 MHz) 

Output Capacitance 
(VCS ='0 Vdc,IE=O.f "0.1 MHzl 

SWITCHING CHARACTERISTICS (Figure' and text) 

Fall Time 
UC=2.DAdc, lSI'" 1.5Ack, La=12j.1H. 

RS "" 2.5. Non~ptimum values to comply 
with aU10S specificationl 

1 Pulse Test: Pulse Width 300", •. Duty Cycle =::::2.0%., 
(2) fT = Ihf.l- f t .. t 

I 
I 

I 
I 

Ty. 

Unit 

Vd, 

V 

V 

Vd, 

Ad, 

Ad, 

Watts 
wf'e 

·c 

Max Unit . 

Vd, 

mAde 
1.0 

1.0 

Vd, 

5.0 I Vd, 

1.5 I Vd, 
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MJ105/BU105 (continued) 

CIRCUIT OPTIMIZATION 

Test/application circuit and operating waveforms for BU1051 
MJ105 are shown in Figure 1. It may be used to evaluate devicas 
in the conventional manner. i.e., to measure fall time, storage time, 
and saturation voltage. However. the circuit was designed with oper
ating efficiency in mind, so that it could be used to evaluate devices 
by one simple criterion. supply power input. Excessive power input 

can be caused by a variety of problems, but it is the dissipation itself 
that is of fundamental importance. Once the transistor operating 
point has been establishad, fixed circuit values may be selected 
for the test fixture. Factorv testing may then be made with one 
meter reading, without adjustment of the test apparatus. 

FIGURE 1 - TEST CIRCUIT AND WAVEFORMS 

HP214A 
IS .. Wa.eform) 

BASE CIRCUIT VALUES 

DRIVER 
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Switching Tut 
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RB 
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II , 

'-

~ 
-90% 

r-tf 

. 
If\ 

VCE 
It 

3h.----
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FUNDAMENTAL WAVEFORMS OF A SIMPLIFIED 
HORIZONTAL DEFLECTION CIRCUIT 

1.8 k 

0.005 "F 

RB 

I BI 
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+ 50 Vd, 

LB 40 
"F 
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DESCRIPTION OF SPECIAL COMPONENTS 

D.UMMY YOKE INDUCTOR eLy) 
2.0 mH, 52.5 turns, #16 AWG enamel wire 15 turns per laver, 

3.5 lavers on 1.375 inch diameter bobbin, enclosed in a Ferroxcube, 
cup core K535221-B2A, with a 0.687 inch diameter core, with 
0.003 inch core gap. Use a nvlon bolt and nut to hold cup halves 
together. 

DUMMY HIGH VOLTAGE AND HORIZONTAL SCAN 
TRANSFORMER eLF) 

5.5 mH, 121 turns, 1120 AWG enamel wire 33 turns per laver, 
3.6 layers 1 mil mylar insulation between layers wound on 1 leg 
of Allen Bradlev 0.5 inch squar. Ferrite "U" core (2) W03 material 
with 0.007 inch gap in each leg. Core halves held together with 
plastic . 

DRIVER TRANSFORMER en) 

Moto.ola part number 25D68782A05·1/4'~ laminate "E" iron 
core. Primary Inductance . 39 mH, Secondary Inductance .. 
0.22 mH,leakage inductance with primary shorted· 2.0 I'H. Pri
mary 260 turns, #28 AWG enamel wire, Secondary 17 turns, 
1122 AWG enamel wire. 

BASIC CONSIDERATIONS 

The primary consideration when choosing a deflection transistor 
for a conventional (par~lIel connected) circuit,. as shown in Figure 
I, is one of voltage capabilitV. The flvback voltage to which the 
device will be subjected is a relatively predictable value with 
respect to the main power supplV voltage. This voltage pulse, 
shown in Figure I, will usuallv be about B times the value of V+, 
but may be varied somewhat bV adjusting retrace time and flVback 
tuning. For this reason these high voltage devices are particularlv 
useful in cost conscious solid state receivers, as they permit the 
use of an off-the-line half wave power supplV. 
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MJ105!BU105 (continued) 

COLLECTOR CIRCUIT VALUES 

The power supplV used in the circuit of Figure 1. was cnosen 
to produce a 1000 volt collector pulse on the transistor, a conserva
tive value, recommended for unregulated applications. The values 
of yoke (LV). flyback primary (LFI. retrace capecitor(CR). and 
"s" shaping capacitor (C~;) shown, will result in a peak collector 
current of about 2.0 A. This is sufficient to deflect (and provide 
high voltage for) large screen 1100 black and white or small 90" 
color receivers. Peak collector currents to 2.5 A may be handled 
by the SU105/MJ105. Holding the supply constant for most effi
cient application, adjustment of amountofdeflection may be made 
by raising or lowering LV and LF. Remember that LV IV is constant 
for the fixed voltage situation. and actual deflection is proportional" 
to IV ..rev: Values of Cs and CR must be varied inversely with 
LV to maintain retrace and "S" shaping periods. 
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FIGURE 2 - RELATIONSHIP OF POWER DISSIPATION 
TO LB. WITH CHANGING IB1. Ie = 2.0 A PEAK 

/LS-

V!s 2.0~H 

- ~ /,. 38 
~27 k::;; ~7.6 20 

15 

0.2 0.4 0.6 O.S 1.0 1.2 1.4 1.6 1.8 2.0 

IS1, BASE·CU R RENT (AMP) 

BASE CIRCUIT VALUES 
The driver power supply and driver transistor type can be 

selected according to convenience. A TO-5 or Uniwatt type will 
generally be needed. Once this is done, the turns ratio of the 
driver transformer can be picked to produce about 4 to 5 volts 
peak to peak al the base of the output d~vice. Tight coupling be
tween windings is recommended on early designs to allowoptimizing 
leakage inductance by adding inductance externally. Later. the leak
age can be "designed in" to the transformer. The RS and its bypess 
electrolytic, often called the "speed up" circuit, allows adjustment 
of IS1 (or 18 "end of scan" or 18 end) while still providing a low 
ac impedance for good turn-off of the output device. In Figure 2, 
the effects of varying Ls and IS 1 on the total power input to the 
deflection circuit are shown. Note that an optimum La can be 
found which will produce low dissipetion over a wide range of IB 1; 
This is desirable in order to produce efficient operatio~ over a wide 
range of circuit component tolerances. Likewise, best La also gives 
the least sensitivity to output transistor hFE~ 

The best value of LS found in Figure 2 is 15 I'H. Remember 
that this is the sum of 1he actual leakage inductance of the trans
former (secondary inductance with primary shorted) and an ex
ternal L. if necessary. The best value of 181 is 0.8 A achieved in 
the typical device by using RS = 7 n, derived experimentally. 

These are the choices recommended for the test fixture, when 
the transistor is used at ICM = 2.0 A. For other values of ICM the 
drive circuit compOnents must be changed. Figure 3 shows tlie 
values of LS and I S1 which should be used. 

The value of RB which will be required to produce the IS1 is 
also given, but of course, it is not an independent variable. 

PERFORMANCE 
Shown in Figures 4 and 5 are the results which lI\!iII be typically 

obtained with the test circuit at various operating conditions. 
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FIGURE 3 -INTERRELATION OF RB. LB. AND IB1 
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MJ105/BU105 (continued) 

TYPICAL TRANSISTOR CHARACTERISTICS 

FIGURE 1 - DC CURRENT GAIN 
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MJ400 (SILICON) 

~ 
High-voltage NPN silicon transistor designed for video 

output circuitry in polor television receivers. 

CASE sO 
(TO·66) 

Collector connected to C8se 

MAXIMUM RATINGS 

Rating 

Collector-Emitter Voltage 

Collector .. Base Voltage 

Emitter-Base Voltage 

Collector Current-Continuous 

Peak 

Base Current 

Total Device Dissipation @ T A = 25°C 

Derate above 25°C 

Total Device Dissipation @ TC = 75°C 

Derate above 75°C 

Operating and Storage Junction 
Temperature Range 

THERMAL CHARACTERISTICS 

Characteristic 

Thermal ReSistance, Junction to Case 

Thermal ReSistance, Case to Ambient 

Symbol Value 

VCEO 325 

VCB 350 

VEB 5 

IC : 250 

1000 

Is 200 

PD 2.5 

0.0167 

PD 6,67 

0.067 

TJ , Tstg .-65 to +175 

Symbol Max 

8JC 15 

8CA 60 

FIGURE 1-POWER·TEMPERATURE DERATING CURVE 
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.............. " 

125 

............... 
...... r--......,. 

150 

Unit 

Vdc 

Vdc 

Vdc 

mAdc 

mAdc 

Watts 
W/oC 

Watts 

W/oC 

°C 

Unit 

°C/W 

°C/W 

~ 
175 



MJ400 (continued) 

ELECTRICAL CHARACTERISTICS (TC ~ 25°C unless otherwise noted) 

Characteristic Symbol Min Max 

OFF CHARACTERISTICS 

Collector-Emitter Sustaining Voltage 111 BVCEO(sue) 
(IC ~ 1.0 mAde, lB = 0) 325 -

Collector-Base Breakdown Voltage BVCBO 
(IC = O. 1 mAde, IE = 0) 350 -

Emitter-Bese BreakdOWl) Voltage BVEBO 
(IE = O. 1 mAde, IC = 0) 5.0 -

Collector Cutoff Current ICEO 
(V CE = 325 Vde, Is = 0) - 1.0 

ON CHARACTERISTICS 

DC Current Gain hFE 
(IC = 50 mAde, V CE = 10 Vde) 30 300 

Collector-Emitter Saturation Voltage VCE(sat) 
(IC = 50 mAde, Is = 5 mAde) - 5.0 

Base- Emitter On Voltage VBE(On) 
(IC = 50 mAde, V CE = 10 Vde) - 1.0 

SMALL SIGNAL CHARACTERISTICS 

Current-Gain - Bandwidth Product fT 
(IC = 50 mAde, V CE = 25 Vde, f = 10 MHz) 15 -

Output Capacitance Cob 
(V CB = 20 Vde, IE = 0, f = 100 kHz) - 10 

Small SIgnal Current Gain hfe Uc = 50 mAde, V CE = 10 Vdc, f = 1 kHz) 25 -
111 Pulse Test: PW ~ 300 .e, duty cycle ~ 2% 

FIGURE 2 - CURRENT GAIN CHARACTERISTICS FIGURE 3 - OUTPUT CAPACITANCE 
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Unit 

Vde 

Vdc 

Vdc 

mAdc 

-
Vde 

Vde 
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pF 

-
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MJ41 0 (SILICON) 

MJ411 

HIGH VOLTAGE NPN SILICON TRANSISTORS 

. designed for medium to high voltage inverters, converters, 
regulators and switching circuits. 

• High Collector-Emitter Voltage -
VCEO = 200 Volts - MJ410 

300 Volts - MJ411 

• DC Current Gain Specified @ 1.0 and 2.5 Adc 

• Low Collector-Emitter Saturation Voltage -
VCE(sat) = 0.8 Vdc @ IC = 1.0 Adc 

MAXIMUM RATINGS 

Rating Symbol MJ410 I 
Collector-Emitter Voltage 

Collector-Base Voltage 

Emitter-Base Voltage 

Collector Current - Continuous 
Peak 

Base Current 

Total Device Dissipation@Tc- 75°C 
Derate above 75°C 

VCEO 

VCS 

VES 

Ie 

IS 

Po 

200 I 
200 I 

5.0 

5.0 
10 

2.0 

100 
1.33 

MJ411 

300 

300 

Operating Junction Temperature Range TJ -65 to +150 

Storage Temperature Range Tstg -65 to +200 

THERMAL CHARACTERISTICS 

Characteristic Max 

Thermal Resistance, Junction to Case 0.75 

ELECTRICAL CHARACTERISTICS (TC ~·250C unless otherwise noted I 

Characteristic I Symbol I Min Max 

OFF CHARACTERISTICS 

ollector-Emitter Sustaining Voltage VCEO{susl 
(lC;:: 100 m~dc! IB '" 0) MJ410 200 

MJ411 300 

Collector Cutoff Currellt ICEO 
(VCE '" 200 Vdc, 18 '" 01 MJ410 0.25 

(VCE = 300 Vdc, IS = 01 MJ411 0.25 

ollector Cutoff Current ICEX 
(VCE '" 200 Vdc, VEB(offl '" 1.5 Vdc, MJ410 0.5 

TC'" 12SoCI 

(VCE '" 300 Vdc, VEBloff)-1.5 Vdc, MJ411 0.5 
TC'" 125°C) 

Emitter Cutoff Current lEBO 5.0 
(VEB = 5.0 Vde, IC '" 0). 

ON CHARACTERISTICS 

DC Current Gain hFe 
IIC= 1.0 Ade, VCE '" 5.0V~cl 30 90 

(lc = 2.5 Adc, VCE =.5.0 Vdcl 10 

Collector-Emitter Saturation Voltage VCE(satl 0.8 
(lc'" 1.0 Adc, Is'" 0.1 Adcl 

Base-Emitter Saturation Voltage VSEtsat) 1.2 
(lC = 1_0 Ade, IS'" 0.1 Adcl 

DYNAMIC CHARACTERISTICS 

Current-Gain-Bandwidth Product 
(lC '" 200 mAde, VCE ". 10 Vdc, 

f=1.0MHz) 

Unit 

Vdc 

Vdc 

Vdc 

Adc 

Adc 

Watts 
W/oc 

°e 

°e 

Unit 

Vdc 

mAdc 

mAdc 

mAde 

Vdc 

Vdc 

3-249 

5 AMPERE 

POWER TRANSISTORS 
NPN SILICON 

200-300 VOLTS 
100 WATTS 

a 1.050 
MAX 

Fr'~~' 0.83 
0.250 - MAX 

0.135 t []IA 1 OToo 
MAX 
L-

'1 

To conVert inches to millimeters multiply by 25.4 

All JEDEC dimensions and nOIlS apply 

Collectorconnectadlocase 

CASE n 
TQ.3 



MJ410, MJ411 (continued) 

FIGURE 1 - ACTIVE REGION SAFE OPERATING AREA 
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FIGURE 2 - DC CURRENT GAIN 
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There are two limitations on the power handling ability of a 
transistor: junction temperature and secondary breakdown. Safe 
operating area curves indicate Ie-VeE limits of the transistor that 
must be observed for reliable operation; Le., the transistor must not 
be subjected to greater dissipation than the curves indicate. 

The data of Figure 5 is based on T J(pk) = 1500 C; T C is variable 
depending on conditions. Pulse curves are valid for duty cycles of 
10% provided T J(pk) $ 1.50DC. At high case temperatures, thermal 
limitations will reduce the power that can be handled to values 
less than the limitations imposed by secondary breakdown. (See 
AN-415) 

FIGURE 3 - "ON" VOLTAGES 
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MJ413 (SILICON) 

MJ423 
MJ431 

CASE 11 High-voltage NPN silicon transistors designed 

~. (TO-3) for medium-to-high-voltage inverters, converters, reg
ulators and switching circuits. 

Collector connected to case 

MAXIMUM RATINGS 

Rating Symbol MJ413 MJ423 
Collector-Emitter Voltage VCEX 400 400 

COllector-liaSe voltage vCB .... uu 'lUU 

EmItter-Base Voltage VEB 5.0 5.0 

Collector Current Continuous IC lU lU 

Base Current IB 2,0 2.0 

Total Otlvlce DIssipation @ TC = 25"C 
Derate above 25·C 

I'D ~~~ 
Operation Junction Temperature Range TJ -65 to +150 

Storage Temperature Range Tstg _85 to +200 

THERMAL CHARACTERISTICS 

Characteristic Max 
Thermal Resistance, Junction to Case 1. 0 

ELECTRICAL CHARACTERISTICS (T. = 25'C unl ••• otherwl •• noted) 

Characteristic 

OFF CHARACTERISTICS 

Collector-Emitter Sustaining Voltage 111 
(IC = 100 mAdc, Ia = 0) 

Collector Cutoff Current 
(V CE = 400 Vde, V EB(Off) = 1. 5 Vd~ 

(V CE= 400 Vde, V EB(off) = 1. 5 Vde. 
TC = 125·C) 

Emitter Cutoff Current 
(VBE = 5.0 Vde, IC = 0) 

ON CHARACTERISTICS 
DC Current Galn'U) 

(IC = O. 5 Ade, V CE = 5.0 Vde) 

(IC = 1.0 Ade, VCE = 5.0 Vde) 

(IC = 1.0 Ade, VCE = 5.0 Vde) 

(IC = 2. 5 Ade, V CE = 5.0 Vde) 

(Ic = 2. 5 Ade, V CE = 5. 0 Vde) 

(IC = 3.5 Ade, VCE = 5.0 Vde) 

Colleetor-Emltter Saturation Voltage 111 
(IC = O. 5 Ade, Ia = 0.05 Ade) 

(IC = 1.0 Ade, Ia = O. 10 Adc) 

(IC = 2.5 Ade, Ia = O. 5 Adc) 

Base-Emitter Saturation Voltage'l1l 
(IC = O. 5 Ade, Ia = 0.05 Ade) 

(IC = 1.0 Ade, Ia = O. 1 Ade) 

(IC = 2.5 Ade, IB = 0.5 Ade) 

DYNAMIC CHARACTERISTICS 

Current-GaIn - Bandwidth Product 
(IC = 200 mAde, V CE = 10Vde, 

f = 1.0 MHz) 

'" PW '" 300 /J.8, Duty Cycle {" 2.0% 

Symbol 

BVCEO(sus) 

MJ413, MJ423 
ICEX· 

MJ431 
MJ413, MJ423 
MJ431 

MJ413, MJ423 ~BO 
MJ431 

MJ413 hFE 

MJ423 

MJ431 

MJ413 
VCE(sat)· 

MJ423 

MJ431 

MJ413 
VBE(sat) 

MJ423 

MJ431 

3-251 

MJ431 Unit 
400 Vdc 

'!UU voc 

5.0 Vdc 

lU Adc 

2.0 Adc ... 

;i~~ 
·C 

"C 

Min Max Unit 

Vdc 
325 -

.mAoe 
- 0.25 - 2.5 
- 0.5 mAde 
- 5.0 

- 5.0 
mAdc 

- 2.0 

20 80 -
15 -
30 90 

10 -
15 35 

10 -
Vde - 0.8 

- 0.8 

- 0.7 

Vde 
- 1.25 

- 1.25 

- 1.5 



MJ413, MJ423, MJ431 (continued) 

FIGURE 1 - ACTIVE-REGION SAFE-OPERATING AREA 
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MJ420 (SILICON) 

MJ421 

HIGH-VOLTAGE NPN SILICON TRANSISTORS 

. designed for video output circuitry in transistorized television 
receivers 

• High Voltages - VCEO : 250 V and 325 V 

• Low Feedback Capacitance - Cre : 12 pF (Max) @ 20 Vdc 

• Recommended For Use To IC : 30 mAdc 

MAXIMUM RATING 

Rating Symbol MJ420 MJ421 

COllector-Emitter Voltage VCEO 250 325 

COllector-Base Voltage VCB 275 350 

Emitter-Base Voltage VEB 6.0 

Collector Current - Continuous IC 100 
Peak 500 

Base Current IB 50 

Total Device Dissipation @ T A = 2SoC Po O.B 
Derate above 2SoC 0.0053 

Total Device Dissipation @ T C = 75°C Po 2.5 
Derate above 7SoC 0.025 

Operating and Storage Junction TJ, Tstg -65 to +175 
Temperature Range 

THERMAL CHARACTERISTICS 

Characteristic Symbol Max 

Thermal Resistance, Junction to Case 8JC 40 

Thermal Resistance. Case to Ambient °CA 187 

FIGURE 1 - POWER-TEMPERATURE DERATING CURVE 
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Unit 

Vde 

Vde 

Vde 

mAde 

mAde 

Watts 
W/oC 

Watts 
WJOC 

DC 

Unit 

°C/W 

°C/W 

100 MILLIAMP 

POWER TRANSISTORS 
NPN SILICON 

275-350 VOLTS 
2.5 WATTS 

~mOIA~ 
:l~l OIA 0240 

~"m=1 0.019 1 
1.5 

ULl Pin 1. Base 
2. Emitter 
3. Co!lilctor 

CASE 31(11 
TO-5 

Collector connected to case. 



MJ420,MJ421 (continued) 

ELECTRICAL CHARACTERISTICS (TC = 250 C unless otherwise noted) 

I Characteristic Symbol Min Max Unit 

OFF CHARACTERISTICS 

Collector-Emitter Sustaining Voltage (1) MJ420 VCEO(sus) 250 - Vde 

(lC = 10 mAde, IB = 0) MJ421 325 -

Collector-Base Breakdown Voltage MJ420 BVCBO 275 - Vde 

(lC = 0_1 mAde, IE = 0) MJ421 350 -

Emitter-Base Breakdown Voltage BVEBO 6.0 - Vde 

(IE = 0.1 mAde,lc= 0) 

Collector Cutoff Current ICED - 1.0 mAde 

(VCE = rated voltage, IB = 0) 

Collector Cutoff Current ICBO - 0.1 mAde 

(VCB = rated voltage, IE = 0) 

ON CHARACTERISTICS 

DC Current Gain (1) hFE -

(lc = 1.0 mAde, VCE = 20 Vde) 15 -
(lC = 10 mAde, VCE = 20 Vde) 25 -
(IC = 30 mAde, VCE = 20 Vde) 25 250 

Collector-Emitter Saturation Voltage (1) VCE(sat) - 5.0 Vde 

(lC = 30 mAde, IB = 3.0 mAde) 

Base-Emitter On Voltage (1) VBE(on) - 1.0 Vde 

(lc = 30 mAde, VCE = 20 Vde) 

SMALL-SIGNAL CHARACTERISTICS 

Current-Gain - Bandwidth Product t,- 15 - MHz 

(IC = 10 mAde, VCE = 20 Vde, f = 10 MHz) 

Common-Emitter Reverse Transfer Capacitance Cre - 12 pF 

(VCE = 20 Vde, IC = 0) 

Output Capacitance Cob - 12 pF 

(VCB = 20 Vde, IE = 0, f = 100 kHz) 

Small Signal Current Gain hfe 25 - -
(lC = 10 mAde, VCE = 20 Vde, f = 1.0 kHz) 

(1) Pulse Test: Pulse Width~300 J,ls. Duty Cycle~2.0% 

FIGURE 2 - CURRENT GAIN CHARACTERISTICS FIGURE 3 - CAPACITANCES 
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MJ424 (SILICON) 

MJ425 

I 

I 

HIGH VOLTAGE NPN SILICON TRANSISTORS 

.... designed for use in high voltage applications in deflectfon circuits, 
switching regulators, inverters, and line operated amplifiers. 

• High Collector· Emitter Voltage -
VCEX = 700 Vdc 

• Excellent DC Current Gain -
hFE = 10 (Min) @ IC = 2.5 Adc 

• Low Collector· Emitter Saturation Voltage -
VCE(sat) " O.B Vdc (Max) @ Ie = 1.0 Adc 

MAXIMUM RATINGS 

Rating Symbol MJ424 L MJ425 

Collector-Emitter Voltage VCEO 350 I 400 

Collector-Emitter Voltage VCEX 700 

Collector:-Base Voltage VCB 700 

Emitter-Base Voltage VEB 6.0 

Collector Current - COl)tinuous IC 5.0 
Peak 10 

Base Current IR 2.0 

Total Device Dissipation@Tc"= 7SoC Po 100 
Derate above 7SoC 1.33 

Operating Junction Temperature Range TJ -65 to +150 

Storage Te~perature Range Tstg -65 to +200 

THERMAL CHARACTERISTICS 

Characteristic Symbol Ma. 

Thermal Resistance, Junction to Case 9JC 0.75 

ELECTRICAL CHARACTERISTICS ITC" 25°C unless othe,wise noted I 

Characteristic I Symbol I Min I Ma. 

OFF CHARACTERISTICS 

Collector-Emitter Sustaining Voltage VCEO(sus) 
(Ie'" 100 mAde. '8 = 0) MJ424 350 -

MJ425 400 -

Collector Cutoff Curr!l'nt .. 'CEO 
(VCE = 350 Vde, la.= D) MJ424 - 0.25 

(VCE = 400 Vdc,la = D) MJ425 - 0.25 

Collector Cutoff Current 'CEX - 0.5 
IVCE = 700 Vde, VaE(offi = 1.5 Vde) 

Emitter Cutoff Current 'EBO - 5.0 
(VBE '" 6.0 Vde, IC:= 0) 

ON CHARACTERISTICS 

DC Current Gain hFE 
IIC= 1.0 Ade, VCE = 5.0 Vde) 30 90 
lit· = 2.5 Ade, VCE = 5.0 Vde) 10 -

Collector-.Emitter Satur,tion Voltage VCE(sat) - o.a 
IIc= 1.0Ade,la"0.1 Ade) 

Base-Emitter Saturation Voltage VaElsat) - 1.2 
IIC" 1.0 Ade, la = 0.1 Ade) 

DYNAM1C CHARACTER1STICS 

Current-Gain-Bandwidth Product iT 2.5 -
IIC" 200 mAde, VCE " 10 Vde, 
f=I.0MHzl 

Unit 

Vde 

Vde 

Vde 

Vde 

Ade 

Ade 

Watts 
wf'c 

°c 

°c 

I Unit 

°cm 

I Unit 

Vde 

mAde 

mAde 

mAde 

-

Vde 

Vde 

MHz 
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5 AMPERE 

POWER TRANSISTORS 
NPN SILICON 

350-400 VOLTS 
100 WATTS 

To convert inches to millimeters multiply by 25.4 
All JEDEC dimensions and n018sapply 

Collactor connected to case 

CASE 11 
TO·3 



MJ424, MJ425 (continued) 
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FIGURE 1 - SAFE OPERATING AREA 
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FIGURE 2 - DC CURRENT GAIN 
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There are two limitations on the power handling ability of a 
transistor: junction temperature and secondary breakdown. Safe 
operating area curves indicate Ie-VeE limits of the transistor that 
must be observed for reliable operation; i.e., the transistor must not 
be subjected to greater dissipation than,the curves indicate. 

The data of Figure 1 is based on T J(pk) = 1500 C; T C is variable 
depending on conditions. Pulse curves are valid for duty cycles of 
10% provided T J(pk) ~ 1500 Co At high case temperatures, thermal 
limitations will reduce the power that can be handled to values 
less than the limitations imposed by secondary breakdown. (See 
AN-415) 

FIGURE 3 - "ON" VOLTAGES 

.0 II 
TJ - 250C 

.6 

VCE(sa,@ IC/IB -10 

.2 
1 ......... 1 II 

~l ~ 
VBE(sat)@ICIIB-l0 1--.... 

.8 

J 1/ 
~ 

.4 Ir?--I-" 
I 

VCE(sat)@ICIIB-5 
0 

I 0, I i -I 

0.05 0.1 0.2 0.3 0.5 1.0 2.0 3.0 5.0 

IC, COLLECTOR CURRENT (AMP) 

FIGURE 5 - SUSTAINING VOLTAGE TEST CIRCUIT 

50 rnHy 

300n LOn 

3-256 



MJ450 (SILICON) 

HIGH-POWER PNP SILICON TRANSISTOR 

· .. designed for high-current switching and general purpose amplifier 
applications. . 

• Low Saturation Voltage - VCE(sat) = 1.0 Vdc@ IC = 10 Adc 

• DC Current Gain - hFE = 20 (Min).@ IC = 10 Adc 

• Excellent Safe Area Ch'aracteristics 

MAXIMUM RATINGS 

Rating Svmbol Value Unit 

Collector-Emitter Voltage VCEO 40 Vdc 

Collector-Bese Voltage VCBO 40 Vdc 

Emitter'Bese Voltage VEBO 5.0 Vdc 

Collector Current - Continuous IC 30 Adc 

BeseCunent IB 5.0 Adc 

Total O""ice Dissipation @TC= 25°C Po 150 Watts 
Derats above 25"C 0.86 W/oC 

OperBting and S-. Junction TJ.Tstg -65 to +200 °c 
Temperature Ranl/O 

THERMAL CHARACTERISTICS 

Thermal Resistance. Junction to Case 

FIGURE 1 - ACTIVE-REGION SAFE OPERATING AREA 
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. 30 AMPERE 
POWER TRANSISTOR 

PNPSILICON 

40 VOLTS 
150 WATTS 

1--~~~~::::J 

CASE 12 
(TO-3 except Pin Diameter) 

{Collector Connected to Case} 



MJ450 (continued) 

ELECTRICAL CHARACTERISTICS (TC = 25°C unless otherwise noted) 

Characteristic 

OFF CHARACTERISTICS 

Collector-Emitter Sustaining Voltage I I) 
(lC = 200 mAdc, IB = 01 

Collector-Base Cutoff Current 
(VCB = 40 Vdc, IE = 01 

Emitter-Base Cutoff Current 
(VBE = 5.0 Vdc, IC = 01 

ON CHARACTERISTICS 

DC Current Gain (1 ) 

(lC = 10 Adc, VCE = 2.0 Vdcl 

Collector-Emitter Saturation VOltagel I) 

(lC = 10 Adc, IB = 1.0 Adcl 

Base-Emitter Saturation Voltage I I) 

(lC = 10 Adc, IB = 1.0 Adcl 

DYNAMIC CHARACTERISTICS 

Current-Gain-Bandwidth Product 
(lc = 1.0 Adc, VCE = 10 Vdc, f = 1.0 MHzI 

(1)Pulse Test, PW5: 300 1'5, DutvCycle 5:2.0%. 

FIGURE 2 - NORMALIZED DC CURRENT GAIN 
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MJ480 (SILICON) 

MJ481 

NPN SILICON POWER TRANSISTORS 

... designed for general-purpose and 5 to 20 Watt audio amplifier 
applications. 

• Current-Gain-Bandwidth Product -
tr = 4.0 MHz (Min) @ IC = 1.0 Adc 

• bc Current Gain -
hFE = 30-200@ IC = 1.0 Adc 

• Complements to PNP MJ490 and MJ491 

MAXIMUM RATINGS 

Rating Svmbol MJ480 

Collector-Emitter Voltage VCEO 40 

Collector-Be •• Voltage Vce 40 

Emitter-Base Voltage VEe 

Collector Current - Continuous IC 
Peak 

Base Current Ie 

Total Device Dissipation @TA = 25°C PD 
Derate above 2SoC 

Total Device Dissipation @TC= 25°C PD 
D~rate above 2SoC 

MJ481 

60 

60 

5.0 

4.0 
7.0 

1.0 

5.0 
28.6 

87.5 
500 

Operating and Storage Junction TJ. T stg -65 to +200 
Temperature Range 

THERMAL CHARACTERISTICS 

Characteristic 

Thermal Resistance, Junction to Case 

FIGURE 1 - ACTIVE-REGION SAFE OPERATING AREA 
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lOOps 
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5.Jms 
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t-
50 10 

The Safe Operating Area CurVet indicate Ie -VeE limits below 
""tllen the dl1lnce will not enter secondary breakdown. COllector 
load Imes for specifiC circuits must fall within the applicabla Safe 

Area to avoid causmga catastrophic fanure To Insure operation 
below I.he ''1aXII',U''1 TJ. power·te",per~tur~ delating must beob· 
S8(Ved for both steady nate and pulse power cond'!lons 
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MJ480, MJ481 (continued) 

ELECTRICAL CHARACTERISTICS (TC = 25°C unless otherwise noted) 

Characteristic 

OFF CHARACTERISTICS 

Collector-Emitter Sustaining Voltage 
(lc = 0.2 Ade, IB = 01 MJ480 

MJ481 

Collector Cutoff Current 
(VCB = Rated VCB, IE = 01 

(VCB = Rated VCB, IE = 0, TC = 1500 CI 

Emitter Cutoff Current 

(VBE = 5.0 Vde, IC = 01 

ON CHARACTERISTICS 

DC Current Gain 
(lC = 50 mAde, VCE = 2.0 Vdel 

(lc = 1.0 Ade, VCE = 2.0 Vdel 

(I C = 3.0 Ade, V CE = 2.0 Vdel 

Collector-Emitter Saturation Voltage 
(I C = 1.0 Ade, I B = 0.1 Adel 

(lC = 3.0 Ade, IB = 0.3 Adel 

Base-Emitter Saturation Voltage 
(I C = 1.0 Ade, I B = 0.1 Adel 

(IC = 3.0 Ade, IB = 0.3 Adel 

Base-Emitter "On" Voltage 
(lC = 1.0 Ade, VCE = 2.0 Vdel 

(I C = 3.0 Ade, V CE = 2.0 Vdel 

DYNAMIC CHARACTERISTICS 

Current-Gain-Bandwidth Product 
(lc = 1.0 Ade, VCE = 10 Vde, I = 1.0 MHzl 

Output Capacitance 
(VCB = 10 Vde, IE = 0, I = 0.1 MHzl 

FIGURE 2 - NORMALIZED DC CURRENT GAIN 
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FIGURE 3 - "ON" VOLTAGES 
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FIGURE 4 - TRANSIENT THERMAL RESISTANCE 
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MJ490 (SILICON) 

MJ491 

PNPSILICON POWER TRANSISTORS 

... designed for general·purpose and 5 to 20 Watt audio amplifier 
applications. 

• Current·Gain-Bandwidth Product -
fT = 4.0 MHz (Min) @ IC = 1.0 Adc 

• DC Current Gain -
hFE = 30-200@ IC = 1.0 Adc 

• Complements to NPN MJ480 and MJ481 

MAXIMUM RATINGS 

Rating Symbol MJ490 

CollectorMEmitter Voltage VCEO 40 

Collector· ease Voltage Vce 40 

Emitter-Base Voltage VEe 

Collector Current - Continuous IC 
Peak 

Base Current Ie 

Total Device Dissipation @TA = 25°C Po 
Derate above 25°C 

Total Device Dissipation@Tc-250C Po 
Derate above 2SoC 

MJ491 

60 

60 

5.0 

4.0 
7.0 

1.0 

5.0 
28.6 

87.5 
500 

Operating and Storage Junction TJ.Tstg -65 to +200 
Temperature R snge 

THERMAL CHARACTERISTICS 

Characteristic 

Thermal Resistance. Junction to Casa 

FIGURE 1 - ACTIVE·REGION SAFE OPERATING AREA 
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The Safe Operating Area Curves ,n~'C81e Ie-Vee limits below 
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MJ490, MJ491 (continued) 

ELECTRICAL CHARACTERISTICS (Tc: 25°C unless otherwise noted) 

Characteristic 

OFF CHARACTERISTICS 

Collector-Emitter Sustaining Vol"cage 
IIc = 0,2 Ade, 18 = 0) MJ490 

MJ491 

Collector Cutoff Current 

(VC8 = Rated VC8, IE = 0) 

(VC8 = Rat.d VC8, IE = 0, TC = lSOoC) 

Emitter Cutoff Current 

(V8E = 5.0 Vde, IC = 0) 

ON CHARACTERISTICS 

DC Current Gain 
IIc = 50 mAde, VCE = 2,0 Vde) 

IIc = 1.0 Ade, VCE = 2.0Vde) 

IIc = 3,0 Ade, VCE = 2,0 Vdc) 

Collector-Emitter Saturation Voltage 
IIC'= 1,0Ade, 18=0.1 Adc) 

IIc = 3,0 Adc, 18 = 0.3 Adc) 

Base-Emitter Saturation Voltage 
IIc = 1.0 Adc, 18 = 0,1 Adc) 

IIc = 3,0 Ade, 18 = 0.3 Adc) 

Sase-Emitter "On" Voltage 
IIc = 1.0 Ade, VCE = 2.0 Vdc) 

IIc = 3.0 Adc, VCE = 2,0 Vdc) 

DYNAMIC CHARACTERISTICS 

Current-Gain-Bandwidth Product 
IIc = 1.0 Ade, VCE = 10 Vde, f = 1.0 MHz) 

Output Capacitance 
(VCB = 10 Vde, IE = 0, f = 0,' MHz) 

FIGURE 2 - NORMALIZED DC CURRENT GAIN 
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FIGURE 3 - "ON" VOLTAGE 
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MJ 500 (SILICON) 

MJ501 

MEDIUM-POWER PNP SILICON TRANSISTORS 

. designed for switching and wide·band amplifier applications. 

• Low Collector Emitter Saturation Voltage -
VCE(sat) = 1.2 Vdc (Max) @ IC = 7.0 Adc 

• DC Current Gain Specified to 5 Amperes 

• Excellent Safe Operating Area 

• Packaged in the Compact, High Dissipation TO·59 Case 

• Collector Common to Case 

MAXIMUM RATINGS 

Rating 

Collector-Emitter Voltage 

Collector·ease Voltage 

Emitter·ease Voltage 

Collector Current - Continuous 

Base Current - Continuous 

Total Device Dissipation@TC=2SoC 
Dotate above 2SoC 

Symbol 

V 

Vc 

VE 
I 

Ie 

Po 

MJ500 MJ501 

60 80 

60 80 

5.0 

7.0 

1.0 

60 
343 

Operating and Storage Junction 
Temperatur!! Range 

TJ,Tstg -65 to +200 

THERMAL CHARACTERISTICS 

Characteristic 

Thermal Resistance, Junction to Case 

@ 
'" j; 
z 
0 
i= ;;: 
~ 
is 

'" ~ 
Ii: 
J? 

FIGURE 1-POWER·TEMPERATURE DERATING CURVE 
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Safe Area CUrves Bre indicated by Figure 2. 
All limits are appli~abl.@_.and must be observed. 
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Unit 

Vdc 

Vdc 

Vdc 

Adc 

Adc 

Watts 
mWfDC 

°c 

7 AMPERE 
POWER TRANSISTORS 

PNP SILICON 

60-80 VOLTS 
60 WATTS 

8ASE 

CASE 160A 
TO·59 

Collector Common 
to Case 



MJ500, MJ501 (continued) 

ELECTRICAL CHARACTERISTICS (TC; 25°C unless otherwise noted) 

I Characteristic I Symbol 

OFF CHARACTERISTICS 

Collector-Emitter Sustaining Voltage 111 VCEO(sus) 
(lc = 50 mAde,lB = 0) MJ500 

MJ501 

Collector Cutoll Current ICEO 
(VCE = 55 Vde, IB = 0) MJ500 
(VCE = 75 Vde, IB ; 0) MJ501 

Collector Cutoff Current ICEX 
(VCE = 55 Vdc, VBE(oll) = 1.5 Vdc) MJ500 

(V CE = 75 Vdc. V BE (011) = 1.5 Vdc) MJ501 

(VCE = 55 Vdc, VBE(oll) = 1.5 Vde, TC = 150oC) MJ500 

(VCE = 75 Vdc, VBE(oll) = 1.5 Vde, TC = 150oC) MJ501 

Collector Cutoff Current ICBO 
(VCB = Rated VCB, IC = 0) 

Emitter Cutoff Current lEBO 
(VBE = 5.0 Vdc, IC = 0) 

ON CHARACTERISTICS 

DC Current Gain 111 hFE 
lic = 500 mAdc, VCE = 2.0 Vde) 
lic = 2.0 Adc, VCE = 2.0 Vde) 
lic = 5.0 Ade, VCE; 2.0 Vdc) 

Collector-Emitter Saturation Voltage 111 VCE(sat) 
IIc = 2.0 Ade, I B = 0.2 Adc) 
IIc = 7.0 Ade, IB = 0.7 Ade) 

Base~E mitter Saturation Voltage (1) VBE(sat) 
(lC = 2.0 Adc, IB = 0.2 Adc) 
(lc = 7.0 Ade, IB = 0.7 Ade) 

DYNAMIC CHARACTERISTICS 

Current-Gain-Bandwidth Product 'T 
(lC; 500 mAdc, VCE = 10 Vdc, I = 10 MHz) 

Output Capacitance Cob 
(VCR = 10 Vde, IE ; 0, I = 100 kHz) 

Input Capacitance Cib 
(VBI' = 2.0 Vdc, IC; 0, f = 100 kHz) 

SWITCHING CHARACTERISTICS 

Delay Tim, 
(Vec = 40 Vdc, VSE(off) = .0Vdc. fd 

Rise Time 
IC= 2.0 Ade, IBI =200mAdc) 

tr 

Storage Time 
(VCC = 40 Vde, IC = 2.0 Ade, 

ts 

Fall Time 
IBI = IB2 = 200 mAde) 

t, 

(1) 'Pulse Test: Pulse Width == 300,",5, Duty Cycle = 2.0%. 

FIGURE 2 - ACTIVE-REGION SAFE OPERATING AREA 

lO~'!!!I'r1!1;]!iIlIr!!!!!li!ill!llil! 
5.0 The Safe Operating Area Curves i 2.0 100,IJs indicate Ie-VeE limits below 

~ wh ieh the device wi I! not enter 

~u 1.0 E:: ~ TJ = 20aoC 5.0 ms secondary breakdown. Collec~ 
: 0.5 t-- F tor load lines for specific circuits 

must fal! within the applicable 
e 0.2 r-~--- Secondary Breakdown limited + de ~ Safe Area to avoid causing a 

C 1~~'Ii-~iBiO;'dii~iWji':'iLiimii"d~~/'i!lI'I'I1I1II 
j 0.1 ~ ____ Thermallimitations TC"250C catastrophic failure. To insure 
8 0.05 F_ Applicable for Rated 8VCEO operation below the maximum 
}} T J, power-temperature derating 

0.02 must be observed lor both steady 
0.01 state and pulse power conditions. 

1.0 1.0 3.0 5.07.0 10 20 30 50 70 100 

VCE. COLLECTQA·EMITTER VOLTAGE (VOLTS) 
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Min Max Unit 

Vde 
60 -
80 -

/lAde 

- 100 
- 100 

- 10 /lAdc 
- 10 
- 1.0 mAde 
- 1.0 

- 10 /lAde 

-. 100 /lAde 

-
25 -
25 180 
15 -

Vdc 
- 0.7 
- 1.2 

Vde 

- 1.2 
- 2.0 

30 - MHz 

- 300 pF 

- 1250 pF 

- 100 ns 

- 100 ns 

- 1.0 /lS 

- 150 ns 

FIGURE 3 - SWITCHING TIME TEST CIRCUIT 

INPUT PULSE 

1----1-- 10 pS 

OV-, r 
-37v---L-J 

25/lF 

~ tr,tl~10~S' 11 
D.C. - 2.0% -= 

+11.6 V Vcc 
-40 V 

+3.3 V 



MJ802 (SILICON) 

HIGH-POWER NPN SILICON TRANSISTOR 

· .. for use as an output device in complementary audio amplifiers to 
100-Watts music power per channel. 

• High DC Current Gain - hFE = 25-100@ IC = 7.5 A 

• Excellent Safe Operating Area 

• Complement to the PNP MJ4502 

MAXIMUM RATINGS 

Rating Symbol Value 

Collactor-Emitter Voltage VCER 100 
Collector-Base Voltage VCB 100 
Collector-Emitter Voltage VCEO 90 
Emitter-Base Voltage VEB 4.0 
Collector CurreQt IC 30 
Base Current IB 7.5 

Total Device Dissipation\!!>Tc = 250 C Po 200 
Derate above 2SoC 1.14 

Operating and Storage Junction TJ. Tstg -65 to +200 
. Temperature Range 

THERMAL CHARACTERISTICS 

Characteristic 

Thermal Resistance, Junction to Case 

FIGURE 1 - POWER-TEMPERATURE DERATING CURVE 
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Unit 

Vdc 

Vdc 

Vdc 

Vdc 

Adc 

Adc 

Watts 
wtDc 

°c 

~ 
~ o 

o 20 40 60 80 100, 120 140 160 180 200 
'TC. CASE TEMPERATURE (DCI 
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30 AMPERE 
POWER TRANSISTOR 

NPNSILICON 

100 VOLTS 
200 WATTS 

~ 

CASE 11 
(TO-31 

Collector Con "ectad to Case 



MJ802 (continued) 

ELECTRICAL CHARACTERISTICS (Te .. 250 e unless otherwise noted) 

Characteristic Svmbol Min Max Unit 

OFF CHARACTERISTICS 

Collector-Emitter Breakdown Voltage (11 BVCER 100 - Vdc 
(lc = 200 mAdc, RBE = 100 Ohms) 

Collector-Emitter Sustaining Voltage 111 BVCEO(sus) 90 - Vdc 
(I C = 200 mAdc) 

Collector-Base Cutoff Current ICBO mAdc 
(VCB = 100 Vdc, IE = 0) - 1.0 
(VCB = 100 Vdc, IE = 0, TC = 150o C) - 5.0 

Emitter-Base Cutoff Curtent lEBO - 1.0 mAdc 
(VBE = 4.0 Vdc, IC = 0) 

ON CHARACTERISTICS 

DC Current Gain (11 hFE 25 100 -
(IC = 7.5 Adc, VCE = 2.0 Vdc) 

Base-Emitter "On" Voltage· VBE(on) - 1.3 Vdc 
(lC = 7.5 Adc, VCE = 2.0 Vdc) 

Collector-Emitter Saturation Voltage (11 VCE(satl - 0.8 Vdc 
(lC = 7.5 Adc, IR = 0.75 Add 

Base·Emitter Saturation Voltage 111 VBE(sat) - 1.3 Vdc 
(lc = 7.5 Adc,IB = 0.75 Adc) 

DYNAMIC CHARACTERISTICS 

Current Gain - Bandwidth Product 
(lC = 1.0 Adc, VCE = 10 Vdc, f = 1.0 MHz) 

III 
'Pulse Test: Pulse Width~ 300 Ils. Duty Cycle ~2.0%. 

2: « 
'" .... 
~ 
'" '" :::> 

" m 
N 
::::; 

'" :IE 
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ii: 
:IE 
5 .... z 
w 
'" 0: 
:::> 

" '" '" .... 
<.> 

j 
'" <.> 

~ 

FIGURE 2 - DC CURRENT GAIN FIGURE 3 - "ON" VOLTAGES 

3. 0 2.0 

2. 0 I.S 

1.6 T)2JoJ 

1.0 

O. 7 

o. 5 

I; 
O. 3 

0.2 

-55°C 

1-1-+++1-++ Data shown is obtained from pulse tests +-l+t+I+--~~k't-I 
anj ajijj tt jUilTI jj"ct t' I Cf~' 

0.1 ~~J..U.~-'-""",J,,-.u...J..L;L.I.L:--'-~,"=,"=-'-:'.,w..L.LL,-'~.J..lIl 
0.03 0.05 0.1 0.2 0.3 0.5 1.0 2.0 3.0 5.0 10 20 30 

~ 1.4 

'" ~ 1.2 
w 

'" 1.0 '" .... .... 
'" O.S > 
Z 0.6 
1" 

0.4 

0.2 

t2 
t2 

VSE(sat)@IC/IS= 10 
~ lL 

I [iiI 'I l.l.+ ) 

VSE@VCE=2.0V 

Wll J 1 I-' 
VCE(sat) @ Ic/lS = 10 I--o 

0.03 0.05 0.1 0.2 0.3 0.5 1.0 2.0 3.0 5.0 10 20 30 
IC, COLLECTOR CURRENT (AMP) IC. COLLECTOR CURRENT (AMP) 

FIGURE 4 - ACTIVE REGION SAFE OPERATING AREA 
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E Secondary Breakdown limited 
F:=== - Bonding WiTa Limited F ---- Thormal LimillltionsTC=250C 
I-- Pulsa Duty Cycle < 10% 
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VCE. COLLECTOR·EMITTER VOLTAGE (VOLTS) 
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Tha Safe Operating Area CUMIlI indicate Ie - Vee limits below 
which the device will not enter secondllfY breakdown. Collector 
load lines for tp8CifiC circuits mUlt fall Within the applicable Safe 
Area to avoilll causing a catastrophic faillKe'. To inaure operation 
below the maltimum T J. poww-temperature derating must be ob
served few both steadV state and pull9 power conditions. 

100 



MJ900, MJ901 PNP (SILICON) 

MJ1000, MJ100l NPN 

MEDIUM-POWER COMPLEMENTARY 
SILICON TRANSISTORS 

· .. for use as output devices in complementary general purpose 
amplifier applications. 

• High DC Current Gain - hFE = 6000 (Typ) @ IC = 3.0 Adc 

• Monolithic Construction with Built·ln Base-Emitter 
Shunt Resistors 

MAXIMUM RATINGS 

Rating 

CoJlector:-Emitter Voltage 

Collector-Base Voltage 

Emitter·Base Voltage 

Collector Current 

Base Current 

Total Device Dissipation@Tc=2SoC 

Derate above 25°C 

Operating and Storage Junction 

Temperature Range 

THERMAL CHARACTERISTICS 

Characteristic 

Thermal Resistance. Junction to Case 

Svmbol 

VCEO 

VCB 

VEB 

IC 

18 

Po 

TJ, T st9 

MJ9DD MJ9Dl 
MJ1DDD MJ1D01 

60 80 

60 80 

5.0 

8.0 

0.1 

90 

0.515 

-55 to +200 

Max 

1.94 

FIGURE 1 - DARLINGTON CI.RCUIT SCHEMATIC 

Collector 

Unit 

Vdc 

Vdc 

Vdc 

Adc 

Adc 

Watts 

W/oc 

°c 

Collector 
PNP 

MJ900 
MJ901 r-------

I 
1 
I 

--..., 
NPN 

MJIOOO 
MJIOOI r----- --

I 
1 
I 

--..., 

Ba .. 

,----"'--;.--, 1 
I 
I 
I 
I 
I 
I 
I __ -1 

Emitter 

Base 

,---~f___1 I 
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I 
I 
I 
I 
I 
I 
I __ -1 

Emitter 

8_0 AMPERE 
DARLINGTON 

POWER TRANSISTORS 
COMPLEMENTARY SILICON 

60-80 VOLTS 
90 WATTS 

To convert inches to millimeters multiply by 25.4 

An JEOEC dimensions and notes apply 

Collectorconnectedtoc8se 

CASE.ll 
TO-3 



MJ900, MJ901, MJ1000, MJ100l (continued) 

ELECTRICAL CHARACTERISTICS lTC' 25°C unless otherwise noted) 
I Characteristic I Symbol 

OFF CHARACTERISTICS 

Collector-Emitter Breakdown Voltage (1) 
(Ie'" 100 mAde, IS::: 0) 

Collector Emitter Leakage Current 

(Vea "'60 Vdc, AaE::: loOk ohm) 

MJ900. MJ1QDQ 

MJ901. MJ1001 

MJ900, MJ1000 

(VCB "'80 Vdc,RSE :::1.0kohml MJ9Dl. MJ1Q01 

(Vee'" 60 Vdc, RBE '" 1.0 k ohm. TC::: 150DC) MJ900, MJ10DO 

(Vea '" 80 Vdc, RBe = 1.0 k ohm, TC '" 150°C) MJ901, MJ1001 

Emitter Cutoff Current 
(VSE '" 5.0 Vdc, Ie'" 0) 

Collector-Emitter Leakage Current 
(VeE'" 30 Vdc, 'e "" Q) 

(VeE = 40 Vdc, 's = 0) 

ON CHARACTERISTICS 

DC Current Gain(1) 

(Ie = 3.0 Adc, VeE == 3.0 Vdc) 

(Ie'" 4.0 Adc, VeE'" 3.0 Vdc) 

Collector-Emitter Saturation Voltage(1) 

(Ie'" 3.0 Adc, 18 = 12 mAde) 

(lC = 8.0 Adc, 18 = 40 mAdcl 

Base-Emitter Vohage(1) 
(Ie = 3.0 Adc, VCE '" 3.0 Vdc) 

MJ900. MJ 1 000 

MJ901, MJ1QOl 

(l)Pulse Test: Pulse Width ~300 .us, Duty CycleS 2.0%. 
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F,IGURE 2 - DC CURRENT GAIN 
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-~5~C 
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./ VCE' 3.0 Volts 
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IC, COLLECTOR CURRENT lAMP) 

FIGURE 4 - "ON" VOLTAGES 
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IC, COLLECTOR CURRENT lAMP) 
There are two limitations on the power handling ability of a 

transistor: average junction temperature and secondary breakdown. 
Safe operating area curves indicate IC-VCE limits of the transistor 
that must be observed for reliable operation; e.g., the transistor 
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;;: 
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;;! 30 0 
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0 
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Min 

60 
80 

Max 

1.0 

1.0 

5.0 

5.0 

2.0 

500 

500 

2.0 

4.0 

2.5 

Unit 

Vdc 

mAde 

mAde 

jJ.Adc 

Vdc 

Vdc 

FIGURE 3 - SMALL-SIGNAL CURRENT GAIN 

TC,250C 

VCP 3.0 Vdc 
IC' 3.0 Adc 

105 

t, FREQUENCY 1Hz) 

I' 

FIGURE 5 - DC SAFE OPERATING AREA 

1\ 

.7.0 

ie 5.0 f= f= TJ = 200°C 

::E 
.5 
>-

~ 
13 
'" 0 
>-

~ 
'" '" 
~ 

3.0 

2.0 

1.0 
= 0.7 = 0.5 ---

0.3 

0.2 

0.1 
1.0 

\\ 
\' 

SECONDARY SREAKOOWN LIMITATION 
THERMAL LIMITATION@TC= 25°C 
SONOING WIRE LIMITATION 

JJ90d, M~lOho 
I I I I 

MJ901, MJ1DDI r-
I 

2.0 3.0 5.0 7.0 10 20 30 50 70 100 

VCE, COLLECTOR·EMITTER VOLTAGE IVOLTS) 
must not be subjected to greater dissipation than the curves indicate. 

At high case' temperatures, thermal limitations will reduce the 
power that can be handled to values less than the limitations. im
posed bV secondary breakdown. ISee AN-4151 
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MJ 1800 (SILICON) 

HIGH-VOLTAGE NPN SILICON TRANSISTOR 

· . . designed for use in vertical deflection amplifier circuits in 
'television receivers. 

• High Collector·Emitter Voltage - VeER = 500 Vdc 

• Excellent Gain Linearity 

MAXIMUM RATINGS 

Rating Symbol Value Unit 

Collector-Emitter Voltage Veeo 250 Vd. 

Coliector·Emitter Voltage VeeR 500 Vd. 

Emitter·Sase Voltage VES 5.0 Vd.· 
" 

Collector Current - Continuous IC 5.0 Ad. 

Total Owice OillSipation@Tc=250C Po 100 Watts 

Derate above 25°<: 0.8 WloC 

Operating and storage JUI)Cliol) TJ,Tstg -55 to +150 °c 
Temperature Range 

fHERMAL CHARACTERISTICS 

Thermal Resistance, Junction to Case 

ELECTRICAL CHARACTERISTICS ITC = 260 C ~nleS5 otherwise noted) 

'/ . CheracterIItic Symbol Min . Max Unit 

OFF CHARACTE.RISTICS 

C6l1ltctor-Emit", BnAlkdown Vol_' eVceo Cli 2IiO 
lie = D.l Ad<; Ie" Df' 

CQllectOr Cu.tOf~ Cun-ent 
.(Vee • silo Vdc. RBE '" 1.6 k Ohms) 

leell 200 ,.Ado 

Emltt.·8ase L.ei~ cu~ leBO 100 f,CAdc 
(VES • 5.DVd<. 'i:' 01 

ON CHARACTERISTICS 

DC Current Gain "FE' '(11 3. 
UC'" O.3Ade. Vee '" 6.0 Vdc) 

DC Current Gain hFE2;m 40 
ClC" 0.4 Adc, VeE" 6.e) Vdc) 

12D 

Gain Linearity bFE1"'FE2 0.95 
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5 AMPERES 
POWER TRANSISTOR 

NPNSILICON 

500 VOLTS 
100 WATTS 

II ~MTG 0.039 PIA ' BASE . 
0.043 . 0,44 :m ,1m 

~:::: DlA &m EM1mR 

Collector Connected to Case 

CASE 11 
TO·3 

I 



MJ1800 (continued) 

FIGURE 1 - POWER-TEMPERATURE DERATING CURVE FIGURE 2 - NORMALIZED DC CURRENT GAIN 
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FIGURE 3 - ACTIVE-REGION DC SAFE OPERATING AREA 
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" Secondary Breakdown Limited 
- - - - Bonding Wire Limited "'" 
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VCE. COLLECTOR·EMITTER VOLTAGE (VOLTS) 

MJ3771 
MJ3772 

The Safe Operating Area Curves indicate IC-VCE limits below 
which the device will not enter secondary breakdown. Collector 
load lines for specific circuits must fall within the applicable Safe 
Area to avoid causing a catastrophic failure. To insure operation 
below the maximum T J, power-temperature derating must be ob
served for both steady state and pulse power conditions. 

For Specifications, See 2N3771 Data. 
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MJ2249 (SILICON) 

MJ2250 
MJ3101 

Medium-power NPN silicon transistors ideal for 
use as drivers, switches, amplifiers. 

CASE 80 
(TO·66) 

Collector connected to case 

MAXIMUM RATINGS 

Rating 

Collector-Emitter Voltage 

Collector-Bast! Voltage 

Emitter-Base Voltage 

Collector Current - Continuous 
Peak 

Base Current 

Total Device Dissipation @ TC ~ 
Derate above 250 C 

Operating and Storage 
Junction Temperature Range 

Symbol 

VCEO 

VCB 

VEB 

IC 

IB 

25°C PD 

TJ,Tstg 

MJ3101 MJ2249 MJ2250 

40 60 80 

50 60 80 

· 6.0 · , 2.0 . , 3.0 · 
• 0.5 • 
• 20 . 
· 0.133 · 
--65 to+175-

FIGURE 1- POWER· TEMPERATURE DERATING CURVE 
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Te, CASE TEMPERATURE (OC) 

Safe Area Curves are indicated by Figure 2. Both limits are applicable and 
must be observed. 

3-271 

Unit 

Vdc 

Vdc 

Vdc 

Adc 

Adc 

Watts 
wloc 

°c 

""-... 
175 



MJ2249, MJ2250, MJ3101 (continued) 

ELECTRICAL CHARACTERISTICS ITe = 250C vnless otherwise noted) 

Characteristic Symbol Min Max Unit 

OFF CHARACTERISTICS 

Collector-Emitter Voltage 11. BVCEO Vde 
(Ic = lOa mAde, IB = 0) MJ3101 

MJ2249 

MJ2250 

Collector-Base Cutoff Current ICBO 
(VCB = 50 Vde, IE = 0) MJ3101 

(VCB = 50 Vde, IE • 0, TA • 150°C) 

(VCB • 60 Vde, IE • 0) MJ2249 

(VCB = 60 Vde, IE • 0, T A • 150°C) 

(VCB' 80 Vde, IE • 0) MJ2250 

(VCB = 80 Vde, IE' 0, T A • 1500C) 

Emitter-Bue Cutoff Current lEBO 
(VEB • 6. a Vde, IC • 0) All Types 

ON CHARACTERISTICS 

DC Current Gain hFE 
(Ie = 50 mAde, V CE = 4. a Vdc) All Types 

(IC '. lOa mAde, VCE' 4. a Vde)t All Types 

(Ie • 500 mAde, VCE = 4. a Vdc)" All Types 

Collector-Emitter Saturation Voltage VCE(s.t) 
(Ie • 500 mAde, IB = 50 mAde) All Types 

(Ie = 750 mAde, IB • 75 mAde) MJ3101 

(IC • 1.0 Adc, IB = 0.1 Ade) MJ2249, MJ2250 

Base-Emitter Saturation Voltages VBE(sat) 
(Ie = 500 mAde, IS::: 50 mAde) All Types 

(Ie = 750 mAde, IB = 75 mAde) MJ3101 

(Ie = 1.0 Ade, IB = 0.1 Ade) MJ2249, MJ2250 

DYNAMIC CHARACTERISTICS 

Current-Gain - Bandwidth Product 
(Ie ::: 100 mAde, VeE'" 10 Vdc, f = 10 MHz) A1l Types 

I II 'PULSE TEST: PW "5.300 .s, Duty Cycle ~ 2.0% l' Color coded hFE groups available at 100 mAde 
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~ 1.0 
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FIGURE 2 - ACTIVE REGION SAFE OPERATING AREAS 
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NOTE: For additional design curves, please refer to Type 2N3766. 

3-272 

40 -
60 -
80 -

mAde 
1.0 

- 2.0 

- 1.0 

..... 2.0 

- 1.0 

- 2.0 

mAde 

- 1.0 

-
25 -
25 200 

25" 200· 

Vde 
- 1.0 

- 2.5 

- 2.5 

Vde - 1.2 

- 1.5 

- 1.5 

The Safe Operating Area Curves indio 
cate the Ie·Ve, limits below which the 
devices will not go into secondary 
breakdown. These curves can be used 
as long as the average power derat· 
ing curve (Figure 1) is also taken 
into consideration to insure opera
tion below the maximum junction 
temperature. 



MJ2251 (SILICON) 

MJ2252 

~ 
High-voltage NPN silicon power tran!;listors, particu

larly well suited for power output stages in television, 
radio, phonograph and other consumer product applica
tions. 

CASE 80 
(TO-66) 

Collector connected to case 

MAXIMUM RATINGS 

Rating 

Collector-Emitter Voltage 

Emitter-Base Voltage 

Collector Current 

Total Device DisalpaUon 
@ TC .. 70·C 
Derate above 70·C 

Operating and Storage 
Junction Temperature Range 

1rIJ2251 
1rIJ2252 

Symbol Value 

VCEO 
225 
300 

VEB 6 

Ie 500 

PD 
10 

0.125 

TJ , Tatg -65 to + 150 

ELECTRICAL CHARACTERISTICS (TA = 25°C unless otherwise noted) 

Cillracterlstlc SJm~.1 Min TJP Mu 

Collector-Emitter Breakdown Voltage BVCEO 
(IC .. 1 mAde, IB .. 0) 1rIJ2251 225 - -

1rIJ2252 300 - -
Collector Cutoff Current leBO 

(VCB = 300 Vdc, IE" 0) - - 100 

Emitter-Base Leakage Current lEBO 
(VEB" 6 Vdc, Ie .. 0) - - 100 

DC Current Gain hFE 
<Ie = 50 mAde, VCE = 10 Vdc) 25 - 200 

Small Signal Current Gain hfe CIc .. 20 mAde, VCE = 50 Vdc, f .. 10MHz) 1.0 - -
Small-Signal Current Gain bte 

(Ie = 10 mAde, VCE .. 125 Vdc, f .. 1 kHz) - 40 -
<Ie .. 30 mAde, VCE .. 125 Vdc, f .. 1kHz) - 85 -

Voltage Feedback RaUo hre 
(Ie .. 10 mAde, VCE" 125 Vdc, f .. 1kHz) - 2.5 -
(Ie .. 30 mAde, VCE" 125 Vdc, f .. 1kHz) - 4.0 -

Input IJIlpedance hte 
(Ie" 10 mAde, VCE" 125 Vdc, f .. 1kHz) - 150 -
(Ie .. 30 mAde, VCE" 125 Vdc, f = 1 kHz) - 75 -

Output Admittance hoe 
(IC " 10 mAde, VCE = 125 Vdc, f = 1 kHz) - 5 -
(Ie" 30 mAde, VCE .. 125 Vdc, f = 1 kHz) - 20 -
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Unit 

Vde 

Vdc 

mAde 

watts 
W/oC 

°c 

Unit 

Vdc 

j.tAdc 
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-
-
-

XIO-5 

ohms 

j.tmholl 



MJ2251, MJ2252 (continued) 
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FIGURE 1 - MJ2251 
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MJ2267 (SILICON) 

MJ2268 

~ 
CASE 11 

(TO-3) 

Silicon PNP power transistors, designed for medium
speed switching and high-power amplifier applications. 
These devices can be directly substituted for german
ium types. 

Collector connected to case 

MAXIMUM RATINGS 

Rating Symbol MJ2267 MJ2268 Unit 

Collector-Emitter Voltage VCEO 40 55 Vdc 

Collector-Base Voltage VCB 40 55 Vdc 

Emitter-Base Voltage VEB 5.0 5.0 Vdc 

Collector Current - Continuous Ie 5.0 Adc 

Base Current IB 3.0 Adc 

Power Dissipation @ TC = 25°C PD 150 Watts 
Derate above 250C 0.86 wjOc 

Operating and storage TJ, Tstg -65 to+200. °c 
Junction Temperature Range 

FIGURE 1 - POWER-TEMPERATURE DERATING CURVE 
160 

S 
140 

120 ~ .. 
z 

100 0 
;:::. 
if 

80 ~. 
is 
15 60 

~ 40 
,e 

......... r-..... 
~ 
~ 

........... 
~ 

~~ 

"" ~ 
~ 20 

0 ~ 
o 25 50 75 100 125 150 175 

Te. CASE TEMPERATURE (OC) 

Safe Area Limits are indicated by Figures 2, 3. Both limits are applicable and 
must be observed. 
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MJ2267, MJ2268 (continued) 

ELECTRICAL CHARACTERISTICS (Tc = 250 C unless otherwise noted) 

Characteristics 

OFF CHARACTERISTICS 

Collector-Emitter Sustaining Voltage (11 

<Ie = 200 mAde, IB = 0) 

Collector Cutoff CUrrent 
(V CE = 40 Vdc, VBE = 1.5 Vde) 

(VCE = 60 Vdc, VBE = 1.5 Vdc) 

(VCE = 20 Vdc, VBE = 1.5 Vde, TC = 150°C) 

(VCE = 30 Vde, VBE = 1.5 Vdc, TC = 150°C) 

Emitter-Base Cutoff CUrrent 
(VEB = 5.0 Vdc, IC = 0) 

ON CHARACTERISTICS 

DC Current Gain 
(Ie = 1.0 Adc, V CE = 2.0 Vde) 

(IC =4.0Adc, VCE =2.0Vdc)1II 

Collector-Emitter Saturation Voltage (I) 

(IC = 4.0 Adc, IB = 0.4 Adc) 

Base-Emitter Saturation Voltage' (1) 

(IC = 4.0 Adc, IB = O. 4 Adc) 

DYNAMIC CHARACTERISTICS 

Current-Gain - Bandwidth Product 
(Ie = 0.5 Ade, V CE = 10 Vde) 

(1) Pulse Test: Pulse Width ~ 300 IJS, Duty Cycle ~ 2.0%. 

MJ2267 

MJ2268 

MJ2267 

MJ2268 

MJ2267 

MJ2268 

Symbol Min Max Unit 

BVCEO(sus) Vdc 
40 -
55 -

IeEX mAde 
- 1.0 

- 1.0 

- 5.0 

- 5.0 

lEBO mAde 
- 5.0 

hFE -
20 -
20 100 

VCE(sat) Vde 
- 1.0 

VBE(sat) Vdc 
- 1.5 

ACTIVE REGION SAFE OPERATING AREAS 
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i1! 2.0 

~ 
~ 1.0 
i:S 0.7 

~ 0.5 

~ 
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FIGURE 2 - MJ2267 
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VCE. COLlECTOR.£MITTER VOLTAGE (VOLTS) 

The Safe Operating Area Curves indicate Ie - Va limits 
below which the device will not go into secondary breakdown. 
Collector load lines for specific circuits must fall within the ap· 
plicable Safe Area to avoid causing a collector·emitter short. 

5.0 

3.0 

0.1 
20 25 

FIGURE 3 - MJ2268 

-.......... ...... 

"" '\. \ 
............. r-..~ " X r-\ 
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SOOp.s 
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de - l'-. 

~\\ 

~ 
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VCE, COLLECTOR·EMITTER VOLTAGE (VOLTS) 

(Duty cycle of the excursions make no significant change in 
these safe areas.) To insure operation below the maximum TJ , 

the power·temperature derating curve must be observed for 
both steady state and pulse power conditions. 

NOTE: For additional design curves, please refer to TYDe 2N3789. 
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MJ2500, MJ2501 PNP (SILICON) 

MJ3000, MJ3001 NPN 

MEDIUM-POWER COMPLEMENTARY 
SILICON TRANSISTORS 

· .. for use as output devices in complementary general purpose 
amplifier applications. 

• High DC Current Gain - hFE = 4000 (Typl @ IC = 5.0 Adc 

• Monolithic Construction with Built-In Base-Emitter 
Shunt Resistors 

MAXIMUM RATINGS 

Symbol 
MJ2500 MJ2501 

Rating M 3000 MJ~OOI 

Coliector·Emitter Voltage VCEO 60 80 
Collector·8ase Voltage Vca 60 80 
Emitter-Base Voltage VEa 5.0 

Collector Current IC 10 

Base Current la 0.2 

Total Device-Dissipation @ T C = 25°C Po 150 

Derate above 25°C 0.857 

Operating and Storage Junction TJ,Tstg -55 to +200 

Temperature Range 

THERMAL CHARACTERISTICS 

Characteristic Symbol Max 

Thermal Resistance. Junction to Case 8JC 1.17 

FIGURE 1 - DARLINGTON CIRCUIT SCHEMATIC 

Collector 

Unit 

Vdc 

Vdc 

Vdc 

Adc 

Adc 

Watts 

Wt"C 

°c 

Unit 

°C!W 

Collector 
PNP 

MJ2500 
MJ2501 ---, 

NPN 
MJ3000 
MJ3001 ---, 

Base 

r---........ h I 
I 
I 
I 
I 
I 
I 
I 

__ ...J 

Emitter 

Base 

r---........ -; I 
I 
I 
I 
I 
I 
I 
I 

__ ...J 

Emitter 
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10 AMPERE 
DARLINGTON 

POWER TRANSISTORS 
COMPLEMENTARY SI LICON 

60-80 VOLTS 
150 WATTS 

H£-----

I 
1.050 
MAX 

0.250 
0.300 

0.420 
irnIl 

-(6)---:~-;-B;;-;At. 
EMITTER 

To convert inches to millimeters multiplv bV 25.4 

All JEDEC dimensions end notes applv 

Colleetorconnectedtoca&e 

CASE 11 
TO·3 



MJ2500, MJ2501, MJ3000, MJ3001 (continued) 

ELECTRICAL CHARACTERISTICS (Tc = 250 C unless otherwise noted) 
I Characteristic I Symbol 

OFF CHARACTERISTICS 

Collector-Emitter Breakdown Voltage(1) 
(Ie'" 100 mAde, 'a '" 0) 

Collector Eminer Leakage Current 

MJ2500. MJ3000 
MJ2501. MJ3001 

(Vea =60 Vdc, Rae = 1.0kohmJ MJ2500. MJ3000 

(Vee =80 Vdc, RBe = 1.Ok ohm! MJ2501. MJ3001 

(Vee "60Vdc, RBe '" 1.0k ohm, TC '" lS00C) MJ2500, MJ3000 

(Ves =80Vdc, Rae'" 1.0k ohm, TC" 1S00CI MJ2501 , MJ3001 

Emitter Cutoff Current 
IVse'" 5.0 Vdc, Ie" 0) 

Coliector-E miner Leakage Current 
(VeE'" 30 Vdc, 18 = Q) 

(VeE'" 40 Vdc, IS '" 01 

ON CHARACTERISTICS (1 I 

DC Current Gain 
(Ie'" 5.0 Adc, VeE'" 3.0 Vdcl 

Collector-Emitter Saturation Voltage 
(Ie = 5.0 Adc, 18 '" 20 mAde) 

(Ie'" 10 Adc, 18 '" 50 mAde) 

Base-Emitter Voltage 
tic'" 5.0 Adc, VeE'" 3.0 Vdc) 

MJ2500, MJ3000 

MJ2501. MJ30Ql 

(1)Pulse Test: Pulse Width S30D ItS, Dutv Cvcle S2.0%. 

50.000 

a 20.00 

10.000 

~ 5000 
'" .... 
~ 200 a 
'" 
~ 1000 
'-' 
o 500 

;:. 
200 

100 

50 
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5.0 TO 

There are two limitations on the power handling ability of a 
transistor: junction temperature and secondary breakdown. Safe 
operating area curves indicate IC-VCE limits of the transistor that 
must be observed for reliable operation; e.g., the transistor must 
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not be subjected to greater dissipation than the curves indicate. 
At high case temperatures, thermal limitations will reduce the 

power that can be handled to values less than the limitations 
imposed by secondary breakdown. (See AN-415) 
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MJ2801 NPN (SILICON) 

MJ2901 PNP 

COMPLEMENTARY SILICON POWER TRANSISTORS 

. designed for general-purpose amplifier and switching circuit 
applications. 

• Low Collector-Emitter Saturation Voltage -
VCE(sat) = 1.5 Vdc (Max) @ IC = 8.0 Adc 

• DC Current Gain -
hFE = 15 (Min) @ IC = 8.0 Adc 

MAXIMUM RATINGS 

Rating Symbol 

Coliector~Emitter Voltage VCEO 

Collector~Base Voltage VCS 

Emitter·Base Voltage VES 

COllectOT Current - Continuous IC 

Base Current IS 

Total Device Dissipation@Tc-250C Po 
Derate above 25°C 

Value 

40 

50 

7.0 

15 

7.0 

115 
0.651 

Operating and Storage Junction TJ.Tstg -65 to +200 
Temperature Range 

THERMAL CHARACTERISTICS 

Characteristic Symbol Max 

Thermal Resistance,Junction to Case 9JC 1.52 

FIGURE 1 - POWER TEMPERATURE DERATING CURVE 
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Unit 

Vdc 

Vdc 

Vdc 

Adc 

Adc 

Watts 
W/oC 

°c 

Unit 

°C/W 

15 AMPERE 
POWER TRANSISTORS 

COMPLEMENTARY SILICON 

40 VOLTS 
115 WATTS 

CASE 11 
(TO·3) 

Collector Connected to Case 



MJ2801 NPN, MJ2901 PNP (continued) 

ELECTRICAL CHARACTERISTICS (TC = 25°C unless otherwise noted) 

Characteristic Symbol Min Max Unit 

OFF CHARACTERISTICS 

Collector-Emitter Breakdown Voltage(ll BVCEO 40 - Vdc 
(lC = 200 mAdc, IB = 0) 

Collector Cutoff Current ICEX - 5.0 mAdc 
(VCE = 50 Vdc, VEB(off) = 1.5 Vdc) 

Collector Cutoff Current ICBO mAde 
(VCB = 50 Vdc, IE = 0) - 5.0 

(VCB = 50 Vdc, IE = 0, TC = 15o"C) - 10 

Emitter Cutoff Current lEBO - 10 mAdc 
(VEB = 7.0 Vdc, IC = 0) 

ON CHARACTERISTICS 

DC Current Gain(11 
(lC = 8.0 Adc, VCE = 4.0 Vdc) 

hFE 15 60 -

Collector-Emitter Saturation Voltage(l) VCE(satl - 1.5 Vdc 
(lC = 8.0 Adc, IB = 0_8 Adc) 

8ase-Emitter On Voltage(l) VBE(on) - 2.2 Vdc 
(lC = 8.0 Adc, VCE = 4.0 Vdc) 

DYNAMIC CHARACTERISTICS 

Current-Gain-Bandwidth Product 
(lC = 0.4 Adc, VCE = 10 Vdc, f = 1.0 MHz) 

(1)Pulse Test: Pulse WidthS 300 Ils, Duty Cycle $,2.0%. 

FIGURE 2 - ACTIVE-REGION SAFE OPERATING AREA 
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VCE, COLLECTOR-EMITTER VOLTAGE (VOLTS) 
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I" ... 

30 40 

The Safe Operating Area Curves indicate IC-VCE limits below 
which the device will not enter secondary breakdown. Collector 
load lines for specific circuits must fall within the applicable Safe 
Area to avoid causing a catastrophic failure. To insure operation 
below the maximum T J. power-temperature derating must be ob
served 'for both steady state and pulse power conditions. 
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MJ2840 (SILICON) 

MJ2841 

HIGH-POWER NPN SILICON TRANSISTORS 

· .. designed for use in audio amplifier circuits utilizing complementary 
Symmetry. 

• Excellent Safe Operating Area 

• DC Current Gain -
hFE = 20 - l00@ IC = 3.0 Adc (MJ2840) 

= 4.0 Adc (MJ2841) 

• Complement to PNP MJ2940 and MJ2941 

MAXIMUM RATINGS 

Rating Symbol MJ2840 

Collector·Emitter Voltage VCEO 80 

Collector·Sase Voltage VCS 60 

Emitter·Sase Voltage VES 

Collector Current - Continuous IC 

Sase Current IS 

Total Device Dissipation @TC = 25°C Po 
Derate above 25°C 

MJ2841 

80 

80 

4.0 

10 

4.0 

150 
0.85 

Operating and Storage Junction TJ,Tstg -65 to +200 
Temperatura Range 

THERMAL CHARACTERISTICS 

Characteristic 

Thermal Resistance, Junction to Case 

FIGURE 1 - POWER·TEMPERATURE DERATING CURVE 
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Safe Area Limits are indicated by Figure 4. Both limits are applicable and must be obterved. 
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10 AMPERE 
POWER TRANSISTORS 

NPN SILICON 

60-80 VOLTS 
150 WATTS 

CASE 11 
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Collector Connected to Case 



MJ2840,'MJ2841 (continued) 

ELECTRICAL CHARACTERISTIC (Te ~ 250 e unless otherwise noted) 

I Characteristic I Symbol Min Max Unit 

OFF CHARACTERISTICS 

Coliector·Emitter Sustaining Voltage(1) 
(lC = 200 mAde, IB = 0) 

Collector-Base Cutoff Current 
(VCB = Rated VCB, IE = 0) 

(VCB = Rated VCB, IE = 0, TC = lS00 C) 

Base·Emitter Cutoff Current 
(VBE = 4.0 Vdc, IC = 0) 

ON CHARACTERISTICS 

DC Current Gain (1) 
(lC = 50 mAdc, VCE = 10 Vdc) 

(lC = 3.0 Adc, VCE = 2.0 Vdc) 

(lC = 4.0 Adc, VCE = 2.0 Vdc) 

Base-Emitter On VoltageO) 
(lC = 3.0 Adc, VCE = 2.0 Vdc) 

(lc = 4.0 Adc, VCE = 2.0 Vdc) 

DYNAMIC CHARACTERISTICS 

Current·Gain-Bandwidth Product 
(lC = 0.5 Adc, VCE = 10 Vdc, f = 1.0 MHz) 

(HPulse Test: Pulse Width $300 ,",s. Duty Cycle "S.2%, 
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FIGURE 2 - DC CURRENT GAIN 
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FIGURE 4 - ACTlVE·REGION SAFE OPERATING AREA 

10 

;;: 5.0 .. 
5 r-

dc~1.0 ms";5;:.100 p. 

TJ = 2000 C 
-- Secondary Breakdown limited 1\ ~ 2.0 

~ 
,--- --- Thermally Limited TC = 250C 

I~ ~ 1.0 
'" 
~ 0.5 

'" u 

~ 0.2 

o. 1 
1.0 

Curve. Apply Below Rated BVCEO 

MJ2840 1-'" 
MJ2841 r-

2.0 3.0 4.0 5.0 7.0 10 20 30 40 50 70 100 

VCE, COLLECTOR·EMITTER VOLTAGE (VOLTS) 

The Safe Operating Area Curves indicate Ic-VeE limits below 
which the device will not enter secondary breakdown. Collector 
load lines for specific circuits must fall within the applicable Safe 
Area to avoid causing a catastrophic failure. To insure operation 
below the maximum T J, power-temperature derating must be ob· 
served for both steady state and pulse power conditions. 
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MJ2940 (SILICON) 

MJ2941 

HIGH-POWER PNP SILICON TRANSISTORS 

· .. designed for use inaudio amplifier circuits utilizing complementary 
symmetry. 

• Excellent Safe Operating Area 

• DC Current Gain -
hFE = 20 - 100 @ IC = 3.0 Adc (MJ2940) 

= 4.0 Adc (MJ2941) 

• Complement to NPN MJ2840 and MJ2841 

MAXIMUM RATINGS 

Rating Symbol MJ2940 

Collector·Emittar Voltage VCEO 60 

Collector·Base Voltage VCB 60 

Emitter·Base Voltage VEB 

Collector Current - Continuous IC 

Base Current IB 

Total Device Dissipation@TC=250C Po 
Derate above 25°C 

MJ2941 

80 

80 

4.0 

10 

4.0 

150 
0.85 

Operating and Storage Junction TJ.Tstg -65 to +200 
Tamperature Range 

THERMAL CHARACTERISTICS 

Characteristic 

Thermal ResiStance. Junction to Case 

FIGURE 1 - POWER·TEMPERATURE DERATING CURVE 
160 

~ 
140 

!\ 120 
IE 

100 C> 

~ 
~ 80 .. 

60 

I 40 
~ 

................. 
............ 

.............. 
.............. 

............... 
............... 

Unit 

Vdc 

Vdc 

Vdc 

Adc 

Adc 

Watts 
wfOc 

°c 

20 

0 
............... 

o 25 50 75 100 125 150 175 200 

Te. CASE TEMPERATURE lOCI 

Sete Ar. Limits are indicated bV Flour. 4. Both limits .r. applicable and must ba observed. 
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10 AMPERE 
POWER TRANSISTORS 

PNPSILICON 

60-80 VOLTS 
150 WATTS 

rO§~ 

h1.5
50MAib a83 
MAX 0.30 ~ DIAj MAX 

CASE 11 
ITO-3) 

BASE 

Collector Connected to Case 



MJ2940, MJ2941 (continued) 

ELECTRICAL CHARACTERISTIC (TC = 25°C unless otherwise noted) 

I Characteristic Symbol Min Max Unit 

OFF CHARACTERISTICS 

Collector·Emitter Sustaining Voltage ( ,) VCEO(sus) Vde 
(lC = 200 mAde,lB = 0) MJ2940 60 -

MJ2941 80 -
Colleetor·Ba .. Cutoff Current ICBO mAde 

(VCB = Rated VCB, IE = 0) - 0.1 

(VCB = Rated VCB, IE = 0, TC = 1500C) - 3.0 

Emitter·Base Cutoff Current lEBO mAde 
(VBE = 4.0 Vde, Ie = a) - 1.0 

ON CHARACTERISTICS 

DC Current Gain(') hFE -
(lC = 50 mAde, VCE = 10 Vde) Both Types 40 -
(lC = 3.0 Ade, VeE = 2.0 Vde) MJ2940 20 100 

(lc = 4.0 Ade, VeE = 2.0 Vde) MJ2941 20 100 

Base·Emitter On Voltage(') VBE(on) Vde 
(lC = 3.0 Adc, VCE = 2.0 Vde) MJ2940 - 1.3 

(lC = 4.0 Ade, VCE = 3.0 Vde) MJ2941 - 1.4 

DYNAMIC CHARACTERISTICS 

Current·Gain-Bandwidth Product 
(lC = 0.5 Ade, VCE = 10 Vde, f = 1.0 kHz) 

(')Pulle Test: Pul .. Width :$300 "s, Duty CycleS 2%. 

FIGURE 2 - DC CURRENT GAIN FIGURE 3 - "ON" VOLTAGES 

1000 

700 
500 

z 300 « 
to 200 
t-
15 
'" 100 '" :::> 
<.> 70 <.> 
Q 50 

~ 30 

20 

VCP 2.0Vdc 

r-- '--TJ =+17 5°C 

+25 C r---
·55 C 

r::: -

2.4 

5 2.0 
0 
~ 

'" to 1.6 « :; 
0 
> 1.2 z 
0 

>= 
~ O.S :::> 
t-
;;Ii 

~ 0.4 
> 

I I I II I I I 
I TJ=+250C I II I I I 

)---1lF = Ic/la (FORCED AGAIN) VCE! 2.J V~c 
I I 
lA. 
~ 

~ ::;-" ~F = 10 

I--VBE(sat) ~ 

r--VBE 
./ 

I--VCE(sati ~ 
10 

0.01 0.020.03 0.05 0.1 0.2 0.3 0.5 1.0 2.0 3.0 5.0 10 0.1 0.2 0.3 0.5 0.7 1.0 2.0 3.0 5.0 7.0 10 

IC COLLECTOR CURRENT (AMP) IC. COLLECTOR CURRENT (AMPS) 

FIGURE 4 - ACTlVE·REGION SAFE OPERATING AREA 

10 

0 0: 5. 

~ 
~ 2.0 

'" '" ~ 1.0 

'" 
~ 0.5 

8 
~ 0.2 

o. I 

dc~ 1.0ms~100)lS 

1\ 

E TJ = 200°C 
I~ 

~-- Secondary Braakdown Limiled 
r-- --- Thermally Limiled TC = 25°C 
~ ·Curves Apply Selow RetedBVCEO 

MJ2940-;,," 
MJ2941,-t-

1.0 2.0 3.0 4.0 5.0 7.0 10 20 30 40 50 70 100 

VCE, COLLECTOR·EMITIER VOLTAGE (VOLTS) 

The Safe Operating Area Curves indicate le-VCE limits below 
which the device will not enter secondary breakdown. Collector 
load lines for specific circuits must fall within the applicable Safe 
Area to avoid causing a catastrophic failure. To insure operation 
below the maximum T J, power-temperature derating must be ob
seiVed for both stead V state and pulse power conditions. 
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MJ2955 (SILICON) 

PNP SILICON POWER TRANSISTOR 

· .. designed for general-purpose switching and amplifier applications. 

• DC Current Gain -
hFE = 20-70 @ IC = 4.0 Adc 

• COllector-Emitter Saturation Voltage -
VCE(sat) = 1.1 Vdc (Max) @ IC = 4.0 Adc 

• Excellent Safe Operating Area 

• Complement to Motorola's "Epi-Base" Transistor, 2N3055 

MAXIMUM RATINGS 

Ratl"" SVmbol 

Collector-Emitter Voltage VCEO 

Collector-Eminer Voltage VCER 

Collector-Base Voltauo VCB 

Emitter-B .. e Voltage VEa 

Collector Current - Continuous IC 

Base Current la 

Total Device Dissipation Iii> T C = 250 C Po 
Derate above 250 C 

Operating and Storage Junction TJ, Tsts 
Temperature Range 

THERMAL CHARACTERISTICS 

Characteristic 

Thermal Resistance, Ju netio" to Cue 

FIGURE 1 - POWER DERATING 

180 

0 

0 

14 i 120 

~ 10 

o· ~ 8 

~ 
"' 80 

~ 40 

e 
0 

f--i'. 
..... , 

....... 

"" "-

"" 

Value 

60 

70 

100 

7.0 

15 

7.0 

150 
0.86 

-66 to +200 

" " o 
o 25 50 15 100 125 150 175 200 

TC, CASE TEMPERATURE (OCI 
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Unit 

Vdc 

Vdc 

Vdc 

Vdc 

Adc 

Adc 

Watts 
wfOc 
°c 

15 AMPERE 
POWER TRANSISTOR 

PNPSILICON 

60 VOLTS 
150 WATTS 

All JEDEC dim,n,iDn. and n01ll applv 

Collector connectad to u. 

CASE 11 
TO-3 



MJ2955 (continued) 

ELECTRICAL CHARACTERISTICS ITC = 250 C unl ... otherwise noted) 

Characteristic 

OFF CHARACTERISTICS 
Collector-Emitter Sustaining Voltage 11) 

IIc = 200 mAde. IB = 0) 

Collector-Emitter Breakdown Voltage III 
IIc = 200 mAde. RBE = 100 Ohms) 

Collector Cutoff Current 
IVCE = 30 Vdc. IB = 0) 

Collector Cutoff Current 
IVCE = 100 Vdc. VBEloff) = 1.5 Vdc) 
IVCE = 100 Vdc. VBE(off) = 1.5 Vdc. TC = 150oC) 

Emitter Cutoff Current 
(VBE = 7.0 Vdc. IC = 0) 

ON CHARACTERISTICS (1) 

DC Current Gain 
IIc = 4.0 Adc. VCE = 4.0 Vde) 
IIc = 10 Adc. VCE = 4.0 Vdc) 

Collector-Emitter Saturetion Voltage 
lIC = 4.0 Adc. IB = 400 mAde) 
IIc = 10 Ade.IB = 3.3 Adc) 

BaM-Emittar On Voltage 
IIc =.4.0 Ade. VCE = 4.0 Vdc) 

DYNAMIC CHARACTERISTICS 

Current Gain - Bandwidth Product 
IIc = 0.5 Ade. VCE = 10 Vde. f = 1.0 MHz) 

SmaU-Signal Current Gain 
IIc = 1.0 Adc. VCE = 4.0 Vde. f = 1.0 kHz) 

Small-Signal Current Gain Cutoff Frequency 

(VCE = 4.0 Vde. IC = 1_0 Ade. f = 1.0 kHz) 

'Pulse Test: Pulse Wldth:::- 300 " •• Duty Cycle:5" 2.0%. 

FIGURE 2 - SWITCHING TIME TEST CIRCUIT 

+10iJ--J 
0- ----

-10 V--'-=-l 

25,.. 

"' •• ,s10111 
DUTY CYCLE' 1.0l6 

RS 

51 

+4.0 V 

VCC 
-30V 

SCOPE 

SYmbol 

VCEOlsus) 

BVCER 

ICEO 

ICEX 

lEBO 

hFE 

VCE(sat) 

VBElon) 

fT 

hfe 

foe 

1. 0 

O. 5 
...... 

0.2 i' 

; o. 
;:: 

1 

~-

0.0 5 

0.0 2 

1 

Min Max Unit 

60 - Vde 

70 - Vde 

- 0.7 mAde 

mAdc 
- 1.0 
- 6.0 

- 6.0 mAde 

-
20 70 
5.0 -

Vde 
- 1.1 
- 3.0 

- 1.8 Vde 

4.0 - MHz 

15 -- -

10 - kHz 

FIGURE 3 - TURN-oN TIME 

VCC=30V 
Iclis = 10 

........ VSElolf) = 3.0 V 
tt f--r-TJ = 250C 

...... 
I' 

'd 

RS .. d RC VARIED TO OSTAIN DESIRED CURRENT LEVELS 

0, MUST BE FAST RECOVERY TYPE.eg: 
MS05300 USED ABOVE IS"'oo mA 
MSD8100 USED BELOW IB .. 100 mA 

0.0 
0.1 0.2 0.3 0.5 1.0 2.0 3.0 5.0 10 

Ie. COLLECTOR CURRENT (AMP) 
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MJ2955 (continued) 

FIGURE 4 ~ THERMAL RESPONSE 
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EfUl SINGLE P(pk) . . . 
PULSE 

1. r I ~ 9JC(I) = r(tl8JC~ 
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r- 9JC - 1.17 ·CIW Max 

D CURVES APPLY FOR POWER 
PULSE TRAIN SH~~N 1 JL 
READ TIME Attl , " " 

, " T J(pk) - TC • P(pk) 9JCIt) , 
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. I,TIME(ms) 

FIGURE 5·~ ACTlVE·REGION SAFE OPERATING AREA 
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'" 
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10 
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.2 
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0.1 
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TJ = 200·C 

S~co~dary'l!re'kdown Limited -500'~s ...... 
----- Bonding Wire limit 
-'';' -..;.- - - Thermal Limil al TC = 250 C 

dC\ 
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VCE, COLLECTOR·EMITTER VOLTAGE (VOLTS) 

FIGURE II - TURN-DFF TIME 

VCC = 30 V 
Iclla = 10 

lal =la2 
TJ = 250 C -I- - I, 

t- If 

0.2 0.3 0.5 1.0 2.0 3.0 &.0 

Ic,. COLLECTOR CURRENT (AMP) 

,I;!!. 

\ 

60 

10 

There are two limitations on the po ... r handling ability of a 
transistor: average junction temperature and second breakdown. 
Safe operating area curves indicate 'C,VCE limiu of the transistor 
that must be observed for reliable operation; i.e., the transistor 
must not be subjected to greater dissipation thlm the curves indicate, 

The data of Figure 5 is based on TJ(pk) = 200; TC is variable 
depending on conditions. Second breakdoWn pulse IimiU are valid 
for duty cycles to 10% .provided TJ(Pkl""2000C. TJ(pk) may be 
calculated from the data in Figure 4. At hi!#! case temperatures, 
thermal limitations will reduce the power that can be handled to 
values less than the limitations imposed by second breakdown. 
(See AN-4151 
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FIGURE 7 - CAPACITANCE 
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MJ2955 (continued) 
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FIGURE 8 - DC CURRENT GAIN 
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FIGURE 10 - "ON" VOLTAGES 
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FIGURE 12 - COLLECTOR CUTOFF REGION 
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FIGURE 9 - COLLECTOR SATURATION REGION 
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FIGURE 11 - TEMPERATURE COEFFICIENTS 

'APPLIES FOR Ic1I8< "FE/4 

I I 
'8VC for VCE( ... ) V 

25'C', 150°C ~i--'" I--- I) 
-55'C to 25°C 1/ 

: 15'c,~ 150~C V 
8V8 for VBE " j..- ..... 1--' 

UJ. l.-i""" -550C 10 250C 

I II 
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IC. COLLECTOR .CURRENT (AMP) 

FIGURE 13 - EFFECTS OF BASE-EMITTER RESISTANCE 
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I = 10 x ICES 

Ie" 2 x ICES 

IC' ICES 

F (TYPICAL ICES VALUES 
HOBTAINED FROM FIGURE 12) 
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TJ.JUNCTION TEMPERATURE 1°C) 
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MJ3026 (SILICON) 

MJ3027, 

. VERTICAL OUTPUT 
HIGH-VOLTAGE NPN SILICON TRANSISTORS 

... designed for use in class A vertical deflection in television receivers, 
where linear hFE is desired to 250 rnA. Intended for use with high 
supply voltage (80-120 Vdc); ideal for line operated receivers. 

MAXIMUM RATINGS 

Rating 

Collector-Emitter Voltage 

Collector-Emitter Voltage 

Emitter·Sase Voltage 

Collector Current - Continuous 

8~Current 

Total Device Dissipation@Te=250 e· 

Derate above 25°C 

Operating and Storage Junction· 
Temperatur.s Ran~ . 

THERMAl. CHARACTERISTICS 
Characteristic 

Thermal Resistance. Junction to Case 

Symbol 

VeEO 

VeER 

VES 

Ie 

'B 
Po 

TJ,Tstg 

MJ3026 MJ3027 

275 300 

500 700 

5.0 

2.0 

1.0 

80 

0.64 

-55 to +150 

ELECTRICAL CHARACTERISTICS ITe = 250 e unless •• herwi .. noted) 

I . .Cho.......inlc I Symbol 1··Mln I Ma. 

OFF CHARACTERISTICS 

Coliector·Emitter Breakdown Voltage VCEO(susJ 
UC"'O.1Adc • .IS-01 MJ3026 275 

MJ3027 300 

Collector Cutoff Current ICER 
WeE "SOOVdc,RBE - 1.6 k Ohms' MJ3026 200 

(VeE'" 700Vdc. ABE ·1.5kOhmsl M'Jao27 200 

Emltter-S8ill: Leakaga Current lEBO 500 
evES - 5.0V". •. IC - 01 

ON CHARACTERISTICS 

DC Curnnt alin(1) hFE1 25 
,He "'260mAdc. VeE "'5.0Vdc) 

DC Currem,Gain(1) 'hFE2 25 
l'c .. 200mAdc, VCE "'5.0Vdcl 

Gain Lin_ltv hFEllhFE2 0.95 

(1)Pul .. Ten: Pulse Width ~500ps. Duty CVcle ~2.0%. 
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Unit 

Vdc 

Vdc 

Vdc 

Adc 

Adc 

Watts 

Wloe 

°e 

Unit 

Vde 

~Adc 

""de 

2 AMPERES 
POWER TRANSISTORS 

NPN SILICON 

500,700 VOLTS 
80 WATTS 

~ 

K~~;OIA~ ---=:::::jf---l-
1.177 
1.197--

0.440 
if.48O 

0.420 
!mii 

BASE 
EMITTER 

To conl/ert inches to millimeters multiplY by 25.4 

All JEDEC dimensions and notes apply 

Collectorconnactldtocase 

CASE I' 
TO·3 



MJ3026, MJ3027 (continued) 

FIGURE 1 - POWER·TEMPERATURE DERATING CURVE 
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FIGURE 2 - DC CURRENT GAIN 

TJ = llooe 

250C 

VCE = 5.0 Volts 

\ 

"\ 
0.0. 0.1 0.2 0.5 1.0 2.0 

IC. COLLECTOR CURRENT (AMP) 

FIGURE 3 - ACTlVE·REGION DC SAFE OPERATING AREA 

ii: 

10 
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~ 2.0 
I-

0 ~ L 

~ 0.5 
'-' 
a: e 0.2 

~ 0.1 

8 
~ 0.05 

0.02 

0.0 
5.0 
1 

l.~ms Q.5ms 50", 

."'{ "" TJ -150oC 
'1"1 \. 

Secondarv Breakdown limited 
_. - Bonding Wire limit A "\. 
"'I - - - Thermal Limit at Te::: 250C /\ "\ Curves Apply Below Rated VeE a 5.0 ms 

de 
MJ3027 ~ 
MJ3026 -r 

10 20 30 50 100 200 300 500 

VCE. COLL.E.CTOR·EMITTER VOLTAGE (VOLTS) 

There are two limitations on the power handling ability of a 
transistor: average junction temperature and second breakdown. 
Sa.fe operating area curves indicate Ie - VeE limits of the tran
sistor that must be observed for reliable operation; i.e., the transistor 
must not be subjected to gre,ater dissipation than the curves indicate. 

The data of Figure 3 is based onTJ(pk) = 1500 C; TC is variable 
depending on conditions. Second breakdown pulse ~imits are valid 
for duty cycles to 10% provided TJ(pkl '" 150°C. At high case 
temperatures, thermal limitations will reduce the power that can 
be hahdled to values less than the limitations; imposed by second 
breakdown. (See AN·415) . 
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MJ3028 (SILICON) 

VERTICAL OUTPUT 
HIGH-VOLTAGE NPN SILICON TRANSISTOR 

... designed for use in class A vertical deflection circuits where 
linear hFE is desired to 400 mAo Primarily intended for 1100 color 
television receivers. 

MAXIMUM RATINGS 

Rating Symbol Value 

Collector-Emitter Voltage VCEO 300 

Collector..emitter Voltage VCER 700 

Emjtte.r~Base Voltage VES 5.0 

Collector Current - Continuous IC 3.5 

Base Current IS 1.0 

Total Device Di5Sipation@Tc>=2SoC Po 100 

Derate above 2SoC 0.8 
Operating and Storage Junction T J.T stg -55 to +150 

Temperature Range 

THERMAL CHARACTERISTICS 
Characteristic 

Thermal Resistance, Junction to Case 

ELECTRICAL CHARACTERISTICS (TC = 2SoC unless otherwise notedl c= CII_stlc 

OFF CHARACTERISTICS 

Collector-emitter Br88kdown Voltage 
(lc - 0.1 Ado. 18 = 0) 

Collector Cutoff Current 
(VeE"" 700Vdc, ABe"" 1.5 kOhmsJ 

Emitter-Base Leakage Current 
(VES' 5.0 Vdc. Ie = 01 

ON CHARACTERISTICS 

DC Current Gain * 
(Ie = 0.3 Adc. Vee = 5.0 Vdo) 

DC Current G.ln 
(Ie = 0.4 Ado. VeE' 5.0 Vdcl 

Gain Linearity 

Symbol 

VCEO(sus) 

leeR 

lEBO 

hFE'· 

hFE2 

hFE2 "FE 1 

"Pu'" Test: Pul .. Width ~ 600 ps. Duty Cycle'$ 2.0". 

Min Ma. 

300 

200 

ow 

25 -

30 

0.95 

Unit 

Vdc 

Vdc 

Vdc 

Adc 

Adc 

Watts 

W/oC 

°c 

Unit 

Vdc 

/JAde 

/JAde 

-

-

3.5 AMPERES 
POWER TRANSISTOR 

NPN SILICON 

700 VOLTS 
100 WATTS 

1.050 
MAX 

t MAX ' 

0.135 OIA 
MAX ------,L--1-~--

L-C::::='==~~::::::J--r 
! 

~OIA-"'V ____ ="+_+-
0.440 
0.480 

0.420 om 
@----~~-;B;:A·tE 

EMITTER 

To convert inches to millimeters multiply bV 25.4 

All JEDEC dimensions and nores apply 

Collector connected to case 

CASE 11 
TO-3 



MJ3028 (continued) 
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FIGURE 1 - POWER-TEMPERATURE DERATING 
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There are two limitations on the power handling ability of a 
transistor: average junction temperature and second breakdown. 
Safe operating area curves indicate Ie - VeE limits of the tran
sistor that must be observed for reliable operation; i.e., the transistor 
must not be subjected to greater dissipation than the curves indicate. 

The data of Figure 3 is based on T Jlpkl = 150°C; TC is variable 
depending on conditions. Second breakdown pulse limits are valid 
for duty cycles to 10% provided TJlpkl6' 150°C, At high case 
temperatures, thermal limitations will reduce the power that can 
be handled to values less. than the limitations imposed by second 
breakdown. ISee AN-4151 
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MJ3029 (SILICON) 

MJ3030 

NPN SILICON HIGH-VOLTAGE TRANSISTORS 

. designed for TV horizontal and vertical deflection amplifier 
circuits. 

• High Collector·e:mitter Sustaining Voltage -
VCEO(sus) = 250 Vdc (Min) MJ3029 

325 Vdc (Min) MJ3030 

• Fast Fall Time in Horizontal Deflection-
tf = 1.0 Ils (Max) @VCC = 80 Vdc - MJ3030 

• Excellent Gain Linearity for Vertical Deflectio'l -
hfe@0.4Adc;hfe@0.3Adc=0.95(Min)- MJ3029 

MAXIMUM RATINGS 

Rating Symbol MJ3029 MJ3030 

Collector-Emitter Voltage V€:EO 250 325 

Collector-Emitter Voltage VeER 500 -
Collector-Emitter Voltage VeEX - 700 

Emitter-~ase Voltage VEa 5.0 

Collector Current - Continuous Ie 5.0 

Base Current la 1.0 

Total Device Dissipation@Tc:::25OC Po 125 
Derate above 25°C 1.0 

Operating and Storage Junction TJ.Tstg -65 to +150 
Temperature Range 

THERMAL CHARACTERISTICS 

Characteristic I Symbol I Max I 
Thermal Resistance. Junction to Case I 8Je I 1.0 I 

FIGURE 1 - POWER-TEMPERATURE DERATING eURVE 

125 I'\.. 
"'\ 
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TC. CASE TEMPERATURE IOC) 
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Unit 

Vdc 

Vdc 

Vdc 

Vdc 

Adc 

Adc 

Watts 
wloe 
°e 

Unit 

°CIW 

5 AMpERE 
POWER TRANSISTORS 

NPN SILICON 
250-325 VOLTS 

125 WATTS 

Of hl.550MAI1 
0.83 
MAX 0.30 

~~ t DlA j MAX 

0.44 
0.48 

EMITIER 

0.420 
0.440 

BASE 

Collector Connected to Case 
CASE 11 

TO·3 

To convert inches to I"lillimeters mUltiply by 25.4. 



MJ3029, MJ3030 (continued) 

ELECTRICAL CHARACTERISTICS (Te = 250 C unless otherwise noted) 

., 

" to ... 
z 
w 
rr: 
rr: 
:::> 
'-' 
'-' c 
w 
u. 
~ 

100 
70 
50 

30 

20 

10 

7.0 
5.0 

3.0 

2.0 

1.0 
0.1 0.2 

Characteristic 

OFF CHARACTERISTICS 

Collector-Emitter Sustaining Voltage(1) 
IIC=O.1 Adc, '8 =0) 

Collector Cutoff Current 
(VeE = 500 Vdc, Aae = 1.5 k Ohmsl 

Collector" Cutoff Current 
(VeE = 700 Vdc, VEB{offl = 1.5 Vdc) 

ON CHARACTERISTICS 

DC Current Gain 
(Ie = 0.3 Adc, VeE = 5.0 Vdc)(11 

(Ie" 0.4 Adc, VeE = 5.0 Vdc){11 

Gain Linearity 

Coliector·Emitter Saturation Voltage 
(I C '" 3.0 Adc, I B = 0.8 Adc) 

SWITCHING CHARACTERISTICS 

Fall Time 
(VCC=80Vdc,IC=3.0Adc,IS1 = O.BAde) Figure3 

(1)Pulw Test: Pulse Width S 300 IJS, Duty evel. ~2.0%. 

FIGURE 2 - DC CURRENT GAIN 

VeE = 2.0 V 

" TJ=1000~ "\ 1'\.2s1c 

1"\ 

0.3 0.5 0.7 1.0 2.0 3.0 5.0 7.0 10 
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FIGURE 3 - TEST FOR FALL TIME 

OUTPUT WAVEFORM 
ON SCOPE 

-::-

BOVl ru-
j ~f measured from 10% to 90% 

*HP 212A: Set for 10 ~wide pulses at 2000 pulses per sec. 
(500 .. interv.I,). Adjust for 181 = O.B A. 

~:as~u~~~~~~;~~:°'M~~;~~ ~~o:'~~~~~~Th~ijl. 

FIGURE 4 - ACTIVE REGION SAFE OPERATING AREA 
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" TJ'1500C de 1.0m,'\. 

--- Sacandiry Breakdown Limited~ 
_ _ Bonding Wire limited 

~~h,rmal Limitation 81 TC = 25DC 
. Cune, Apply Below R.tad VCEO 

MJ3029 
I I II MJ3030 

~. 

t± 

There are two limitations on the power handling ability of a 
transistor: average junction temperature and second breakdown. 
Sefe operating area curves indicate IC - VCE limits of the tran· 
sistor that must be observed for rei jable operation; i.e., the transistor 
must not be subjected to greater dissipation than the curves indicate. 

The data of Figure 4 is based onTJ(pk) = 1500 C; TC is variable 
depending on conditions. Second breakdown pulse limits are valid 
for duty cycles to 10% provided TJ(pk) ~ lSOoC. At high case 
temperatures, thermal limitations will reduce the power that can 
be handled to values less than the limitations imposed ·by second 
breakdown. 

10 20 30 50 70 100 200 325 500 700 1000 

VCE. COLLECTOR·EMITIER VOLTAGE (VOLTS) 
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MJ3201 (SILICON) 

MJ3202 

t?~a 
CASE 80 

(TO-66) 

Collector connected to case 

High-voltage NPN silicon transistors designed for 
use in line-operated equipment such as audio output 
amplifiers; low-current, high-voltage converters; and 
ac line relays. 

MAXIMUM RATINGS 

Rating Symbol MJ3201 MJ3202 Unit 

Collector-Emitter Voltage VCEO 225 300 Vdc 

Collector-Base Voltage VCB 225 300 Vdc 

Emitter-Base Voltage VEB 3.0 Vdc 

Collector Current-Continuous Ie 100 mAdc 

Total Device Dissipation @ T C = 25°C PD 15 Watts 
Derate above 25°C 0.1 WloC 

Operating and Storage Junction TJ,Tstg -65 to + 175 °c 
Temperature Range 

THERMAL CHARACTERISTICS 

. Characteristic Symbol Max Unit 

Thermal Resistance, Junction to Case BJC 10 °clw 

ELECTRICAL CHARACTERISTICS (Tc = 25°C unless otherwise noted) 

Characteristic Symbol Min Max Unit 

OFF CHARACTERISTICS 

Collector-Emitter Breakdown Voltage 11) BVCEO Vdc 
(IC = 1.0 mAdc, IB = 0) MJ3201 225 

MJ3202 300 -
Collector Cutoff Current IeBO mAdc 

(V CB = 225 Vdc, IE =0) MJ3201 - 0.1 
(VCB = 300 Vdc, IE = 0) MJ3202 - 0.1 

Emitter Cutoff Current lEBO mAdc 
(VBE = 3.0 Vdc, IC = 0) - 0.1 

ON CHARACTERISTICS 

.DC Current Gain 11) hFE 
(IC = 50 mAdc, VCE = 10 Vdc) 30 200 

Collector-Emitter Saturation Voltage III VCE(sat) Vdc 
(Ie = 50 mAdc, IB = 5.0 mAdc) - 5.0 

Base-Emitter On Voltage 11) VSE(on) Vdc 
(Ie = 50 mAdc, VCE = 10 Vdc) - 1.0 

DYNAMIC CHARACTERISTICS 

Current-Gain - Bandwidth Product 
(Ie = 50 mAdc, VCE = 10 Vdc, f = 10 MHz) 

II, Pulse Test: PW S 300 jiS, Duty Cycle S 2% 
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MJ3201, MJ3202 (continued) 

FIGURE 1 - DC CURRENT GAIN 
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MJ3430 (SILICON) 

HIGH VO.LTAGE NPN SILICON TRANSISTOR 

.. de.signfl{l for use in high·vo!tage iiwerters, converters, switching 
regulators ~~d ·line operated amplifiers. 

•. High Coliector·Emitter Voltage - VCEX = 400 Vdc 

•. Excellent DC Current Gain -
hFE = 10 (Min) @ IC·= 3.5 Adc 

• Low Collector· Emitter SaturationVoltage

VCE(sat) = 0.9 Vdc (Max) @ IC = 2.5 Adc 

MAXIMUM RATINGS 

Rating Symbol 

Collector-Emitter Voltage VCEO 

Collector-Base Voltage VCB 

Emitter-Base Voltage VEB 

Collector Current - Co:ntinuou.~ IC 

Base Current IB 

T atal Device Dissipation @TC = 25.PC PD 
Derate above 25°C 

Operating Jun~tion Temp~rature Range TJ 

~torage T emper~ture R~nge ' Tstg 

THERMAL CHAR~CTERrSTICS 

Charact~ristic 
Thermal Resistance; Junction tg Case 

Value 

300 

400 

5.0 

5.0 

2.0 

125 
1.0 

-65 to +150 

-65 to +200 

ELECTRICAL CHARACTERISTICS ITC = 250 C unless otherwise noted!. 

CharaCteristic 

OFF CHARACTERIST·ICS : 
tollector-Emitter Sustaining Voltage 

(lc = 100 mAde, 18 =0)· 

Collector Cutoff Current 
(VCE = 300 Vde, IB = 01 

Collector Cutoff Current 
IVCE = 400 Vde, 

VEB(off! = 1.5 Vde) 

IVCE = 400 Vde, 

VEBloff) = 1.5 Vde, TC = 125°C) 

Ert'itter Cutoff Curr~.nt 
(VBE = 5.0 Vde, Ii: = 0) 

ON CHARACTE RISTICS 

b~ Current Gain , 
IIC = 2.5 Ade, VCE = 5.0 Vde) 

IIc = 3.5 Ade, liCE = 5.0 Vd~) 

·1· Symbol 

VCEOlsus! 

ICED 

ICEX 

lEBO 

Col1ecto'r~E'mitter Saturation Voltage VCE(satl 
IIC b 2:5 Ade,IB = 0.5 Ade) 

Base-E""i~ter Sat.~ration Voltage VBE(sat) 
IIC? 2:5.i'-dc~ IB = 0.5Adc) 

DYNAMIC CHARACTERISTICS 

Currer1t-Gain-Band~idth 'Product 
(lC? 0.2 Ade, VeE = 10 Vde) 

Min" 

300 

-

-

-
-

15 

10 

Max 

-

2.5 

1.0 

5.0 

2.0 

0.9 

1.5 

Unit 

Vde 

Vde 

Vde 

Ade 

Ade 

. Watts 
WloC 

°c 

°c 

Unit 

Vde 

mAde 

mAde 

mAde 

Vde 

Vde 
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5.0 AMPERE 

POWER TRANSISTOR 
NPN SILICON 

300 VOLTS 
125 WATTS 

. ·.0 .. c· o· 1.~50 OJJ 

h' ,:~u~MAX 0.83 0250 

~r.- t ~~: j oToo 

1.177 
r.m 

0.440 
0.480 

0.420 
[44lj 

BASE 
EMITTER 

To convert inches to millimeters multiply by 25.4 

All JEDEC dimensions and notes apply 

Collector connected to case 

CASE 11 
TO.J 



MJ3430 (continued) 

FIGURE 1 - ACTIVE-REGION SAFE OPERATING AREA 
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FIGURE 2 - DC CURRENT GAIN 
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FIGURE 4-SUSTAINING VOLTAGE TEST LOAD LINE., 
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There are two limitations on the power handling abifity of a 
transistor: average junction temperature and second breakdown. 
Safe operating area CUNes indicate Ie-VeE limits of the transistor 
that must be observed for reliable operation; i.e., the transistor must 
not be subjected to greater dissipation than the curves indicate. 

The data of Figure 1 i. based on TJ(pk) = 150°C; TC i. 
variable depending on conditions. Second breakdown pulse limits 
are valid for dutv evel •• to 10% provided T J(pk) 150°C. At high 
case temperatures, thermal limitations will reduce the power that 
can be handled to values less than the limitations imposed by second 
breakdown. (See AN-415) 
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FIGURE 3 - "ON" VOLTAGES 
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MJ3771,MJ3772 (SILICON) 
For Specifications, See 2N377 I , Volume I. 
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MJ4000, MJ4001 NPN (SILICON) 

MJ4010, MJ4011 PNP 

MEDIUM-POWER COMPLEMENTARY 
SILICON TRANSISTORS 

for use as output devices in complementary general purpose 
amplifier app'lications. 

• High DC Current Gain - hFE ~ 2500 (Typ) @ IC ~ 1.5 Adc 

• Monolithic Construction 

MAXIMUM RATINGS 

Rating Symbol 
MJ4000 MJ4001 
MJ4010 MJ4011 

Collector-Emitter Voltage VCEO 60 80 
Collector-Base Voltage VCS 60 80 
Emitter-Base Voltage VES 5.0 

Collector Current IC 4.0 

Base Current IS 0.05 

Total Device Dissipation@,Tc = 25°C PD 75 

Derate above 25° C 0.428 

Operating and Storage Junction TJ,Tstg -55 to +200 

Temperature Range 

THERMAL CHARACTERISTICS 

Characteristic 

Thermal Resistance, Junction to Case 

FIGURE 1 - POWER·TEMPERATURE DERATING CURVE 
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Unit 

Vdc 

Vdc 

Vdc 

Adc 

Adc 

Watts 

W/oC 

°c 

4,0 AMPERE 

DARLINGTON 
POWER TRANSISTORS 

COMPLEMENTARY SILICON 

60-80 VOLTS 
75 WATTS 

O·oD~.J, h ~J ( 
I.SSO MAX-------------1 0.83 . I 

MAX 0.30 

0ML to,,~~ 

'1003901' 0,043 

1.117 
1197 

~~::: OIA' 

TO-J 

CASe 11 

Collector connected to case 

D.44 
@ 

To convert inches to millimeters multiply 

by 25.4. All JEDEC TO·3 dimensions and 
notes apply. 



MJ4000, MJ4001 NPN/MJ4010, MJ4011 PNP(continued) 

~ 
~ 
>-

~ 
'" => 
'-' 

'" 0 

~ 
0 
'-' 

:3 

ELECTRICAL CHARACTERISTICS (T 
Characteristic 

OFF CHARACTERISTICS 

Coileetor·Emitter Breakdown Voltage(l) BVCEO Vdc 
(lC = SO mAde, IB = 0) MJ4000, MJ4010 60 -

MJ4001, MJ4011 80 -

Collector Cutoff Current ICBO mAde 
(VCB = 60 Vde, 'E = 0) MJ4000, MJ4010 - 0.20 

(VCB = 80 Vde, IE = 0) MJ4001, MJ4011 - 0.20 

(VC8 = 60 Vde,IE = 0, TC = 150°C) MJ4000, MJ4010 - 2.0 
(VC8 = 80 Vdc, IE = 0, TC = IS0oC) MJ4001, MJ4011 2.0 

Emitter Cutoff Current 'EBO - 2.0 mAde 
(VBE = S.O Vde, IC = 0) 

Collector-Emitter Leakage Current ICEO I'Adc 
(VCE = 30 Vdc, 18 = 0) MJ4000, MJ4010 - 500 
(VCE = 40 Vde, IB = 0) MJ4001, MJ4011 - SOO 

ON CHARACTERISTICS 

DC Current Gain(1) hFE 1000 - -
(lc = I.S Ade, VCE = 3.0 Vde) 

Collector-Emitter Saturation Voltage(1) VCE(sat) - 2.0 Vdc 
(lC = I.S Ade, IB = 6.0 mAde) 

Base·Emitter Voltage(l) V8E 2.S Vde 
(lC = I.S Ade, VCE = 3.0 Vde) 

(1)Pulse Test: Pulse Width ~300 J.l.s, Dutv Cycle ;5;2.0%. 

FIGURE 2 - DC SAFE OPERATING AREA 
5.0 
4.0 
3.0 .... 
2.0 

1.0 
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~ 
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0.1 --- BONDING WIRE LIMITATION 

0.05 
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70 100 

There are, two limitations on the power handling ability of a 
transistor~ average junction temperature and secondary breakdown. 
Safe operating area curves indicate Ie-VeE limits of the transistQf 
that must be observed for reliable operation; e.g., the transistor 
must not be subjected to greater dissipation than the curves indicate. 

At high case temperatures, thermal limitations· will reduce the 
power that can be handled to values less than the limitations im
posed by secondary breakdown. (See AN·41S) 

FIGURE 3 - DARLINGTON CIRCUIT SCHEMATIC 
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MJ4030, MJ4031,MJ4032 PNP (SILlC~N) 
MJ4033, MJ4034, MJ4035 NPN 

MEDIUM-POWER COMPLEMENTARY 
SILICON TRANSISTORS 

... for use as output devices in complementary general purpose 
amplifier applications. 

• High DC Current Gain - hFE = 3500 (Typ) @ IC = 10 Adc 

• Monolithic Construction with Built·ln Base·Emitter 
Shunt Resistor 

MAXIMUM RATINGS 

Rating Svmbol MJ4030 MJ4031 
MJ4033 MJ4034 

Collector-Emitter Voltage VCEO 60 80 

Collector·8ase Voltage VC8 60 80 

Emitter-Base Voltage VE8 5.0 

Collector Current IC 16 

Base Current 18 0.5 

Total Device Dissipation@TC=250C Po 150 
Derate above 25°C 0.857 

Operating and Storage Junction TJ,Tstg -55 to +200 
Temperature Rang'e 

THERMAL CHARACTERISTICS 

Characteristic Symbol Max 

Thermal Resistance, Junction to Case I 8JC I 1.17 

MJ4032 
MJ4035 

100 

100 

1 
1 

FIGURE 1-DARLINGTON CIRCUIT SCHEMATIC 
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MJ4030 thru MJ4035 (continued) 

ELECTRICAL CHARACTERISTICS ITc '" 2SoC unless otherwise noted I 

I Characteristic I 
OFF CHARACTERISTICS 

Collector·Emitter Breakdown Voltage( 1) 
(Ie'" 100 mAde, 18 = 0) MJ40JO. MJ4033 

MJ4031. MJ4034 
MJ4032, MJ4035 

Collector Emitter Leakage Current 
(Vee = 6OVdc, RBe = 1.0kohml MJ4Q30, MJ4033 

tVca =80Vdc, RBe '" 1.0k ohm) MJ4031, MJ4034 

(Vee = 100Vdc, RBe = 1.0 kohm", MJ4032, MJ4035 

(Vca =60 Vdc. RBe = 1.0kohm, TC = 1S00Cl MJ4030, MJ4033 

(Vce =80Vdc, RBe = 1.0kohm, TC = 1500 CI MJ4031, MJ4034 

(Vce = 100Vdc. RBe = 1.0kohm, TC = 150°C) MJ4032, MJ4035 

Emitter Cutoff Current 

tVSE = 5.0 Vdc, Ie '" 0) 

Collector·Emitter Leakage Current 
tVeE = 30 Vde, 18 = 01 

(VeE = 40 Vde, 18 = 0) 

(VeE = 50 Vde,IB = 01 

ON CHARACTERISTICSttl 

DC Current Gain 
flC = 10 Ade, VCE = 3.0 Vdel 

Coliector·Emitter Saturation Voltage 
flC = 10 Ade, 18 = 40 mAdel 

(Ie = 16 Ade, 18 = 80 mAde) 

Base-Emitter Voltage 
(lc = 10 Ade, VCE = 3.0 Vde) 

MJ4030, MJ4033 

MJ4Q31, MJ4034 

MJ4032, MJ4035 

(1lPulse Ten: Pulse Width:'!: 300 /JoS. DutV Cycle S;2.0%. 
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There are two limitations on the power handling ability of a 
transistor: average junction temperature and secondary breakdown. 
Safe operating area curves indicate IC-VCE limits of the transistor 
that must be observed for reliable operation; e.g., the transistor 
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must not be subjected to greater dissipation than the curves indicate. 
At high case temperatures, thermal limitations will reduce the 

power that can be handled to values less than the limitations im· 
posed by secondary breakdown. (See AN-415) 
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MJ4502 (SILICON) 

HIGH·POWER PNP SILICON TRANSISTOR 

· .. for use as an output device in complementary audio amplifiers 
to 100-Watts music power per channel. 

• High DC Current Gain - hFE = 25-100@ IC = 7.5 A 

• Excellent Safe Operating Area 

• Complement to the NPN MJ802 

MAXIMUM RATINGS 

Rating Symbol Value Unit 

Collector-Emitter Voltage VCER 100 Vdc 

Collector-Base Voltage VCB 100 Vdc 

Collector-Emitter Voltage VCEO 90 Vdc 

Emitter-Base Voltage VEe 4.0 Vdc 

Collector Current Ie 30 Adc 

Base Current IB 7.5 Adc 

Total OWice Oissipation@Tc = 25°C Po 200 Watts 
Derate above 25°C 1.14 W/oC 

Operating and Storage Junction TJ, Tstg -65 to +200 °c 
Temparature Range 

THERMAL CHARACTERISTICS 

Characteristic 

Thermal Resistance. Junction to Case 

FIGURE 1 - POWER-TEMPERATURE DERATING CURVE 
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MJ4502 (continued) 

ELECTRICAL CHARACTERISTICS ITe" 250 e unless oth_ise notedl 

Characteristic Symbol Min Max Unit 

OFF CHARACTERISTICS 

Coliector·Emitter Breakdown Voltage 111 BVCER 100 - Vdc 
(lC = 200 mAdc, RBE = 100 Ohms) 

Collector-Emitter Sustaining Voltage 111 
BVCEO(sus) 90 Vdc -

(lC = 200 mAdc) 

Collector-Base Cutoff Current ICBO mAde 
(VCB = 100 Vdc, IE = 0) - 1.0 
(VCB = 100 Vdc, IE = 0, TC = 150oC) - 5.0 

Emitter~Base Cutoff Current lEBO - 1.0 mAde 
(VBE = 4.0 Vdc, IC = 0) 

ON CHARACTERISTICS III 

DC Current Gain hFE 25 100 -
(lC = 7.5 Adc, VCE = 2.0 Vdc) 

8ase~Emitter "On" Voltage* VBE(on) - 1.3 Vdc 
(lC = 7.5 Adc, VCE = 2.0 Vdc) 

Collector-Eminer Saturation Voltage* VCE(sat) - O.B Vdc 
(lC = 7.5 Adc, IR = 0.75 Adc) 

Base-Emitter Saturation Voltage* VBE(sat) - 1.3 Vdc 
(lC = 7.5 Adc, IB = 0.75 Adc) 

DYNAMIC CHARACTERISTICS 

Current Gain - Bandwidth Product 
(lC = 1.0 Adc, VCE = 10 Vdc, f = 1.0 MHz) 

UI Pulse Test: Pulse WidthS 300 Ils, Duty Cycle ~2.0%. 

FIGURE 2 - DC CURRENT GAIN FIGURE 3 - "ON" VOLTAGES 
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The Safe Operating Area Curves indicate Ie - VeE limits below 
which the device will not enter secondary braakdown. Collector 
cad lin" for Specific eircuib must fall within the applicable Safe 
Area to avoill causing 8 catastrophic failure. To insure operation 
below the maximum T J. power-temperature derating must be ob
served for both steady state and pulse power conditions. 

100 



MJ4645 (SILICON) 

MJ4646 
MJ4647 

PNP SILICON POWER TRANSISTORS 

designed for high-voltage amplifier and saturated switching 
applications at collector currents to one Ampere_ Ideally suited for 
applications of dc-to-dc converters, relay and hammer drivers, motor 
controls, and servo and pulse amplifiers_ High-voltage ratings permit 
direct-line operation_ 

• Low Collector-Emitter Saturation Voltage -
VCE(sat) = < 1_5 Vdc (Max) @ IC = 500 mAdc 

• High Collector-Emitter Breakdown Voltage -
BVCEO = 200, 300 and 400 Vdc (Min) 

• DC Current Gain Specified - 10 mAdc to 500 mAde 

MAXIMUM RATINGS 

Rating Symbol MJ4645 MJ4646 

Collector-Emitter Voltage VCEO 200 300 

Collector-Ba .. Voltaga Vca 200 300 

Emitter-Ba .. Voltaga VEB 5.0 

Collector Current Continuous Ie 1.0 

Total Devica Dissipation @TC = 250 e Po 5.0 

Derate above 250 e 28.6 

MJ4647 

400 

400 

Operating and Storage Junction TJ,Tstg - -65 to +200 -
Temperature Range 

THERMAL CHARACTERISTICS 

Characteristic I Symbol I 
Thermal Resistance, Junction to Case I 6JC I 

FIGURE 1 - POWER DERATING 
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Unit 

Vde 

Vde 

Vde 

Ade 

Watts 

mWf'e 

°e 

Unit 

°CM 
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MJ4645, MJ4646, MJ4647 (continued) 

ELECTRICAL CHARACTERISTICS ITA = 25°C unless otherwise noted) 

I Characteristic I Symbol Min Typ Max Unit 

OFF CHARACTERISTICS 

Collector·Emitter Breakdown Voltage (1) BVCEO Vde 
(lC: 10 mAde, IB: 0) MJ4645 200 - -

MJ4646 300 - -
MJ4647 400 - -

Collector· Base Breakdown Voltage BVCBO Vde 
(Ie: 100 "Ade, IE: 0) MJ4645 200 - -

MJ4646 300 - -
MJ4647 400 - -

Emitter·Base Breakdown Voltage BVEBO 5.0 - - Vde 
(IE: 100 "Ade, IC : 0) 

Collector Cutoff Current ICEX - - 10 "Ade 
(VCE : 200 Vde, VBE(off) : 0.5 Vde) 

ON CHARACTERISTICS 

De Current Gain hFE -
(Ie: 10 mAde, VCE: 10Vde) 20 - -

(Ie: 100 mAde, VCE: 10 Vde)(I) 25 - -

(Ie: 500 mAde, VCE: 10 Vde) (1) 20 - -
Collector·Emitter Saturation Voltage VCE(sad Vde 
(Ie: 500 mAde, IB: 100 mAde) MJ4645 - 0.5 1.0 

MJ4646 - 0.6 1.2 
MJ4647 - 0.75 1.5 

DYNAMIC CHARACTERISTICS 

Current·Gain-Bandwidth Product fT MHz 
(lC: 70 mAde, VCE : 20 Vde, f: 20 MHz) MJ4645, MJ4646 40 - -

MJ4647 30 - -

Output Capacitance Cob pF 
(VeB : 20 Vde, IE : 0, f: 100 kHz) 

MJ4645 - - SO 
MJ4646, MJ4647 - - 60 

SWITCHING CHARACTERISTICS 

Delay Time (Vec: 100 Vdc, Ie: 500 mAde, Id - - 100 ns 

Rise Time IBI : 50 mAde) tr 100 ns 

Storage Time (VCC: 100 Vde, IC: 500 mAde, 
"- ts - - 600 ns 

Fall Time IBI : IB2: 50 mAde) tf - - 120 ns 

(1) Pulsa Test: Pulse Width ~ 300 lIs, Duty Cvcle ~ 2.0%. 

ACTIVE-REGION SAFE OPERATING AREA 
FIGURE 2 - MJ4645, MJ4646, MJ4647 

-TJ- 2000 C 
\ 

0.2 '""=~~~ti!;;L;;;;ii~+tm~\=IS;=h~m t-- Secondary Breakdown Limited 
0.1 ~: -Bonding Wire Limited 

0.05 ~;hermBI Limitations@lTc-250C 
I--Single Pulse 

==~= MJMJ46464456$-~:l~ ";t:t:W~ 0.02 I--Curves Apply 
I--Below Rated VCEO MJ4647 

0.005 E 

There are two limitations on the power handling ability of a 
transistor: average junction temperature and second breakdown. 
Safe operating area curves indicate IC - VCE limits of the 
transistor that must be observed for reliable operation; i.e., the 
transistor must not be subjected to greater dissipation than the 
curves indicate. 

The data of Figure 2 is based on T J(pk) = 2000C; TC is 
variable depending on conditions. Sacond breakdown pulse limits 
are valid for duty cycles to 10% provided T J(pk) ..;; 2000C. At 
high case temperatures, thermal limitations will reduce the power 
that can be handled to values less than the limitations imposed 
by second breakdown. (See AN·415) 

0.01 ~~§~~il~~~~II~~~M~~' 
1.0 2.0 5.0 10 20 50 100 200 500 1000 

VCE. COLLECTOR·EMITTER VOLTAGE (VOLTS) 
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MJ6700 (SILICON) 

MJ6701 

MEDIUM-POWER PNP SILICON TRANSISTORS 

· .. designed for switching and wide-band arnplifier applications. 

• Low Collector· Emitter Saturation Voltage - VCE(sat) = 1.2 Vdc 
(Max) @ IC = 7.0 Adc 

• DC.Current Gain Specified to 5 Amperes 

• Excellent Safe Operating Area 

• Packaged in the Compact, High Dissipation TO-59 Case 

• Isolated Collector Configuration - 700 V Breakdown 

MAXIMUM RATINGS 

Rating Symbol MJ6700 MJ6701 

Collector-Emitter Voltage VCEO 60 80 

Collector-Base Voltage VCB 60 80 

Emitter-Base Voltage VEB 5.0 

Collector Current - Continuous IC 7.0 

88~ Currant Ie 1.0 

Total Device Dissipation @ T C = 250 C Po 60 
Derate above 250C 343 

Operating and Storage Junction 
Temperature Range TJ, Tstg -tl5 to +200 

THERMAL CHARACtERISTICS 

Thermal Resistance~ Junction to Ca. 

FIGURE 1 - POWER-TEMPERATURE OERATING CURVE 
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MJ6700, MJ6701 (continued) 

ELECTRICAL CHARACTERISTICS (Te = 250 e unless otherwise noted) 

Characteristic Symbol Min Max Unit 

OFF CHARACTERISTICS 

Collector-Emitter Sustaining Voltage (1) SVCEO(sus) Vdc 
(lc = 50 mAde, IS = Q) 60 MJ6700 

MJ6701 

Collector Cutoff eu rrent ICEO 
(VCE: 55 Vde, IS: 0) MJ6700 
(VCE = 75 Vdc, IS = 0) MJ6701 

Collector Cutoff Current ICEX 
(VCE : 55 Vde, VSE(off) = 1.5 Vdc) MJ6700 
(VCE: 75 Vde,VSE(off) : 1.5 Vde) MJ6701 
(VCE: 55 Vde, VSE(off): 1.5 Vde, TC = 1500 C) MJ6700 
(VCE: 75 Vde, VSE(off): 1.5 Vde, TC = 1500 C) MJ6701 

Collector Cutoff Current ICSO 
(VCS: Rated VCS, IE : 0) 

Emitter Cutoff Current IESO 
(VER : 5.0 Vde, Ie : 0) 

ON CHARACTERISTICS 111 

DC Current Gain hFE 
(lC: 500 mAde, VCE: 2.0 Vde) 
(lC: 2.0 Ade, VCE : 2.0 Vdc) 
(lc: 5.0 Ade, VCE : 2.0 Vde) 

Collector-Emitter Saturation Voltage VCE(sat) 
(lC: 2.0 Ade, IS: 0.2 Adc) 
(lC: 7.0 Ade, IS: 0.7 Ade) 

Base-Emitter Saturation Voltage VSE(sat) 
(lC: 2.0 Adc, IS: 0.2 Ade) 
(IC: 7.0 Ade, IS: 0.7 Ade) 

DYNAMIC CHARACTERISTICS 

Current-Gain-Bandwidth Product fT 
(lC: 500 mAde, VCE : 10 Vde, f: 10 MHz) 

Output Capacitance Cob 
(VCS: 10 Vde, IE: 0, f: 100 kHz) 

Input Capacitance Cib 
(VSE: 2.0 Vde, IC : 0, f: 100 kHz) 

SWITCHING CHARACTERISTICS 

" Delay Time (VCC: 40 Vde, VSE(off) : 4.0 Vde, ~ 

Rise Time IC: 2.0 Ade, IS1 = 200 mAde) tr 

Storage Time (VCC: 40 Vde, IC: 2.0 Adc, to 
Fall Time IS1 : IS2: 200 mAde) tf 

IU Pulse Test: Pulse Width = 300",5, Duty Cycle = 2.0% 

FIGURE 2 - ACTIVE-REGION SAFE OPERATING AREA 
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The Safe Operating Area Curves 
indicate IC-VCE limits below 
which the device will not enter 
secondary breakdown. Collec· 
tor load lines for specific circuits 
must fall within the applicable 
Safe Area to avoid causing a 
catastrophic failure. To insure 
operation below the maximum 
T J, power-temperature derating 
must be observed for both steady 
state and pulse power conditions. 
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MJ7000 (SILICON) 

HIGH-POWER NPN SILICON TRANSISTOR 

... designed for use in industrial power amplifier and switching 
circuits applications. 

• High DC Current Gain -
hFE ~ 20-100@IC= WAde 

• High Coliector·Emitter Sustaining Voltage -
VCEO(sus) = 100 Vdc (Min) @ IC = 100 mAdc 

• Low Coliector·Emitter Saturation Voltage -
VCE(sat) = 1.7 Vdc (Max) @ IC = 30 Adc 

MAXIMUM RATINGS 

Rating Symbol 

Collector-Emitter Voltage VCEO 
Coliector·Base Voltage VCB 
Emittor·Ba .. Voltage VEB 
Collector Currant - Continuous IC 

Base Current - Continuous IB 
Total Oevice Dissipation@TC=250C Po 

Oorato above 25°C 

Value 

100 

100 

7.0 

30 

10 

150 
0.855 

Operating and Storage Junction TJ.Tstg -65 to +200 
Temperature Range 

THERMAL CHARACTERISTICS 

Characteristic 

Thermal Resistance, Junction to Case 

FIGURE 1 - POWER·TEMPERATURE DERATING CURVE 
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Unit 

Vdc 

Vdc 

Vdc 

Adc 

Adc 

Watts 
wl"c 

°c 
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POWER TRANSISTOR 
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1. Emitter 
2. B ... 
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MJ7000 (continued) 

ELECTRICAL CHARACTERISTICS (TC; 250 C unless otherwise noted) 

Characteristic Symbol Min Max Unit 

OFF CHARACTERISTICS 

Collector-Emitter Sustaining Voltage (11 VCEO(sus) 100 - Vdc 
(lc; 100 mAdc,.IB; 0) 

Collector-Emitter Cutoff Current ICEO - 10 "Adc 
(VCE = 50 Vdc, IB = 0) 

Collector-Emitter Cutoff Current ICEX - 5_0 "Adc 
(VCE = 90 Vdc, VEB(off) = 1.5 Vdc) 

Collector-Base Cutoff Current ICBO - 5_0 "Adc 
(VCB = 100 Vdc, IE = 0) 

Emitter-Base Cutoff Current lEBO - 5_0 "Adc 
(VBE = 7.0 Vdc, IC = 0) 

ON CHARACTERISTICS 111 

DC Current Gain hFE -

(lC = 1.0 Adc, VCE = 4.0 Vdc) 20 -
(lC = 10 Adc, VCE = 4_0 Vdc) 20 100 

(lC = 30 Adc, VCE = 4.0 Vdc) 10 -

Collector-Emitter Saturation Voltage VCE(satl Vdc 

(lC = 10 Adc, IB = 1.0 Adc) - 1.0 

(lC = 30 Adc, IB = 4_0 Adc) - 1.7 

Base-Emitter Saturation Voltage VBE(sat) Vdc 
(lC = 10 Adc, IB = 1_0 Adc) - 1.7 

(lC = 30 Adc, I B = 4.0 Adc) - 2.25 

Base-Emitter On Voltage VBE(on) - 1.5 Vdc 
(lC = 10 Adc, VCE = 4.0 Vdc) 

DYNAMIC CHARACTERISTICS 

Current-Gain-Bandwidth Product fT 30 - MHz 
(lC = 1.0 Adc, VCE = 5.0 Vdc, f = 20 MHz) 

Output Capacitance Cob - 600 pF 

(VCB = 10 Vdc, IE = 0, f = 100 kHz) 

111 Pulse Test: Pulse Width" 300 "., Duty Cycle'" 2.0%_ 
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MJ7200 (SILICON) 

MJ7201 

HIGH-POWER NPN SILICON TRANSISTORS 

· .. designed for use in high reliability power amplifier and switching 
circuits applications. 

• High DC Current Gain -
hFE = 20-100@IC=20Adc 

• High Collector-Emitter Sustaining Voltage -
vCEO(sus) = 100 Vdc (Min) @ IC =.200 mAdc - MJ7201 

• Low Collector-Emitter Saturation Voltage -
VCE(sat) = 1.5 Vdc (Max) @ IC = 40Adc 

• High Current·Gain-Bandwidth Product -
for = 20 MHz (Min) @IC = 0.7 Adc 

MAXIMUM RATINGS 

Rating Symbol MJ7200 MJ7201 

Collector-Emitter Voltage VCEO 80 100 
Coliector·Base Voltage VCB 100 120 

Emitter-Base Voltage VEB 6.0 

Collector Current - Continuous IC 60 
Peak 90 

Base Current - Continuous IB 20 

Total Device Dissipation @ T C = 25°C Po 300 
Derate above 250C 1.72 

Operating and Storage Junction TJ.Tstg -65 to +200 
Temperatura Range 

THERMAL CHARACTERISTICS 

Thermal Resistance, Junction to case 

FIGURE 1 - ACTIVE-REGION SAFE OPERATING AREA 
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The Safe Operating Area Curves indicate IC-VCE limits below 
which the device will not enter secondary braakdown. Collector 
load lines for specific circuits must fall within the applicable Safe 
Area to avoid causing a catastrophic failure. To insure operation 
below the maximum T J. power-temperature derating must be ob
served for both steady state and pul. power oonditions. 
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MJ7200, MJ7201 (continued) 

ELECTRICAL CHARACTERISTICS (TC = 25°C unless otherwise noted) 

Characteristic Symbol Min Max Unit 

OFF CHARACTERISTICS 

Collector-Emitter Sustaining Voltage 'I II VCEO(sus) Vdc 
(lc = 100 mAde,lB = 0) MJ7200 80 -

MJ7201 100 -
Collector-Emitter Cutoff Current ICEX 

(VCE = SO Vde, VEB(off) = 1.5Vde) MJ7200 - 100 "Ade 

(VCE = 100 Vde, VEB(off) = 1.5 Vdc) MJ7201 - 100 

(VCE = 80 Vdc, VEB(off) = 1.5 Vdc, TC = 1500C) MJ7200 - 2.0 mAdc 

(VCE = 100 Vdc, VEB(off) = 1.5 Vdc, TC = lSOoC) MJ7201 - 2.0 

Collector-Base Cutoff Current ICBO "Adc 
(VCB = 100 Vdc, IE = 0) MJ7200 - 100 

(VCB = 120 Vdc, IE = 0) MJ7201 - 100 

Emitter-Base Cutoff Current lEBO - 1.0 mAdc 
(VBE = 6.0 Vdc, I C = 0) 

Collector-Emitter Cutoff Current ICEO mAde 
(VCE = SO Vdc, IB = 0) MJ7200 - 1.0 

(VCE = 100 Vdc,IB = 0) MJ7201 - 1.0 

ON CHARACTERISTICS 111 

OC Current Gain hFE -
(lC = 5.0 Adc, VCE = 5.0 Vdc) 15 -
(lC = 20 Adc, VCE = 5.0 Vdc) 20 100 

(lC = 40 Adc, VCE = 5.0 Vdc) 12 75 

(lC = 60 Adc, VCE = 5.0 Vdc) 10 -
Collector-Emitter Saturetion Voltage VCE(sat) Vdc 

(lC = 20 Adc,IB = 2.0 Adc) - 1.0 

(lC = 40 Adc,IB = 4.0 Adc) - 1.5 

(lC = 60 Adc, IB = 8.0 Adc) - 2.5 

Base-Emitter Saturation Voltage VBE(sat) - 2.5 Vdc 

(lC = 40 Adc, IB = 4.0 Adc), 

Base-Emitter On Voltage VBE(on) Vdc 

(lC = 20 Adc, VCE = 5.0 Vdc) - 1.6 

(lc = 60 Adc, VCE = 5.0 Vdc) - 3.2 

DYNAMIC CHARACTERISTICS 

Current-Gain-Bandwidth Product fT 20 - MHz 

(lC = 0.7 Adc, VCE = 10 Vdc, f = 10 MHz) 

Output Capacitance Cob - 1200 pF 

(IE = 0, VCB = 10 Vdc, f = 100 kHz) 

111 Pulse Test: Pulse Width ';:;300 "S, Duty Cvcle S; 2.0%. 
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MJ 81 00 (SILICON) 

MJ8101 

MEDIUM-POWER PNP SILICON TRANSISTORS 

. designed for switching and wide band amplifier applications. 

• Low Collector-Emitter Saturation Voltage -
VCE(sat) = 1.2 Vdc (Max) @ IC = 5.0 Amp 

• DC Current Gain Specified to 5 Amperes 

• Excellent Safe Operating Area 

• Packaged in the Compact TO-39 Case for Critical Space-Limited 
Applications. 

MAXIMUM RATINGS 

Rating Symbol MJ8100 MJ8101 

Collector-Emitter Voltage VCEO 60 BO 

Coliector·Base Voltage VCS 60 BO 

Emitter-Base Voltage VEB 5.0 

Collector Current - Continuous Ie 5.0 

Base Current IS 1.0 

Unit 

Vdc 

Vdc 

Vdc 

Adc 

Ado 

Total Device Dissipation @TC= 250C Po 10 Watts 
Derate above 25°C 57.2 

Operating and Storage Ju netion TJ.T.tg -65 to +200 
Temperature Range 

THERMAL CHARACTERISTICS 

Characteristic 

Thermal Resistance, Junction to Case 

FIGURE 1 - POWER-TEMPERATURE DERATING CURVE 
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Safe Area CUNes are indicated by Figure 2. AlilimiU are applicable Bnd must be observed. 
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MJ8100, MJ8101 (continued) 

ELECTRICAL CHARACTERISTICS (TC = 25°C unless otherwise noted) 

Characteristic Symbol Min Max Unit 

OFF CHARACTERISTICS 

Collector-Emitter Sustaining Voltage (1J aVCEO(sus) Vde 

(lc = 50 mAde, la = 0) MJal00 60 -

MJal0l ao -

Collector Cutoff Current ICEO "Ade 

(VCE = 55 Vde, la = 0) MJal00 - 100 

(VCE = 75 Vde, IB = 0) MJal0l - 100 

Collector Cutoff Current ICEX ",Ade 
(VCE = 55 Vde, VaE(off) = 1,5 Vdel MJal00 - 10 

(VCE = 75 Vde, VaE(off) = 1.5 Vde) MJal01 - 10 

(VCE = 55 Vde, VBE(off) = 1.5 Vde, TC = 15o"CI MJal00 - 1.0 mAde 

(VCE = 75 Vde, VBE(off) = 1.5 Vde, TC = 15o"CI MJal01 - 1.0 

Collector Cutoff Current Icao ",Ade 

(Vca = Rated Vca, IE = 0) - 10 

Emitter Cutoff Current lEBO ",Ade 

(VBE = 5.0 Vde, IC = 0) - 100 

ON CHARACTERISTICS III 

DC Current Gain hFE -
IIC = 500 mAde, VCE = 2.0 Vde) 25 -
(lC = 2.0 Ade, VCE = 2.0 Vdc) 25 laO 

(lc = 5.0 Adc, VCE = 2.0 Vde) 15 -

Coliector·Emitter Saturation Voltage VCE(satl Vdc 

(lC = 2.0 Adc. la = 0.2 Ade) - 0.7 

(lC = 5.0 Adc. IB = 0.5 Adc) - 1.2 

a ..... Emitter Saturation Voltage VaE(satl Vdc 

(lC = 2.0 Adc. la = 0.2 Adc) - 1.2 

(lC = 5.0 Adc. IB = 0.5 Ade) - 1.8 

DYNAMIC CHARACTERISTICS 

Current-Gain - aandwidth Product fT MHz 

(lC = 0.5 Adc. VCE = 10 Vdc. f = 10 MHz) 30 -

Output Capacitance Cob pF 

(Vca = 10 Vdc.IE = O. f = 100 kHz) - 300 

Input Capacitance Cib pF 

(VaE = 2.0 Vdc. IC = O. f = 100 kHz) - 1250 

SWITCHING CHARACTERISTICS 

Delay Time (VCC = 40 Vdc. VaE (off) = 4,0 Vdc. td - 100 ns 

Rise Time IC = 2.0 Adc, IBI = 0.2 Ade) tr - 100 ns 

Storage Time (VCC = 40 Vdc. IC = 2.0 Adc. ts - 1.0 ",s 

Fall Time lal = la2= 0.2 Adc) If - 150 ns 

(11 Pulse T .. t: Pulse Width ~ 300 ",S. Duty Cycle !: 2.0% 

FIGURE 2 - ACTlVE·REGION SAFE OPERATING AREA FIGURE 3 - SWITCHING TIME TEST CIRCUIT 

10~~!!lill'1fl~I!Ii~Ij!1!1!l!!J;lIi 
~ ~~ 

if 5.0ms 
~ 2.0 ... 
~ 1.0 1.0ms 

B 0.5 t-- TJ = 2000C de 

~ 0.2 t--' Secondary Breakdown limited 
ti r- - Bonding Wire Limited 
j 0.1 ~---- .Therm~1 Limitations 

8 0.05 t=FR=t.!!.c~ 25°C 
:2 . Applicable For Rated BVCEO 0.02 i PulSe biiiy··CYcie·" 1 0% 

0.01 
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VeE, COLlECTOR-EMITIER VOLTAGE (VOLTS) 

The Safe Operating Area Curves 
indicate IC-VCE limits below 
which the device will not enter 
secondary breakdown. Collec
tor load lines for specific circuits 
must fall within the applicable 
Safe Area to avoid causing a 
catastrophic failure. To insure 
operation below the maximum 
T J. power-temperature derating 
must be observed for both steady 
state and pulse power conditions. 
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MJ8400 (SILICON) 

HIGH·VOLTAGE NPN SILICON TRANSISTOR 

· .. designed for single unit use in horizontal deflection output circu its 
for line operated color television receivers that use a solid'state 
rectifier. 

• High BreakdownVoltage - VCES = 1400 Vdc 

• Fast Fall Time - tf = 1.1 /.Ls (Max) @ IC = 3.0 Adc 

• Low Collector - Emitter Saturation Voltage -
VCE(sat) = 2.0 Vdc@ IC = 3.0 Adc 

MAXIMUM RATINGS 

Rating Svmbol 

Coliector·Emitter Voltage VeEO 

Coliector·Emitter Voltage VeEs 

Emitter·Base Voltage VEB 

Colla<.-tor Current - Continuoul Ie 

Total Device Oissipation@Te=250 e Po 
Dereta above 250 e 

Valua 

600 

1400 

5.0 

4.0 

125 

1.0 

Operating and Storage Junction TJ.Tstg -55 to +150 
Temparature Range 

THERMAL CHARACTERISTICS 

CharllCtariatic 

Thermal Resistance. Junction to Caaa 

ELECTRICAL CHARACTERISTICS ITC· 25°C unless otherwise noted) 

I -=- ISv-1 Min I Max 

OFF CHARACTERISTICS 
Collector-Emltter Breakdown Vol ... f t} BVceo 600 -

IIC' 100 mAde.IB ·01 

Emltter-B ... Breakdown Vol ... BVEBO 5.0 -
lie· 1.0 mAde.IC· 01 

Collector Leakage Cumnt leeo - 1.0 ' 

IVee - 600 Vdc. IB - 0) 

CoUector Cutoff Current lees - 1.0 

IVCE = 1400 Vdc. VEa • 0) 

s cs ON CHARACTEfl' TI 

ICoIIector-Emlttw Setumion Vol .. I Vee .... ) I - I "2.0 

IIC=3.0Adc.la =I.oAdc), 

SWITCHING CHARACTERI~ICS 

IFall Time (Figure 3. :)1 'f I - I 1.1 

(Vee· aoVdc.IC· 3.0Adc.IB1 '" 1.0Adc) 

Cll PutieTen: Pul_Wldth:!!:IOO,... Duty Cyc"C2.09f0. 
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MJ8400 (continued) 

FIGURE 1 - ACTIVE·REGION DC SAFE OPERATING AREA 
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The Safe Operating Area Curves indicate Ie-VeE limits ~elow 
which the device will not enter secondary breakdown. Collector 
toad lines for specific circuits must fall within the applicable Safe 
Area to avoid causing a catastrophic failure. To insure operation 
below the maximum T J. power-temperature derating must be ob
served for both steady state and pulse power conditions. 

Transistors should be used with receivers employing solid-state 
high-voltage rectifiers - as rectifier arcs may destroy the units. 

'Use of a pulse limiter is also highly recommended. 

FIGURE 2 - TEST CIRCUIT FOR FALL TIME 

111 to HP 212A 

T 

50 

27 

B3V II 
OUTPUT WAVEFORM ON SCOPE 

.~ rlL,~ ~L '090% 

«1J HP 212A: Set for 10 ps wide PU~18I at 2000 pulses per sac. (500 Pos Intervals). Adjust for IB1 = 1.0 A. 
Bias: Adjust to 1.6 V on a VTVM across the 2000 Pot. 

T: Pulse Transformer: Motorola Part No. 25D68782A01. 
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MJ9000 (SILICON) 

HIGH-VOLTAGE NPN SILICON TRANSISTOR 

· .. designed for single unit use in color horizontal deflection output 
circuits in television receivers. 

• High Collector· Emitter Voltage - VCES = 100 Vdc 

• Fast Fall Time - tf = 1.1 jlS (Max) @ IC = 6.0 Adc 

MAXIMUM RATINGS 

Rating Symbol Value 

Coliector·Emitter Voltage VCEO 325 

Collector-Emitter Voltage VCES 700 

Emitter-ease Voltage VEe 5.0 

Collector Current - Continuous IC 10 

Total Device Dissipation @I T C = 25°C Po 125 

Derate above 25°C 1.0 

Operating and Storage Junction TJ,Tstg -55 to +150 
Temperature Range 

THERMAL CHARACTERISTICS 

Characteristic 

Thermal Resistance, Junction to Case 

ELECTRICAL CHARACTERISTICS (TC = 250 C unless otherwise noted) 

I _No Symbol M;n 

OFF CHARACTERISTICS 

Collactor-Emitter Breakdown VoltagIJ (1) 

IIC' O.t Adc.I.· 01 

Collector Cutoff Current 

(Va = 700 Vdc, VEa' 01 

ON CHARACTERISTICS 

CoIIector-Emitter s.turetion VoitIge 

(Ie" 6.0Adc.IB s 1.6 Adc) 

SWITCHING CHARACTERISTICS 

Fan Time (See Figure 3) 

(Vee .. aoYdc.IC'" a.OAde,IS1 "'.BAde) 

BVceo 

Ices 

t1)'Pul .. T_t: Pul .. Wldth:5:'600"... Duty Cyde S 2.0"-

325 

-

-
'.0 
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Unit 

Vdc 

Vde 

Vdc 

Ade 

Watts 

wfJc 

°c 

Unit 

Vdc 

mAd. 

10 AMPERE 
POWER TRANSISTOR 

NPN SILICON 

700 VOLTS 
126 WATTS 

COllector Connected to Case 

CASE 11 

TO-3 



MJ9000 (continued) 

FIGURE 1 - ACTIVE·REGION DC SAFE OPERATING AREA 
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The Safe Operating Area Curves indicate Ie-VeE limits below 

which the device will not enter secondary breakdown. Collector 
load lines for specific circuits must fall within the applicable Safe 
Area to avoid causing a catastrophic failure. To insure operation 
below the maximum T J. power-temperature derating must be ob· 
served for both steady state and pulse power conditions. 

5.0 7.0 10 20 30 50 70 100 200 300 600 

VCE. COLLECTOR·EMITTER VOLTAGE (VOLTS) 

FIGURE 2 - TEST CIRCUIT FOR FALL TIME 

150jlF 

f1) to HP 212 A 

T 

II 92V 

50 

OUTPUT WAVEFORM ON SCOPE 

-=-"1nu 
~ L tt moosured from 10% 

to 90% 

(1) HP 212A: Set for 10 "'. wid. pul_ at 2000 pulus per sec. (500'". Intervals), Adjust for IB1 ... 1.6 A. 
Bt .. : AdJuttto 1.5 V on I VTVM acroutha 2000 Pot. 
T: Pulse Transformer: Motorola Part No. 26D68782A01. 
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MJ E10 5 (SILICON) 

MJE105K 

MEDIUM-POWER PNP SILICON TRANSISTORS 

... for use as an output device in complementary audio amplifiers 
up to 20-Watts music power per channel. 

• High DC Current Gain - hFE = 25-100@ IC = 2.0 A 

• Thermopad High-Efficiency Compact Package 

• Complementary to NPN MJE205, MJE205K 

• Choice of Packages - MJE 1 05 - Case 90 
MJE105K - Case 199 

MAXIMUM RATINGS 

Rating Symbol 

Collector-Emitter Voltage VCEO 
Collector-Base Voltage VCB 

Emitter·Base Voltage VEB 

Collector Current 'C 
Base Current 'B 
Total Device Dissipation @ T C = 25°C Po(1) 

Derate above 2SoC 

Operating and Storage Junction 
Temperature Range 

TJ,Tstg 

THERMAL CHARACTERISTICS 

Characteristic 

Thermal Resistance, Junction to Case 

Value 

50 

50 

4.0 

5.0 

2.5 

65 
0.522 

-55 to +150. 

Unit 

Vde 

Vde 

Vde 

Ade 

Ade 

Watts 
WloC 

°c 

(1) Safe Area Curvesaf. indicated by Figure 1. Both limits are applicable and must beobserved. 

ELECTRICAL CHARACTERISTICS (T C = 25°C unless otherwise noted) 

Characteristic symbol I Min I Max 

OFF CHARACTERISTICS 

Coliector·Emitter Breakdown Voltage (2) 
(lC = 100 mAde, 'B = 0) 

Collector Cutoff Current 
(VCB = 50 Vde, 'E = 0) 
(VCB = 50 Vdc, 'E = 0, T = lsoCC) 

Emitter Cutoff Current 
(VBE = 4.0 Vdc, IC = 0) 

ON CHARACTERISTICS 

OC Current Gain 
(lC =2.0 Ade, VCE C 2.0 Vdc) 

B_·Emitter Voltage 
(lc = 2.0 Ade, VCE = 2.0 Vdcl 

(2) Pul .. Test: Pul .. Width ';;300 "I, Duty Cyel • .;; 2.0%. 

BVCEO 
50 

'CBO 
0.1 
2.0 

'EBO 
1.0 

hFE 
25 100 

VBE 
1.2 
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Unit 

Vde 

mAde 

mAde 

Vdc 

5 AMPERE 
POWER TRANSISTORS 

PNPSILICON 

CASE 90·05 
MJEt05 

STYLE 2 
PIN I. EMITTER 

2 COLLECTOR 
3 BASE 

50 VOLTS 
65 WATTS 
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om 

SJ~OIA THRU 
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MJE105, MJE105K (continued) 
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FIGURE 1 - ACTIVE-REGION SAFE OPERATING AREA 
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FIGURE 2 - "ON" VOLTAGES 
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There are two limitations on the power handling ability of a 
transistor; average junction temperature and second breakdown. 
Safe operating area curves indicate Ie' VeE limits of the transistor 
that must be observed for reliable operation; i.e., the transistor must 
not be subjected to greater dissipation than the curves indicate. 

The dala of Figure 1 is based on T Jlpk) = 1500 C; TC is variable 
depending on conditions. Second breakdown pulse limits are valid 
for duly cycles to 10% provided T Jlpk) S;1500C. AI high case 
temperatures, thermal limitations will reduce the power that can be 
handled to values less than the limitations imposed by second 
breakdown. ISee AN·415) 
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MJ E205 (SILICON) 

MJE205K 

MEDIUM-POWER NPN SILICON TRANSISTORS 

... for use as an output device in complementary audio amplifiers· 
up to 20·Watts music power per channel. 

- High DC Current Gain ~ hFE = 25·100@IC=2.0A 
-Thermopad .High~Efficiency Compact Package 

-Complementary to PNP MJE 105, MJE105K 

- Choice of Packages - MJE205-Case 90 
MJE205K·Case 199 

MAXIMUM RATINGS 

Rating 

Collector-Emitter Voltage 

Collector-Base Voltage 

Emitter-Base Voltage 

Collector Current 

Base Current 

Total Device Dissipation@Tc-2SoC 
Derate above 25°C 

Operating and Storage Junction 
Temperature Range 

THERMAL CHARACTE RISTICS 

Characteristic 

I Thermal Resistance, Junction to Case 

Symbol 

VCEO 

VCB 

Symbol 

Value 

50 

50 

4.0 

5.0 

2.5 

65 
0.522 

-55 to +150 

Max 

1.92 

Unit 

Vde 
Vde 

Vde 
Ade 
Ade 

Watts 
w~C 

Unit 

5 AMPERE 
POWER TRANSISTORS 

ea.90-Q5 
MJE205 

STYLE 2 
PIN 1. EMITTER 

Z.COLlECTOR 
3.IIiASE 

NPN SILICON 

50 VOLTS 
65 WATTS 

tSafe A.rea Curves are indicated bV Figure 1. Both limits are applicable and must pe ob~rved, '-------------------' 

ELECTRICAL CHARACTERISTICS (TC = 250 C unless otherwise noted I 

I Characteristic I Symbol I Min I Max I Unit I 
OFF CHARACTERISTICS 

Collector-Emitter Breakdown Voltaget. BVCEO* Vdc 
IIc = 100 mAde, IB = 01 50 -

Collector Cutoff Current ICBO mAde 
IVCB - 50 Vde,IE - 01 - 0.1 
IVCB =50Vde,IE =0, TC=1500CI - 2.0 

Emitter Cutoff Current lEBO mAde 
IVBE = 4.0 Vde, IC = 01 - 1.0 

ON CHARACTERISTICS 

DC Current Gain hFE 
(IC ~ 2.0 Ade, VCE = 2.0 Vdel 25 100 

Base·Emitter Voltage VBE Vde 
(lc = 2.0 Ade, VCE = 2.0 Vdel - 1.2 

:t:Pulse Test: Pulse Width ~300 ,",S, Duty Cycl~~2.0%. 
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MJE205, MJE205K (continued) 
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Note 1: 

There are two limitations on the power handling ability of a 
transistor; average junction temperature and second breakdown. 
Safe operating area curves indicate Ie - VeE limits of the transistor 
that must be observed for reliable operation; i.e., the transistor must 
not be subjected to greater dissjpa~ion than the curves indicate. 

The data of Figure 1 is based on T J(pk) -= 150°C; Te, is variable 
depending on conditions. Second breakdown pulse limIts are valid 
for duty cycles to 10% provided T J(pk) ~150oC. At high case 
temperatures, thermal limitations will reduce the power that can be 
handled to values less than the limitations imposed by second 
breakdown. (See AN-415) 
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MJ E340 (SILICON) 

MJE340K 

PLASTIC MEDIUM POWER NPN 
SILICON TRANSISTOR 

· .. designed for power output stages for television, radio, phonograph 
and other consumer produ.ct applications. 

• Suitable for Transformerless. Line-Operated Equipment 

• Thermopad Construction Provides High Power Dissipation Rating 
for High Reliability 

• Choice of Packages - MJE340 - Case 77 
MJE340K - Case 199 

MAXIMUM RATINGS 

Rating Symbol Value 

Collector-Emitter Voltage VCEO 300 

Emitter-Base V~ltage VEa 3.0 

Collector Current -. Continuous IC 500 

MJE340 I MJE340K 
Total Device Dissipation @TC = 2SoC Po 20.8 I 30 

Derate above 25°C 0.167 0.24 

Operating and Storage Junction TJ. Tstg -65 to +150 
Temperature Range 

THERMAL CHARACTERiSTICS 

Characteristic 

Thermal Resistance, Junction to Case 

Unit 

Vde 

Vdc 

mAde 

Watts 
W/oC 

°c 

ELECTRICAL CHARACTERISTICS (TC = 250 C unless otherwise noted I 

I Characteristic I Symbo~ I Min I Max I Unit 

OFF CHARACTERISTICS 

Collector-Emitter Sustaining Voltage VCEO(sus) 300 Vde 
lIc = 1.0 mAde, la = 0) 

Collector Cutoff Current I cao /lAde 
(Vca = 300 Vde, IE = 0) 

Emitter Cutoff Current IE ao TOO /lAde 
(VEa =.3.0 Vde, IC ~ 0) 

ON CHARACTERISTICS 

DC Current Gain 
(lC = 50 mAde, VCE = 10 Vde) 
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NPN SILICON 

300 VOLTS 
20.8 and 30 WATTS 

0015 
iml 

MJE340 

~ 

-+ 
~ 0020 0595 

f026 ml 

~-----.l 
jl~LO.09l T p PIN 1. EMITTER -J 0·015 2. COLLECTOR . I ~-Ol5 3. BASE 

12 , .. pr~m 

'FT 
lO 

TVP 

CASE 77-03 



MJE340, MJE340K (continued) 
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There are two limitations on the power handling ability of a transistor: average junction temp.erature and second breakdown. Safe operating 
area curves indicate IC·VCE limits of the transistor that must be observed for reliable operation; i.e .• the transistor must not be subjected 
to greater dissipation than the curves indicate. 

The data of Figures 3 and 4 is based on T JJpk) = 150oC; TC is variable depending on conditions. Second breakdown pulse limits are valid 
for duty cycles to 10% provided T J(pk) :S 150 C. At high case temperatures. thermal limitations will reduce the power that can be handled to 
values less than the limitations imposed by second breakdown. (Seee AN-415) 
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MJE341 MJE341K(SILICON) 
MJE344 MJE344K 

PLASTIC NPN SILICON 
MEDIUM-POWER TRANSISTORS 

· .. designed for power output stages in television, radio; phonograph 
and other consumer product a.pplications. . 

• Recommended for .1.5 W Class A Output in Transformer Coupled, 
Line·Operated Equipment - MJE341 

• Ideal for Audio Output Circuitry in Black and White Television 
Receivers - MJE344 

• Choice of Packages - MJE341, MJE344 "'- Case 77 
MJE341K, MJE344K - Case 199 

MAXIMUM RATINGS 

MJE341 MJE344 
Rating Symbol MJE341K MJE344K 

Collector-Emitter Voltage VCEO 150 200 

Coliector·Base Voltage VCB 175 200 

Emitter-Base Voltage "VEB 3.0 5.0 

Collector Current - Continuous IC .----.:- 500-
Base Current IB "_250_ 

MJE341 MJE341K 
MJE344 MJE344K 

Total Oeviee Dissipation@Tc=250C Po 20.8 30 
Derate above "25°C' 0.167 0.24 

Operating and Storage Junction TJ.T stg _-65 to +150 __ 

Temperature Range 

THERMAL CHARACTERISTICS 

MJE341 MJE341K 
Characteristic Symbol MJE344 MJE344K 

Thermal Resistance. Junction to Case 6JC 6.0 4.167 

FIGURE 1 - ACTIVE·REGION SAFE OPERATING AREA 
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that mu~t ,be observed for reliatlle operation; i.a., the transistor 
must nOt be subjected to greate,r diSsipition than the curves indicate. 

The data of Figure 1 is based on TJlpk) = 15O"C; TC is 
... iabl. depending on COnditions. Second breakdown pul .. limits 
are valid for duty cycles to 10% provided TJlpk) <; 150°C. At 
high ea .. tamper.tures, thermal limitations will reduce the power 
that can ba handled to values I .. than the limitations imposed by 
second breakdown.(S .. AN0415) 
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Unit 

Vde 

Vde 

Vde 

mAde 

mAde 

Watts 
W/oC 

°c 

Unit 

°C/W 

0.5 AMPERE 
POWER TRANSISTORS 
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MJE341, MJE341 K, MJE344, MJE344K (continued) 

ELECTRICAL CHARACTERISTICS (TC = 25°C unless otherwise noted) 

Characteristic Svmbol Min Max Unit 

OFF CHARACTERISTICS 

Coliector·Emitter Sustaining Voltatie VCEO(sus) Vde 

(lC = 1.0 mAde,lB = 01 MJE341,K 150 -
MJE344,K 200 -

Collector Cutoff Current ICEO mAde 

(VCE = 150 Vde, IB = 0) MJE341,K - 1.0 

(VCE = 200 Vde, I B = 0) MJE344,K - 1.0 

Collector Cutoff Current ICBO mAde 
(VCB = 175 Vde, IE = 0) MJE341,K - 0.3 

(VCB = 200 Vdc, IE = 0) MJE344,K - 0.1 

Emitter Cutoff Current lEBO mAde 
(VEB = 3.0 Vde, IC = 0) MJE341,K - 0.1 

(VEB = 5.0 Vde, IC = 0) MJE344,K - 0.1 

ON CHARACTERISTICS 

DC Current Gain hFE -

(lC = 10 mAde, VCE = 10 Vde) MJE341,K 20 -
(lC = 50 mAde, VCE = 10 Vde) MJE341,K 25 200 

MJE344,K 30 300 

(lC = 150 mAde, VCE = 10 Vde) MJE341,K 20 -

Collector-Emitter Saturation Voltage VCE(setl Vde 
(lC = 50 mAde, IS = 5.0 mAde) All Types - 1.0 

(lC = 150 mAde, IS = 15 mAde) MJE341,K - 2.3 

Ba .... Emitter On Voltage VSE(on) - 1.0 Vde 
(lC = 50 mAde, VCE = 10 Vile) 

DYNAMIC CHARACTERISTICS 

Current·Gain-Sandwidth Product IT 15 - MHz 
(lC = 50 mAde, VCE = 25 Vde, f = 10 MHz) 

Output Capacitance Cob - 15 pF 
(VCS = 20 Vde, IE = 0, f = 100 kHz) 

Small.signal Current Gain hfe 25 - -
(lC = 50 mAde, VCE = 10 Vde, f = 1.0 kHz) 

FIGURE 2 - DC CURRENT GAIN FIGURE 3 - "ON" VOLTAGES 
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MJ E370 (SILICON) 

MJE370K 
MJE3370 

PLASTIC MEDIUM-POWER PNP 
SILICON TRANSISTORS 

· .. designed for use in general·purpose amplifiers and switching 
circuits. Recommended for use in 5 to 10 Watt audio amplifiers uti· 
lizing complementary symmetry circuitry. 

• DC Current Gain - hFE '" 25 (Min) @ IC = 1.0 Adc 

• MJE370, MJE370K and MJE3370 are COmplementary with NPN 
MJE520, MJE520K and MJE3520 

• Choice of Packages - MJE370, 25 W - Case 77 no·C·B), 
MJE3370, 25 W - Case 77 (B·C·EI 
MJE370K, 40 W - Case 199 

MAXIMUM RATINGS 

Rati'!i.. SYmbol Value 

Collector-Emitter Voltage Vceo 30 

Coliector·Base Voltage Vca 30 

Emitter-Base Voltage VeB 4.0 

Collector Current - Continuous IC 3.0 

- Peak 7.0 

Base Current - Continuous IB 2.0 

, :}EE:7~ I MJE31~K . 
Total Device Dissipation @TC= 25°C 25 I 40 

oerate above 2SoC 0.2 0.32 

Operating and Storage Junction 
Temperature Range 

TJ, Tstg -65 to +150 

THERMAL CHARACTERISTICS 

Characteristic 

Thermal Resistance, Junction to Case 

Unit 

Vdc 

Vdc 

Vde 

Adc 

Adc 

Watts 
W/oC 

°c 

ELECTRICAL CHARACTERISTICS (TC = 250 C unless otherwise noted) 

Characteristic Svmbol Min Max I Unit 

OFF CHARACTERISTICS 

ColiectOr·Emitter sustaining Voilage (1) VCEO(sus) 30 - Vde 
(lC = 100 mAde, 18 = 01 

Coliector·Base Cutoff Curront ICBO - 100 "Adc 
(VCB· 30 Ydc, IE· 01 

Emitter·Bose Cutoff Current lEBO - 100 "Adc 
(VEB = .4.0 Vdc, IC = 01 

ON CHARACTERISTICS 

DC Curront Gain 
(Ie = 1.0Ade, ,VCE = 1.0Vdc) 

(lIPul" Toot: Pul .. Width ';;300"., Duty Cycl. ';;2.0%. 
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MJE370, MJE370K, MJE3370 (continued) 

ACTIVE-REGION SAFE OPERATING AREA 
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MJ E371 (SILICON) 

MJE371K 
MJE3371 

PLASTIC MEDIUM-POWER PNP 
SILICON TRANSISTORS 

... designed for use in general-purpose amplifier and switching 

circuits. Recommended for use in 5 to 20 Watt audio amplifiers uti
lizing complementary symmetry circuitry. 

• DC Current Gain - hFE ~ 40 (Min) @ IC ~ 1.0 Adc 

• MJE371, MJE371K and MJE3371 are Complementary with NPN 
MJE521, MJE521K and MJE3521 

• ChoiceofPackages-MJE371,40W-Case77 (E·C-B) 
MJE3371, 40 W - Case 77 R (B-C-E) 
MJE371K, 60 w· -: Case i99 

MAXIMUM RATINGS 

Rating Symbol Value 

Collector-Emitter Voltage VCEO 40 

Collector-Base Voltage VCB 40 

Emitter-Base Voltage VEB 4.0 

Collector Current - Continuous IC 4.0 

- Peak 8.0 

Base Current - Continuous 18 2.0 
MJE371 MJE371K MJE3371 

Total Device Dissipation @TC = 25°C Po 40 60 
Derate above 25°C 320 480 

Operating and Storage Junction TJ, Tstg -65 to +150 
Temperature Rangie 

THERMAL CHARACTERISTICS 

Characteristic 

Thermal Resistance, Junction to Case 

ELECTRICAL CHARACTERISTICS (TC = 25°C unless otherwise notedl 

Unit 

Vdc 

Vdc 

Vdc 

Adc 

Adc 

Watts, 
mWf'C 

°c 

Characteristic SVl1.'lbol I' 'Min I Max Unit 

OFF CHARACTERISTICS 

Collector-Emitter Sustaining Voltage (1) VCEO(sus) 40 - Vdc 
(Ie = 100 mAde,IB =.01 

Coliector·Base Cutoff Current ICBO - 100 "Adc 
(VCB ~ 40 Vdc, Ie = 01 

Emitter~Base Cutoff Current lEBO - 100 "Adc 
(VEB = 4.0 Vde, IC = 0) 

ON CHARACTERISTICS 

DC Current Gain (1) 
Oc '" 1.0 Adc, VCE = 1.0 Vdc) 

(1) Pulse Tnt: Pulse WidthS 3001'1 Duty Cvcl.e~ 2.0%. 
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MJE371, MJE371 K, MJE3371 (continued) 

ACTIVE-REGION SAFE OPERATING AREA 

FIGURE 1 - MJE371. MJE3371 
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There are two limitations on the power handling ability of II 

transistor: average junction temperature and second breakdown. 
Safe operating area curve. indicate Ie - VeE limits of the transistor 
that must be observed for r.'iabl. 'oPtiration; i.e., the transistor 
must not be subjected to greater dissipation than the curves indicate. 
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The data of ,Figures 1 and 2 based on T J(pk) = 150°C; TC is 
variable depending on conditions. Second breakdown pulse limits 
ara valid for duty cycle. to 10% provided T J)pk).s. 150°C. At 
high case temperatures, thermal limitation. will reduce the power 
that can be handled to valu •• less than the limitation. imposed by 
second breakdown. (See AN-415) 
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MJE520(SILICON) 
MJE620K 
MJE3520 

PLASTIC MEDIUM-POWER NPN 
SILICON TRANSISTORS 

· .. designed for use in general-purpose amplifier and switching 
circuits. Recommended for u~ in 5 to 10 Watt audio amplifiers uti
lizing complementary symmetry circuitry. 

• DC Current .Gain - hFE = 25 (Min) @ IC = 1.0 Adc 

• MJE520, MJE520K and MJE3520 are ·Complementary with PNP 
MJE370, MJE370K and MJE3370 

• Choice of Packages - MJE520. 25 W - ease 77 (E-C-B) 
MJE3520. 25 W - Case 77 (B·C-E) 
MJE520K. 40 W - Case 199 

MAXIMUM RATINGS 

Rating' Symbol Value 

Coliector·Emitter Voltage VeEO 30 

Collector-Base Voltage VCS 30 

Emitter-Base Voltage VEB 4.0 

Collector Current - Continuous Ie 3.0 

- Peak 7.0 

Base Current - Continuous IB 2.0 

:lEEi~~ I MJE52DK 

Total Device Dissipation @ TC = 25°C PD 

Unit 

Vdc 

Vdc 

Vdc 

Adc 

Adc 

Watts 
Derate above 2SoC 

25 I 40 
0.2 0.32 W/oC 

Operating and Storage Junction 
Temperature Range 

TJ, Tstg -65 to +150 °c 

THERMAL CHARACTERISTICS 

Characteristic 

Thermal Resistance, Junction to Case 

ELECTRICAL CHARACTERISTICS ITC = 25°C unless otherwise noted} 

Characteristic Symbol Min Max Unit 

OFF CHARACTERISTICS 

Collector-Emitte, Sustaining Voltage II} VCEOlsus} 30 - Vdc 
lie = loomAdc, IB = O} 

Collector-Base Cutoff Current ICBO - 100 /lAdc 
IVCS = 30 Vdc, IE = O} 

Emitter-Base Cuton Current lEBO - 100 jlAdc 
IVES = 4.0 Vdc, Ie = O} 

ON CHARACTERISTICS 

I 
DC Curront Gain II} 

lie = 1.0 Adc, VCE = 1.0 Vdc} 

(1) Pulse Test: Pulse Width ~ 300 liS, Duty Cycle S2.0~. 
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3 AMPERE 
POWER TRANSISTORS 

NPN SILICON 

30 VOLTS 
25 and 40 WATTS 

STYLE 1 
PIN I. EMITTER 
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3. BASE 

MJE520 
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MJE520, MJE520K, MJE3520 (continued) 

ACTIVE-REGION SAFE OPERATING AREA 

FIGURE 1 - MJE520 MJE3520 
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transistor: average junction temperature and second breakdown. 
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that must be observed for reliable operation; i.e., the transistor 
must not be subjected to greater dissipation than the curves indicate. 
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The data of Figures 1 and 2 based on T J(pk) "" 150°C; TC is 

variable depending on conditions. Second breakdown pulse limits 
ore valid for duty cycles to 10% provided (T JPk) =s;;;;; 150°C. At 
high case temperatures, thermal limitations will reduce the power 
that can be handled to values less than the limitations imposed by 
second breakdown. (See AN -415) 
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MJE521 (SILICON) 

MJE521K 
MJE3521 

PLASTIC MEDIUM-POWER NPN 
SILICON TRANSISTORS 

· .. designed for use in general-purpose amplifier and switching 
circuits. Recommended for use in 5 to 20 Watt audio amplifiers uti
lizing complementary symmetry circu itry. 

• DC Current Gain - hFE = 40 (Min) @ IC = 1.0 Adc 

• MJE521, MJE521 K and MJE3521 are Complementary with PNP 
MJE371, MJE371K and MJE3371 

• Choice of Packages - MJE521, 40 W - Case 77 (E-C-B) 
MJE3521, 40 W - Case 77 (B·C·E) 
MJE521K, 60 W - Case 199 

.' 

MAXIMUM RATINGS 

Rating SVmbol Value 

Coliector·Emitter Voltage VCEO 40 

Coliector·Base Voltage VCB 40 

E~itter-Base Voltage VEB 4.0 

Collector Current - Continuous IC 4.0 

-Peak B.O 

Base Current - Continuous IB 2.0 

::m,IIlJE52IK 
Total Device Dissipation @ T C = 2s"C Po 

Unit 

Vdc 

Vdc 

Vdc 

Adc 

Adc 

Watts 
Derate above 25°C 

40 I 60 320 480 mWfDC 

Operating and Storage Junction TJ, Tstg -65 to +150 °c 
Temperature Range 

lHERMAL CHARACTERISTICS 

~aracteristic 

Thermal Resistance. Jun~~ion to Case 

ELECTRICAL CHARACTERISTICS (TC = 250 C unle .. otherwise noted) 

I Characteristics Symbol Min Max Unit 

OFF CHARACTERISTICS 

Collector-Emitter Sustaining Voltage(1 VCEO(sus) 40 - Vdc 
(lC = 100 .mAde,IB = 01 

Coliector·Base Cutoff.Current ICBO - 100 "Adc 
(VCB = 40 Vdc, IE = 01 

Emitter-Base Cutoff Current lEBO - 100 "Adc 
(VEB = 4.0 Vdc, IC = 01 

ON CHARACTERISTICS 
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MJE521, MJE521 K, MJE3521 (continued) 

ACTIVE-REGION SAFE OPERATING AREA 

FIGURE 1 - MJE521. MJE3521 

~ O~~~~.-~~~~~~~~~~~~-~~~~~~~I~OO~~~ ~ 5.0~, '" 1.Oms 

!!!: 3'°t:==t=:t:~=t=S=tt=~"~i:s~"'t~~!=t~ = ~ 5.0ms 

~ 2.0 1---T+J-=-1-50I-,OC-C++++++--+--f-~"'c'\.c--+-+--+-1 

r.~~O 1.0 ~~~~~~~~~~~~:!~§~~~!§§ : ~ --Bonding Wire Limit 
0.5 ~ Second Breakdown limit 

8 ~ ---- Thermal Limit @Te - 250C 

!2 0.3t:::=i==t=t=EtEtt==t=E=l=i:E 0.2\= 

0.1 '-_ ....... _,..,... ....... -'-....... -'-....., __ '--,1: __ '---:':,-'--:' 
2.0 4.0 6.0 10 20 40 60 

VCE. COLLECTOR-EMITTER VOLTAGE (VOLTS) 

There are two limitations on the power handling ability of a 
transistor: average junction temperature and second breakdown. 
Safe operating area curves indicate Ie . VeE limits of the transistor 
that must be observed for reliable operation; i.e., the transistor 
must not be SUbje.ctad to greater dissipation than the curves indicate. 
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The data of Figures 1 and 2 based on T J(pk) = 150°C; TC is 
variable depending on conditions. Second breakdown pulse limits 
are valid for duty cvcles to 10% provided T .J)pk) :!: 150°C. At 
high case temperatures, thermal limitations will reduce the power 
that can be handled to values less than the limitations imposed by 
second breakdown. (See AN-415) 
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MJE700 thru MJE703 PNP (SILICON) 

MJE800 thru MJE8i03 NPN 

PLASTIC MEDIUM-POWER 
COMPLEMENTARY SILICON TRANSISTORS 

· .. ' for use as output devices in complementary general-purpose amp-
lifier applications. 

• High DC Current Gain -
hFE = 750 (Min) @ IC = 1.5 and 2.0 Adc 

• Monolithic Construction 

MAXIMUM RATINGS 

MJE700 MJE702 

Rating Symbol 
MJE701 MJE703 

Unit MJE800 MJE802 
MJESOI MJE803 

COllector-Emitter Voltage VCEO 60 80 Vdc 

Collector-Base Voltage VCB 60 80 Vdc 

Emitter-Base Voltage VEB 5.0 Vdc 

Collector Current IC 4.0 Adc 

Base Current IB 0.1 Adc 

Total Device Dissipation @ T C = 2SoC Po 40 Watts 
Derate above 2SoC 0.4 W/oC 

Operating and Storage Junction TJ. Tstg -55 to +125 °c 
Temperating Range 

THERMAL CHARACTE RISTICS 

Characteristic Max 

Thermal Resistance, Junction to Case 2.5 

FIGURE 1 - POWER TEMPERATURE DERATING 
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4.0 AMPERE 

DARLINGTON 
POWER TRANSISTORS 

COMPLEMENTARY SILICON 

60-80 VOLTS 
40 WATTS 

0.130 r~~~10'150NOM 
ill75 IIJ.1.!i OIA THRU 
~ 0.118 . 

!v .1 
.... ,-l--o..HfA>-r- 0.390 
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J.I~LIl,IlliQ -1 0.100 

0.015 0.070 

~_~_'TE_ 0.130 

'.~MITTER t 
HEAT SINK 1. COLLECTOR 

CONTACT AREA 3. BASE 
IBOTTOM) 

To convert inches to millimeters mUltiply by 25.4 

CASE 71-02 (11 
When mounting the device, torque not to 
exceed 8.0 in.-Ib. 

If lead bending is required, use suitable 
clamps or other supports betwe.en transistor 
case and point of bend. 



MJE700 thru MJE703 PNP/MJE800 thru MJE803 NPN (continued) 

ELECTRICAL CHARACTERISTICS (TC = 25°C unless otherwise noted) 

Characteristic Symbol 

OFF CHARACTERISTICS 

Colleetor-Emitter Breakdown Voltage(1) BVCEO 
IIc = 50 mAde, IB = 0) MJE700, MJE701, MJE800, MJE801 

MJE702, MJE703, MJE802, MJE803 

Collector Cutoff Current ICEO 
(VCE = 30 Vde, IB = 0) MJE700,MJE701,MJEBOO,MJE801 

(VCE = 40 Vde., IB = 0) MJE702, MJE703, MJE802, MJE803 

allector Cutoff Current ICBO 
(VCB = Rated BlicEo , IE = 01 
(VCB = Rated BVCEO, IE = 0, TC = 100°C) 

Emitter Cutoff Current lEBO 
(VBE = 5.0 Vde, IC = 0) 

ON CHARACTERISTICS 

DC Current Gain(1) hFE 
(lC = 1.5 Ade, VCE = 3.0 Vde) MJE700,MJE702,MJE800,MJEB02 

(lC = 2.0 Ade, VCE = 3.0 Vde) MJE701, MJE703, MJE801, MJEB03 

Collector-Emitter Saturation Voltage(1) 
(lC = 1.5Ade, IB = 30 mAde) MJE700,MJE702,MJEBOO,MJE802 VCE(sat) 
(lC = 2.0 Ade, I B = 40 mAde) MJE701, MJE703, MJE801, MJEB03 

Base-Emitter On Voltage(1) VBE(on) 

(lC = 1.5Ade, VCE = 3.0 Vde) MJE700,MJE702,MJE800,MJE802 

(lC = 2.0 Ade, VCE = 3.0 Vde) MJE701, MJE703, MJEB01, MJE803 

DYNAMIC CHARACTERISTICS 

Small-Signal Current Gain 

(lC = 1.5Ade, VCE = 3.0 Vde, f = 1.0 MHz) 

(1)Pulse Test: Pulse Width ~ 300 Jjs, Duty Cycle S' 2.0%. 

FIGURE 2 - DC SAFE OPERATING AREA 
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MJE71 0 (SILICON) 

MJE711 
MJE712 

PNP SILICON MEDIUM-POWER TRANSISTORS 

· .. designed for use in low power amplifiers, as drivers in high-power 
amplifier and medium-speed switching circuits. 

• DC Current Gain -
hFE = 40 (Min) @ IC = 150 mAdc 

= 20 (Min) @ IC = 500 mAdc 

• Collector-Emitter Sustaining Voltage -
VCEO(sus) = 40, 50, 80 Vdc (Min) @ IC = .50 mAdc 

• Complement to NPN Types MJE720, MJE721 , MJE722 Series 

• Equivalent to the Specifications of the Pro·Electron 
BD166, B0168 and B0170 Transistors 

MAXIMUM RATINGS 

Rating Symbol MJE 710 MJE 711 MJE 712 

Collector-Emitter Voltage VCEO 40 60 SO 

Collector-Sase Voltage VCS 40 60 SO 

E mitter·Base Voltage VEB _5.0 . 
Collector Current - Continuous IC . 1.5 · 
Base Current IB -0.5 · 
Total Device Dissipation@TA=2SoC Po -1.25 . 

Derate above 25°C 0.008 · 
Total Device Dissipation@TC=250C Po . 20 .. 

Derate above 25°C -0.16 

Operating and Storage Junction T J. T st9 --65 to +150-

Temperature Range 

THERMAL CHARACTERISTICS 

Characteristic Symbol Max 
Thermal Resistance, Junction to Case 9JC 6.25 

Thermal Resistance, Junction to Ambien1 9JA 100 

FIGURE 1 - ACTIVE·REGION SAFE OPERATING AREA 
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VCE, COLLECTOR·EMITTER VOLTAGE (VOLTS) See Note 1 
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MJE710, MJE711, MJE712 (continued) 

ELECTRICAL CHARACTERISTICS (TC = 250C unless otherwise noted) 

OFF CHARACTERISTICS 

Collector-Emitter Sustaining Voltage 
(lC = 60 mAdc, IS = 0) MJE710 

MJE711 
MJE712 

Collector Cutoff Current 
(VCE = 20 Vdc, IS = 0) MJE710 
(VCE = 30 Vdc, IS = 0) MJE711 
(VCE = 40 Vde,lS = 0) MJE712 

Collector Cutoff Current 
(VCE = 40 Vde, VSE(off) = 1.5 Vdc) MJE710 
(VCE - 60 Vdc, VSE(off) = 1.5 Vdc) MJE711 
(VCE = 80 Vde, VSE(off) = 1.5 Vdc) MJE712 
(VCE = 40 Vdc, VSE (off) = 1.5 Vde, MJE710 
Tc = 1250 C) 
(VCE = 60 Vdc, VBE (off) = 1.5 Vdc, MJE711 
TC = 1250 C) 
(VCE = eo Vdc, VBE (off) = 1.5 Vde, MJE712 
TC = 1250 C) 

Emitter Cutoff Current 
(VSE = 5.0 Vdc, IC = 0) 

ON CHARACTERISTICS 

DC Current Gain 
(lC = 150 mAde, VCE = 1.0 Vdc) 
(lC = 500 mAdc, VCE = 1.0 Vdc) 
(lC = 1.0 Ade, VCE = 1.0 Vdc) 

Collector-Emitter Saturation Voltage 
(lC = 150 mAdc, IS = 15 mAdc) 
(lC = 500 mAdc, IS = 50 mAde) 
(lC = 1.5 Adc, IS = 300 mAde 

Sase-Emitter Saturation Voltage 
(Ie = 1.5 Adc, IB = 300 mAdcl 

Base-Emitter On Voltage 
(lC = 500 mAdc, VCE = 1.0 Vdc) 

1000 
FIGURE 2 DC CURRENT GAIN -
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Note 1: 

There are two limitations on the power handling ability of a 
transistor; average junction temperature and second breakdown. 
Safe operating area curves indicate Ie - VCE limits of the transistor 
that must be observed for reliable operation; i.e., the transistor must 
not be subjected to greeter dissipation than the curves indicat •. 

SVmbol Min Max 

VCEO(sus) 
40 -
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eo -
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- 100 
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- 500 

lEBO 1.0 
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FIGURE 3 - "ON" VOL TAGES 
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The data of Figure 1 is based on TJ(pk) = 15oDc; TC is variable 
depending on conditions. Second breakdown pulse limits are valid 
for duty cycles to 10% provided T J(pk) S;15oDc. At high case 
temperatures, thermal limitations will reduce the power that can be 
handled to values less than the limitations imposed by second 
breakdown. (Soe AN-415) 
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MJE720 (SILICON) 

MJE721 
MJE722 

NPN SILICON MEDIUM-POWER TRANSISTORS 

... designed for use in 10w-PQwer amplifiers, as drivers in high·power 
amplifier and medium·speed switching ci~cuits. 

• DC Current Gain -
hFE = 40 (Min) @ IC = 150 mAdc 

= 20 (Min) @ IC = 500 mAdc 

• Collector-Emitter Sustaining. Voltage -
VCEO(sus) = 40, 60, 80 Vdc (Min) @ IC = 50 mAdc 

• Complement to PNP Types MJE710, MJE711, MJE712 Series 

• . Equivalent to the Specifications of the Pro· Electron SO 165, 
S0167, and SD169 Transistors 

THERMAL CHARACTERISTICS 

Rating Symbol MJE720 MJE721 MJE722 Unit 

Collector·Emitter Voltage VCEO 40 60 80 Vdc 

Coliector·Base Voltage Vca 40 60 80 Vdc 

Emitter·Sase Voltage VEa S.O Vdc 

Collector Current Continuous IC -1.5 . Adc 

Base Cy.rrent la -D,S Adc 

Total Device Dissipation@TA - 25°C Po -:-1.25 . Watt 

Derat.abOve 2So C· . ---'-- 0.008 . W/oc 

Total Device Dissipation@Tc=2SoC Po -20 . Watts 

Derate above 2So C -0.16 wIDe 

Operating and Storage Junction T J. T stg - -65 to +150- DC 

Temperature Range 

MAXIMUM RATINGS 

·Chalrect.ristie Symbol Max Unit 

Thermal Resistance. Jun'ctio" to Case 6JC 6.2S °CIW 

Thermal Resistance, Junction to Ambient 6JA 100 °CIW 

FIGURE 1 - ACTlVE·REGiON·SAFE OPERATING AREA 
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MJE720, MJE721, MJE722 (continued) 

ELECTRICAL CHARACTERISTICS (TC = 250 C unless otherwise noted I 

OFF CHARACTERISTICS 

Collector-Eminar Sustaining Voltage 
tiC = 50 mAde, lB· 01 

Collector Cutoff Currant 
(VCE = 20 Vde,IB = 01 
(VCE = 30 Vde,IB = 01 
(VCE = 40 Vde, IS = 01 

Collector Cutoff Currant 
(VCE = 40 Vde, VBE(offl = 1_5 Vdel 
(VCE = 60 Vde, VBE(offl - 1.5 Vdel 
(VCE = 50 Vde, VBE(offl = 1.5 Vdel 
(VCE = 40 Vdc, VBE(off) - 1.5 Vdc, 
TC = 125°C) 
(VCE = 60 Vdc, VBE(off) = 1.5 Vdc, 
TC = 125°C) 
(VCE = 80 Vdc, VBE(off) = 1.5 Vdc, 
TC = 125°C) 

Emitter Cutoff Currant 
(VBE =S.OVde.rc = 0) 

ON CHARACTERISTICS 

DC Current Gain 
(lC = 150 mAde, VCE = 1.0 Vdel 
(lC = 500 mAde, VCE = 1.0 Vdel 
(lC = 1.0 Ade, VCE = 1.0 Vdel 

Collector-E mitter Saturation Voltage 
(lC = ISO mAde, IS = IS mAde) 
(lC = 500 mAde, IB = SO mAdel 
(lC = 1.5 Ade,IB = 300 mAde 

Base--Emitter Saturation Voltage 
(lC = I.S Ade, IS = 300 mAde 

Base-Emitter On Voltage 
(lC = SOO mAde, VCE = 1.0 Vdel 

FIGURE 2 - DC CURRENT GAIN 
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There are two limitations on the power handling ability of a 
transistor; average junction temper.ure and second breakdown. 
Safe operating area curves indicate Ie - VCE limits of the transistor 
that must be observed for reliable operation; i.e., the transistor must 
not be subjected to greater dissipation than the curves indicate. 

Symbol Min Max 
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FIGURE 3 - "ON" VOLTAGES 
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The data of Figure I is based on T J(pkl = l50oC; T C is variable 
depending on conditions. Second breakdown pulse limits are valid 
for duty cycles to 10% provided T J(pkl ,;; ISoDc. At high case 
temperatures. thermal limitations will reduce the power that can be 
handled to values less than the limitations imposed by second 
breakdown. (See AN-4151 
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MJE1090 thruMJEl 093 PNP (SILICON) 

MJEll00 thru MJE1103 NPN 

PLASTIC MEDIUM-POWER 
COMPLEMENTARY SILICON TRANSISTORS 

· .. for use as output devices in complementary general·purpose amp
lifier applications. 

• High DC Current Gain -
hFE = 750 (Min) @ IC = 3.0 and 4.0 Adc 

• Monolithic Construction 

MAXIMUM RATINGS 

MJE1D90 MJE1092 

Rating Svmbol 
MJE1D91 MJE1093 

Unit MJEll00 MJEll02 
MJE1101 MJEll03 

Collector-Emitter Voltage VeEO 60 80 Vdc 

Collector-Base Voltage VeB 60 80 Vdc 

Emitter-Base Voltage VEB 5.0 Vdc 

Collector Current Ie 5.0 Adc 

Base Current IB 0.1 Adc 

Total Device Dissipation @ T C "'" 25uC PD 70 Watts 
Derate above 25°C 0.56 wIDe 

Operating and Storage Junction TJ. Tstg -55 to +150 °e 
Temperating Range 

THERMAL CHARACTERISTICS 

Characteristic Max 

Thermal Resistance. Junction to Case 1.79 

FIGURE 1 - POWER TEMPERATURE DERATING CURVE 
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When mounting the davies, torque not to 
exceed 8.0 in.-Ib. 

If lead bending Is required, use suitable 
clamps or other supports between transistor 
case and point of bend. 



MJE1090 thru MJE1093 PNP/MJE1100 thru MJE1103 NPN (continued) 

ELECTRICAL CHARACTERISTICS (TC = 25°C unless otherwise noted) 

I Characteristic Symbol 

OFF CHARACTERISTICS 

Colleetor·Emitter Breakdown Voltage(1) BVCEO 
(lC = 100 mAde, IB = 0) MJE1090, MJE1091,MJEll00, MJEll0l 

MJE1092, MJE1093, MJEll02, MJEll03 

Collector Cutoff Current ICEO 
(VCE = 30 Vde, IB = 0) MJE1090, MJE1091, MJE1100, MJEll0l 
(VCE = 40 Vde, IB = 0) MJE 1092, MJE 1093, MJE 1102, MJE 1103 

Collector Cutoff Current ICBO 
(VCB = Rated BVCEO, IE = 0) 
(VCB = Rated BVCEO, IE = 0, TC = 100oC) 

Emitter Cutoff Current lEBO 
(VBE = S.O Vde, IC = 0) 

ON CHARACTERISTICS 

DC Current Gain(l) hFE 
(I C = 3.0 Ade, V CE = 3.0 Vde) MJE 1 090, MJE 1 092, MJE 11 00, MJE 1102 
(lC = 4.0 Ade, VCE = 3.0 Vde) MJE 1091, MJE1093, MJEll0l, MJEll03 

Collector-Emitter Saturation Voltage VCE(sat) 
(lC = 3.0 Ade,IB = 12 mAde) MJE1090,MJE1092,MJEll00,MJE1102 
(lC = 4.0 Ade, IB = 16 mAde) MJE1091, MJE1093, MJE1101, MJEll03 

Base·Emitter On Voltago(1) VBE(on) 
(lC = 3.0 Ade, VCE = 3.0 Vde) MJE 1090, MJE 1092, MJEll00, MJE 1102 
(lC = 4.0 Ade, VCE = 3.0 Vde) MJE1091, MJE1093, MJEll0l, MJEll03 

DYNAMIC CHARACTERISTICS 

Small-Signal Current Gain 
(lC = 3.0 Ade, VCE = 3.0 Vde, f = 1.0 MHz) 

(1)Pulse Test: Pulse Width ~ 300 ",s, Duty Cycle !S: 2.0%. 

FIGURE 2 - DC SAFE OPERATING AREA 
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operating area curves indicate Ie-VeE limits of the transistor that 
must be observed for reliable operation; e.g., the transistor must 
not be subjected to greater dissipation than the cUives indicate. 
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At high case temperatures, thermal limitations will reduce the 
power that can be handled to values less than the limitations 
imposed by secondary breakdown. (See AN-41S) 
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MJE1290, MJE1291 PNP (SILICON) 

MJE1660, MJE1661 NPN 

COMPLEMENTARY SILICON 

MEDIUM-POWER TRANSISTORS 

· .. designed for use in power amplifier and switching applications. 

• High Collector Current
IC~ 15Adc 

• High DC Current Gain -
hFE ~ 10 (Min) @ IC ~ 15 Adc 

MAXIMUM RATINGS 

Rating Symbol 

Collector~Emitter Voltage VeEO 

Collector-Base Voltage VeB 

Emitter-Base Voltage VES 

Collector Current-Continuous Ie 

Base Current IS 

Total Device Dissipation@Tc = 25°C Po 
Derate above 2SoC 

Operating and Storage Junction TJ. T stg 
Temperature Range 

THERMAL CHARACTERISTICS 

Characteristics 

Thermal Resistance. Junction to Case 

MJE1290 MJE1291 
MJE1660 MJEl661 

40 60 

40 60 

5.0 

15 

5.0 

90 
0.72 

-65 to +150 

Max 

1.39 

FIGURE 1 - POWER TEMPERATURE DERATING CURVE 
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0.177 

40-60 VOLTS 

90 WATTS 

r&:;:-I 
0.197 . ~ 138 DIA. THRU 
L /0148 

''''----1-+--¥+:* 0.128 

0.125 MAX.;;;;! _.' . 05158 

(UNCONTROl~ r ~ 

-r 0.590 
0650 

~ 
0.043 If.-I (flf49 (2)-. ~ 

LOl66TYP 

0.030 0,0.40. 0120 
0.034 1 2 3 0I:- ,0:150 

7:mumitt:, 
HEAT SINK 2. ColIl!Clor 

CONTACT AREA 3. Base. 
(BOTTOM) 

CASE 90 (2) 

When mounting the device. torque not 
to exceed 8.0 in.-Ib. 

If lead bending is required, use suitable 
clamps or other supports between tran
sistor case and point of bend. 



MJE1290, MJE1291 PNP/MJE1660, MJE1661 NPN (continued) 

ELECTRICAL CHARACTERISTICS (Tc = 25°C unless otherwise noted) 

I Characteristic Symbol Min Max Unit 

OFF CHARACTERISTICS 

Collector-Emitter Sustaining Voltage ru VCEO(sus) Vde 
(lC = 200 mAde, IB = 01 MJE1290, MJE1660 40 -

MJE1291, MJE1661 60 -

Collector Cutoff Cu rrent ICEO mAde 
(VCE = 30 Vde, 18 = 0) - 1,0 

Collector Cutoff Current ICES mAde 
(VCE = 40 Vde, VBE = 0) MJE1290, MJE1660 - 0.7 
(VCE = 60 Vde, VBE = 0) MJE1291, MJE1661 - 0.7 

Collector Cutoff Current ICBO mAde 
(VCB = 40 Vde, IE = 0) MJE 1290, MJE 1660 - 0.7 
(VCB = 60 Vde, IE = 01 MJE1291, MJE1661 - 0.7 

Emitter Cutoff Current lEBO mAde 
(VBE = 5.0 Vde, IE 0) - 1.0 

ON CHARACTERISTICS 

DC Current Gain (11 hFE -
(lC = 5.0 Ade, VCE = 4.0 Vde) 20 100 
(IC = 15 Ade, VCE = 4.0 Vde) 10 -

Collector-Emitter Saturation Voltage (1) VCE(sat) Vdc 
(lc = 15 Ade, IB = 1.5 Ade) - 1.8 

Base-Emitter on Voltage fit VBE(on) Vdc 
(IC = 15 Ade, VCE = 4.0 Vde) - 2.0 

DYNAMIC CHARACTERISTICS 

Current-Gain-Bandwidth Product fT MHz 
(lC = 1.0 Ade, VCE = 10 Vde, f = 1.0 MHz) 3.0 -

Small-Signal Current Gain hfe -
(lC= 1.0 Ade, veE = 10Vde,f= 1.0kHzl 25 -

(1) Pulse Test: Pulse Width '5, 300 J./.s. Duty Cvcle~ 2.0%. 

FIGURE 2 - DC SAFE OPERATING AREA 
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The Safe Operating Area Curves indicate IC-VCE limits below 
which the device will not enter secondary breakdown. Collector 
load lines for specific circuits must tall within the applicable Safe 
Area to avoid causing a catastrophic failure. To insure operation 
below the maximum T J, power·temperature derating must be ob· 
served for both steady state and pulse power conditions. 
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MJE2010, MJE2011 PNP (SILICON) 

MJE2020, MJE2021 NPN 

COMPLEMENTARY SI LICON 
MEDIUM-POWER TRANSISTORS 

· .. designed for use in general-purpose amplifier and switching 
applications. 

• Low Collector-Emitter Saturation Voltage -
VCE(sat) ~ 1.0 Vdc (Max) @ IC ~ 3.5 Adc 

• High DC Current Gain -
hFE ~ 25-125@ IC ~ 1.0 Adc 

MAXIMUM RATINGS 

MJE2D1D MJE2Dll 
Rating Symbol MJE2D2D MJE2D21 

Collector-Emitter Voltage VCEO 40 60 

Collector-Base Voltage VCB 40 60 

Emitter-Base Voltage VEB - 5.0 -
Collector Current - Continuous IC - 5.0 -
Base Current IB - 3.0 -
Total Device Dissipation @TC=250C Po - 80 -Derate above 25°C 0.64 

Operating and Storage Junction TJ.T stg _-65 to +150_ 
Temperature Range 

THERMAL CHARACTERISTICS 

Characteristic 

Thermal Resistance, Junction to Case 

FIGURE 1 - POWER TEMPERATURE DERATING CURVE 
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MJE2010, MJE2011 PNP/MJE2020, MJE2021 NPN (continued) 

ELECTRICAL CHARACTERISTICS (TC = 25°C unless otherwise noted) 

Characteristic Symbol Min Max Unit 

OFF CHARACTERISTICS 

Collector-Emitter Sustaining Voltage(l) VCEO(sus) Vde 
(lC = 200 mAde, IB = 0) MJE2010, MJE2020 40 -

MJE2011, MJE2021 60 -
Collector Cutoff Current ICEO - 0.7 mAde 

(VCE = 30 Vde, IB = 0) 

Collector Cutoff Current ICES mAde 
(VCE = 40 Vde, VBE = 0) MJE2010, MJE2020 - 0.4 

(VCE = 60 Vde, VBE = 0) MJE2011, MJE2021 - 0.4 

Collector Cutoff Current ICBO mAde 
(VCB = 40 Vde, IE = Q) MJE2010, MJE2020 - 0.4 

(VCB = 60 Vde, IE = 0) MJE2011, MJE2021 - 0.4 

Emitter Cutoff Current lEBO - 1.0 mAde 
(VBE = 5.0 Vde,IC = 0) 

ON CHARACTERISTICS 

OC Current Gain( 1) hFE -
(lC = 1.0 Ade, VCE = 4.0 Vde) 25 125 

(lc = 3.0 Ade, VCE = 4.0 Vde) 15 -

Collector-Emitter Saturation VoltageO) VCE(sat) Vde 
(lc = 3.5 Ade, IB = 350 mAde) - 1.0 

(lc = 5.0 Ade, IB = 800 mAde) - 1.5 

Base-Emitter On Voltage 
(lc = 3_0 Ade, VCE = 4.0 Vde) 

VBE(on) - 1.6 Vde 

DYNAMIC CHARACTERISTICS 

Current-Gain-Bandwidth Product fT 3.0 - MHz 
(lC = 0.5 Ade, VCE = 10 Vde, f = 1.0 MHz) 

Small-Signal Current Gain hfe 20 - -
(lC = 0.5 Ade, VCE = 10 Vde, f = 1.0 kHz) 

(, )Pulse Test: Pulse Width S; 300 J,Ls, Duty, Cycle S' 2.0%. 

FIGURE 2 - DC SAFE OPERATING AREA 
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The Safe Operating Area Curves indicates IC-VCE limits below 
which· the device will not enter secondary breakdown.· Collector 
load lines for specific circuits must fall within the applicable Safe 
Area to avoid ·causing a catastrophic failure. To insure operation 
below the maximum T J. power-temperature derating must be ob
served for both steady state and pulse power conditions. 



MJE2360 (SILl.CON) 

MJE2361 

NPN SILICON HIGH-VOLTAGE TRANSISTOR 

· .. designed for use in line operated two-watt audio output amplifier 
applications in televisions and radios .. 

• High Collector-Emitter Sustaining Voltage -
VCEO(sus)~ 350 Vdc (Min) @ IC' ~ 2.5 mAdc 

• Excellent DC Current Gain -
hFE ~ 40 (Min) @ IC ~ 100 mAdc - MJE2361 

• Current-Gain-Bandwidth Product -
fT ~ 10 MHz (Typ) @ IC ~ 50 mAdc 

MAXIMUM RATINGS 

Rating Symbol Value 

Collector-Emitter Voltage VCEO 350 

Collector-Base Voltage VCB 375 

Emitter-Base Voltage VEB 6.0 

Collector Current - Continuous IC 0.5 

Base Current 18 0.25 

Total Device Dissipation @TC = 2SoC Po 30 
Derate above 2SoC 0.24 

Operating and Storage Ju"nction TJ,Tstg -E!5 to +150 
Temperature Range 

THERMAL CHARACTERISTICS 

Characteristic Symbol Max 

Thermal Resistance, Junction to Case 9JC 4.167 

FIGURE 1 - POWER-TEMPERATURE DERATING CURVE 
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MJE2360, MJE2361 (continued) 

ELECTRICAL CHARACTERISTICS (TC; 25°C unless otherwise noted) 

Characteristic Symbol Min Typ I. Max Unit 

OFF CHARACTERISTICS 

Collector-Emitter Sustaining Voltage(l) VCEO(sus) 350 - - Vdc 

(lC = 2.5 mAdc,lB = 0) 

Collector Cutoff Current ICEO - - 0.25 mAdc 
(VCE = 250 Vdc, I B = 0) 

Collector Cutoff Current ICEX - - 0.5 mAdc 
(VCE = 375 Vdc, VEB(off) = 1.5 Vdc) 

Collector Cutoff Current ICBO - - 0.1 mAde 
(VCB = 375 Vdc, IE = 0) 

Emitter Cutoff Current' lEBO - - 0.1 mAdc 
(VBE = 5.0 Vdc, IC = 0) 

ON CHARACTERISTICS 

DC Current Gain( 1) hFE -
(lC = 50 mAdc, VCE = 10 Vdc) MJE2360 25 - 200 

MJE2361 50 - 250 

(lc = 100 mAdc, VCE = 10 Vdc) MJE2360 15 - -
MJE2361 40 - -

Collector-Emitter Saturation Voltage(l) VCE(sat) - - 1.5 Vdc 
(lC = 100 mAdc, IB = 10 mAdc) 

Base-Emitter On Voltage VBE(on) - - 1.0 Vdc 
(lC = 100 mAdc, VCE = 10 Vdc) 

DYNAMIC CHARACTERISTICS 

Current-Gain-Bandwidth Product fT - 10 - MHz 
(lC; 50 mAdc, VCE = 10 Vdc, f = 1.0 MHz) 

Output Capacitance Cob - 20 - pF 

(VCB = 100 Vdc, IE = 0, f = 100 kHz) 

(1)Pulse Test: Pulse Width ~ 300 IJ,s, DutV Cvcle ~2.0%" 

FIGURE 2 - DC SAFE OPERATING AREA 
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The Safe Operating Area Curves.in.dieate IC-VCE limits below 
which the device will not enter secondary breakdown. Collector 
load lines for specific circuits must fall within the applicable Safe 
Area to avoid causing a catastrophic failure. To insure operation 
below the maximum T J, power-temperature derating must be ob
served for both steady state and pulse power conditions. 
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MJE2370 (SILICON) 

MJE2371 

PNP SILICON MEDIUM-POWER TRANSISTORS 

. designed for" use in general·purpose amplifiers as drivers and 
switching applications. 

• Low Coliector·Emitter Saturation Voltage -
VCE(sat) = 0.7 Vdc (Max) @ IC = 1.0 Adc 

• High DC Current Gain -
hFE = 40-200 @ IC = 0.2 Adc 

• Complements to NPN MJE2520, MJE2521 

MAXIMUM RATINGS 

Rating Symbol MJE2370 MJE2371 

Collector-Emitter Voltage VeEO 40 60 

Collector-Base Voltage VeB 40 60 

Emitter-Base Voltage VEB 5.0 

Collector Current - Continuous Ie 3.0 

Base Current IB 1.0 

Total Device Dissipation@Te= 250e Po 40 
Derate above 250 e 0.32 

Operating and Storage Junction TJ,Tstg -65 to +150 
Temperature Range 

THERMAL CHARACTERISTICS 

Characteristic Symbol Max 

Thermal Resistance, Junction to Case 8Je 3.125 

FIGURE 1 - POWER-TEMPERATURE DERATING CURVE 
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MJE2370, MJE2371 (continued) 

ELECTRICAL CHARACTERISTICS (T C = 25°C unless otherwise noted) 

Characteristic Symbol Min Max Unit 

OFF CHARACTERISTICS 

Collector-Emitter Sustaining Voltage( 1) VCEO(susl Vde 
(lc = 50 mAde, 18 = 01 MJE2370 40 -

MJE2371 60 -

Collector Cutoff Current ICEO - 0.3 mAde 
(VCE = 30 Vde, 18 = 01 

Collector Cutoff Current ICES mAde 
(VCE = 40 Vde, V8E = 01 MJE2370 - 0.2 

(VCE = 60 Vde, V8E = 01 MJE2371 - 0.2 

Emitter Cutoff Current lEBO - 1.0 mAde 
(VEB = 5.0 Vde, IC = 01 

ON CHARACTERISTICS 

OC Current Gain(11 hFE -
(lC = 0.2 Ade, VCE = 4.0 Vdel 40 200 

(lC = 1.0 Ade, VCE = 4.0 Vdel 10 -

Coliector·E mitter Saturation Voltage( 11 VCE(sati - 0.7 Vde 
(lC = 1.0 Ade, 18 = 125 mAdel 

Base-Emitter On Voltage VBE(onl - 1.3 Vde 
(lc = 1.0 Ade, VCE = 4.0 Vdel 

DYNAMIC CHARACTERISTIC 

Current-Gain-Bandwidth Product tT 3.0 - MHz 
(lC = 0.5 Ade, VCE = 10 Vde, f = 1.0 MHzl 

Small-Signal Current Gain hfe 20 - -
(lC = 0.5 Ade, VCE = 10 Vde, t = 1.0 kHzl 

(1 )Pulse Test: Pulse Width ~ 300 p.s, Duty Cycle S 2.0%. 

FIGURE 2 - DC SAFE OPERATING AREA 
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The Sate Operating Area Curves indicate IC-VCE limits below 
which the device will not enter secondary breakdown. Collector 
load lines for specific circuits must fall within the applicable Safe 
Area to avoid causing a catastrophic failure. To insure operation 
below the maximum T J. power~temperature derating must be ob~ 
served for both stead V state and pulse power conditions. 
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MJE2480, MJE2481 (SILICON) 

MJE2482, MJE2483 

NPN SILICON MEDIUM-POWER TRANSISTORS 

. designed for use in general·purpose amplifier and switching 
applications. 

• Low Collector· Emitter Saturation Voltage -
VCE(sat) = 0.7 Vdc (Max) @ IC = 1.5 Adc 

• DC Current Gain -
hFE = 20-100@ IC = 2.5 Adc 

• Current·Gain-Bandwidth Product -
fT = 2.0 MHz (Min)@ IC = 1.0 Adc 

MAXIMUM RATINGS 

Rating 

Collector-Emitter Voltage 

Coliector·Base Voltage 

Emitter·Base Voltage 

Collector Current - Continuous 

Base Current 

Total Device Dissipation@Tc = 25°C 
Derate above 25°C 

Operating and Storage Junction 
Temperature Range 

HERMAL CHARACTERISTICS 

Charact.istic 

Thermal Resistance. Junction to Case 

Symbol 

veEO 

veB 

VEB 

Ie 

Po 

MJE2480 MJE2481 
MJE2482 MJE2483 

40 60 

40 60 

5.0 

4.0 

2.0 

60 
0.48 

-65 to +150 

FIGURE 1 - POWER.TEMPERATURE DERATING CURVE 
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MJE2480, MJE2481, MJE2482, MJE2483 (continued) 

ELECTRICAL CHARACTERISTICS (TC; 25°C unless otherwise noted) 

Characteristic Symbol Min Max Unit 

OFF CHARACTERISTICS 

Collector-Emitter Sustaining Voltage! 1) VCEO(sus) Vde 
(lC = 100 mAde, IB = a) MJE 2480, MJE2482 40 -

MJE 2481, MJE2483 60 -

Collector Cutoff Current ICED mAde 
(VCE = 20 Vde, IB = a) MJE2480, MJE2482 - 1.0 

(VCE = 30 Vde, IB = a) MJE2481, MJE2483 - 1.0 

Collector Cutoff Current ICBO mAde 
(VCB = 40 Vde, IE = a) MJE2480, MJE2482 - 0.1 

(VCS = 60 Vde, IE = a) MJE2481, MJE2483 - 0.1 

Emitter Cutoff Current lEBO - 0.1 mAde 
(VBE = 5.0 Vde, I C = a) 

ON CHARACTERISTICS 

DC Current Gain( 1) hFE -
(IC = 1.0 Ade, VCE = 4.0 Vde) All Types 40 -
liC = 1.5 Ade, VCE = 4.0 Vde) MJE2480, MJE2481 20 100 

(lC = 2.5 Ade, VCE = 4.0 Vde) MJE2482, MJE2483 20 100 

Collector-E mitter Saturation Voltage( 1 ) VCE(sat) Vde 
(lC = 1.5 Ade,IB = 0.15 Ade) - 0.7 

(lC=4.0Ade,IB = 1.0 Ade) - 1.4 

Base-Emitter On Voltage VBE(on) - 1.5 Vde 
(lC = 1.5 Ade, VCE = 4.0 Vde) 

DYNAMIC CHARACTERISTICS 

Current-Gain-Bandwidth Product 
(lC= 1.0Ade, VCE = 10Vde,f= 1.0MHz) 

(1 )Pulse Test: Pulse Width S 300 ,",s, Duty Cycle ~ 2.0%. 
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The Safe Operating Area Curves indicate Ie-VeE limits below 
which the device will not enter secondary breakdown. Collector 
load lines for specific circuits must fall within the applicable Safe 
Area to avoid causing a catastrophic failure. To insure operation 
below the maximum. T J. power·temperature derating must be ob
served for both steady state and pulse power conditions. 
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MJE2490 (SILICON) 

MJE2491 

PNP SILICON MEDIUM-POWER TRANSISTORS 

. designed for use in· general·purpose amplifiers as drivers and 
as switches. 

• Low Coliector·Emitter Saturation Voltage -
VCE(sat) = 1.2 Vdc (Max) @ IC = 3.0 Adc 

• High DC Current Gain -
hFE = 20-100 @ IC = 1.0 Adc 

• Complements to NPN MJE2522 and MJE2523 

MAXIMUM RATINGS 

Rating Symbol MJE2490 MJE2491 

,Collector-Emitter Voltage VCEO 40 60 

Collector-Base Voltage Vce 40 60 

Emitter-Base Voltage VEe - 5.0 -
Collector Current - Continuous IC --'""- 3.0 -
Base C·urrent Ie - 1.0 -
Total Device Dissipation @TC - 25°C Po 60 

Der::-te above 2SoC - 0.48 -
Operating and Storage Junction TJ.Tstg _ -65 to +150 --

Temperature Range 

THERMAL CHARACTERISTICS 

Characteristic 

Thermal Resistance. Junction to Case 

FIGURE 1 - POWER-TEMPERATURE DERATING CURVE 
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MJE2490, MJE2491 (continued) 

ELECTRICAL CHARACTERISTICS (Te '" 250 e unless otherwise noted) 

Characteristic Symbol Min Max Unit 

OFF CHARACTERISTICS 

Collector-Emitter Sustaining Voltagell) VCEOlsus) Vde 

(lC = 50 mAde. IS = 0) MJE2490 40 -
MJE2491 60 -

Collector Cutoff Current ICEO - 0.3 mAde 

(VeE = 30 Vde.IS = 0) 

Collector Cutoff Current ICES mAde 
(VCE = 40 Vde. VeE = 0) MJE2490 - 0.2 

(VCE = 60 Vde. VeE = 0) MJE2491 - 0.2 

Emitter Cutoff Current IEeO - 1.0 mAde 

(VES = 5_0 Vde. IC = O! 

ON CHARACTERISTICS 

DC Current Gain(l! hFE -
(lC = 1_0 Ade. VCE = 4.0 Vde) 20 100 

(lC = 3.0 Adc. VCE '" 4.0 Vdc! 8_0 -

Collector-Emitter Saturation Voltage(l! VCE(sati Vde 

(lC = 1.0 Ade. Ie = 100 mAde! - 0.6 

(lc = 3_0 Ade. IS = 375 mAde! - 1.2 

Sase-Emitter On Voltage VSE(on! Vde 

(lc = 1.0 Ade. VCE = 4_0 Vde) - 1.3 

(lc = 3.0 Ade. VCE = 4.0 Vdc! - 1.8 

DYNAMIC CHARACTERISTICS 

Current-Gain-Bandwidth Product 'T 3.0 - MHz 

(lC = 0.5 Adc. VCE = 10 Vdc. f = 1.0 MHz! 

Small-Signal Current Gain hfe 20 - -
(lC = 0_5 Adc. VCE = 10 Vde. f = 1.0 kHz! 

(1)Pulse Test: Pulse Width 'S300 1'5, Duty Cycle~ 2.0%. 

FIGURE 2 - DC SAFE OPERATING AREA 
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The Safe Operating Area Curves indicate Ie-VeE limits below 
which the device will not enter secondary breakdown. Collector 
load lines for specific circuits must fall within the applicable Safe 
Area to avoid causing a catastrophic failure. To insure operation 
below the maximum T J, power·temperature derating must be ob
served for both steady state and pulse power conditions. 
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MJE2520, MJE2521 (SILICON) 

MJE2522, MJE.2523 

NPN SILICON MEDIUM-POWER TRANSISTORS 

. designed for use in general-purpose amplifiers as drivers and as 
switches. 

• Low Collector-Emitter Saturation Voltage -
VCE(sat) = 0.7 Vdc (Max) @IC= 1.0Adc (MJE2520, MJE2521) 

0.6 Vdc (Max) @IC= i.o Adc (MJE2522, MJE2523) 

• High DC Current Gain -
hFE = 20-100@IC = 1.0 Adc (MJE2522, MJE2523) 

• Complementary Circu itry -
NPN - MJE2520 PNP - MJE2370 

MJE2521 MJE2371 
MJE2522 MJE2490 
MJE2523 MJE2491 

MAXIMUM RATINGS 

MJE2520 MJE2521 
Rating Symbol MJE2522 MJE2523 

Coll~tor·E.~itter Voltage VeEO 40 60 

Collector-Base Voltage VeS 40 60 

Emitter-Sase Voltage VES 5.0 

Collector Current Continuous Ie 3.0 

Base Current IS 1.0 

Total Device DissipatioA @Te= 250 e PD 40 
Derate above 25DC 0.32 

Operating and Storage Junction TJ,Tstg -65 to +150 
Temperature Range 

THERMAL CHARACTERISTICS 

Characteristic 

Thermal Resistance.Junction to Case 

FIGURE 1 - POWER-TEMPERATURE DERATING CURVE 
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MJE2520, MJE2521, MJE2522, MJE2523 (continued) 

ELECTRICAL CHARACTERISTICS (TC = 25°C unless otherwise noted) 

I Characteristic Symbol Min Max Unit 

OFF CHARACTERISTICS 

Collector-Emitter Sustaining Voltage(l) VCEO(sus) Vdc 
IIC = 50 mAdc, IB = 0) MJE2520, MJE2522 40 -

MJE2521, MJE2523 60 -

Collector Cutoff Current 'CEO - 0.3 mAdc 
(VCE = 30 Vdc, IB = 0) 

Collector Cutoff Current ICES mAdc 
(VCE = 40 Vdc, VBE = 0) MJE 2520, MJE2522 - 0.2 

(VCE = 60 Vdc, VBE = 0) MJE2521. MJE2523 - 0.2 

Emitter Cutoff Current lEBO - 1.0 mAdc 
(VEB = 5.0 Vdc, IC = 01 

ON CHARACTERiStiCS 

DC Current Gain(l) hFE -
IIc = 0.2 Adc, VCE = 4.0 Vdc) MJE2520, MJE2521 40 200 

IIc = 1.0 Adc, VCE = 4.0 Vdc) MJE2520, MJE2521 10 -
MJE2522, MJE2523 20 100 

IIc = 3.0 Adc, VCE = 4.0 Vdc) MJE2522, MJE2523 8.0 -

Collector-Emitter Saturation Voltage( 1) VCE(sat) Vdc 
IIc = 1.0 Adc, IB = 125 mAdc) MJE2520, MJE2521 - 0.7 

IIc = 1.0 Adc, IB = 100 mAdc) MJE2522, MJE2523 - 0.6 

II C = 3.0 Adc, I B = 375 mAdc) MJE 2522, MJE2523 - 1.2 

Base-Emitter On Voltage VBE(on) Vdc 
IIc = 1.0 Adc, VCE = 4.0 Vdc) All Types - 1.3 

IIc = 3.0 Adc, VCE = 4.0 Vdc) MJE2522, MJE2523 - 1.8 

DYNAMIC CHARACTERISTICS 

Current-Gain-Bandwidth Product fT 3.0 - MHz 
(IC = 0.5 Adc, VCE = 10 Vdc, f = 1.0 MHz) 

Small-Signal Current Gain hfe 20 - -
lie = 0.5 Adc, VeE = 10 Vdc, f = 1.0 kHz) 

(1 )Pulse Test: Pulse Width ~ 300 IJ,s, Duty Cycle ~ 2.0%. 

FIGURE 2 - DC SAFE OPERATING AREA 
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The Safe Operating Area Curves indicate Ic-VeE limits below 
which the device will not enter secondary breakdown. Collector 
load line. for specific' circuits must fall within the applicable Safe 
Area to avoid causing a catastrophic failure. To insure operation 
below the maximum T J. power-temperature derating must be ob
served for both steady state and pulse power conditions. 

VCE, COLLECTOR-EMITTER VOLTAGE (VOLTS) 
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MJ E2 8 01 (SILICON) 

MJE2801K 

HIGH-POWERNPN SILICON TRANSISTOR 

... fot use as an output device in complementary audio amplifiers 
up to 35-Watts music power per channel. 

• High DC Current Gain - hFE; 25-100@ IC; 3.0 A 

• Thermopad H igh·Efficiency Compact Package 

• Complementary to PNP MJE2901, MJE2901 K 

• Choice of Packages - MJE2801-Case 90 
MJE2801K·Case 199 

MAXIMUM RATINGS 

Rating Symbol 

Collector-Emitter Voltage VCEO 

Coliector·Ba .. Voltage VCB 

Emitter-Base Voltage VEB 

Collector Current IC 

Base Current IB 

Total Device Dissipation @TC ~ 2SoC Pot 
D.rate above 25°C 

Value 

60 

60 

4.0 

10 

S.O 

90 
0.12 

Operating and Storage Junction TJ,Tstg -55 to +150 
Temperature Range 

THERMAL CHARACTERISTICS 

Thermal Resistance. Junction to Case 

Unit 

Vde 

Vde 

Vde 

Ade 

Ade 

Watts 
wflc 

°c 

tSefe Ar .. Curves .,.Indlcated- bV Figure 1. Both limitt.,.. applicable and mull: beob .. rved. 

ELECTRICAL CHARACTERISTICS (TC = 25°C unless otherwise noted I 

I Cheracteriltic I Symbol I Min I Max I Unit 

OFF CHARACTERISTICS 

COliector·Emitter Breakdown Voltage (1\ BVCEO Vde 

(lC· 200 mAde, IB = 01 60 -
Collector-Cutoff Current ICBO mAde 

(VCB = 60 Vde, IE = 01 - 0.1 

(Vea = 60 Vde, IE ·0, TC = 15o"CI - 2.0 

Emitter Cutoff Current lEBO mAde 

(VBE • 4.0 Vde, Ie = 01 - 1.0 

ON CHARACTERISTICS 

De Current Gain hFE -
(Ie • 3.0 Ad., VeE· 2.0 Vdel 25 100 

B ... ·Emitter Voltage VBE Vde 
(Ie • 3.0 Ad., VeE· 2.0 Vd.1 - 1.4 

(1) PulaaT_: PulaaWldth <3CXI "', Duty Cycle <2.11'16. 

3-356 
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MJE2801, MJE2801 K (continued) 
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There are two limitations on the power handling ability of a 
transistor: average junction temperature and second breakdown. 
Safe operating area curves indicate Ie - VeE limits of the transistor 
that must be observed for reliable operation; i.e., the transistor must 
not be subjected to greater dissipation than the curves indicate. 

The data of Figure 1 is based on T Jlpk) = ISo"C; T C is variable 
depending on conditions. Second breakdown pulse limits are valid 
for duty cvcles to 10% provided TJlpk) <:; IS00 C. At high case 
temperatures. thermal limitations will reduce the power that can be 
handled to values less than the limitations imposed bV second 
breakdown. ISee AN-41S) 
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MJE2901 (SILICON) 

MJE2901K 

I 

HIGH·POWER PNP SILICON TRANSISTORS' 

, .. for use as an output device in complementary audio amplifiers 
up to 35·Watts music power per channel. 

• High DC Current Gain - hFE = 25-100@ IC = 3.0 A 

• Thermopad High Efficiency Compact Package 

• Complementary to NPN MJE2801, MJE2801K 

• Choice of Packages - MJE2901 - Case 90 
MJE2901 K - Case 199, 

MAXIMUM RATINGS 

Rating 

Collect9r-Emitter Voltage 

Collector-B~se Voltage 

Emitter-Base Voltage 

Collector Current 

Base Current 

Total Device Dissipation @TC == 2SoC 
Derate above 2SoC 

Operating and Storage Junction 
Temperature Range 

THERMAL CHARACTERISTICS 

Characteristic 

Thermal ResistancE!. Junction to Case 

Svmbol 

VCEO 

VCB 

VEB 

IC 

IB 

Pot 

TJ, Tstg 

Symbol 

OJC 

Value 

60 

60 

4.0 

10 

5.0 

90 
0.72 

~55 to +150 

Max 

1,39 

Unit 

Vde 

Vde 

Vde 

Ade, 

Ade 

Watts 
W/oc 

°c 

Unit I 
°C/W I 

tSafe Araa Curves are indicated 'by Figure 1. Both limits are applicable and must be observed. 

ELECTRICAL C.I"IARACTERISTICS 1TC = 250 C unless otherwise noted) 

I Characteristic I Symbol I Min I M.x I Unit I 
OFF CHARACTERISTICS 

Collector-Emitter Breakdown Voltage BVCEOll) 60 - Vde 
IIc = 200 mAde, IB = 0) 

Collector-Cutoff Current ICBO mAde 
(Vce = 60 Vdc, IE = 0) - 0.1 
(VCB = 60 Vdc, IE = 0, TC = 1500C - 2.0 

Emitter Cutoff Current lEBO 1,0 mAde 
(VBE= 4.0 Vdc, IC = 0) 

ON CHARACTERISTICS 

DC Current Gain hFE 25 100 -
IIc = 3.0 Ade, VCE = 2,0 Vdc) 

Base-Emitter Voltage VBE - 1.4 Vdc 
IIc = 3.0 Ade, VCE = 2.0 Vdc) 

(1)Pull8 Test: Pul. Width~3001l" Duty Cyc!e~2.0%. 
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MJE2901, MJE2901 K (continued) 
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There are two limitations on the power handling ability of a 
transistor: average junction temperature and second breakdown. 
Safe operating area curves indicate Ie . VeE limits of the transistor 
that must be observed for reliable operation; i.e., the transistor must 
not be subjected to greater dissipation than the curves indicate. 

The data of Figure I is based on T Jlpk) = 150°C; TC is variable 
depending on conditions. Second breakdown pulse limits are valid 
for duty cycles to 10% provided T Jlpk)';;1S00C. At high case 
temperatures, thermal limitations will reduce the power that can be 
handled to values less than the limitations imposed by second 
breakdown. (See AN"415) 
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MJE2955 (SILICON) 

MJE2955K 

HIGH POWER PNP SILICON TRANSISTORS 

... designed for use in general·purpose amplifier and switching 
applications. 

• OCCurrent Gain Speci.fiedto 10 Amperes 
• High Current-Gain - Bandwidth Product - fT = 2.0 MHZ (Min) 

@IC=500mAdc 
• Thermopad High·Effici.ency Compact Package 
• Complement to NPN MJE3055, MJE3055K 
• Choice of Packages - MJE2955·Case 90, MJE2955K-Case 199 

MAXIMUM RATINGS 

Rating Symbol Value 

Collector-Emitter Voltage VCEO 60 

Collector-Base Voltage VCB 70 

Emitter-Base Voltage VEB 5.0 

Collector Current-Continuous IC 10 

Base Current-Continuous IB 6.0 

Total Device Dissipation@Tc=250 C(11 Po 90 
Derate above 2SoC 0.718 

Operating and S.torage Junction TJ,T stg -55 to +150 
Temperature Range 

THERMAL CHARACTERISTICS 

Characteristic 

Thermal Resistance, Junction to Case 

FIGURE 1 - ACTIVE REGION SAFE OPERATING AREAS 
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I. 
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VCE, COLLECTOR·EMITTER VOLTAGE (VOLTS) 

Ther. a .. two UmiUtlionl on tha po_. handline ability of II , .... &I.tor: .v ..... iundlion 
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Unit 

Vdc 

Vdc 

Vdc 

Adc 

Adc 

Watts 

wflc 
DC 

(1)Safe Area Curves are Indicated by Figure 1 - Both therm.1 and saf.ar •• 
limit. ar. appticebl. and must be obl8rved. 
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MJE2955, MJE2955K (continued) 

ELECTRICAL CHARACTERISTICS (TC = 250 C unless otherwise noted) 

I Charactwistic I Symbol Min Max 

OFF CHARACTERISTICS 

Collector-Emitter Sustaining Voltage (1) VCEO(sus) 
(lC = 200 mAde,lB = 0) 60 -

Collector Cutoff Current 'CEO 
(VCE = 30 Vde,IB = 0) - 700 

Collector Cutoff Current 'CEX 
(VCE = 70 Vde, VEB(off) = 1_5 Vdc) - 1.0 

(VCE = 70 Vdc, VEB(off) = 1_5 Vdc, TC = IsaaC) - 5.0 

Collector Cutoff Current ICBO 
(VCB = 70 Vde, 'E = 0) - 1.0 

(VCB = 70 Vde, 'E = 0, TC = 15oDC) - 10 

Emitter Cutoff Current lEBO 
(VBE = 5.0 Vde, IC = 0) - 5_0 

ON CHARACTERISTICS 

DC Current Gain (1) hFE 

(lC = 4.0 Adc. VCE = 4.0 Vde) 20 70 

(lC = 10 Ade. VCE = 4.0 Vdc) 5.0 -
Collector-Emitter Saturation Voltage (1) VCE(sat) 

(lC = 4.0 Adc, 'B = 0.4 Ade) - 1.1 

(lC = 10 Ade, 'B = 3.3 Ade) - B.O 

Base-Emitter On Voltage (t) VBE(on) 
(lC = 4.0 Adc, VCE = 4.0 Vdc) - I.B 

DYNAMIC CHARACTERISTICS 

Current-Gain-Bandwidth Product 

(lC = 500 mAdc, VCE = 10 Vdc, f = 500 kHz) 

(l)Pulse Test: Pulse Width ~ 3001£5, Duty Cvcle~ 2.0%. 

FIGURE 2 - DC CURRENT GAIN FIGURE 3 - "ON" VOLTAGES 
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MJE30S4 (SILICON) 

NPN SILICON MEDIUM-POWER TRANSISTOR 

· .. designed for use as drivers,switches and general-purpose amplifiers. 

• Low Collector-Emitter Saturation Voltage -
VCE(satl = 1.0 Vdc @ IC = 0.5 Adc 

• High DC Current Gain -
hFE = 25-100@ IC = 0.5 Adc 

MAXIMUM RATINGS 

Rating Symbol 

Collector-Emitter Voltage VeEO 

Collector-Emitter Voltage VeER 

Collector-Base Voltage Ves 

Emitter-Base Voltage VES 

Collector Current Continuous Ie 

Base Current IS 

Total Device Dissipation@TC=2SoC PD 
Derate above 2SoC 

Value 

55 

60 

90 

5.0 

4.0 

2.0 

40 
0.32 

Operating and Storage Junction TJ,Tstg -65 to +150 
Temperature Range 

THERMAL CHARACTERISTICS 

Characteristic Svmbol Max 

Thermal Resistance, Junction to Case eJC 3.125 

FIGURE 1 - POWER· TEMPERATURE DERATING CURVE 
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Unit 
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MJE3054 (continued) 

ELECTRICAL CHARACTERISTICS (Tc = 25°C unless otherwise noted) 

Characterjstic Svmbol Min Max Unit 

OFF CHARACTERISTICS 

Collector-Emitter Sustaining Voltage(1) VCEOjsus) 55 - Vile 
HC = 100 mAde, IB = 0) 

Collector-Emitter Sustaining Voltage VCERjsus) 60 Vde 
HC = 100 mAde, RBE= 100 ohms) 

Collector Cutoff Current ICEO - 0.5 Ade 
jVCE = 30 Vde, IB = 0) 

Collector Cutoff Current ICEX - 1.0 mAde 
jVCE = 90 Vde, VEBjoff) = 1.5 Vde) 

Emitter Cutoff Current 'EBO - 1.0 mAde 
NEB = 5.0 Vde, IC = 0) 

ON CHARACTERISTICS 

DC Current GainO) hFE -
Hc = 0.5 Ade, VCE = 4.0 Vde) 25 100 

H C = 3.0 Ade, V CE = 4.0 Vde) 5.0 -

Colleetor·Emitter Saturation Voltagerl1 VCE(sat) Vde 
HC = 0.5 Ade, 'B = 50 mAde) - 1.0 

HC = 3.0 Ade, 'B = 1.0 Ade) - 6.0 

Base-Emitter On Voltage VBE(on) - 1.7 Vde 
HC = 0.5 Ade, VCE = 4.0 Vde) 

DYNAMIC CHARACTERISTICS 

Common-Emitter Cutoff Frequency fae 30 - kHz 
HC = 100 mAde, VCE = 4.0 Vde) 

Small-Signal Current Gain hfe 25 - -
Hc = 100 mAde, VCE = 4.0 Vde, f = 1.0 kHz) 

~1)Pulse Test; Pulse WidthS 300 p.s, Duty Cvcle~2.0%. 

FIGURE 2 - DC SAFE OPERATING AREA 
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The Safe Operating Area Curves indicate IC-VCE limits below 
which the device will not enter secondary breakdown. Collector 
load Jines for specific circuits must fall within the applicable Safe 
Area to avoid causing a catastrophic failure. To insure operation 
below the maximum T J. power~temperature derating must be ob~ 
served for both steady state and pulse power conditions. 
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MJE3055(SILICON) 
MJE3055K 

HIGH POWER NPN SILICON TRANSISTORS 

• •• designed for use in general·purpose amplifier and switching appli· 
tions. 

• DC Current Gain Specified to 10 Amperes 

• High Current Gain - Bandwidth Product -
tr; 2.0 MHz (Min) @ IC; 500 mAdc 

• Thermopad High-Efficiencv Compact Package 

• Complement to PNP MJE2955. MJE2955K 

• Choice of Packages - MJE3055 - Case 90 
MJE3055K - Case 199 

MAXIMUM RATINGS 

Rating Symbol 

Collector-Emitter Voltage VCEO 

Collector-Base Voltage VCB 

Emitter-Base Voltage VEB 

Collector Current - Continuous IC 

8ase Current - Continuous IB 

Value Unit 

60 Vdc 

70 Vdc 

5.0 Vdc 

10 Adc 

6.0 Adc 

Total Device Dissipation@Tc = 25°C (1) Po 90 W8tu 
Derate above 25°C 0.718 wflc 

Operating and Storage Junction TJ. Tstg -55 to +150 
Temperature Range 

THERMAL CHARACTERISTICS 

Characteristic 

Thermal Resistance. Junction to Case 

(1) Safe Area Curves are indicated bV Figure 1 - Both thermal and safe .area 
limits are applicable and must be observed., 

FIGURE 1 - ACTIVE-REGION SAFE OPERATING AREA 
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MJE3055, MJE3055K (continued) 

ELECTRICAL CHARACTERISTICS ITc = 2SoC unless otherwise noted) 

Characteristic 

OFF CHARACTERISTICS 

Collector-Emitter Sustaining Voltage 11) 
IIC = 200 mAde, IS = 0) 

Collector Cutoff Current 
IVCE = 30 Vdc, IS = 0) 

Collector Cutoff Current 
IVCE = 70 Vde, VESloffl = 1.5 Vde) 
IVCE = 70 Vde, VESloff) = 1.5 Vde, TC = IS00C) 

Collteetor Cutoff Current 
!VCS = 70 Vde, IE = 0) 
IVCS = 70 Vde, IE = 0, TC = IS00C) 

Emitter Cutoff Current 
IVSE = 5.0 Vdc, IC = 0) 

ON CHARACTERISTICS 

DC Current Gain 11) 
IIC = 4.0 Adc, VCE = 4.0 Vdc) 
IIC = 10 Adc, VCE =4.0 Vdc) 

Collector-Emitter Saw ration Voltage 11) 
IIC = 4.0 Adc, IS = 0.4 Ade) 
IIC = 10 Ade, IB = 3.3 Adc) 

Sase-Emitter On Voltage 11) 
IIC = 4.0 Adc, VCE = 4.0 Vde) 

DYNAMIC CHARACTERISTICS 

Current Gain - Bandwidth Product 
IIC = 500 mAde, VCE = 10 Vdc, f = 500 kHz) 

(1) Pulse Test: Pulse Width.;S:300~5. Duty CycleS2.0%. 

FIGURE 2 - DC CURRENT GAIN 
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MJE3439, MJE3440 (SILICON) 

NPN SILICON HIGH-VOLTAGE POWER TRANSISTORS 

· .. designed for use as video output amplifiers in television receivers 
and in line operated audio output amplifiers. 

• High DC Current Gain -
hFE = 40-160@ IC = 20 mAde 

• Current-Gain-Bandwidth Product -
tr = 15 MHz (Min) @ IC = 10 mAde 

• Low Output Capacitance -
Cob = 10 pF (Max) @f= 1.0 MHz 

MAXIMUM RATINGS 

Rating Svmbol 

Collector~Emitter Voltage VCEO 

Collec~or·Base Voltage Vce 

Emitter-Base Voltage VEe 

Collector Current Continuous IC 

Itj8se t.;urrent Ie 

ITotal Device Diss,ipation@Tc-25uC Po 
Derate above 25°C 

luperating and Storage Junction TJ,Tstg 
Temperature Range 

THERMAL CHARACTERISTICS 

Characteristic 

hermal Resistance. Junction to Case 

MJI;3439 MJE3440 

350 250 

450 350 

- 5.0 ---- 0.3 -- 150 -
- 15 -0.12 

65 to +150 

FIGURE 1 - POWER-TEMPERATURE DERATING CURVE 
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Unit 

Vdc 

Vdc 

Vdc 

Adc 

mAde 

Watts 
wf'c 
°c 

O.3AMPERE 

NPN SILICON 
POWER TRANSISTORS 

250-350 VOLTS 
15 WATTS 

0.080 
D.fOij 

0.015 il1r35 

0.595 
If.655 

110.025 

0]25 0.070 

f=~==€l ~2~3~==L:= [l3if r--= , 
Pin 1. Emitter 

2. CDHectDr 
3. Base 

When mounting the device, torque not to exceed 
8.0in.-lb. 

If lead bending is required, u. suitllble clamps Of 

other supportS between tra"lsistor caa and point 
of bend. 

CASE 77-02 



MJE3439, MJE3440 (continued) 

ELECTRICAL CHARACTERISTICS (Tc = 25°C unless otherwise noted) 

Characteristic I Symbol Min Max Unit 

OFF CHARACTERISTICS 

Collector-Emitter Sustaining Voltage VCEO(sus) Vde 
(lC = 5.0 mAde, 18 = 0) MJE3439 350 -
(lC = 50 mAde, 18 = 0) MJE344Q 250 -

Collector Cutoff Cu~rent ICEO itAde 
(VCE = 300 Vde, IB = 0) MJE3439 - 20 

(VCE = 200 Vde, IB = 01 MJE3440 - 50 

Collector Cutoff Current ICEX I'Ade 
(VCE = 450 Vde, VEB(ofli = 1.5 Vde) MJE3439 - 500 

(VCE = 300 Vde, VEB(offl = 1.5 Vde) MJE3440 - 500 

Collector Cutoff Current ICBO !'Ade 
(VCB = 360 Vde, IE = 01 MJE3439 - 20 

(VCB = 250 Vde, IE = 01 MJE3440 - 20 

Emitter Cutoff Current lEBO - 20 I'Ade 
(VBE = 5.0 Vde, IC = 0) 

ON CHARACTERISTICS 

DC Current Gain hFE -
(lC = 2.0 mAde, VCE = 10 Vdel 30 -
(lC = 20 mAde, VCE = 10 Vde) 40 160 

Collector-E mitter Saturation Voltage VCE(sad - 0.5 Vde 
(lC = 50 mAde, IB = 4.0 mAde) 

Base-Emitter Saturation Voltage VBE(sad - 1.3 Vde 
(lC = 50 mAde, IB = 4.0 mAde) 

Base-Emitter On Voltage VBE(onl - 0.8 Vde 
(lC = 50 mAde, VCE = 10 Vde) 

DYNAMIC CHARACTERISTICS 

Current-Gain-Bandwidth Product fT 15 - MHz 

(lC = 10 mAde, VCE = 10 Vde, f = 5.0 MHz) 

Output Capacitance· Cob - 10 pF 

(VCB = 10 Vde, IE = 0, f = 1.0 MHz) 

Small-Signal Current Gain hie 25 - -

(lC = 5.0 mAde, VCE = 10 Vde, f = 1.0 kHz) 

FIGURE 2 - ACTIVE-REGION SAFE OPERATING AREA 
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The Safe Operating Area Curves Indicate Ie-VeE limits below 
which the, device will not enter secondary breakdown. Collector 
load lines for specific circuits must fall within the applicable Safe 
Area to avoid causing a catastrophic failure. To insure operation 
below the maximum T J, power-temperature derating must be ob
sef'ved for both steady state and pulse power conditions. 
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MJE3738 (SILICON) 

MJE3739 

NPN SILICON HIGH~VOLTAGE TRANSISTORS 

· .. designed for use in line-operated equipment such as audio output 
amplifiers, low·current, high·voltage converters, and AC line relay 
applications. 

• DC Current Gain -
hFE = 40-200@ IC = 100 mAdc 

• Current-Gain-Bandwidth Product -
fT = 10 MHz (Typ) @ IC = 50 mAdc 

MAXIMUM RATlIiIGS 

Rating Symbol MJE3738 MJE3739 Unit 

Collector-Emitter Voltage VCEO 225 300 Vdc 

Collector-Ba .. Voltage VCB 250 325 Vdc 

Emitter-Ba .. Voltage VEe - 6.0- Vdc 

Collector Current - Continuous IC - 0.5- Adc 

Base Current Ie - 0.5_ Adc 

Total Device Dissipation@Tc= 25°C Po 30 Watts 
Derate above 25°C --- 0.24- wl"c 

Operating and Storage Junction TJ,Tstg - -65 to +150 ------ °c 
Temperatura Range 

THERMAL CHARACTERISTICS 

Ch .... cterlstic 

Thermal Resistance, Junction to Case 

FIGURE 1 - POWER-TEMPERATURE DERATING CURVE 
40 

35 

E 30 
! .......... 
z 25 c 
~ 
:: 20 
iii 
is 15 .. 
~ 
~ 10 

~ 5.0 

........... 

........... 

':-... 
........ :-... 

........ 
....... 

20 40 80 80 100 120 140 160 

TC, CASE TEMPERATURE (DC) 

3-368 

0.5 AMPERE 

POWER TRANSISTORS 
NPN SILICON 

225-300 VOLTS 
30 WATTS 

CAse 199 



MJE3738, MJE3739 (continued) 

ELECTRICAL CHARACTERISTICS (Tc ~ 25°C unless otherwise noted) 

Characteristic Symbol Min Typ Max Unit 

OFF CHARACTERISTICS 

Coliector~Emitter Sustaining Voltage( 1) VCEO(sus) Vdc 
(lc = 30 mAde, IS = 0) MJE3738 225 - -

(lC = 20 mAde,lS = 0) MJE3739 300 - -

Collector Cutoff Current 'CEO mAde 

(VCE = 125 Vde, 'B = 0) MJE3738 - - 0.25 

(VCE = 200 Vde, IS = 0) MJE3739 - - 0.25 

Collector Cutoff Current 'CEX mAde 

(VCE = 250 Vde, VEB(off) = 1.5 Vde) MJE3738 - - 0.5 

(VCE = 325 Vde, VEB(oH) = 1.5 Vde) MJE3739 - - 0.5 

Collector Cutoff Current 'CBO mAde 

(VCB = 250 Vde, 'E = 0) MJE3738 - - 0.1 

(VCS = 325 Vde, 'E = 0) MJE3739 - - 0.1 

Emitter Cutoff Current 'EBO - - 0.1 mAde 

(VBE = 6.0 Vde, IC = 0) 

ON CHARACTERISTICS 

DC Current Gain(l) hFE -
(lC = 50 mAde, VCE = 10 Vde) 30 - -
(lC = 100 mAde, VCE = 10 Vde) 40 - 200 

(lC = 250 mAde, VCE = 10 Vdc) 25 - -

Collector-Emitter Saturation Voltage I 1) VCE(sat) - - 2.5 Vde 

(lC = 250 mAde, 'B = 25 mAde) 

Base-Emitter On Voltage VBE(on) - - 1.0 Vde 

(lC = 100 mAde, VCE = 10 Vde) 

DYNAMIC CHARACTERISTICS 

Current-Gain-Bandwidth Product fT - 10 - MHz 

(lC = 50 mAde, VCE = 10 Vde, f = 1.0 MHz) 

Output Capacitance Cob - 20 - pF 

(VCB = 100 Vde, 'E = 0, f = 100 kHz) 

{1)Pulse Test: Pulse Width ~ 300 IJ-s, Duty Cycle ~ 2.0%. 

FIGURE 2 - DC SAFE OPERATING AREA 
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which the device will not enter secondary breakdown, Collector 
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below the maximum T J, power-temperature dereting must be ob
served .for both steady state and pules power conditions. 
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MJE3740 (SILICON) 

MJE3741 

PNP SILICON MEDIUM-POWER TRANSISTORS 

. designed for use as drivers, switches, and replacement for 
germanium and silicon metal can transistors. 

• Low CoUector·Emitter Saturation Voltage -
VCE(sat)= 0.6 Vdc.(Max) @ IC = 1.0 Adc 

• High DC Current Gain -
hFE = 30-100@ Ie = 250 mAdc 

MAXIMUM RATINGS 

Rating Symbol MJE3740 MJE3741 

Collector-Emitter Voltage VeEO 60 80 

eoflector·ease Voltage Vee 60 80 

Emitter~Base Voltage VEe 5.0 

Collector Current - Continuous Ie 4.0 

Base Current Ie 2.0 

Total Device Dissipation@Te= 250 e Po 40 
Derat. above 250 e 0.32 

Operating and Storage Junction TJ,Tstg -65 to +150 
Temperature Range 

THERMAL CHARACTERISTICS 

Cho..-ristic Symbol I M"" I 
Thermal Resistance. Junction to Case 8Je I 3.125 I 

FIGURE 1 - POWER·TEMPERATURE DERATING CURVE 
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MJE3740, MJE3741 (continued) 

ELECTRICAL CHARACTERISTICS (TC = 25°C unless otherwise noted) 

Characteristic Symbol Min Max Unit 

OFF CHARACTERISTICS 

Collector-Emitter Sustaining Voltage(1) VCEO(sus) Vdc 
(lc = 100 mAde, IS = 0) MJE3740 60 -

MJE3741 80 -
Collector Cutoff Current ICEO mAde 

(VCE = 40 Vde, IS = 0) MJE3740 - 1.0 

(VCE = 60 Vdc, IS = 0) MJE3741 - 1.0 

Collector Cutoff Current ICEX mAde 

(VCE = 60 Vde, VSE(off) = 1.5 Vdc) MJE3740 - 0.1 

(VCE = 80 Vdc, VBE(offl = 1.5 Vdc) MJE3741 - 0.1 

Collector Cutoff Current ICBO mAde 
(VCB = 60 Vde, IE = 0) MJE3740 

I 
- 0.1 

(VCB = 80 Vde, IE = 0) MJE3741 - 0.1 

Emitter Cutoff Current lEBO - 0.5 mAde 
(VEB = 5.0 Vde, IC = O! 

ON CHARACTERISTICS 

DC Current Gain(1) hFE -
(lC = 250 mAde, VCE = 1.0 Vde) 30 100 

(lC = 1.0 Ade, VCE = 1.0 Vdc) 10 -
Collector-Emitter Saturation Voltage( 1) VCE(sat) - 0.6 Vdc 

(lC = 1.0 Ade, IS = 125 mAde! 

Base-E mitter On Voltage VBE(on! - 1.0 Vde 
(I C = 250 mAde, V CE = 1.0 Vdc! 

OYNAMIC CHARACTERISTICS 

Current-Gain-Bandwidth Product fT 4.0 - MHz 
(Ie = 100 mAde, VCE = 10 Vde, f = 1.0 MHz! 

Output Capacitance Cob - 100 pF 
(VCS = 10 Vde, IE = .0, f = 100 kHz! 

(1)Pulse Test: Pulse Width:S; 300 I's, Duty Cycle ~ 2.0%. 

FIGURE 2 - DC SAFE OPERATING AREA 
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The Safe Operating Area Curves indicate IC-VCE limits below 
which the device will not enter secondary breakdown. Collector 
load lines for specific circuits must fall within the applicable Safe 
Area to avoid causing a catastrophic failure. To insure operation 
below the maximum T J. power-temperature derating must be ob
served for both steady state and pulse power conditions. 

MJ E4918 (SILICON) 
For Specifications, See 2N4918, Volume I. 

MJE4921 (SILICON) 
For Specifications, See 2N492 1 , Volume I. 
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MLEDSO 
MLEDSS 

VISIBLE RED LIGHT-EMITTING DIODES 

· .. designed for applications requiring high visibility, low· drive power 
and high reliability. These devices can be used as circuit status indio 
cators, panel indicators in large matrix displays, and for film anno
tation. The MLED50 is a high intensity point source in a clear 
plastic package. The M LED55, because of its diffusing red plastic 
package appears as a large area light source with wide viewing angle. 

• High Luminous Intensity _ MLED50 - 1.0 mcd (Typ) 
MLED55 - 0.6 mcd (Typ) 

• Solid State Reliability 

• Compatible with IC's - Low Drive Current 

• Economical Plastic Package - Clear or Diffusing Red 

• Resistant to Shock and Vibration 

• Wide Viewing Angle 

• Easy Cathode I ndentification - Wider Lead 

• Visible Red Emission -660 nM (Typ) 

MAXIMUM RATINGS 

Rating Symbol Value Unit 

Reverse Voltage VR 3.0 Volts 

Forward Current-Continuous IF 50 rnA 

Total Device Dissipation@TA :::0 2SoC PDI11 120 mW 
Derate above 2SoC 2.0 rnW/oC 

Operating and Storage Junction TJ,Tstg 121 -40 to +85 °c 
Temperature Range 

THERMAL CHARACTERISTICS 

Characteristic Symbol 1 Ma. 1 Unit 

Thermal Resistance. Junction to Ambient OJA I11 I 500 j °CIW 

Solder Temperature 2600C for 3 sec. 1/16" from Ca .. 

(1) Printed Circuit Board Mounting 

(2) Heat Sink should be applied to leads during soldering to prevent Case Temperature 
exceeding 85°C. 

FIGURE 1 - TYPICAL'NORMALIZED LIGHT OUTPUT 
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LIGHT-EMITTING DIODE 
VISIBLE RED 

GALLIUM 
ARSENIDE PHOSPHIDE 

120 MILLIWATTS 

MLED50 - Clear Plastic 
MLED55 - Diffusing Red Plastic 

r-;
I OO~ 
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MTIi 
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0.040 
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STYlE 2; 
PIN I. ANODE 

2. CATHODE 

. CASE 234·02 



MLED50, MLED55 (continued) 

ELECTRICAL CHARACTERISTICS (T A = 25°C unless otherwise noted) 

Characteristic Fig. No. Symbol Min Typ Max Unit 

Reverse Leakage Current IR 100 nA 
(VR = 3.0 V.RL = 1.0 Megohm) 

Reverse Breakdown Voltage - BVR 3.0 - - Volts 
(lR = 100 "A) 

, r-orward Voltage 2 vF 1.6 2.0 Volts 
(IF = 2OmA) 

Total Capacitance - CT 150 - pF 
(VR = 0 V. f = 1.0 MHz) 

OPTICAL CHARACTERISTICS (TA = 250 C unless otherwise noted) 

Characteristic: Fig. No. Symbol Min Typ Max Unit 

Axial Instantaneous 10 mcd 
Luminous Intensity MLED50 1 0.5 1.0 -

(IF = 20 mAl Note 1 MLED55 1 0.3 0.6 -
Brightness B fL 

(IF=20mA) Note 2 MLED50 - 750 -

Peak Emission Wavelength Ap - 660 - nM 

Spectral Line Half Width AA - 10 - nM 

TYPICAL CHARACTERISTICS 

NOTES: 

FIGURE 2 - FORWARD CHARACTERISTICS 

4.0 
111111 I 

TJ ~ 250C / 2 

r-

5.0 10 20 50 100 200 SOD 1000 2000 

If. INSTANTANEOUS fORWARD CURRENT (mAl 
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FIGURE 3 - AXIAL LUMINOUS INTENSITY 
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FIGURE 5 - SPATIAL RADIATION PATTERN 

1. Axial Luminous Intensity (10) is measured using 8 Kerant K1100 Light-Emitting Diode (LEO) Photometer incorporating a photometric 
sensor (detector and filter) matched to the CIE· standard observers eye response. 'a is ~:h,f.ined as the ratio of the luminous flux emitted by a 
source to an incremental on axis solid angle subtended by a sensor; i.e., candela = lumens/steradian. Since 10 is a photometric measurement, 
it provides an accurate indication of the visibility of an LE 0 that includes the physical characteristics of the package such as encapsu lant and lens 
design. The spatial radiation pattern and 10 clearly define the light emitting characteristics of an LED. 

As seen from the specification, the MLED50 has a much higher 'a than the MLED56 because of the diffusing nature of the encapsulant used for 
the MLE065. The result is a large uniform field of emitted light for the MLEDS5 and a sharp 'intense field for'the MLEOSO as shown in Figure 5. 

2. Brightness (B) measured with a Photo Research Spectra Spot Brightness Meter Model ue 1/40 with Spectra L-17S 'ens. 

3. To estimate output level under non continuous current drive at junction temperature other than 25°C, first the average junction temperature 
can be calculated from 

T J(ov) = T A + 6 JA x V F x I F x 0 

where 0 is the duty cycle of the applied current (IF)' Then the norn:-alized luminous intensity at this junction temperature can be read from 
Figure 3. Use of the above method should be restricted to drive conditions employing pul,sasof 'essthan 10 JJ.s duration to avoid errors caused 
by high peak junction temperatures. 

-International CommiSlion on illumination 
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MLED60 
MLED90 

INFRARED·EMITTING DIODES 

· .. designed for applications requiring high power output, low drive 
power and very fast response time. This device is used in industrial 
processing and control, light modulators, shaft or position encoders, 
punched card and tape readers, optical switching, and logic circuits. 
It is spectrally matched for use with silicon detectors. 

• High Power Output - 550 jlW (Typ) @ IF = 50 mA - M LED60 
350 jlW (Typ) @ IF = 50 mA - MLED90 

• Infrared Emission - 900 nM (Typ) 

• Low Drive Current - Compatible with I ntegrated' Circuits 

• UniqueMolded Lens for Durability and Long Life 

• Economical Plastic Package 

• Small Size for High Density Mounting 

• Easy Cathode Identification - Wider Lead 

MAXIMUM RATINGS 

Rating Symbol Value Unit 

Reverse Voltage VR 3.0 Volts 

Forward Current-Continuous IF 80 mA 
Total Device Dissipation @ T A = 25°C 120 mW POl1l 

Derate above 25°C 2.0 mW/oC 

Operating and Storage Junction TJ,Tstg 40 to +85 °c 
Tempera~ure Range 

THERMAL CHARACTERISTICS 

Characteristic Symbol I Max I Unit 

Thermal Resistance, Junction to Ambient 8 JA 11) 1 500 1 °C/W 
Solder Temperature 260°C for 3 sec 1116" from case 

(1lPnnted CirCUit Board Mounting 
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INFRARED·EMITTING DIODES 
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MLEDSO, MLED90 (continued) 

ELECTRICAL CHARACTERISTICS (T A = 25°C unless otherwise noted) 

OtarKtaristic Fig. No. Symbol Min Typ Max 

Reverse Leakage Current - IR - 50 -
(VR = 3.0 V. Rl = 1.0 Megohml 

Reverse Breakdown Voltage - BVR 3.0 - -
(IR = 100 itA) 

Forward Voltage 2 VF - 1.2 1.5 
(IF = 50 rnA) 

Total Capacitance - CT - 150 -
(VR = 0 V. I = 1.0 MHz) 

OPTICAL CHARACTERISTICS (T A = 25°C unless otherwise noted) 

Charact .. istics Fig. No. Symbol Min Typ Max 

Total Instantaneous Power Output (Note 1) 1 Po 

(iF = 50 rnA) MlED60 400 550 -
MlED90 200 350 -

Peak E mission Wavelength - hp - 900 -

.Spectral line Hall Width dh - 40 -

NOTE: 
1. Power Output, po. is the total power radiated by the device into a solid angle of 21f steradians. It is measured by direoting all 

radiation leaving the device, within this solid angle, onto a calibrated silicon solar cell. 

Unit 

nA 

Volts 

Volts 

pF 

Unit 

ItW 

nM 

nM 

FIGURE 2- FORWARD CHARACTERISTICS FIGURE 3 - POWER OUTPUT versus JUNCTION TEMPERATURE 
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Output saturation effects are not evident at currents up to 2 A as shown on Figure f. However, power output decreases due to heating of the 
semiconductor as indicated by Figure 3. To estimate output level, average junction temperature may be calculated from: 

TJIAVI ~ T A +OJA VFIFD 

where 0 is the duty cycle of the applied current, IF' Use of the above method should be restricted to drive conditions employing pulses of 
less than 10 JJ,S duration to avoid errors caused by high peak junction temperatures. 
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MLED600 

VISIBLE RED LIGHT-EMITTING DIODE 

· .. designed for applications requ iring high visibility, low drive power 
and very fast response time. This device is used in panel and circuit 
condition indicators, light modu lators, shaft or position encoders, 
punched card readers, optical switching, and logic circuits. 

• High Brightness - 1100 fL (Typ) 

• Visible Red Emission - 6600 $.. (Typ) 

• Low Drive Current - 10 mA for 200 fL (Typ) 

• Unique Molded Lens for' Durability and Long Life 

• Economical Plastic Package 

MAXIMUM RATINGS 

Rating Symbol Value Unit 

Reverse Voltage VR 4.0 Volts 

Forward Current-Continuous IF 50 rnA 

Total Device Dissipation @ T A = 25°C Poll} 120 rnW 
Derate above 25°C 2.0 mWI"C 

Operating and Storage Junction TJ.TstgI2} -40 to +85 °c 
Temperature Range 

THERMAL CHARACTERISTICS 

Characteristic 

Thermal Resistance Junction to Ambient 

(1) Printed Circuit Board Mounting 
(2) Heat Sink should be applied to Jeads during soldering to prevent Case Temperature 

exceeding 8SoC. 

VOLTAGE 
SOURCE 

FIGURE I - TYPICAL DRIVE CIRCUIT 

MPS6515 

II 
RE MLED600 

L------------lIII-------.J 

3'-376 

LIGHT-EMITTING DIODE 
VISIBLE RED 

PN GALLIUM 
ARSENIDE PHOSPHIDE 

120 MILLIWATTS 

0.180 
0.040 _ L 0.015 (TV" 0Ji0 

...L.050
_ .!. .1.1 

~Tt-'~-JT 0.070 ~ ~ \.... 0.009 
0.080 I' - r 0.011 

U.250 0.250 

MIN 0.1' MIN 
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I-O .. 320 MIN -l--iJ.320 MIN --l 0.013 

~.15R.1 II 
~T 
1----0.840MIN---l 

CASE 171C2) 

Cathode indicated by squar. bonding peel 
on bottom of device. 



MLED600 (continued) 

ELECTRICAL CHARACTERISTICS (T A = 25°C unless otherwise noted) 

Char_istic Fig. No. Symbol Min Typ Max Unit 
Reverse Leakage Current 
(VR = 4.0 V. RL = 1.0 Megohm) 

- IR - 100 - nA 

Reverse Breakdown Vol,- - BVR 4.0 - - Volts 
(iR = l00"A) 

Forward Voltage 
(iF=20mA) 

2 VF - 1.6 2.0 Volts 

Total Capacitance 
(VR = 0 V. I = 1.0 MHz) 

- CT - 150 - pF 

OPTICAL CHARACTERISTICS (T A = 25°C unless otherwise noted) 

Characteristics Fig. No. Symbol Min TVp Max Unit 
Brightness (Note 1) 3 B IL 
(iF=10mA) 50 200 -
(IF = 50 rnA) - 1100 -

Axial Instantaneous 10 - 3.0 - mcd 
Luminous Intensity 

(IF = 5OmA) 

Peak Emission Wavelength 4 >..e - 6600 - . 
A 

Spectral Line Hall Width 4 .l.A - 100 - . 
A 

NOTE: 

1. Measured with Photo Research Spectra Spot Brightness Meter Model US 1/40 with "Spectar" L-175 lens. 
2. Output saturation effects are not evident at currents up to 2 A as mown on Figure 3. However, saturation does occur due to heating of the 

semiconductor as indicated by Figure 5. To estimate output level, average junction temperature may be calculated from: 
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TJ(AV) = TA + 8 JA VFIFD 

where 0 is the duty cycle of the applied current, IF. Use of the above method should be restricted to drive conditions employing pulses of 
less than 10 Ils duration to avoid errors caused by high peak junction temperatures. 
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MLED610 

VISIBLE RED LIGHT-EMITTING DIODE 

· .. designed for applications requiring high visibility ,low drive power 
and very fast response time. This device is used in panel and circuit 
Condition indicatorS, light modulators, shaft or position encoders, 
punched card readers,. optical data links, oPtical switching, and 
logiccircu its. 

• High Brightness - 1100 fL (Typ) 

• Visible Red Emission - 6600 A (Typ) 

• Low Drive Current - 10 mA for 200 fL (Typ) 

• Hermetic Pill Package for Durability, Long Life and Reliability 

.• Pill Package Allows Printed Circuit Board Assembly 

• Small Size for High Density Mounting 

MAXIMUM RATINGS 

Rating Svmbol Value 

Reverse Voltage VR 4.0 

I Forward ~urrent-Continuous 'F 75 

Total Device Dissipation @TA - 25u C POll) 350 
Derate above 25°C 3.5 

Operating and Storage Junction TJ,Tstg -65 to +125 
Temperature Range 

THERMAL CHARACTERISTICS 

Characteristic 

Thermal Resistance, Junction to Ambient( 11 

(1)Thermal resistance, junction to case is typically .SOo C!W. The 
mounting conditions determine the Junction to ambient thermal 
resistance. For example, when soldered in a copper printed circuit 
board through a 1/8" diameter pad on the top to a 1/4")( 1'4" pad 
on the bottom surface, values of the 1600 C/W will occur. If both 
pads are 1/8" in diameter, thermal resistance is typically 2500 C/W; 
the limit of 2860 C/W is specified for the latter mounting condition. 

FIGURE 1 - TYPICAL DRIVE CIRCUIT 

MPS6515 

II 

·Unit 

Volts 

mA 

mW 
mWf'C 

°c 

VOLTAGE 
SOURCE MLE0610 

L..------+-~IIt__--' 
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LIGHT-EMITTING DIODE 
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CERAMIC 3 ____ ..-l.. 
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MLED610 (continued) 

ELECTRICAL CHARACTERISTICS (T A = 25°C unless otherwise noted) 

Characteristic Fig. No. Symbol Min TVD Max Unit 

Reverse Leakage Current - IR - 100 - nA 
IVR = 4.0 V, Ri = 1.0 Megohml 

Reverse Breakdown Voltage - BVR 4.0 - - Volts 
IIR = 100 IJAI 

Forward Voltage 2 VF - 1.6 I.S Volts 
IIF = 20 mAl 

Total Capacitance - CT - 150 - pF 
IVR=OV,f= 1.0MHzl 

OPTICAL CHARACTERISTICS (T A = 25°C unless otherwise noted) 

Characteristics Fig. No. Symbol Min Typ Max Unit 

Instantaneous Brightness (Note 1) 3 B fL 
IIF=10mAI 50 200 -
(IF = 50 mAl - 1100 -

Axial Instantaneous 10 - 3.0 - mcd 
Luminous Intensity 

Peak E mission Wavelength 4 Ap - 6600 - A 
Spectral Line Half Width 4 .l.A - 100 - A 
Angular Field of View - IIFV - 120 - Degrees 

(Measured Between Half Power Points) 

NOTE: 

1. Measured with Photo Research Spectra Spot Brightness Meter Model US 1/40 with "Speetsr" L~175 lens. 
2. Output saturation effec;ts are not evident at currents up to 2 A as shown on Figure 3. However, saturation does occur due to heating of the 

semiconductor as indicated by Figure 5. To estimate output level, average junction temperature may be calculated from: 
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TJ(AVI = TA + 0JA VFIFD 

where D is the duty cycle of the applied current, IF' Use of the above method should be restricted to drive conditions employing pulses of 
less than 10 I's duration to avoid errors caused by high peak junction temperatures. 

FIGURE 2 - FORWARD CHARACTERISTICS 
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MLED630 

VISIBLE RED LIGHT-EMITTING DIODE 

· .. designed for applications requiring high visibi I ity, low drive power 
and very fast response time. This device is used in panel and circuit 
condition indicators, light modulators, shaft or positi.on encoders, 
punched card re.aders, optical switching, and logic circuits. 

• High Brightness - 1100 fL (Typ) 

• Visible Red Emission - 6600 $. (Typ) 

• Low Drive Current - 10 mA for 200 fL (Typ) 

• Wide Field of View - 1200 (Typ) 

• Unique Molded Lens for Durability and Long Life 

• Economical Plastic Package 

• Popular TO·1S Type Package for Easy Handling and Mounting 

MAXIMUM RATINGS 

Rating Symbol Value Unit 

Reverse Voltage VR 4.0 Volts 

Forward Current·Continuous IF 75 rnA 

Total Device Dissipation @ T A = 2SoC POll) 150 rnW 
Derate above 2SoC 2.5 rnWPC 

Operating and Storage Junction TJ.Tstg -40 to +85 °c 
Temperature Range 

THERMAL CHARACTERISTICS 

Characteristic 

Thermal Resistance Junction to Ambient 

(, )Printed Circuit Board Mounting 

FIGURE 1 - TYPICAL DRIVE CIRCUIT 
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MLED630 (continued) 

ELECTRICAL CHARACTERISTICS (T A ~ 25°C unless otherwise noted) 

Characteristic -Fig. No. Svmbol Min Typ Max Unit 

Reverse Leakage Current - IR - 100 - nA 
(VR = 4.0 V, R = 1.0 Megohm) 

Reverse Breakdown Voltage - BVR 4.0 - - Volts 
(lR=100"AI 

Forward Voltage 2 VF - 1.6 1.8 Volts 
(IF = 20 mAl 

Total Capacitance - CT - 150 - pF 
(VR = 0 V, f = 1.0 MHz) 

OPTICAL CHARACTERISTICS (T A ~ 25°C unless otherwise noted) 

Characteristics Fia. No. Svmbol Min Tvp Max Unit .-. 
I nstantaneOU5 Brightness (Note 1) 3 B fL 

(IF = 10mA) 50 200 -
(IF = 50 mAl - 1100 -

Axial Instantaneous 10 - 4.0 - mcd 
uminous ntensitv 

Peak E mission Wavelength 4 Ap - 6600 - ~ 
Spectral Line Half Width 4 aA - 100 - X 
Angular Field of View - °FV - 120 - Degrees 

(Measured Between Half Power Points) 

NOTE: 

1. Measured with Photo Research Spectra Spot Brightness Meter Model US 114° with "Spectar" L·175 lens. 

2. Output saturation effects are not evident at currents up to 2 A as shown on Figure 3. However, brightness decreases due to heating of 
the semiconductor as indicated by Figure 5. To estimate output level, average junction temperature may be calculated from: 
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TJIAVI 0 T A + UJA VF'FD 

where 0 is the duty cycle of the applied current, 'F' Use of the above method should be restricted to drive conditions employing pulses of 
less than 10 j.l.s duration to avoid errors caused by high peak junctiol1 temperatures. 
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MLED900 

INFRARED-EMITTING DIODE 

· .. designed for applications requiring high power output, low drive 
power and very fast response time. This device is used in industrial 
processing and control, light modulators', shaft or position encoders, 
punched card readers, optical switching, and logic circuits. It is 
.spectrally matched for use with silicon detectors. 

• High Power Output - 550 /lW(Typ) @ IF; 50 mA 

• Infrared Emission - 9000 A (Typ) 

• Low Drive Current - 10 mA for 120 /lW (Typ) 

• Unique Molded Lens for Durability and Long Life 

• Economical Plastic Package 

MAXIMUM RATINGS 

Rating Symbol Value Unit 

Reverse Yoltage VR 3.0 Volts 

Forward Current~Continuous IF 80 mA 

Total Device Dissipation.@.TA = 25°C PoW 120 mW 
Derate above 2SoC 2.0 mW/oC 

Operating and Storage Junction 

Temperature Range 
TJ,Tstg (21 ·40 to +85 °c 

THERMAL CHARACTERISTICS 

Characteristic Symbol Max Unit 

Thermal Resistance, Junction to Ambient 6JA 500 °CIW 
(1) Printed Circuit Board Mounting . 

(2) Heat Sink should be applied to lead~ during soldering to prevent Case Temperature 
exceeding 85°C. 

FIGURE 1 - RELATIVE' SPECTRAL OUTPUT 
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MLED900 (continued) 

ELECTRICAL CHARACTERISTICS (T A = 25°C unless otherwise noted) 

Characteristic Fig. No. Symbol Min Typ Max Unit 

Reverse Leakage Current IR 50 nA 
(VR = 3.0 V, R L = 1.0 Megohml 

Reverse Breakdown Voltage BVR 3.0 Volts 
(lR = 100 !tAl 

Forward Voltage 2 VF 1.2 1.5 Volts 
(IF = 50 mAl 

Total Capacitance - CT 150 pF 
(VR = 0 V, f = 1.0 MHz) 

OPTICAL CHARACTERISTICS (T A = 250 C unless otherwise noted) 

Characteristics Fig, No. Symbol Min Typ Max Unit 

Total Power Output (Note 11 3,4 Po !tW 

(IF = 50 mAl 200 550 -
Radiant Intensity (Note 21 10 2.4 mW/steradian 

110= 10mA) 

Peak Emission Wavelength 1 Ap 9000 

Spectral Line Half Width 1 61\ - 400 -

NOTE: 
1. Power Output, po. is the total power radiated by the device into a solid angle of 21T steradians. It is measured by directing all 

radiation leaving the device, within this solid angle, onto a calibrated silicon solar cell. 

2. Irradiance from a Light Emitting Diode (LED) can be calculated by: 

where H is irradiance in mW/cm2 , 10 is radiant intensity in mW/steradian; 

d is distance from LEO to the detector in em. 
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FIGURE 2 - FORWARO CHARACTERISTICS FIGURE 3 - POWER OUTPUT versus JUNCTION TEMPERATURE 
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FIGURE 5 - SPATIAL RADIATION PATTERN 

Output saturation effects are not evident at currents up to 2 A as shown on Figure 4. However, saturation does Occur due to heating of the 
semiconductor as indicated by Figure 3. To estimate output level, average junction temperature may be calculated from: 

TJ(AVI = T A + 8 JA VFIFD 

where 0 is the duty cycle of the applied current, IF. Use of the above method should be restricted to drive conditions employing pulses of 
less than 10 Pos duration to avoid errors caused by high peak junction temperatures. 



MlED91 0 

INFRARED-EMITTING DIODE 

· .. designed for applications requiring hid! density mounting, hilt! 
power output, low drive power and very fast response time. This 
device is used in industrial processing and C9/1tfOI, light modulators, 
shaft or position encoders, punched card and tape readers. optical 
switching, and logic circuits. It is spectrally matched for use with 
silicon detectors. 

• High Power Output - 150pW (Typ)@ IF = 50 rnA 

• Infrared·Emission - 9000 A (Typ) 

• Low Drive Current - 10 mA for 32 pW (Typ) 

• Low Profile Pill Package Allows Printed Circuit Board Assembly 

• Sub·Miniature Package for High Density Mounting 

MAXIMUM RATINGS 

Rating Symbol Value Unit 

Reverse Voltage VR 3.0 Volts 

Forward Current-Continuous IF 150 mA 

Total Device Oissipation@TA = 25°C Po(l) 350 mW 
Derate above 25°C 3.5 mWf'C 

Operating and Storage Junction 
Temperatu're Range 

TJ.Tstg -65 to +125 °c 

THERMAL·CHARACTERISTICS 
Characteristic 

Thermal Resistance, Junction to Ambient 

(1) Thermal resistance, junction to case is typically 80o C/W. The mounting conditions deter
mine the junction to ambient thermal resistance. F or example, when soldered' in a copper 
printed circuit board through a 118" diameter pad on the top to a 1/4" x 1/4" pad on the bottom 
surface, values of 160o C/W will occur. If both pads are 1/8" in diameter, thermal resistance 
is typically 250o C/W; the limit of 286o C/W is specified for the latter mounting condition. 
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MLED910 (continued) 

ELECTRICAL CHARACTERISTICS (TA = 250 C unless otherwise noted) 

Characteristic Fig. No. SYmbol Min Typ Max Unit 

Raverse Leakage Current - IR - 50 - nA 
(VR = 3.0 V, RL = 1.0 Megohm) 

Reverse Breakdown Voltage - BVR 3.0 - - Volts 
(lR = l00IAA) 

Forward Voltage 2 VF - 1.2 1.5 Volts 
liF=50mA) 

Total Capacitance - CT 
(VR = 0 V:f = 1.0 MHz) 

- 150 - pF 

OPTICAL CHARACTERISTICS (T A = 250 C unless otherwise noted) 

Characteristic Fi •• No. SYmbol Min TYD Ma. Unit 

Total Power Output (Note I) 3,4 Po 50 150 - lAW 
(II: = 50mA) 

Radiant Intensity (Note 2) 10 - 0.66 - mW Isteradian 
(IF=50mA) 

Peak Emission Wavelength 1 Ai> - 9QOO - l 
Spectral Line Half Width 1 400 

0 
C.A - - A 

NOTE: 
1. Power Output, Po, is the total power radiated by the device into a solid angle of 2'1J' steradians. It is measured by directing all radiation 

leaving the device, within this solid angle, onto a calibrated silicon solar celt. 
2. Irradiance from a Light Emitting Diode (LED) can be calculated by: 

H ~ '0 where H is irradiance in mW/cm2 , 10 is radiant intensity in mW/steradian; 
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d2 d is distance from LED to the detector in em. 

FIGURE 2 - FORWARD CHARACTERISTICS 
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Output saturation effects are not evident at currents up to 2 A as shown on Figure 4. However, saturation do.as occur due to heating of the 
semiconductor as indicated bV Figure 3. To estimate output level, average junction temperature may be calculated from: 

TJ(AV) = TA + 6JA VFIFO 

where 0 is the duty cycle of the applied current, IF_ Use of the above method should be restricted to drive conditions employing pulses of 
less than 1 0 ~s duration to avoid errors caused by high peak junction temperatures. 
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MLED930 

INFRARED-EMITTING DIODE 

· .. designed for applications requiring high power output, low drive 
power and very fast response time. This device is used in industrial 
processing and control, light modulators, shaft or position encoders, 
punched card readers, optical switching, and logic circuits. It is 
spectrally matched for use with silicon detectors. 

• High-Power Output - 650 I1W (Typ) @ IF = 100 mA 

• Infrared-Emission - 9000 A (Typ) 

• Low Drive Current - 10 mA for 70 I1W (Typ) 

• Popular TO-18 Type Package for Easy Handling and Mounting 

• Hermetic Metal Package for Stabi lity and Reliability 

MAXIMUM RATINGS 

Rating Symbol Value Unit 

R'everse Voltage 3.0 Volts 

Forward Current-Continuous 150 mA 

Total Device Dissipation @ T A - 2SoC - PD(1) 250 mW 
Derate above 25°C 2.5 mW/oC 

Operating and Storage Junction 
Temperature Range 

TJ,Tstg -65 to +125 °c 

THERMAL CHARACTERISTICS 

Characteristics Symbol Max Unit 

Thermal Resistance, Juntion to Ambient 6JA 400 °C/W 

(1)Printed Circui.t Board Mounting 

FIGURE 1 - RELATIVE SPECTRAL OUTPUT 
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MLED930 (continued) 

ELECTRICAL CHARACTERISTICS (TA ~ 250 C unless otherwise noted) 

Characteristic Fig. No. Symbol Min Typ Max Unit 

Reverse Leakage Current - IR - 50 - nA 
(VR ~ 3.0 V, RL ~ 1.0 Megohm) 

Reverse Breakdown Voltage - BVR 3.0 - - Volts 
(lR ~ 100 itA) 

Forward Voltage 2 VF - 1.2 1.5 Volts 
(IF ~50mA) 

Total Capacitance - CT 
(VR ~ 0 V:f ~ 1.0 MHz) 

- 150 - pF 

OPTICAL CHARACTERISTICS ITA ~ 250 C unless otherwise noted) 

Characteristic Fig. No. Symbol Min Typ Max Unit 

Total Power Output (Note 1) 3. 4 Po 200 650 - I'W 
(IF ~ 50 mAl 

Radiant Intensity (Note 2) 10 - 1.5 - mW/steradian 
(IF ~ 100 mAl 

Peak Emission Wavelength 1 AP - 9000 - J.. 
Spectral Line Half Width 1 aA - 400 - J.. 
NOTE: 

1. Power Output, po. is the total power radiated by the device into a solid angle of 211" steradians. It is measured by directing all radiation 
leaving the device, within this solid angle, onto a calibrated silicon solar cell. 

2. Irradiance from a Light Emitting Diode (LED) can be.calculated by: 
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FIGURE 2 - FORWARD CHARACTERISTICS 
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FIGURE 5 - SPATIAL RADIATION PATTERN 

Output saturation effects are not evident at currents up to 2 A as shown on Figure 4. However, saturation does occur due to heating of the 
semiconductor as indicated by Figure 3. To estimate output level, average junction temperature may be calculated from: 

TJ{AV) ~ TA + 8JA VFIFD 

where D is the duty cycle of the applied current, 'F. Use of the above method should be restricted to drive conditions employing pulses of 
less than 10 #ls duration to avoid errors caused by high peak junction temperatures. 

3-387 



MM380 (GERMANIUM) 

PNP germanium selective metal etch transistor 
designed for use in UHF oscillator applications. 

CASE 22 
(TO·18) 

Collector connected to case 

MAXIMUM RATINGS (TA = 25°C unless otherwise noted) 

Rating Symbol 

Collector. Emitter Voltage VCEO 

Collector-Emitter Voltage VCES 

Collector-Base Voltage VCB 

Emitter-Base Voltage VEB 

Total Device Dissipation T A = 250 C Po 
Derate above 250 C 

Operating & Storage ,Junction ,Temperature Range TJ, Tstg 

THERMAL CHARACTERISTICS 

Characteristic Symbol 

Thermal.l1esistance, Junction to Ambient BJA 

Thermal Resistance, Junction to Case BJC 

Value 

10 

25 

25 

0.3 

250 

3.33 

-65 to +100' 

Max 

0.300 

0.200 

ELECTRICAL CHARACTERISTICS (T A = 25°C unless othewise noted) 

Characteristic 

OFF CHARACTERISTICS 

Collector-Emitter Breakdown Voltage BVCEO 
(IC ~ 10 mAdc, IB = 0) 10 - -

Collector-Emitter Breakdown Voltage BVCES 
(IC = 100/lAdc, VBE = 0) 25 - -

Collector-Base 'Breakdown Voltage BVCBO 
(IC = 100 ,uAdc, IE = 0) 2,5 - -

Emitter-Base Breakdown Voltage BVEBO 
(IE = 100/lAdc, Ic = 0) 0.3 - -

Collector Cutoff Current IcBO 
(VCB = 10 Vdc, IE = 0) - - 10 

ON CHARACTERISTICS 

DC Current Gain hFE 
(IC = 3 mAdc, VCE = 10 Vdc) 15 50 -

Collector-Emitter Saturation Voltage VCE(sat) 
(Ic = 10 mAdc, IB = 1 mAdc) - 0.07 0.15 

Base-Emitter Saturation Voltage VBE(sat) 
(IC = 10 mAde, IB =' 1inAdc) - 0.40 0.45" 

Unit 

Vdc 

Vdc 

Vdc 

Vdc 

mW 

mW/oC 

°c 

Unit 

°C/mW 

°C/mW 

Vdc 

Vdc 

Vdc 

Vdc 

J.lAdc 

-
Vde 

Vde 



MM380 (Continued) 

ELECTRICAL CHARACTERISTICS (TA = 25°C unless otherwise noted) 

Characteristic Symbol Min Typ Max Unit I 
SMALL·SIGNAL CHARACTERISTICS 

Current-Gain - Bandwidth Product fT MHz 
(Ie = 3 mAdc, VCE = 10 Vdc,. f = 100 MHz) 400 600 -

Maximum Frequency of Oscillation fmax MHz 
(IC = 3 mAdc, VCE = 10 Vdc) - 1500 -

Collector-Base Capacitance Ccb pF 
(VCB = 10 Vdc, IE = 0, f = 100 kHz) - 1.4 1.8 

Collector-Base Time Constant r'b CC ps 
(IE =3 mAdc, VCB = 10 Vdc, f = 31.8 MHz) - 9 12 

COMMON·BASE y PARAMETERS 
Yel :::: lOVdc,t = 930 MHz. T,. = 25-C 

FIGURE I-INPUT ADMmANCE FIGURE 2 - REVERSE TIlANSfER ADMITTANCE 
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MM404 (GERMANIUM) 

MM404A 

PNP GERMANIUM SWITCHING TRANSISTORS 

· . . designed for medium·speed saturated switching applications. 

• Low Collector· Emitter Saturation Voltage -
VCE(sat) = 0.2 Vdc (Max) @ IC = 24 mAdc 

• High Emitter·Base Breakdown Voltage -
BVEBO = 12 Vdc (Min) @ IE = 20!lAdc - MM404 

= 25 Vdc (Min) @ IE = 20 !lAdc - MM404A 

MAXIMUM RATINGS 

Rating Symbol MM404 MM404A 

Collector-Emitter Voltage VeES 24 35 

Collector-Base Voltage VeB 25 40 

Er:nitter-Base Voltage VEB 12 25 

Collector Current - Continuous Ie 150 

Emitter Current IE 100 

Total Device Dissipation@TA := 25°C Po 150 
Derate above 250 C 2.0 

, Total Device Dissipation @Te = 25°C Po 300 
Derate above 250C 4.0 

Operating and Storage Junction TJ,Tstg -65 to +100 
Temperature Range 

3-390 

Unit 

Vdc 

Vdc 

Vdc 

mAde 

mAde 

mW 
mw/oe 

mW 
mw/oe 

DC 

PNP GERMANIUM 
SWITCHING 

TRANSISTORS 

fli 

" :, ' 

l &lr 
orA " 

~:~~DlAll h 
1 &f,0 

i 
0.500 

~~O'A j 

Pin 1. Emitter 
2. Base 

CASE 22 (1) 
TO-l'S 

3, Collector 



MM404, MM404A (continued) 
ELECTRICAL CHARACTERISTICS (T A = 25°C unless otherwise noted) 

Characteristic Symbol Min Typ Max 

OFF CHARACTERISTICS 

Collector-Base Breakdown Voltage BVCBO 
(lC = 20l'Adc,IE = 01 MM404 25 - -

MM404A 40 - -
Emitter-Base Breakdown Voltage BVEBO 

(IE = 20 "Adc, IC = 0) MM404 12 - -
MM404A 25 - -

Punch-Through Voltage(l) Vpt 
(VEBfl = 1.0 Vdc) MM404 24 - -

MM404A 35 - -
Emitter-Base Floating Potential VEBfl 

(VCB = 35 Vdc, IE - 0) MM404A - - 1.0 

Collector Cutoff Current ICBO 
(VCB = 12 Vdc, IE = 0) - O.B 5.0 

(VCB = 12 Vdc, IE = 0, TA = BoDc) - 20 90 

Emitter Cutoff Current lEBO - 0.5 2.5 
(VEB = 2.5 Vde, IC = 0) 

ON CHARACTERISTICS 

DC Current Gain hFE 
(IC = 12 mAde, VCE = 0.15 Vdc) 30 BO -
(lC = 24 mAde, VCE = 0.20 Vdc) 24 90 -

Collector-Emitter Saturation Voltage VCE(sati 
(lC = 12 mAde,lB = 0.4 mAde) - 0.09 0.15 

(lC = 24 mAde,lB = 1.0 mAde) - 0.09 0.20 

Base-Emitter Voltage VBE 
(lC = 12 mAde,lB = 0.4 mAdc) - 0.27 0.35 

(lC = 24 mAde,lB = 1,0 mAdc) - 0.30 0.40 

SMALL-SIGNAL CHARACTERISTICS 

Alpha Cutoff Frequency fhfb 4.0 25 -
(IE = 1.0 mAdc, VCB = 6.0 Vdc) 

Output Capacitance Cob 
(VCB = 6.0 Vde, IE = 0, f = 1.0 MHz) MM404 - B.O 20 

(VCB = 6.0 Vdc, IE = 1.0 mAde, f = 2.0 MHz) MM404A - B.O 20 

Input Impedance hie - 3.0 -
(lc = 1.0 mAdc, VCE = 6.0 Vde, f = 1.0 kHz) 

Voltage Feedback Ratio hre - B.O -
(lC = 1.0 mAde, VCE = 6.0 Vde, f = 1.0 kHz) 

Small-Signal Current Gain hfe - 135 -
(lC = 1.0 mAdc, VCE = 6.0 Vde, f = 1.0 kHz) 

Output Admittance hoe - 50 -
(lC = 1.0 mAde, VCE = 6.0 Vdc, f = 1.0 kHz) 

SWITCHING CHARACTERISTICS 

Oeley Time (Figure 1) td - 0.07 -
Rise Time (Figure 1) tr - 0.12 -
Storage Time (F igure 1) ts 0.20 

Fall Time (Figure 1) tf - 0.10 -
Stored Base Charge (Figure 2) Clsb JOO 1400 

(1) V pt is determined by measuring the emitter-base floating potential V E Bfl. using a voltmeter with ·11 megohms minimum input 
impedance. The collector-base voltage, Ves. is measured until VESfl = -1.0 Vdc; this value of Ves = (V pt + 1). 

Unit 

Vdc 

Vdc 

Vdc 

Vdc 

"Adc 

"Ade 

-

Vde 

Vde 

MHz 

pF 

k ohms 

X 10-4 

-

"mhos 

I's 

lIS 

lIS 

lIS 

pC 

FIGURE 1 - SWITCHING TIMES TEST CIRCUIT FIGURE 2 - STORED BASE CHARGE TEST CIRCUIT 

0[LJ Vin -10V~ NOTES: 

Vout~ 

-6.0 V 

.---'V'o/Ir--o Vi:Ln>5.0 IJS ' 

INPUT 

-6.ovLD 
OUTPUT' [[l 

C>-----------::jt:-----' Vout 

1. Input pulse supplied bV generator with follOwing 
characteristics: 
a. Output impedance: 50 Ohms 
b. Repetition rate: 1.0 kHz 
c. Rise and fall time: 20 ns Max 

3'-391 

-=-
C1 is increased until the toff time of the 
output waveform is decreased to O.21Jl. 
Ilsb is then. calculeted by nsb = Cl Vin· 

2. Waveforms monitored on scope with following 
characteristics: 
a. Input resistance - 10 Megohms Min 
b. Input capacitance - 15 pF Max 
c. Rise time - 15 ns Max 3. All resistors ± 1.0% tolerance. 



MM869B (SILICON) 

For Specifications, See 2N869A, Volume l. 

MM 1139 (GERMANIUM) 

PNP germanium selective metal etch transistor 
for use in FM mixer and IF amplifier applications. 

CASE 20 
(TO-72) 

MAXI MUM RA TI NGS IT A = 25°C unless otherwise noted I 

Rating Symbol 

Collector-Emitter Vol~e VCEO 

Collector-Emitter Vol~e VCES 

Collector-Base Voltage VCB 

Emitter-Base Vol~e VEB 

Total Device Dissipation @ T A = 25°C PD 
Derate above 25°C 

Operating and Storage Junction 
TJ , Tstg Temperature Range 

THERMAL CHARACTERISTICS 

Characteristic Symbol 
Thermal Rl1sistance, Junction to Ambient 9JA • 
Thermal Resistance, Junction to Lead 9JL • 

Value Unit 

15 Vdc 

30 Vdc 

30 Vdc 

0.3 Vdc 

125 mW 

l. 67 mWrC 

-65 to +100 °c 

Max Unit 

0.6 °C/mW 

0.4 ·C/mW 

• In this transistor the collector is electrically and thermally isolated from the case 
with the result that the primary path of heat conduction is through the collector 
lead; therefore, the amount of heat sink on the lead will determine the thermal 
characteristics. Thermal resistance, junction to lead (8JL) = 0.4 ·C / mW. In a typical 
application where the lead connects to a small RF coil, thermal resistance junction 
to ambient (8JA) will be approximately 0.2·C/mW greater than 8JL. 

3-392 



MM 1139 (Continued) 

ELECTRICAL CHARACTERISTICS (T A = 250 C unless otherwise noted) 

Characteristic Symbol Min Typ 

OFF CHARACTERISTICS 

Collector-Emitter Breakdown Voltage BYCEO 
('C = 100 ~Ade, 'B = 0) 15 -

Collector-Emitter Breakdown Voltage BYCES 
(lC = 100 ~Ade, YBE = 0) 30 -

Collector-Base Breakdown Voltage BYCBO 
(IC = 100 ~Ade, 'E = 0) 30 -

Emitter-Base Breakdown Voltage BYEBO 
(IE = 100 ~Ade, IC = 0) 0.3 -

Collector Cutoff Current 'CBO 
(YCB = 20 Yde, 'E = 0) - 0.7 

ON CHARACTERISTICS 

DC Current Gain 
(lC = 2 mAde, Y CE = 10 Yde) 

DYNAMIC CHARACTERISTICS 

Current-Gain - Bandwidth Product IT 
(lC = 2 mAde, YCE = 10 Yde, 1= 100 MHz) 400 550 

Collector-Base Capacitance Ceb 
(YCB = 10 Yde, 'E = 0, ! = I MHz) - ·0.17 

COllector-Base Time Constant r 'c 
(IE = 2 mAde, Y CB = 10 Yde, I = 31. 8 MHz) 

b e - 3.5 

FUNCTIONAL TEST 

Conversion Gain (108 to 10. 7 MHz) 
(Ie '" 3 mAde, V CE .. 10 Vdc, Test Circuit Figure 1) 

CONVERSION GAIN CHARACTERISTICS 
ITEST CIRCUIT FIGURE 7l 

Max Unit 
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MM 1139 (Continued) 

FIGURE 5 - FORWARD TRANSFER ADMITTANCE 
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FIGURE 7 - MIXER TEST CHiCUIT 
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FIGURE 6 - OUTPUT ADMITTANCE 
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MM 1500, A(SILICON) 

MM1501,A 

NPN silicon RF power transistors designed for 
UHF amplifier, frequency multiplier, and oscillator 
applications. 

CASE 23 
(TO-l07) 

A parts Case 24 (TO-102) stud 

Collector connected to case 

MAXI MUM RA TI N GS ITA = 2SoC unless otherwise noted) 

Rating Symbol 

Collector-Emitter Voltage VCEO 

Collector-Base Voltagee VCB 

Emitter-Base Voltage VEB 

Collector Current IC 

Total Device Dissipation @ TC = 25°C 
Derate above 25°C 

Pn 

Operating and storage· Junction 
TJ , Tstg Temperature Range 

THERMAL CHARACTERISTICS 

Characteristic Symbol 
Thermal Resistance, Junction to Case /lJC 

3-395 

Value Unit 
15 Vdc 

30 Vdc 

4.0 Vdc 

200 mAdc 

3.5 Watts 
20 mWjOC 

-65 to 200 °c 

Max Unit 
50 °Cjw 



MM1500,A, MM1501,A (continued) 

ELECTRICAL CHARACTERISTICS (T A = 2SoC unless otherwise noted) 

Characteristic 

OFF CHARACTERISTICS 

CoUector-Emllter !lI8taInIDg Voltap 
Uc ~ 10 mAde, fa ~ 0) 

Collector-_ Br_ Voltage 
(Ie • 100 I"AcIc, lB· 0) 

Emllter-__ Voltap 

(ls • 0.1 mAde, Ie' 0) 

Collector CUtoff CUrrent 
(VCB ·20 Vdc, ls. 0) 

(VCB ·20 Vde, lB· 0, TA -lWC) 

DYNAMIC CHARACTERISTICS 

CUrromt-GaIn - _dtb Product Uc • 100 mAde, V CB • 15 Vdc, f • 200 lOb) 

()gtput~_e 

(V CB • 20 Vdc, ls - 0, f - 100 kHz) 

CoUector-_ TIme C_ 
<1s • 100 mAde, V cB - 15 Vdc, f· S1. 8 lOb) 

FUNCTIONAL TEST 

Power OUtput, Figure 1 
(VCB - 20 Vdc, RL • 50 oIIm .. f -1500 lOb) 

FIGURE 1 - POWER OUTPUT TEST CIRCUIT 

2" 

-Va Vcc=2OV 

100500, A 
MM1501,A 

100500, A 
100501 ,A 

MM15OO,A 
MMl501,A 

10 

i S 

! 
I 4 

3 

2 

Symbol Min Typ Max 

BV cEO( IIWI) 
15 - -

BVCBO 
30 - -

BVBBO 
4.0 - -

lcao - - 0.1 

- - 100 

fT - 1500 -- 1000 -
Cob - S.2 5.0 

rb'CC - 7.0 -- 10 -

FIGURE 2 - CAPACITANCES 

~ 
TJ -2SoC 

r--.. i"'o~ r-. ... ..... -r-. 
1iII" .... ~ '" ~ ..... 

.... "" ~ " ~~~ ..... 
Cj 

c.a. 
~N 

c.. 
@It-O 

Unit 

Vde 

Vdc 

Vde 

I"AcIc 

lOb 

pr 

PI' 

"-
..... , 
"~ 

~ 

Q.1 0.2 0.3 0.5 0.7 1.0 2.0 3.0 5.0 7.0 10 20 30 

COLLECTOR VOlTAGE Mll.1Sl 
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MM1553 (SILICON) 

NPN SILICON RF POWER TRANSISTOR 

· .. designed for VHF power amplifier applications in military and in· 
dustrial equipment. Particularly suited for use in Class AB, B, or C 
amplifier applications to 175 MHz. 

• High Output Power Capability -
90 Watts Peak Output for 13.5 Watts (Max) Input@f = 150 MHz 

• Balanced Emitter Construction to Assure R uggedness and Resist 
Transistor Damage Caused by Load Mismatch 

• Stripline Packaging for Lower Lead I nductance and Better 
Broadband Capability 

MAXIMUM RATINGS 

Rating Symbol Value 

COllector-Emitter Voltage VCEO 70 

Collector-Base Voltage VCB 100 

Emitter-Base Voltage VEB 4.0 

Collector Current - Continuous Ie B.O 

Total Device Dissipation @ T C - 500C Po 80 
Derate above 5O<>C 533 

Operating and Storage Junction TJ, Tstg -65 to +200 
Temperature Range 

Unit 

Vdc 

Vdc 

Vdc 

Adc 

Watts 
mWfOC 

°c 

This device is designed for R F operation. The total device dissipation 
rating applies only when the device is operated as an R F amplifier. 

3-397 

75W -150MHz 

RF POWER 
TRANSISTOR 

NPNSILICON 

~~:J 
.----.---'-;-1Collsctor 

10-32 NC 3A 

Emitter Connected to Stud 

CASE 145C - 01 



MM1553 (continued) 

ELECTRICAL CHARACTERISTICS (TC = 25°C unless otherwise noted) 

Characteristic Symbol Min Typ Max Unit 

OFF CHARACTERISTICS 

Collector-Emitter Breakdown Voltage <D BVCEO 70 - - Vdc 
(lC = 50 mAdc, IB = 0) 

Collector-Emitter ,Breakdown Voltage BVCES 100 - - Vdc 
(lc = 50 mAdc, VBE = 0) 

Emitter-Base Breakdown Voltage BVEBO 4.0 - - Vdc 
(IE = 2.0 mAdc, IC = 0) 

Collector Cutoff Current ICBO - - 2.0 mAdc 
(VCB = 30 Vdc, IE = 0) 

ON CHARACTERISTICS 

DC Current Gain 
(lc = 2.0 Adc, VCE = 5.0 Vdc) 

DYNAMIC CHARACTERISTICS 

Output Capacitance 
(VCB = 30 Vdc, IE = 0, f = 0.1 to 1.0 MHz) 

FUNCTIONAL TEST (Circuit Tuned at 90 Watts Peak, VCE = 44 Vdc and not retuned for 22 Vdc Carrier Power Test) 

Power Input Pin(peak) - 11 13.5 Watts 
(Pout = 90 W Peak, VCE = 44 Vdc, f = 150 MHz, 
33.3% Duty Cycle Square Wave, Power Source Modulated) 

Power Output CW (Carrier Po.wer) Pout 25 28 - Watts 
(Pin = 6.0-W, VCE = 22 Vdc, f = 150 MHz, 

Circuit Tuned at 90 W Peak, VCE = 44 Vdc) 

Power Output CW Pout 75 - - Watts 
(VCE = 44 Vdc, f = 150 MHz, 

Saturated CW Output Power! 

Collector Efficiency 11 50 - - % 
(Pout~' 90 W Peak, VCE = 44 Vdc, f = 150 MHz, 
33.3% Duty Cycle Square Wl!Ne, Power Source Modulated) 

Load Mismatch 
(Pout = 90 W Peak, VCE = 44 Vdc, f = 150 MHz, Less Than 5% Change in Power 
33.3% Duty Cycle Square Wl!Ne, Power Source Modulated. Readings Before and After Mis-
Device Subjected to All Conditions of Load Mismatch from match Tests. 
Short-Circuit to Open Circuit) 

(!) Pulsed through 25 mH Inductor. 

3-398 



MM1553 (continued) 

FIGURE 1 - POWER OUTPUT versus POWER INPUT 
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MM1553 (continued) 

FIGURE 7 - SAFE-oPERATING AREA FIGURE 8 - POWER-TEMPERATURE DERATING CURVE 
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FIGURE 9 - 150 MHz TEST CIRCUIT 

~ C13 

C2 VCE = 22 Wc or 44 Vdc 

) ~~+------<:1t---"'T:::;:<"----O VCC 

I3 tC1O T Rl t C1l t~12 _ C7 

Rl 
11 
L2 

L3 

C5 

15 O~m, 1/2 W Carbon Compo 
3/4" x 1/4" x 0.040" Copper Strap 
1 Turn #16 AWG Tinned Wire, 1/4" 1.0. 

Closewound (3/4" Total Lengthl 
10 Turns #18 AWG Coated Wire, 5/8" 1.0. 

Closewound (1" Total ~engthl 

Circuit Built on 1/4" Copper Plate 

C3 

11 

L4 
Cl 
C2 
C3 
C4 
C5,C9 

L2 

VK 200 Fa,,'ile Bead, 2·1/2 Turns#22AWG 
1.5·15 p F A RCO 460 or Equivalent 
6.B pF Glass 
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12 pF GI.ss 
22 pF GI.ss 

FIGURE 10 - 150 MHz TEST CIRCUIT LAYOUT 
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MM 1620 (SILICON) 

NPN SILICON RF POWER TRANSISTORS 

· .. designed primarily for use in large signal low voltage amplifier 
output stages, the MM1619 and MM1620 are intended for use in 
industrial communications equipment operating in frequency ranges 
to 100 MHz. 

• Low I nductance Ceramic Stripline Packaging 

• Designed to Withstand Destruction Under Open or Shorted 
Load Conditions 

• High Power Output @ 12.5 Vdc, 50 MHz - 40 W 

MAXIMUM RATINGS 

Rating Symbol Volue 

Collector-Eminer Voltage VeEO 24 

CollectDr-B_ Voltage VeB 4B 

Emitter-Base Voltage VEB 4_0 

Collector Current - Continuous Ie 7.0 

Total Device Dissipation @lTe = 25°C Po 100 
Derate above 25°C 571 

Operating and Storage Junction TJ,Tstg -65 to +200 
Temperature Range 

Unit 

Vdc 

Vdc 

Vdc 

Adc 

Watts 
mw/oe 

°e 

NP~\) S ;..iCOI\ 
RF jJ·)WER 

TRANS!STr'" 

0.'" L L-,,==r"~ __ -=-=--+ I .O"!" 

10-32NClA 

Pin 1. Emitter 
2 .... 
1 Emittw 
tCollICtor 



MM1620 (continued) 

ELECTRICAL CHARACTERISTICS (TC = 25°C unless otherwise noted) 

1 Charactllriltic 1 Symbol I. Min Typ .1 Max Unit 

OFF CHARACTERISTICS 

Coliector·Emitter Sultaining Voltagel1l VCEO(sus) 24 - - Vdc 

(lC = 0.2 Adc, IB = 0) 

Coliector·Emitter Sustaining Voltaga(ll VCES(sus) 4B - - Vdc 

(lC = 0.1 Ade, RBE - 01 

Emitter·Base Breakdown Voltaga BVEBO 4.0 - - Vde 

(IE = 10 mAde,lc = 01 

Collector Cutoff Current ICBO ,- - 1.0 mAdc 

(VCB = 15 Vdc, IE = 0) 

ON CHARACTERISTICS. 

DC Current Gain 

(lC = 2.4 Adc, VCE C 5.0 Vdc) 

OYNAMIC CHARACTERISTICS I Output capacitance 
150 230 

FUNCTIONAL TEST 

Power Output Pout Watt. 

(Pin = 6.0 W, VCE = 12.5 Vdc, f - 50 MHz) MM1620, Figure 1 40 - -
Collector Efficiencv 'I % 

(Pout = 40 W, VCE = 12.5 Vdc, f - 50 MHz) MM1620, Figure 1 50 - -
(tlpul .. d through 25 mH Inductor. 

50 MHz TEST CIRCUIT 

FIGURE 1 

Cl - 25·280 pF, ARCO 464 or equivalent 
C2 - 80-480 pF, ARCO 466 or equivalent VCC 
C3 - 0-75 pF, MAPC 15 or equivalent 
C4 - 0-50 pF, MAPC 50 or equivalent 
Ll -1 Turn,I14 AWG, 5/16"1.0. 
U - 2·1/2 Tums, 122 AWG, through 3/8" Farrito Bood 
L3 -18 Turns,118AWG,318"1.0.,2 Loyors9Tur .. Each (RFCI 
L4 - 4 Turn. 114 AWG, 7116"1.0., 7/16" Long . 

Cl 

3-402 



MM1620 (continued) 
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MM 1748 (SILICON) 

\ CASE 27 

NPN silicon annular transistor designed for ultra
high speed switching applications. 

(TO-52) . 

Collector connected to case 

MAXIMUM RATINGS 

Rating Symbol Value 

Collector-Emitter Voltage VCEO 6.0 

Collector-Base Voltage VCB 15 

Emitter-Base Voltage VEB 4.0 

Collector Current IC 100 

Total Device Dissipation T A = 25°C PD 300 

Derate above 25°C 1. 71 

Total Device Dissipation T C = 100°C PD 500 

Derate above 100°C 2.0 

Operating & Storage Junction TJ,Tstg 
Temperature Range -65 to +200 

FIGURE 1"'- STORAGE TIME CONSTANT TEST CIRCUIT 

+5.2 

PW";; 200 ns 

--u-
-3.3 V 

+3 
50 Q 0.1 J1.F 500 Q 

\r----..r--1 ~ TO SCOPE 

3-404 

Unit 

Vdc 

Vdc 

Vdc 

mAdc 

mWaUs 

mW/oC 

mWaUs 

mW/oC 

Uc 



MM 1748 (continued) 

ELECTRICAL CHARACTERISTICS (T, = 2,'e "", ... "'heM;" ,,'od) 

Characteristic. Symbol Min Typ 

OFF CHARACTERISTICS 

Collector-Emitter Sustaining Voltage (U BVCEO(sus) 
(Ic = 10 mAde, 1B = 0) 6.0 

Collector-Base Breakdown Voltage BVCBO 
(IC • 10/'Ade, IE .0) 15 -

Emitter-Base Breakdown Voltage BVEBO 
(IE • 10 /'Ade, IC = 0) 4.0 -

Collector Cutoff Current ICBO 
(VCB = 5 Vde, IE = 0) - 0.002 

(VCB = 5 Vde, IE = 0, TA = 125°C) - 0.5 

ON CHARACTERISTICS 

DC Current Gain (U hFE 
(IC = 10 mAde, VeE = 0.5 Vde) 20 -
(Ie = 10 mAde, V CE = 0.5 Vde, T A = _55°C) 10 -
(IC = 30 mAde, V CE = 1 Vde) 15 -

Collector-Emitter Saturation Voltage VCE(s.l) 
(Ie = 3 mAde, IB : 0.15 mAde) - 0.2 

Base-Emitter Saturation Voltage VBE(sal) 
(Ic = 3 mAde, 1B = 0.15 mAde) 0.70 -

DYNAMIC CHARACTERISTICS 

Current-Gain-Bandwidth Product IT 
(IC = 5 mAde, VCE = 4 Vde, I =100 MHz) 600 -

Output Capacitance Cob 
(V CB = 5 Vdc, IE .0) -

Input Capacitance Cib 
(VBE = 0.5 Vde, IC = 0) -

Turn -On Time, Figure 2 I 
on 

(V CC • 1 Vde, V EB (off) = 1 Vde, B.O 

'e = 10 mAde, 'B1 .2 mAde, 'B2 = 1. 0 mAl 

Turn .. Off Time, Figure 2 tof( 
(V CC = 1 Vde, IC = 10 mAde, - 6.0 

IBl • 1m • 1 mAde) 

Storage Time, Figure 1 I 
s 

(IC = 5 mAc\e, IBl = 'B2 = 5 mAde) - -
111 Pulse Tesl: Pulse Width = 300 IJs; Duty Cycle = 2% 

FIGURE 2 - TURN·ON & TURN·OFF TIME TEST CIRCUIT 

+6V 

1M 

V .. =-1.0V 
V" = +6.0 V' 

v," 

_,_ 10% 

I 1 90% 

~ 1M ~ou! ... 
Vi" RISE TIME ~ 1 M 

0.1 pi 

Vcc+ IV 

tr<0.5ns 
O.1~F SOC!! TOSCOf'E'Z,,=50!! 

(-I\Iv'v-<l 
YOUT 

"" V .. "" +5.0Vdc 

VIEIOI = -tV V,,,. "" -4.0V 

3-405 

Max Unit 

Vde 
-

Vdc 
-

Vde 
-

/lAde 
0.05 

5.0 

-
120 

-
-

Vde 
0.3 

Vde 
0.85 

MHz 
-

pF 
3.0 

2.0 
pF 

ns 
15 

ns 
15 

ns 
6.0 



MM1803cSILICON) 
For Specifications, See 2N3137, Volume I. 

MM 1812 (SILICON) 

NPN silicon transistor designed for audio power am
plifier applications up to 1 watt output. 

CASE 31 
(TO-S) 

Collector connected to case 

MAXIMUM RATINGS 

Rating 

Collector-Base Voltage 

Collector-Emitter Voltage 

Emitter-Base Voltage 

Collector-Current 

Total Device DisSipation @ T A = 25 ° C 

Derate above 25°C 

Total Device Dissipation @ TC = 25°C 

Derate above 25°C 

Operating Junction Temperature 

Storage Temperature Range 

Symbol 

VCB 

VCEO 

VEB 

IC 

PD 

PD 

TJ 

T stg 

3-406 

Value Unit 

175 Vdc 

175 Vdc 

4.0 Vdc 

100 mAdc 

1.0 Watt 

5.71 mW;oC 

5.0 Watts 

28.6 mW/oC 

+200 °c 

-65 to +200 °c 



MM 1812 (continued) 

ELECTRICAL CHARACTERISTICS ITA = 250 C unless otherwise noted, 

Characteristic 
Collector Cutoff Current 

(VCB = 50 Vde, IE = 0) 

(V CB = 50 Vde, IE = 0, TA = 150'C) 

Emitter Cutoff Current 
(VEB = 3 Vde, IC = 0) 

Collector-Base Breakdown Voltage 
(IC = 10 /LAde, IE = 0) 

CoUector-Emitte:r Breakdown Voltage (11 
(IC = 10 mAde, IB = 0) 

Emitter-Base Breakdown Voltage 
(IE = 10 /LAde, IC = 0) 

Collector Saturation Voltage (11 
(IC = 10 mAde, IB = I mAde) 

(IC = 100 mAde, IB = 10 mAde) 

DC Current Gain (11 
(Ic = 1. 0 mAde, V CE = 10 Vde) 

(IC = 10 mAde, V CE = 10 Vde) 

(IC = 100 mAde, V CE = 10 Vde) 

Small Signal Current Gain 
(IC = 10 mAde, V CE = 10 Vdc, I = 1 kHz) 

Voltage Feedback Ratio 
(IC = 10 mAde, V CE = 10 Vde, I = 1 kHz) 

Input Impedance 
(IC = 10 mAde, V CE = 10 Vde, I = 1 kHz) 

Output Admittance 
(IC = 10 mAde,VCE = 10 Vde, 1= 1 kHz) 

Output Capacitance 
(V CB = 10 Vde, IE = 0, I = 100 kHz) 

Input Capacitance 
(VEB = 0.5 Vde, IC = 0, 1= 100 kHz) 

Power Gain 
(Pout = 1 W, VCE = 85 Vde, IC = 30 mAde, 1=1 kHz 

RS = 400 ohms, RL = 2.9 k ohms) 

(11 Pulse Test: PW ~ 300. JLS, duty cycle ~ 2% 

FIGURE 1 -CURRENT GAIN CHARACTERISTICS 
versus JUNCTION TEMPERATURE 
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Symbol Min Max Unit 

ICBO JLAde 
- 0.1 

- 100 

lEBO JLAde - 0.025 

BVCBO Vde 
175 -

BVCEO Vde 
175 -

BVEBO Vde 
4.0 -

VCE(s.t) Vdc 
- 0.3 

- 0.6 

hFE -
25 -
35 200 

40 300 

hIe -
50 200 

hre X1O-4 

- 4.0 

hie k ohms 
0.2 1.25 

hoe p.mhos 
10 200 

Cob pF - 10 

Cjb pF 

- 100 

Min Typ Max 

Gpe dB 
36 44 -

FIGURE 2 - 750 mW CLASS A AUDIO AMPLIFIER 
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MM 1941 (SILICON) 

Collector connected to case 

CASE 22 
(TO-IS) 

NPN silicon annular transistor for high-frequency 
power oscillator, multiplier and driver applications. 

MAXIMUM RATINGS (TA ~ 250 C unless otherwise noted) 

Rating Symbol Value Unit 

Collector-Base Voltage VCB 30 Vdc 

Collector-Emitter Voltage VCES 30 Vdc 

Emitter-Base Voltage VEB 3.0 Vde 

Base Current ls 30 mAdc 

Collector Current IC 200 mAdc 

Input Power Pin 100 mW 

Output Power Pout 250 mW 

Power Dissipation @ T C = 25' C p,. 600 mW 
Derate above 25'C D 4.0 mW/'C 

Power Dissipation @TA - 25'C P • 300 mW 
Derate above 25' C D 2.0 mW/'C 

Junction Temperature TJ 175 'c 

Storage Temperature Range Tstg -65 to +175 'c 

*See Safe Area Curve 

ELECTRICAL CHARACTERISTICS (TA = 25°C unless otherwise noted) 

Characteristic Symbol Test Conditions Min Typ Max Unit 

Collector-Emitter III VCES(sus) IC = 15 mA, RBE ~ 0 30 40 - Vde 
Sustain Voltage 

Collector-Base BVCBO IC = 100/LAdc, IE .. 0 30 40 - Vdc 
Breakdown Voltage 

Collector Emitter-Open BVCEO(sus) IC .. 15 mA, IB = 0 20 - - Vde 
Base Sustain Voltage (11 

Collector Cutoff Current lCBO V CB .. 15 Vdc, IE = 0 - 0.01 0.1 

V CB .. 15 Vdc, IE" 0, TC e 100'C - - 25 /LAdc 

Emitter Cutoff Current lEBO V EB .. 3 Vdc, IC .. 0 - 0.1 10 /LAdc 

DC Current Gain hFE IC - 10 mAdc, V CE .. 10 Vdc 25 50 - -

AC Current Gain 
Ihfel 

V CE .. 10 Vde, IC" 10 mAdc 6.0 8.0 - -
f = 100 mc 

Collector Output Cob V CB = 15 Vde, ~ .. 0, f - 100 kHz - - 2.5 pF 
Capacitance 

Power Output Pout Pin - 20 mW max, f .. 175 MHz 100 - - mW 

Power Gain Ge V CC - 13.6 Vdc, IC(max) .. 25 mA 7.0 9.0 - dB 

11Ipulse Test: PW .. 100 /LS; DC .. 2% 
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MM 1941 (continued) 

ELECTRICAL CHARACTERISTICS (continued) 

Characteristic Symbol Test Conditions Min Typ Max Unit 

Power Output Pout f = 80MHz, V CC = 13.6 Vdc, - 50 - mW 
(Oscillator) 

IC(typ) = 20 mAdc 

Power Gain (Multiplier) Ge fin - 80 MHz, fout - 240 MHz - 3.0 - dB 

V CC = 13.6 Vdc, Pout'" 30 mW 

IC(typ) = 25 mAdc 

*Pu!se Test: PW - 100 p.s; DC - 2% 
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MM2258 (SILICON) 

MM2259 
MM2260 

NPN silicon transistors designed for video output cir
cuitry in transistorized television receivers. 

CASE 31 
(TO·5) 

Collector connected to case 

MAXIMUM RATINGS 

Rating 

Collector-Base Voltage 

Collector-Emitter Voltage 

Emitter-Base· Voltage 

Collector Current 

Total Device Dissipation @ T A = 25°C 

Derating Factor Above 25 ° C 

. Total Device Dissipation@ TC = 25°C 

. Deratmg Factor Above 25 ° C 
.. 

Junction Temperature, Operating 

storage Temperature Range 

THERMAL RESISTANCE 

9JA(oirl = 175°C/W 
9Jc(co,ol = 35°C/W 

Symbol 

VCB 

VCEO 

VEB 

IC 

PD 

PD 

TJ 

Tstlt 

3-410 

. Value 

MM2259 Unit 
MM2258 MM2260 

120 175 Vdc 

120 175 Vdc 

.5.0 Vdc 

500 300 mAde 

1.0 Watt 

5.71 .mW/oC 
.~ 

5.0 Watt 

28.6 mW/oC 

+200 °c 

-65 to +200 °c 



MM2258, MM2259, MM2260 (continued) 

ELECTRICAL CHARACTERISTICS (T A = 25°C unless otherwise noted) 

Characteristics Symbol Min Typ Max Unit 

Collector Cutoff Current ICBO ,uAde 
(VCB = 75 Vde, IE = 0) - - 0.050 

(V CB = 75 Vde, IE = 0, T A = 150·C) - - 50 

Emitter CutoC[ Current lEBO nAde 
(VEB = 4 Vde, lC = 0) - - 25 

Collector-Base Breakdown Voltage BVCBO Vde 
(IC = 10 "Ade, IE = 0) MM2258 120 - -

MM2259, MM2260 175 - -
Collector- Emitter Breakdown Voltage* BVCEO . Vde 

(IC = 10 mAde, IB = 0) MM2258 120 - -
MM2259, MM2260 175 - -

Emitter-Base Breakdown Voltage BVEBO Vdc 
(IE = 10 "Ade, lC = 0) 5.0 - -

Collector-Emitter Saturation Voltage VCE(sa!) Vde 
(IC = 25 mAde, IB = 2.5 mAde) - - 0.4 

Base-Emitter Saturation Voltage VBE(sat) Vde 
(IC = 25 mAde, Is. = 2.5 mAde) - - 1.0 

DC Current Gain- hFE -
(IC = I. 0 mAde, V CE = 10 Vdc) MM2259 25 - -

MM2258, MM2260 50 - -
(IC = 10 mAde, V CE = 10 Vde) MM2259 35 - -

MM2258, MM2260 50 - --
(IC = 50 mAde, V CE = 10 Vde) MM2259 35 - -

MM2258, MM2260 50 - -

Output Capac.itance MM2258 Cob - - 9.0 pF 
(V CB = 10 Vdc, IE = 0, f = 100 kH') MM2259, MM2260 - - 8.0 

Input Capacitance Cib pF 
(V EB = 0.5 Vdc, lC = 0, f = 100 kH,) - - 80 

Feedback (Miiler) Capacitance Ceb pF 
(V CB = 25 Vde, IC = 10 mAde) MM2258 - 4.2 5.0 

MM2259, MM2260 - 3.0 4.5 

Small Signal Current Gain Ihfel -
(V CE = 25 Vdc, IC = 20 mAde, f = 100 MH,) 1.5 - --

'Pulse Test: PW"; 300 "s, duty cycle"; 2% 

FIGURE 1 - DC CURRENT GAIN CHARACTERISTICS 
versus JUNCTION TEMPERATURE' 

FIGURE 2 - JUNCTION CAPACITANCE VARIATIONS 
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MM2258, MM2259, MM2260 (continued) 
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FIGURE 4 - OUTPUT ADMITTANCE 
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(SILICON) 

NPN silicon epitaxial transistors designed for low
level, low-noise amplifier applications. 

CASE 22 
(TO-18) 

Collector connect.d to c ••• 
MAXIMUM RATINGS 

Rating 

Collector-Base Voltage 

Collector-Emitter Voltage 

Emitter-Base Voltage 

Collector Current 

Total Device Dissipation @TA = 25°C 

Derating Factor above 25°C 

Total Device Dissipation @ TC = 25°C 

Derating Factor above 25·C 

Junction Temperature, Operating 

storage Temperature Range 

Thermal Resistance: 
Junction-to, Ambient 

Junction-to- Case 

Symbol Value 
VCB 60 

VCEO 60 

VEB 6 

IC 50 

P D 360 

2.1 

P D 1.2 

6.9 

T.T +200 

Tstg -65 to +200 

9JA 486 

9JC 146 

ELECTRICAL CHARACTERISTICS ITA = 25°C unless otherwise noted) 

Characteristic Symbol Min Max 
Collector-Base Breakdown Voltage BVCBO 

(IC = 10 /lA, IE = 0) 60 -
Collector-Emitter Sustaining Voltage' (11 VCEO(sus) 

(IC =10 rnA, IB = 0) 60 -
Emitter-Base Breakdown Voltage BVEBO 

(IE = 10 /lA, IC = 0) 6.0 -
Collector Cutoff Current ICBO 

(V CB = 45 V, IE = 0) - 0.010 

(V CB = 45 V, IE = 0, T A = 150·C) - 10 

Emitter Cutoff Current lEBO 
(VEB = 5.0 V, IC = 0) - 0.010 

Collector-Emitter saturation Voltage VCE(sat) 
(IC = 1. 0 mA, IB = O. 1 mAl - 0.,35 

(1IPulse Conditions: Length = 300 /lS, Duty Cycle 5 2% 

3-413 

Unit 
Vdc 

Vdc 

Vdc 

mAdc 

mW 

mW/·C 

Watts 

mW/·C 

·C 

·C 

·C/W 

°C/W 

Unit 
V 

V 

V 

/lA 

J1.A 

V 



MM2483, MM2484 (continued) 

ELECTRICAL CHARACTERISTICS (TA = 250 C unless otherwise noted) 

Characteristic Symbol Min Max Unit 
DC Current Gain hFE -

(IC =1.0 j.l.A, V CE = 5.0 V)_ MM2484 30 -
(IC= 10j.l.A, VCE =5.OV) . MMZ483 40 120 

MMZ484 100 500 

(IC=10j.l.A, VCE =5.0V, -55·C) MM2483 10 -
MM2484 20 -

(IC = 100j.l.A, VCE = 5.0 V) MM2483 75 -
MM2484 175 -

(IC=500j.l.A, VCE.= 5.0 V) MM2483 100 -
MMZ484 200 -

(Ic= 1.0 rnA, VCE =5.OV) MM2483 175 -
MM2484 250 -

(IC = 10 rnA, VCE = 5.0 V)* MM2483 - 500 
MM2484 - 800 

Emitter-Base On Voltage VBE(on) V 
. (Ic = 100 j.l.A, V CE = 5.0 V) 0.5 0.7 

High-Frequency Current Gain hfe -
(Ie = 50j.l.A, VCE =5.0V, f= 5.0 MHz) MM2483 2.4 -

MM2484 3.0 

(Ic = 500 j.l.A, V CE= 5.0 V, f = 30 MHz) 2.0 -
Output Capacitance Cob pF 

(V CB = 5.0 V, IE = 0) - 6.0 

Emitter Transition Capacitance CTE pF 
(V EB = 0.5 V, IC = 0) - 6.0 

Small Signal Current Gain hfe -
(IC=1.0mA, VCE =5.0V, f=lkHz) MM2483 80 450 

MM2484 150 900 

Input Impedance h. kohms 
(IC= 1.0 rnA, VCE =5.0V, f=lkHz) Ie 3.5 24 

Output Conductance h j.l.mhos 
(Ie = 1.0 rnA, VCE = 5.0 V, f = 1 kHz) oe - 50 

Voltage Feedback Ratio h XI0-6 
(Ie = 1.0 mA, V CE ;, 5.0 V, f= 1 kHz) re - 2500 

Common Base Input. Impt'dance hib ohms 
(le=I.OmA, VCE =5.0V, f=lkHz) 25 32 

Wide Balld Noise Figure NF dB 
(IC = 10 j.l.A, V CE = 5.0 V, RS = 10 kohms MM2483 - 4.0 

MM2484. - 3.0 

Power Bandwidth of 15.7 kHz (3 dB 
points at 10 Hz and 10 kHz) 

Narrow Band Nuisl' Figure NF dB 
(IC=10j.l.A, VCE =5.0V, f=lkHz MM2483 - 4.0 

Rs = 10 kohms (Power Bandwidth = 200 Hz) MM2484 - 3.0 

(Ie = 10 j.l.A, V CE'= 5.0 V, f = 10 kHz, MM2483 - 3.0 

Ht; = 10 kohms (Power Bandwidth = 2 kHz) MM2484 - 2.0 

(IC =10j.l.A, VCE =5V, f=10kHz 
.. 

MM2483 - 15 

RS = 10 kohms (Power Bandwidth = 20 Hz) MM2484 - 10 

111 Pulse Conditions:. PW :s 300 j.l.S, DUty Cycle :s 2% 
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MM2894A (SILICON) 

PNP SILICON ANNULAR TRANSISTOR 

· .. designed for low-power, high-speed saturated switching applica· 
tions in industrial service. 

• Low Output Capacitance -
Cob = 4.5 pF (Max) @ VCB = 5.0 Vdc 

• Low Collector-Emitter Saturation Voltage -
VCE(sat) = 0.19 Vdc (Max) @ IC = 30 mAdc 

• High Current-Gain - Bandwidth Product -
fT = 800 MHz (Min) @ IC = 30 mAde 

• Turn-Off Time -
toff = 35 ns (Max)@ IC "" 30 mAde 

MAXIMUM RATINGS 
Rating Svmbol Value 

Collector-Emitter Voltage VcEO 12 

Collector-Base Voltage VeB 12 

E mitter-Ba .. Voltage VEB 4.5 

Collector Current - Continuous Ie 200 

Total Device Dissipation@TA == 25°C Po 0.36 
Derate above 25°C 2.06 

Total Device Dissipation@Te=250c Po 1.2 
Derate above 2SoC 6.85 

Operating and Storage Junction TJ,Tstg -65 to +200 
Temperature Range 

Unit 

Vde 

Vde 

Vde 

mAde 

Watt 
mW/oc 

Watt 
mWJOe 

°e 

3-415 

PNP SILICON 
SWITCHING 
TRANSISTOR 

0 .. 209 r 0.230 

CIA ~70 
11" 

0.500 

~mDIA j 
Pin 1. Emitter 

2. Base 
1 Collector 

0.028 
0.048 

Collector Connected to Case 
CASE 22(t) 

(TO-1S) 



MM2894A (continued) 

ELECTRICAL CHARACTERISTICS (TA = 250 C unless otherwise noted) 

Characteristic Symbol Min 

OFF CHARACTERISTICS 

Collector~Emitter Sustaining Voltage VCEO(sus) 12 
(lC = 10 mAde,lB = 0) 

Coliector~Emitter Breakdown Voltage BVCES 12 
(IC: 10l'Ade, VBE: 0) 

Collector· Base Breakdown Voltage BVCBO 12 
(lC: 10 "Ade, IE: 0) 

·Emitter-Base Breakdown Voltage BVEBO 4.5 
(IE: 100 "Ade, IC: 0) 

Collector Cutoff Current ICES 
(VCE: 10 Vde, VBE : Q) 

Collector Cutoff Current ICBO 
(VCB: 10 Vde, IE : 0, T A: 1250 C) 

Base Current IB -

(VCE = 10 Vde, VBE : 0) 

ON CHARACTERISTICS 
DC Current Gain (1) hFE 

(I C : 1.0 mAde, VCE = 0.5 Vde) 20 
(lC = 10 mAde, VCE : 0.3 Vde) 30 
(lC: 30 mAde, VCE : 0.5 Vde) 40 
(I C : 30 mAde, V CE : 0.5 Vde, T A: -550 C 20 
(lC: 100 mAde, VCE : 1.0 Vde) 30 

Collector-Emitter Saturation Voltage VCE(sat) 
(lC: 10 mAde, IB: 1.0 mAde) -
(lC: 30 mAde,IB: 3.0 mAde) -
(Ie: 100 mAde, IB: 10 mAde) -

Base-E mitter Saturation Voltage VBE(sat) 
(Ie: 10 mAde,IB: 1.0 mAde) 0.75 
(lc: 30 mAde, IB: 3.0 mAde) 0.80 
(lC: 100mAde,IB: 10 mAde) 0.90 

DYNAMIC CHARACTERISTICS 
Current-Gain - Bandwidth Product iT 800 

(lC: 30 mAde, VCE: 10 Vde, f = 100 MHz) 

Output Capacitance Cob -
(VCB = 5.0 Vde, IE : 0, f: 140 kHz) 

I nput Capacitance Cib -
(VSE : 0.5 Vde, IC: 0, f = 140 kHz) 

SWITCHING CHARACTERISTICS (Figure 1) 

Turn-On Time ton -
(VCC = 2.0 Vde, IC",30 mAde, IB,,,,'.5 mAde) 

Turn-Off Time toff -
(VCC = 2.0 Vde,lc"'30 mAde, ISl : IB2",'.5 mAde) 

- - . (1) Pulse Test. Pulse Width 300,"" Duty Cycle 1.0JlO . 

FIGURE 1 - SWITCHING TIME TEST CIRCUIT 

ton VSS = +3.0 Vdc, Vin = -7.0 Vdc 
toflVSS = -4.0 Vdc, Vin :.+6.0Vdc 

Pulse source 
Rise Time < 1.0 ns 
P.W. >200 ns 
lin = 50 n 

100 

Vss 

100 

3-416 

-2.0 V 

62 

.... -----oVout 

To Scope 
Input Z ;;.10 kn 
Rise Time < 1.0 ns 

Max Unit 

- Vde 

- Vde 

- Vde 

- Vde 

50 nAde 

10 MAde 

50 nAde 

-
-

120 
-
-

Vde 
0.13 
0.19 
0.45 

Vde 
0.92 
1.15 
1.5 

- MHz 

4.5 pF 

6.0 pF 

60 ns 

35 ns 



MM3000 thru MM3003 (SILICON) 

NPN silicon epitaxial transistors designed for gen
eral-purpose, high-voltage application s. 

CASE 79 
(TO-39) 

MAXIMUM RATINGS 

Rating 

Collector-Emitter Voltage 

Emitter-Base Voltage 

Collector Current 

Total Device Dissipation @ T A = 25°C 

Derate above 25°C 

Total Device Dissipation @ Te = 25°C 

Derate above 25°C 

Operating and Storage Junction 
Temperature Range 

Symbol MM3000 

VCEO 100 

VEB 

Ie 200 

PD 

PD 

TJ , Tstg 

ELECTRICAL CHARACTERISTICS (TA = 25'C unless otherwise noted) 

Characteristic Symbol 

OFF CHARACTERISTICS 

Collector-Emitter Breakdown Voltage BVCEO 
(IC = 10 mAdc, IB = 0) MM3000 

MM3001 
MM3002 
MM3003 

Emitter-Base Breakdown Voltage BVEBO 
(IE = 10 IJ.Adc, IC = 0) 

Collector Cutoff Current ICBO 
(VCB = 50 Vdc, IE = 0) MM3000 

(VCB = 75 Vdc, IE = 0) MM3001 

(V CB = 100 Vdc, IE = 0) MM3002, MM3003 

ON CHARACTERISTICS 

DC Current Gain 
(IC = 10 mAdc, V CE = 10 Vdc) 

DYNAMIC CHARACTERISTICS 

Current-Gain-Bandwidth Product fT 
(IC = 10 mAde, V CE = 20 Vde, f = 100 MHz) 

Output Capacitance Cob 
(V CB = 20 Vdc, IE = 0, f = 100 kHz) MM3000, MM3001 

MM3002, MM3003 

3-417 

MM3001 MM3002 MM3003 Unit 

150 200 250 Vdc 

5.0 Vdc 

200 50 50 mAdc 

1.0 Watt 

5.71 mW/"C 

5.0 Watts 

28.6 mW/"C 

-65 to +200 °e 

Min Max Unit 

100 Vdc 
100 -
150 -
200 -
250 -

Vdc 
5.0 -

IlAdc 
- 1.0 

- 1.0 

- 5.0 

MHz 
150 -

pF 
- 7.0 
- 15 



MM3005 (SILICON) 

MM3006 
MM3007 

NPN SILICON ANNULAR TRANSISTORS 

· .. designed for high-voltage audio driver amplifiers and general
purpose switching and oscillator applicdtions. 

• High Collector-Emitter Breakdown Voltage ~ 
BVCEO = 100 Vdc (Min) @ IC = 10 mAdc (MM3007) 

• Low Output Capacitance ~ 
Cob = 15 pF (Max) @ VCS = 10 Vdc 

• Excellent Gain Linearity ~ 1.0 to 250 mAdc 

• Complements to PNP MM5005, MM5006, MM5007 

MAXIMUM RATINGS 
Rating Symbol MM3005 MM3006 MM3007 Unit 

ColiectorMEmitter Voltage VCEO 60 80 100 Vdc 

Collector-Base Voltage VCB 80 100 120 Vdc 

Emitter-Base Voltage VEB 5.0 Vdc 

Collector Current Continuous Ie .. 2.5- Adc 

Total Device Dissipation @TA == 2SoC PD « 1.0- Watts 
Derate above 2SoC 5.71 mW/oe 

Total Device Dissipation@TC=250C PD .. 8.0 • Watts 
Derate above 25°C .. 45.6 .. mW/oe 

Operating and Storage Junction TJ,T stg ---- -65'0+200_ °e 
Temperature Range 
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MM3005, MM3006, MM3007 (continued) 

ELECTRICAL CHARACTERISTICS (T A = 25°C unless otherwise noted) 

I Characteristic I Symbol Min Max Unit 

OFF CHARACTERISTICS 

Collector·Emitter Breakdown Voltage BVCEO Vde 
(lC = 10 mAde, IB = 0) MM3005 60 -

MM3006 80 -
MM3007 100 -

Collector-Base Breakdown Voltage BVCBO Vde 
(lC = 100 I'Ade, IE = 0) MM3005 80 -

MM3006 100 -
MM3007 120 -

Emitter-Base Breakdown Voltage BVEBO 5.0 - Vde 
(IE = 100I'Ade,lc=0) 

Collector Cutoff Current ICBO nAde 
(VCB = 60 Vde, IE = 0) MM3005 - 100 

(VCB = 80 Vde, IE = 0) MM3006 - 100 

(VCB = 100 Vde, IE = 0) MM3007 - 100 

Emitter Cutoff Current lEBO - 100 nAde 
(VBE = 4.0 Vde, IC = 0) 

ON CHARACTERISTICS 

DC Current Gain hFE -
(lc = 1.0 mAde, VCE = 1.0 Vdc) All Types 40 -

(Ie = 150 mAde, VeE = 1.0 Vde) MM3005 50 250 

(lC = 200 mAde, VeE = 1.0 Vde) MM3006 50 250 

(Ie = 250 mAde, VeE = 1.0 Vde) MM3007 50 250 

Collector-Emitter Saturation Voltage VCE(sat) - 0.35 Vde 
(lC = 150 mAde, IB = 15 mAde) 

8ase-Emitter On Voltage VBE(on) 0.60 0.75 Vde 
(Ie = 150 mAde, VeE = 1.0 Vde) 

DYNAMIC CHARACTERISTICS 

Current-Gain-Bandwidth Product fT 50 - MHz 
(Ie = 50 mAde, VeE = 10 Vde, f = 20 MHz) 

Output Capacitance Cob ~ 15 pF 
(VeB = 10 Vde, IE = 0, f = 100 kHz) 
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MM3008 (SIUCON) 

MM3009 

High-voltage NPN silicon transistors designed for 
video output circuitry in transistorized television re
ceivers. 

CASE 79 
(TO-39) 

MAXIMUM RATINGS 

Rating 
Collector-Emitter Voltage 

Emitter-Base Voltage 

Collector Current 

Total Device DisSipation @ T A ; 25"C 
Derate above 25"C 

Total Device Dissipation @ TC ; 25"C 
Derate above 25"C 

Operating & Storage Junction 
Temperature Range 

Symbol 

VCEO 

VEB 

IC 

PD 

PD 

T J' Tstg 

MM3008 MM3009 
120 180 

6.0 

400 

1.0 
5.71 

4.0 
22.8 

-65 to +200 

ELECTRICAL CHARACTERISTICS (T A = 25°C unless otherwise noted) 

Characteristic Symbol Min Max 

OFF CHARACTERISTICS 
Collector-Emitter Breakdown Voltage· BVCEO* 

(IC ; 10 mAde, IB ; 0) MM3008 120 -
MM3009 180 -

Emitter-Base Breakdown Voltage BVEBO 
(~ = 10 ,.Ade IC ; 0) 6.0 -

,Collector Cutoff Current ICBO 
(VCB ; 120 Vde, IE; 0) MM3008 - 0.1 

(VCB; 180 Vde, ~; 0) MM3009 - 0.1 

Emitter Cutoff Current ~BO 
(V BE = 4. 0 Vde, IC = 0) 0.1 

ON CHARACTERISTICS 
DC Current Gain iTE (IC = 1.0 mAde, V CE = 10 Vde) 30 -

(IC = 10 mAde, V CE = 10 Vde) 40 -
(Ie = 30 mAde, V CE = 10 Vde) 30 -

DYNAMIC CHARACTERISTICS 

Current-Gain-B~ldth Product fT 
(IC = 20 mAde, V CE = 20 Vde, f = 20 MHz) 50 -

Collector-Base Capacitance Ccb 
(V CB = 20 Vde, ~ = 0, f = 100 kHz) - 3.0 

Input Capacitance Clb - 20 
(VBE = 0.5 Vde, Ie = 0, f = 100 kHz) 

• Pulse Test: Pulse Wldth:s 300 ,.s, Duty Cycle :s 2.0%. 
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MM3008, MM3009 (continued) 

FIGURE 1 - CURRENT GAIN 
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MM 3375 (SILICON) 

NPN SIUCON RF POWER TRANSISTOR 

· .. designed for large signal VHF/UHF poWer amplifier and driver 
for applications. to 400 MHz. 

• Multiple-Emitter Construction for Excellent High Frequency 
Performance 

• 8.0 Watts Output at 100 MHz 

• De-T~ned Circuit Test Guarantees Device Operation Under High 
SWR Conditions 

MAXIMUM RATINGS 

Rating Symbol Value Unit 

Collector-Emitter Voltage VCEO 35 Vdc 

Collector-Base Voltage VCB 65 Vdc 

Emitter-Base Voltage VEB 4.0 Vdc 

Collector Current IC 1.5 Adc 

Total Device Dissipation @TC ::: 25°C Po 11.6 Watts 
Derate above 25°C 66.4 mW/oC 

Operating and Storage Junction 
Temperature Range 

TJ.T stg -65 to +200 °c 
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8.0 W - 100 MHz 

RF POWER 
TRANSISTOR 

NPN SILICON 

To convert illches to millimeters multiply by 25.4 

All JEDEC dimensions am:! notes apply 

STYLE 1. All leads isolated from case 

CASE 36 
TO·60 



MM3375 (continued) 

ELECTRICAL CHARACTERISTICS (T A = 25°C unless otherwise noted) 

Characteristic 

OFF CHARACTERISTICS 

Collector-Emitter Breakdown Voltage(11 

(lC = 200 mAde, IB = 0) 

Collector-Emitter Breakdown Voltage 
(Ic = 200 mAde, IE = 0) 

Collector-Base Breakdown Voltage 

(lC = 100 "Adc, IE = 0) 

Emitter-Base Breakdown Voltage 

(IE = 100 "Adc, IC=O) 

Collector Cutoff Current 
(VCB = 30 Vdc, IB = 0) 

ON CHARACTERISTICS 

Collector-Emitter Saturation Voltage 
(lC = 500 mAde, IB ~ 100 mAde) 

DYNAMIC CHARACTERISTICS 

Output Capacitance 
(VCB = 30 Vdc, IE = 0, I = 100 kHz) 

FUNCTIONAL TEST 

Power Input (Test Circuit Figure 1) 
(Switch Position A) 

(VCE = 20 Vdc, Pout = 8.0 Watts, I = 100 MHz) 

Power Input (Test Circuit Figure 2) 
(VCE = 28 Vdc, Pout = 3.0 Watts, I = 400 MHz) 

De-Tuned Circuit Test, Test Circuit Figure 1, 

Symbol 

BVCEO 

BVCES 

BVCBO 

BVEBO 

ICEO 

Pin 

Pin 

(Switch Position B) 

Min Max Unit 

35 - Vdc 

65 - Vdc 

65 - Vdc 

4.0 - Vdc 

- 100 "Adc 

- 1.0 Watt 

- 1.0 Watt 

An adjustable air line, terminated in a short, is connected directly to the collector of the device under test and varied through one-
hall wave length. This test applies all reactive loads at nearly infinite SWR * to the collector of the MM3375. The device will not 
be damaged or degraded by this test. 

(l)Pulsed through 25 mH inductor. 

·Due to losses in the air line and the collector choke, a SWR of greater than 50 is achieved and is assumed to approach infinity. 

FIGURE 1 - 100 MHz POWER GAIN (SWITCH S1 IN POSITION Al 
DE-TUNE CIRCUIT TEST SWITCH (SWITCH S1 IN POSITION B) 

,--------,------<>+28 Vdc 

5.0-80 pF 

5.0-80 pF 
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Q<5 

L 1. ~ 3 Turns, 9/3210, #18, 114" Lo~g 
L2" 5 Turns, 9/3210, #18,1/2" Long 

470 pF 135<2 

RL" 50!! 

9.0-180 pF 
L2 

'~'"~' 
RS" 50!! 

pF , 
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3-423 
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MM 3375 A (SILICON) 

NPN SILICON RF POWER TRANSISTOR 

... designed for large signal VHF/UHF power amplifier 

• Multiple-Emitter Construction for Excellent High Frequency 
Performance 

• 10 Watts Output at 100 MHz 

• De-Tuned Circuit Test Guarantees Device Operation Under High 
SWR Conditions 

MAXIMUM RATINGS 

Rating Symbol Value Unit 

COllector-Emitter Voltage VCEO 35 Vdc 

Collector-Base Voltage VCB 65 Vdc 

Emitter-Base Voltage VEB 4.0 Vdc 

Collector Current IC 1.5 Adc 

Total Device Dissipation @TC = 25°C Po 11_6 Watts 
Derate above 2SoC 66.4 mW/oC 

Operating and Storage Junction TJ,Tstg -65 to +200 °c 
Temperature Range 
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10 W -100 MHz 

RF POWER 
TRANSISTOR 

NPN SILICON 

EMITIER 

To conlltrt inches to millimeters mUltiply by 25.4 

All JEDeC dimensions and notes apply 

STYLE 2. Emitter connected to case 

CASE 36 
TO-50 



MM3375A (continued) 

ELECTRICAL CHARACTERISTICS (T A = 250 C unless otherwise noted) 

a.aracteristic I Symbol 

OFF CHARACTERISTICS 

Collector-Emitter Breakdown Voltage(1) 
(lC = 200 mAde, IB = 0) 

Collector-Emitter Breakdown Voltage 
(lC = 200 mAde, IE = 0) 

Collector-Base Breakdown Voltage 
(lC = 100 "Adc, IE = 0) 

Emitter-Base Breakdown Voltage 
(IE = 100 "Adc, IC=O) 

Collector Cutoff Current 
(VCB = 30 Vdc, IB = 0) 

ON CHARACTERISTICS 

Collector-Emitter Saturation Voltage 
(lC = 500 mAde, IB = 100 mAde) 

OYNAMIC CHARACTERISTICS 

Output Capacitance 
(VCB = 30 Vdc, IE = 0, f = 100 kHz) 

FUNCTIONAL TEST 

Power Input (Test Circuit Figure 1) 
(Switch Position A) 

(VCE = 28 Vdc, Pout = 10 Watts, f = 100 MHz) 

Power Input (Test Circuit Figure 2) . 
(VCE = 28 Vde, Pout = 3.0 Watts, f = 400 MHz) 

De-Tuned Circuit Test, Test Circuit Figure 1, 

BVCEO 

BVCES 

BVCBO 

BVEBO 

ICEO 

Pin 

Pin 

(Switch Position B) 

Min Max Unit 

35 - Vdc 

65 - Vdc 

65 - Vdc 

4.0 - Vdc 

- 100 "Adc 

- 1.0 Watt 

- 1.0 Watt 

An adjustable air line, terminated in a short, is connected directly to the collector of the device under test and varied through on8-
half wwe length. This test applies all reactive loeds at nearly infinite SWR* to the collectorofthe MM3375A. The device will not 
be damaged or degreded bV this test. 

(1)Pulsed through 25 mH Inductor. "" 

·Due to losses in the air line and the collector choke, a SWA of greater than 50 is achieved and is assumed to approach infinity. 

FIGURE 1 - 100 MHz POWER GAIN (SWITCH Sl IN POSITION A) 
DE-TUNE CI RCUIT TEST SWITCH (SWITCH S1 IN POSITION B) 

5.0-80 pF 

5.0-80 pF 

L1 
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Q<5 

L 1 = 3 Turns, 9/321D, #lB, 1/4" Lo;;g 
L2 = 5 Turns, 9/321D, 818,1/2" Long 

.-------1------0 +28 Vdc 

L2 
9.0-180 pF 

B~5'0_BO pF 
~ 

>2 
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MM3724 (SILICON) 

MM3725 
NPN silicon annular transistors designed for 

medium-current, high-speed saturated switching and 
core driver applications. Type MM3725 is complemen
tary to PNP type MM3726. 

Collector connected to case 

CASE 79 
(TO-39) 

MAXIMUM RATINGS (TA=250 Cunlessotherwisenoted) 

Rating Symbol 

Collector-Emitter Voltage VCEO 

Emitter-Base Voltage VEB 

Collector Current - Continuous IC 

Total Device Dissipation @ T A = 25·C 
Derate above 25°C 

PD 

To4al Device Dissipation @ TC = 25°C 
Derate above 25°C 

PD 

OperatiDg and storage Junction 
TJ • Tstg Temperature BaDge 

THERMAL CHARACTERISTICS 

Characteristic Symbol 
Thermal ReslstaDce. Junction to Case 'JC 

Thermal RealstaDee. Junction to Ambient 'JA 
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MM3724 MM3725 Unit 

30 50 Vdc 

6.0 Vdc 

1.5 Mc 

1.0 Watt 
5.71 mW/·C 

5.0 Watts 
28.6 mW/·C 

-65 to +200 ·C 

Max Unit 
35 ·C/W 

175 ·C/W 



MM3724, MM3725 (continued) 

ELECTRICAL CHARACTERISTICS (TA = 25"C unless otherwise noted) 

Characteristic Fig. No. Symbol Min Max Unit 

OFF CHARACTERISTICS 

Collector4 Emitter Breakdown Voltage - BVeEO Vile 
(IC = 10 mAde, Ia = 0) MM3724 30 -

MM3725 50 -
Emitter-Base Breakdown Voltage - BVEBO Vde 

(IE = 10~Ade, IC = 0) 6.0- -
Collector Cutoff Current - leBO ~Ade 

(VeB = 40 Vde, IE = 0) - 0.5 

ON CHARACTERISTICS 

DC Current Gain 9 hFE -
(Ie = 500 mAde, V CE = 2 Vde) 25 150 

(Ie = I Ade, VeE = 5 Vde) 15 -
.collector-Emitter Saturation Voltage 10,11 VCE(sat) Vile 

(Ie = 500 mAde, 'a = 50 mAde) - 0.6 

(Ie = I Ade, 'a = 100 mAde) - 0.9 

Base-Emitter SatJJration Voltage 11 VBE(sat) Vde 
(Ir: = 500 mAde, Ia = 50 mAde) 0.8 1.0 

(Ie = I Ade, 'a = 100 mAde) - 1.3 

DYNAMIC CHARACTERISTICS 

Current-Gain - Bandwidth Product - IT MHz 
(Ie = 50 mAde, VeE = 10 Vde, I = 100 MHz) 200 -

Collector-Base Capacitance 3 eeb pF 
(V CB = 10 Vdc, IE = 0, r = 100 kHz, emitter guarded) - 9.0 

Emitter-Base Capacitance 3 eeb pF 
(VBE = 0.5 Vdc, Ie = 0, f = 100 kHz, collector guarded) - 80 

Turn-On Time 1,5,6 ton DB 

(Vee = 30 Vde, V EB(off) = 2 Vde, Ie = 500 mAde, 

Ial = 50 mAde, Ra = 200 ohms, RL = 60 ohms) - 30 

Turn-Off Time 2,6,7,8 tol! DB 

(Vee = 30 Vde, Ie = 500 mAde, Ial = Ia2 = 50 mAde, 

Ra = 200 ohms, RL = 60 ohms) - 50 

Turn-On Time 1,5,6 ton DB 

(Vee = 30 Vde, V EB(off) = 2 Vde, Ie = lAde, "-
'al = 100 mAde, Ra = 100 ohms, RL = 30 ohms) - 40 

Turn-Off Time 2,6,7,8 toll n8 

(Vee = 30 Vde, Ie = lAde, Ia1 = 'a2 = 100 mAde, 

Ra = 100 ohms, RL = 30 ohms) - 50 

SWITCHING TIME EQUIVALENT TEST CIRCUITS 

FIGURE 1 - TURN·ON TIME FIGURE 2 - TURN·OFF TIME 

,--..".-..-. SCOPE +llV-g111t. _+30V 

R. _.J-..... - SCOPE 

+10.8 pt'j V;. 

V;, I, < 2 os 

o 0.2 < I, < SOOp.! 
- 2 V DUTY CYCLE = 2% -.It. 

I 
~Cs'<50pF 

I 
_.J 

o 
-9V 

V;, Vi' >-'II\/Ir..-f--f 

1.0 < I, < SOOP.s 
t. < -50' 

DUTY CYCLE = 2% 

1N916 

-4V 

'TOTAl SHUNT CAPACITANCE OF TEST JIG, CONNECTORS, AND OSCILLOSCOPl 
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MM3724, MM3725 (continued) 

TRANSIENT CHARACTERISTICS 
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MM3724, MM3725 (continued) 

STATIC CHARACTERISTICS 
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MM3726 (SILICON) 

PNP silicon annular transistor designed for 
medium-current, high-speed saturated switching and 
core driver applications, and for complementary cir
cuitry with NPN type MM3725. 

Collector connected to else 

CASE 31 
(TO-S) 

MAXIMUM RATINGS (TA = 25OCuniessotherwise noted) 

Rating Symbol 

Collector-Emitter Voltage VCEO 

Emitter-Base Voltage VES 

Collector Current - Continuous IC 

Total Device Dissipation @ T A = 25°C 
Derate above 25°C 

PD 

Total Device Dissipation @ TC = 25°C 
Derate above 25°C 

PD 

Operating and storage Junction 
Temperature Range TJ • Tsm 

THERMAL CHARACTERISTICS 

Characteristic Symbol 
Thermal Resistance, Junction to Case 'JC 

Thermal ReSistance, Junction to Ambient '-''& 

3-430 

Value Unit 

50 Vdc 

5.0 Vdc 

1.5 Adc 

1.0 Watt 
5.71 mWrC 

5.0 Watts 
28.6 mWjOC 

-65 to +200 °c 

Max Unit 
35 °Cjw 

175 °C/W 



MM3726 (continued) 

ELECTRICAL CHARACTERISTICS (T A = 2SoC unless otherwise noted) 

Characteristic Fig. No. Symbol Min Max Unit 

OFF CHARACTERISTICS 

Collector- Emitter Breakdown Voltage - BVeEO Vde 
(IC = 10 mAde, 1a = 0) 50 -

Emitter-Base Breakdown Voltage - BVEBO Vde 
(IE = 10 ~Ade, IC = 0) 5.0 -

Collector Cutoff Current - ICBO I'Ade 
(VCB = 40 Vde, IE = 0) - 0.1 

ON CHARACTERISTICS 111 

DC Current Gain 9 hFE -
(IC = 500 mAde, V CE = 2 Vde) 30 120 

(IC = 1 Ade, VCE = 5 Vde) 15 -
COllector-Emitter Saturation Voltage 10,11 VCE(sat) Vde 

(IC = 500 mAde, IB = 50 mAde) - 0.6 

(IC = lAde, 1a = 100 mAde) - 1.2 

Base-Emitter Saturation Voltage 11 VBE(sat) Vde 
(IC = 500 mAde, 1a = 50 mAde) 0.8 1.1 

(IC = lAde, 1a = 100 mAde) - 1.3 

DYNAMIC CHARACTERISTICS 

Current-Gain - Bandwidth Product - IT MHz 
(Ie = 50 mAde, V CE = 10 Vde, (= 100 MHz) 200 -

Collector-Base Capacitance 3 Ceb pF 
. (V CB := 10 Vdc, IE = 0, (:= 100 kHz, emitter guarded) - 10 

Emitter-Base Capacitance 3 Ceb pF 
(V.BE := 0.5 Vdc, Ie = 0, f := 100 kHz, collector guarded) - 80 

Turn-On Time 1,5,6 ton ns 
.(VCC = 30 Vde, VBE(ofl) = 2 Vde, IC = 500 mAde, 

1a1 = 50 mAde, Ra = 200 ohms, RL = 60 ohms) - 30 

Turn-Off Time 2,7,8 toff ns 
(V CC = 30 Vde, IC = 500 mAde, IB1 = 1a2 = 50 mAde, 

Ra = 200 ohms, RL = eo ohms) - 90 

Turn-On Time 1,5,6 ton ns 
(Vce = 30 Vde, VBE(ofl) = 2 Vde, Ie' I Ade, 

1a1 = 100 mAde, Ra = 100 ohms, RL = 30 ohms) - 35 

Turn-Off Time ~2,7,8 toff ns 
(V CC = 30 Vde, IC = 1 Ade, 1a1 = 1a2 = 100 mAde, 

Ra = 100 ohms, RL = 30.ohms) - 60 

(1 )Pulse Test: Pulse Width ~ 300 Ils, Duty Cycle S' 2.0%. 

SWITCHING TIME EQUIVALENT TEST CIRCUITS 

FIGURE 1 -.TURN·ON TIME FIGURE 2 - TURN·OFF TIME 
-30 V O---'\I\N--.., 

..--...... _ ....... SCOPE 
+9V ift' to -30V 

_ ..... - ........ SCOPE 

+2V 
o 

R, =ti' VI. 

-108--- I, < 2ns 
I,:.J 0.2 < I, < 500p.s 

DUTY CYCLE;:: 2% 

Vi. 0 

-llV-

V, .. >-¥t.,.".. .... f--f 

1.0<1, < 5OOp.s 
4 < 5ns 

DUTY CYCLE;:: 2% 

"TOTAL SHUNT CAPACITANCE OF TEST JIG, CONNECTORS, AND OSCILLOSCOPE. 
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MM3726 (continued) 

TRANSIENT CHARACTERISTICS 
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FIGURE 6 - RISE TIME 

Vee: 30V 
lell. 10 

, 
"-
~ -10 

7.0 

5.010 20 30 50 70 100 200 300 500 700 1000 

100 

0 

50 

10 

0 

0 

7. 

5'10 

Ie. COLLECTOR CURRENT ImAl 

FIGURE 8 - FALL TIME 

Vee=30V 

I'.: I, =1. 

I" '. 
'" ~ :~ ,. -

1eI1,-IO ~ r-.... 
1~I,=2O ~ 

20 30 50 70 100 200 300 500 700 1000 
Ie. COI.LECTIlR CURRENT ImAI 

3-432 



MM3726 (continued) 
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FIGURE 9 - CURRENT GAIN 
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FIGURE 10 - SATURATION REGION 
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MM3903 (SILICON) 

MM3904 

NPN SILICON ANNULAR TRANSISTORS 

· .• designed for general purpose switching and amplifier applications. 
Direct replacement for plastic 2N3903 and 2N3904. 

• Hermetic Low Profile TO-52 Metal Package for High Reiiability 

• High Voltage Ratings - BVCEO = 40 Volts (Min) 

• Current Gain Specified from 100 JJA to 100 mA 

• Complete Switching and Amplifier Specifications 

MAXIMUM RATING.S 

Rating Symbol Value Unit 

Collector-Emitter Voltage VCEO 40 Vde 

Collector-Base Voltage VCB 60 Vde 

Emitter-Base Voltage VEB 6.0 Vde 

Collector Current 
.. Ie 200 mAde 

Total Oevice Oissipation@>TA = 250 C Po 360 mW 
Oerate above 25°C 2.06 mWJOC 

Operating and Storage Junction TJ. Tsts -55 to +200 DC 
Temperature Range 

THERMAL CHARACTERISTICS 

Characteristic Symbo.1 Max Unit" 

Thermal Resistance, ·Ju.nction to Ambient 6JA 0.49 DC/mW 

3-434 

NPN SILICON 
SWITCHING AND AMPLIFIER 

TRANSISTORS 

0.178 DIA ~
. ~:~~ 

0.115 
0.150 0.195 

DIA 

~:~:~ DIA 
0.500 
MIN 

~ 

CASE 27 
(TO-52) 



MM3903, MM3904 (continued) 
ELECTRICAL CHARACTERISTICS (T. = 25"C unless otherwise noted) 

Characteristic 

OFF CHARACTERISTICS 

Collector-Base Breakdown Voltage 
(IC " 10 pAde,. IE " 0) 

Collector-Emitter Breakdown Voltage (11 
(IC "1.0 mAde, IB" 0) 

Emitter-Base Breakdown Voltage 
(IE" 10 pAde, IC " 0) 

Collector Cutoff Current 
(VCE " 30 Vde, VEB(ol!) = 3.0 Vde) 

Base Cutoff Current 
(VCE = 30 Vde, VEB(oll) "3.0 Vde) 

ON CHARACTERISTICS 111 

IX: Current Gain' 
(IC = 0.1 mAde, VCE = 1. 0 Vde) 

(IC " 1. 0 mAde, V CE = 1. 0 Vde) 

(IC = 10 rriAde, V CE = 1. 0 Vde) 

(Ic = 50 rriAde, V CE = 1.0 Vde) 

(IC = 100 mAde, V CE = 1.0 Vde) 

Collector-Emitter Saturation Voltage 
(IC = 10 mAde, IB = 1.0 mAde) 

(IC = 50 mAde, IB = 5.0 mAde) 

Base-Emitter Saturation Voltage' 
(IC = 10 mAde, IB = 1.0 mAde) 

(IC " 50 mAde, IB = 5.0 mAde) 

SMALL-SIGNAL CHARACTERISTICS 

Current-Gain-'Bandwidth Product 
(IC = 10 rriAde, V CE = 20 Vde, I = 100 MH~) 

Output Capacitance 
(VCB = 5.0 Vde, ~ = 0, 1= 100 kHz) 

Input Capacitance 
(VBE = 0.5 Vde, IC = 0, f = 100 kHz) 

"Input Impedance 
(IC = 1.0 mAde, V CE = 10 Vde, f = 1. 0 kHz) 

Voltage Feedback Ratio 
(IC = 1. 0 inAde, V CE = 10 Vde, f = 1. 0 kHz) 

Small-Signal Current Gain 
(Ic = 1.0 mAde, VCE = IOVde, f = 1.0 kHz) 

Output Admittance 
(IC = 1.0 mAde, VCE = 10 Vde, 1= 1.0 kHz) 

Noise Figure 
(IC = 100 pAde, VCE "5.0 Vdc, HS = 1. 0 k ohms, 

I = 10 Hz to 15.7 kHz) 

SWITCHING CHARACTERISTICS 

Delay Time (V CC " 3.0 Vde, V BE(off) " 0.5 Vde, 

Rise Time IC = 10 mAde, IBI = 1. 0 mAde) 

Storage ~itne 
(V CC = 3.0 Vde, IC = 10 mAde, 

Fall Time IBI = IB2 = 1. 0 mAde) 

111 Pulse Test: Pulse Width "'300 IJS, Duty Cycle "'2.0%. 

FIGURE 1 - DELAY AND RISE TIME 
EQUIVALENT TEST CIRCUIT 
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FIGURE 2 - STORAGE AND FALL TIME 
EQUIVALENT TEST CIRCUIT 
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MM3903, MM3904 (continued) 

~ 
i!!! 

TRANSIENT CHARACTERISTICS 
- TJ = 25°C ----- TJ = 125°C 

FIGURE 3 - CAPACITANCE FIGURE 4 - CHARGE DATA 
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MM3903, MM3904 (continued) 
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MM3903, MM3904 (continued) 
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STATIC CHARACTERISTICS 

FIGURE 15 - NORMALIZED CURRENT GAIN 
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MM390S (SILICON) 

MM3906 

PNP SILICON ANNULAR TRANSISTORS 

· .. designed for general purpose switching and amplifier applications. 
Direct replacement for plastic 2N3905 and 2N3906. 

• Hermetic Low Profile TO-52 Metal Package for High Reliability 

• High Voltage Ratings - BVCEO = 40 Volts (Min) 

• Current Gain Specified from 100llAto 100mA 

• Complete Switching and Amplifier Specifications 

MAXIMUM RATINGS 

Rating Symbol Value Unit 

Collector-Emitter Voltage VCEO 40 Vdc 

Collector-Base Voltage VCB 40 Vdc 

Emitter-Base Voltage VEB 5.0 Vdc 

Collector Current IC 200 mAde 

Total Device Dissipation @ T A = 25°C Po 360 mW 
Derate above 25°C 2.06 mW/oC 

Operating and Storage Junction TJ, Tstg -55 to +200 °c 
Temperature Range 

THERMAL CHARACTERISTICS 

Characteristic Symbol Max Unit 

Thermal Resistance. Junction to 8JA 0.49 °C/mW 
Ambient 

PNPSILICON 
SWITCHING AND AMPLIFIER 

TRANSISTORS 

0.178 DIA ~
Ol~~ 

0.U5 
0.150 0.195 

DIA 

:m DlA 
0.500 
MIN 

~ 

CASE 27 
(TO-52) 



MM3905, MM3906 (continued) 
ELECTRICAL CHARACTERISTICS (T. = 25"C unless otherwise noted) 

Characteristic 

OFF CHARACTERISTICS 

Collector-Base Breakdown Voltage 
(IC = 10 pAde, IE = 0) 

Collector-Emitter Breakdown Voltage 111 
(IC = 1.0 mAde, IS = 0) 

Emitter-Base Breakdown Voltage 
(IE = 10 pAde, IC = 0) 

Collector Cutoff Current 
(V CE = 30 Vde, V SE(oll) = 3.0 Vde) 

Base Cutoff Current 
(VCE = 30 Vde, VSE(off) = 3.0 Vde) 

ON CHARACTERISTICS III 

DC Current Gain 
(IC = O. I mAde, VC'E = 1.0 Vde) 

(IC = 1.0 mAde, VCE = 1.0 Vde) 

(IC = 10 mAde, V CE = 1.0 Vdc) 

(IC = 50 mAde, V CE = 1.0 Vde) 

(IC = 100 mAde, VCE = 1.0Vde) 

Collector-Emitter Saturation Voltage· 
(IC = 10 mAde, IB = 1.0 mAde) 

(IC = 50 mAde, IB = 5.0 mAde) 

Sase-Emitter Saturation Voltage 
(IC = 10 mAde, IS = 1.0 mAde) 

(IC = 50 mAde, Is = 5.0 mAde) 

SMALL·SIGNAL CHARACTERISTICS 

Current-Gain-Bandwidth Product 
(IC = 10 mAde, V CE = 20 Vde, I = 100 MHz) 

Output Capacitance 
(V CB = 5.0 Vde, I.: = 0, I = 100 kHz) 

Input Capacitance 
(VSE = 0.5 Vde, Ic = 0, 1= 100 kHz) 

Input Impedance 
(IC = 1.0 mAde, V CE = 10 Vde, I = 1. 0 kHz) 

Voltage Feedback Ratio 
(IC = 1.0 mAde, VCE = 10 Vde, 1= 1.0 kHz) 

Small-Signal Current Gain 
(IC = 1.0 mAde, VCE = 10 Vde, 1= 1.0 kHz) 

Output Admittance 
(IC = 1. 0 mAde, V CE = 10 Vde, I = 1.0 kHz) 

Noise Figure 
(IC = 100 pAde, V CE = 5.0 Vde, RS = 1. 0 k ohm, 

1= 10 Hz to 15.7 kHz) 

SWITCHING CHARACTERISTICS 

Delay Time (V CC = 3.0 Vde, V BE(oll) = 0.5 Vde, 

Rise Time IC = 10 mAde, IBl " 1. 0 mAde) 

storage Time 
(VCC = 3.0 Vdc, IC = 10 mAde, 

Fall Time IBI = IB2 = 1. 0 mAde) 

111 Pulse Test: Pulse Width" 300 /JS, Duty Cycle = 2. 0%. 

FIGURE 1 - DELAY AND RISE TIME 
EQUIVALENT TEST CIRCUIT 
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Symbol 

BVCBO 

BVCEO 

BVEBO 

ICEX 

ISL 

hFE 

VCE(sat) 

VSE(sat) 

IT 

Cob 

Cib 

hie 

hre 

hIe 

hoe 

NF 

td 

tr 

t s 

tl 

Min Max Unit 

Vde 
40 -

Vde 
40 -

Vde 
5.0 -

nAde 
- 50 

nAde 
- 50 

-
30 -
60 -
40 -
80 -
50 150 

100 300 

30 -
60 -
10 -
15 -

Vde 
- 0.25 

- 0.4 

Vde 
0.65 0.85 

- 0.95 

MHz 
200 -
250 -

pF 
- 5.0 

pF 
- 10 

k ohms 
0.5 8.0 
2.0 12 

-
o. i x 10-4 5 x 10-4 

1 x 10-4 10 x 10-4 . 

-
50 200 

100 400 

/IIIlhoS 
1.0 40 
3.0 60 

dB 
- 5.0 
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- 35 ns 
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- 200 ns 
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MM3905, MM3906 (continued) 

TRANSIENT CHARACTERISTICS 
- T J = 25°C ·--TJ = 125°C 

FIGURE 3 - CAPACITANCE FIGURE 4 - CHARGE DATA 
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MM3905, MM3906 (continued) 
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MM3905, MM3906 (continued) 

STATIC CHARACTERISTICS 

FIGURE 15 - NORMALIZED CURRENT GAIN 
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MM4000 thru MM4003 (SILICON) 

High-voltage PNP silicon annUlar transistors for 
use in general-purpose, high-voltage applications. 

Collector connected to case 

Collector connected to u .. 

CASE 79 
(TO-S) 

MAXIMUM RATINGS 

Rating 

Collector-Emitter Voltage 

Collector-Base Voltage 

Emitter-Base Voltage 

Collector Current - Continuous 

Total Device Dissipation'@T A ~ 25° C 

Derate above 25°C 

Total Device Dissipation @T C ~ 25° C 

Derate above 25° C 

Operating and Storage Junction 
Temperature Range 

Symbol MM4000 

VCEO 100 

VCB 100 

VEB 4.0 

IC 100 

P D 0.6 

3.4 

PD 3.0 

17.2 

TJ , Tstg 

ELECTRICAL CHARACTERISTICS (T. ~ 25'e "n'." Olh"w;,. nolod> 

Characteristic Symbol 

OFF CHARACTERISTICS 

Colleetor-En::itter Breakdown Voltage'llI BVCEO 
(IC ~ 10 mAde, IB ~ 0) MM4000 

MM4001 
MM4002 
MM4003 

Collector-Base Breakdown'Voltage BVCBO 
(IE ~ 0, IC ~IOO /lAde) MM4000 

MM4001 
MM4002 
MM4003 

Emitter-Base Breakdown Voltage BVEBO 
(IE ~ 100 /lAde, IC ~ 0) 

Collector Cutoff Current ICBO 
(V CB ~ 50 Vde; IE ~ 0) MM4000 

(V CB ~ 75 Vdc, IE ~ 0) MM4001 

(V CB = 150 Vde, ~ = 0) MM4002, MM400a 

ON CHARACTERISTICS 

DC Cu rrent Gain 111 
hFE 

(Ie = 10 mAdc, V CE = 10 Vde) 

Collector-Emitter Saturation Voltage' 111 
VCE(sat) 

(Ie = 10 mAdc, IB = 1. 0 mAde) MM4000, MM4001 
MM4002, MM4003 

DYNAMIC CHARACTERISTICS 

Output Capacitance Cob 
(V CB = 20 Vdc, IE = 0,' f = 100 kHz) MM4000 

MM4001 
MM4002, MM4003 

IIIP!alee Test: PW:s 300, /.la, Duty Cycle" 2$ 

3..,,444 

MM4001 MM4002 MM4003 Unit 

150 200 250 Vde 

150 200 250 Vde 

4.0 4.0 4.0 Vde 

500 500 500 mAde 

1.0 1.0 1.0 Watt 

5.71 5.71 5.71 mWFC 

5.0 5.0 5.0 Watts 

28.6 28.6 28.6 mW/oC 

-65 to +200 °c 

Min Max Unit 

Vde 
100 -
150 -
200 -
250 -

Vde 
100 -
150 -
200 -
250 -

Vde 
4,0 -

/lAde 
- 1.0 

- 1.0 

- 5.0 

-
20 -

Vdc 
- 0.6 
- 5.0 

pF 
- 6.0 
- 10 
- 20 



MM40 18 (SILICON) 

PNP SILICON RF POWER TRANSISTOR 

· .. designed for amplifier, frequency multiplier or oscillator appli
cations in military and industrial equipment. Suitable for use as 
Cla.ss A, B, or C driver, or pre-driver stages in VHF applications. 

• Power Output - Pout = 0_5 W (Min) @ f = 175 MHz 

• High Current-Gain - Bandwidth Product
tr = 900 MHz (Typ) @ IC = 50 mAdc 

MAXIMUM RATINGS 

Rating Symbol 

Collector-Emitter Voltage VCEO 

Collector-Base Voltage VCB 

Emitter-Base Voltage VEB 

Collector Current - Continuous IC 

Total Device Dissipation@TC= 25°C 
Derate above 250 C 

Po 

Value 

20 

40 

4.0 

0.4 

5.0 
28.6 

Operating and Storage Junction TI, Tstg -65 to +200 
Temperature Range 

FIGURE 1 - 175 MHz OUTPUT POWER TEST CIRCUIT 

Unit 

Vdc 

Vdc 

Vdc 

Adc 

Watts 
mW/oC 

DC 

-12.5 Vdc 

L-__ ..... __ -lTO.01 pF 

L2 

40 pF C3 

Cl, C2 3.0 - 30 pF.ARCO 461 OR EQUIVALENT 
C3, C4 B.O - BO pF. ARCO 462 OR EQUIVALENT 

L 1 100 RH, 4 TURNS NO. lB AWG, 1/4·' 1.0., 5/B" LENGTH 
L2 40 RH. 2 TURNS NO. lB AWG, 114" 1.0., 112·· LENGTH 
L3 200 RH. BTURNS NO. lB AWG. 1/4" 1.0 .• 7IB" LENGTH 

3-445 

PNP SILICON 
RF POWER 

TRANSISTOR 

11 
0.315 OIA 0.240 
0.335 0.260 

~:~:~DlA~ 

o.oog_~-t 
0.125- -t 
0.016 01A 0.5 
0.019 MIN 

~ 

CASE 79(1) 
jTO·39) 

Pin 1. Emitter 
2,Be. 
3. Collector 



MM4018 (continued) 

ELECTRICAL CHARACTERISTICS (T A = 25°C unless otherwise noted) 

CIuol'lCteristlc 

OFF CHARACTERISTICS 

Colleetor·Emitter Breakdown Voltage 
IIc = 5.0 mAde, IB - 0) 

Coliector·Base Breakdown Voltage 
IIc - 5.0 mAde, IE -0) 

Emittar·Base Breakdown Voltage 
liE - 1.0 mAde, IC = 0) 

Collector Cutoff Current 
(VCE = 15 Vde, IB =.0) 

Collector Cutoff Current 
(VCE - 40 Vde, VBE = 0) 

Collector Cutoff Current 
(VCB = 15 Vde, IE· 0) 

ON CHARACTERISTICS 

DC -Current Gain 
IIC = 50 mAde, VCE ·5.0 Vde) 

DYNAMIC CHARACTERISTICS 

Currant·Gain - Bandwidth Product 
IIc - 50 mAde, VCE = 15 Vde, f = 100 MHz) 

Output Capacitance 
(VCB· 12.5 Vde, IE • 0, f· 100 kHz) 

FUNCTIONAL TEST 

Power Output (Figure 11 
(Pin = 50 mW, VCC = 12,5 Vde, f = 175 MHz) 

Collector Efficiency (Figure 11 
(Pin = 50 mW, VCC· 12.5 Vde, f = 175 MHz) 

FIGURE 2 - POWER OUTPUT versus POWER INPUT 
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SVmbol 

BVCEO 

BVCBO 

BVEBO 

ICEO 

ICES 

ICBO 

fy 

Cob 

Pout 

'I 

Min TVp Max Unit 

20 - - Vde 

40 - - Vde 

4.0 - - Vde 

- 20 "Ade 

- - 0.1 mAde 

- - 10 "Ade 

- gOO - MHz 

- 3.5 - pF 

0.5 - - Watt 

45 55 - " -
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CAPACITANCE versus FREQUENCY 
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MM40 19 (SILICON) 

PNP SILICON RF POWER TRANSISTOR 

... designed for use as complement to NPN 2N3553 in VHF and 
UHF amplifier applications for military and industrial equipment. 

• Power Output - Pout = 2.0 W (Typ) @ Pin = 0.5 W. f = 400 MHz 

• Power Input - Pin = 0.25 W (Max)@ Pout = 2.5 W. f = 175 MHz 

MAXIMUM RATINGS 

Rating Symbol Value Unit 

Collector·Emitter Voltage VCEO 40 Vdc 

Collector·Base Voltage VCB 60 Vdc 

Emitter·Base Voltege VEB 4.0 Vdc 

Collector Currant - Continuous IC 1.0 Adc 

Total Device Dissipation @TC= 25°C Po 5.0 Watts 
Derate above 2SoC 28.6 mW/oC 

Operating and Storage Junction TJ.Tstg -65 to +200 DC 
Temperature Range 

3-447 

PNPSILICON 
RF POWER 

TRANSISTOR 

II 

0.315 01A 0.240 
Iffi5 om 
~~~gDlAR 

O'O"'m~ lim 
L- . 
r-

•• MiN 
D.016 01A I 
11]19 ----'-

T()'39 PACKAGE 

CASE 79(11 
(TO·39) 



MM4019 (continued) 

ELECTRICAL CHARACTERISTICS (T A = 250 unless otherwise noted) 

[ Characteristic I Symbol Min Typ Max Unit 

OFF CHARACTERISTICS 

Collactor-Emitter Breakdown Voltage BVCEO 40 - - Vde, 
(lC = 10 mAde,lB = 0) 

Collector-Base Breakdown Voltage BVCBO 60 - Vde 
(lC = 10 mAde, IE = 0) 

Emitter-Base Breakdown Voltage BVEBO 4.0 - - Vde 
(IE =0.1 Ade,IC = 0) 

Coli actor Cutoff Cu rrent ICEO - - 0.1 mAde 
(VCE = 30 Vdc,lB = 0) 

Emitter Cutoff Current lEBO - - 0.1 mAde 
(V BE = 4.0 Vde, IC = 0) 

ON CHARACTERISTICS 
DC Current Gain hFE 10 

(lc = 250 mAde, VCE = 5.0 Vde) 

Collactor-Emitter Saturation Voltage VCE(satl - - 1.0 Vde 
(lC = 250 mAde,lB = 50 mAde) 

DYNAMIC CHARACTERISTICS 
Current-Gain-Bandwidth Product IT - 750 - MHz 

(lC = 100 mAde, VCE = 28 Vde, f = 100 MHz) 

Output Capacitance Cob - 7.5 - pF 
(VCB = 30 Vde, IE = 0, f = 100 kHz) 

FUNCTIONAL TEST 
Power Input Pin - - 0_25 Watt 

(Pout = 2.5 W, VCC = 28 Vde .. f = 175 MHz) 

Power Output Pout 2.0 Watts 
(Pin = 0.5 W, VCC = 28 Vde, f = 400 MHz) 

Collactor Effieienev 'I 50 - - % 
(Pout = 2.5 W, Vce = 28 Vdc, f = 175 MHz) 

FIGURE 1 - 175 MHz TEST CIRCUIT 

r------::-=-------1r------1~-{) -28 Vdc TL _5_00_p_F_----1I...-___ --lT 0.Q1 j.lF 

L4 C5 

C4 

Cl. C2 3.0-30 pF, ARCO 461 or equivalent. 
C3 40 pF 

C4. C5 5.0-80 pF, ARCO 462 or equivalent. 
L1 80 nH. 3 Turns #18 AWG, 114" I.D., 1/4" Length 
L2 Ferrite Choke. VK-200 Ferroxcube. Q < 5 
L3 0.15j.lH. RF Choke 
L4 27 nH, 2 Turns #18 AWG. 1/4"I.D., 3/8" Length 

3-448 



MM4019 (continued) 

FIGURE 2 - POWER OUTPUT versus FREQUENCY 
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MM4019 (continued) 

FIGURE 8 - CURRENT-GAIN-BANDWIDTH PRODUCT 

~1000 
!!. 
t; 
:::> 
c f 800 

i= 
c 
~ 
~ 600 
;a 
I 

Z 
;;: 
~ 400 

~ 
a: 
:::> 
'-' 
,..: 200 

t--

h 
V 

- 10 

.. - ::--. 

r- VCC = -28 Vdc /' V.,.. 

I» ./ 
./ ~T 

;/' rr 
20 30 50 70 100 200 300 

IC. COLLECTOR CURRENT (mAde) 

FIGURE 9 - MM4019/2N3553 COMPLEMENTARY 175 MHz AMPLIFIER CIRCUIT 

Cl, C2 3.0-30 pF. ARCO 461 or equivalent .---_-_------;0 +56 V 
C3 0_II'F, ATC-200 Chip Capacitor or equivalent 

C4. C5 1.5-15 pF, ARCO 460 or equivalent 
r--_ ....... 0.002I'F O.II'F -r..rr L1,L2 1-1/2 Turns #18 AWG, 1/8" Length, 1/4" 1.0., 36 nH II (1<5 

L3 7 Turns #18 AWG, 1/2" Length, 1/4" I.D., 140 nH 
o.oOll'F 

RG = 50 Ohms 

~ 
I-
:::> 

~ 
:::> 

'" a: 

~ 
~ 

" } 

L1 MM4019 

L3 

C2 II (1<5 

15 pF L2 

= 

FIGURE 10 - POWER OUTPUT versus POWER INPUT 

FOR COMPLEMENTARY CIRCUIT 

5.0 

I-VC~ = 56 Jde 

4.0 

3.0 

2.0 

1.0 

o 
o 

1= 175MH, 

/' 

100 

,/ 

V 
./ 

V 
,/ 

/' 

200 300 400 

Pin. POWER INPUT (mW) 

3-450 

V 

C5 

500 

RL = 50 Ohms 



MM4049 (SILICON) 

PNP SILICON ANNULAR TRANSISTOR 

· .. designed for use as a high·frequency current mode switch. Because 
of the extremely high Current·Gain-Bandwidth this transistor also 
makes an excellent RF amplifier and oscillator. 

• High Current·Gain-Bandwidth Product -
1,- = 4.0 GHz (Min) @ IC = 12 mAdc 

• Low Output Capacitance -
Cob = 0.8 pF (Typ) @ VCB = 5.0 Vdc 

MAXIMUM RATINGS 

Rating Svmbol 

Coliector·Emitter Voltage VCEO 

Coliector·Base Voltage VCB 

Emitter·Base Voltage VEB 

Collector Currant - Continuous IC 

Total Device Dissipation@TA = 250 C Po 
Darate above 250 C 

Operating and Storage Junction TJ.Tstg 
Temparatura Range 

FIGURE 1 - CAPACITANCES 
2. 5 

2. 0 

~ 

5 .......... 
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~ 1. 

........ z 
;!: 

r---
13 3 1.0 

<.i 

0.5 ........... 
...... 

Value 
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1.14 

-65 to +200 

I"- Cob 

:Iib 
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MM4049 (continued) 

ELECTRICAL CHARACTERISTICS (T A = 25°C unless otherwise notedl 

Characteristic 

OFF CHARACTERISTICS 

Collector-Emitter Breakdown Voltage 
(lC = 2.0 mAde, IB = 01 

Collector-Base Braekdown VOltaiJe 
(lC = 100 "Ade, IE = 01 

Emitter-Base Breakdown Voltage 
(IE = 100 ,.Ade, IC = 01 

Collector Cutoff Current 
(VCB = 10 Vdc, IE = 01 

ON CHARACTERISTICS 

DC Current Gain 
(lc = 25 mAde, VCE = 2.0 Vdcl 

DYNAMIC CHARACTERISTICS 

Current-Gain-Bandwidth Product (Figure 21 
(lc = 20 mAde, VCE = 5.0 Vde, f = 500 MHz) 

Output Capacitance (Figure 11 
(VCB = 5.0 Vdc, IE = 0, f" 100 kHz) 

Input Capacitance (Figure 1) 
(VBE = 0.5 Vdc, IC = 0, f = 100 kHz) 

Collector-Base Time Constant (F igure 3) 
(IE = 15 mAde, VCB = 5.0 Vdc, f = 63.6 MHzl 

FIGURE 2 - CURRENT -GAIN-BANDWIDTH PRODUCT 
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0 

Min Max Unit 

10 - Vde 

15 - Vdc 

4.5 - Vde 

- 10 nAde 

4.0 - GHz 

- 1.25 pF 

- 1.25 pF 

- 15 PI 

FIGURE 3 - COLLECTOR-BASE TIME CONSTANT 
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MM40S2 (SILICON) 

PNP SILICON ANNULAR TRANSISTOR 

· .. designed for bilateral switching and high-level chopper appli· 
cations such as servo-loop circuitry and control amplifiers for motor 
drive systems. These transistors can also be used as replacement 
devices for alloy-type transistors where high BVEBO is required. 

• High Emitter-Base Breakdown Voltage -
BVEBO ; 30 Vdc (Min) @ IE ; 100/lAdc 

• Inverted DC Current Gain - 3.0 (Min) @ IC ; 150 mAdc 

• Low Emitter·Coliector Offset Voltage -
VEC(ofs) ; 2.0 mVdc (Max) @ IB = 1.0 mAdc 

• Low "ON" Series Resistance -
fsc(ON) = 2.0 Ohms (Max) @ IB = 10 mAdc 

MAXIMUM RATINGS 

Rating Symbol 

Collector·Emitter Voltage VCEO 

Emitter·Collector· Voltage Vec 

Collector·Base Voltage VCB 

Emitter-Base Voltage VEB 

Collector Current - Continuous IC 

Total Device Dissipation @ T A = 25° C Po 
Derate above 25° C 

Total Device Dissipation @ T C = 25 C Po 
DM.te above 25 C 

Operating and Storage Junction 

Value 

30 

30 

30 

30 

500 

0.5 

2.8 

1.75 

10 

Temparature Range TJ• Tstg ·65 to +200 

3-453 

Unit 

Vde 

Vde 

Vde 

Vde 

mAde 

Watt 
mW/oC 

Watts 

mW/ C 

°c 

PNP SILICON 
CHOPPER AND SWITCHING 

TRANSISTOR 

\ 

~ ~:~~~ 
DIA 

O.04OMAX L 

r 
0.500 
MIN 

L 

m~ DIA 

0.065 
0.085 

CASE 26 
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MM4052 (continued) 

ELECTRICAL CHARACTERISTICS (T A ~ 25° C unless otherwise noted) 

Characteristic Svmbol Min Max Unit 

OFF CHARACTERISTICS 

Collector-Emitter Breakdown Voltage (11 BVCEO 30 - Vde 

(lc = 10 mAde, IB = 0) 

Emitter-Collector Breakdown Voltage (II BVECO 30 - Vde 

(IE = 10mAde,I B = 0) 

Collector-Base Breakdown Voltage BVCBO 30 - Vde 

(lC = l00).LAde,I E = 0) 

Emitter-Base Breakdown Voltage BVEBO 30 - Vdc 
(IE = l00).LAde,lc = 0) 

Collector Cutoff Current ICBO - 0_5 nAde 

(VCB = 15 Vde, IE = 0) 

Emitter Cutoff Current lEBO - 0.5 nAde 

(VEB = 15 Vde, IC = 0) 

ON CHARACTERISTICS 

DC Current Gain (11 hFE -
(lC = 10 mAde, VCE = 1.0 Vde) 20 -
(lC = 150 mAde, VCE = 1.0 Vde) 15 -
(lC = 150 mAde, V CE = 1.0 Vde) (I nverted) 3.0 -

Offset Voltage VEC(ofs) - 2.0 mVde 

(lB = 1.0 mAde, IE = 0) 

SMALL-SIGNAL CHARACTERISTICS 

Output Capacitance 

(VCB = 10 Vde, IE = 0, 100 kHz o;;f 0;;1.0 MHz) 
Cob - 10 pF 

Input Capacitance Cib pF 

(VEB = 10 Vde, IC = 0, 100 kHz sf$: 1.0 MHz) - 5.0 

Small-Signal Current Gain hfe -

(lC= 10 mAde, VCE = 1.0Vde,f= 1.0 kHz) 20 - -

(lc = 10 mAde, VCE -1,.0 Vde, f = 4.0 MHz) 3.0 - -
"ON" Series Resistance 

ree(ON) Ohms 
(lB = 10 mAde, f = 1.0 kHz) - 2.0 

(11 Pulse Test: Pulse Width~ 300 IJs, Duty Cycle~ 20% 

3-454 



MM4208, MM4208A(SILICON) 
MM4209, MM4209A 

PNP SILICON ANNULAR TRANSISTORS 

... designed for applications requiring very high·speed switching at 
low voltage for computer logic circu its. 

• Fast Switching Times - @ IC = 50 mAdc 
ton = 15 ns (Max) 
toff = 20 ns (Max) 

• High Current·Gain-Bandwidth Product -
fT = 1300 MHz (Typ) @ IC = 10 mAdc 

• Low Coliector·Emitter Saturation Voltage -
VCE(sat) = 0.18 Vdc (Max) @ IC = 10 mAdc 

MAXIMUM RATINGS 

Rating Symbol 
MM4208 MM4208A 
MM4209 MM4209A 

Collector-Emitter Voltage VCEO 12 15 

Collector-Base Voltage VCB 12 15 

Emitter-Base Voltage VEB 4.5 

Collector Current - Continuous IC 200 

Total Device Dissipation @TA = 2SoC PD 0.3Q 
Derate above 2SoC 2.06 

Total Device Dissipation @TC = 25°C PD 1.2 
Derate above 2SoC 6.9 

Operating and Storage Junction TJ.Tstg -65 to +200 
Temperature Range 

SELECTOR GUIDE 

BVCEO hFE 

Unit 

Vdc 

Vdc 

Vdc 

mAde 

Watt 
mW/oC 

Watts 
mW/oC 

°c 

@ IC = 10 rnA, VeE· 0.3 V 
Volts 

Type Min Mi"I,Max 

MM4208 12 30/120 
MM420BA 15 30/120 

MM4209 12 50/120 
MM4209A 15 50/120 

3-455 

Pin 1. Emitter 
2. Base 
3.Colieclor 

PNP SILICON 
SWITCHING 

TRANSISTORS 

0.036 
il:046 

0.109 r-
0.130 

DIA~70 
11, 

0.500 

J 

Collector Connected to Case 

CASE 22 (1) 
(TO·1S) 



MM4208, MM4028A, MM4209, MM4209A . (continuedl'. .. 

ELECTRICAL CHARACTERISTICS IT A" 25°C unless otherwige noted) 

I Characteristic 

OFF CHARACTERISTICS 

Collector-Emitter Breakdown Voltagel1) 
lie" 3.0 mAde, Ie '" 0 

Collector-Emitter Breakdown Voltage 
tic'" 100,u.Adc, Vee'" 0) 

Collector-Base Breakdown Voltage 
(Ie = 100pAdc,Ie '" OJ 

Emitter·Base Breakdown Voltage 
HE = 100 ",Adc, Ie'" 0) 

Collector Cutoff Current 
(VeE :II 6.0 Vdc, VeE" 01 

(VeE = 8.0 Vdc, Vse = 01 

(VeE'" 6.0 Vdc, Vse .. D. T A = 125°C) 

(VeE =8.0Vdc, Vse =0. TA = 125°C) 

Base Current 

(VeE'" 6.0 Vdc, Vse = OJ 
(VeE = 8.0 Vdc, Vse = OJ 

ON CHARACTERISTICS 

DC Current Gain 
(Ie .. 1.0 mAde, VeE = O.S Vdel 

(Ie"" 10 mAde, VeE = 0.3 Vde) 

MM42OB,MM4209 
MM4208A,MM4209A 

MM4208,MM4209 . 
MM4208A.MM4209A 

MM4208,MM4209 
MM4208A,MM4209A 

MM4208.Mtv14209 

MM420BA,MM4209A 

MM4208,MM4209 

MM420BA,MM4209A 

MM4208,MM4209 

MM420BA.MM4209A 

MM4208,MM4208A 
MM4209,MM4209A 

MM4208,MM4208A 
MM4209,MM4209A 

(lc"" 10 mAde, VCE "" 0.3 Vdc, T A = -SSOC) MM4208,MM4208A 
MM4209,MM4209A 

(Ie = SO mAde, VCE:; 1.0 Vde)(1) 

Coliector·Emitter Saturation Voltage 
(IC = 1.0 mAde, Is = 0.1 mAde) 

(lC'" 10 mAde, I B = 1.0 mAde) 

IIC:; 50 mAde, 18 = 5,0 mAde)!1) 

Base-Emitter Saturation Voltage 

(Ie = 1.0mAde,'B = 0.1 mAde) 

(lC = 10 mAde, 'B '" 1.0 mAde) 

tiC"" SO mAde, 'B = 5.0 mAde)(1'l 

SMALL SIGNAL CHARACTERISTICS 

Current·Gain-Bandwidth Product 
IIc '" 10 mAde, VCE = 10Vde, f'" 100MHz) 

Output Capacitance 
(Vee = 5.0 Vde, 'E '" 0, f "" 140 kHz)' 

Input Capacitance 
(VBE "" 0.5 Vdc,lC = 0, f = 140 kHz) 

SWITCHING CHARACTERISTICS 

Turn-On Time (Figure 1) 
(Vee"" 3.0 Vde, Ie"" .50mAdc,'SI """S.OmAde) 

Turn-Off Time 

MM4208,MM4208A 
MM4209,MM4209A 

(Vee" 3.0Vde, Ie "" SO mAde-, lSI"" 182'" 5.0mAdel 

Storage Time 
(VeCQ3.0Vde.IC~10mAde,IB1 ""IB2~10mAde) 

(11Putse Test. Pulse WidthS· 300 ~s, Duty Cycle'S, 1.0%. 

FIGURE 1 - SWITCHING TIMES TEST CIRCUIT 

Vss Vee 

AI 

t------OVout 

Vin Vaa Vee Rl R2 R3 R4 R5 01 
Volts Volts Volts Ohm. Ohm. Ohm. Ohm. Ohms 

ton -12.8 +4.0 -3.0 55 100 2.0 k 100 info no 

tolf +20 -11.3" -3.0 55 100 2.0 k 100 info yes 
ts +9;0 -10 "3;0 270 510 390 info 51 no 

• At Point A (pIA) 

3-456 

Ty. Max Unit 

Vdc 

Vdc 

-
Vdc 

Vdc 

10 nAdc 

10 

5.0 ",Adc 

5.0 

. nAdc 
1.0 

1.0 

120 
120 

Vdc 
0.15 

0.18 

0.6 

Vdc 

0.8 

0.85 

1.5 

1300 MH, 

3.0 pF 

3.5 pF 

15 

20 

17 20 



MM4261 H (SILICON) 

High Reliability Products 

PNP SILICON ANNULAR TRANSISTOR 

· .. designed for high reliability. low· level switching applications and 
general usage for radiation resistant requirements. 

• Off·the·Shelf Availability of Extensive High Reliability Processing 

• High Tolerance to Neutron Radiation @ IC = 10 mAo 
hFE Degradation Typically Less Than 50% after 
5 x 1014 Neutrons/cm2 (Figure 13) 

• High Current·Gain-Bandwidth Product -
fT = 3500 MHz (Typ) @ IC = 10 mA 

• Low Input and Output Capacitance -
Cib and Cob = 2.5 pF (Max) 

• Excellent Current·Mode Performance -
tr = 0.5 ns (Typ) @ IC = 10 mA 

1.1 ns (Typ) @ IC = 30 mA 

MAXIMUM RATINGS . 
Rating Symbol 

Coliector·Emitter Voltage VCEO 

Coliector·B_ Voltage VCB 

Emittar·Base Voltage VEB 

Collector Current - Continuou,s IC 

Total Device Dissipation @ T A = 25°C' Po 
Derate above 25°C 

Operating and Storage Junction 
Temperature Rimge 

TJ. T stg 

Value 

15 

15 

4.5 

30" 

200 
1.14 

-65 to +200 

3-457 

Unit 

Vde 

Vdc 

Vde 

mAde 

mW 
mWfOC 

°c 

PNPSILICON 
SWITCHING TRANSISTOR 

0.100 

Pin 1. Emitter 
2.Bosa 
3. Colleetor 

CASE 20 (101 
TO-72 



MM4261 H (continued) 

HIGH RELIABILITY 
PROCESSING SEQUENCE 

The lot is 100% inspected in the sequence 
shown below 

" INTERNAL VISUAL INSPECTION 
Note 1 

SCREEN ELECTRICAL PARAMETERS 
Table I 

G,R 

HIGH TEMPERATURE STORAGE 
T A;;' 200oC, t ~ 24 hours 

TEMPERATURE CYCLING 
MI L-STD-202, Method 102, Condition C 

10 cycles, t (extreme) ~15 minutes 

CONSTANT ACCELERATION 
MI L-STD-750, Method 2006 

Yl axis 20,000 G 

FINE LEAK 
MI L-STD-202, Method 112, Procedure lila 

Condition C, P = 50 pSig, t = 4 hours 
Leak rate'" 1 x 10-8 atm. cc/sec 

R 

GROSS LEAK 
MI L-STD-202, Method 112, Condition A 
Ethylene Glycol, T = lOOoC, t ;;.15 sec. 

R 

MARK DEVICES 
Motorola Symbol, MM4261 H, seal date 

code 

ELECTRICAL TEST Table II (initiall 
RR,R 

BURN-IN TA = 250 C, t = 168 hours 
Po = 200 mW, VCB'" 5.0 V 

ELECTRICAL TEST Table II (end points) 
PDA = 10 

RR,R 

Option! 
Burn~1 n Data with Delta Calculations 

(see Option Data Provisions) 

Samples a"re randomly selected from the lot 
for Group A, Group 8, and Group C inspec-
tion. Sample size for each Subgroup shall be 
determined from Sampling Plan Table and 
shall meet the specified L TPD or lambda 
requirements~ 

NOTE 1: Internal Visual Inspection 

Each device will be inspected under 
magnification for defects in material and 
workmanship which do not comply with 
Motorola's visual inspection procedures. 

.. 
I 

GROUP A INSPECTION 

SAMPLE INSPECT ELECTRICAL PARAMETERS per TABLE I 
summary data provided 

SUBGROUP 1 
LTPD = 5 

VISUAL and MECHANICAL 
MIL-STD-750 
Method 2071 

R 

SUBGROUP 2 
LTPD = 2 

ELECTRICAL TEST 
Table I 

G,R 

SUBGROUP 3 
LTPD = 3 

ELECTRICAL TEST 
Table I 

G,R 

SUBGROUP 4 
LTPD = 5 

ELECTRICAL TEST 
Table I 

G,R 

SUBGROUP 5 
LTPD = 5 

ELECTRICAL TEST 
Table I 

G,R 

SUBGROUP 6 
LTPD = 7 

ELECTRICAL TEST 
Table I 

G,R 

SUBGROUP 7 
LTPD = 7 

ELECTRICAL TEST 
Table I 

G,R 

A - Remove Rejects 
G - Go-No-Go 

A R - Read and Record 

3-458 



MM4261 H (continued) 

GROUP B INSPECTION 

.. ________ ... .-11 SAMPLE INSPECT ENVIRONMENTAL and LIFE 1-1 L~ ________ • 
I summary data provided I 

, ,. 
SUBGROUP 1 

LTPO =20 

PHYSICAL 
DIMENSIONS 
per OUTLINE 

DRAWING 
TO-72 Package 

G - Go-No-Go 

A R - Read and Record 

, , 
SUBGROUP 2 

LTPD = 15 

ELECTRICAL TEST 
Table III 

SOLDERABI LlTY 
MIL-STD-750 
Method 2026 

TEMPERATURE 
CYCLING 

MIL-STD-750 
Method 1051 
Condition C 

THERMALSHOCK 
MIL-STD-750 
Method 1056 
Condition A 

HERMETIC SEAL 
MI L-5TO-202 
Method 112 

FINE LEAK 
Procedure lila 
Condition C 

Leak rate 
~ 1 x 10-8 cclsec 

GROSS LEAK 
Condition A 

ELECTRICAL TEST 
Table III 

G 

~ 
SUBGROUP 3 

LTPD ~ 15 

ELECTRICAL TEST 
Table III 

SHOCK 
MIL-STD-750 
Method 2016 
1500 G, 0.5 ms 

5 blows each Xl, Yl, 
Y2, ZI 

20 blows total 

VIBRATION FATIGUE 
MIL-STD 750 
Method 2046 

VIBRATION VARIABLE 
FREQUENCY 
MI L-5TD-750 
Method 2056 

CONSTANT 
ACCELERATION 

Method 2006 
20 kG in Xl, Yl, 

Y2, ZI axes 

ELECTRICAL TEST 
Table III 

G 

GROUP C INSPECTION 

SUBGROUP 1 
LTPO = 10 

NEUTRON FLUX 
RADIATION EXPOSURE 

fluenee 4> = 1 x 1015 neutrons/em2 
(E>10keV) 

ELECTRICAL TEST 
Table V 

RR 

3-459 

, , ,. 
SUBGROUP 4 SUBGROUP 7 

LTPD = 20 1.=7 

LEAD FATIGUE ELECTRICAL TEST 
MIL-STD-750 Table IV 
Method 2036 
Condition E 

STEADY STATE 

SUBGROUPS OPERATION 

LTPD = 20 MIL-5TD-750 
Method 1026 

SALT ATMOSPHERE 
VCB=10V 

MIL-STD-750 
TA=250 C 

Method 1041 Po =200mW 

ELECTRICAL TEST 
SUBGROUP 6 Table IV 

1.=7 

HIGH TEMPERATURE 
STORAGE LI FE 

MI L-5TD-750 
Method 1031 
Tstg = 2000 C 

ELECTRICAL TEST 
Table IV 



MM4261 H (continued) 

TABLE I: GROUP A INSPECTION ITA = 250 C unless otherwise notsell 

MIL-sTD-750 
Examination or Test Method Symbol Min Max Unit LTPD 

SUBGROUP 1 
Visual and Mechanical Examination 2071 - - - - 5 

SUBGROUP 2 2 
Collector-Base CUtoff Current 30360 ICBOI nAde 

(VCB = 10 Vde, IE = O) - 5.0 

Collector-Cutoff Current 304M. leeXl nAde 
(VCE = 10 Vde, VBE(off) = 2.0 Vdc) - 5.0 

Cor'lector-Cutoff Current 3041A leeX2 nAde 
(VCE = 10 Vde, VEB(o,1I = 0.4 Vdel - 50 

Emitter-Base, Breakdown Voltage 30260 BVEBO Vde 
(IE = 10 "Ade, IC = O) ,', 4.5 -

Collector-Base Breakdown Voltage 30010 BVCBO Vde 
(lC = 10,.Ade, IE =; O) 15 -

Collector-Eini'tter Breakdown Voltage (11 ~l1D BVCEO Vde 
(Ie = 10 mAde, IB = O) 15 -

SUBGROUP 3 3 
Base-Emitter On Voltage 3066B VBE(on}1 Vde 

(lC = 1.0 mAde, VCE =1.0 Vde) - O.B 

Base-E mlttar On Voltage 3066B VBE(on}2 Vde 
(lC = 10 mAde, VCE = 1.0 Vde) - 1.0 

Collector-Emitter Saturation Voltage 3071 VCE(satll Vde 
(lC = 1.0 mAde, IB = 0.1 mAdel - 0.15 

Collector-Emitter Saturation Voltage 3071 VCE(satl2 Vde 
(lC = 10 mAde, IB = 1.0 mAde) - 0.35 

DC Current Gain 3076 hFEl -
(lC =1.0 mAde, VCE = 1.0 Vdel 25 -

DC CUrrent Gain 3076 hFE2 -
(lc = 10 mAde, VCE = 1.0 Vde) 30 150 

DC Current Gain 3076 hFE3 -
(lC = 30 mAde, VCE = 2.0 Vdel 20 -

SUBGROUP 4 5 
CUrrent-Gain-Bandwidth Product fn MHz 

(lC = 5.0 mAde, VCE = 4.0 Vde, f - 100 MHz) 1500 -
Current-Gain-Bandwidth Product fT2 MHz 

(lC = 10 mAde, Vce = 10 Vde, f = 100 MHz) 2000 -
Output capacitance 3236 Cob 

.- pF 
(VCB = 4.0 Vde, Ie = 0, 100 kH~fSl.0 MHz) - 2.5 

I nput capacitance 3240 Cib pF 
(VeB = 0.5 Vde, IC = 0, 100 kHzSfSl.0 MHz) - 2.5 

SUBGROUP 5 (See Figura 11 5 
Collector-Base Time Constant ~'Ccl po 

(lc = 5.0 mAde, Vee - 4.0 Vde) - 60 

Collector-Base Time Constant ~'Cc2 po 
(lC = 10 mAde, Vee = 10 Vdel - 50 

SUBGROUP 6 7 
DC CUrrent Gain hFE4 -

(lC = 1.0 mAde, Vce = 1.0 Vde, TA = -550 C) 15 -
DC Current Gain hFE5 -

(lC - 10 mAde, Vce = 1.0 Vde, TA = -55OC) 15 -
Collec_-Base Cutoff Current ICB02 pAde 

(VCB = 10 Vde, IE = 0, T A = lSOOC) - 5.0 

SUBGROUP 7 (See Figure 2) 7 
Turn-On Time 'ton - 5.0 ns 

Turn-Off Time toft - 5.0 ns 

(fI'PUlse Test: Pulse Width S 300 "s, Duty CycleS 2.0'l6. 
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MM4261H (continued) 

TABLE II: ELECTRICAL INSPECTION (TA = 2SoC unless otherwise noted) 

MIL-STD-750 
Examination or Test Method Svmbol Min Max Unit 

Collector-Base Cutoff Current 3036D ICB01 nAdc 
(VCB = 10 Vdc, IE = 0) - 5.0 

DC Current Gain 111 3076 hFE2 -
(lC = 10 mAde, VCE = 1.0 Vdc) 30 150 

Collector-Base Cutoff Current AICB01 -
100% or 5.0 nAdc whichever is greater - -

DC Current Gain AhFE2 - ±20% -

TABLE III: E LECTR ICAL INSPECTION (T A = 25°C unless otherwise noted) 

MIL-STD-750 
Examination or Test Method Svmbol Min Max Unit 

Collector-Base Cutoff Current 3036D ICB01 nAdc 
(VCB = 10 Vdc, IE = 0) - 5.0 

DC Current Gain 111 3076 hFE2 -
(lC = 10 mAde, VCE = 1.0 Vdc) 30 150 

TABLE IV: ELECTRICAL INSPECTION tTA = 25°C unless otherwise noted) 

MIL-STD-750 
Examination or Test Method Svmbol Min Max Unit 

Collector-Base Cutoff Current 3036D ICB01 nAdc 

(VCB= 10 Vdc, IE = 0) Initial - 5.0 
End Point - 10 

DC Current Gain 111 3076 hFE2 -
(lC = 10 mAde, VCE = 1.0 Vdc) Initial 30 150 

End Point 20 180 

Collector-Base Cutoff Current AICB01 -
100% or S.O nAdc whichever is greater " 

- -

DC Current Gain AhFE2 - ±20% -

TABLE V: ELECTRICAL INSPECTION (TA = 25°C unless otherwise noted) 

MIL-STD-750 
Examination or Test Method Svmbol Min Max Unit 

Collector-Base Cutoff Current 3036D ICB01 j.lAdc 
(VCB =10 Vdc, IE = 0) - 10 

Collector-Emitter Saturation Voltage III 3071 VCE(sat)2 Vde 
(lC = 10 mAde, IB = 1.0 mAde) - 0.5 

DC Current Gain III 3076 hFE2 -
(lC = 10 mAde, VCE = 1.0 Vde) 12 -

III Pulse Test: Pulse Width:s300 j.lS, Duty Cvele:S2.0%. 
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MM4261H (continued) 

FIGURE 1 - COLLECTOR·BASE TIME 
CONSTANT TEST CIRCUIT 

Ground Plane 

" : /T.U.T. 
O.ljJF "i 

RS son @--'-..,..~11-~"""--,(11J<--"",---@ Output 

CAL@-____ -, 

Input (VEBI. 

FIGURE 2 - TURN-QN TIME AND TURN·OFF 
TIME TEST CIRCUIT 

3.9 jJH 

50 

Boonton Mod 91 C 
RF-VTVM Unterminated 

Probe or Equivalent 

1. With transistor under test removed from socket, set input level at 
uCAL" jack to 500 mV at 31.8 MHz. Insert transistor in socket. 

2. After putting VTV.M probe on "OUT" jack, adjust bias on 
transistor under test. 

3. Reading on VTVB in millivolts multiplied by 10 equals rb'Cc 

FIGURE 3 - DC CURRENT GAIN 
3. 0 

TJ~IWC 
0 

ioo'c' ............. 
I 

~5'C --~ t-.. 0 

z: 2. 
~ 

I 
l:l I. 
:::l 

7 55'~ 
...... ~ O. 

~ -1 0. 5 
j"'--..~ 

~ 
~ 
~ 

~ 
$! 

O. 3 
1.0 

1.0 

0.8 

0.6 

0.4 

0.2 

o 
1.0 

2.0 3.0 5.0 7.0 10 20 30 

Ie. COLLECTOR CURRENT (mAl 

FIGURE 5 - "ON" VOLTAGES -V 
VBEI ,,) @ VeE ~ 1.0 V ,..--

TJ~25'C - f--

V 

/ 
,./ 

VeE, ... ) @ lell, ~ 10 V 
I I 

2.0 3.0 5.0 7.0 10 20 30 
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30 Vdc 

The test circuit is designed to simulate a series of cascaded identical 
circuits with input Z equal to output Z.· 

FIGURE 4 - COLLECTOR SATURATION REGION 
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MM4261H (continued) 

FIGURE 7 - CURRENT-GAIN-BANDWIDTH PRODUCT 
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FIGURE 9 - CAPACITANCE 
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FIGURE 11 - CUT -OFF CHARACTERISTICS 
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FIGURE 10 - SWITCHING TIMES 
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MM4261 H (continued) 

FIGURE 12 - NORMALIZED DC CURRENT GAIN versus 
FAST NEUTRON DOSAGE 
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Devices Stocked in Motorola Bonded Warehouse 

STANDARD DATA PROVISIONS 

Motorola will keep lin file 1 copy of all associiltlld 
data for a minimum of 3 years from date of pur-
chase order. 

One copy of Summary data shall accompany each 
shipment of devices from following steps. 

a. Burn-In Test per Table II 
b. Group A I nspection per Table I 
c. Group B Inspection per Tables III and IV 
d. Group C Inspaction per Table V 

Foam Tray Packaging per MI L-S-19491 

0.1 

FIGURE 13 - TYPICAL DC CURRENT GAIN versus 
FAST NEUTRON DOSAGE 
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FIGURE 15 - TYPICAL COLLECTOR.-EMITTER SATURATION 
. VOLTAGE versus FAST NEUTRON DOSAGE 
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Option 2 
100% Radiographic Inspection per MIL-STD-202. 

Method 209 (see Option Data Provisions) 

OPTION DATA PROVISIONS 

Motorola will provide burn-in delta data on control 
perameters for the lot as well as for Group B. Sub-
group 6 and 7. and Group C. Subgroup 1. 

Motorola will X-ray the serializad devices prior to 
shipping and provide films only if this is required 
by purchase order. 
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MM5000 (GERMANIUM) 

MM5001 
MM5002 

PNP germanium high frequency transistors designed for 
use in low-noise, high-gain VHF I UHF amplifiers. 

CASE 20 
(TO-72) 

Active Elements Isolated From Case 

MAXIMUM RATINGS 

Rating Symbol Value 

Collector-Emitter Voltage VCEO 15 

Collector-Base Voltage VCB 30 

Emitter-Base Voltage VEB 0.3 

Collector Current IC 10 

Total Device Dissipation @ T A = 25°C PD 150 

Derate above 25° C 2.0 

Operating & Storage Junction TJ • T 
stg Temperature 

SHIELD 
I 

-65 to +100 

INPUT 
RS = 50 rI .. ----

- --.,L 

~ .. 
o-Vee 

FIGURE 1 - TEST CIRCUIT FOR POWER GAIN AND NOISE FIGURE 

NOTES: 

1/4 in. ID, 1/2 in. long, 4 turns 1120 solid copper wire, 
center tapped. 

1/4 in. ID, close wound, 3 turns 1126 solid copper wire, 
1:1 ratio bi-filler wound. 

High Quality piston type capacitor. 

Distance from emitter of transistor to ground side of bypass 
capa,cltor should be kept minimal. 
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Unit 

Vdc 

Vdc 

Vdc 

mAdc 

mW 

mW;oC 

°c 



MMSOOO, MMSOO1, MMS002 (continued) 

ELECTRICAL CHARACTERISTICS IT A = 250 unless otherwise noted) 

Characteristics 

OFF CHARACTERISTICS 

Colleetor~Emltter Breakdown Voltage BVCEO Vde 
(lC = 2.0 mAde, IB = 0) 15 - -

Collector - Base Breakdown Voltage BVCBO Vde 
(IC = 100 ""dc, ~ = 0) 30 - -

ON CHARACTERISTICS 

DC Current Gain 
(lC = 3.0 mAde, V CE = 12 Vde) .' 

SMALL·SIGNAL CHARACTERISTICS 

Current-Gain"Bandwidth Product fT MHz 
(lc = 3 •. 0 mAde, V CE = 12 Vde, f = 100 MHz) 800 - -

Collector - Base Capacitance Ceb pF 
(V CB = 12 Vde, IE = 0, f = 100 kHz) - 0.4 0.6 

Collector-Base Time Constant r 'C ps 
(~ = 3.0 mAde, V CB = 12 Vde, f· = 31. 8 MHz) b e 

MM5~ - - 3.5 
MM5001 - - 5.0 
MM5002 - - 7.5 

Noise Figure (Figure 1) NF dB 
(lC =.3.0 mAde, V CE = 12 Vde, RS = 50 ohms, 

f = 200 MHz) MM5000 - - 1.6 
MM5001 - - 2.0 
MM5002 - - 2.2 

Noise Figure NF dB 
(IC = 3.0 mAde, V CE = 12 Vde, RS = 50 ohms, 

f = 450 MHz) - 3.5 -
FUNCTIONAL TEST 

Common-Emitter Amplifier Power Gain G dB 
(IC = 3.0 mAde, V CE = 12 Vde, f = 200 MHz) 

pe 

(Figure 1) MM5000 24 - -
MM5001 22 - -
MM5002 20 - -

Common-Emitter Amplifier Power Gain Gpe dB 
(IC = 3.0 mAde, V CE = 12 Vde, f = 450 MHz) - 16 -
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MM5005 (SILICON) 

MM5006 
MM5007 

PNP SILICON ANNULAR TRANSISTORS 

· .. designed for high·voltage audiodriver amplifierand general purpose 
switching and oscillator applications. 

• High Coliector·Emitter Breakdown Voltage -
BVCEO = 100 Vdc (Min) @ IC = 10 mAdc (MM5007) 

• Low Output Capacitance -
Cob = 20 pF (Max) @ VCB = 10 Vdc 

• Excellent Current Gain Linearity - 1.0 to 250 mAde 

• Complements to NPN MM3005, MM3006, MM3007 

MAXIMUM RATINGS 

Rating Symbol MM5005 MM5006 MM5007 Unit 

Collector-Emitter Voltage VeEO 60 80 100 Vdc 

Collector-Base Voltage VeB ao 100 120 Vdc 

Emitter-Base Voltage VEB ~5.0-"'-- Vdc 

Colleetor Current - Continuous Ie _2.0_ Adc 

Total Device Dissipation@TA = 250 e Po _1.5_ Watts 
Derate above 250 e _a.57_ mwfDe 

T otel Device Dissipation @Te = 2Soe Po _a.o_ Watts 
Derate ebove 250 e _45.7_ mw/oe 

Operating and Storage Junction TJ,Tstg _ -65 to +200_ °e 
Temperature Range 

3-467 

PNPSILICON 
AUDIO TRANSISTORS 

II 
0'3S0DIA~ 0.370. 
0.315 DIA 0.240 
0.335. 0.260 

0'0160IA~=t 0.019 MIN 

0.200 

---..l 

eASE 79(1) 
(TO·39) 



MM5005, MM5006, MM5007 (continued) 

ELECTRICAL CHARACTERISTICS (T A = 25°C unless otherwise noted) 

Characteristic Symbol Min Max Unit 

OFF CHARACTERISTICS 

CollectOr-Emitter Breakdown Voltage BVCEO Vde 
(lc = 10 mAde, IB = 0) MM5005 60 -

MM5006 80. -
MM5007 100 -

CollectOr-Base Breakdown Voltage BVCBO Vde 
(lc = 100 "Ade, IE = 0) MM5005 80 -

MM5006 100 -
MM5007 120 -

Emitter-Base Breakdown Voltage BVEBO 5.0. - Vde 
(IE = l00jlAde, IC = 0) 

Collector Cutoff Current ICBO nAde 
(VCB = 60 Vde, IE = 0) MM5005 - 200 

(VCB = 80 Vde, IE = 0) MM5006 - 200 

(VCB = 100 Vde, IE = 0) MM5007 - 200 

Emitter Cutoff Current lEBO - 100 nAde 
(VEB = 4.0 Vde, IC = 0) 

ON CHARACTERISTICS 

DC Current Gain hFE 
(lC = 1.0 mAde, VCE = 2.5 Vde) All Types 40 -
(lC = 150 mAde, VCE = 2.5 Vde) MM5005 50 250 

(lC = 200 mAde, VCE = 2.5 Vde) MM5006 50 250 

(lC = 250 mAde, VCE = 2.5 Vde) MM5007 50 250 

CollectOr-Emitter Saturation Voltage VCE(sat) 0.5 Vdc 
(lC = 150 mAde, IB = 15 mAde) 

Base-Emitter On Voltage VBE(on) 0.65 0.8 Vde 
(lC = 150 mAde, VCE = 2.5 Vde) 

DYNAMIC CHARACTERISTICS 

Current-Gain-Bandwidth Product tr 30 MHz 
(lC = 50 mAde, VCE = 10 Vde, f = 20 MHz) 

Output Capacitance Cob 2u pF 
(VCB = 10 Vde, IE = 0, f = 100 kHz) 



MM8000 (SILICON) 

MM8001 

CASE 79 
(10-39) 

NPN silicon high-frequency transistor designed for 
high-frequency CATV amplifier applications. . Suitable 
for use as output driver or pre-driver stages in VHF and 
UHF equipment. 

MAXIMUM RATINGS 

Rating Symbol Value Unit 

Collector-Emitter Voltage VCEO 30 Vdc 

Collector-Base Voltage VCB 40 Vdc 

Emitter-Base Voltage VEB 3.5 Vdc 

Collector Current IC 0.4 Adc 
"-

Total Device Dissipation @TC = 25 0 C Pn 3.5 Watts 
Derate above 25 0 C 20 mW/oC 

Operating and Storage Junction TJ , T stg -65 to +200 °c 
Temperature Range 
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MMSOOO, MMSOOl (continued) 

ELECTRICAL CHARACTERISTICS (Te = 250 e unless otherwise noted) 

Characteristic 
OFF CHARACTERISTICS 

Collector-Emitter Sustaining Voltage 
(IC = 5.0 mAde, IB = 0) 

Collector-Base" Breakdown Voltage 
(IC = O.lmAdc,IE = 0) 

" 

Emitter-Base Breakdown Voltage 
(IE = O. 1 mAde, IC = 0) 

Collector Cutoff Current 
(VCE = 28 Vdc, IB =0) 

ON CHARACTERISTICS 

DC Current Gain 
(Ic = 50 mAde, V CE = 15 Vdc) 

DYNAMIC CHARACTERISTICS 

Current-Gain-Bandwidth Product 
(IC = 25 mAde, V CE = 15 Vde, f = 200 MHz) MM8000 

MM8001 

(IC = 50 mAde, V CE = 15 Vde, f = 200 MHz) MM8000 
MM8001 

(IC = 100 mAde, V CE = 15 Vde, f = 200 MHz) MM8000 
MM8001 

Output Capacitance 
(V CB ;, 30 Vde, IE = 0, f = 1. 0 MHz) 

Noise Figure Figure 1 Test Circuit 
(IC = 10 mAde, V CE = 15 Vde, f = 200 MHz) 

FUNCTIONAL TESTS 
Common-Emitter Amplifier Power Gain Figure 1 Test Circuit 

(IC = 10 mAde, V CE = 15 Vde, f = 200 MHz) 

Symbol 

BVCEO(sus) 

BVCBO 

BVEBO 

ICEO 

fT 

COb 

NF 

FIGURE 1 - 200 MHz TEST CIRCUIT 

C6 

Cs 

3,-470 

Min 

30 

40 

3.5 

-

550 
700 

700 
900 

700 
900 

-

-

Typ Max Unit 

Vdc 
- -

Vde 
- -

Vde 
- -

"Ade - 20 

- -- -
- -
- -
- -- -

- 3.5 

2.7 -

Cl, C2, C3: 1.0"'" 30 pF 
C4: 1.0 - 20 pF 
C5: 10,000 pF 

"C6, C7: i 000 pF 
Cs: 0.01 ~F 

L 1: 4·112 turns, No. 22 
AWG wire, 3/16"I.D. 

4: 3·1/2 turns, No. 22 
AWGwire, 3/16" I.D. 

L2, L3: 0.S2 ~H RFC 
Rl: 240ohms,2wetts 

MHz 

pF 

dB 



MM8003 (SILICON) 

NPN silicon high-frequency transistor designed for 
high-frequency CATV amplifier applications. Suitable 
for use as output driver or pre-driver stages in VHF and 
UHF equipment. 

CASE 1448-03 

MAXIMUM RATINGS 

Rating Symbol Value Unit 

Collector-Emitter Voltage VCEO 30 Vdc 

Collector-Base Voltage VCB 40 Vdc 

Emitter-Base Voltage VEB 3. 5 Vdc 

Collector Current IC 0.4 Adc 

Total Device Dissipation @TC = 25°C PD 5.0 Watts 
Derate above 25°C 28.6 mW/oC 

Operating and Storage Junction T J' Tstg -65 to +200 °c 
Temperature Range 

This device is designed for R F operation. The total device dissipation rating applies only when the device is 
operated as an R F amplifier. 

SEATING 0.085 

e~\" "t.L95I' ~~~i -: ~m I O·Lff--r--...;-----.t 
r r - I t 0.710 

0.050 8·32UNC 2A I = 11 0.070 0.750 
0.080 1 

UX I! 
WRENCH ---'LS-rl-----"-

STYLE 1, FLAT ~ 0.100 
PIN 1. EMITTER 0.320 0.130 

2. BASE 0.330 
3. EMITTER 
4. COLLECTOR 
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MM8003 (continued) 

ELECTRICAL CHARACTERISTICS (Te = 2S"C unless otherwise noted) 

Characteristic 

OFF CHARACTERISTICS 
Collector-Emitter Sustaining Voltage 

(IC ; 30 mAdc, IB ; 0) 

Collector-Base Breakdown Voltage 
(IC ; 1. 0 mAdc, ~ ; 0) 

Emitter-Base Breakdown Voltage 
(~ ; O. 1 mAde, IC ; 0) 

Collector Cutoff Current 
(V CE ; 28 Vde, IB ; 0) 

ON CHARACTERISTICS 
DC Current Gain 

(IC ; 50 mAde, V CE ; 15 Vde) 

DYNAMIC CHARACTERISTICS 

Current-Gain-Bandwidth Product 
(IC ; 25 mAde, V CE ~ 15 Vde, f ~ 200 MHz) 

(IC = 50 mAde, V CE ~ 15 Vde, f ~ 200 MHz) 

(IC = 100 mAde, V CE ; 15 Vde, f = 200 MHz) 

Output Capacitance 
(V CB = 30 Vde, ~ = 0, f = 1. 0 MHz) 

Noise Figure Figure 1 
(IC = 10 mAde, V CE ; 15 Vde, f ; 200 MHz) 

FUNCTIONAL TEST 

Common-Emitter Amplifier Power Gain Figure 1 
(IC ~ 10 mAde, V CE ; 15 Vde, f ; 200 MHz) 

BVCEO(sus) 

BVCBO 

BVEBO 

ICEO 

fT 

Cob 

NF 

FIGURE 1- 200 MHz TEST CIRCUIT 

C5 

C11f----, 

Cs 

-vee 
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30 

40 

3.5 

-

1000 

1200 

1000 

-

-

Vdc 
- -

Vdc 
- -

Vdc 
- -

/lAdc 
- 20 

MHz 
- -
- -
- -

- 4.0 

2.7 -

Cl. C2. C3: 1.0 - 30 pF 
C4: 1.0 - 20 pF 
C5: 10.000 pF 

CS. C1: 1000 pF 
Cs: 0.01 p.F 

Ll: 4·1/2Iurns. No. 22 
AWG wire. 3/16"1.0. 

4: 3·1/2 lurns. No. 22 
AWGwire.3/1S" 1.0. 

L2. L3: 0.S2 p.H RFC 
Rl: 240ohms.2walts 

pF 

dB 



MM8006 (SILICON) 

MM8007 

NPN SILICON RF SMALL-SIGNAL TRANSISTORS 

· .. designed primarily for use in high·gain. low·noise. small-signal 
amplifiers in military and industrial equipment. Suitable for use in 
video wideband and general high-frequency amplifier applications 
of 50 io 1000 MHz. 

• Low Noise Figure-
NF = 2.2dB (Typ) @f= 200 MHz - MM8006 

• High Power Gain -
Gpe = 25 dB (Typ) @ f = 200 MHz - MM8006 

• High Current-Gain-Bandwidth Product -
fT = 1000 MHz (Min) @ IC = 5.0 mAdc 

MAXIMUM RATINGS 

Rating Symbol Value Unit 

Collec_-Emitter Voltage VeEO 10 Vdc 

Collector-Base Voltage VeB 15 Vdc 

Emitter-Base Voltage VEB 3.0 Vdc 

Collector Current - Continuous Ie 20 mAde 

Total Device Dissipation@TA = 25°C Po 200 mW 

Derate above 25°C 1.14 mwl"e 

Operating and Storage Junction TJ.Tstg -65 to +200 °e 
Temperature Range 

3-473 

NPN SILICON 
RF SMALL-SIGNAL 

TRANSISTORS 

~OIA 

0.209 

OJ3iir OIA 

~o Ii' 
0.500 

MIN 

~ 

CASE 20 (10) 

TO-72 PACKAGE 



MMS006, MMS007 (continued) ~:. : 

ELECTRICAL CHARACTERISTICS (T A; 25°C unless otherwise noted) 

I Characte<istic I Symbol Min Typ Max Unit 

OFF CHARACTERISTICS 

Collector-Emitter Breakdown Voltage BVCEO 10 - - Vde 
(lC; 1.0 mAde,lB = 0) 

Collector-Base Breakdown Voltage aVCBO 15 - - Vde 
(lc = 0_01 mAde, IE = 0) 

Emitter-Base Breakdown Voltage BVEBO 3_0 - - Vde 
(IE - 0.01 mAde, IC = 0) 

Collector Cutoff Current ICBO - 1_0 10 nAde 
(VCB = 6_0 Vde, IE = 0) 

ON CHARACTERISTICS 

DC Current Gain 
(I C = 1.0 mAde, VCE = 6.0 Vde) 

DYNAMIC CHARACTERISTICS 

Current·Gain-Bandwidth Product fT 1000 - 3500 MHz 
(lC = 5.0 mAde, VCE = 6.0 Vde, f= 100 MHz) 

Collector-Base Capacitance Ccb - 1.1 1.5 pF 
(VCE = 6.0 Vde, IE = 0, f = 0.1 MHz) 

Collector-Base Time Constant 'b'Ce - 5.0 - ps 
(lC = 10 mAde, VCE = 6.0 Vde, f=31_8 MHz) 

Noise Figure NF dB 
·(lC = 1.0 mAde, VCE =6.0 Vde, f=60 MHz) MMBOO6 - 1.5 -

MMB007 - 1.9 -

(lC = 1.0 mAde, VCE =6.0 Vde, f=2oo MHz) MMB006 - 2.2 -
MMB007 - 2.7 -

tHc = 1.0 mAde, VCE =.6.0 Vdc, f=450 MHz) MMBOO6 - - 3 .. B 
MMB007 - - 5.0 

FUNCTIONAL TEST 

tCommon-Emitter Amplifier Power Gain Gpe dB 
(lC = 1.0 mAde, VCE =6.0 Vde, f = 60 MHz) Both Types - 30 -

(lC = 1.0 mAde, VCE =6_0 Vde, f = 200 MHz) MM8oo6 - 25 -
MM8oo7 - 20 -

(lC = 1.0 mAde, VCE =6.0 Vde, f = 450 MHz) MM8006 14 - -
MMBOO7 12 - -

tTuned for minimum noise. ' 

FIGURE 1 - POWER GAIN AND NOISE FIGURE TEST CIRCUIT FIGURE 2 - COLLECTOR-BASE CAPACITANCE versUs VOLTAGE 
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MMS006, MMS007 (continued) 

FIGURE 3 - CURRENT -GAIN-BANDWIDTH PRODUCT 
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MMS006, MMS007 (continued) 

FIGUR~ 7 - NOISE FIGURE versus FREQUENCY 
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MM8008 (SILICON) 

MM8010 
MM8011 

NPN SILICON RF POWER TRANSISTORS 

· .. designed primarily for oscillator, frequency multiplier, and UHF 
amplifier applications in military and industrial equipment. 

• High Power Output (Oscillator) -
Pout = 300 mW (Min) @ f = 2.0 GHz (MM8008) 

200 mW (Min) @f = 2.0 GHz (MM8010) 
100 mW (Min) @f = 2.0 GHz (MM8011) 

• High Current-Gain-Bandwidth Product -
t-r = 1000 MHz (Typ) @ IC = 50 mAdc 

• Ideal for Radio Sonde Applications -
Pout (Oscillator) = 550 mW (Typ) @f= 1.68 GHz (MM8008) 

450 mW (Typ) @f= 1.68 GHz (MM8010) 
300mW (Typ)@f= 1.68GHdMM8011) 

• Wide Flange case for Easy Mounting in Cavity Circuits 

• Multiple Emitter Construction for Excellent High-Frequency 
Performance 

MAXIMUM RATINGS 

Rating Symbol Value Unit 

Collector-Emitter Voltage vCEO 30 Vdc 
Collector-Base Voltage VeB 35 Vdc 
Emitter-Base Voltage VEB 3.0 Vdc 
Collector Current Continuous Ie 100 mAde 
Total Device Dissipation@Te=2SoC Po 3.5 WattS 

Darate above 250 e 20 mW/oe 

Operating and Storage Junction TJ,Tstg -65 to +200 °e 
Temperature Range 

3-477 

NPN SILICON 
RF POWER 

TRANSISTORS 

0.200 
iffiil 

r 
0.500 
MIN 

CASE 23 
TO-107 

0.130 
MAX 

0.016 
[Qfij 
DIA 

Collector electrically 
COnnected 10 ca. 



MMSOOS, MMS010, MMS011 (continued) 

ELECTRICAL CHARACTERISTICS (TC'" 25°C unless otherwise noted) 

Characteristic 

OFF CHARACTERISTICS 

Collector-E mitter Breakdown, Voltage 
IIC = 5.0 mAde, IB ~ 0), 

Collector-Base Breakdown Voltage 
IIc= l00"Adc,IE =0) 

Emitter-Base Breakdown Voltage 
liE = l00"Adc,IC=O) 

Collector Cutoff Current 
(VCE = 20 Vdc,IB = 0) 

ON CHARACTERISTICS 

Collector-Emitter Saturation Voltage 
IIC = 100 mAdc,lB = 10 mAdc) 

DYNAMIC CHARACTERISTICS 

Current-Gain-Bandwidth Product 
lie = 50 mAdc, VCE = 15 Vdc, f = 100 MHz) 

Output Capacitance 
(VCB = 30 Vdc, IE = 0, f = 1.0 MHz) 

FUNCTIONAL TEST 

Oscillator Power Output (F igure 1) 
IIC= l00mAdc, VCE =20Vdc,f=2.0GHz) 

Symbol Min 

BVCEO 30 

BVCBO 35 

BVEBO 3.0 

ICEO -

fT -

Cob -

Pout 
MM8008 0.3 
MM8010 0.2 
MM8011 0.1 

. 

FIGURE 1 - 2.0 GHz OSCILLATOR TEST CIRCUIT 

B+20V 

(Supply Floating) 

TVp Max 

- -

- -

- -

- 100 

. 1100 -

1.3 3.0 

- -
- -
- -

Cl - 1.O-10'pF Johanson Cap. #3901 
C2 - 4.0-6.0 pF Johanson Cap'. # 4640 

C3, C4 - 500 pF Button Feedthru Cap. 

L2 . Hf---..-~~-~---..-----f-+-< ~~t~~z 

Ll, L2 - Microstrip line 1.03" Long and 
0.073" Wide 

L3, L4 - O.68.H RF Choke 
L5 - Microstrip 0.620" long and 

0.078" Wid. 
Rl - 2.0 k ohms Pot (Miniature) 
1116" Microstrip Board 

r4

, 

r-IJULLr-__ .- 50 Oh,ms 

CI L5 

L4 

s- 2eW 

3-478, 

Unit 

Vde 

Vde 

Vdc 

"Adc 

MHz 

pF 

Watt 



MM8008, MM8010, MM8011 (continued) 

FIGURE 2 - TOP VIEW - 2.0 GHz OSCILLATOR TEST CIRCUIT FIGURE 3 - SIDE VIEW - 2.0 GHz OSCILLATOR TEST CIRCUIT 

~ 1250 
~ 
G 
=> o 
o 
0: ... 
i= 1000 
o 
3: 
o 
z 
;;\ 
I 

z 
;;: 750 

'" ,.:. 
ill 
0: 
0: 
=> 
Co> 

.t:' 500 

~ 
w 
Co> 

4.0 

:i! 3.0 ... 
13 

~ ... 
~ 
~ 2.0 
o ... 
.g 

1.0 

FIGURE 4 - CURRENT-GAIN-BANDWIDTH PRODUCT 

VCE! 15 V 

~ ----/ ~ 
/ '" i/ '\ 

10 20 30 40 so 60 70 80 90 100 

IC. COLLECTOR CURRENT {mAdel 

FIGURE 5 - OUTPUT CAPACITANCE versus VOLTAGE 

'" "" '~ ------
o S.O 10 15 20 25 30 

VCB. COLLECTOR·BASE VOLTAGE {VOLTSl 

3-479 



MMSOOS, MMS010, MMS011 (continued) 
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MM8009 (SILICON) 

NPN SILICON RF POWER TRANSISTOR 

· .. designed for amplifier. frequency multiplier. or oscillator applica· 
tions in military and industrial equipment. Suitable for use as output. 
driver. or pnHIriver stages in UHF equipment and as a fundamental 
frequency oscillator at 1.68 GHz. 

• High Output Power - Pout = 0.9 Watt (Min) @ f = 1.0 GHz 

• High Current·Gain-Bandwidth Product -
tr 2 1000 MHz (Min) @ IC = 50 mAde 

• Ideal for Radio Sonde Applications -
Pout (Oscillator) = 300 mW (Typ) @ f = 1.68 GHz 

MAXIMUM RATINGS 

Rating Symbol Value 

Coliector·Emitter Voltege Vceo 50 

Coliector·BaIe Voltage VCS 55 

Emitter·S_ Voltege VES 3.0 

Collector Current - Continuous Ie 400 
Totel Device Dissipation @TC • 25°C Po 3.5 

Derete above 25°C 20 

Operating and Storege Junction TJ.Tstg -65 to +200 
Temperature ·Range 

3-481 

Unit 

Vde 

Vde 

Vde 

mAde 

watt 
mWfOC 

°c 

NPN SILICON 
RF POWER 

TRANSISTOR 

0.315 01A 0.240 
0.335 [26ij 

~:~~~DlA~ 

0.009 -llf---t 0.125- ---t 
0,016 DIA 0.5 
0.019 MIN 

I 

0.100 

CASE 79 

TO-311 

0.029 
0.040 

Pin 1. Emitter 
2. Base 
3. Collector 



MM8009 (continued) 

ELECTRICAL CHARACTERISTICS (TC; 25°C unless otherwise noted) 

I I ~~ I ~ 
OFF CHARACTERISTICS 

Collector-Base Breakdown Voltage 
(lC = 100 "Adc, IE; 0) 

Emitter-Base BreakdoWn Voltage 
(IE = 100 "Adc, IC = 0) 

Collector Cutoff Current 
(VCE = 15 Vdc, IB = 0) 

Collector Cutoff Current 
(VCE = 50 Vdc, VBE = 0) 

ON CHARACTERISTICS 

Collector-Emitter Saturation Voltage 
(lC = 100 mAde, IB = 10 mAde) 

DYNAMIC CHARACTERISTICS 

Current-Gai n -Bandwidth Product 
(lC = 50 mAde, VCE = 15 Vde, f = 100 MHz) 

Output Capacitance 
(VCB = 30 Vde, IE = 0, f = 1.0 MHz) 

FUNCTIONAL TEST 

Power Output (Figure 1) 

(Pin = 316 mW, VCE = 2B Vde, f = 1.0 GHz) 

Power Output (Oscillator) (Figure 2) 
(VCE = 20 Vde, VEB = 1.5 Vde, f; 1.68 GHz) 

(Minimum Efficiencv = 15%) 

Collector Efficiency 
(Pin = 316 mW, VeE = 28 Vde, f = 1.0 GHz) 

BVCBO 55 

BVEBO 3.0 

ICEO -

ICES -

fT 1000 

Cob -

Pout 0.9 

Pout -

Tj 35 

Typ Max Unit 

Vdc 

- - Vdc 

- 100 "Adc 

- 10 "Adc 

- - MHz 

1.8 3.0 pF 

- - Watt 

0.3 - Watt 

- - % 

FIGURE 1 - 1.0 GHz POWER AMPLIFIER TEST CIRCUIT FIGURE 2 - 1.68 GHz POWER OSCILLATOR TEST CIRCUIT 
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.JL_.J 
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TEE 

dl:'''loputtine,centertllnduclorwidlh=D.280'' 
d2: ,"Outputline,centeftonductOl'width=O.12S" 
Q: 2N5108 
R: 3.90hms 

Tl, T2: Microlob r.ouble Stub Tuner, or Equivalent 
Biasill8: Microlab08N,orEquivalent 

Transistor Mount: 1132"MicrostripboBrd 

+Vcc 
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MM8009 (continued) 

FIGURE 3 - POWER OUTPUT verSus POWER INPUT 
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MMCM918 (SILICON) 

MMT918 

NPN SILICON ANNULAR TRANSISTO.RS 

· .. designed for VHF and UHF amplifier, mixer and oscillator 
applications. 

• Space Saving Micro-Miniature Packages 

• High Current-Gain-Bandwidth Product - fT = 600 MHz (Min) 

• Low Capacitance - Cob = 1.7 pF (Max) 

• MMT918 - One-Piece, Injection-Molded Package for High 
Reliability 

MMCM918 - Ceramic Package for Hermeticity 

MAXIMUM RATINGS 

Rating Symbol MMCM918 MMT918 

Collector-Emitter Voltage VCEO 15 

Collector-Base Voltage VC8 30 

Emitter-Base Voltage VEB 3.0 

Collector Current - Continuous IC 50 

Total Device Dissipation @ T A = 25°C Po 200 225 
Derate above 25°C 1.14 2.05 

Operating and Storage Jl,lnction 
Temperature Range 

TJ,Tstg -65 to +200 C55to+135 

THERMAL CHARACTERISTICS 

Characteristic Symbol MMCM918 MMT918 

Thermal Resistance,Junction to Ambient 8JA 0.87 OA9 

3-484 

Unit 

Vde 

Vde 

Vdc 

mAde 

mW 
mWI"C 

°c 

Unit 

°C/mW 

MICRO-T 

NPNSILICON 
AMPLIFIER 

TRANSISTORS 

IpIN1. BASE 
2. EMITTER 
3. COLLECTOR 

0.0035 
0.020 I!lIil!ll -To canverl inches to millillllll11,mulliplVby 25.4 

CASE 176 (1) 

~ 1 

O.OiS D1A om 

~ ,'¥ 
2~ 

~T T 0.010 
0.165 a:m 
[ffi 

PIN!. 'ASE 
2. EMITTER , ,. COLLECTOR 

0.020 0.001 

Jy' ml 
O .... T --L 
T-f.T-I --JT ~- \,:: BOTTOM .. 

1--~.213 ... 
To conwn in_ to millim'lIr1 mLihiply by 25:..-

CASE 28 (1) 



MMCM918, MMT918 (continued) 

ELECTRICAL CHARACTERISTICS (T A ~ 25°C unle .. otherwise noted) 

Characteristic 

OFF CHARACTERISTICS 

Coliector·Emitter Breakdown VOltage 
(lC ~ 3.0 mAde, IB ~ 0) 

Coliector·Base Breakdown Voltage 
(lC ~ 1.0 "Adc, IE ~ 0) 

Emitter·Base Breakdown Voltage 
(IE ~ 10 "Ade, IC ~O) 

Collector Cutoff Current 
(VCB ~ 15 Vdc, IE ~ 0) 

ON CHARACTERISTICS 

DC Current Gain(l) 
(lC ~ 3.0 mAde, VCE ~ 1.0 Vdel 

Coliector·Emitter Saturation Voltagel1 , 
(lC ~ 10 mAde, IB ~ 1.0 mAde) 

Base-Emitter Saturation Voltage( I) 
(lC ~ 10 mAde, IB ~ 1.0 mAde) 

DYNAMIC CHARACTERISTICS 

Currant·Gain-Bandwidth Product 
(VCE ~ 10 Vdc, IC ~ 4.0 mAde, f ~ 100 MHz) 

Output Capacitance 
(VCB ~ 10 Vdc, IE ~O, 1::0.1 MHz and :!O1.0 MHz) 

(VCB ~ 0, IE ~ 0, 1~.1 MHz and ~ 1.0 MHz) 

I nput Capacitance 
(VBE ~0.5 Vdc, IC~O, f~O.1 MHzand~I.0 MHz) 

Noise Figure (Figure I) 
(lC~ 1.0mAdc, VCE =6.0Vdc, Rs~400ohms, '~60MHz) 

FUNCTIONAL TESTS 

Common·Emitter Amplilier Power Gain (Figure 2) 
(VCC~ 12Vdc, Ic~6.0mAde, I ~ 200 MHz) 

Power Output (Figure 3) 
(VCB~ 15Vdc, Ic~8.0mAdc, I = 500 MHz) 

Collector Elliciency (Figure 3) 
(VCB~ 15Vdc, 'c=8.0mAdc, I = 500 MHz) 

(1)Pul .. Test: Puis. WidthS300 "s, Duty Cycle:S 2.0%. 

FIGURE 1 - NOISE FIGURE TEST BLOCK DIAGRAM 

NOISE FIGURE METER 
HEWLETT·PACKARD 342A 

(OR EQUIVALENT) 

INPUT 
(60 MHz) 

VHF NOISE SOURCE 
HEWLETT·PACKARD 343A 

(OR EQUIVALENT) 

POWER SUPPLY 
CONSTANT Ie .AND VeE 

FIGURE 2 - NEUTRALIZED 200 MHz POWER AMPLIFIER 
GAIN TEST CIRCUIT 

-VeE 

1000 pf 
I 

Symbol Min Typ Max Unit 

BVCEO 15 Vdc 

BVCBO 30 - - Vdc 

BVEBO 3.0 - - Vde 

ICBO - - 10 nAdc 

hFE 20 - - -

VCE(sat) - - 0.4. Vdc 

VBE(satl - - 1.0 Vde 

fT 600 - - MHz 

Cob pF 
- - 1.7 

- - 3.0 

,Cib - - 2.0 pF 

NF - - 6.0 dB 

Gpe - 23 - dB 

Pout - 60 - mW 

11 - 50 - % 

The test fixture shall consist of a 60 MHz tuned amplifier and suitable 
biasing circuits. It should be constructed utilizing good very· high· frequency 
design techniques. 

The effective source susceptance should betulied for each device being 
tested to obtain minimum noise figure. Note that because the HP 343A has 
a 50:ohm output resistance, a suifable impedance transformer must be used 
to obtain an effective source conductance of 2.5 mmho at the transistor 
with minimum losses. . 

FIGURE 3-5DDMHzOSCILLATOR TEST CIRCUIT 

L2 

3-485 



MMCM930, MMT930 (SILICON) 

MMCM2484, MMT2484 

NPN SILICON ANNULAR TRANSISTORS 

· .. designed for low·level, low noise amplifier applications. 

• MMT Plastic Microtee 

• MMCM Hermetic Ceramic Microtee 

• Space Saving Micro·Miniature Packages 

• High Breakdown Voltages -
VCEO(sus) ~ 45 Vdc (Min) @ IC ~ 10 mAdc 

(MMT930, MMCM930) 

~ 60 Vdc (Min) @ IC ~ 10 mAdc 
(MMT2484, MMCM2484) 

• High DC Current Gain -
hFE ~ 800 (Max) @ IC ~ 10 mAdc 

• MMT930, MMT2484 - One·Piece, Injection-Molded Unibloc 
Package for High Reliability 

MMCM930, MMCM2484 - Ceramic Package for Hermeticity 

MAXIMUM RATINGS 

Rating Symbol 
MMCM930 I MMCM2484 
MMT930 MMT2484 

CQllector-Emitter Voltage VCEO 45 I 60 

Collector-Base Voltage VCB 60 

Emitter-Base Voltage VEB 6.0 

Collector Current - Continuous IC 50 

MMCM930 MMT930 
MMCM2484 MMT2484 

Total Device Dissipation @ T A '" 25°C PD 200 225 
Derate above 25°C 1.14 2.05 

Operating and Sturage Junction TJ,Tstg -65'0+200 -55'0+135 
Temperature Range 

THERMAL CHARACTERISTICS 

MMCM930 MMT930 
Characteristic Symbol MMCM2484 MMT2484 

Thermal Resistance,Junction to Ambient 6JA 0.87 0.49 
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Unit 

Vdc 

Vdc 

Vdc 

mAde 

mW 
mW/oC 

°c 

Unit 

°C/mW 

MICRO-T 

NPN SILICON 
AMPLIFIER 

TRANSISTORS 

0.050 ;moo 

IplN 1. BASE 
2. EMITTER 
3. COLLECTOR 

~GJ=+ 
4T O.003~ 

10.020 n:mmi 
O]!li 

Tut(lnwrtmcMstomll!imetersmu!tlply bv 2!i.4 

CASE 176111 

MMT2484 

PIN 1 BASE 
2. EMITTER 
3. COlltcTOR 

0.020 0.001 
0lmI TOP ~ 0.004 Ll.-l OW; 

~ J+ ~ \,: BOTTOM 
0.213 
MI' 

To con'lllrt inchuto millillltltr,mulUply by 25.4 

CASE 28 (11 



MMCM930, MMT930/MMCM2484, MMT2484 (continued) 

ELECTRICAL CHARACTERISTICS (T A = 250 C unless otherwise noted) 

Characteristic Symbol Min Max Unit 

OFF CHARACTERISTICS 

Collector-Emitter Sustaining Voltage( 1) VCEO(sus) Vdc 
(lC = 10 mAde, IB = 0) MMCM930,MMT930 45 -

MMCM2484,MMT2484 60 -
Collector-Base Breakdown Voltage BVCBO 60 - Vdc 

(lc = 10 !JAde, IE = 0) 

Emitter-Base Breakdown Voltage BVEBO 6.0 - Vde 
(IE = 10!JAdc, IC = 0) 

Collector Cutoff Current ICBO - 0.01 !JAdc 
(VCB = 45 Vde, IE = 0) 

ElTlitter Cutoff Current lEBO - 0.01 !JAde 
(VBE = 5.0 Vde, IC = 0) 

ON CHARACTERISTICS 

DC Current Gain hFE -
(lC = 100 !JAde, VCE = 5.0 Vdc) MMCM930,MMT930 100 -

MMCM2484,MMT2484 175 -
(lC = 500 !JAde, VCE = 5.0 Vde) MMCM930,MMT930 125 -

MMCM2484,MMT2484 200 -
(lC = 1.0 mAde, VCE = 5.0 Vde) MMCM930,MMT930 150 -

MMCM2484,MMT2484 250 -
(lC = 10 mAde, VCE = 5.0 Vde)(l1 All Types - 800 

Collector-Emitter Saturation Voltage VCE(sat) - 0.35 Vde 
(lC = 1.0 mAde, IB = 0.1 mAde) 

Base-Emitter On Voltage VBE(on) 0.5 0.7 Vde 
(lc = 100 !JAde, VCE = 5.0 Vdc) 

DYNAMIC CHARACTERISTICS 

Current-Gain-Bandwidth Product fT 60 - MHz 
(lC = 500 !JAdc, VCE =5.0 Vde, f = 30 MHz) 

Output Capacitance Cob - 6.0 pF 
(VCB = 5.0 Vdc, IE = 0) 

I "put Capacitance Cib - 6.0 pF 
(VBE = 0.5 Vdc, Ie = 0) 

Noise Fig~re NF dB 
(lC = 1 o !JAde, VCE =5.0 Vdc, RS = 10 k ohms, MMCM2484,MMT2484 - 3.0 
f= 10 Hz to kHz, Power Bandwidth = 15.7 kHz) 

(1 )Pulse Test: Pulse Width:5 300 /Js, Duty Cycle :::2.0%. 
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MMCM2222 (SILICON) 

MMT2222 

NPN SILICON ANNULAR TRANSISTORS 

... designed for high·speed switching circuits and DC to VHF 
amplifier applications. 

• Space Saving Micro-Miniature Packages 

• High DC Current Gain Range -
IC Specified from 1.0 mA to 300 mA 

• Low Collector-Emitter Saturation Voltage -
VCE(sat) = 0.4 Vdc (Max) @ IC = 150 mAde 

• MMT2222 - One-Piece, Injection-Molded Unibloc Package for 
High Reliability 

MMCM2222 - Cerami~ Package for Hermeticity 

MAXIMUM RATINGS 

Rating Symbol MMC~2222. MMT2222 •. Unit 

Collector-Emitter Voltage VCEO 30 Vdc 

Collector-Base Voltage VCB 60 Vdc 

Emitter-Ba", Voltage VEB 5.0 Vdc 

Total Device Dissipation @TA = 250 C Po 200 225 ·mW 
Derate above 250 C 1.14 2.05 mWfOC 

Operating and Storage Junction TJ,Tstg -65 to +200 -55to+l35 °c 
Temperature Rang&. 

THERMAL CHARACTERISTICS 

Characteristic Symbol MMCM2222 MMT2222 Unit 

Thermal Resistance; Junction to Ambient 8JA 0.87 0.490 °C/mW 

MICRO-T 

NPN SILICON 
SWITCHING 

TRANSISTORS 

0.050 om 

PIN 1. BASE 
2. EMITTER 
3. COLLEtTOR 

~D 
1I M 

TOC(lJlWftinc:Mltol'llilliintflnflluniplyb.,zs •• 

CASE 176(1) . 

PIN 1. BASE 
2. EMITTER 
3. COLLECTOR 

TD COMIft indilllO milH .......... 1dp1y by 21.4 

CASE 28 (1) 



MMCM2222, MMT2222 (continued) 

ELECTRICAL CHARACTERISTICS (TA = 250 C unless otherwise noted) 

Characteristic 

OFF CHARACTERISTICS 

Collector-Emitter Breakdown Voltage 
(lC = 10 mAdc,lB = 0) 

Collector-Base Breakdown Voltage 
IIC= 10j4Ade,IE =0) 

Emitter-Base Breakdown Voltage 
(IE = 10 j4Adc, IC = 0) 

Collector Cutoff Current 
(VCB = 50 Vde, IE = 0) 

ON CHARACTERISTICS 

DC Current Gain 
(lC = 1.0 mAdc, VCE = 10 Vdc) 

(lC = 10 mAdc, VCE = 10 Vdc) 

(lC = 150 mAdc, VCE = 10 Vdc) (1) 

(lC = 300 mAde, VCE = 10 Vdc)ll) 

Collector-Emitter Saturation Voltage(l) 
(lC = 150 mAde, IB = 15 mAde) 

(lC = 300 mAde, IB =30 mAde) 

Base-Emitter Saturation Voltage(1 ) 
(lC = 150 mAde,lB = 15 mAde) 

(lC = 300 mAde, IB = 30 mAde) 

DYNAMIC CHARACTERISTICS 

Current-Gain-Bandwidth Product 
IIc=20mAde, VCE =20Vde,f = 100 MHz) 

Output Capacitance 
(VCB = 10 Vde, IE = 0, f = 100 MHz) 

I nput Capacitance 

(VBE = 0_5 Vde,IC = 0, f = 100 MHz) 

SWITCHING CHARACTERISTICS 

Turn-On Time (Figure 1) 

Turn-Off Time (Figure 2) 

(l)Pulse Test: Pulse Width~300 ,,5, Duty Cycle:s.2.0%. 

FIGURE 1 -SATURATED TURN-ON SWITCHING 
TIME TEST CIRCUIT 

Uk 

• 0 

Vee "+30 V (adlustfflr 
1S0mAI 

OUTPUT TO 
SAMPLING 
SCOPE 

Symbol Min Typ Max Unit 

BVCEO 30 - - Vde 

BVCBO 60 - - Vde 

BVEBO 5_0 - - Vde 

ICBO - - 0_05 "Adc 

hFE -
50 - -
75 - -
100 - 300 

30 - -

VCE(satl Vde 
- 0.2 0.4 

- 0.9 1.6 

VBE(sat) Vde 
- 0_85 1.3 

- 1.4 2_6 

fT 200 - - MHz 

Cob - 3.5 B.O pF 

Cib - - 30 pF 

FIGURE 2 -SATURATED TURN-OFF SWITCHING 
TIME TEST CIRCUIT 

10/JS<tl<100/JS 
t2 <5.0 ns 

DUTY CYCLE ':2.D'.Hi 

1.Dk 

IN9lS 

-3.0 V 

Vee" +30 V (adjust for 
1S0mAI 

200 

.. 
OUTPUT TO 
SAMPLING 
SCOPE 

lin> 100 k ohms 
Cin"l2pF 

trd.Ons 



MMCM2369 (SILICON) 

MMT2369 

NPN SILICON ANNULAR TRANSISTORS 

... designed for high·speed, low current switching applications where 
high-density packaging is required. 

• Space Saving Micro-Miniature Packages 

• Ideal for Thick Film Digital Circuit Applications 

• MMT2369 - One-Piece, Injection-Molded Unibloc Package for 
High Reliability 

MMCM2369 - Ceramic Package for Hermeticity 

MAXIMUM RATINGS 

Rating Symbol MMCM23691 MMT2369 Unit 

Collector-Emitter Voltage VCEO 15 Vdc 

Collector-Base Voltage VCB 40 Vdc 

Emitter-Base Vol~ VEB 4.5 Vdc 

Collector Current - Continuous IC 200 mAde 

Total Device Dissipation@.TA = ~50'C PD 200 225 mW 
Derate above 25°C 1.14 2.05 mWloc 

Operating and Storage Junction TJ,Tstg -65 to +200 -55 to +135 oc 

Temperature Range 

THERMAL CHARACTERISTICS 

Chara~teristic Symbol MMCM2369 MMT2369 Unit 

Thermal Resistance,Junction to Ambient 8JA 0.87 0.49 °ClmW 
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MICRO-T 

NPN SILICON 
SWITCHING 

TRANSISTORS 

IplN I. BASt 
2. EMITIER 
3. COLLECTOR 

To tonverl inclm to millilll\lllfl muhiply by 2S.4 

CASE 176 (1) 

PfN 1. BASE 
'1 EMITTER 
3 COLLECTOR 

0.020 0.001 
[lOOTOf' [DiI3 0.004 

Li......1 -
~T -J+ -r;-\.: BOTTOM 

0.213 
MIN 

TOton~rtinch .. tomillimttlr$multiplyby25.4 

CASE 28 (1) 



MMCM2369, MMT2369 (continued) 

ElECTR ICAl CHARACTER ISTICS (T A = 250 C unless otherwise noted) 

Characteristic 

OFF CHARACTERISTICS 

Coliector·Emitter Breakdown Voltage( 1 ) 
(lC = 10 mAde, IB = 0) 

Collector-Base Breakdown Voltage 
(lC = 1OI'Ade,IE = 0) 

Emitter-Base Breakdown Voltage 
(IE = lOI'Ade,lc=O) 

Collector Cutoff Current 
(VCB = 20 Vde, IE = 0) 

ON CHARACTERISTICS 

DC Current Gain(l) 
(lC = 10 mAde, VCE = 1.0 Vde) 

(lC = 100 mAde, VeE = 2.0 Vde) 

Collector-Emitter Saturation Voltage 
(lC = 10 mAde, IB = 1.0 mAde) 

Base-Emitter Saturation Voltage 
(lC = 10 mAde, IB = 1.0 mAde) 

SMALL-SIGNAL CHARACTERISTICS 

Current·Gain-Bandwidth Product 
(lC = 10 mAde, VCE = 10 Vde, f = 100 MHz) 

Output Capacitance 
(VC8 = 5.0 Vde, IE = 0, f = 140 kHz) 

SWITCHING CHARACTERISTICS 

Turn-On Time 
(VCC = 3.0 Vde, VBE(off) = 1.5 Vdc,IC= 10mAde,IBl = 3.0 mAde) 

Turn·Off Time 
(VCC=3.0Vde,lc= 10mAde, IBl = 3.0 mAde,IB2 = 1.5 mAde) 

Storage Time 
(lc = IBl = IB2 = 10 mAde) 

(1)Pulse Test: Pulse Width:::'300 p.s, Duty Cvcle~2.0%. 

FIGURE 1 - ton CIRCUIT 

+10.6 V ~ 11 I--
}5--;~JI\ 
~ l-<:: 

PULSE WITH (II) = 300ns 
DUTY CYCLE = 2.0% 

3.0 V o----Wlr----. 
270 

3.3 k 

Svmbol Min Max 

BVCEO 15 -

BVCBO 40 -

BVEBO 4.5 -

ICBO - 100 

hFE 
40 120 

20 -
VCE(sat) - 0.25 

VBE(satl 0.70 0.85 

fT 500 -

Cob - 4.0 

tan - 12 

toft - 18 

tS(TS) - 13 

FIGURE 2 - toft CIRCUIT 

PULSE WIDTH Itl) = 300 ns 
DUTY CYCLE = 2.0% 

Unit 

Vde 

Vde 

Vde 

nAde 

-

Vde 

Vde 

MHz 

pF 

ns 

ns 

ns 

""otal shunt capacitance of test jig and connectors. 

MMCM2484 

For Specifications, See MMCM930 Data. 
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MMCM2907 (SILICON) 

MMT2907 

PNP SILICON ANNULAR TRANSISTORS 

... designed for general-purpose switching and amplifier applications, 
where high-density packaging is required. 

• Space Saving Micro-Miniature Packages 

• Low Collector-Emitter Saturation Voltage -
VCE(sat) = 0.4 Vdc (Max) @ IC = 150 mAdc 

• High Voltage Rating - BVCEO = 40 Vdc (Min) 

• DC Current Gain Specified ~rom 1.0 mAdc to 300 mAdc 

• MMT2907 - One-Piece, Injection-Molded Unibloc Package for 
High Reliability 

MMCM2907 - Ceramic Package for Hermeticity 

MAXIMUM RATINGS 

Rating Symbol MMCM2907 MMT2907 Unit 

Collector-Emitter Voltage VCEO 40 Vde 

Collector-Base Voltage VCB 60 Vde 

Emitter-Base Voltage VEB 5.0 Vde 

Collector Current - Continuous IC BOO mAde 

Total Device Dissipation @TA a 25°C Po 200 225 mW 
Derate above 26°C 1.14 2.05 mWflC 

Operating end Storage Junction TJ,Tstg -65 to +200 -65 to +136 DC 
Temperature Range 

THERMAL CHARACTERISTICS 

Cha_ic Symbol MMCM2907 MMT2907 Unh 

Thermal Resistence.Junction·to Ambient 8JA . 0~B7 0.49 °C/mW 

3-492 

MICRO,T 

PNPSILICON 
SWITCHING AND AMPLIFIER 

TRANSISTORS 

"5O -
I 
l'IN1. BASE 

2. EMITT£R 
3. COLLECTOR 

~D 
~ 

To converlinchlltofnilli""terlnulltlplybyH.4 

CASE 176 (11 

PIN 1. BASE 
2. EMITTER 
3. COLLECTOR 

CASE 29 (II 



MMCM2907, MMT2907 (continued) 

ELECTRICAL CHARACTERISTICS (T A = 250 C unless otherwise noted) 

I Characteristic I Symbol 

OFF CHARACTERISTICS 

Collector-Emitter Breakdown Voltage(l) 
(lC = 10 mAde, IS = 0) 

Collector-Base Breakdown Voltage 
(lC = 10 !LAde, IE = 0) 

Emitter-Base Breakdown Voltage 
(IE = 10 !LAde, IC = 0) 

Collector Cutoff Current 
(VCB = 50 Vde, IE = 0) 

ON CHARACTERISTICS 

DC Current Gain 
(lC = 1_0 mAde, VCE = 10 Vde) 

(lC= 10 mAde, VCE = 10Vde) 

(lC = 150 mAde, VCE = 10 Vde)!l) 

(lC = 300 mAde, VCE = 10 Vde)!l) 

Collector-Emitter Saturation Voltage( I) 
(lC = 150 mAde, IS;' 15 mAde) 

(lC = 300 mAde, IB = 30 mAde) 

Base-Emitter Saturation Voltage 
(lC = 150 mAde, IB = 15 mAde)!l) 

(lC = 300 mAde, IB = 30 mAde) 

DYNAMIC CHARACTERISTICS 

Current-Gain-Bandwidth Product 
(lC = 50 mAde, VCE = 20 Vde, f = 100 MHz) 

Output Capacitance 

(VCB = 10 Vde, IE = 0, f = 100 MHz) 

I "put Capacitance 
(VBE = 2_0 Vdc, IC = 0, f = 100 MHz) 

SWITCHING CHARACTERISTICS 

Turn-On Time (Figure I) 

Turn-Qff Time (Figure 2) 

(t)Pulse Test: Pulse Width "'5 300 1'5, Dutv Cycle 5. 2.0%. 

FIGURE 1 -SATURATED TURN-QN SWITCHING 
TIME TEST CIRCUIT 

o LJ,6 V 
50 PW~200 ns H 50 

1.0 k 

-30 V 

200 

(Adjust!or 
150 mAde) 

BVCEO 

BVCBO 

BVEBO 

ICBO 

hFE 

VCE(satl 

VBE(satl 

f,-

Cob 

Cib 
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Min Typ Max Unit 

40 - - Vde 

60 - - Vde 

5_0 - - Vde 

- - 50 nAde 

-
50 - -
75 - -

100 - 300 

30 - -

Vde 
- 0_2 0_4 

- - 1_6 

Vde 
- 0_85 1_3 

- - 2_6 

200 260 - MHz 

- 4_8 8_0 pF 

- - 30 pF 

FIGURE 2 ,-SATURATED TURN-OFF SWITCHING 
TIME TEST CIRCUIT 

~+3_0V 

-3D V 

200 

OUTPUT TO 
SAMPLING SCOPE 

SDk 
lin >100 k ohms 

-= Cjn~12 pF 
1r~5_0 ns 



MMD70 (SILICON) 

SILICON EPITAXIAL SWITCHING DIODE 

· .. designed for general-purpose. high-speed switching applications. 

• High Breakdown Voltage -
V(BR) = 50 Vdc (Min) @ I(BR) = 100 !.lAde 

• Space-Saving Micro-Miniature Package 

• One-Piece. Injection-Molded Unibloc Package for High Reliability 

• Characteristics Similar to MMD6050 

MAXIMUM RATINGS 

Rating Symbol Value Unit 

Reverse Voltage VR 50 Vde 

Peak Forward Recurrent Current IF 200 rnA 

Peak Forward Surge Current IFMlsurgel 500 rnA 
IPulse Width = 10 I's) 

Power Dissipation @TA :;:: 25°C Po 225 rnW 
Derate above 25°C 2.05 rnW/oC 

Operating and Storage Junction TJ.Tstg -55 to +135 °c 
Temperature Range 

ELECTRICAL CHARACTERISTICS (T A = 250 C unless otherwise noted) 

Characteristic Symbol' Min Max Unit 

Breakdown Voltage VIBR) 50 - Vde 
(I IBR) = lOOI'Adc) 

Reverse Current IR - 100 nAdc 

IVR = 30 Vde) 

Forward Voltage VF 0.75 1.2 Vde 
(IF = 100 mAde) 

Capacitance C - 2.5 pF 
IVR =0) 

Reverse Recovery Time trr - 15 ns 
(IF = IR = 10 mAde, VR = 15 Vde, 

irr = 1.0 mAde) 

3-494 

MICRO-MINIATURE 

SILICON EPITAXIAL 
SWITCHING DIODE 

ACTUAL SIZE 

~mOIA 0.010 

001] 
)l====::J 

0.165JI 
0.115 

0.213 
REF 

BOTTOM 

Cathude identified by color dot on top of package. 
CASE 166 



MMD6050 {SILICON} 

MMD6100 
MMD6150 
MMD7000 

Silicon epitaxial micro-miniature switching diodes -
single, series and dual diodes designed forgeneral-purpose, 
high-speed switching applications. 

MMD6050 - Case 166 MMD6100 - Case 28 (2) 
MMD6150 - Case 28 (3) 
MMD7000 - Case 28 (4) 

MAXIMUM RATINGS (each diode) 

Rating 

Reverse Voltage 

Peak Forward Recurrent Current 

Peak Forward Surge Current 
(Pulse Width =: 10 /ls) 

Power Dissipation @TA =: 25° C 
Derate above 25° C 

Operating and Storage Junction 
Temperature Range 

MMD6050 
(Case 166) 

Anode .~ 

SINGLE 

Cathode 

Symbol Value Unit 
VR 70 Vdc 

IF 200 rnA 

I FM(surge) 500 rnA 

PD 225 mW 
2.05 mW/oC 

TJ , Tstg -55to +135 °c 

MMD61 00 MMD6150 
(Case 28 Style 2) (Case 28 Style 3) 

/-~ 1 ~-, 
\ I Anod': \ 

Anode 21 
1 

1 

0.078 C====:::::I 

0.010 
0.016 
TYP 

~ 

Anode 1 I Cathode 1 Anode 

_ :'O~~O~C~T~O~E 1_ ~M!1~-~N~~ 1 __ -':E~I~ __ 

0.092 i iT 
0.048 0.020 0.001 
0LL'OSS 0.030 TOP ~0.003 0.004 

0.006 
TYP 

==r==t--i========!~ 

BonOM~T 
0.213 
REF . 

0.015 
0.025 

~ 
0.078 
0.092 0"")=:::::::::::J ~ 

_ 1: 
0.160 0.016 
MIN TYP 

3-495 



MMD6050, MMD61 00, MMD61 50, MMD7000 (continued) 
ELECTRICAL CHARACTERISTICS (T. '" 2S'C unless otherwISe noted) 

Characteristic 

Breakdown Voltage 
(I(BR) = 100 /LAdc) 

Reverse Current 
(VR = 50 Vdc) 

Forward Voltage 
(IF = 1.0 mAdc) 

(IF = 100 mAdc) 

Capacitance 
(VR =0) 

Reverse Recovery Time 
(IF = IR = 10 mAdc) 

FIGURE 1 - FORWARD CHARACTERISTICS 

100 

70 
50 

30 
~ 20 

~ a 10 
[i! 

7.0 

I 5.0 
..!f 

3.0 

2.0 

1.0 
0.2 0.4 

2.0 

1.5 

I I 
/ 

I I 
TJ ~ 125'C / 25'C / / -55'C 

II 
/ / 

I I I 
j J / 

0.6 0.8 

V, FORWARD VOLTAGE DROP (VOLTS) 

FIGURE 3 - CAPACITANCE 

1.0 

Symbol 

V(BR) 

IR 

VF 

C 

t 
rr 

100 

10 

1-
~ 

!!ii 1.0 a 
!---

III ;;; ..-/ 
;i 0.1 
~ 

~ 
~ .01 

.,/ 

1.2 
.001 25 

5.0 

4.0 

Min Typ Max 

70 - -

- - 0.1 

0.55 - 0.7 

0.85 - 1.1 

- 1.2 2.0 

- 1.5 5.0 

FIGURE 2 - REVERSE LEAKAGE CURRENT 
.versus TEMPERATURE 

/' 
/"' 

-V.~ 70/ ..-/ 

V.~IO/ 
.,/ ---/' 

L""" L y. 1.0 V 

.,/ 

50 75 100 

T •• AMBIENT TEMPERATURE I'C) 

FIGURE 4 - REVERSE RECOVERY TIME 

--- I, ~ 100rnA 

-............ 

Unit 

Vdc 

/LAdc 

Vdc 

pF 

ns 

f-'""' 

125 

~ 
!;i 

oS 
3.0 

~ ~ 
5 
§ 

1.0 

<S 

0.7 

0.5 

--- l"-I--
0.1 0.2 0.3 0.5 0.7 1.0 2.0 3.0 5.0 7.0 10.0 

V •• REVERSE VOLTAGE !VOLTS) 

'" i 
~ 
.i 

I--
2.0 

1.5 

1.0 
0.5 

-
FIGURE 5 - RECOVERY TIME EQUIVALENT TEST CIRCUIT 

CONSTANT CURRENT 
SOURCE 

0.01 ~F 

100~H 

0.01 ~F 

( 

1 
IF---, 

....... 
1,~50rnA - I---I, -lOrnA --

1.0 1.5 

1./1, 

O.U.T. OmA-------+------------~--~---

TRIGGER 

VR Pulse Rise Tilne ~O.25 ns 
s.;op. R;" Tim. ~ 0.35 os I R -.,.----i---
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MMD7001 (SILICON) 

SILICON EPITAXIAL DUAL SWITCHING DIODE 

· .. designed for general purpose, high-speed switching applications. 

• High Breakdown Voltage-
V(BRI = 45 Vdc (MinI @ I(BRI = lOJ.lAdc 

• Fast Reverse Recovery Time -
trr = 3.2 ns (Typl @ IF = IR = 10 mAde 

• Low Capacitance -
C = 2.5 pF (Typl @ VR = 0 

• Space-Saving Micro-Miniature Package 

MAXIMUM RATINGS (each diodel 

Rating 

Reverse Voltage 

Recurrent Peak Forward Current 

Peak FQrW8rd Surge Current 
(Pulse Width = 10,..1 

Power Oissipat.ion @ T A = 2SoC 
Derate above 25°C 

Operating and Storage Junction 
Temperature Range 

Common 
Anode 

Cathode 

Symbol 

VR 

IF 

IFM(surgal 

Po 

TJ,Tstg 

Anode 
SERIES 

Value Unit 

45 Vde 

200 mAde 

600 mAde 

225 mW 
2.05 mWfJC 

-55 to +135 °c 

Cathode 
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MICRO-MINIATURE 
SILICON EPITAXIAL 

DUAL SWITCHING DIODE 

Pin 1. Cathode 1 
2. Anode 2 
3. Cathode 2, 

Anode 1 

3 

0.004 
0.006 

~ 
t---=--t=80TTOM~~T 

0.213 
REF 

CASE 28 
(Style 4) 



MMD7001 (continued) 

ELECTRICAL CHARACTERISTICS (TA = 25°C) 

Characteristic Symbol Min Typ 

Breakdown Voltage V(BRI 45 -
(I(BRI ~ 10 "Ade) 

Reverse Current IR - -
(VR=30Vde) 

Forward Voltage VF 
(IF = 100 mAde) 0.75 -
(IF = 300 mAde) - -
(IF = 500 mAde) - -

Capacitance C - 2.5 
(VR = 01 

Total Control Charge Os - -
(IF = 10 mAde) 

Reverse Recovery Time trr - 3.2 
(IF = IR = 10 mAde. VR =5.0Vde. irr=I.0mAdc) 

FIGURE 1 - RECOVERY TIME EQUIVALENT TEST CIRCUIT 

1.0 ns (max) 

500 

100ns<q<100~ 

DUTY CYCLE = 2.0% 
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50 

Max Unit 

- Vde 

0.1 "Ade 

Vde 
0.9 

1.05 

1.15 

3.5 pF 

50 pC 

- no 



MMF 1 thru MMF6 (SILICON) 

MATCHED SILICON N-CHANNEL 
JUNCTION FIELD-EFFECT TRANSISTORS 

· .. consists of two individual 2N3823 device types which have been 
carefully matched for critical applications, such as differential ampli· 
fier service. Each matched pair is packaged in a metal clip for pair 
identity and each device is marked with the basic 2N3823 type number 
and a date code for further identification in the event of removal 
from the clip. 

• Guaranteed Temperature Tracking - (OOC to, 1000 C) 
.:lIVGS1-VGS21/.:lT= 10IlV/oC-MMF1,MMF2 

251lV laC - MMF3, MMF4 
50 IlV laC - MMF5, MMF6 

• Excellent Gate·Source Voltage Match -
1VGSl - VGS21 = 5.0 mVdc (Max) 

• Tight I DSS Match -
.:lIDSS = 5.0% (Max) - MMF1, MMF2 

• Low Noise Figure - NF = 2.5 dB (Max) @ 100 MHz (Each Device) 

MAXIMUM RATINGS ITA -25°C) -
Rating Symbol Value 

Drain-Source Voltage VOS 30 

Drain-Gate Voltage VOG 30 

Gate-Saure,. Voltage VGS 30 

Drain·Current 10 20 

Gate Current IG 10 

Total Device Dissipation @ T A ::: 2SoC Po 300 
Derate above 2SoC 2.0 

Operating and Storage Junction TJ,Tstg -65 to +175 
Temperature Range 

TABLE I - DIFFERENTIAL GATE·SOURCE VOLTAGE 
CHANGE WITH TEMPERATURE 

Conditions: 

VOG = 15 Vdc 

MMF1, MMF3, MMF5 -10 = 300 !lAde 

MMF2, MMF4, MMF6 - 10= 750 !lAde 

Device Type OOC to+25oC +250 C to +100oC 

MMF1,MMF2 0.250 mVdc 0.750 mVde 

MMF3, MMF4 0.625 mVdc 1.875nWde 

MMF5, MMF6 1.250mVdc 3.750mVdc 

3-499 

Unit 

Vde 

Vde 

Vde 

mAde 

mAde 

mW 
mW/oC 

°c 

MATCHED 
JUNCTION FIELD-EFFECT 

TRANSISTORS 
TYPE A 

0.183 
0i85 

TAB 
SCRIBE 
MARl( ...... 

!.- 0.390 -1.-45. 

I 0.410 'TV?,: 
, 30 MAX I 
I 

_ _ _ _ _ _ 'M'" TAB 
SCRIBE 

MARK 

0.005 x 45'"' 
(RADIUS OPTIONAl! 
INSIDE MUST BE 
BURR FREE 

1'F'-r---t'-=''''''iT 
0,245 
0,255 

L--_L--...J-_ .... -L 

SCRIBE MARK INDICATES 
LOCATION OF DEVICE TAB 



MMF1 thru MMF6 (continued) 

ELECTRICAL CHARACTERISTICS (each 2N3823) IT A = 25°C unless otherwise noted) 

I Characteristic I Symbol I Min 

OFF CHARACTERISTICS 

Gate-Souree 8reakdown Voltage 
(lG = 1.0/lAde, VOS = 0) 

Gate-Souree Voltage 
(10 = 0.4 mAde, VOS = 15 Vde) 

Gate-Source Cutoff Voltage 
(10 = 0.5 nAde, VOS = 15 Vde) 

Gate Reverse Current 

(VGS = 20 Vde, VOS = 0) 

(VGS = 20 Vde, VOS = 0, TA = 150oC) 

ON CHARACTERISTICS 

Zero-Gate Voltage Drain Current( 1 ) 
(VOS = 15 Vde, VGS = 0) 

DYNAMIC CHARACTERISTICS 

Forward Transfer Admittance 
(VOS = 15 Vde, VGS = 0, f = 1.0 kHz)!l) 

(VOS = 15 Vde, VGS = 0, f = 200 MHz) 

I nput Conductance 

(VOS = 15 Vde, VGS = 0, f = 200 MHz) 

Output Conductance 
(VOS = 15 Vde, VGS = 0, f = 1.0 kHz)!l) 

(VOS = 15 Vde, VGS = 0, f = 200 MHz) 

Input Capacitance 

(VOS = 15 Vde, VGS = 0, f = 1 .. 0 MHz) 

Reverse Transfer Capacitance 
(VOS = 15 Vde, VGS = 0, f = 1.0 MHz) 

Common~Source Spot Noise Figure 

(VOS = 15Vde, VGS=O, RS= 1.0kohm, f= tOO MHz) 

MATCHING CHARACTERISTICS (MMFI thru MMF6, See Note 2) 

Zero-Gate-Voltage Drain Current Ratio 
(l DSS l is the lower of the two values) 

(VOS = 15 Vde, VGS = 0) MMF1,MMF2 
MMF3,MMF4,MMF5,MMF6 

Forward Transfer Admittance Ratio 

(IVfsll is the lower of the two values) 

(VOG = 15 Vde, 10 = 300 "Ade) MMFI 
MMF3,MMF5 

(VOG = 15 Vde, 10 = 750 "Ade) MMF2 
MMF4,MMF6 

Oifferential Output Conductance 

(VOG = 15 Vde, I 0 = 750 /lAde, f = 1.0 kHz) MMF I,MMF3,MMF5 

(VOG = 15Vde,I0 =300/lAde, f= 1.0kHz) MMF2,MMF4,MMF6 

Differential Gate-Source Voltage 

(VOG = 15 Vde, 10 = 300/lAde) MMF I,MMF3,MMF5 

(VOG = 15 Vde, 10 = 750 /lAde) MMF2,MMF4,MMF6 

Differential Gate Reverse Current 

(VOG = 15 Vde, 10 = 300 "Ade, TA = 100°C) 

(VOG = 15 Vde,10=750/lAde, TA = loo0 C) 

Oifferential Gate-Source Voltage Change with Temperature 

(I)Pulse Test: Pulse Width = 100 ml, Duty Cycle ~10%. 

V(8R)GSS' 

VGS 

VGS(off) 

IGSS 

IYfsl 
Re(Yfs) 

Re(Yis) 

Ivosl 
Re(yos) 

Ciss 

Crss 

NF 

10SS1 

IOSS2 

Ivfsll 

IVfsl2 

IIYosil -IYos121 

IVGS1-VGS21 

IIG,-IG21 

(2)Matching characteristics apply only to pairs. of devices originallv packaged as. matched pair. 

3-500 

30 

1.0 

0.2 

-
-

3500 

3200 

-

-
-

-

-

-

0.95 
0.90 

0.98 
0_95 

0.98 
0.95 

-
-

-
-

-
-

Typ Max Unit 

- .- Vde 

- 7.5 Vde 

- 8.0 Vde 

nAde 
- 0.5 

- 500 

/lmhos 
- 6500 

- -
- 800 "mhos 

"m.hos 
- 35 
- 200 

- 6.0 pF 

- 2.0 pF 

- 2.5 dB 

-

- 1.0 
- 1.0 

-

- 1.0 
- 1.0 

- 1.0 

- 1.0 

"mho 
- 1.0 

- 1.0 . 

mVde 

- 5.0 

- 5.0 

nAde 

1.0 10 

1.0 10 

See TABLE I 



MT 70 (SILICON) 

NPN SILICON ANNULAR TRANSISTOR 

... designed for low-level, low-noise amplifier applications. 

• Space Saving Micro-Miniature Package 

• One-Piece,lnjection Molded Unibloc Package for High Reliability 

MAXIMUM RATINGS 

Rating Symbol Value Unit 

Collector~Emitter Voltage VeEO 20 Vde 

Collector-Base Voltage VeB 25 Vde 
Emitter-Base Voltage VEB 5.0 Vde 

Collector CUrrent Ie 50 mAde 

Total Device Dissipation@TA -25vC PD 225 mW 
Derate above 25°C 2.05 mW/oe 

Operating and Storage Junction 
Temperature Range 

T J,Tstg -55 to +135 °e 

THERMAL CHARACTERISTICS 

Characteristic 

Thermal Resistance. Junction to Ambient 

ELECTRICAL CHARACTERISTICS (T A = 250 C unless otherwise noted) 

Characteristic Symbol I Min Typ Max Unit 

OFF CHARACTERISTICS 

Collector-Emitter Breakdown Voltage BVeEO 20 - - Vde 
lie = 10 mAde,lB = 0) 

Collector-Base Breakdown Voltage BVeBO 25 - - Vde 
lie = 10 "Ade. 'E = 0) 

Emitter-Base Breakdown Voltage BVEBO 5_0 Vde 
(IE = 10 "Ade. IC = 0) 

Collector Cutoff Current 'CBO - - 50 nAde 
(VeB = 15 Vde. 'E = 0) 

ON CHARACTERISTICS 

DC Current Gain 
(le= 2.0 mAde. VCE =5.0 lide) 

DYNAMIC CHARACTERISTICS 

Output Capacitance Cob 8.0 pF 
(VeB =5.0Vde.IE =0. f= 1.0MHz) 

I nput Capacitance Gib 8.0 pF 
(VBE = 0.5 Vde.lc = O. f = 1.0 MHz) 

Noise Figure NF 1.0 dB 
(le= 10"Ade, VCE = 5.0 Vde, 
RS = 10k ohms. f= 10Hzto 15.7 kHz 

3-501 

Pin 1. Base 

MICRO-MINIATURE 

NPN SILICON 
AMPLIFIER 

TRANSISTOR 

0.015 
0.025 DIA 

2. Emitter 
3. Collector 

0.004 
0.006 

~I====--.l 
BO.TTOMjT 

0.213 
REF 

CASE 28 (11 



MMT.71 (SILICON) 

PNP SILICON ANNULAR TRANSISTOR 

... designed for low· level, low·noise amplifier applications. 

• Low Noise Figure·~ NF = 1.5 dB (Typ) @ f = 1.0 kHz 

• Low Output Capacitance -
Cob = 2.0 pF (Typ) @ VCB = 5.0 Vdc 

• One-Piece, Injection-Molded Unibloc Package for High Reliability 

• Characteristics Similar to 2N5086 

MAXIMUM RATINGS 

Rating Symbol Value Unit 

Collector-Emitter Voltage, VCEO 20 Vde 
Collector-Base Voltage VCB 25 Vde 
Emitter-Base Voltage VEB 4.0 Vde 
Collector Current Continuous IC 50 mAde 

Peak 100 
Total Device Dissipation@TA - 25°C Po 225 mW 

Derate above 2SoC 2.05 mW/oC 

Operating and Storage Junction T J,Tstg -55 to +135 °c 
Temperature Range 

THERMAL CHARACTERISTICS 

Characteristic 

Thermal Resistance, Junction to Ambient I 8JA 0.490 I °C/mW 

ELECTRICAL CHARACTERISTICS (T A = 250 C unless otherwise noted) 

Characteristic Symbol Min Typ Max Unit 

OFF CHARACTERISTICS 

Collector-Emitter 8reakdow~ Voltage 
IIc =10·mAde, IB = 0) 

BVCEO 20 - - Vde 

Collector~8ase Breakdown Voltage 
IIc = 10 jtAde, IE = 0) 

BVCBO 25 - - Vde 

Emitter~Base Breakdown Voltage 
liE = 10 jtAde, IC = 0) 

BVEBO 4.0 Vde 

Collector Cutoff Current ICBO 50 nAde 
(VCB = 15 Vde, IE = 0) 

ON CHARACTERISTICS 

DC Current Gain hFE 150 - - -
(lC = 2.0 mAde, VCE = 5.0 Vde) 

SMALL-SIGNAL CHARACTERISTICS 

Output Capacitance 
(VCB = 5.0Vde, IE = 0;1= 1.0 MHz) 

Cob - 2.0 6.0 pF 

Input Capacitance 
(VBE =0.5 Vde, IC =0, 1= 1.0 MHz) 

Ojb - - 10 pF 

Noise Figure NF - 1.S - dB 
(lC= loojtAde, VCE =lOVde,. 
(RS = 3.0 kohms, 1 = 1.0 kHz) 

3-502 

J 

MICRO-MINIATURE 

PNP SILICON 
AMPLIFIER 

• TRANSISTOR 

L ~~OIA' 

0.078 y. l.~ 
.- " O.OlD 

0.092 "",.., ~T 
I ,---0.,65.· o:m. ,r--o:m 

Pin 1. Base 3-
2. Emitter 
3. Collector 

. 0.020 0.001 = TOP . [003 0.004 

I' HI·· .[006 .LL . I 
0.048.T . .:..L. . 

0T--~ JT ~ - \,.: 80TTOM .:. 

. ~~~~ 
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MMT72 (SILICON) 

NPN SILICON ANNULAR TRANSISTOR 

· .. designed for high·speed, low·current switching applications where 
high.cJensity packaging is required. 

• Ideal for Thick Film Digital Circuit Applications 

• One·Piece,lnjection·Molded Unibloc Package for High Reliability 

MAXIMUM RATINGS 

Rating Symbol Value Unit 

Collector-Emitter Voltage VCEO 10 Vdc 

Collector-Emitter Voltage VCES 12 Vdc 

Emitter-Base Voltage VEB 4.0 Vdc 

Collector Current-Continuous IC 200 mAde 

Totsl Device Dissipation @ T A - 25°C Po 225 mW 
Derate above 25°C 2.05 mW/oC 

Operating and Storage Junction 
Temperature Range 

TJ, Tstg -55 to +135 °c 

THERMAL CHARACTERISTICS 

Cha .. actaristics I Symbol I Max I Vnit 
Thermal Resistance. Junction to Ambient I 8JA I 0.490 I °C/mW 

3-503 

MICRO-MINIATURE 
NPN SILICON 
SWITCHING 

TRANSISTOR 

Pin 1. Emitter 
2. Base 
3. Collector 

0.004 
0.006 

.J... 
t---=--FBOnO~MjT 

0.213 
REF 

CASE 28(1) 



MMT72 (continued) 

ELECTRICAL CHARACTERISTICS ITA = 25°C unless otherwise noted) 

Characteristic 

OFF CHARACTERISTICS 

Collector-Emitter Breakdown Voltage 
(lc = 10 mAde, IB = 0) 

Collector-Emitter Breakdown Voltage 
(lC = 10 "Ade, VBE = 0) 

Emitter-Base Breakdown Voltage 
(IE = 10 "Adc, IC = 01 

Colle.ctor Cutoff Current 
(VCB = 10Vdc,IE = 01 

ON CHARACTERISTICS 

DC Current Gain 
(lC = 10 mAde, VCE = 2_0 Vdc) 

Collector-Emitter Saturation Voltage 
(lC = 10 mAde, IB = 1.0 mAde) 

DYNAMIC CHARACTERISTICS 

Current-Gain-Bandwidth Product 
(lC= 10mAdc, VCE= 10Vde, f= 100 MHz) 

Output Capacitance 
(VCB = 5.0 Vdc, IE=O, f= 1_0 MHz) 

SWITCHING CHARACTERISTICS 

Turn-On Time 

(VCC = 3.0 Vdc, VBE(off) = 1.5 Vdc, 
IC= 10mAdc,IBl =3.0mAdc) 

Turn-Off Time 
(VCC=3.0Vdc,IC= 10 mAde, 

IB1·= 3.0 mAdc,IB2 = 1.5 mAde) 

FIGURE l-tanCIRCUIT 

+10.6V n-+l'l \4-

0---
-1.5 V 

~ <tOns 

PULSE WIDTH ('1) = 300 ns 
DUn CYCLE = 2.0% 

3.0 V 0-'Il10'''''--.. 

I 
...J.... ,,-, 

! .CS· < 4.0 pF _ .... 

Symbol Min Max 

BVCEO 10 

BVCES 12 

BVEBO 4_0 

ICBO 100 

hFE 30 -
VCE(sat) 0.3 

fT 400 -
Cob 6.0 

ton - 20 

toff - 30 

FIGURE 2 - toff CIRCUIT 

270 H':~"' 
- 4.15 V >-..... ,..,.--1~ 

l.. < loans 

PULSE WIDTH ('1) = 300 ns 
DUTY CYCLE = 2.0% 

3.3 k 

*Total shunt capacitance of test jig and connectors. 

Unit 

Vdc 

Vdc 

Vdc 

nAdc 

-

Vdc 

MHz 

pF 

ns 

ns. 

Cs' <4.0. pF 



MMT73 (SILICON) 

PNP SILICON ANNULAR TRANSISTOR 

· .. designed for high-speed. low-current switching applications where 
high-density packaging is requ ired. 

• Ideal for Thick Film Digital Circuit Applications 

• One-Piece. Injection-Molded Unibloc Package for High Reliability 

• Characteristics Similar to 2N3546 

MAXIMUM RATINGS 

Rating Symbol Value Unit 

Collector-Emitter Voltage VCEO 8.0 Vde 

Collector-Emitter Voltage VCES 8.0 Vde 

Emitter-Base Voltage VEB 4.0 Vde 

Collector Current - Continuous IC 200 mAde 

Total Oevice Dissipation@TA = 25°C Po 225 mW 
Derate above 25°C 2.05 mW/oC 

Operating and Storage Junction TJ. T stg -55 to +135 °c 
Temperature Range 

THERMAL CHARACTERISTICS 

Characteristic Symbol Max Unit 

Thermal Resistance, Junction to Ambient 8JA 0.490 °C/mW 

3-505 

MICRO-MINIATURE 

PNPSILICON 
SWITCHING 

TRANSISTOR 

Pin 1. Base 
2. Emitter 
3. Collector 

CASE 28 (1) 



• MMT73 (continued) 

ELECTRICAL CHARACTERISTICS (T A = 25°C unless otherwise noted) 

Character:istics Symbol Min Max Unit 

OFF CHARACTERISTICS 

Collector-Emitter Breakdown Voltage BVCEO 8_0 - Vdc 
(lC = 10 mAdc, IB = 01 

Collector-Emitter Breakdown Voltage BVCES 8.0 - Vdc 
(lC = 100 "Adc, VpE = 0) 

Emitter-Ba .. Breakdown Voltage BVE80 4.0 - Vdc 
(lC = loo"Adc, IC = 0) 

Collector Cutoff Current ICBO 100 nAdc 
(VCB = 3.0 Vdc, IE = 0) 

ON CHARACTERISTICS 

DC Current Gain hFE -
(lC = 10 mAdc, VCE = 1.0 Vdc) 30 -
(lC = 50 mAdc, VCE = 1.0 Vdc) 20 -

Collector-Emitter Saturation Voltage VCE(sat) - 0.2 Vdc 
(lc = 10 mAdc, IB = 1.0 mAdc) 

DYNAMIC CHARACTERISTICS 

Current-Gain-Bandwidth Product fT 400 - MHz 
(lc = 10 mAdc, VCE = 5.0 Vdc, f = 100 MHzl 

Output Capacitance Cob - 5.0 pF 
(VCB = 5.0 Vdc, IE = 0, f = 1.0 MHz) 

SWITCHING CHARACTERISTICS 

Turn-On Time ton - 30 ns 
(VCC= 1.5Vdc, IC= 10mAdc, IBl = 1.0mAdcl 

Tum-Off Time toff - 30 ns 
(VCC = 1.5 Vdc, IC = 10 mAdc, IBl = IB2 = 1.0 mAdc) 

FIGURE 1 - TURN-ON AND TURN-OFF TIME TEST CIRCUIT 

Vee Vee 

2.2 k 130 

TO SeOPE 
0.1 pF 5.0 k 

Vin=T 
Zin· 50 Ohms 130 
tr< lOns . 
PULSE WIDTH· 2.40 ns -= 

Zin ;>100 k OHMS 
tr<5.0 ns "' 

Vin VBB VCC IC IBl 182 
Vdc Vdc Vdc rnA mA mA 

ton -5.8 Gnd -1.5 10 1.0 1.0 

toff +10 -8.0 -1.5 10 1.0 1.0 
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MMT74 (SILICON) 

NPN SILICON ANNULAR TRANSISTOR 

· .. designed for high-gain, low-noise amplifier, oscillator and mixer 
applications. 

• High Current-Gain-Bandwidth Product -
fT = 1000 MHz (Typ) @ IC = 4.0 mAdc 

• Low Collector - Base Capacitance 
Ccb = 1.0 pF (Typ) @VCB = 10 Vdc 

• One-Piece, Injection Molded Unibloc Package for High Reliability 

-
MAXIMUM RATINGS 

Rating Symbol Value Unit 

Collector-Emitter Voltage Vr~n 12 Vdc 
Collector-Base Voltage VCB 20 Vdc 
Emitter-Base Voltage VEB 3.0 Vdc 
Collector Current IC 40 mAde 

Total Device Dissipation @TA - 2SoC Po 225 mW 
Derate above 2SoC 2.05 mW/oC 

Operating arid Storage JUnction TJ,Tstg -55 to +135 °c 
Temperature Range 

THERMAL CHARACTERISTICS 
Characteristics Symbol Max I Unit 

Thermal Resistance. Junction to :Ambient 8JA 0.490 °C/mW 

3-507 

MICRO-MINIATURE 

NPN SILICON 
RF AMPLIFIER 
TRANSISTOR 

e1=~2~ 
~I 0.165 0.016 

[ill 

Pin 1. Base 
2. Emitter 
3. Collector 
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MMT74 (continued) 

ELECTRICAL CHARACTERISTICS (T A = 25°C unless otherwise noted} 

Characteristic Symbol Min Typ 

OFF CHARACTERISTICS 

Collector-Emitter Breakdown Voltage BVCEO 12 -
(lC = 3_0 mAde, IB = 01 

Collector-Base Breakdown Voltage BVCBO 20 -
(lC = 100 "Adc, IE = 01 

Emitter-Base Breakdown Vditage BVEBO 3_0 -
(IE = 10 "Adc, IC = 01 

CollectOr Cutoff Current ICBO 
(VCB = 10 Vdc, IE =·01 

ON CHARACTERiStiCS 

I DC Current Gain 
(lC= 3.0 mAde, VCE = 1.0 Vdcl 

hFE 25 

DYNAMIC CHARACTERISTICS 

I \;urrent-Gam -BandwIdth product 'T IUU lUUU 

(lc=4.0mAdc, VCE = 10Vdc, 
f= 100 MHzl 

Collector-Base Capacitance Ccb 1.0 
(VCB =10 Vdc, Ie =O,f= 1.0MHzl 

Noise Figure NF 4.0 
(lc = 1.5 mAde, VCE = 10 Vdc, 

RS = 50 ohms, f = 450 MHzl 

FUNCTIONAL TEST 

Common Emitter Amplifier Power Gain 

(lC = 1.5 mAde, VCE = 10 Vdc, f = 450 MHzl 

FIGURE 1 - TEST CIRCUIT FOR NOISE FIGURE AND POWER GAIN 

Capacitance values in pF 
L 1. L2 - Silver plated brass rod. 1-1/2" long and 1/4" dia. Install at least 

1/2" from nearest vertical chassis surface. 
L3 - ,/2" turn #16 AWG wire, located 1/4" from and parallel to L2. 
G)- External interlead shield to isolate collector lead from emitter 

and base leads. 

Neutralization Procedure: 
(A) Connect 4SD-MHz signal generator (with RS = 50 ohms) to input 

terminals of amplifier. 
(B) Connect 50-ohm RF voltmeter across output terminalsofamplifier. 
(C) Apply VEE, arid with signal generator adjusted for 5 mV outP.ut 

from amplifier, tune Cl, C3. and C4 for maximum output. 
(Ol Interchange connections to signal generator and RF voltmeter. 
(E) With sufficient signal applied to output terminals of amplifier, 

adjust C2 for minimum indication at input. 
tFI Repeat steps (AI, (B), and (CI to determine if retuning is necessary. 

l.Ok 
2.1k 

S.8k 

VEE = 1.5Vdc 

3-508 

Max Unit 

- Vde 

- Vdc 

- Vdc 

100 nAdc 

MHz 

3.0 pF 

dB 



MMT 75-PNP (SILICON) 

MMT76-NPN 

COMPLEMENTARY SI LICON 
ANNULAR TRANSISTORS 

· .. designed for general·purpose switching and amplifier applications 
and for complementary circuitry where high·density packaging is 
required. 

• Current Gain Specified in Two Ranges for Design Flexibility 

• Low Output Capacitance -
Cob = 5.0 pF (Max) @ VCB = 5.0 Vdc 

• One·Piece,lnjection·Molded Unibloc Package for High Reliability 

• Characteristics Similar to NPN-2N3903, and PNP-2N3905 

MAXIMUM RATINGS 

Rating Symbol Value Unit 

CollectorMEmitter Voltage VCEO 20 Vdc 

Collector-Base Voltage VCB 30 Vdc 
Emitter·Base Voltage VEB 5.0 Vdc 
Collector Current Continuous IC 200 mAde 
Total Device Dissipation @TA = 25°C Po 225 mW 

Derate above 25°C 2.05 mWflC 
Operating and Storage Junction TJ,T stg -55 to +135 °c 

Temperature Range 

THERMAL CHARACTERISTICS 

Characteristic I Symbol I Max I Unit 

Thermal Resistance. Junction to Ambient I 8JA I 0.490 I °C/mW 

3-509 

MICRO-MINIATURE 

COMPLEMENTARY SI LICON 
SWITCHING AND AMPLIFIER 

TRANSISTORS 

0'1=~2~ 
~I 0.165 o:ms 

o:m 

Pin 1. Base 
2. Emitter 
3. Collector 
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MMT75-PNP, MMT76-NPN (continued) 

ELECTRICAL CHARACTERISTICS (T A = 25°C unless otherwise noted) 

f Characteristic I Svmb~t Min Typ Max Unit 

OFF CHARACTERISTICS 

Collector-Emitter Breakdown Voltage BVCEO 20 - - Vde 
(lC = 10 mAde, IB = 0) 

Colleetor-Ba .. Breakdown Voltage BVCBO 30 - - Vde 
(lc = 10 "Ade, IE = 0). 

Emitter-Ba .. Breakdown Voltage BVEBO 5.0 - - Vde 
(IE = 10 "Ade, IC = 0) 

Collector Cutoff Current ICBO - - 100 nAde 
(VCB = 20 Vde, IE = 0) 

ON CHARACTERISTICS 

DC Current Gain hFE -
(lC = 10 mAde, VCE = 1.0 Vde) Both 50 - 400 

(lC = 50 mAde, VCE = 1_0 Vde) MMT75 20 - -
MMT76 30 - -

DYNAMIC CHARACTERISTICS 

Output Capacitance Cob - - 5.0 pF 
(VCB = 5.0 Vde, IE = 0, f = 1.0 MHz) 

Noise Figure NF dB 
(lc = 100 "Ade, VCE ;, 5.0 Vde, RS = 1.0 k ohms, MMT75 - 1.0 -

BW = 10 Hz to 15.7 kHz) MMT76 - 3.0 -

SWITCHING CHARACTERISTICS 

Delay Time MMT75 ld - 25 - ns 

(VCC = 3.0 Vde, VBE(off) = 0.5 Vde, MMT76 - 24 -
IC= 10 mAde, IBI = 1.0 mAde) 

Rise Time MMT75 tr - 18 - no 
MMT76 - 13 -

Storage Time MMT75 to - 140 - ns 

(VCC = 3.0 Vde, IC = 10 mAde, MMT76 - 125 -

IBI = IB2 = 1.0 mAde) 
'Fall Time MMT75 tf - 15 - ns 

MMT76 - 11 -
. : .~ 

DELAY AND RISE TIME EOUIVALENT TEST CIRCUIT 

FIGURE 1 - MMT75-PNP 

STORAGE AND FALL TIME EOUIVALENT TEST CIRCUIT 

FIGURE 2 - MMT75-PNP 

de +0'5"V:~u _ 

-10.6 V~ I+- 300 n, 
DUTY CYCLE = 2.0% 

FIGURE 3- MMT76 -NPN 

. 300 n, -+t f+-

DUTY CYCLE = 2'[I% -. +10".6 V 

-0.5 V 

<l.Ons [ 

+IE9.1 V~J-<1.0n' 10k 

o . 
lN916 

10<11 <500", '+i F-1O.9 V 
DUTY CYCLE = 2.0% '1 

FIGURE 4 - MMT76 -NPN 

10<11<500",~ t] i:!:::......+109V 

""IT"m~'~ 

-9.1 V-:::;'-I-< 1.0 n' 

*Total shunt capacitance of test jig and connectors 
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MMT806 (SILICON) 

NPN SILICON ANNULAR TRANSISTOR 
MICRO POWER SERIES 

· .. designed for high·speed, low·power switching circuits. 

• DC Current Gain @ Ultra Low Current -
hFE = 150 (Typ) @ IC = 1.0 IlAdc 

• High Current·Gain - Bandwidth Product -
fT = 2100 MHz (Typ) @ IC = 1.0 mAdc 

• Low Capacitances -
Cob = 0.6 pF (Maxi @VCB = 1.0 Vdc 

Cib = 0.35 pF (Max) @ VBE = 1.0 Vdc 

• Space·Saving Micro·Miniature Package 

• One·Piece, Injection·Molded Unibloc Package for High Reliability 

• Complement to PNP Type MMT808 

MAXIMUM RATINGS 

Rating Svmbol Value Unit 

Collector-Emitter Voltage VCEO 5.0 Vdc 

Collector-Base Voltage VCB B.O Vdc 

Total Device Dissipation @ T A = 25°C PD 225 rrWV 
Derate above 25°C 2.05 mW/oC 

Operating and Storage Junction TJ, T stg -55 to +135 °c 
Temperature Range 

THERMAL CHARACTERISTICS 

Characteristic Svmbol Max Unit 

Thermal Resistance, Junction to 8JA 0.490 °CIW 
Ambient 

3-511 

MICRO-MINIATURE 

NPN SILICON 
SWITCHING 

TRANSISTOR 

~:~~~ OIA 

G1=~2~ 
~I 0.165 Ii:Olli 

0.175 

Pin 1. Base 
2. Emitter 
3. Collector 
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MMT806 (continued) 

ElECTR ICAl .CHARACTER ISTICS (T A = 250 C unless otherwise noted) 

Characteristic 

OFF CHARACTERISTICS 

Collector-Emitter Br.eQkdown Voltage SVCEO 5.0 -
(lC = 1.0 mAde,lS = 0) 

Coliector·Base Breakdown Voltage SVCBO 8.0 -
(lC = 10 /-lAde, 'E = 0) 

Collector Cutoff Current 'CEO - _. 
(VCE = 4.0 Vdc, IS = 0). 

ON· CHARACTERISTICS 

DC Current Gain hFE 
(lC = 1.0 /-lAdc, VCE = 1.0 Vdc) 20 150 
(lc = 1oo/-lAdc, VCE = 1.0 Vde) 50 175 

Collector-Emitter Saturation Voltage VCE(sat) 
(lC = 1.0 /-lAde, I B = 0.2 /-lAde) - 58 
(lC = loo/-lAde, 'B = 10/-lAde) - 55 

Base-Emitter Saturation Voltage" VBE(sat) 
(lC = 1.0/-lAde,ls = 0.2#Adc) - 0.58 
(lC = 100/-lAdc,IB =10/-lAdc) - 0.69 

DYNAMIC CHARACTERISTICS 

Current-Gain - Bandwidth Product fT 
(lC = 1.0 /iAde, VCE = 1.0 Vde, 1 = 200 MHz) - 20 

(lC = 10 /-lAde, VCE = 1.0 Vdc, 1 = 200 MHz) - 120 
(lC = 1.0 mAdc, VCE = 1.0 Vdc, 1 = 200 MHz) 1200 2100 

Output Capacitance Cob - 0.33 
(VCB = .1.0 Vdc, 'E = 0, f = 100 MHz) 

I nput Capacitance Cib - 0.2 
(VBE = 1.0 Vde, IC = 0, 1 = 100 MHz) 

FIGURE 1 - 250 MHz TYPICAL OPERATING FREQUENCY CIRCUIT 
(At Total Po Unloaded 01 10 mW) 

Vee = GROUND 

5.6 k 5.6 k 

-VEE = -5.2 V -VEE = -5.2 V 

3-'-512 

- Vde 

- Vde 

10 nAdc 

-
-
-

mVde 

-
100 

Vde 
0.70 
0.8 

MHz 

-
-

-
0.6 pF 

0.35 pF 

1.8 k 

-VEE = -52 V 



MMT807 (SILICON) 

NPN SILICON ANNULAR TRANSISTOR 
MICRO POWER SERIES 

· .. designed for high-frequency, low-power amplifier applications. 

• DC Current Gain @ Ultra Low Current -
hFE = 125 (Typ) @ IC = 10 IlAdc 

• High Current-Gain-Bandwidth Product -
fT = 2100 MHz (Typ) @ IC = 1.0 mAdc 

• Low Capacitances -
Cob = 0.55 pF (Max) @ VCB = 0.5 Vdc 
Cib = 0.45 pF (Max) @ VBE = 0 

• Typical Power Gain = 18 dB @ IC = 100 IlAdc 

• Typical Noise Figure = 2.0 dB @ IC = 100 IlAdc 

• Space Saving Micro-Miniature Package 

• One-Piece,lnjection-Molded Unibloc Package for High Reliability 

• Complement to PNP Type MMT809 

MAXIMUM RATINGS 

Rating Symbol Value Unit 

Coliector·Emitter Voltage VCEO 5.0 Vdc 

COliector-B ..... Voltage VCB 8.0 Vdc 

Total Device Dissipation@TA = 25°C Po 225 mW 
Derate above 25°C 2.05 mW/oC 

Operating and Storage Junction TJ,Tstg -55 to +135 °c 
Temperature Range 

THERMAL CHARACTERISTICS 

Characteristic I Symbol I Max I Unit 

Thermal Resistance. Junction to Ambient I 9JA I 0.490 I °C/W 
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MICRO-MINIATURE 

NPNSILICON 
AMPLIFIER 

TRANSISTOR 

Pin 1. Base 
2. Emitter 
3. Collector 
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MMT807 (continued) 

ELECTRICAL CHARACTERISTICS (TA = 25°C unless otherwise noted) 

Characteristic 

OFF CHARACTERISTICS 

Collector-Emitter Breakdown Voltage 
(I C ~ 1.0 mAde, I B = 0) 

Collector-Base Breakdown Voltage 

(lc = 10"Ade, IE = 0) 

Collector Cutoff Current 
(VCE = 4.0 Vde, IB = 0) 

ON CHARACTERISTICS 

DC Current Gain 

(Ie = 10 "Ade, VCE = 1.0 Vde) 

(lC = 1.0 mAde, VCE = 1.0 Vde) 

Collector~Emitter Saturation Voltage 
(lc = 10 "Ade, IB = 1.0 "Ade) 

(lC = 1.0 mAde, IB = 100 "Ade) 

Base-Emitter Saturation Voltage 
(lC = 10 /LAde, IB = 1.0 "Ade) 

(lC = 1.0 mAde, I B = 100 "Ade) 

DYNAMIC CHARACTERISTICS 

Current-Gain-Bandwidth Produc1 
(lc = 1.0 mAde, VCE = 1.0 Vde, I = 200 MHz) 

Output Capacitance 
(VCB = 0.5 Vde, IE = 0, f = 100 MHz) 

I nput Capacitance 

(V BE = 0, IC = 0, I = 100 MHz) 

Noise Figure 
(lc = 100 "Ade, VCE = 0.7 Vde) (Figure 1) 

(lc = 1.0 mAde, VCE = 1.0 Vde) (Figure 2) 

Power Gain 
(lC ~ 100 "Ade, VCE = 0.7 Vde, I ~ 200 MHz) (Figure 1) 

(lC = 1.0 mAde, VCE ~ 1.0 Vde, f = 200 MHz) (Figure 2) 

FIGURE 1 - 200 MHz TEST CIRCUIT 
POWER GAIN-NOISE FIGURE 

(NEUTRALIZED, Ie = 100 "Ade) 

-1.0 V 

LI 31urns No. 20 AWG, 114" ID 
L2 4 Turns No. 20 AWG, 114" 10 
L3 5 Turns No. 20 AWG, 114" 10 
L2,L3 ~ 30% Coupling 

Symbol Min Typ Max 

BVCEO 5.0 - -

BVCBO 8.0 - -

ICEO - - 10 

hFE 
20 125 -

25 150 -

VCE(sat) 
- 71 100 

- 56 125 

VBE(satl 
- 0.62 0.70 

- 0.77 0.85 

IT 1200 2100 -

Cob - 0.34 0.55 

Cib - 0.27 0.45 

NF 
- 2.0 -
- 2.5 -

Gpe 
- 18 -
- 23 -

FIGURE 2 - 200 MHz TEST CIRCUIT 
POWER GAIN·NOISE FIGURE 

(NEUTRALIZED, IC ~ 1.0 mAde) 

-1.7 V 

LI 21urns No. 20 AWG, 31B" 10 
L2 5 Turns No. 20 AWG, 114" 10 
L3 STurns No. 20 AWG, 114" 10 +0.3 V 
L2,L3 ~ 30%. Coupling 
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Vde 

Vde 

nAde 

-

mVde 

Vde 

MHz 

pF 

pF 

dB 

dB 



MMT808 (SILICON) 

PNP SILICON ANNULAR TRANSISTOR 
MICRO POWER SERIES 

... designed for high·speed, low·power switching circuits. 

• DC Current Gain @ Ultra Low Current -

hFE = 65 (Typ) @ IC = 1.0 /.lAde 

• High Current·Gain - Bandwidth Product -
fT = 2500 MHz (Typ) @ IC = 1.0 mAde 

• Low Capacitances -
Cob = O.S pF (Max) @ VCB = 1.0 Vdc 
Cib = 0.3 pF (Max) @ VBE = 1.0 Vdc 

• Space Saving Micro·Miniature Package 

• One·Piece, Injection Molded Unibloc Package for High Reliability 

• Complement to NPN Type MMTS06 

MAXIMUM RATINGS 

Rating Symbol Value Unit 

Collector-Emitter Voltage VCEO 5.0 Vdc 

Collector-Base Voltage VCB 8.0 Vdc 

Total Device Dissipation @TA = 25°C Po 225 rrtN 
Derate above 25°C 2.05 mW/oC 

Operating and Storage Junction TJ,Tstg -55 to +135 °c 
Temperature Range 

THERMAL CHARACTERISTICS 

Characteristic Symbol Max Unit 

Thermal Resistance, Junction to ()JA 0.490 °CIW 
Ambient 
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MICRO-MINIATURE 

PNPSILICON 
TRANSISTOR 

Pin 1. a ... 
2. Emitter 
3. CoUector 

CASE 28(1) 



MMT808 (continued) 

ELECTRICAL CHARACTERISTICS (TA ; 25°C unless otherWise noted) 

Characteristic Symbol Min Typ Max Unit 

OFF CHARACTERISTICS 

Colleetor·Emitter Breakdown ·Voltage BVCEO 5.0 - - Vde 
(lC = 1.0 mAde, I B = 0) 

Colleetor·Base Sreakdown Voltage SVCBO B.O - - Vde 
(lC = 10 !lAde, IE = 0) 

Collector Cutoff Current ICEO - - 10 mVde 
(VCE = 4 .. 0 Vde, IS = 0). 

ON CHARACTERISTICS 

DC Current Gain hFE -
(lc = 1.0 !lAde, VCE = 1.0 Vde) 20 65 -
(lC = 100 !lAde, VCE = 1.0 Vde) 50 80 .-

Coliector·Emitter Saturation Voltage VCE(sat) mVde 
(lC = 1.0 !lAde, IB = 0.2 !lAde) - 94 -
(lC = 100 !lAde, IS = 10 !lAde) - 74 100 

Base·Emitter Saturation Voltage VBE(satl Vde 
(lC = 1.0 !lAde, IS = 0.2 !lAde) - 0.58 0.7 
(lC = 100 !lAde, IB = 10 !lAde) - .0.69 0.8 

OVNAMIC CHARACTERISTICS 

Current·Gain - Sandwidth Product fT MHz 
(lC = 1.0 !lAde, VCE = 1.0 Vde, f = 200 MHz) - 20 -
(lC = 10 !lAde, VCE = 1.0 Vde, f = 200 MHz) - 100 -
(lC = 1.0 mAde, VCE = 1.0 Vde, f = 200 MHz) 1200 2500 -

Output Capacitance Cob - 0.42 0.8 pF 
(VCS = 1.0 Vde, IE = 0, f = 100 MHz) 

Input Capacitance Cib - 0.2 0.3 pF 
(VBE = 1.0 Vde, IC = 6, f = 100 MHz) 
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MMT809 (SILICON) 

PNP SILICON ANNULAR TRANSISTOR 
MICRO POWER SERIES 

... designed for high·frequency, low-power amplifier applications. 

• DC Current Gain @ Ultra Low Current -
hFE = 70 (Typ) @ IC = 10 J.lAdc 

• Low Capacitances -
Cob = 0.8 pF (Max) 
Cib = 0.5 pF (Max) 

• Typical Power Gain = 17 dB @ IC = 100 J.lAdc 

• Typical Noise Figure = 2.6 dB @ IC = 100 J.lAdc 

• High Current-Gain-Bandwidth Product -
fT = 2500 MHz (Typ) @ IC = 1.0 mAdc 

• Space Saving Micro-Miniature Package 

• One-Piece, I njection Molded Unibloc Package for High Reliability 

• Complement to NPN Type MMT807 

MAXIMUM RATINGS 

Rating Symbol Value Unit 

Coliector~Emitter Voltage VCEO 5.0 Vdc 

Collector-Base Voltage VCB 8.0 Vdc 

Total Device Dissipation @TA = 25°C Po 225 mW 
Derate above 25°C 2.05 mW/oC 

Operating and Storage Junction TJ, Tstg -55 to +135 °c 
Temperature Range 

THERMAL CHARACTERISTICS 

Characteristic I Symbol I Max I Unit 

Thermal Resistance, Junction to Ambient I 6JA I 0.490 I °C/W 
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MICRO-MINIATURE 
PNP SILICON 
AMPLIFIER 

TRANSISTOR 

Pin 1. Base 
2. Emitter 
3. CoUoctor 

CASE 28 (1) 



MMT809 (continued) 

ELECTRICAL CHARACTERISTICS (TA = 25°C unless otherwise noted) 

I Characteristic I Symbol I Min Typ Max Unit 

OFF CHARACTERISTICS 

Colleetor-Emitter Breakdown Voltage 
(lC = 1.0 mAde, IB = 0) 

Collector-Base Breakdown Voltage 
(lC = 10 I'Ade, IE = 0) 

Collector Cutoff Current 
(VCE = 4.0 Vde, IB = 0) 

ON CHARACTERISTICS 

DC Current Gain 
(lc ~ 10 I'Ade, VCE = 1.0 Vde) 

(lc = 1.0 mAde, VCE = 1.0 Vde) 

Collector-Emitter Saturation Voltage 
(lC= 101'Ade, IB = 1.0I'Ade) 

(lC = 1.0 mAde, IB = 100 I'Ade) 

Base-Emitter Saturation Voltage 
(lC = 10 I'Ade, IB = 1.0 I'AdCl 

(lC = 1.0 mAde, IB = 100 !lAde) 

DYNAMIC CHARACTERISTICS 

Current-Gain-Bandwidth Product 
(lC = 1.0 mAde, VCE = 1.0 Vde, f = 200 MHz) 

Output Capacitance 
(VCB = 0.5 Vde, IE = 0, f = 100 MHz) 

I nput Capacitance 

(VBE = 0, IC = 0, f = 100 MHz) 

Noise Figure 

(lC = 100 I'Ade, VCE = 0.7 Vde) (Figure 1) 

(lC = 1.0 mAde, VCE = 1.0 Vde) (Figure 2) 

Power Gain 
(lC = 100 I'Ade, VCE = 0.7 Vde) (Figure 1) 

(lC = 1.0 mAde, VCE = 1.0 Vde) (Figure 2) 

FIGURE 1 - 200 MHz TEST CIRCUIT 
POWER GAIN - NOISE FIGURE 
(NEUTRALIZED, IC = 100 /lAde) 

+1.0 V 

L 1 3 Turns No. 20 AWG, 1/4" 10 
L2 4Turns No. 20 AWC" 1/4" 10 
L3 5 Turns No. 20 AWG, 1/4" 10 
L2,L3~ 30% Coupling 

BVCEO 

BVCBO 

ICEO 

hFE 

VCE(sat) 

VBE(sat) 

fT 

Cob 

Cib 

NF 

Gpe 

5.0 - - Vde 

8.0 - - Vde 

- - 10 nAde 

-
20 70 -
25 75 -

mVde 

- 100 130 

- 68 125 

- 0.64 0.70 

- 0.78 0.85 

1200 2500 -

- 0.47 0.8 

- 0.34 0.5 

- 2.6 -
- 3.0 -
- 17 -
- 23 -

FIGURE 2 - 200 MHz TEST CIRCUIT 
POWER GAIN - NOISE FIGURE 
(NEUTRALIZED, IC = 1:0 mAde) 

+17 V 

L1 2 Turns No. 20 AWG, 3/8" 10 
L2 5 Turns No. 20 AWG, 1/4" 10 
L3 5 Turns No. 20 AWG, 1/4" 10 -0.3 V 
L2,L3~ 30% Coupling 

Vde 

MHz 

pF 

pF 

dB 

dB 
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MMT2857 (SILICON) 

NPN silicon annular micro-miniature transistor designed 
for high-gain, low-noise amplifier, oscillator and mixer 
applications. 

MAXIMUM RATINGS 

CASE 28 (1) Rating 

Collector-Emitter Voltage 

Collector-Base Voltage 

Emitter-Base Voltage 

Collector Current 

Total Device Dissipation @TA = 25° C 
Derate above 25°C 

Operating and Storage Junction 
Temperature Range 

ELECTRICAL CHARACTERISTICS ITA· 250 C and ca .. grounded unless otherwise noted! 

Characteristic 

OFF CHARACTERISTICS 

Collector-Emitter Breakdown Voltage 
(IC = 3.0 mAdc, IB = 0) 

Collector-Base Breakdown Voltage 
(IC = 10 "Adc, ~ = 0) 

Emitter-Base Breakdown Voltage 
(~ = 10 "Adc, IC = 0) 

Collector Cutoff Current 
(VCB = 15 Vdc, ~ = 0) 

ON CHARACTERISTICS 

I DC Current Gain 
(Ie = 3.0 mAdc, V CE = 1. 0 Vdc) 

DYNAMIC CHARACTERISTICS 
Current-Gain-Bandwidth Product 

(IC = 4. 0 mAdc, V CE = 10 Vdc; f = 100 MHz 

Collector-Base Capacitance 
(VCB = 10 Vdc, ~ = 0, f = 0.1 to 1.0 MHz) 

(Emitter and Case Guarc!&t) 

Collector-Base Time Constant 
(~ = 4. 0 mAde, V CB = 10 Vdc, f = 31.9 MHz) 

Noise Figure· 
(IC = 1.5 mAde, V CE = 10 Vdc, RS = 50 ohms, f = 450 MHz) 

FUNCTIONAL TEST 

Common-Emitter Amplifier Power Gain (Figure 1) 
(IC = 1.5 mAde, V CE = 10 Vdc, f = 450 MHz) 

Symbol 

BV(,EO 

BVCBO 

BVEBO 

ICBO 

fT 

Ccb 

r 'c b c 

NF· 

Symbol Value 

VCEO 15 

VCB 30 

VEB 3.0 

IC 40 

PD 225 
2.05 

TJ,Tstg -55 to +135 

Min Typ Max 

15 - -

30 - -

3.0 - -

- - 50 

30 

1,000 1,300 -

- 0.5 1.0 

- 8.0 -

- 3.8 -

·Measured In circuit of Figure 1 with no connections for Input circuit losses or post amplifier contribution. 
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Unit 

Vdc 

Vdc 

Vdc 

mAdc 

mW 
mWjOC 

°c 

Unit 

Vdc 

Vdc 

Vdc 

nAdc 

MHz 

pF 

ps 

dB 



MMT2857 (continued) 
" .~. 

FIGURE 1 - TEST CIRCUIT FOR NOISE FIGl,IRE AND POWER GAIN 

RS = 50n 
VOU! 

1.0k 

1500 2.7k 

('OOO-·i 
VEE = 7.5 Vdc 

Capacitance values in pF Neutralization Procedure: 
Ll. L2 - Silver-plated brass rod. 1-1/2" long and 1/4" dia. Install at least 

1/2" from nearest vertical chassis surface. 
L3 - 1/2 turn #16 AWG wir •• located 1/4" from and parallel to L2. 

0- External interleacl shield to isolate collector lead from emitter 
and base leads. 

tA) Connect 450-MHz signal generator (with RS = 50 ohms) to input 
terminals of amplifier. 

(B') Connect 50-ohm RF' voltmeter"across output terminals of amplifier .. 

Ie) Apply VEE. and with signal generator adjusted for 5 mV output 
from amplifier, tune Cl, ~3~ a!ld C4 for maximum output. 

(0) Interchange-connections to signal generator and RF voltmeter. 
(E) With sufficient signal applied to output terminals of·amplifier. 

adjust C2 for minimum indication at input. 

(F) Repeat steps (A). (B). and (C) to determine if retuning is '1ecessary. 

OUTLINE DIMENSIONS 

BASE 

EMITIER~ 

8'))::===~T 

0.160 .1 ~:~~~ MIN~ TYP 

.CASE 28 (1) 



MMT30 14 (SILICON) 

NPN SILICON ANNULAR TRANSISTOR 

· .. designed for high·speed, saturated switching applications where 
high-density packaging is required. 

• High-Speed Switching Times -
ton + toff = 41 ns (Max) @ IC = 30 mAdc 

• Low Collector-Emitter Saturation Voltage -
VCE(sat) = 0.22 Vdc (Max) @ IC = 30 mAdc 

• Space Saving Micro-Miniature Package 

• Ideal for Thick Film Digital Circuit Applications 

• One-Piece, Injection-Molded Unibloc Package for High Reliability 

MAXIMUM RATINGS 

Rating Symbol Value Unit 

Collector-Emitter Voltage vCEO 20 Vdc 

Collector-Base Voltage VCB 40 Vdc 

Emitter·Base Voltage VEB 5.0 Vdc 

Collector Current - Continuous IC 200 mAde 

Total Device Dissipation@TA = 25°C Po 225 mW 
Derate above 25°C 2.05 mW/oC 

Operating and Storage Junction 
Temperature Range 

TJ,Tstg -55 to +135 °c 

THERMAL CHARACTERISTICS 

Characteristic Symbol Max Unit 

Thermal Resistance. Junction 9JA 0.490 °C/mW 
to Ambient 
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MICRO-MINIATURE 

NPN SILICON 
SWITCHING 

TRANSISTOR 

Pin 1. Base 
2. Emitter 
3. Collector 

0.015 
0.025 

2~ 
0'»====~ 

'
I 

0.165 0.016 
0.175 

3 

0.004 
0.006 

r--=-iF=~~ 
BonOMjT 

0.213 
REf 
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MMT3014 (continued) 

ELECTRICAL CHARACTERISTICS (T A; 25°C unless otherwise noted) 

I Characteristic Symbol Min Max 

OFF CHARACTERISTICS 

Collector-Emitter Breakdown Voltage (1) BVCEO 20 -
(lC" 10 mAde, IB = 0) 

Collector-Base Breakdown Voltage BVCBO 40 -

(lC" 100 /LAde, IE "0) 

Emitter·Base Breakdown Voltage BVEBO 5.0 -
(IE" 100 /LAde, IC" 0) 

Collector Cutoff Current ICBO - 100 

(VCB = 20 Vde, IE "0) 

ON CHARACTERISTICS 

DC Current Gain 111 hFE 
(I C " 30 mAde, V CE " 0.4 Vde) 50 200 

(lC" 100 mAde, VCE = 1.0 Vde) 25 -

Collector-Emitter Saturation Voltage VCE(sat) - 0.22 

(I C " 30 mAde, I B = 3.0 mAde) 

Base-Emitter Saturation Voltage VSE(sat) 0.70 0.9 

(lC = 30 mAde, IS = 3.0 mAde) 

SMALL-SIGNAL CHARACTERISTICS 

Current-Gain-Bandwidth Product fT 350 -
(lC" 30 mAde, VCE ".10 Vde, I" 100 MHz) 

I nput Capacitance Cib - 8.0 

(VBE = 0.5 Vde, IC" 0, I" 1.0 MHz) 

Output Capacitance Cob - 5.0 

(VCB = 5.0 Vde, IE" 0, f = 1.0 MHz) 

SWITCHING CHARACTERISTICS 

Turn-On Time ton - 16 

(VCC" 2.0 Vde, IC" 30 mAde, lSI" 3.0 mAde) 

Turn-Olf Time toft - 25 

(VCC" 2.0Vde, IC= 30 mAde, IBI = 3.0 mAde, 
I S2 " 3.0 mAde) 

Charge Storage Time TS - 18 

(lC" lSI" IB2" 10 mAde) 

III 
Pulse Test: Pulse Width = 300 JJ.s, Duty Cycle"S. 2.0%. 

FIGURE 1 - TURN-ON AND TURN-OFF 
TIME TEST CIRCUIT 

FIGURE 2 - CHARGE STORAGE TIME 
CONSTANT TEST CIRCUIT 

R1 

Test Vin 

ton 7.0 

toff -13 

Vee 

R4 

"AU 

O~ 
\-V- O.lIJF 500 -lO-T >-{'" o-t-.----1l~~ 

Vin SO() 

PlJlseGerlerator 
Vm RiseTime" 1.011s 
S(jurcelmpedance~ 50!1 " 

O.0023,uF 

II V 

SWITCHING TEST CIRCUIT VALUES 

I vssl VCC Rl I R2 I R3 I R4 

VOLTS OHMS 

I GNO I 2.0 
100 I 62 I 100 I 2.0 k 

I 7.0 I 2.0 

3-'-522 

tr 

O.0023JJF 

10V 

Tn Oscilloscope 
l~put Impedance."'50!l 
Rise Time = 1.0ns 

Vin Rise Time less tllan 1.0 ns, PW '" 300 ns, Duty Cvcle = 2.0~, 

INPUT PULSE 

1 tf I Pulse Width 

IlS 

<1.0 I - I >200 

Unit 

Vde 

Vde 

Vde 

nAde 

-

Vde 

Vde 

MHz 

pF 

pF 

ns 

ns 

ns 



MMT3546 (SILICON) 

PNP SILICON ANNULAR TRANSISTOR 

. . . designed for high-speed, low-level switching applications, where 
high-density packaging is required. 

• Space Saving Micro-Miniature Package 

• Ideal for Thick Film Digital Circuit Applications 

• Total Switching Time = 60 ns @ IC = 50 mAde 

• One-Piece, Injection-Molded Unibloct Package for High Reliability 

MAXIMUM RATINGS 

Rating Symbol Value Unit 

Collector-Emitter Voltage VCEO 12 Vdc 

Collector-Base Voltage VCB 15 Vdc 

Emitter-Base Voltage VEB 4.5 Vdc 

Collector Current - Continuous IC 250 mAde 

Total Device Dissipation @TA = 25' C PD 225 mW 
Derate above 25' C 2.05 mW!'C 

Operating and Storage Junction T J' Tstg -55 to +135 ·C 
Temperature Range 

THERMAL CHARACTERISTICS 

I Characteristic Symbol Max Unit 
iThermal Resistance, Junction to Ambient eJA 0.490 'C/mW 
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MICRO-MINIATURE 

PNPSILICON 
SWITCHING TRANSISTOR 

I~I 
BASE 

EMITTER~ 

e')::=~ 

~I 0.160 . 0.016 
MIN TYP 

0.004 
0.006 
TYP 

--L 

r:r-j~I=~=:==_=!IT 

CASE 28 
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MMT3546 (continued) 
ELECTRICAL CHARACTERISTICS (T A = 25°C unless otherwise noted) 

Characteristic 

OFF CHARACTERISTICS 
Collector-Emitter Breakdown Voltage 111 

(Ic = 10 mAde, IB = 0) 

Collector-Base Breakdown Voltage 
(IC = 10 ",Adc, ~ = 0) 

Emitter-Base Breakdown Voltage 
(IE = 10 ",Ade, IC = 0) 

Collector Cutoff Current 
(VCB = 10 Vdc, IE = 0) 

Emitter Cutoff Current 
(VEB = 3.0 Vde, IC = 0) 

ON CHARACTERISTICS IIi' 
DC Current Gain 

(IC = 10 mAde, V CE = L 0 Vde) 

(IC • 100 mAde, V CE = 1. OVdc) 

Collector-Emitter Saturation Voltage 
(IC = 10 mAde, IB = 1. 0 mAde) 

(IC = 100 mAde, IB = 10 mAde) 

Base-Emitter Saturation Voltage 
(IC = 10 mAde, Ia = 1.0 mAde) 

(Ic = 100 mAde, Ia = 10 mAde) 

" 

DYNAMIC CHARACTERISTICS 

Current-Gain-Bandwidth Product 
(IC = 10 mAde, V CE = 10 Vde, f = 100 MHz) 

Output Capacitance 
(VCB = 10 Vde, IE = 0, f = 1.0 MHz) 

Input Capacitance 
(VBE = O. 5 Vdc, IC =0, f =1.0 MHz) 

SWITCHING CHARACTERISTICS 
Delay Time 

(VCC = 3.0 Vde, VBE = 2.0 Vdc, 

Rise Time IC = 50 mAde, Ial =5. 0 'lIlAdc) 

Storage Time 

(VCC= 3.0 Vdc, IC = 50 mAde, 
Fall Time 

IBI =IB2 = 5.0 mAde) 

UI Pulse Test: Pulse Width = 300 "'S, Duty Cycle", 2.0%. 

Vin 

FIGURE 1 - DELAY AND RISE TIME 
EQUIVALENT TEST CIRCUIT 

-3.0 V 

55 

+2.0VJJV ---

Vjn o--"J""'+-I 

-IO.BV 

Uk 

PULSE WIDTH' 200 lIS 
RISE TIMEs 2.0 lIS 

DUTY CYCLE s IO'JI 

Symbol Min Max 

BVCEO 
12 -

BVCBO 
15 -

BVEBO 
4.5 -

ICBO - 100 

lEBO - 100 

hFE 
30 -
15 -

VCE(sat) - 0.15 

- 0,.5 

VBE(sat) 
0.7 0.9 

- 1.6 

fT 
700 -

Cob - 6.0 

Cib - 8.0 

td - 10 

tr - 15 

ts - 20 

tf . 15 

FIGURE 2 - STORAGE AND FALL TIME 
EQUIVALENT TEST CIRCUIT 

-3.0 V 

55 

Unit 

Vde 

Vde 

Vde 

DAde 

nAde 

-

Vde 

Vde 

MHz 

pF 

pF 

ns 

ns 

ns 

ns 

t--r--oVout° 
2.0k 

o v - - - - Vin 0-_..,.,. ..... >-+-1:. Pc'7V 

I 
;J; CS'" 20 pF 

I Vin 
-11.3 V 

PULSE WIDTH' 200 lIS 
RISE TIME "2.0 lIS 

DUTY CYCLE • lOll 

IN918 
I 

~ 

• DSCI LLDSCOPE RISE TIME" 1.0 OJ 
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MMT3798 (SILICON) 

MMT3799 

PNP silicon annular micro-miniature transistors de
signed for low-level, low-noise amplifier applications. 

CASE 28 (1) 

MAXIMUM RATINGS 

Rating Symbol Value Unit 

Collector-Emitter Voltage VCEO 60 Vdc 

Collector-Base Voltage VeB 60 Vdc 

Emitter-Base Voltage VEB 3.0 Vdc 

Collector Current - Continuous IC 50 mAdc 
Peak 100 

Total Device Dissipation @ T A = 25°C PD 225 mW 
Derate above 25°C 2.05 mW;oC 

Operating and Storage Junction TJ , Tstg -55 to +135 
°c 

Temperature Range 

THERMAL CHARACTERISTICS 

Characteristic Symbol Max Unit 

Thermal Resistance, Junction °JA 0.490 °C/mW 
to Ambient 
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MMT3798, MMT3799 (continued) 

ELECTRICAL CHARACTERISTICS (T A = 25·C unless otherwise noted) 

Characteristic Symbol Min Typ Max Unit 

OFF CHARACTERISTICS 
Collector-Emitter Breakdown Voltage BVCEO Vde 

(IC ~ 10 mAde, IB ~ 0) 60 -
Collector-Base Breakdown Voltage BVCBO Vde 

(Ic ~ 10 /LAde, IE ~ 0) 60 - -
Collector Cutoff Current ICBO nAde 

(VCB ~ 50 Vde, IE ~ 0) - - 50 

Emitter Cutoff Current lEBO nAde 
(VBE ~ 3.0 Vdc, IC ~ 0) - - 50 

ON CHARACTERISTICS (11 

DC Current Gain hFE -
(IC ~ 10 /LAde, V CE ~ 5.0 Vde) MMT3798 75 - -

MMT3799 150 - -
(IC = 100 /LAde, V CE ~ 5.0 Vde) MMT3798 150 - 450 

MMT3799 300 - 900 

(IC ~ 1. 0 mAde, V CE ~ 5.0 Vde) MMT3798 150 - -
MMT3799 300 - -

(IC ~ 10 mAde, V CE ~ 5.0 Vde) MMT3798 125 - -
MMT3799 250 - -

Colleetor"Emitter Saturation Voltage VCE(sat) Vde 
(IC ~ 1. 0 m,j.de, IB ~ 100 /LAde) - - 0.25 

Base-Emitter Saturation Voltage VBE(sat) Vde 
(IC = 1. 0 mAde, IB ~ 100 /LAde) - - 0.8 

SMALL·SIGNAL CHARACTERISTICS 
Current-Gflin-Bandwldth Product fT MHz 

(IC ~ 500 /LAde, V CE ~ 5.0 Vde, f ~ 20 MHz) MMT3798 40 120 -
MMT3799 40 150 -

Output Capacitance Cob pF 
(VCB ~ 5.0 Vdc, IE ~ 0, f ~ 100 kHz) - 2.0 4.0 

Input Capacitance Cib pF 
(VBE ~ 0.5 Vde, IC ~ 0, f ~ 100 kHz) - - 8.0 

Input Impedance hie kohms 
(IC ~ 1. 0 mAde, V CE ~ 10 Vdc, f ~ 1. 0 kHz) MMT3798 - 8.0 -

MMT3799 - 16 -
Voltage Feedback Ratio h re X 10-4 

(IC ~ 1. 0 mAde, V CE ~ 10 Vdc, f ~ 1. 0 kHz) MMT3798 - 2.0 -
MMT3799 - 4.0 -

SmaU-Signal Current Gain hfe -
(IC ~ 1. 0 mAde, V CE ~ 10 Vdc, f = 1. 0 kHz) MMT3798 - 275 -

MMT3799 - 475 -
Output Admittance h /LmhOS 

(IC ~ 1. 0 mAde, V CE ~ 10 Vdc, f = 1. 0 kHz) MMT3798 oe - 18 -
MMT3799 - 30 -

Noise Figure NF dB 
(Ic = 100 /LAde, V CE = 10 Vdc, MMT3798 - 4.0 -
RS ~ 3.0 k ohms, f ~ 100 Hz) MMT3799 - 2.5 -

(IC ~ 100 /LAde, V CE = 10 Vdc, MMT3798 - 1.5 -
RS =3.0kohmB, f= 1. 0 kHz) MMT3799 - 0.8 -

(IC = 100 /LAde, V CE = 10 Vde, MMT3798 - 1.0 -
RS = 3.0 k ohms, f = 10 kHz) MMT3799 - 0.8 -

(IC = 100 /LAde, V CE = 10 Vdc, MMT3798 - 2.5 3.5 

Rs = 3.0 k ohms, BW ~ 10 Hz to 15.7 kHz) 
MMT3799 - 1.5 2.5 

(1) Pulse Test: Pulse Width ~ 300 /LB, Duty Cycle ~ 2.0%. 
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MMT3823 (SILICON) 

MICRO-T 
SILICON N-CHANNEL 

JUNCTION FIELD-EFFECT TRANSISTOR 

Depletion Mode (Type A) Field-Effect Transistor designed for RF 
amplifier and mixer applications where high density packaging is 
required. 

• Low Cross-Modulation and tntermodulation Distortion 

• Drain and Source Interchangeable 

• Low l00-MHz Noise Figure - 2.0 dB (Typ) 

• Low Transfer and Input Capacitances 
Crss = 1.0 pF (Typ); Ciss = 4.0 pF (Typ) 

• Space Saving Micro-Miniature Package - Ideal for Thick Film 
Circuit Applications 

MAXIMUM RATINGS 

Rating Symbol Value 

Drain-80urce Voltage Ves 30 

Drain-Gata Voltage VDG 30 

Gate-Source Voltage VGS -30 

Unit 

Vdc 

Vdc 

Vdc 

Gate Current IG 10 mAde 

Total Device Dissipation @ T A = 25°C Po 225 mW 
Dereta above 25°C 2.05 mWflC 

Operating and Storege Junction TJ. Tstg -55 to +135 °c 
Temperature Range 

THERMAL CHARACTERISTICS 

Characteristic Symbol Max Unit 

Thermal Resistance, Junction"to 8JA 0.490 °C/mW 
Ambient 

3-527 

Drain 

MICRO-MINIATUR E 
JUNCTION 

FIELD-EFFECT 
TRANSISTOR 

SYMMETRICAL 
SILICON 

N-CHANNI'L. 

Type A 

source-.l. 

0"""J:=~ 

~I 0.160 0.016 
MIN TVP 

Gate 

CASE 28 
Style 5 

Drain and Source may be Interchanged 



MMT3823 (continued) 

ELECTRICAL CHARACTERISTICS (T A = 25°C unless otherwise noted) 

OFF CHARACTERISTICS 

Gate-Soun:e Breakdown Voltage 
(lG =-1.0"Adc, VOS = 0) 

Gate Reverse Current 
(VGS = -20 Vdc, VOS = 01 

Gate-Source Cutoff Voltage 
(10" 1.0nAdc, VOS = 15 Vdcl 

Gat..sour(:8 Voltage 
(10 = 0.5 mAde, VOS = 15 Vdc) 

ON CHARACTERISTICS 

Z8rOoGate-Voltage Drain Currant HI • 
1VOS = 15 Vde, VGS - 0) 

OYNAMIC CHARACTERISTICS 

Forward Transfer Admittan(:8 
1VOS = 15 Vde, VGS = O. f = 1.0 kHz)' 111 

(VOS = 15 Vde, VGS = 0, f = 200 MHz) 

Input Conduetan(:8 
(VOS = 15 Vde, VGS = 0, f = 200 MHz) 

Output Conductan(:8 
(VOS = 15 Vde, VGS = 0, f = 1.0 kHz) 111 

IVOS = 15 Vde, VGS = 0, f = 200 MHz) 

Input Capacitaft(:8 
1VOS = 15 Vdc, VGS = 0, f = 1.0 MHz) 

Reverse Transfer Cepacitaft(:8 
IVOS = 15 Vdc, VGS - 0, f = 1.0 MHz) 

Common-80urce Spot Noise Figure 

r 

1VOS = 15 Vdc, VGS = 0, RS = 1000ohrns,f= 100 MHz) 

11I>Pulse Test: Pulse Width = 100 rns, Outv Cycle~ 10%. 

Symbol 

V(BRIGSS 

IGSS 

VGS(off) 

VGS 

IVfsl 

Re(Vis) 

IVosl 

Re(vos) 

Ciss 

erss 

NF 
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Min Typ Max 

Vdc 
-30 - -

nAdc 
- - -1.0 

Vdc 

- - -8.0 

Vdc 
-1.0 - -8.0 

"mhos 
3000 - 8000 

- 4000 -

"mhos 
- 500 -

,.mhos 
- 25 -
- 125 -

pF 

- 4.0 -
pF 

- 1.0 -
dB 

- 2.0 -



MMT3903 (SILICON) 

MMT3904 

NPN silicon micro-miniature annular transistors de
signed for general purpose switching and amplifier ap
plications and for complementary circuitry with type 
MMT390S and MMT3906, where high-density packaging 
is required. 

CASE 28(1) 

MAXIMUM RATINGS 

Rating Symbol Value Unit 

Collector-Emitter Voltage VCEO 40 Vdc 

Collector-Base Voltage VCB 60 Vdc 

Emitter-Base Voltage VEB 6.0 Vdc 

Collector-Current - Continuous IC 200 mAdc 

Total Device Dissipation @ T A = 25°C PD 225 mW 

Derate above 25°C 2.05 mWrC 

Operating & Storage Junction TJ , Tstg -55 to +135 °c 
Temperature Range 

THERMAL CHARACTERISTICS 

Characteristic Symbol Max Unit 

Thermal Resistance, Junction to Ambient fJJA 0.490 °C/mW 

FIGURE 1 - DELAY AND RISE TIME EQUIVALENT TEST CIRCUIT FIGURE 2 - STORAGE AND FALL TIME EQUIVALENT TEST CIRCUIT 

300 ns .. -l I--
DUTY CYCLE ~ 2%1.*-+ 10.6 V 

10 K 
-0.5V I 

< 1 ns J..--

10 < I, < 5OO/Ls -l I, ~+\09V 

om='~':g] 
-9.lV-=;'-I-< Ins. 

*Total shunt capacitance of test jig and connectors 
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MMT3903, MMT3904 (continued) 

< /; 

ELECTRICAL CHARACTERISTICS (T. = 2S'C unless otherwise noted) 

Characteristic Symbol Min Typ Max Unit 

OFF CHARACTERisTICS '" 
colleetor-Emitte~'Breakdown V~ltage 111 BVCE'O 

',' Vde 
(Ic = 1.0 mAde, IB = 0) 40 - -

Collector-Base, BreakdQw,nVoltage BVCBO ' Vd" 
(IC = 10 /lAde, IE = 0) 60 - -

Emitter-Base Breakdown Voltage BVEBO Vdc 
(IE = 10 /lAde, IC = 0) 6.0 - -

Collector Cutoff Current ICBO nAdc 
(VCB = 40 Vdc, IE = 0) - - 50 

Emitter Cutoff Current lEBO nAde 
(V EB(of!) = 4.0 Vdc, IC = 0) - - 50 

ON CHARACTERISTICS 111 

DC Current Gain hFE 
(Ic = 100/IAdc, V CE = 1.0 Vdc) MMT3903 20 - -

MMT3904 40 - -
(Ic = 1.0 mAde" VCE = 1.0 Vdc) MMT3903 35 - -

MMT3904 70 - -
(IC = 10 mAdc, V CE = 1.0 Vdc) MMT3903 50 - 150 

MMT39 04 100 - 300 

Collector-Emitter Saturation Voltage VCE(sat) Vd" 
(Ic = 10 mAde, IB = 1.0 mAde) - - 0.2 

Base-Emitter Saturation Voltage VBE(sat) Vdc 
(IC = 10 mAdc, IB ~ 1.0 mAdc) " - 0.85 

SMALL·SIGNAL CHARACTERISTICS 

Current-Galn-Bandwidth Product IT MHz 
,(IC = 10 mAde, V CE = 20 Vd., I = 100 MHz) MMT3903 250 - -

MMT39 04 300 - -
Output Capacitance Cob pF 

(VCS = 5.0 Vde, IE = 0, I = 100 kHz) - - 4.0 

Input Capacitance Cib pF 
(VBE = 0.5 Vdc, IC = 0, 1= 100 kHz) - - 8.0 

Input Impedance hie, ' k ohm 
(IC = 1. 0 mAde, V CE = 10 Vdc, I = 1. 0 kHz) - 3.0 -

Voltage Feedback Ratio h X 10-4 
(IC = 1.0 mAdc, VCE = 10 Vdc, f = 1.0 kHz) 

re - 2.0 -
Small-Signal Current Gain hIe -

(IC=.1.0 mAdc, VCE'= 10 Vdc, f = 1. 0 kHz)MMT3903 - 100 - " 

MMT3904 - 200 -
Output Admittance h iJ.Dlhos 

(IC = 1.0 Adc, V CE = 10 Vdc, f = 1. 0 kHz) oe - 10 -
Noise Figure NF dB 

(IC = 100 /lAde, V CE = 5.0 Vde, Rg = 1. 0 k ohms - 3.0 -
Noise Bandwidth - f = 10 Hz to 15.7 kHz) 

SWITCHING CHARACTERISTICS 
, . 

Delay Time (V CC = 3.0 Vde, V BE (of I) = 0.5 Vdc, td - 24 - ns 

Rise Time IC = 10 mAdc, IBI = 1.0 mAde) tr - 13 - ns 

Storage Time (V CC = ,3. 0 Vde, IC = 10 mAde, ts - 125 - ns 

Fall'Time IBI = IS2 = 1.0mAde) tl - 11 - ns 

-til Pulse Test., Pulse W.dth - 300 /JS, Duty Cycle = 2.0%. 
For charac~eristic curves, see 2N3903/2N3904 Data. 
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MMT3905 (SILICON) 

MMT3906 

CASE 28 (1) 

PNP silicon micro-miniature annular transistors de
signed for general purpose switching and amplifier appli
cations and for complementary circuitry with types 
MMT3903 and MMT3904 where high-density packaging 
is required. 

MAXIMUM RATINGS 

Rating Symbol Value Unit 

Collector-Emitter Voltage VCEO 40 Vdc 

Collector-Base Voltage VCB 40 Vdc 

Emitter-Base Voltage VEB 5.0 Vdc 

Collector Current - Continuous IC 200 mAdc 

Total Device Dissipation T A = 25° C PD 225 mW 
Derate above 25° C 2.05 mW/oC 

Operating & Storage Junction TJ , Tstg -55 to +135 °c 
Temperature Range 

THERMAL CHARACTERISTICS 

Characteristic Symbol Max Unit 

Thermal Resistance, Junction to Ambient 9JA 0.490 °C/mW 

FIGURE 1 - DELAY ANn RISE TIME EQUIVALENT TEST CIRCUIT FIGURE 2 - STORAGE AND FALL TIME EQUIVALENT TEST CIRCUIT 

;IC<lns, 

+o.S:v_u. 10K 

-10.6 V ~ /4- 300 ns 
DUTY CYCLE ~ 2% -

+~9'IVIJ-<lns 10K 

o 
. IN916 

10 < t, < 500 P.s -i t I- -10.9 V 
DUTY CYCLE = 2% ' 

"Total shunt capacitance of test jig and connectors 
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MMT3905, MMT3906 (continued) 

ELECTRICAL CHARACTERISTICS (T. = 25"C unless otherwise noted) 

Characteristic Symbol Min Typ Max I. Unit 

OFF CHARACTERISTICS 
Collector.Emitter Breakdown Voltage (I) BVCEO Vdc 

(IC = 1. 0 mAdc, IB = 0) 40 · -
Collector-Base Breakdown Voltage BVCBO Vde 

(IC = 10 I1Ade, IE = 0) 40 · · 
Emitter-Base Breakdown Voltage BVEBO Vdc 

(IE = 10 /lAdc, IC = 0) 5.0 - · 
Collector Cutoff Current ICBO nAde 

(VCB = 30 Vdc, IE = 0) · - 50 

Emitter Cutoff Current lEBO nAde 
(V BE(olf) = 4. 0 Vde, IC = 0 - · 50 -

ON CHARACTERISTICS 111 
DC Current Gain hFE -

(IC = 100 /lAde, V CE = 1. 0 Vde) MMT3905 30 - · 
MMT3906 60 · -

(IC = 1. 0 mAde, V CE = 1. 0 Vde) MMT3905 40 - -
MMT3906 80 - -

(IC = 10 mAde, V CE = 1. 0 Vde)· MMT3905 50 - 150 
MMT3906 100 - 300 

Collector-Emitter Saturation Voltage VCE(sat) Vde 
(IC = 10 mAde, IB = 1. 0 mAde) - - 0.25 

Base-Emitter Saturation Voltage VBE(sat) Vde 
(IC = 10 mAde, IB = 1. 0 mAde) - - 0.85 

SMAll-SIGNAL CHARACTERISTICS 
Current-Gain-Bandwidth Product IT MHz 

(IC = 10 mAde, V CE = 20 Vde, f = 100 MHz) MMT3905 200 - -
MMT3906 250 - -

Output Capacitance Cob pF 
(V CB = 5.0 Vde, IE = 0, f = 100 kHz) · - 4.5 

Input Capacitance Cib pF 
(VBE = O. 5 Vde, IC = 0, f = 100 kHz) - · 10 

Input Impedance hie kohm 
(IC = 1.0 mAde, VCE = 10 Vde, 1= 1.0 kHz) - 4.0 -

Voltage Feedback Ratio h re 
X 10-' 

(lC = 1. 0 mAde, V CE = 10 Vde, I = 1. 0 kHz) - 2.0 -
Small-Signal Current Gain hie -

(IC = 1. 0 mAde, V CE =10 Vde, f = 1. 0 kHz) MMT3905 - 100 -
MMT3906 - 200 · 

Output Admittance h p.mhos 
(IC = 1. 0 mAde, V CE = 10 Vde, f = 1.0 kHz) 

oe - 15 -

Noise Figure NF dB 
(IC = 100 /lAde, V CE = 5.0 Vde, Rs = 1. 0 k ohms, - 1.0 -
Noise Bandwidth - I = 10 Hz to 15.7 kHz) 

SWITCHING CHARACTERISTICS 
Delay Time (V CC = 3.0 Vdc, V BE (off) = O. 5 Vde, td - 25 - ns 

Rise Time IC = 10 mAde, 1m = 1. 0 mAde) t r · 18 - ns 

Storage Time (V CC = 3.0 Vde, IC = 10 mAde, t s - 140 - ns 

Fall Time IBI = IB2 = 1.0 mAde) t f - 15 ns 

11 Pulse Test: Pulse Width - 300 ilS, Duty Cycle = 2.0%. 
Fo~ characteristic curves, see 2N3905/2N3906 Data. 

3-532 



MMT3960 (SIUCON) 

NPN SILICON ANNULAR TRANSISTOR 

· .. designed for high-speed current-mode logic switching applications. 

MICRO-MINIATURE 

NPN SILICON 
HIGH-SPEED SWITCHING 

TRANSISTOR 

• High Current-Gain-Bandwidth Product -
IT = 2250 MHz (Typ) @ IC = 10 mAdc 

• Low I nput and Output Capacitance -
Cob = 1.3 pF (Typ) @ VCB = 4.0 Vdc 
Cib = 1.2 pF (Typ) @VBE = 0.5 Vdc 

• Excellent Current-Mode Performance -
tr = 0.65 ns (Typ) 

• Low Collector-Base Time Constant -
rb'Cc = 15 ps (Typ) @ IC = 30 mAdc 

• One-Piece. Injection-Molded Unibloc Package lor High Reliability 

MAXIMUM RATINGS 

Rating 

Collector-Emitter Voltage 

Collector-Base Voltage 

Emitter-Base Voltage 

Total Device Dissipation@TA=250 c 
Derate above 2SoC 

Operating and Storage Junction 
Temperature Range 

THERMAL CHARACTERISTICS 

Characteri!!tic 

Thermal Resistance, Junction to Ambient 

Symbol Value Unit 

VCEO 3.0 Vdc 

VCB 5.0 Vdc 

VEB 3.0 Vdc Pin 1. Base 

Po 225 mW 
2.05 mW/oC 

2. Emitter 
3. Collector 

T J.T stg -55 to +135 °c 

FIGURE 1 - TWO INPUT OR/NOR Eel GATE 

PROPAGATION OELAY 

OUTPUT INPUT 

"ollR' { . 50% 
\ .' , 

tpd- tpd+ 

0.015 01A 
[Q25 

G1=~'~ 
~I 0.165 . 0,016 

IJTI5 

CASE 28(1) 

RISE AND FALL TIMES 

Jt;f0% 

10% 

tr tf 

INPUT PULSE 

"NOR" . \ 50% ~
INPUT r_1P~T "\ ,-1.6V 

A INPUTS B VEE = -5.2 
All Transistors are MMT3960 Types 

-- ~--
tpd+ tpd-

~ ____ -0.8V 

trand tf< t.O ns 
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MMT3960 (continued) 

ELECTRICAL CHARACTERISTICS (T A = 25°C unless otherwise noted) 

I Characteristic I Symbol Min Typ ,Max Unit 

OFF CHARACTERISTICS 

, Collector-Emitter Breakdown Voltage!l) 
(lC = 10 mAde, IB = 0) 

BVCEo(l) 3,0 Vde 

Collector-Base Breakdown Voltage BVCBO 5.0 Vde 
(lC = 10 !LAde, IE = 0) 

Emitter-Base Breakdown Voltage BVEBO 3.0 - - Vde 
(IE = 10!LAde,IC='0) 

Collector Culoff Current ICEO - - 10 !LAde 
(VCE = 2.0 Vde, IB = 0) 

Collector Cutoff Current ICBO - - 100 nAde 
(VCB = 3.0 Vde, IE = 0) 

Emitter Cutoff Current lEBO - - 100 nAde 
(VEB = 1.5 Vde, IC = 0) 

ON CHARACTERISTICS 

DC Current Gain(l) hFE 
-

(lC = 10 mAde, VCE = 1.0 Vde) 100 - 200 

(I C = 30 mAdc"V CE = 1.0 Vde) 80 - -
Collector-Emitter Saturation Voltage(l) VCE(sat) , - - 0.2 Vde 

(lc = 10 mAde, IB = 1.0 mAde 

Base-Emitter Saturation Voltage(l) VBE(sat) 0_7 0.85 Vde 

(lC = 10 mAde, IB = 0.1 mAde) 

DYNAMIC CHARACTERISTICS 

Current~Gain-Bandwidth Product fT MHz 
(lC = 5.0 mAde, VCE= 2.0 Vde, f = 100 MHz) - 2000 -

(lC = 10 mAde, VCE = 2.0 Vde, f = 100 MHz) - 2250 -
(lC = 30 mAde, VCE = 2_0 Vde, f = 100 MHz) 1600 2600 -

Output Capacitance Cob ~ 1.3 2.0 pF 
(VCB = 4.0 Vde, IE = 0, f = 140 kHz) 

Input Capacitance Cib - '1.2 3.0 pI' 
(VBE = 0.5 Vde, IC = 0, f = 140 kHz) 

Collector-Base Time Constant 'b'Ce - 15 - ps 
(IE = 30 mAde, VCB = 2.0 Vde, f = 100 MHz) 

SWITCHING CHARACTERISTICS (Figure 1) 

Turn-On Delay Time td(on) - 0.95 - ns 

Rise Time tr - 0.65 - ns 

Turn-Off Delay Time td(off) - 1.05 - ns 

all Time tf - 0.75 ns 

(1)PulseTest: Pulse Width~ 300 "'S, Duty CycleS'2.0%. 
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MMT3960A (SILICON) 

NPN SILICON ANNULAR TRANSISTOR 

· .. designed for high-speed current-mode logic switching applications. 

• High Current-Gain-Bandwidth Product :-. 
fT = 2250 MHz (Typ) @ IC. = 10 mAdc 

• low Input and Output Capacitance-
Cob = 1.3 pF (Typ) @ VCB = 4.0 Vdc 
Cib = 1.2 pF (Typ) @ VBE = 0.5 Vdc 

• Excellent Current-Mode Performance -
tr = 0.75 ns (Typ) 

• Low Collector-Base Time Constant -
rb'Cc = 15 ps (Typ) @ IC = 30 mAdc 

• One-Piece, Injection-Molded Unibloc Package for High 
Reliability 

MAXIMUM RATINGS 

Rating Symbol Value 

Collector-Emitter Voltage VCEO 8.0 

Collector-Base Voltage VCB 15 

Emitter-Base Voltage VEB 3.0 

T~:!a~:~~~v~i:;!rtion @T A ~ 25° C Pn 225 
2.05 

Operating and Storage Junction TJ , T stg -55 to +135 
Temperature Range 

THERMAL CHARACTERISTICS 

Charatteristic 
Thermal Resistance, Junction to Ambient 

Unit 

Vdc 

Vdc 

Vdc 

roW 
roW/·C 

·C 

MICRO-MINIATURE 

NPN SILICON 
HIGH-SPEED SWITCHING 

TRANSISTOR 

BASE 

COLLECTOR 

EMITTER~ 

G'}:===~ 

~I 0.160 0.016 
MIN TYP 

0.004 
0.006 
TYP 

--L 

t-=--t=======>~T 
SOnOM 

0.213 
REf 

CASE 2811) 

FIGURE 1 - TWO INPUT OR/NOR Eel GATE 

Vee:: GNO 

330 
22 22 120 

~PUT~ Vee"" -5.2 

All Transistors are MMT3960A Types 

OR 
OUTPUT 

PROPAGATION DELAY AIS'E AND FALL TIMES 

OUTPUT INPUT 

.. OR.:-\\ h-sO% 
tPd-.H= :Pd> 

INPUT OUTPUT 

~_L 
"NOR" "\ 50% 

__ L._ 

<po+ 'pd-

INPUT PULSE 

\ .·~-1.6V 

'--1 ____ -0.8 V 

tr and tf < 1.0 ns 
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MMT3960A (continued) 

ELECTRICAL CHARACTERISTICS (T" = 25·C unless otherwise noted) 

Characteristic Svmbol Min Typ Max Unit 
OFF CHARACTERISTICS 

Collector-Emitter Breakdown VoltagE> 111 BVCEO Vde 
(IC = 10 mAde, Is = 0) 8.0 - -

Collector-Base Breakdown Voltage BVCBO Vde 
(IC = 10 /LAde, ~ =0) 15 - -

Emitter-Base Breakdown Voltage BVEBO Vdc 
(~ = 10 /LAdc, IC = 0) 3.0 - -

Collector Cutoff Current ICBO nAde 
(V CB = 10 Vde, Ip; = 0) - - 50 

Emitter Cutoff Current lEBO nAdc 
(VEB = 1.5 Vde, IC = 0) - - 50 

ON CHARACTERISTICS 111 

DC Current Gain hFE -
(IC = 1.0 mAde, V CE = 1.0 Vde) 30 - -

(IC = 10 mAdc, V CE = 1.0 Vdc) 30 - 200 

(IC = 30 mAde, V CE =, 1.0 Vde) 30 - -
Collector-Emitter Saturation Voltage VCE(sat) Vde 

(IC = 10 mAde, IB = 1. 0 mAde) - - 0.2 

Base-Emitter Saturation Voltage VBE(sat) Vde 
(IC =,10 mAdc, IB = 0.5 mAdc) 0.75 - 0.9' 

DYNAMIC CHARACTERISTICS 
Current-Gain-Baitdwidth Product fT MHz 

(IC = 5.0 mAdc, V CE = 4. 0 Vde, f = 100 MHz) - 2000 -
(IC = 10 mAdc, V CE = 5.0 Vdc, f = 100 MHz), - 2250 . -
(IC = 30 mAdc, V CE '" 2.0 Vdc, f = 100 MHz) 1600 2500 -

Output Capacitance Cob pF 
(V CB = 4.0 Vdc, Ip; = 0, f = 140 kHz) - 1.3 2.0 

Input Capacitance Cib pF 
(V BE = O. 5 Vde, IC = 0, f = 140 kHz) - 1.2 3.0 

Collector -Base Time Constant r 'c ps 
(Ip; = 30 mAdc, V CB = 2.0 Vdc, f = 100 MHz) 

b c 15 - -
SWITCHING CHARACTERISTICS 

Turn-On Delay TimE> (Figure 1) ton(delay) - 1.0 - ns 

Rise Time (Figure 1) tr - 0.75 - ns 

Turn-Off Delay Time (Figure 1) toff(delay) - 1.1 - ns 

Fall Time (Figure 1) tf - 0.85 - ns 

IIIPulse Test: Pulse Width.: 300 /Ls, Duty Cycle" 2. 0%. 
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MMT80 15 (SILICON) 

NPN SILICON RF SMALL-SIGNAL TRANSISTOR 

· . . designed for low'noise, high-gain, small·signal microwave 
amplifiers. Ideal for microstrip circuits where high density packaging 
is required. 

• Unneutralized Power Gain -
GpE = 12 dB (Typ) @f = 1.0 GHz 

• Low Noise Figure-
NF = 3.5 dB (Typl @f= 1.0 GHz 

• Characterized with Scattering Parameters 

MAXIMUM RATINGS 

Rating Symbol Value Unit 

Coliector·Emitter Voltage VCEO 10 Vde 

Coliector·Base Voltage VCB 15 Vde 

Emitter·Base Voltage VEB 3.0 Vdc 

Collector Current - Continuous IC '-5 mAde 

Total Device Dissipation@TA = 250 C Po 200 mW 
Derate above 250C 2.05 mWfOC 

Operating and Storage Junction TJ, Tstg -55 to +135 °c 
Temperature Range 

3-537 

NPN SILICON MICRO-T 

RF SMALL-SIGNAL 
TRANSISTOR 

Pin 1. Base 
2. Emitter 
3.Collactor 

0.004 
0.006 

~ 
·l--=-t=ooTTob:=MJT 

0.213 
REF 

CASE 28 (11 



MMT8015 (continued) 

ELECTRICAL CHARACTERISTICS (T A = 25°C unless otherwise noted) 

Characteristic I Symbol 

OFF CHARACTERISTICS 

Collector-Emitter Breakdown Voltage 
(lC = 1.0mAde,IB = 0) 

Collector·Base Breakdown" Voltage 
(lC = 0.01 mAde, IE = 0) 

Emitter-Base Breakdown Voltage 
(IE = 0.D1 mAde, IC = 0) 

Collector Cutoff Current 
(VCB = 6.0 Vde, Ie = 0) 

ON CHARACTERISTICS 

DC Current Gain 
(lC = 1.0 mAde, VCE = 6.0 Vde) 

Collector-Emitter Saturation Voltage 
(lC = 10 mAde, I B = 1.0 mAde) 

Base-Emitter Saturation Voltage" 
(lC = 10 mAde, IB - 5.0 mAde) 

DYNAMIC CHARACTERISTICS 

Current·Gain - Bandwidth Product 
(lC = 6.0 mAde, VCE = 6.0 Vde, f = 250 MHz) 

Collector-Base Capacitance 
(VCB = 6.0 Vde, IE = 0, f = 100 kHz) 

Collector·Base Time Constant 
(lC = 6.0 mAde, VCE = 6.0 Vde, f = 31.8 MHz) 

Noise Figure (11 I Figure 1) 
(lC - 1.0 mAde, VCE = 6.0 Vde, RS - 50 ohms, f = 1.0 GHz) 

FUNCTIONAL TEST 

Common-Emitter Amplifier Power Gain (1) (Figure 1) 
(VCE - 6.0 Vde, IC - 1.0 mAde, f = 1.0GHz) 

Common-Emitter Amplifier Power Gain (2) (Figure 1) 
(VCE = 6.0 Vdc, IC =6.0 mAde, f = 1.0 GHz) 

(1) BIBI'M! For Minimum Noise 
(2) BI_ For Optimum Goln 

BVceo 

BVCBO 
"" 

BVeBO 

ICBO 

hFE 

VCE(sat) 

VBE(sat) 

fy 

Cob 

'b'Ce 

NF 

Gpe 

Gpe 

Min 

10 

15 

3.0 

-

25 

-

-

1000 

-

-

-

6.0 

10 

FIGURE 1 - POWER GAIN AND NOISE FIGURETEST CIRCUIT 
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Typ Max Unit 

- - Vde 

- - Vde 

- - Vde 

1.0 10 nAde 

- 300 -

0.35 - Vde 

1.0 - Vde 

2000 - MHz 

0.50 1.0 pF 

4.0 - PI 

3.2 4.0 dB 

7.5 - dB 

13 - dB 



MMT8015 (continued) 
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MMT8015 (continued) 

FIGURE 7 

FIGURE 9 

S11, S22, INPUT AND OUTPUT REFLECTION 
COEFFICIENTS 

veE = 6.0 Vdc,le ·1.0 mAde 

VeE" 6.0 Vde, Ie" 6.0 mAde 

3-540 

FIGURES 

FIGURE 10 



MMT8015 (continued) 

S12, REVERSE TRANSMISSION COEFFICIENT S21, FORWARD TRANSMISSION COEFFICIENT 

Vee" 6.0 Vde, Ie = 1.0 mAde, ZG" ZL = 50 Ohms 
FIGURE 11 FIGURE 12 

veE = 6.0 Vdc, Ie = 6.0 mAde, ZG .. ZL .. 50 Ohms 
FIGURE 13 FIGURE 14 
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MOC1000 (SILICON) 

NPN PHOTOTRANSISTOR AND 
PN INFRARED EMITTING DIODE 

Gallium Arsenide LED optically coupled to a Silicon Photo 
Transistor designed for applications requiring electrical isolation, 
high-current transfer ratios, small package size and low cost; such as 
interfacing and coupling systems, phase and feedback controls, solid· 
stat!! relays and general·purpose switching circuits. 

• High Voltage Electrical Isolation - 1500 Volts (Min) 

• Excelient Frequency Response - 300 kHz (Typ) 

• High Transfer Ratio - 60% (Typ) 

• Economical, Compact, Dual·ln·Line Plastic Package 

• Fast Switching - 2.8 lIS (Typ) 

MAXIMUM RATINGS ITA : 250 C unless otherwise noted) 

I Rating I Symbol I Value Unit 

INFRARED EMITTING DIDDE MAXIMUM RATINGS 

Reverse Voitage VR 3.0 Volts 

Forward Current - Continuous IF SO mA 

Forward Current - Peak IF 3.0 Amp 
(1.0 ,...Pulse, 300 pps) 

Total Device Dissipation @ T A = 25°C ,PD 150 mW 
Negligible Power in Transistor 

Derm above 250(: 2.0 mW/oC 

PHDTDTRANSISTOR MAXIMUM RATINGS 

Coliector·Emitter Voltage VCED 30 Volts 

Emitter-Collector Voltage .vECO 7.0 Volts 

Coliector·Sase Voltage VCSO 70 Volts 

Total Device Dissipation @ T A = 25°C Po 150 mW 
Negl igible Power in ·Di~e 

Derate above 25°C 2.0 mW/oC 

TOTAL DEVICE RATINGS 

Total Device Dissipation @ T A = 25°C Po 250 mW 
Equal Power Dissipation in Each Element 

Derate above 25°C 3.3 mWf>C 

Junction Temperature Range TJ -55 to +100 °c 

Storage Temperature Range T st9 -55 to +150 °c 

Leed Soldering Time @26O"c 10 sec. 

FIGURE 1 - DC CURRENT TRANSFER 
5 

0-
TA=25DC ~ 

VeE .. 10 VOLTS .............. 

• /'" 
./ 

0 
/ 

0 
I 

0 
10 20 30 40 50 80 10 80 

IF. FORWARD INPUT CURRENT ImAl 
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OPTOELECTRONIC COUPLER 

PHOTOTRANSISTOR 
COUPLED PAIR 

STY'lE2: 
PIN 1. ANODE 

2. CATHODE 
3, N.C. 
4, EMITTER. 
!i. COLLECTOR 
6. BASE 

r: ~'J 

~
.oz, 

'1 
~-1 ~ 

0009-11- so i 
Dll MAX ~ 

"Dill'llnsilln is to lAd centerline when for"'" PI ... IIII. 

CASE 673-02 



MOC1000 (continued) 

LED CHARACTERISTICS (T A ~ 2SoC unless otherwise noted) 

Characteristic SvmbOl Min 

Reverse Leakage Current IR -
(VR ~ 3.0 V. RL ~ 1.0 M ohms) 

Forward Voltage VF -
(IF ~ 50 mAl Pulsed 

I nput Capacitance Ci -
(VR ~ 0 V. f ~ 1.0 MHz) 

PHOTOTRANSISTOR CHARACTERISTICS (TA ~ 250 C and IF ~ 0 unless otherwise noted) 

Characteristic Symbol Min 

Coliector·Emitter Dark Current ICEO -
(VCE ~ 10 V. Base Open) 

Coliector·Base Dark Current ICBO -
(VCB ~ 10 V. Emitter Open) 

Collector-Base Breakdown Voltage BVCBO 70 
(lC ~ 100 "A. Emitter Open) 

Collector-Emitter Breakdown Voltage BVCEO 30 
(lc ~ 1.0 mAo Base Open) 

Emitter-Collector Breakdown Voltage BVECO 7.0 
(IE ~ 100 "A. Base Open) 

DC Current Gain hFE -
(VCE ~ S.O V. IC = 100 "A) 

COUPLED CHARACTERISTICS (T A = 250 C unless otherwise noted) 

Characteristic Symbol Min 

DC Current Transfer Ratio IC/IF 20 
(VCE = 10 V. IC = 10 mAl 

Isolation Voltage - 1500 
(Note 1) 

Isolation Resistance - -
(V = 500 V. Note 1) 

Collector-Emitter Saturation VCElsat) -
IIc =2.0 mAo IF = 50 mAl 

Isolation Capacitance - -
IV = O. f = 1.0 MHz. Note 1) 

Bandwidth - -
(I C = 2.0 mAo R L = 100 ohms. FillVres 2 and 7) Note 2 

Switching Time Rise or Fall t r • tf 
(lC = 2.0 mAo RL ~ 100 ohms. Figure 3and 8) Note 3 

Note 1 - For this test LED pins 1 and 2 are common and Photo Transistor pins 4. 5 and 6 are common. 
Note 2 - IF adjusted to yield Ie = 2.0 rnA and ic = 2.~ mA.P-P at 10 kHz. 
Note 3 - I F adjusted to yield desired output current. 

TVp Max Unit 

0.05 100 "A 

1.2 1.5 Volts 

150 - pF 

TVp Max Unit 

3.5 50 nA 

- 20 nA 

- - Volts 

- - Volts 

- - Volts 

200 - -

TVp Max Unit 

60 - % 

- Volts 

1011 - Ohms 

0.2 0.5 Volts 

1.3 - pF 

300 - kHz 

2.8 "s 

FIGURE 2 - FREQUENCY RESPONSE TEST CIRCUIT FIGURE 3 - SWITCHING TIMES TEST CIRCUIT 

IC loC)- 2.0 mA 
-IF 

ic lAC SINE WAVE = 2.0 mA P.P. 

1 r----
I . 
L_:~ 

2 

IC 
- VCC = 10 VOLTS 

,---e--o OUTPUT 
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MOC1000 (continued) 

TYPICAL ELECTRICAL CHARACTERISTICS 
,Printed Circuit Board Mounting) 

FIGURE 4 - DIODE FORWARD CHARACTERISl'IC 
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MOC1000 (continued) 

TYPICAL APPLICATIONS FOR THE MOC1000 

FIGURE 10-ISOLATEOMTTL TOMOS (P-CHANNEL) LEVEL TRANSLATOR 

6 +5.0 V 

FROM~~TTr ---- -,5 
LOGIC I - I 

150 mA PULSE) L - I ____ ....l4 

2 MOC1000 ~--,--TO MOS CIRCUIT 

24 k 

-15V 

FIGURE 11 - COMPUTER/PERIPHERAL INTERCONNECT 

FIGURE 12 - POWER AMPLIFIER FIGURE 13 - INTERFACE BETWEEN LOGICANO LOAD 

+5V 

AC 

I 
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MP 11 0 (GERMANIUM) 

PNP germanium power transistor designed for 
high-gain power amplification in the audio range. 

CASE 11 
(TO-3) 

Collector connected to case 

MAXIMUM RATINGS (TC" 25°C unless otherwise noted) 

Rating 

Collector-Emitter Voltage 

Collector-Emitter Voltage 

Collector-Emitter Voltage 

Collector Current-Continuous 
Peak 

Base Current 

Total Device Dissipation @ T C = 250 C 
Derate above 25°C 

Operating and storage JW1ction 
Temperature Range 

THERMAL CHARACTERISTICS 

Characteristic 

Thermal Resistance, JW1ction to Case 

Symbol 

VCEX 

VCER 

VCES 

IC 

IB 

PD 

TJ , Tstg 

Symbol 

8JC 

ELECTRICAL CHARACTERISTICS (Te = 25°C unless otherwise noted) 

Characteristic 

OFF CHARACTERISTICS 

Collector-Emitter Breakdown Voltage 
(IC = 25 mAde, VBE(off) = 2 Vdc 

Collector-Emitter Breakdown Voltage 
(IC = 0.6 Adc, RBE = 68 ohms) 

Collector-Emitter Breakdown Voltage 
(IC = 0.2 Adc, VBE = 0) 

Collector Cutoff Current 
(VCB = 2.0 Vdc, IE = 0) 
(VCB = 40 Vdc, IE = 0) 
(VCB = 40 Vdc, IE = 0, TJ = 75°C) 

Emitter Cutoff Curr.ent 
(VBE = 20 Vdc, Ie· = 0) 

Floating Potential 
(V CB = 40 Vdc, IE = 0) 

ON CHARACTERISTICS 
DC Curre{1t Gain (See Note) 

(IC = 50 mAdc, VCE = 2 Vdc) 
(IC = 1.0 Adc, VCE = 2.0 Vdc) 

Collector-Emitter Saiuration Voltage 
(IC = 2.0 Adc, IB = 0.2 Adc) 

Base-Emitter "On" Voltage 
(Ic = 1.0 Adc, V CE = 2.0 Vdc) 

SMALL SIGNAL CHARACTERISTICS 

Current-Gain Bandwidth Product 
(IC = 1.0 Adc, V CE = 2.0 Vdc) 

BVCEX 
65 -

BVCER 
40 -

BVCES 
50 -

ICBO - -- -
- -

lEBO - -
VFL - -

hFE 
60 -
74 -

VCE(sat) - -
VBE(on) - -

3-546 

MPllO Unit 

65 Vdc 

40 Vdc 

50 Vdc 

7.0 Adc 
15 

2.0 Adc 

106 Watts 
1.25 w/oc 

-65 to +110 °c 

Max Unit 

0.8 °C/W 

Vdc 
-

Vdc 

-
Vdc 

-
mAdc 

0.2 
2.0 
15 

mAdc 
8.0 

Vdc 
0.8 

-
-

250 

Vdc 
0.5 

Vdc 
0.5 



MPll0 (Continued) 
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COLOR CODE 

red 
orange 
yellow 
green 
blue 

VIE, BASE·EMITTER VOlTAGE (VOLTSI 

h" 
Min. Max. 

74 III 
100 133 
119 164 
145 200 
179 250 



MP 1108 (GERMANIUM) 

PNP GERMANIUM POWER SWITCHING TRANSISTOR 

... designed for high-current switching applications requiring low 
saturation voltages. fast switching times and good safe operating area. 

• Alloy·Diffused Epitaxial Construction 

• Low Saturation Voltage -
VeE(sat) = 0.5 Vdc @ Ie = 5.0 Adc 

MAXIMUM RATINGS 

Rating Symbol Value 

Collector-Emitter Voltage VCEO 40 

Collector-Base Voltage VeB 90 

Emitter-Base Voltage VEB 2.0 

Collector Current - Continuous IC 25 

Base Current - Continuous IB 5.0 

Total Device Dissipation @TC '=25°C PD 106 
Derate above 25° C 1.25 

Operating and Storage JUnction· TJ,Tstg -65 to +110 
Temperature Range 

THERMAL CHARACTERISTICS 

Characteristic 
Thermal Resistance, Junction to Case 

FIGURE 1- SUSTAINING VOLTAGE TEST CIRCUIT 

'-20Hz 

1.0 -II 

Duty &yd.· O.W 10 

Unit 

Vdc 

Vdc 

Vdc 

Adc 

Adc 

Watts 
W!'C 
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LJ~--~~~~~~~~ 

-----C-"""taTiiII, AdIUIIIB-~ 
..%-. 5.0 3.0 
------~~---¥~--~ 
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25 AMPERE 

PNP ADE GERMANIUM 
POWER TRANSISTOR 

90 VOLTS 
106 WATTS 
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MPll08 (continued) 

ELECTRICAL CHARACTERISTICS (TC = 250 C unless otherwise noted) 

Characteristic Symbol 
OFF CHARACTERISTICS 

Collector-Emitter Breakdown Voltage BVCEO Vdc 
(IC = 100 mAdc, IB = 0) 40 -

Collector-Emitter Sustaining Voltage V Vdc 
(IC = 5.0 Adc) (See Figure 1) CE(sus) 

40 -

Emitter-Base Breakdown Voltage BVEBO Vdc 
(IE = 100 mAdc, Ic = 0) 2.0 -

Collector-Emitter Cutoff Current ICER mAdc 
(VCE = 50 Vdc, ~B = 100 Ohms) - 10 

Collector Cutoff Current ICEX mAdc 
(V CE = 90 Vdc, V BE(off) = 0.2 Vdc) - 20 

Collector Cutoff Current ICBO MAdc 
(V CB = 2. 0 Vdc, IE = 0) - 200 

ON CHARACTERISTICS 

DC Current Gain hFE -
(IC = 1. 0 Adc, V CE = 2.0 Vdc)* Red 65 120 

Green 100 200 
Blue 150 300 

(IC = 5.0 Adc, V CE = 2.0 Vdc) 55 -
Collector-Emitter Saturation Voltage V CE(sat) Vdc 

(IC = 5.0 Adc, IB = 100 mAdc) - 0.5 

Base-Emitter On Voltage V Vdc 
(IC = 1. 0 Adc, VCE = 2.0 Vdc) 

BE (on) - 0.45 

(IC = 5.0 Adc, V CE = 2.0 Vdc) - 0.60 

DYNAMIC CHARACTERISTICS 

Current-Gain-Bandwidth Product fT kHz 
(IC = 0.5 Adc, V CE = 10 Vdc) 500 -

*For desired hFE range, specify color code. 
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MP500 thru MP502 (GERMANIUM) 

MP504 thru MP506 

CASE 7 
PNP germanium power transistors for high-gain, 

high-power amplifier and switching applications in high 
reliability industrial equipment. 

MAXIMUM RATINGS 

Rating Symbol 

Collector-Base Voltage VCB 

Collector-Emitter Voltage VCES 

Collector-Emitter Voltage VCEO 

Emitter-aase Voltage VEB 

Collector Current Ie 
Power Dissipation at T C = 250C PD 

Junction Temperature Range TJ 

POWER DERATING 

The maximum continuous power is related to maximum 
junction temperature by the thermal resistance factor. 

This curve has a value of 170 Watts at case temperatures 
of 25°C and is 0 Watts at 1I0·C with a linear relation tie
tween the two temperatures such that: 

allowable Po = 110° - To 
0.5 

MP500 
MP504 

, 

45 

45 

30 

25 

60 

170 

in 175 
5 
~ ISO 

~ 125 

~ 100 
!a 75 
C> 

i :~ 
,t 

MP501 MP502 Unit MP505 MP506 
60 75 Volts 

60 75 Volts 

45 60 Volts 

30 40 Volts 

60 60 Amp 

170 170 watts 

-65 to+ 110 • °c 

POWER-TEMPERATURE DERATING CURVE 

170 WATTS MAXIMUM 

" '" I' 
...... 

"-
I"'..: 

10 20 3D 40 50 60 70 80 90 100 110 
Te, CASE TEMPE~ATURE (·C) 

MP5OO, MP504 
SAFE OPERATING AREA 

MP501, MP505 MP5D2, MP506 

~ 
I 

0 
0 

6 
5 
40 
0 

0 

0 

\ 
.'\.. 
'} f'.-

Ie (MAX.) 
2N2152 

5t-~N215f 
4 
3 

I7D·WATT 

"-
~. , \1\ 

~ [~ 
i' ~ ~ 

'" 

1,(MAlI')- -
MP500' - I--
MP504 

5m, 

- 1m; 

500,..s 

~ 1-- 250,,' 

\\ 

~ 
50" .. _ r... OR LESS 

0 6 
50 
40 
30 

0 

0 

3 

\\ 
\' ""-
~ 

"'M~ 
2N2153 
2N2157 

J70·WATT 

~" 

"'" t-..\. '" ~ 
~ " 

"'" 

1,(MAlI.)-

=~~l-
Sms I 

~Im. 

~ 500"s 
t--250~. 

~ 

J',. 

60 
50 
40 
30 

20 
~\ 

'\ 

t....'X' L"-
I,(MAX.)-~ 

,,~ ~ ~~~ - ~ 

~ .~ ~ rsm'.1 

" ~ 
1m. _~ 

~ ~ 500~s 
+--250 •• _ 

7 ~~ 

d, 
I;> It-- t--.J 

2 POWER DISSIPATION AT 
l)'l ~ 

25°C CASE TEMPERATURE 

I d'/ 

"" 'lo~. POWER DISSIPATION AT 
25°C em: TEMPERATURE ).1 1\\ OR LESS 

1 

; 
! 

170·WATT -y ~ 
50';'s 
OR lESS 

POWER DISSIPATION AT 

u O. 5 
0.4 
O. 3 

O. 2 

, 
~ 5 

4 
O. 
O. 
O. 3 

O. 2 

~ 
0.5 
0.4 
0.3 

0.2 

25°C CASE TEMPERATURE 
l 

O. 1 
10 20 30 

O. 
40 50 

1 0.1 
102030405060700102030405060708090 

COLLECTOR.£MITTER VOLTAGE ('IOLTS) COLlECTOR.£MITTER VOLTAGE ('IOLTS) COlLECTOII.£MITTER VOLTAGE (VOLTS) 

The Safe Operating Area Curves indicate le
VeE limits below which the device will not go into 
secondary breakdown. Collector load lines for spe
cific circuits must fall within the applicable Safe 
Area to avoid causing a collector-emitter short. 
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(Duty cycle of the excursions make no significant 
change in these safe areas.) To insure operation 
below the maximum TJ, the power-temperature 
derating curve must be observed for both steady 
state and pulse power conditions. 



MP500 thru MP502 MP504 thru MP506 (continued) 

ELECTRICAL CHARACTERISTICS (TC = 250 C unless otherwise noted) 

Chlllcliristlc S,lIIbli Min Trp Mu Un" 

Collector-Base Cutoff Current IeSOI mAde 
(VCS' -45 V, IE • 0) MP500 MP504 - 0,9 4.0 
(VCS' -60 V, IE' 0) MP501 MP505 - 0.9 4.0 
IVcS' -75 V, IE' 0) MP502 MP506 - 0.9 4.0 

Collector .. Base Cutoff Current leso mAde 
(Vel! • VCSmax, IE = 0, TC = +71°C) - 4.0 15 

Collector-sase Cutoff Current leso /lAde 
(V CS = -2 V, IE = 0) - 80 200 

Emitter-Base Cutoff Cu.rrent IESO mAde 
(YES = -25 V, Ie = 0) MP500 MP504 - 0.2 4,0 
(YES = -30 V, Ie • 0) MP501 MP505 - 0.2 4.0 
(VES = -40 V, Ie = 0) MP502 MP506 - 0.2 4,0 

Emitter-Base Cutoff CUrrent IESO mAde 
(YES = VEBmax' Ie = 0, TC • m°C) - 2.7 IS 

Collector-Emitter Breakdown Voltage 11) SVCES Vde 
lIe = 300 mA, VES' 0) MPSOO MP504 -4S - -

MP501 MP505 -60 - -
MP502 MPSIT6 -75 - -

Collector-Emitter Breakdown Voltage. (1) BVCEO Vde 
I'c = 1.0 A, IB • 0) MP500 MP504 -30 - -

MPIOI MP505 -41 - -
MP502 MPS06 -60 - -

Floating Potential VESF Vde 
(VCS = 45 V, IE • 0) MPSOO MP504. - - 1.0 
(VCS' 60 V, IE = 0) MP501 MPI05 - - 1.0 
(VCS' 75 V, IE' 0) MP502 MP506. - - 1.0 

DC Current Transfer Ratio hFEI 
(Ie • 15 A, VCE • 2 V) MP500 through MP502 30 47 60 

MPS04 through MPSOB 50 63 100 
(IC • 50 A, V CE = 2 V) All Types hFE 12 20 -

Collector-Emitter SaturaUon Voltage VCE( •• t) Vde 
(Ie = IS A, lB' I A) - 0.11 0.2 
(Ie' 10A,IB' SA) - 0.2 0.4S 

Base-Emitter SaturatiOn Voltage VSE(sat) Vde 
(IC' 15A,IS·.1 A) - 0.7 1.5 
(Ie • 50 A, IS" 5 A) - 2.0 2.5 

Common Emitter Cutoff Frequency h.e kHz 
(Ie • 15 A, V CE • 2 V) 2.0 3.6 -

(11 To avoid excessive heating of collector junction, 
perform this test with a sweep method. 

50 

50 

... 
'" 40 :3-.... 
i 
::> 

30 '-' 

'" 0 

l;i 
g 

20 '-' 
..§ 

10 

INPUT AND TRANSFER CHARACTERISTICS 

COLLECTOR CURRENT 
versus BASE-EMITIER VOLTAGE 

VC.r2V I VI 
I 

/; V 
MP504·505 

VI MP500 - 502 

/;V 

II 
./ 

1(1 

0.5 1.0 1.5 2.0 

V", BASE-£MITTER VOLTA~E (VOLTS) 

2.5 

z 

DC CURRENT GAIN 
versus COLLECTOR CURRENT 

120 ,.---.---.---...----,--"T"----, 

100 t--\--t--+--+--___l--+------I 

ij 80~r_~r--_Ir---+_--+_--I_-___l 
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::> 
'-' 
Q 50t---'IIr--->~r---+_--+_--I_-___l 
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~ 

g 40t--_Ir--~~--_po.o:::_-+_--I_-___l 
i 

10 20 30 40 50 50 
Ie, COLLECTOR CURRENT (AMP) 
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MP525 (GERMANIUM) 

~ 
CASE 3 

(TO-3 modified) 

Germanium PNP power transistor designed for audio 
amplifier applications requiring gains of. 30 ..:... 150 at 
Ie = 3 amp.· 

MAXIMUM RATINGS 

Rating Symbol MP525 

Collector-Emitter Voltage VCEX 60 

Collector Current (Continuou$) IC 7.0 

Total Device Dissipation PD 
@ TC = 250C 106 
Derate above 250 C 1.25 

Junction Temperature Range TJ -65 to + 110 

Thermal Resistance, Junction (}JC 0.8 
to Case 

ELECTRICAL CHARACTERISTICS (T c = 2S"C unless otherwise noted) 

Characteristic Symbol Min 
Collector-Emitter Breakdown Voltage BVCER 35 

( IC = 300 rnA, RBE = 10 ohms) 

Collector-Emitter Cutoff Current ICES 
(VCE = 30 Vdc, VEB = 0) -

Collector-Emitter Cutoff Current ICEX 
(VCE = 60 Vdc, V BE = L5 Vdc) -

Collector - Base Cutoff Current ICBO 
(V CB = 2.oVdc, ~ = 0) -

DC Current Gain hFE 
(IC = 3.0Adc, V CE = 2.oVdc) 30 

en 
~ 125 
~ 

FIGURE 1-POWER·TEMPERATURE DERATING CURVE 

z: 100 
5:2 
~. 75 

~ 50 
.0 
a::: 

--........... 1'--0. 

----- ----- -r---... 

Unit 

Vdc 

Adc 

watts 
wloc 

°c 

°C/W 

Max 

-

15 

15 

200 

150 

~ 25 
~ 
cO ---""-...... .... 

0.. 0 25 50 75 100 110 
Te, CASE TEMPERATURE (OC) 
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Vdc 
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-
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MP525 (continued) 
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FIGURE 2 - DC CURRENT GAIN 
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FIGURE 3 - TRANSCDNDUCTANCE 
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FIGURE 5 -INPUT ADMITTANCE 

/ / 
) / / 

TJ = 100'C / I 
/2S'C / 

/ V / 55'C 

/ / I 
/ / 

/ 
I I II 
/ / 

0.1 0.2 0.3 0.4 0.5 0.6 

V". BASE·EMITIER VOLTAGE (VOLTS) 

h .. 

Bracket Min. Max. 

MP525-1 30 45 
-2 40 60 
-3 50 75 
-4 60 90 
-5 80 120 
-6 100 150 



MP600 (GERMANIUM) 
thru 

MP603 PNP Germanium power transistors designed for high
current switching applications requiring low saturation 
voltages, short switching times and good sustaining volt
age capability . 
• Alloy Diffused Epitaxial Construction 
• Low Saturation Voltages -

Collector Connected to Case 
CASE 11A 

(TO-3 modified) 

VCE(sat) = 0.75 Vdc (Max) @ IC = 25 Adc 
VBE(sat) = 1.2 Vdc (Max) @ IC = 25 Adc 

MAXIMUM RATINGS 

Rating Symbol MP600 MP601 MP602 MP603 

Collector-Emitter Voltage VCEO 50 60 70 80 

Collector-Base Voltage VCB 75 75 90 90 

Emitter-Base Voltage VEB 1.5 

Collector Current - Continuous IC 25 

Base Current - Continuous IB 5.0 

Total Device Dissipation @TC =25°C PD 85 
Derate above 25° C 1.0 

Operating and Storage Junction TJ , Tstg -65to +110 
Temperature Range 

THERMAL CHARACTERISTICS 

Characteristic Symbol Max 

Thermal Resistance, Junction to Case 8JC 1.0 

FIGURE 1- SUSTAINING VOLTAGE TEST CIRCUIT 

Vertical 

1.0 

f = 20 Hz 
Duty Cycle = 0.5% 10 

U 
~~- PUSh~T .. e~~ _______ A_d~jU~~oIB~=_~ ____ ~~~ ____ ~ ~ 5.0 3.0 

**Close Switch Sl for IC = 25A Test 
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Unit 

Vdc 

Vdc 

Vdc 

Adc 

Adc 

Watts 
WjOC 

°c 

Unit 
°CjW 

0-150 



MP600 thru MP603 (continued) 

ELECTRICAL CHARACTERISTICS (T e = 2S'C unless otherwise noted) 

I Characteristic Symbol Min Max Unit 

OFF CHARACTERISTICS; 
Collector-Emitter Breakdown Voltage BVCEO Vdc 

(IC = 100 mAdc, IB = 0) MP600 50 -
MP601 60 -
MP602 70 -
MP603 80 -

Collector-Emitter Sustaining Voltage (See Figure I) V CE(sus) Vde 
(IC = 5.0 Adc) MP600 50 -

MP601 60 -
MP602 70 -
MP603 80 -

(IC = 25 Adc) MP600 30 -
MP601 40 -
MP602 40 -
MP603 50 -

Emitter-Base Breakdown Voltage BVEBO Vdc 
(IE = 100 mAde, IC = 0) 1.5 -

Floating Potential VEBF Vdc 
(V CB = 60 Vdc, IE = 0) - 0.4 

Collector Cutoff Current ICEX mAde 

(V CE = 75 Vdc, V BE(off) = O. 2 Vde) MP600, MP601 - 10 

(V CE = 90 Vdc, V BE(off) = O. 2 Vdc) MP602, MP603 - 10 

Collector Cutoff Current ICBO JiAde 
(V CB = 2.0 Vdc, IE = 0) - 200 

Emitter Cutoff Current lEBO mAdc 
(VEB = O. 5 Vde, IC = 0) - 5.0 

ON CHARACTERISTICS 
DC Current Gain hFE -

(IC = 5.0 Adc, V CE = 2.0 Vdc) 50 -

Collector-Emitter Saturation Voltage V CE(sat) Vdc 
(IC = 25 Adc, IB = 1. 25 Ade) - 0.75 

Base-Emitter Saturation Voltage VBE(sat) Vde 

(IC = 25 Adc, IB = 1. 25 Adc) - 1.2 

Emitter-Base On Voltage VEB(on) Vde 

(Ic = 5.0 Adc, VCE = 2.0 Vdc) - 0.6 

Pulse Energy Test (See Figure 2) IH PET Joule 

(IC = 3.3 Adc, V CE = 30 Vdc) 1.0 -
" 

SWITCHING CHARACTERISTICS 
Rise Time t - 10 Jis 

(V CC = 22 Vde, IC = 15 Adc, IBI = IB2 = 1.5 Ade) 
r 

Storage Time t s - 6.0 Jis 

Fall Time See Figure 3 tf - 13 Jis 

(1IPulse Test: Pulse Width = 10 ms, Duty Cycle = 2.5%. 

FIGURE 2 - PULSE ENERGY TEST CIRCUIT FIGURE 3 - SWITCHING TIME TEST CIRCUIT 

Adj for 

IC=3.3A 

1.5 TUT 

·C. P. Clare HGSM10ll Or Equivalent 

0.10 

Adi for 

VCE = 30 V 

Adj for 10 ms, Pulse Width 
and 2.5% 0 uty Cycle 
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_1~0 JiSn +15 V 

U -15.5 V-=O---J\IV\r-"'+~ 10 

lOO.us 

Input Pulse 
tr ,tf< 10 ns 
PRF=60Hz 

Input 

MR830 

Adj for Ie = 15A 

1.5 

22 V 

TUT 



MP800 (GERMANIUM) 

MP801 

PNP germanium power transistor designed for ultra
high current applications requiring high gain and ex
tremely low saturation voltage. Collector electrically 

isolated from heat sink. 
CASE 118 

MAXIMUM RATINGS 

Rating Symbol MP800 MP801 Unit 
Collector-Emitter Voltage VCEO 60 45 Vdc 

Collector-Emitter Voltage VCES 75 60 Vdc 

Emitter-Base Voltage VEB 20 Vdc 

Collector Current* I * C 150 Amp 

Total Device Dissipation @ T C = 25°C PD 250 Watts 

Operating Junction Temperature Range TJ -65 to +110 °c 

THERMAL CHARACTERISTICS 

Characteristic Symbol Max Unit 
Thermal Resistance, Junction to Case (lJC 0.33 °C/W 

ELECTRICAL CHARACTERISTICS •• For Epoxy Encapsulated unit, add "A" to device type, i. e. MP800A 
(T C = 25°C unless otherwise noted) 

Characteristic 1 Symbol 1 Min Max' '1 Unit 

OFF CHARACTERISTICS 

Collector-Emitter Breakdown Voltage BVCEO Vdc 

(IC = 1. 0 Adc, IB = 0) MP800 60 -
MPBOI 45 -

Collector Cutoff Current ICBO mAdc 
(VCB = 75 Vdc, IE = 0) MPBOO - 12 

(V CB = 60 Vdc, IE = 0) MPBOI - 12 

ON CHARACTERISTICS 

DC CU.rrent Gain hFE -
(IC '= 150 Adc, V CE = 2.0 VlIc) 15 -

Coliector-Emitter Saturation Voltage VCE(sat) - 0.30 Vdc 
(Ic = 150 Adc, IB = 15 Adc) 

Base-Emitter Saturation Voltage YBE(sat) Vdc 
(IC = 150 Adc, IB = 15 Adc) - 1.0 

Safe Operating Area (Figure 1) SOA Volts 

100% Test - Clamped V CE MPBOO - 45 
MPBOI - 40 

• For currents above 150 Amp, contact your local representative. 
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MP800, MP801 (continued) 

FIGURE 1 - SAFE OPERATING AREA TEST CURRENT 

Rl = LOr!, 200 W 

R2 = lOr!, 2.0 W 

R3 = O.lr!, 1%, 20 W 

R4 = O.OOW 

R5 = lOr!, 2.0 W 

R6 = 50r!, 1. 0 W 

Ql = 2N2832 

Dl = IN1l83 

Bl = Adj for IB(on) = 15 A 

B2 = 6.0 V 

B3 = Adj for clamped V CE 

B4 = 20 V 

** Adj P. W. to obtain IC = 150 A 

--, r- Pulse 
U Generator** 

Comm Vert 
R4 0.3 mH 
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MP900 (GERMANIUM) 

MP901 
MP902 

PNP germanium power transistors designed for 
high-power inverters up to 2.0 kW, high-current switch
ing, motor speed control, and high-current power sup
plies applications. 

CASE 118 

Collector is electrically isolated from heat sink chassis 

MAXIMUM RATINGS 

Rating Symbol MP900 MP901 MP902 Unit 

Collector-Emitter Voltage VCEO 60 90 120 Vdc 

Collector-Base Voltage VCB 80 110 140 Vdc 

Emitter-Base Voltage VEB 2.0 Vdc 

Collector Current IC 150 Adc 

Total Device Dissipation@ T C = 25°C P D 250 Watts 
Derate above 25°C 2.94 W;OC 

Operating Junction Temperature Range TJ -65 to +110 °c 

THERMAL CHARACTERISTICS 

Characteristic Symbol Max Unit 

Thermal Resistance, Junction to Case 8JC 0.33 °C/W 

3-558 



MP900, MP901, MP902 (continued) 

ELECTRICAL CHARACTERISTICS (T c = 25·C unless otherwise noted) 

Characteristic Symbol Min Typ Max Unit 

OFF CHARACTERISTICS 

Collector Cutoff Current ICEO mAde 
(VCE = 60 Vde, IS = 0) MP900 - - 300 

(VCE = 90 Vde, IS = 0) MP901 - - 300 

(V CE = 120 Vde, IS = 0) MP.902 - - 300 

Collector Cutoff Current ICEX mAde 
(VCE = 80 Vde, VSE = 0.2 Vde, TC = 70·C) MP900 - - 50 

(V CE = 110 Vde, V SE = 0.2 Vde, TC = 70·C) MP901 - - 50 

(V CE = 140 Vde, V SE = 0.2 Vde, TC = 70·C) MP902 - - 50 

Collector Cutoff Current ICSO mAde 
(VCS = 2.0 Vde, ~ = 0) All Types - - 0.6 

(VCS = 80 Vde, IE = 0) MP900 - - 10 

(V CS = 110 Vde, IE = 0) MP901 - - 10 

(VCS = 140 Vde, ~ = 0) MP902 - - 10 

ON CHARACTERISTICS 
DC CUrrent Gain hFE -

(IC = 70 Ade, VCE = 2.0 Vde) 20 - -

Collector-Emitter Saturation Voltage VCE(sat) Vde 
(IC = 150 Ade, IS = 30 Ade) - - 0.5 

Base-Emitter Saturation Voltage VSE(sat) Vde 
(IC = 150 Ade, IS = 30 Ade) - - 1.3 

Safe Operating Area* (Figure I) SOA* Vde 
(IC = 50 Ade) MP900 80 - -

MP901 85 - -
MP902 100 - -

(IC = 150 Ade) MP900 35 - -
MP901 45 - -
MP902 55 - -

SWITCHING CHARACTERISTICS 
Rise Time tr - 25 - JJ.s 

Storage Time (IC = 75 Ade, 1m = IS2 = 7.5 Ade, (Figure 2) Is - 5 - JJ.S 

Fall Time t f - 15 - 1-'" 

*100% Test-Clamped V CE 

FIGURE 1 - SAFE OPERATING AREA TEST CIRCUIT FIGURE 2 - SWITCHING TIME TEST CIRCUIT 

L1- O.3mH 
A,-1.Dn,2oow 

:; = ~.~ ~~: ;0°:: 
R4 -O.D01U,20W 
Rr.- 1Dll,2.0W 

~~ = ~~~~i32.DW 
02- MRl213 
Ql-MP3105 

HORIZONTAL 

8, .: Adjust for IS(on) = le/5 
B2" 2.0 Volts 
8J "'AdjllstforSpecifiedVCE 
84 "20Voln 

"'Pulse 2! 12Volts,20pps 
Adjust Pulse Width to obtain the Specified Ie 
(O.5m$:S:: PW .::; S.Dms) 

10011 

·'NPUT PULSE REPETITION RATE ~ 20 Hz, PULSE WIDTH ~ 1DO,.,5. 
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MP 1612, A, B (GERMANIUM) 

PNP GERMANIUM POWER TRANSISTORS 

. high-speed, high-frequency transistors for television horizontal 
deflection requiring: 

• Fast Switching - Fall Time Typically 0.7 fJ.s in Horizontal Output 
Stages of CRT Deflection Circuits 

• Low Collector-Emitter Saturation Voltage -
VCE(sat) = 0.3 Vdc (Max) @ IC = 10 Adc 

• Large, Specified Safe Operating Area 

MAXIMUM RATINGS 

Rating Symbol MP1612 MP1612A 

Collector-Emitter Voltage VCES 100 140 

Collector-Base Voltage VCS 100 140 

Emitter-Base Voltage VES 2.5 

Collector Current Continuous IC 20 

Base Cu rrent Continuous 18 5.0 

Total Device Dissipation @TC - 25°C Po B5 
Derate above 2SoC 1.0 

MP1612B 

160 

160 

Operating Junction Temperature Range TJ 1----65 to +110-

ELECTRICAL CHARACTERISTICS (TC = 2!;°C unless otherwise noted) 

Unit 

Vde 

Vde 

Vde 

Ade 

Ade 

Watts 
W/oC 

°c 

Characteristic I Symbol Min Max Unit 

OFF CHARACTERISTICS 
Emitter-Base Breakdown Voltage 

(IE = 50 mAde, IC = 0) 

Collector Cutoff Current 
(VCE = 100 Vde, VSE = 0) MP1612 

(VCE = 140Vde, VSE =0) MP1612A 

(VCE· 160 Vdc, VSE· 0) MP1612S 

Collector Cutoff Current 

(VCE·50 Vde, VSE = 0.2 Vde, MP1612 
TC· +850 C) 

(VCE· 75 Vde, VSE = 0.2 Vde, MP1612A 
TC· +850 C) 

(VCE • 100 Vde, VSE· 0.2 Vde, MP1612B 
TC· +850 C) 

Collector Cutoff Current 

(VCS ·80 Vde, IE • 0) MP1612 

(VCS· 120 Vdc, IE • 0) MP1612A 

(VCS • 140 Vde, IE = 0) MP1612B 

ON CHARACTERISTICS 

DC Current Gain 

(Ie· 5.0 Ade, VCE = 2.0 Vde) 

(lC· 10 Ade, VCE • 2.0 Vde) 

Collector-Emitter Saturation Voltage 
(lC = 10 Ade,IB· 1.0 Ade) 

(lC· 20 Ade, 18 • 2.0 Ade) 

SWITCHING CHARACTERISTICS 
Fall Time (Figure 5) 
(lC· ;.DAde, IBI ·O.5Ade, IS231.0Ade) 

(lC· 1OAde, lSI ·0.5Ade, IS2 = 1.0Ade) 

SVEBO 2.5 Vde 

ICES mAde 

- 20 

- 20 

- 20 

ICEX mAde 
- 40 

- 40 

- 40 

ICBO mAde 
- 10 

- 10 

- 10 

hFE 
40 -
25 100 

VCEI .. ,) Vdc 
- 0.3 

- 0.5 
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20 AMPERE 
POWER TRANSISTORS 

PNP GERMANIUM 

100-140-160 VOLTS 
85 WATTS 

To conven inches to millimeters multiply by 25.4 

Collector connected to case 

CASE llA 
(TO·3 Except Pin Diameter) 



MP1612, A, B (continued) 

FIGURE 1 - MP1612 
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FIGURE 2 - MP1612A 

1'\ 1\ ...-,50 1" 

~ 
5.0 ms 

5001" -
l\ "'t\ 

de 

" 

I\,' 

"- r--. ~ 

, 
III. 

20 40 60 80 lOa 120 140 
YeE, COLLECTOR-EMITTER VOLTAGE (YOLTS) 

1\ 

FIGURE 3 - MP16128 
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The Safe Operating Area Curves indicate the lc·-Vn; limits below which the devices will not go into secondary breakdown. As secondary breakdown is indepen
dent of temperature and duty cycle, these curves can be used as long as the average power derating curve (Figure t) is also taken into consideration to insure 
operation below the maximum junction temperature. 

FIGURE 4 - POWER-TEMPERATURE DERATING CURVE 
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THESE TRANSISTORS ARE ALSO SUBJECT TO SAFE 
AREA CURVES AS INDICATED BY FIGURES I, 2, 3_ 
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FIGURE 6 - BASE TURN-OFF CURRENT versus FALL TIME 
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FIGURE 7 - LOW VOLTAGE HORIZONTAL DEFLECTION TEST CIRCUIT 
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MP 1613 (GERMANIUM) 

.~. Medium-current germanium: PNP power transistor, 
designed for use irf 12 Volt vertical deflection circuits 
in . television receivers; features: high breakdown 
voltage, low leakage current; and low saturation volt
age. CASE 11 

(TO~31 

MAXIMUM RATINGS 

Rating Symbol Value Unit 
Coliector-Emitter Voltage VCEO 75 Vdc 

Collector-Emitter Voltage VCES 90 Vdc 

Collector:"Base Voltage VCB 100 ··Vdc 

Emitter-Base Voltage VEB 50 Vdc 

Collector Current - Continuous IC 7.0 Adc 

- Peak IS Adc 

Base Current '- Continuous IB 2.0 Adc 

Total Device Dissipatio~ @ TC = 25·C PD 85 Watts 

Derate above 25·C 1.0 wj·C 

Operating and Storage Junction TJ , Tstg -65 to +110 ·C 
Temperature Range 

THERMAL CHARACTERISTICS 

Characteristic Symbol Max Unit 

Thermal ReSistance, Junction to Case 8JC 1.0 ·C/W 

ELECTRICAL CHARACTERISTICS (Tc = 2S·C unless otherwise noted) 

Symbol Min Typ Max 
OFF CHARACTERISTICS 

Coll8ctor~Emittel' Breakdown Voltage,(1J BVCEO 
(lC = 300 mAde, IB = 0) 75 - -

Collector~Emitter Breakdown Voltage 11) BVeEs (Ie = 250 mAde, VBE = 0) 90 - -
Collector Cutoff Current ICED 

(VCE = 37,5 Vde, Ia = 0) - - 30 

Collector Cutoff Current ICEX 
(VCE = 90 Vde, VBE = 1.0 Vde, TC = +100"C) - - 10 

CoUector Cutoff Current leBO (VCB = 2.0 Vde, ~ = 0) - - 0.06 

(VeB' VCB. max, ~ = 0) - - 5.0 

Emitter Cutoff Current ~BD 
(VBE = 12 Vde, Ie' 0) - - 100 

ON CHARACTERISTICS 

DC Current Gain hFE (Ie = 50 mAde, VeE = 2.0Vde) - 120 200 

(Ie = 1.0Ade, VeE -2.0Vde) 40 70 -
Collector-Emitter Saturation Voltage VCE(sat) (Ie = 3.0 Ade, Ia = 300 mAde) - - 0.25 

11' SWeep Test: 1/2 sine wave. 60 Hz. 

3-562 

Unit 
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MP1613 (continued) 

DC CURRENT GAIN ,frsus COLLECTOR CURRENT 
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NOTE: - The Safe Operating Area Curves indicate 
Ic-V CE limits below which the device will not go into sec
ondary breakdown. Collector load lines for specific eir
cuits must fall within the applicable Safe Area to avoid 
causing a collector-emitter short. (Case temperature and 
duty cycle of the excursions make no significant change 
in these safe areas.} The load line may exceed the BVCES 

voltage limit only if the collector current has been reduced 
to 20mA or less before or at the BVCES limit; then and 
only then may the load line be extended to the absolute 

. maximum voltage rating of BVCBO' To insure operation 
below the maximum TJ, the power-temperature derating 
curve must be observed for both steady state and pulse 
power conditions. 
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MP2000A (GERMANIUM) 

MP2100A 
MP2200A 
MP2300A 
MP2400A 

PNP GERMANIUM POWER TRANSISTORS 

. . . designed for high·voltage switching, and power converter 
applications. 

• Alloy·Diffused Epitaxial Construction 

• Low Saturation Voltages -
VCE(sat) = 0.6 Vdc (Max) @ IC = 25 Adc 
VSE(sat) = 1.0 Vdc (Max) @ IC = 25 Adc 

• Fast Switching Times -
ton = 11 jJ.S (Typ)@IC=10Adc 
toff = 21 jJ.S (Typ) @ IC = 10 Adc 

• Guaranteed Excellent Safe Operating Area 

MAXIMUM RATINGS 

Rating Symbol MP20ooAjMP21ooAjMP2200AIMP2300AIMP2400A 
Coliector~Emitter VOltage VCEO 30 I 60 I 80 I 100 I 120 
Emitter-Base Voltage VEB 2.0 
Collector Current-Continuous IC 25 
Base Current Continuous IB 5.0 
Total Device Dissipation Po 

106 

Unit 

Vdc 
Vdc 
Adc 
Adc 

Watts @TC-250C 
Derate above 25°C 1.25 W/oC 

Operating and Storage Junctior TJ,Tstg 65'0+110 
Temperature Range 

THERMAL CHARACTEI'IISTICS 

Characteristic 

Thermal Resistance, Junction to Case 

FIGURE I -POWER·TEMPERATURE OERATING 
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25 AMPERES ADE 
POWER TRANSISTORS 

3()"120VOLTS 
106 WATTS 

Q~ 
hl.550MAX~: 0.83 

MAX 0.30 

0ML .OIA~~ 

~ 
0.440 

Collector Connected To Case 
CASE llA (1) 

TO·3 
Except Pin Diameter 

(1)For devices with Lugs (TO-41) contact 
your local Motorola salas office. 



MP2000A, MP2100A, MP2200A, MP2300A, MP2400A (continued) 

ELECTRICAL CHARACTERISTICS (Tc = 25°C unless otherwise noted) 

I Characteristic I Symbol 

OFF CHARACTERISTICS 

Collector-Emitter Breakdown Voltage 
IIC: 0.1 Ade, IS = 01 MP2000A 

MP2100A 
MP2200A 
MP2300A 
MP2400A 

Collector-Emitter Sustinaing Voltage (Figure 7) 
IIc = S.O Adel MP2000A 

MP2100A 
MP2200A 
MP2300A 
MP2400A 

IIc = 25 Adel MP2oo0A 
MP2100A 
MP2200A 
MP2300A 
MP2400A 

Emitter-Base Breakdown Voltage 
liE: 0.5 Ade, IC = 01 

Collector Cutoff Current 

(VCE = 60 Vde, VBE (offl = 0.2 Vdel MP2oo0A 
(VCE = 80 Vde, VBE(offi : 0.2 Vdel MP2100A 

(VCE = 100 Vde, VSE(offl = 0.2 Vdel MP2200A 
(VCE: 120 Vde, VBE(offl : 0.2 Vdel MP2300A 
(VCE = 140 Vde, VBE(oif) = 0.2 Vdel MP2400A 

(VCE = 60 Vde, VBE(offi = 0.2 Vde ,TC: 850 CI MP2oo0A 

(VCE = 80 Vde, VBE(offl: 0.2 Vde ,TC = 850 CI MP2100A 
(VCE = 100 Vde, VBE(offi = 0.2 Vde ,TC = SSoCI MP2200A 

(VCE = 120 Vde, VBE(offi = 0.2 Vde ,TC = 8SoCI MP2300A 
(VCE = 140 Vde, VBE(offl = 0.2 Vde ,TC = 8SoCI MP24QOA 

Collector Cutoff Current 
(VCB = 2.0 Vde, IE : 01 

ON CHARACTERISTICS 

DC Current Gain 
IIc = S.O Ade, VCE = 2.0 Vdel 

Collector-Emitter Saturation Voltage 
IIC: 25 Ade, IB = 2.5 Adel 

Base-Emitter Saturation Voltage 
IIc = 25 Ade, IB : 2.5 Adel 

8ase-E mitrer On Voltage 
IIc = 8.0 Ade, VCE : 2.0 Vdel 

DYNAMIC CHARACTERISTICS 

Current-Gain - Bandwidth Product "-
IIc = 0.5 Adc, VCE = 5.0 Vdc, f = 100 kHzl 

Turn-On Time (Figure 2) 
lie: 10 Adc, IBI : 1.0 Adcl 

Turn-Off Time (Figure 2) 
lie: 10 Ade, IB1: IS2= 1.0 Adcl 

FIGURE 2 - SWITCHING TIME TEST CIRCUIT 

Input Pulse 

Ir, If .. 100 ns 
PRF=60Hz 

Note: RS and RC are varied 
to obtain desired test 
conditions. 
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Min Typ Max Unit 

Vde 
30 - -
60 - -
SO - -
100 - -
120 - -

Vde 
60 - -
SO - -
90 - -
100 - -
120 - -

60 - -
70 - -
75 - -
80 - -
90 - -

2.0 - - Vde 

mAde 
- - 10 
- - 10 
- - 10 
- - 10 
- - 10 
- - 25 

- - 25 
- - 25 

- - 25 
- - 25 

- - .200 "Ade 

25 - - -

- - 0.6 Vde 

- - 1.0 Vde 

- - 0.8 Vde 

- 430 - kHz 

- 11 - "s 

- 21 - "s 

FIGURE 3- SWITCHING TIMES 
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MP2000A, MP2100A, MP2200A, MP2300A, MP2400A (continued) 

FIGURE 4 - THERMAL RESPONSE 
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FIGURE 5 - ACTIVE REGION SAFE OPERATING AREA 
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There are two limitations on the power handling ability of a 
transistor:" average Junc1;ion temperature and second breakdown. 
Safe operating area curves indi~8te Ie-VeE limits of the tran.sistor 
that must. be observed for ,reliable .operation; Le •• the transistor must 
not be subjected to greater dissipation than the curves indicate. 

The data of Figure 5 is based on T J(pk) = llOoC; TC is variable 

FIGURE 7 - CURRENT-GAIN-BANDWIDTH PRODUCT 
VCE, COLLECTOR·EMITTER VOLTAGE (VOLTS) 

IC, COLLECTOR.CURRENT (AMP) 

FIGURE 6 -CLAMPED INDUCTIVE SAFE OPERATING AREA 
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depending on conditions. Second· breakdown pulse Hmits are valid 
for duty cycles to 10% provided TJ(Pk}SIIP"C. TJ(pk) may be 
calculated from the data in Figure 4. At high case temperatures, 
thermal limitations will reduce the power that can be handled to 
values less than the limitations imposed by second breakdown. 
(See AN-415) . 

FIGURE 8 -CLAMPED INDUCTIVE SAFE OPERATING 
AREA TEST CIRCUIT 
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MP2000A, MP2100A, MP2200A, MP2300A, MP2400A (continued) 

FIGURE 9- DC CURRENT GAIN 
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FIGURE 13 - COLLECTOR CUTOFF REGION 
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MP2060 thru MP2063 (GERMANIUM) 

CASE 11 
(TO-3) 

PNP germanium power transistors for audio amplifier 
applications. 

MAXIMUM RATINGS 

Rating Symbol IP2. IP2061 MP2062 MP2883 

Collector-Emitter Voltage VCES 30 45 60 75 

Collector-Emitter Voltage VCEO 25 35 50 60 
(Open Sase) 

Collector";Sase Voltage VCS 40 60 75 90 

Emitter-Sase Voltage VES .. 20 .. 
Collector Current (Continuous) Ie .. 7.0 .. 
Peak Collector Current Ie .. 15 .. 
(PW;:;; 5 ms) 

Sase Current (Continuous) IS .. 2.0 ~ 

Storage Temperature Tstg .. -65 to +110 ... 
Operating Case Temperature TC .. -65 to + 110 .. 
Total Device Dissipation PD 

@rC = 25°C .. 85 ... 
Derate above 25°C .. 1.0 .. 

Thermal Resistance 
Junction to Case 

6JC 1.0 

Thermal Resistance 6CA 32.7 
Case to Ambient 

TA 
@ 5 
~ 

Tc 
100 
85 
80 

POWER-TEMPERATURE DERATING CURVE 
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Unit 

Vdc 

Vdc 

Vdc 

Vdc 

Ade 

Ade 

Ade 

°c 

OC 

Watts 
W/OC 

°C/W 

°C/W. 

125 



MP2060 thru MP2063 (continued) 
ELECTRICAL CHARACTERISTICS (TC = 2SOC unless otherwise notedl 

Clllnctlrlsllcs SynIbai 

DC Forward Current Gain (Note I) hFE (Ie = 3 Ad •• VCE = 2 Vd.) 

CUrrent GaIn-Bandwidth Produ.t lor 
(Ie = 0.5 Ad •• VCE = 12 Vd.) 

Collector-EDiltter SaturaUon Voltage VCE(aat) (Ie = 3.0 Me. IB = 0.3 Me) 

Baae-EDiltter Saturatton Voltage VBE(.at) (Ie = 3.0 Me.1a = 0.3 Ad.) 

DC Tr .... conclu.tance gFE <Ie = 3.0 Ad •• VCE = 2 Vd.) 

Collector-EDiltter Breakdown Voltage* BVCES* 
(Ie • 250 mAd.) MP2060 

MP2061 
MPZ062 
MP2063 

COlle.tor-EDiltter SUetalning Voltage* VCEO(su.)* <Ie = 500 mAd.) MP2060 
MP2061 
MP2062 
MP2063 

Colle.tor-Baae Breakdown Voltage BVCBO (Ie = 20 mAd.) MP2060 
MP2061 
MP2062 
MP2063 

Colle.tor-Baae CUtoff Current leBO 
(VCB ·2Vd.) 
(VCB = 25 Vd.) MP2060 
(VCB • 35 Vd.) MPZ061 
(VCB ;, 40 Vd.) MP2062 
(VCB = 60 Vd.) MP2063 

Collector-Emitter Cutoff Current leEX 
(VCE ;, 30 Vd •• VBE(off) = I Vd •• TC • lOO"C) MP2060 

(VCE = 45 Vde. VBE(off) • I Vd •• TC • IOOOC) 
MP2061 

(VCE = 60 Vd •• VBE(off) = I Vd •• TC 'IOOOC) MP2062 

(VCE = 75 Vd •• VBE(off) = I Vde. TC • 10o"C) 
MP2063 

Emitter-Baae Cutoff Current lEBO 
(VBE •. 20 Vd.) 

Input Impedan.e bie (Ie =-500 mAd •.• VCE = -12 Vd •• Ib = I mAde. I· I kHz) 

DlatorUon ~ 
(Ic • - 500 mMe. VCE = -12 Vd •• RS • 30 oh ..... RL = 25ohme. 

RE (unbypasaed) = 0.33 ohm. Pout = 2 watts) 

*Sweop Test: 1/2 sine wave. 80 Hz 

NOTE: upon customer's request the 
transistors will be numeJ,"ically cod
ed to identify matched pairs. The 
dc current transfer ratios are sort
ed into approximately 1: 1. 5 ranges. 
Any two devices within a bracket 
constitute a matched pair. No guar
antee is made of gain distribution. 

IC = 3 Adc, V CE ::: 2 Vdc 
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MP2060 thru MP2063 (continued) 

COLLECTOR·EMITTER CURRENT versus BASE·EMITTER RESISTANCE 
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MP2060 thru MP2063 (continued) 
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MP2100A, MP2200A, MP2300A, MP2400A 
For Specifications, See MP2000A Data. 

MP3730 (GERMANIUM) 

MP3731 

PNP GERMANIUM POWER TRANSISTORS 

PNP Germanium power transistors with the MP3730 designed 
primarilv for medium·power, vertical deflection amplifier applications 
in television receivers and the MP3731 designed for horizontal ampli· 
fier applications. 

• Low Collector Cutoff Current -
ICES = S.O mAde (Max) @ VCE = 200 Vde MP3730 

= 10 mAde (Max) @ VCE = 320 Vde MP3731 

• . Low Collector Emitter Saturation Voltagt!-
VCE(sat) = O.S Vde (Max) @ IC = SO mAde MP3730 

= O.S Vde (Max) @ IC = 6.0 Ade MP3731 

• Low Base·Emitter Saturation Voltage -
VSE(sat) = 0.8 Vde (Max) @ IC = 6.0 Ade MP3731 

-MAXIMUM RATINGS 

Rating Symbol MP3730 MP3731 Unit 

Coliector·Emitter Voltage VCES 200 320 'Vdc 

Coliector·Base Voltage VCB 200 320 Vdc 

Emitter·Base Voltage VEB 2.0 Vdc 

Collector Current - Continuous IC 5.0 10 Adc 

Total Device Dissipation @ T C " 25°C' Po 66 Watts 

Derate above 25°C 0.67 wfOc 

Operating & Storage Junction 
Temperature Range 

TJ, T stg -65 to +110 °c 

THERMAL CHARACTERISTICS 

Characterillic Symbol Max Unit 

Thermal Resistance, Junction to Case 8JC 1.5 °CIW 

3-572 

5 and 10 AMPERE 
POWER TRANSISTORS 

PNP GERMANIUM 
EPITAXIAL BASE 

200-320 VOLTS 
56 WATTS 

rQ1 h --1L 
1.550 MAX. -~ 
t ~:~11 : -I 0.250 

0.135 .otA I 0.300 
MAX . _.----L 

.I.-P~~~:::::::::J---.-
'!O.039 D1A 

lam 0.440 
[48lj 

0.420 
Iffili 

o)---~'-:-7.BA~ 

All JEDEC dimensions and notes apply 

Collectorconnaetedto CIISI 

CASE 11 
TQ-3 

EMITTER 



MP3730, MP3731 (continued) 

E LECTRICA L CHARACTER ISTICS (T C = 250 C unless otherwise noted) 

I Characteristic Symbol 

OFF CHARACTERISTICS 

Collector Cutoff Current 
(VCE = 200 Vde, VBE = 0) 
(VCE = 320 Vde, VBE = 0) 

Collector Cutoff Current 

(VCB = 10 Vde, IE = 0) 

Emitter Cutoff Current 
(VBE = 0.5 Vde, IC = 0) 
(VBE = 2.0 Vde, IC = 0) 

ON CHARACTERISTICS 

DC Current G.in 
(lC = 50 mAde, VCE = 4.0 Vde) 
(lC = 2.25 Ade, VCE = 4.0 Vde) 
(lC = 6.0 Ade, VCE = 3.0 Vde) 

Coliector·Emitter Saturation Voltage 
(lC = 50 mAde, IS = 5.0 mAde) 
(lC = 2.25 Ade, IB = 150 mAde) 
(lC = 6.0Ade,IS = 400 mAde) 

B ... ·Emitter Saturation Voltage 
(lC = 6.0 Ade, IB = 400 mAde) 

Base·Emitter On Voltage 
(lC = 0.5 mAde, VCE = 4.0 Vde) 

DYNAMIC CHARACTERISTICS 

Current·Gain·Bandwidth Product 

(lC = 0.5 Ade, VCE = 5.0 Vde) 

SWITCHING CHARACTERISTICS (Figure 1) 

Fall Time - MP3731 
(VCE = 300 V (Pe.k), IC = 5.0 A, (Peak) 

I B 1 = 0.5 A (Peak) ,I B2 = 2.2 A (Peak) 

ICES 
MP3730 
MP3731 

ICBO 

lEBO 
MP3730 
MP3731 

hFE 
MP3730 
MP3730 
MP3731 

VCE(satl 
MP3730 
MP3730 
MP3731 

VSE(sat) 
MP3731 

VBE(on) 
MP3730 

tf 

Min Max 

- 5.0 
- 10 

- 0.4 

- 50 
- 50 

10 200 
15 -
15 -

- 0.5 
- 0.75 

- 0.5 

- 0.8 

- 0.6 

- 2.0 

FIGURE 1 - SWITCHING TIME TEST CIRCUIT 

saUAREWAVE 
INPUT 

AOJUST INPUT 
TO SET IS (on) CONDITION 
Tl: Motorol,125068782AOI·D 

+25.V 

NOTE: If transformer is not readily available. it may be simulated as follows: 
Material: %. inch thick EI stack-laminated soft iron. Center leg % inch 
by % inch. (No air gap.) Primary; 260 turns No. 30 (AWG) 
secondarv: 22 turns No. 24 (AWG.) 
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tf 

I" , 11116 

IC PROSE 1_ 91116 

PKIC-

IS(ON)' 0.5 A 
PEAK TURN OFF PULSE· 2.2 A 
PEAKIC·5.DA 

Unit 

mAde 

mAde 

mAde 

-

Vde 

Vde 

Vde 

I'S 



MPA·10 

Advance In.forIDation 

DUAL EIGHT DIODE ARRAY 

· .. designed for computer applications use in core memory selection 
circuitry. Multiple diodes in one packag~ provides a minimull"l·part. 
count, for faster, more efficient assembly processing. 

• High Breakdown Voltage -
V(BR) = 60 Vdc (Min) @ I(BR) = 100j.lAdc 

• Low Capacitance -
C = 2.6 pF (typ), 5.0 pF (Max) @ VR = OVdc 

• Low Forward Voltage ~ 
VF = 0.8 Vdc. (Min) to 1.3 Vdc (Max) 
@ IF = 500 mAdc 

• Fast Reverse Recovery Time -
trr = 10 ns (Max) @ IF = IR = 500r:nAdc 

MAXIMUM RATINGS (each diode) 

Rating Symbol 

Reverse Voltage VR 

Peak Forwatd Surge Cu .. ren~ ·IF 
(Pulse Width = 10 /ls) (surge) 

Power Dissipation@TA = 2SoC , Po 
Each Diode 

Derate above 25°C 
Total Package 

Derate above 2SoC 

Operating and Storage Junction Temperature Range TJ,Tstg 

Value 

60 

1.0 

400 
3.63 
1.6 
14.5 

-55 to +135 

"JffifITt' 
14Jlli lifL7 

Pins 5 & 12, no internal connections 

Unit 

Vdc 

A 

mW 
mW/oC 

Watts 
mW/oC 

°c 

This is advance information on a new introduction and specifications are subject to change without notice. 
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SILICON EPITAXIAL 
DUAL EIGHT DIODE 

ARRAY 

.... 
rynJl~~·. 

0.115 ~ om !" 

"" -DimeosijJnislolllldceM.,linlwhanformedpen'llI,1. 

CASE 646 
TQ·116 

I' 
TY' 

o.o09.JL 
o:Di4,\ 



MPA-'O (continued) 

ELECTRICAL CHARACTERISTICS (T A = 25°C each diode) 

Characteristic Symbol Min Typ Max 

Breakdown Voltage V(BR) 
(I(BR) = 100j.lAdcl 60 - -

Reverse Current IR 
(VR = 40 Vde) - - 100 

Forward Voltage VF 
(IF = 100 mAde) - - 1.0 

(I F = 500 mAde) 0.8 1.05 1.3 

Capacitance C 
(VR = 0 Vde) - 2.6 5.0 

Reverse Recovery Time trr 
(IF = IR = 500 mAde, i,,= 50 mAde) - 4.0 10 

FIGURE 1 - RECOVERY TIME EQUIVALENT TEST CIRCUIT 

Adjust amplitude 
for IF = 500 rnA 

JL 
tr=1.0ns 

Zout= 50n 
PW = 200 ns 
OC = 1.0% 

0.05!'F OUT 

Current Probe 
Output 

------,---~--~~--~ _____________ O 
- - -90% 

IRM I 

1-1 -+ ---0% 
I I 
r--trr~ 
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Unit 

Vde 

nA 

Vde 

pF 

ns 



MPF 102 (SILICON) 

Silicon N-channel junction field-effect transistor 
designed for VHF amplifier and mixer applications. 

MAXIMUM ~ATINGS (T A; 2S"C unless otherwise noted) 

CASE 29(5) 
(10-92) 

Drain and Source 
may be interchanged 

Rating 

Drain-Source Voltage 

Drain-Gate Voltage 

Gate-Source Voltage 

Gate CUrrent 

Total Device Dissipation @ T A • 25"C 

Derate above 25°C 

Operating JWlction Temperature 

Storage Temperature Range 

ELECTRICAL CHARACTERISTICS (TA = 2S"C unless otherwise noted) 

Characteristic 

OFF CHARACTERISTICS 

Gate-Source Breakdown Voltage 
(IG = 10/lAde, VOS = 0) 

Gate Reverse Current 
(VGS = 15 Vde, VOS = 0) 

(VGS = 15Vde, VOS = 0, TA = 100 C) 

Gate-Source Cutoff Voltage 
(VOS = IS Vdc, 10 = 2.0 IiAdc) 

Gate-Source Voltage 
(VOS = 15 Vde. 10 = 0.2 mAde) 

ON CHARACTERISTICS 
Zero-GatE-Voltage Drain Current (1) 

(Vos = 15 Vde, VGS = 0 Vdc) 

DYNAMIC CHARACTERISTICS 
Forward Transfer Admittance' (1) 

(VOS = 15 Vde, VGS = 0, f = 1 kHz) 

Input Capacitance 
(VOS = 15Vde, VGS = 0, f = 1 MHz) 

Reverse Transfer Capacitance 
(VOS = 15 Vdc, VGS = 0, f = 1 MHz) 

Forward Transfer Admittance 
(VOS = 15 Vde, VGS = 0, f = 100 MHz) 

Input Conductance 
(VOS = 15 Vdc, VGS = 0, (= 100 MHz) 

Output Conductance 
(VOS = IS Vdc, VGS = 0, f = 100 MHz) 

·Pulse Test: Pulse Width :5 630 ms; Duty Cycle" 10% 

Symbol 

BVGSS 

IGSS 

V GS(off) 

VGS 

lOSS 

I Yfs I 

eiss 

Cras 

I Yfs I 

Re(Yis) 

Re(yos) 

Symbol Value 

VDS 25 

VDG 25 

VGS 25 

IG 10 

PD I1I 310 

2.82 

TJ I1I 125 

Tstg -65 to .150 

Min Max 

25 -

- 2.0 

- 2.0 

- 8.0 

0.5 7.5 

2000 7500 

- 7.0 

- 3.0 

1600 -

- 800 

- 200 

(1) Continuous package improvements have enhanced thesa 9cUsranteed Maximum Ratings as follows: Po = 1.0 W @ TC = 2SoC, 
Derate above 2SoC - 8.0 mW/oC, T J :: -65 to +1500 C. 6 JC :: 125° C/W. 

3-576 

Unit 

Vdc 

Vdc 

Vdc 

mAdc 

mW 

mW/oC 

°c 

°c 

Unit 

Vdc 

nAdc 

/lAde 

Vdc 

Vdc 

J.Lmhos 

pF 

pF 

J.Lrnhos 

/lmhos 

/lmhos 



MPF 108 (SILICON) 

SILICON N-CHANNEL 
JUNCTION FIELD-EFFECT TRANSISTOR 

Depletion mode (Type A) transistor designed for VHF amplifier 
and mixer applications. 

• Devices are Classified and Identified in 2: 1 I DSS Ranges 

• Low Cross-Modulation and Intermodulation Distortion 

• Guaranteed 100 MHz Parameters 

• Drain and Source Interchangeable 

• Low Transfer and Input Capacitance
Crss = 1.2 pF (Typ) @ VDS = 15 Vdc 
Ciss = 5.0 pF (Typ) @ VDS = 15 Vdc 

• Low Leakage Current 

• Unibloc Plastic Encapsulated Package 

MAXIMUM RATINGS 

Rating Symbol 

Drai n -Source Voltage VDS 

Drain-Gate Voltage VDG 

Gate-Source Voltage VGS 

Forward Gate Current IG(I) 

Total Device Dissipation @TA ; 25" C 
Derate above 25" C 

PD I1I 

Operating Junction Temperature TJIII 
Range 

Storage Temperature Range Tstg 

Value 

25 

25 

-25 

10 

310 
2.82 

-65 to +135 

-65 to +150 

Unit 

Vdc 

Vdc 

Vdc 

mAde 

mW 
mWrC 

"C 

"c 

(1) Continuous package improvements have enhanced the. guaranteed Maximum Ratings 81 

follows: Po = 1.0 W @ .T C .. 2S0e, Derate above 2Soe - 8.0 mW.PC. T J = -65 to + 150°C. 
8JC = 12SoC/W. 
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JUNCTION 
FIELD-EFFECT 
TRANSISTOR 

SYMMETRICAL 
SILICON 

N-CHANNEL 

Type A 

Leads to fit into 
O.oJ6 
0.019 

DlA HOLE tTYP) 

-+ 0.175 

4" 
j 

J~'045 0.055 
0.045 
0.055 

CASE 29(51 
TO-92 

Drain and Source may be 
Interchanged. 



MPF 108 (continued) 

ELECTRICAL CHARACTERISTICS (T. = 25"C unless otherwise noted) 

Characteristic 

OFF CHARACTERISTICS 

Gate-Source Breakdown Voltage 
(IG = 10 IlAdC, VDS = 0) 

Gate-Source Cutoff Voltage' 
(VOS = 15 Vdc, 10 = 10 IlAdc) 

Gate Reverse Current 
(V GS = -15. Vdc, VOS = 0) 

(V GS = -15 Vdc, VDS = 0, T A = 100·C) 

ON CHARACTERISTICS 
Zero-Gate Voltage Orain Current* 

(VOS ~ 15 Vdc, V GS = 0) 

SMALL-SIGNAL CHARACTERISTICS 

Forward Transadmittance* 
(VOS = 15Vdc, VGs=O, f= 1. 0 kHz) 

Forward Transadmittance 
(VOS = 15 Vdc, V GS = 0, f = 100 MHz) 

Output Admi ttance 
(VOS = 15 Vdc, VGS = 0, f = 1.0 kHz) 

Output Conductance 
(VOS = 15 Vdc, V GS = 0, f = 100 MHz) 

Input Conductance 
(VOS = 15 Vdc, V GS = 0, f = 100 MHz) 

Input Capacitance 
(VOS = 15 Vdc, V GS = 0, f = 1. 0 MHz) 

Reverse Transfer Capacitance 
(VOS = 15 Vdc, VGS = 0, f = 1.0 MHz) 

Common-Source Noise Figure 
(VOS = 15 Vdc, V GS = 0, RG = 1. 0 Megohm, f = 1. 0 kHz) 

(VOS = 15 Vdc, V GS = 0, RG = 1. 0 k ohm, f = 100 MHz) 

Symbol 

V(BR)GSS 

VGS(off) 
, 

IGSS 

Yfs * 

I Yfsl 

IYosl 

Re(yos) . 

Re(yiS) 

C. 
lSS 

C rss 

NF 

Min Max Unit 

Vdc 
-25 -

Vdc 
0.5 B.O 

nAdc 
- 1.0 

- -1. 0 IlAdc 

Ilmhos 
2000 7500 

11 mhos 
1600 -

11 mhos 
- 75 

11 mhos 
- 200 

Ilmhos 
- BOO 

pF 
- 6.5 

pF 
- 2.5 

dB 
- 2.5 

- 3.0 

*To characterize these devices to narrower limits, regarding lOSS, V GS(oC!) and Yfs, the entire production lot is tested 
and divided into color-coded groups, with each color dot representing a relatively small range compared with the total 
min-max limit of the whole distribution. The color codes and their associated limits are given in the following table. 

When packaged for shipment, the colors are randomly selected and no specific color distribution is implied or guaranteed. 

Color loss VGS(off) y" 

Orange 1. 5 mAde Min, 3.0 mAdc Max 0.5 Vdc Min, 5.0 Vdc Max 2000 to 6500 Ilmhos 
Yellow 2. 5 mAdc Min, 5.0 mAdc Max 0.5 Vdc Min, 5.0 Vdc Max 2000 to 6500 Ilmhos 
Green 4. 0 mAdc Min, B.O mAdc Max 1. 0 Vdc Min, 7.0VdcMax 2500 to 7000 11 mhos 
Blue 7.0 mAdc Min, 14 mAdc Max 1. 0 Vdc Min, 7.0 Vdc Max 2500 to 7000 11 mhos 
Violet 12 mAdc Min, 24 mAdc Max 2.0 Vdc Min, B.O Vdc Max 3000 to 7500 Ilmhos 
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MPF 1 09 (SILl.CON) 

SILICON N-CHANNEL 
JUNCTION FIELD-EFFECT TRANSISTOR 

Depletion mode (Type A) transistor designed for general-purpose 
audio and switching applications. 

• Devices are Classified and Identified in 2: 1 Zero-Gate Voltage 
Drain Current Ranges (2: 1 I DSS Ranges) 

• Drain and Source Interchangeable 

• High AC Input Impedance 

• High DC Input Resistance 

• Low Transfer and Input Capacitance 

• Low Cross-Modulation and Intermodulation Distortion 

• Unibloc Plastic Encapsulated Package 

MAXIMUM RATINGS 

Rating Symbol Value 

Drain-Source Voltage VDS 25 

Drain-Gate Voltage VDG 25 

Gate -Source Voltage VGS -25 

Forward Gate Current IG(f) 10 

Total Device Dissipation @ T A = 25°C PD llI 310 
Derate above 25°C 2.82 

Operating Junction Temperature TJ III -65 to +135 
Range 

Storage Temperature Range Tstg -65 to +150 

(1) Continuous package improvements have enhanced these guaranteed Maximum Ratings as 
follows: Po"" 1.0 W@TC=2S0C, Derate above 25°C - 8.0 mW/oC, TJ:: -65 to +150o C, 
(JJC = 1250 C/W. 
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Unit 

Vdc 

Vdc 

Vdc 

mAdc 

mW 
mW/oC 

°c 

°c 

JUNCTION 
FIELD-EFFECT 
TRANSISTOR 

SYMMETRICAL 
SILICON 

N-CHANNEL 

-+ 0.175 

i' 
J 

j~.045 0.055 
0.045 
0.055 

Leads to fit into 
0.016 
0.019 

OIA HOLE ITYP) 

CASE 29(5) 
TO-92 

Drai nand Sou rca may be 
Interchanged 



MPF109 (continued) 

ELECTRICAL CHARACTERISTICS (T A = 2S'C unless otherwise noted) 

Characteristic 

OFF CHARACTERISTICS 

Gate-Source Breakdown Voltage 
(IG = 10 /LAdc, VOS = 0) 

Gate-Source Cutoff Voltage* 
(VOS = 15 Vdc, ID = lO /LAdc) 

Gate Reverse Current 
(V OS = "15 Vdc, VOS = 0) 

ON CHARACTERISTICS 
Zero-Gate Voltage Orain Current* 

(VOS = 15 Vdc, VGS = 0) 

SMALL-SIGNAL CHARACTERISTICS 
Forward Transadmittance* 

(VOS = 15 Vdc, VGS = 0, f = 1.0 kHz) 

Output Admittance 
(VOS = 15 Vdc, 'VGS = 0, f = 1. 0 kHz) 

Input Capacitance 
(Vils ~ 15 Vdc, V GS = 0, f = 1. 0 MHz) 

Reverse Transfer Capacitance 
(VOS = 15 Vdc, Vos = 0, f = 1. 0 MHz) 

Common -Source Noise Figure 
(VOS = 15 Vdc, V GS = 0, RG = 1. 0 Megohm, f = 1. 0 kHz) 

Symbol 

V(BR)GSS 

VGS(off)* ' 

'lOSS 

Yfs * 

Yos 

Ciss 

Crss 

NF 

Min Max Unit 

Vdc 
-25 -

, 
Vdc 

'0.2 8.0 

nAdc 
- -1. 0 

/Lmhos 
800 6000 

/Lmhos 
- 75 

pF 
- 7. n 

pF 
- 3.0 

dB 
- 2.5 

'To characterize these devices to narrower limits, regarding lOSS, VGS(off) and Yfs, the entire production lot is tested and 
divided into color-coded groups, with each color dot representing a relatively small range cpmpared with the total min-max 
limit of the whole distribution. The color codes and their associated limits are given in the following table. 

When packaged for shipment, the colors are randomly selected and no specific coior distribution is implied or guaranteed. 

Color lUss VGS(off) Yfs 

White O. 5 mAde Min, 1. 0 mAde Max 0,,2 Vde Min, 2.0Vde Max 800 to 3200 Ilmhos 
Red 0.8 mAde Min, 1. 6 mAde Max 0.4 Vde Min, 4.0 Vde Max 1000 to 4OOOILmhos 
Orange 1. 5 mAde Min, 3.0 mAde Max 0.4 Vde Min, 4.0 Vde Max 1000 to 4000 Ilmhos 
Yellow 2. 5 mAde Min, 5.0 mAde Max 1. 0 Vde Min, 6.0 Vde Max 1500 to 5000 Ilmhos 
Green 4. 0 mAde Min, 8.0 mAde Max 1. 0 Vde Min, 6.0 Vde Max 1500 to 5000 Ilmhos 
Blue 7. 0 mAde Min, 14 mAde Max 2.0 Vde Min, 8.0 Vde Max 2000 to 6000 Ilmhos 
Violet 12 mAde Min, 24 mAde Max 2.0 Vde Min, 8.0 Vde Max 2000 to 6000 Il mhos 
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MP FIll (SILICON) 

SILICON N-CHANNEL 
JUNCTION FIELD-EFFECT TRANSISTOR 

Depletion Mode (Type A) device designed for general-purpose 
amplifier and switching applications. 

• Low Transfer Capacitance - Crss = 1.5 pF (Typ) @VDS = 10 Vdc 

• Low Input Capacitance - Ciss = 4.5 pF (Typ) @ VDS = 10 Vdc 

• Unibloc Plastic Encapsulated Package 

• Drain and Source Interchangeable 

MAXIMUM RATINGS 

Rating Symbol Value Unit 

Drain~Source Voltage VOS 20 Vdc 

Drain-Gate Voltage VOG 20 Vdc 

Gate-Source Voltage VGS -20 Vdc 

Gate Current IG 10 mAde 

Total Device Dissipation@TA = 25°C Po 12) 200 mW 
Derate above 25°C 2.0 mW/oC 

Operating Junction Temperature TJI21 125 °c 
Storage Temperature Range Tstg -65 to +135 °c 

ELECTR ICAL CHARACTERISTICS (T A = 250 C unless otherwise noted) 

Characteristic 

OFF CHARACTERISTICS 
Gate-Source Breakdown Voltage 
IIG=-10"Adc. VOS=O) 

Gate Reverse Current 
IVGS=-10Vdc. VOS = 0) 

Gate-Source Cutoff Voltage 
IVos= 10Vdc,IO = 1.0"Adc) 

ON CHARACTERISTICS 

Zero-Gate-Voltage Drain Current CD 
IVos = 10 Vdc, VGS = 0) 

DYNAMIC CHARACTERISTICS 

Forward Transfer Admittance CD 
IVos = 10 Vdc, VGS = 0, f = 1.0kHz) 

Output Admittance CD 
1VOS = 10 Vdc, VGS = 0, f = 1.0kHz) 

I nput Capacitance 
1VOS = 10 Vdc, VGS = 0, f= 1.0MHz) 

Reverse Transfer Capacitance 
1VOS = 10 Vdc, VGS = 0, f= 1.0 MHz) 

Symbol Min 

BVGSS -20 

IGSS -

VGSloff) -0.5 

IVIsI 500 

IVosl -

Giss -

Crss -

CD Pulse Test: Pulse Width!'f 630 ms; Duty Cycle S=10%. 

Typ Max Unit 

-35 - Vdc 

0.1 100 nAdc 

-4.0 -10 Vdc 

3000 - Ilmhos 

20 - J,lmhos 

4.5 - pF 

1.5 - pF 

(2) Continuous package improvements have enhanced these guaranteed Maximum Ratings as 
follows: Po "" 1.0 W @ T C '" 25°C, Derate above 25°C - B.O mW/oC, T J "" -65 to +1500 C, 
8 JC '" 126oC/W. 

3-581 

N-CHANNEL JUNCTION 
FIELD-EFFECT 
TRANSISTOR 

Leads to fit into 
0.016 
0.019 

0.5 
MIN 

OIA HOLE (TYPl-

~ 
0.045 ±. 
0.055 

0.045 
0.055 

Pin 1 Drain 
2. Source 
3. Gate 

0.003 
5' INOMI-jf-.., r 0013 R. 

~1 2 3 [L 
-~-

~:~~~ R. K~~; 
CASE 29 (5) 

TO-92 

Drain and Source may be 
Interchanged. 



MP F 112 (SILICON) 

SILICON N-CHANNEL 
JUNCTION FIELD-EFFECT TRANSISTOR 

Depletion Mode (Type AI device designed for VHF amplifier and 
mixer applications, 

• Low Cross·Modulation Distortion 

• Low Transfer Capacitance - Crss = 3.0 pF (Typl @ VDS = 10 Vdc 

• Low Input Capacitance - Ciss = 8.0 pF (Typl @ VDS = 10 Vdc 

• Unibloc Plastic Encapsulated Package 

MAXIMUM RATINGS 

Rating Symbol Value Unit 

Drain-Source Voltage VOS 25 Vdc 

Drain-Gate Voltage VOG 25 Vdc 

Gate-Source Voltage VGS -25 Vdc 

Gate Current IG 10 mAde 

Total Device Dissipation@TA = 2SoC PO(2) 200 mW 
Derate above 2SoC 2.0 mW/oC 

Operating Junction Temperature TJ(2) 125 °c 
Storage Temperature Range Tstg -65 to +135 °c 

ELECTRICAL CHARACTERISTICS (T A = 250 C unless otherwise noted) 

Characteristic 

OFF CHARACTERISTICS 

Gate-Source Breakdown Voltage 
IIG = -10 ~Adc, VOS = 0) 

Gate Reverse Current 

(VGS = -10 Vdc, VOS = 0) 

Gate-Source Cutoff Voltage 
(VOS = 10 Vdc,lb = 1.0 ~Adc) 

ON CHARACTERISTICS 

Zero-Gate-Voltage Drain Current 

(VOS = 10 Vdc, VGS = 0) 

DYNAMIC CHARACTERISTICS 

Forward Transfer Admittance 
(VOS= 10Vdc, VGS=O,f= 1.0kHz)G) 

(VOS = 10 Vdc, VGS = 0, f= 1ooMHz) 

I nput Capacitance 
(VOS = 10 Vdc, VGS" 0, f= 1.0MHz) 

Reverse Transfer Capacitance 
(VOS = 10 Vdc, VGS = 0, f= 1.0MHz) 

BVGSS -25 

IGSS -

VGS(off) -0.5 

IYf,1 
1000 

800 

Ciss -

Crss -

CD Pulse Test: PulSe Width~ 630 ms; Duty Cycle::;; 10%. 

- - Vdc 

- 100 nAdc 

- -10 Vdc 

p.mhos 
- 7500 

- -
8.0 - pF 

3.0 - pF 

(2) Continuous package improvements have enhanced these guaranteed Maximum Ratings as 
follows: Po = 1.0 W @TC = 25°C, Derate above 25°C - B.O mW/OC. T J :: -65 to +1500 C. 
f)JC = 1250 C/W. 
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N-CHANNEL JUNCTION 
FIELD-EFFECT 
TRANSISTOR 

Leads to fit into 
0.016 
0.019 

0.5 

OIA HOLE (TYP)- 1 
0.045 I iDi55--

• 0.045 
0.055 

Pin 1. Drain 
2. Source 
3. Gate 

0.003 

50(NO~) .. ro:m R .. 
123Q 

- I Q -

~:~~~ R. ~:~:~ 
CASE 29 (5) 

TO-92 

Drain and Source may be 
Interchanged. 



MPF 120 (SILICON) 

MPF121 
MPF122 

N-CHANNEL DUAL-GATE 
SILICON-NITRIDE PASSIVATED 

MOS FIELD-EFFECT TRANSISTORS 

... depletion mode (Type B) dual gate transistors designed for VHF 
amplifier and mixer applications. These types are specified as 
follows: 

RF Amplifier @ 105 MHz • MPF120 
MPF121 
MPF122 

RF Amplifier @ 60 and 200 MHz 
Mixer @ 60 and 200 MHz 

• Silicon Nitride Passivation for Excellent Long Term Stability 

• Diode Protected Gates 

• Low Cost Plastic Package 

" 
MAXIMUM RATINGS 

Rating Symbol Value 

Drain-5ource Voltage VOS +25 

Drain Current 10 30 

Total Device Dissipation @ TA "'" 2SoC Po 500 
(Package Limitation) 

Derate above 25°C 5.0 

Operating and Storage Junction TJ'Tstg -65 to +175 
Temperature Range 

3-583 

Unit 

Vdc 

mAde 

mW 

mW/oC 

°c 

N-CHANNEL 

DUAL GATE 
MOS FIELD-EFFECT 

TRANSISTORS 
Type B 

0.2£0 9 r:::: 
0.200 0.155 r· 0.025 

0.145 0280 

0't;;20 1°.035 
Gl. GIl ~ ~TOPVIEW! 

Jl 0.350 
0.135 0.390 0.110 

ONI~~::;: 
I'""----t- - -\ :\~ \ 

O.ll::; !!". 0.008..\\-- SEATING 
0.140 100 0.012 PLANE 

PLASTIC PACKAGE 

CASE 206 

We'ight ~ 0.23 gram 



MPF120, MPF121, MPF122 (continued) 

ELECTRICAL CHARACTERISTICS (TA = 25°C unless otherwise noted) Substrate Connected to Source 

Characteristic Symbol Min fyp Max Unit 

OFF CHARACTERISTICS 

Drain-8ource Breakdown Voltage V(BR)OSX 25 - - Vde 
(10 = 10 JlAdc, liS = 0, VGl = -4.0 Vde, VG2 = +4.0 Vde) 

Gate 1 - Source Breakdown Voltage V(BR)G1S0 ±7.0 - ±20 Vde 
(lGl =±10l/Ade, VG2S = 0) 

Gate 2 - Source Breakdown Voltage V(BR)G2S0 ±7.0 - ±20 Vde 
(lG2 = ±10l/Ade, VG2S = 0) 

Gate 1 to Source Cutoff Voltage VG1S (off) - - -4.0 Vde 
(VOS = 15 Vde, VG2S = 4.0 Vde, 10 = 200l/Ade) 

Gate 2 to Source Cutoff Voltage VG2S (011) - - 4.0 Vde 
(VOS = 15 Vde, VG1S = 0, 10 = 200 l/Ade) 

Gate 1 Reverse Leakage Current IG1SS - - 20 nAde 
(VG1S = +6.0 Vde, VG2S = 0, VOS = 0) 

Gate 2 Reverse Leakage Current IG2SS - - 20 nAde 
(VG2S = +6.0 Vde, VGlS = 0, VOS = 0) 

ON CHARACTERISTICS 

Zero-Gate Voltage t;train Current lOSS mAde 
(VOS = 15 Vde, VG1S = 0, VG2S = 4.0 Vde) MPF120 2.0 7.0 18 

MPF121 5.0 10 30 
MPF122 2.0 9.0 20 

SMALL-SIGNAL CHARACTERISTICS 

Forward Transadmittance (Gate 1 to Drain) Vfs J1mhos 
(VOS = 15 Vde, VG2S = 4.0 Vde, MPF120,22 8000 - 18,000 
10 = 10 mAde, 1= 1.0 kHz) MPF121 10,000 - 20,000 

I nput Capacitance Ciss pF 
(VOS = 15 Vde, VG2S = 4.0 Vde, MPF120,22 - 4.5 7.0 
10 = lOSS, I = 1.0 MHz) MPF121 - 4.5 6.0 

Output Capacitance Coss pF 
(VOS = 15 Vde, VG2S = 4.0 Vde, MPFI20, 22 - 2.5 4.0 
10 = lOSS, f = 1.0 MHz) MPF121 - 2.5 3.5 

Reverse Transfer Capacitance Crss - 0.023 - pF 
(VOS = 15 Vde, VG2S = 4.0 Vde, 
10 = 6.0 mAde, I = 1.0 MHz) 

Common-Source N.oise Figure NF dB 
(VOS = 15 Vde, VG2S = 4.0 Vde, 
10 = 6.0 mAde, Zs is optimized forNF) 

(f= 105 MHz - Figure 1) MPF120 - 2.9 5.0 
(f = 60 MHz - Figure 2) MPF121 - 2.6 5.0 
(f = 200 MHz - Figure 2) MPF121 - 2.6 5.0 

CO'TImonSource Power Gain Gps dB 
(VOS = 15 Vde, VG2S = 4.0 Vde, 
10 = 6.0 mAde, Zs is optimized lor NF) 

(f = 105 MHz'- Figure 1) MPF120 17 19.6 -
(I = 60 MHz - Figure 2) MPF121 20 27.8 -
(f = 200 MHz - Figure 2) MPF121 17 18.6 -

Level of Unwanted Signal for 1.0%"Cross Modulation - - 100 - mV 
(VOS = 15 Vde,VG2S = 4.0 Vde, 10 = 6.0 mAde) 

Common-Source Conversion Power Gain (Gate 1 I njeetion, Figure 3) Ge dB 
(V OS = 15 Vde, VG2S = 4.0 Vde, Local 
Oscillator Voltage = 925 mVrms) 

(Signal Frequency = 60 MHz, Local Oscillator 
Frequency = 104 MHz) MPF122 15 16.5 -
(Signal Frequency = 200 MHz, Local Oscillator 
Frequency = 244 MHz) MPFI22 12 13.3 -
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MPF120, MPF121, MPF122 (continued) 

FROM 50n 
105MHz 
GENERATOR 

FROM son 
200 MHz 
GENERATOR 

r--;30 

11 C2 
0.8-10 

Cl 
5.0-80 

C2 
0.8-
10 

11 

C2 
0.8-10 

6.8 

11 

FIGURE 1 - 106 MHz TEST CIRCUIT 

pl470 

10 k 

L2 

10001 ~ 

*I~ 
3.9pH 

47 10001 ~ 

+15V 

All Capacitance Values in pF; All Resistance Values 
in Ohms. 

L 1: 6-1/2 Closewound Turns on 114" Oiameter Form. 
L2: 5 Closewound Turns on 1/4" Diameter Form 

With Tap 1-112 Turns from Bottom. 
e1,C2,C3,C4,C5,C6: Johanson Capacitor Type 2951 

or Equivalent 
C7: Areo Capacitor Type 404 or Equivalent. 
Overall Bandwidth: 1.3 MHz@-3.0 dB. 

FIGURE 2 - 60 AND 200 MHz TEST CIRCUIT 

pl470 

150 k 

47 

C3 
0.8-10 

L2 

47°1~ 

RFC 

470 1 ~ 

+15V 

For 200 MHz 
Test 

All Capacitance Values in pF; All Resistance Values in Ohms. 
1= 60 MHz f = 200 MHz 

Cl Area Capacitor Type Area Capacitor Type 
462 or Equivalent 404 Of Equivalent 

C2,C3,C4 Johanson Capacitor Johanson Capacitor Type 
Type 29S1 or 2951 or Equivalent 
Equivalent 

Ll 12 Closewound Turns 4 Turns on 1/4" Diameter 
on 1/4" Diameter Form, 1" Length 
Form 

L2 9 Closewound Turns 3 Turns on 1/4" Diameter 
on 1/4"·Oiameter Form, 3/4" Length 
Form 

RFC 10"H 1.0 pH 
O\ll!rall 6.0MHz@-3.0dB 8.5MHz@-3.0dB 
Bandwidth 

FIGURE 3 - 60 AND 200 MHz CONVERSION POWER GAIN 

+20 V 

150 k 

50 k 

, 
.J,. 

10 k . 2.0 -

50nLOCAL ~ 
OSCILLATOR 
INJECTION 
1244 MHzl -

1000 

270 
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1.0 k 

C3 
0.8-10 

L2 

1500 
f-------@ TO son 44 MHz - -I- IF AMPLIFIER 

All Capacitance Values in pF; All Resistance Values in Ohms. 
CI,C2,C3: Johanson Capacitor Type 2951 or Equivalent 

60 MHz 200 MHz 
LI: 14 Closewound Turns ll: 5 TUrns on 1/4" Diameter 

on 1/4" Diameter Form Form, 1" Length 
L2: 15 Closewound Turns l2: 15 Closewound Turns on 

on 114" Diameter Form 1(4" Diameter Form 



MPF120, MPF121, MPF122 (continued) 
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COMMON-SOURCE ADMITTANCE PARAMETERS 
(VDS ~ 15 Vde, VG2S = 4.0 Vdc, 10 = 6.0 mAde) 
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MPF 161 (SILICON) 
P-channel junction field-effect transistors depletion 

mode (Type A) designed for general-purpose amplifier 
applications. 

CASE 29 (7) 
(10-92) 

MAXIMUM RATINGS 

Rating 

Drain-Source Voltage 

Drain-Gate Voltage 

Reverse Gate-Source Voltage 

Drain Current 

Forward Gate Current 

Total Device Dissipation@ T A; 25°C 
Derate above 25°C 

Storage Temperature Range 

Operating Junction Temperature Range 

Symbol 

VDS 

VDG 

VGS(r) 

ID 

IG(f) 

PD 
11) 

Tstg 

T 11) 
J 

Value Unit 

40 Vdc 

40 Vdc 

40 Vdc 

20 mAdc 

10 mAdc 

310 mW 
2.B2 mWrC 

-65 to +150 °c 

-
-65 to +135 °c 

(1) Continuous package improvements have enhanced these guaranteed Maximum Ratings.s 

follows: Po '"' 1.0 W @ T C = 2SoC. Derate above 2SoC - 8.0 mW/oC, T J '" -65 to + 150°C, 
8 JC ~ 12S0C/W. 

ELECTRICAL CHARACTERISTICS (TA = 25°C unless otherwise noted) 

Characteristic 

OFF CHARACTERISTICS 

Gate-Source Breakdown Voltage 
(IG = 10 /-lAdc, V DS = 0) 

Gate-Source Cutoff Voltage' 
(VDS = 15 Vdc, ID = l. 0 /-lAdc) 

Gate Reverse Current 
(VGS = 30 Vdc, Vos = 0) 

ON CHARACTERISTICS 
Zero-Gate Voltage Drain Current' 

(VDS = 15 Vdc, VGS = 0) 

SMALL·SIGNAL CHARACTERISTICS 
Forward Transadmittance' 

(VDS = 15 Vdc, VGS = 0, f = l.0 kHz) 

OUtput Admittance 
(Vils; 15 Vdc, VGS = 0, f; 1.0 kHz) 

Input Capacitance 
(VDS ; 15 Vdc, V GS = 0, f; l. 0 MHz) 

Reverse Transfer Capacitance 
(VDS ; 15 Vdc, VGS ; 0, f; l.0 MHz) 

Common-Source Noise Figure 
(VDS ; 15 Vdc, V GS ; 0, 

RG ; l. 0 M ohm, f = l. 0 kHz, BW; l.0 Hz) 

Equivalent Short-Circuit Input Noise Voltage 
(VDS ; 15 Vdc, V GS ; 0, 

f ; 1. 0 kHz, BW; 1. 0 Hz) 

Symbol 

V(BR)GSS 

VGS(off)' 

IGSS 

lOSS' 

IYfsl' 

" IYosl 

Ciss 

Crss 

NF 

e 
n 

/VIin Max Unit 

Vdc 
40 -

Vdc 
0.2 B.O 

nAdc 
- 10 

mAdc 

/-lmhos 
BOO 6000 

/-lmhos 
- 75 

pF 
- 7.0 

pF 
- 2.0 

dB 
- 2.5 

nV /.J1fz 
- 115 

'To characterize these devices to narrower limits, regarding VGS(off), IDSS andlYfsl, the entire production lot is tested and di
vided into color-coded groups, with each color dot representing a relafively small range compared with the total min-rnaxlimitof 
the whole distribution. The color codes and their associated limits are given in the following table. 

When packaged for shipment, the colors are randomly selected and no specific color distribution is implied or guaranteed. 

Color VGS(off) . lOSS IYfsl 

White 0.2 Vdc Min, 2.0 Vdc Max 0.5 mAdc Min, 1.0 mAdc Max BOO to 3200 /-lmhos 
Red 0.4 Vdc Min, 4.0 Vdc Max O. B mAdc Min, l.6 mAdc Max 1000 to 4000 /-lmhos 
Orange O. 4 Vdc Min, 4.0 Vdc Max 1.5 mAde Min, 3.0 mAdc Max 1000 to 4000 /-lmhos 
Yellow l. 0 Vdc Min, 6.0 Vdc Max 2.5 mAdc Min, 5.0 mAdc Max 1500 to 5000 /-lmhos 
Green 1. 0 Vdc Min, 6.0 Vdc Max 4.0 mAdc Min, B.O mAdc Max 1500 to 5000 /-lmhos 
Blue 2.0 Vdc Min, B.O Vdc Max 7. 0 mAdc Min, 14 mAdc Max 2000 to 6000 /-lmhos 
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MPF161 (continued) 

DRAIN CURRENT verSUS GATE·SOURCE VOLTAGE 
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MPF820 (SILICON) 

Advance InforIIl.ation 

SILICON N-CHANNEL 
JUNCTION FIELD-EFFECT TRANSISTOR 

· .. depletion mode junction field·effect transistor designed for low 
noise grounded gate RF amplifier applications. 

• Low Noise - Less Than 4.0 dB at 100 MHz 
• High Gain - Typically 18 mmhos at 100 MHz 

MAXIMUM RATINGS 
Rating Symbol Value Unit 

Drain-Source Voltage VOS 25 Vdc 

Drain-Gate Voltage VOG 25 Vdc 

Reverse Gate-Source Voltage VGSR 25 Vdc 

Forward Gate Current Ir,F 10 mAde 

Total Device Dissipation @ T A = 25°C Po 625 mW 
Derate above 2SoC 5.0 mW/oC 

Operating and Storage Junction Temperature Range TJ.Tstg -65to+150 °c 

ELECTRICAL CHARACTERISTICS ITA = 25°C unless otherwise noted) 

Characteristic Symbol Min Typ I Max I Unit 

OFF CHARACTERISTICS 

Gate-Source Breakdown Voltage 
(IG = 10 "Adc, VOS - 0) 

Gate-Source Cutoff Voltage 
IVos = 15 Vdc, 10 = 200 "Adc) 

Gate Reverse Current 
IVGS = 15 Vdc, VOS = 0) 

ON CHARACTERISTICS 

Zero-Gate Voltage Drain Current 
1VOS = 15 Vdc, VGS = 0) 

SMALL-SIGNAL CHARACTERISTICS 

Forward Transadmittance 
1VOS = 15 Vdc, VGS = 0, f = 1.0 kHz) 

Output Capacitance 
IVos = 15 Vdc, 10 = 10mAdc, f= 1.0kHz) 

I "put Capacitance 
1VOS = 15 Vdc, 10= 10mAdc, f= 1.0MHz) 

Reverse Transfer Capacitance 
1VOS = 15 Vdc, 10 = 10mAdc, f= 1.0 MHz) 

Common-Gate I "put Conductance 
(VOS = 15 Vdc, 10 = 10mAdc, f= 100 MHz) 

Common-Gate Output Conductance 
IVos = 15 Vdc, 10 = 10mAdc, f= looMHz) 

Common-Gate Forward Transadmittance 
1VOS = 15 Vdc, 10 = 10mAdc, f= 100MHz) 

Common-Gate Reverse Transadmittance 
IVos = 15 Vdc, 10 = 10mAdc, f= 100MHz) 

Small-5ignal Power Gain 
IVos = 15 Vdc, 10 = 10 mAde, See Figure 5) 

Noise Figure 
1VOS = 15 Vdc, 10 = 10mAdc,See Figure 5) 

VIBR)GSS 

VGSloff) 

IGSS 

Yfs 

Coss 

Ciss 

Crss 

gig 

gog 

Yfg 

Yrg 

Gpg 

NF 

25 - - Vdc 

- - 5.0 Vdc 

- - 5.0 nAdc 

- '-20 - mmhos 

- 3.5 - pF 

- 15 - pF 

- 3.5 - pF 

16 mmhos 

16 IJmhos 

- 18 - mmhos 

- - 130 "mhos 

- 11 - dB 

- - 4.0 dB 

JUNCTION 
FIELD-EFFECT 
TRANSISTOR 

SILICON 
N-CHANNEL 

Sea'm9 PI,", "1-;;t;5 
L~ 0185 

Leads to fit IOto 
0.016 
[OT9 

1 
0.500 
MIN 

~ 
DIA,HDLE ITYP)-

STYLE 5, 
PIN 1. 

2. 
3, 

°TO~O _I U
--l L0050 

T.P. 
DRAIN 
SDURCE 
GATE 

123~ 1"~11il" 
- I ~ -

mR, ~:~;~ 
To convert inches to millimeters multiply by 25.4 

All JEDEC dimensions and notes apply 

CASE 29·01 
TO·92 

PLASTIC 

This is advance information on a new introduction and specifications are subject to change without notice_ 
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MPF820 (continued) 
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MPF 1000 (SILICON) 

Advance InforIll.ation 

N-CHANNEL DUAL-GATE 
SILICON-NITRIDE PASSIVATED 

MOS FIELD-EFFECT TRANSISTOR 

... depletion mode dual gate transistor designed for UHF and low 
microwave amplifier applications. 

• Silicon Nitride Passivation for Excellent Long Term Stability 

• Diode Protected Gates 

• Low Cost Plastic Package Designed for 1 GH·z Operation 

• Low Output Capacitance - Typically 2.2 pF 

• 1 GHz Power Gain - Typically 10 dB 

FIGURE 1-TEST CIRCUIT LAYOUT 
(S •• Figur. 2 for Schematic) 

Cl,C4-0.B-B.OpF,JDHANSON2951 
C2,C3 -l.(J...JOpF,JOHANSON1908 

Rl=l00k 

l/S" DOUBLE COPPER CLAD 
FIBERGLASS 

N-CHANNEL 

DUAL GATE 
MOS FIELD-EFFECT 

TRANSISTOR 

0.205 

L:-c::::·2151~~"P\<F== 

L '·"'F'·'" ~ m 
0.135 IT 
om 1.1-

!I--(1.080 0.020 
ii]§ii 

!llli 
0.205 

T~conven inclle$tomilhlT1~terHnulllplv bV 25.4 

CASE 262 

0.300 !!1Mll 

This is advanca Information on a new introduction and specifications are subject to change without notice. 
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MPF1000 (continued) 

MAXIMUM RATINGS 

Rating Symbol Value Unit 

Drain-Source Voltage VOS +25 Vdc 

Drain Current 10 30 mAde 

~otal Device Dissipation @TA = 2SoC Po 500 mW 
Package Limitation) 

Derate above 2SoC 5.0 mW/oC 

Operating and Storage Junction TJ , T stg -65 to +175 °c 
Temperature Range 

ELECTRICAL CHARACTERISTICS (T A ~ 25°C unless otherwise noted) Substrate Connected to Source 

Characteristic Symbol Min Typ Max Unit 

OFF CHARACTERISTICS 

Drain-5ource Breakdown Voltage VIBR)OSX 25 - - Vdc 
(l0~ 1OI'Ade, VS~O, VGl ~-4.0Vde, VG2~+4·0Vdc) 

Gate 1 - Source Breakdown Voltage V IBR )G1S0 ±7.0 - ±20 Vdc 
(lG1 ~ ±10/lAdc, VG2S = 0) 

Gate 2 - Source Breakdown Vo"ltage V IBR )G2S0 ±7.0 - ±20 Vdc 
(lG2 =.:tl0/lAdc, VG:?S = 0) 

Gate 1 to Source Cutoff Voltage VG1Sloll) - - -3.0 Vdc 
IVOS = 15 Vdc, VG2S·=4.0Vdc,IO = 200/lAde) 

Gate 2 to Source Cutoff Voltage VG2SIoffi - - -3.0 Vdc 

IVOS = 15 Vdc, VG1S = 0,10 = 200/lAdc) 

Gate 1 Reverse Leakage Current IG1SS - - 20 nAdc 

IVG1S = +6.0 Vdc, VG2S = 0, VOS = 0) 

Gate 2 Reverse Leakage Current IG2SS - - 20 nAdc 
IVG2S = +6.0 Vdc, VG1S = 0, VOS = 0) 

ON CHARACTERISTICS 

Zero-Gate Voltage Drain Current 
IVOS = 15 Vdc, VG1S = 0, VG2S = 4.0 Vdc) 

SMALL-SIGNAL CHARACTERISTICS 

Forward Transadmittance (Gate 1 to Drainl VIs /lfT1hos 
IVOS = 15 Vdc, V G2S = 4.0 Vdc, 
10 = 10 mAde, 1= 1.0 kHz) 10,000 15,000 20,000 

Input Capacitance C iss pF 
IVOS = 15 Vde, VG2S = 4.0 Vdc, - 4.0 5.5 
10 = lOSS, I = 1.0 MHz) 

Output Capacitance Coss - 2.2 - pF 
IVOS = 15 Vdc, VG2S = 4.0 Vdc, 
10 = lOSS, I = 1.0 MHz) 

Reverse Transfer Capacitance Crss - 0.02 - pF 
IVOS = 15 Vdc, VG2S = 4.0 Vdc, 

10 = 10 mAde, I = 1.0 MHz) 

Common-Source Noise Figure NF - 7,0 dB 
IVDS = 15 Vdc, VG2S = 4.0 Vde, 

10 = 10 mAde, Zs is optimized for NF) 

If ~ 850 MHz - Figure 2) 

Common-Source Power Gain Gps 7.0 10 - dB 
IVOS = 15 Vdc, VG2S' = 4.0 Vde, 

10 = 10 mAde, Zs is optimized lor NF) 

(I = 850 MHz - Figure 2) 

Level 01 Unwanted Signal lor 1.0% Cross Modulation - - 150 - mV 
(VOS = 15 Vde, VG2S =4.0 Vde, 10= 10 mAde. fl = 500 MHz, 

12 = 512 MHz) 
Gain Reduction - - 40 dB 

See Figure 2 
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MPF1000 (continued) 

INPUT 

FIGURE 2 - 850-MHz NOISE FIGURE AND 
POWER GAIN TEST FIXTURE 
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FIGURE 3 - COMMON SOURCE POWER GAIN 
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MPF1000 (continued) 

FIGURE 6 -INPUT ADMITTANCE FIGURE 7 - REVERSE TRANSFER ADMITTANCE 

0 

'" ~ 1 
E 
w 
u 

:1 1 
G 
'" c 
z 
8 8. 

~ z 
~4. 

6 

2 

0 

0 

0 
100 200 

jbis ./ 
V 

./ .,. ~ 
gis V 

-r-
300 400 500 

f. FREOUENCY (MHz) 

V 
/' 

V 
...... V 

700 

2 

1 

w 
u 

1 2 '" 

i Va .o~ 
~ 
:;; 

4 

0 
1000 

0.1 4 

0.1 2 

0.1 0 

0.0 B 

0.0 6 

0.04 

0.0 2 

0 
100 

FIGURE 8 - FORWARD TRANSFER ADMITTANCE 

~ 14 
~ 
E 
~ 10 

'" ~ 6.0 
c 
B 2.0 

ffi 0 
~-2.0 

~ 
.... -6.0 
~ 
'" ~ -10 

'" ~-14 
= 100 

Frequency 
MHz 

150 
200 
250 
300 
350 

400 
450 
500 
550 
600 

650 
700 
750 
800 
850 

900 
950 
1000 
1050 

........... 
....... .,. 

....... V 
:x 

......... 

" I' !TIs 
-ibfs/ 

/ 
1/ 

1 

1 

7 

a 

9 

\. 1 

\1 

1 

B 

a 24 

1 
~ 20 
z 

~ 
'" 16 
c 
z 
8 12 
!; 
~ 8.0 
'" 
~ 4.0 

200 300 400 500 700 
o 
100 

f. FREOUENCY (MHz) 

S" 
0.961 -17 
0.951 -22 
0.935 -28 
0.913 -33 
0.892 -38 

0.874 -43 
0.859 -47 
0.836 -52 
0.822 -57 
0.802 -62 

0.782 -66 
0.757 -70 
0.726 -74 
0.695 -79 
0.664 -83 
0.629 -87 
0.590 -90 
0.556 -91 
0.519 -90 

FIGURE 10 - S-PARAMETERS 
(Magnitude and Angle) 

S21 

1.384 134 0.,002 
1.319 123 0.002 
1.260 112 0.001 
1.180 101 0.002 
1.111 90 0.001 

1.043 79 0.001 
0.984 70 0.002 
0.927 60 0.003 
0.879 51 0.004 
0.829 42 0.004 

0.788 33 0.006 
0.752 24 0.008 
0.715 15 0.009 
0.690 6.0 0.011 
0.672 -2.0 0.011 

0.658 -12 0.011 
0.657 -22 0.012 
0.670 -33 0.019 
0.697 -47 0.036 

3-,.594 

1 

1 

jbrs f 

0.28 ] 
E 
E 

O.24~ 

" 0.20 ~ 

c 
0 .16 8 

I ffi 
0.12 ~ I 

I 
/ 

/ 
..... 9l}-

.......... 1 

200 300 400 500 700 

t, FREQUENCY (MHz) 

FIGURE 9-0UTPUT ADMITTANCE 

90s ~~ / 

V -fjbos r-
......-: 

-::::::: -~ 

200 300 400 500 700 

t, FREQUENCY (MHz) 

S'2 S22 

73 0.990 
69 0.985 
62 0.981 

-9.0 0.974 
-60 0.968 

-49 0.963 
-158 0.958 
-143 0.957 
-139 0.951 
-134 0.949 

-151 0.954 
-165 0.959 
-169 0.955 
-170 0.951 
-168 0.957 

-152 0.963 
-127 0.970 
-108 0.976 
-101 0.970 

0 

0 

0 

z 
~ 

.08 ~ 

~ 
.04 ~ 

1000 

1 .4 

111 .2 '3 
~ 

1.0 ~ 

o.a § 
0.6 ~ 

.... 
'" 

0.4 ~ 
'" 

0.2 j 

o 
1000 

-15 
-19 
-24 
-29 
-33 

-38 
-42 
-47 
-52 
-56 

-61 
-66 
-71 
-75 
-81 

-86 
-91 
-97 

-103 



MPN3401 (SILICON) 

MPN3402 

SILICON PIN DIODE 

· .. designed primarily for VHF band switching applications but also 
suitable for use in general·purpose switching and attenuator circuits. 
Supplied in· an inexpensive low·inductance plastic package for low 
cost, high-vo·lume consumer and industrial requirements. 

• Rugged PIN Structure Coupled with Wirebond Construction for 
Optimum Re!iability 

• Both 1 pF and 2 pF Devices for Design Selectivity 

• Very Low Series Resistance at 100 MHz - 0.34 Ohms Typical 
@ IF = 10 mAdc 

• Low I~ductance Mini-L Package 

• Mini-L Ridge Clearly Identifies Cathode Lead for Easy Handling 
and Mounting 

MAXIMUM RATINGS 

Rating Symbol Value Unit 

Ravaraa Voltage VR 35 Volt. 

Forward Power Dissipation@.TA = 250 C PF 400 mW 
Derate above 250 C 4.0 mW/oC 

Junction Temperature TJ +125 °c 
Storage Temperature Range Tstg -65 to +150 °c 

ELECTRICAL CHARACTERISTICS (T A = 250 C unless otherwise noted 1 

Characteri.tiC Symbol Min Typ" Max Unit 

Reverse Breakdown Voltage V(BR)R 35 - - Volts 
(IR= to"A) 

Diode Capacitance (Note 1) MPN3401 CT - - 1.0 pF 
(VR = 20 Vdc, f = 1.0 MHz) MPN3402 - - 2.0 

Series Resistance (Figure 5) MPN3401 RS - - 0.7 Ohms 
(IF = lOrnA) MPN3402 - - 0.6 

Reverse Leakage Current IR - - 0.1 "A 
(VR = 25 Vdc) 

Series Inductance (Note 2) LS - 3.0 - ntt 
(f = 250 MHz) (Measured at Lead 

Stop"" liS") 

Case Capacitance Cc - 0.1 - pF 
(f = 1.0 MHz) 

NOTES 

1. CT is measured ·using a capadtance bridge (Boonton Electronics Model 75A or 
equivalent). 

2. LS is measured on a package having a short instead of a die, using an impedance 
bridge (Boonton Radio Model 250A RX Meter). 

SILICON PIN 
SWITCHING DIODE 

ANODE 

CATHODE 

MPN3401 - Blue Plastic with Brown Color Stripe 
MPN3402 - Blue Plastic with Red Color Stripe 

To convert inches to millimeters multiply by 25.4 

Pin 1. Cathode 
2. Anode 

CASE 2Z6 



MPN3401, MPN3402 (continued) 

TYPICAL ELECTRICAL CHARACTERISTICS 
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CA~OUT PowElrSupply Boonton 
Mod,l 33A or B 

Lo 0 

All measurements@1ooMHz 

c_~ ... ,.~ 
short as possible. 

To measure series resistance, a 10 pF capacitor is used to reduce 
the forward capacitance of the circuit and to preVent shorting of 
the external power supply through the bridge. The small signal 
from the bridge is prevented from shorting through the power 
supply by the 50().ohm resistor. The resistance of the 10 pF 
capacitor can be considered negligible for this measurement. 

1. The RF Admittance Bridge (Boonton 33A or B) must be 
initiallv balanced, with the test circuit connected to the 
bridge test terminals. The conductance scale will be set at 
zerO and the capacitance scale will be set at 120 pF, as re~ 
quired when using the 100 MHz test coil. 
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2. Use a short length of wire to short the test circuit from 
point "A" to "S". Then connect the power supply pro
viding 10 rnA of bias current to th~ test circuit. 

3. Adj ust the capacitance scale arm of the bridge and the "G" 
zero control for a minimum null on the "null rheter". 
The null occurs at approximately "130 pF. 

4. Replace the wire short with the device to be tested. 8 ias 
the device to a forward conductance state of 10 rnA. 

5. Obtain a minimum null on the "null meter", with the 
capacitance and conductance scale adjustment arms. 

6. Read conductance (G) direct from the scale. Now read 
the capacitance value from the scale ("" 130 pF) and sub· 
tract 120 pF which yields capacitance (C)' The forward 
resistance (RS) can now be calculated from: 

Where: 

2.533G 
RS=--

C2 

G - in micromhos, 
C - in pF, 

RS - in ohms 



MPQ3303 (SILICON) 

NPN SILICON ANNULAR QUAD 
CORE DRIVER TRANSISTOR 

· .. designed for high·speed, high-current switching and driver 
applications. 

• Low Collector-Emitter Saturation Voltage -
VCE(sat) = 0.7 Vdc (Max) @ IC = 1.0 Adc 

• High Current-Gain-Bandwidth Product -
t-r = 400 MHz (Min) @ IC = 100 mAdc 

• Fast Switching Speeds at High Currents -
ton = 15 ns (Max) @ IC = 1.0 Adc 
toft = 20 ns (Max) @ IC = 1.0 Adc 

MAXIMUM RATINGS 

Rating Symbol 

Collector·Emitter Voltage VCEO 

Collector-Base Voltage VCB 

Emitter-Base Voltage VEB 

Operating and Storage Junction TJ,Tstg 
Temperature Range 

Total Device Dissipation@TA = 2SoC PD 
Derate above 2SoC 

Value 

12 

25 

4.0 

-55 to +150 

One Four 
Device Devices 

1.0 2.5 
8.0 20 

CONNECTION DIAGRAM 
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Unit 

Vdc 

Vdc 

Vdc 

°c 

Watts 
mW/oC 

NPN SILICON 
QUAD CORE DRIVER 

TRANSISTOR 

14 8 

l;:::::]~~ 
j LO.030 7 

0.070 

SEATING 

_~:6~ PLA\NE ~ ~!'; I" 
0'020~ 0.200 MIN 

..L--':I MAX L.. 
0.100 5 -,-
MIN - - - • O.OOS 

-r--- I L IL U.030 I rum I MAX t-- 0.290-1 

0.0;;; o.~ if.3TIJ 
0.110 0.023 

CASE 605-05 
TO-116 



MPQ3303 (continued) 

ELECTRICAl. CHARACTERISTICS (TA = 25°C unless otherwise noted) 

Characteristic Symbol Min 

OFF CHARACTERISTICS 

Colleetor·Emitter Breakdown Voltage BVCEO 12 
(lC = 10 mAde, IB = OJ 

Collector· Base Breakdown Voltage BVCBO 25 
(lC = 100 "Ade, IE = 0) 

Emitter·Base Breakdown Voltage BVEBO 4.0 
(IE = 100 "Ade, IC = 0) 

Collector Cutoll Current ICES -
(VCE = 15 Vde, VBE = 0) 

ON CHARACTERISTICS 

DC Current Gain hFE 
(lC = 300 mAde, VCE = 0.5 Vde) 40 

(lC = 1.0 Ade, VCE = 1.0 Vde) 30 

Collector-Emitter Saturat.ion:Voltage VCE(s.t) 
(lC = 300 mAde, lB. = 30 mAde) -
(lC = 1.0 Ade, IB = 0.1 Ade) -

Base-Emitter Saturation Voltage VBE(sat) 
(IC = 300 mAde, IB = 30 mAde) -

(lC = 1.0 Ade, IB = 0.1 Ade) -

DYNAMIC CHARACTERISTICS 

Current·G.in-B.ndwidth Product fT 400 
(lC = 100 mAde, VCE = 5.0 Vde, I = 100 MHz) 

Output Capacitance Cob -
(VCB = 5.0 Vde, IE = 0, I = 1.0 MHz) 

Input Capacitance Cib -
(VBE = 0.5 Vde, IC = 0, I = 1.0 MHz) 

SWITCHING CHARACTERISTICS 

Turn-On Time (Figure 1) ton -
(lC = 1.0 Ade, IBl = 100 mAde) 

Turn·OII Time CFigure 1) toff -
ItC = 1.0 Ade, IBI = IB2 = 100 mAde) 

FIGURE 1 - TURN·ON AND TURN·OFF TIME TEST CIRCUIT 

PU LSE WIDTH = 100 ns 

::JL 
PULSE SOURCE 

1,= If'; 1.0 ns 
Zin = son 

PRF < 100 kHz 

VBB -4.0 V 

1.0 k 

47 

Ie ~ 1.0 Ade,lBI ~ IB2 ~ 100 mAde 

3-598 

Vee +12 V 

11 

TO SCOPE 
tr<1.0 ns 

Rin> 10 kn 
ein<SOpF 

Max Unit 

- Vde 

- Vde 

- Vde 

100 "Ade 

-
200 

-
Vdc 

0.33 

0.7 

Vde 
1.1 

1.4 

- MHz 

10 pF 

30 pF 

15 ns 

20 ns 



MPQ3725 (SILl.CON) 

NPN SILICON ANNULAR QUAD 
CORE DRIVER TRANSISTOR 

. designed for medium·current, high·speed switching and driver 
applications. 

• High Coliector·Emitter Breakdown Voltage -
BVCEO = 40 Vdc (Min) @ IC = 10 mAdc 

• Fast Switching Times -
ton = 20 ns (Typ) @ IC = 500 mAdc 

toff = 50 ns (Typ) @ IC = 500 mAdc 

MAXIMUM RATINGS 

Rating Svmbol 

Coliector·Emitter Voltage VCEO 
Coliector·Emitter Voltage VCES 
Emitter-Base Voltage VEB 
Operating and Storage Junction TJ.T,tg 

Temperature Range 

Total Device Dissipation@TA = 25°C 
Derate above 2SoC 

Po 

Value 

40 
60 
5.0 

-55 to +150 

One Four 
Deyice Devices 

1.0 2.5 
B.O 20 

CONNECTION DIAGRAM 

3-599 

Unit 

Vdc 
Vdc 
Vdc 

°c 

Watts 
mW/oC 

NPN SILICON 
QUAD CORE DRIVER 

TRANSISTOR 

SEATING 
0.660 PLANE 0.325 

Q785 -----j \ ~ MAX r 
k-H""""',.,. ........ rH-H 0.200 \ °M~~OJB 

~("'~.(~X \ ~=t~! 
,'L' 'ILt ;030 I ~ I 

r-I MAX r- 0.290 --i 
0090 r o.m 
0:110 ~ 

CASE 605·05 
TO·116 



MPQ3725 (continued) 

ELECTRICAL CHARACTERISTICS ITA = 25°C unless otherwise noted) 

Characteristic Symbol Min Typ Max 

OFF CHARACTERISTICS 

Collector-Emitter Breakdown Voltage BVCEO 40 
(lC = 10 mAde, 16 = 0) 

Collector-Emitter Breakdown Voltage BVCES 60 -
(lC = 100 /lAde, VBE = 0) 

Emitter-Base Breakdown Voltage BVCBO 5.0 
(IE = 10 /lAde, IC = 0) 

Collector Cutofl Current ICBO 0.5 
(VCB = 40 Vde, IE = 0) 

ON CHARACTERISTICS 

DC Current Gain hFE 
(lC = 100 mAde, VCE = 1.0 Vde) 35 - 200 

(lC = 500 mAde, VCE = 2.0 Vde) 25 - -

Collector-Emitter Saturation Voltage VCE(sat) 0.45 
(lC = 500 mAde, IB = 50 mAde) 

Base-Emitter Saturation Vol~age VBE(sat) 0.8 1.0 
(lC = 500 mAde, IB = 50 mAde) 

DYNAMIC CHARACTERISTICS 

current-Gain Bandwidth Product IT 250 
(IC = 50 mAde, VCE = 10 Vde, I = 100 MHz) 

Output Capacitance Cob 10 
(VCB = 10 Vde, IE = 0, 1= 100 kHz) 

Input Capacitance Cib - - 80 
(VBE = 0.5 Vde, IC = 0, I = 100 kHz) 

SWITCHING CHARACTERISTICS 

Turn-On Time (Figure 1) ton - 20 35 
(lC = 500 mAde, IBl = 50 mAde) 

Turn-all Time (Figure 1) toll 50 60 
(lC = 500 mAde, IBl = 162 = 50 mAde) 

FIGURE 1 - TURN-ON AND TURN-OFF SWITCHING TIMES TEST CIRCUIT 

':' 

3--600 

TO SAMPLING 
OSCI LLOSCOPE 
2in;> 100 kll 

t r < 1.0 ns 

Unit 

Vde 

Vde 

Vde 

/lAde 

Vde 

Vde 

MHz 

pF 

pF 

ns 

ns 



MPQ3725 (continued) 

FIGURE 2 - DC CURRENT GAIN 
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FIGURE 4 - "ON" VOLTAGES 
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MPS404 (SIUCON) 

MPS404A 

PNP silicon annular transistors encapsulated in 
plastic package designed for medium-speed switching 
applications in industrial and computer equipment. In
tended for operation in applications using the 2N404 and 
2N404A transistors. 

CASE 29 (1) 
(TO·921 

MAXIMUM RATINGS 

Rating 

Collector-Emitter Voltage 

Collector-Base Voltage 

Emitter-Base Voltage 

Collector Current - Continuous 

Total Device DiSSipation @ T A = 25·C 

Derate above 25·C 

Symbol 
VCEO 

VCB 

VEB 

IC 

PD 
111 

MPS404 MPS404A Unit 

24 35 Vde 

25 40 Vde 

12 25 Vde 

150 mAde 

310 mW 

2.81 mW/·C 

Operating and Storage Junction TJ • T 111 -55 to +13.5 ·C 
Temperature Range stg 

THERMAL CHARACTERISTICS 

Characteristic Symbol Max Unit 
Thermal Resistance. Junction to 8 111 0.357 ·C/mW 

Ambient JA 

i11 Continuous package i~provements have enhanced these guarante8ci MaKimum 'Ratings as 
fol/ows: Po = 1.0 W @ TC :; 2SoC, Derate above 25°C - 8.0 mW/oC, T J = -65 to.+ 1S0a C, 
8JC = 12SoC/W. 

FIGURE 1 - SWITCHING TEST CIRCUIT 

-'0 V 0---...,-..., __ --, 
RC 

RC &_RB VARIED TO SET TESICURRENT 
P.W. -'.0., 

+5.0 \. ± __ f'NPUT ~RB 
-5.0 . : 

I , 

FIGURE 2 - STORED BASE CHARGE 

VCC Re 15So!l) 
TEST CIRCUIT 

I-S.oV) O--...... ---t"-----~--~ 

OUTPUT 

'::" 0 VOLTAGE WAVEFORMS . 

tin \>5.0.'1"",<.5., 
MEASUREMENTPROCEDURE S.O V~' I 

Cl is incmsad until the toff time of I I 
the output wavtform is dlcreased to ~' I 
0, .2",s, aS is thin calcullted by You. : : 
Os-C. Vi.· S.OV I 10% 

I I I 

·VALUES APPLY TO TEST CONDITION IN TABLE I ~ :-'011 
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MPS404, MPS404A (continued) 

ELECTRICAL CHARACTERISTICS (T. = 25"C unless otherwise noted) 

Characteristic Symbol Min Typ Max Unit 

OFF CHARACTERISTICS 

Collector-Emitter Breakdown Voltage BVCEO Vdc 
(Ic = 10 mAde, 'B = 0) MPS404 24 - -

MPS404A 35 - -
Collector-Base Breakdown Voltage BVCBO Vdc 

(Ic = 10 !lAde, 'E = 0) MPS404 25 - -
MPS404A 40 - -

Emitter-Base Breakdown Voltage BVEBO Vde 
('E = 10 !lAde, 'C = 0) MPS404 12 - -

MPS404A 25 - -
Collector Cutoff Current 

'CBO nAde 
(VCB = 10 Vde, 'E = 0) - - 100 

Emitter Cutoff Current 
'EBO nAdc 

(VBE = 10 Vde; 'C = 0) - - 100 

ON CHARACTERISTICS 

DC Current Gain hFE -
(IC = 12 mAde, V CE = 0.15 Vdc) 30 - 400 

Collector-Emitter Saturation Voltage VCE(sat) Vde 
(IC = 12 mAde, 'B = 0.4 mAdc) - - 0.15 

(IC = 24 mAde, 'B = 1. 0 mAde) - - 0.20 

Base-Emitter Saturation Voltage VBE(sat) Vde 
(IC'= 1~ mAde,'IB = 0.4 mAde) - - 0.85 

('C = 24 mAde, IB = 1. 0 mAde) - - 1.0 

DYNAMIC CHARACTERISTICS 

Common-Base Cutoff Frequency· fab MHz 
(IC = 1. 0 mAde, V CB" 6.0 Vde) 4.0 - -

Outpul Capacitance Cob pF 
(YeB = 6.0 Vdc, IE = 0) - - 20 

SWITCHING CHARACTERISTICS 

Delay Tiine 
(Ic = 10 mAde, IBI = 1. 0 mAde) (Figure 1) td - 75 - ns 

Rise Time Ir - 190 - ns 

Storage Time 
(IC = 10 mAde, IBI = IB2 = 1. 0 mAde) (Figure 1) Is - 155 - ns 

Fall Time tf - 230 - ns 

Tolal Control Charge (Figure 2) QS pC 
(IC = 10 mAde, IS = 1. 0 mAde) - - 1400 

3-603 



MPS404, MPS404A(continued) 

1.2 

FIGURE 3 - BASE-EMITTER VOLTAGE 
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MPS404, MPS404A (continued) 

FIGURE 7 - NORMALIZED DC CURRENT GAIN 
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MPS706 (SILICON) 

MPS706A 

NPN S.ILlCON ANNULAR TRANSISTORS 

designed for low-level, high-speed switching applications in a 
plastic encapsulated package. 

• Standard In-LineEBC Lead Configurations 

• High Resistance to Adverse Environmental Conditions 

• Insensitivity to Light 

MAXIMUM RATINGS 

Rating Symbol MPS706 I MPS706A Unit 

Collector-Emitter Voltage VCElt Vdc 
. (RBE = 10 Ohms) 20 

Collector-Base Voltage VCB 25 Vdc 

Emitter-Base Voltage VEB 3.0 I 5.0 Vdc 

Total Device Disslpation@ TA .. 25 °c p(1J 310 mW 
Derate above 25°C D 2.81 mW/oC 

Operating and Storage Junction T J' T';;~ -55 to +135 °c 
Temperature Hauge 

(1) Continuous package'improvements have enhanced these guaranteed Maximum Ratings a's 
foll,ows: Po = 1.0 W'@TC= 2SoC, Derate abo~ 2SoC - 8.0 mW/oC, T J = -65 to +150o C, 
6 J C= 12SDCIW. < 

3-606 

NPN SILICON 
SWITCHING 

TRANSISTORS 

(r--I-t 0.175 
ESC o:m 

Leads to lit into 1 
~:m .. 19/32 

DIA HOLEITYPI- J 
j~.045 0.055 

~:~~ 

0.003 

•. ~uu, 

&fs~. ~ 

CASE 29(1) 
T0-92 



MPS706, MPS706A (continued) 

ELECTRICAL CHARACTERISTICS (T A = 25"C unless otherwise noted) 

Characteristic Symbol Min Max Unit 

OFF CHARACTERISTICS 
Collector-Emitter Breakdown Voltage (11 BVCEO Vdc 

(IC = 10 mAdc, IB = O) 15 -
Collector-Emitter Breakdown Voltage BVCER Vde 

(IC = 10 mAdc, RBE = 10 Ohms) 20 -
Collector Cutoff Current ICBO ).LAdc 

(VCB = 15 Vdc, IE = O) - 0.5 

Emitter Cutoff Current lEBO ).LAdc 
(VEB = 3.0 Vdc, IC = O) - 10 

ON CHARACTERISTICS 
DC Current Gain (11 hFE -

(Ie = 10 mAdc, V CE = 1. 0 Vdc) MPS706 20 -
MPS706A 20 60 

Collector-Emitter Saturation Voltage 111 VCE(sat} Vdc 
(IC = 10 mAdc, IB = 1. 0 mAde) - 0.6 

Base-Emitter Saturation Voltage 111 VBE(sat} Vdc 
(IC = 10 mAdc, IB = 1. 0 mAdc) MPS706 - 0.9 

MPS706A 0.7 0.9 

DYNAMIC CHARACTERISTICS 
Current-Gain-Bandwidth Product fT MHz 

(IC = 10 mAdc, V CE = 15 Vdc, f = 100 MHz) 200 -
Output Capacitance Cob pF 

(VCB = 10 Vdc, ~ = 0, f = 100 kHz) - 6.0 

Base Resistance r' Ohms 
(~ = 10 mAdc, VCE = 15 Vdc, f = 300 MHz) 

b - 50 

SWITCHING CHARACTERISTICS 
Turn -On Time (See Figure I) t ** - 40 ns on 

Turn-Off Time (See Figure I) toff ** - 75 ns 

Charge Storage Time Constant** (See Figure 2) MPS706 T ** - 60 ns 
MPS706A s - 25 

*Pulse Test: Pulse Width" 12 ns, Duty Cycle" 2.0%· 
**Measured with Tektronix Type R Plug-In (50-Ohm Internal Impedance) and circuits shown. 

FIGURE 1 - SWITCHING TIME TEST CIRCUIT 

Type R Sampling Resistor 
20 Ohms 

270 

+7.0 V Pulse Volts n lnternal R.8Sistance 
50 Ohms 2.0 k 

o V - - - - o-....... oJVI,.-"VII\r--!--I 
-2.0 V 

Vee" 3.0 Vdc 
(Adjust for lOrnA) 

FIGURE 2 - STORAGE TIME TEST CIRCUIT 

Type R Sampling Resistor 
20 Ohms 

980 

+5.0 V Pulse Volts 

50 Ohms 350 
o V - - - - - Q--"/'oIV-'VV\'--+--1 

-4.0 V 

n lnternal Resistanee 

3-607 

Vee" 10 Vdc 
(Adjust for 10 mAl 



MPS834 (SILICON) 

NPNsilicon annular transistor designed for high-speed switching 
applications. 

CASE 29 (l) 
(T0-92) 

MAXIMUM RATINGS 

Rating 

Collector -Emitter Voltage 

Collector-Base Voltage 

Emitter-Base Voltage 

Collector Current 

Total Device Dissipation @ T A = 25°C 
Derate above 25° C . 

Total Device Dissipation@ TC = 25°C 
Derate above 25°C 

Operating ·and .Storage Junction 
Temperature Range 

Symbol 

VCES 

VCB 

VEB 

IC 

pili 

D 

PD 

T T 111 
J' stg 

Value Unit 

30 Vdc 

40 Vdc 

5.0 Vdc 

200 mAdc 

310 . mW· 
2.81 mW/oC 

500 .' ,. mW 
4.55 mW/oC 

""55 to +135 °c 

(1) Continuous package Improvements have enhanced these guaranteed Maximum Ratings as follows: Po = 1.0 W @ TC = 250C. 
Derate above 25°C - 8.0 mwflc. T J "" -65 to +150o C. (JJC "" 1250 CIW. 
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MPS834 (continued) 

ELECTRICAL CHARACTERISTICS (T A = 25°C unless otherwise noted) 

CHARACTERISTICS 

OFF CHARACTERISTICS 
Collector-Base Breakdown Voltage 

(IC = 10 /lAde, IE = 0) 

Emitter-Base Breakdown Voltage 
(IE = 10 /lAde, IC = 0) 

Collector Cutoff Current 
(VCE = 30 Vdc, VBE = 0) 

Collector Cutoff Current 
(V CB = 20 Vdc, IE = 0) 

ON CHARACTERISTICS 
DC Current Gain' I 11 

(IC = 10 mAde, V CE = 1. 0 Vdc) 

Collector-Emitter Saturation Voltage 111 
(IC = 10 mAde, IB = 1. 0 mAde) 

(IC = 50 mAde, IB = 5. 0 mAde) 

Base-Emitter Saturation Voltage (II 
(IC = 10 mAde, IB = 1. 0 mAde) 

DYNAMIC CHARACTERISTICS 
Current-Gain-Bandwidth Product 

(IC = 10 mAde, V CE = 20 Vdc, f = 100 MHz) 

Output Capacitance 
(V CB = 10 Vdc, IE = 0, f = 100 kHz) 

SWITCHING CHARACTERISTICS 
Turn-On Time 

(IC = 10 mAde, IB1 = 3.0 mAde, IB2 = 1. 0 mAde) See Figure 1 

Turn-Off Time 
(IC = 10 mAde, IB1 = 3.0 mAde, Ia2 = 1. 0 mAde) See Figure 1 

Storage Time 
(IC = 10 mAde, IB1 = IB2 = 10 mAde) See Figure 2 

PIPulse Test: Pulse Width,;; 12 ns, Duty Cycle,;; 2. 0%. 

FIGURE 1 - TURN·ON AND TURN-OFF 
TIME MEASUREMENT CIRCUIT 

50 

+3.0Vdc 

280 
OJlo!F 

,..-<O--'\Nv--iE--o v."' 
Uk 

_ ~ ..... ~_~ Vin=-19Vdc 
ton: VBB~ toff: VBB=+t6V~ 

OV ----. OV---,-

Vin '" +21 Vdc ---. 

Symbol Min Max Unit 

BVCBO Vdc 
40 -

BVEBO Vdc 
5.0 -

ICES /lAde 
- 10 

ICBO /lAde 
- 0.5 

hFE -
25 -

VCE(sat) Vdc 
- 0.25 

- 0.4 

VBE(sat) Vde 
- 0.9 

fT MHz 
350 -

Cob pF 
- 4.0 

t ns on 
16 -

toff ns 
- 30 

t ns 
s 25 .. -

FIGURE 2 - CHARGE STORAGE TIME 
CONSTANT MEASUREMENT CIRCUIT 

+11 V 

+10 Vdc 

160 
0.1 pF 

r-'WV ...... ~,"'.O"'k-l'E--o Vo", 

NOTE: ALL SWITCHING TIMES MEASURED WITH lUMATRON MODEL 420 SWITCHING TIME TEST SET OR EOUIVALENT. 



MPS918 (SIUCON) 

MPS3563 

NPN SILICON ANNULAR TRANSISTORS 

· .. designed for VHF/UHF low·level amplifier, and oscillator 
applications. 

• One·Piece, Injection·Molded Plastic Unibloc Package for High 
Reliability 

• Low Collector·Emitter Saturation Voltage -
VCE(sat) = 0.4 Vdc (Max) @ IC = 10 mAdc 

MAXIMUM RATINGS 
Rating Symbol MPS918 

Co.llector~Emitter Voltage VCEO 15 

Collector-Base Voltage Vce 30 

Emitter-Base Voltage VEB 3.0 

Total Device Dissipation @ T A = 2SoC Po 

MPS3563 

12 

30 

2.0 

310 

Unit 

Vdc 

Vdc 

Vdc 

mW 
Derate above 2SoC 2.Bl mW/oC 

Operating and Storage Junction TJ, Tstg -55 to +135 °c 
Temperature Range 

THERMAL CHARACTERISTICS 
Characteristic Symbol Max Unit 

Thermal Resistance, Ju.nction 8JA 0.357 °C/mW 
to Ambient 

FIGURE 1 - 200 MHz POWER GAIN TEST CIRCUIT 

1000 RFC 

1.5-7.5pF 

L1 - 3.5 TURNS NO. 16 TlNNEO COPPER WI RE;5116·· OIA; 
7116" LONG TURNS RATIO"", 4 to 2 

l2 -8 TURNS NO. 16 TINNED COPPER WIRE; 118·· DIA; 
718·· lONG TURNS RATIO ~ 8 TO I 

TO.OO1 /JF P OUTPUT IMPEDANCE'" 50 Ohm$ 

l3 - MillER #4303 (0.4-0.65 .H) 

3~.610 

NPN SILICON 

AMPLIFIER 

TRANSISTORS 

-l-
0.175 

EBC 45 

J2 
J~.045 0.055 

0.045 
0.055 

"leads'tofltirlto 
O.oI6 
0.019 

OIA HOLE {TYPI 

CASE 29 (1) 

TO-92 



MPS918, MPS3563 (continued) 

ELECTRICAL CHARACTERISTICS ITA = 25°C unless otherwise noted) 

Characteristic Symbol Min Max Unit 

OFF CHARACTERISTICS 

Collector-Emitter Breakdown Voltage' BVCEO' Vde 
(lc = 3.0 mAde, IB = 0) MPS918 15 -

MPS3563 12 -

Collector-Base Breakdown Voltage BVCBO Vde 
(lC = 1.0 "Ade, IE = 0) MPS918 30 -
(lc = 100 "Adc, IE = 0) MPS3563 30 -

Emitter-Base Breakdown Voltage BVEBO Vde 
(IE = 10 "Ade, IC = 0) MPS918 3.0 -

MPS3563 2.0 -
Collector Cutoff Current ICBO nAde 

(VCB = 15 Vde, IE = 0) MPS918 - 10 
MPS3563 - 50 

ON CHARACTERISTICS 

DC Current Gain' hFE' -
(lC = 3.0 mAde, VCE = 1.0 Vdel MPS918 20 -
(lC = 8.0 mAde, VCE = 10 Vde) MPS3563 20 200 

Collector-E mitter saturation Voltage VCE(sat) Vde 
(lC = 10 mAde, IB = 1.0 mAde) MPS918 - 0.4 

B .... Emitter Saturation Voltage VBE(satl Vde 
(lC = 10 mAde, IB = 1.0 mAde) MPS918 - 1.0 

SMALL-SIGNAL CHARACTERISTICS 

Current-Gain-Bandwidth Product f-r MHz 
(lC = 4.0 mAde, VCE = 10 Vde, f = 100 MHz) MPS918 600 -
IIc = 8.0 mAde, VCE = 10 Vde, f = 100 MHz) MPS3563 600 1500 

Output Capacitance Cob pF 
(VCB = 0 Vde, IE = 0, f = 140 kHz) MPS918 - 3.0 
(VCB = 10 Vde, IE = 0, f = 140 kHz) MPS918 - 1.7 
(VCB = 10 Vde, IE = 0, f = 1.0 MHz) MPS3563 - 1.7 

Input Capacitance Cib pF 
(VEB = 0.5 Vde, IC = 0, f = 140 kHz) MPS918 - 2.0 

Small-Signal Current Gain hfe -
IIc = 8.0 mAde, VCE = 10 Vde, f = 1.0 kHz) MPS3563 20 250 

Noise Figure NF dB 
IIc =: 1.0 mAde, VCE = 6.0 Vde, RS=400ohms,f= 60 MHz) MPS918 - 6.0 

FUNCTIONAL TEST 

Common-Emitter Amplifier Power Gain (see Figure 1) Gpe dB 
IIc = 6.0 mAde, VCB = 12 Vde, f = 200 MHz) MPS918 15 -
IIc = 8.0 mAde, VCE = 10 Vde, f = 200 MHz) MPS3563 14 -

(Gfd + Gre < -20 dB) 

Power Output Pout mW 
IIc = 8.0 mAde, VCB = 15 Vdc, f = 500 MHz) MPS918 30 -

Oscillator Collector Efficiency '1 % 
(lC=8.0 mAde, VCB = 15 Vde,Pout =30mW,f = 500 MHz) MPS918 25 -

·Pulse Test: Pul ... Width ~ 300 "S, Duty Cycle s: t .0%. 
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MPS2369 (SILICON) 

NPN silicon annular switching transistor designed for 
use in high-speed, low-current switching applications. 

CASE 29(1) 
(TO-92) 

MAXIMUM RATINGS 

Rating 

Collector-Emitter Voltage 

Collector-Emitter Vol~ge 

Collector-Base Voltage 

Emitter-Base Voltage 

Collector Current-Peak 

Total Device Dissipation @ T A = 25"C 

Derate above 25°C 

Operating and Storage Junction Temperature 
Range 

THERMAL CHARACTERISTICS 

Characteristic 
Thermal Resistance, Junction to Ambient 

Symbol 

VCEO 

VCES 

VCB 

VEB 

IC 

P (1J 

D 

T T 111 
J' stg 

Symbol 
9 III 

JA 

Value Unit 

15 Vdc 

,*0 Vdc 

40 Vdc 

4.5 Vdc 

500 mAdc 

310 mW 

2.81 mW/oC. 

-55 to + 135 OC 

Max Unit 
0.355 °C/mW 

(1) Cc:mtinuous package improvements h,ve enhanced these guarant'eect Ms)(imum Ratings as -follows: Po "" 1.0 W @ ,T C = ~50C, 
Derate above 2SoC - 8.0 mW/oC, T J "" -65 to +150oC, 8JC = ·12SoC/W. . 

FIGURE 1 - ton CIRCUIT FIGURE 2 - toft CIRCUIT 

-...J tl I-- 3.0 V o--JV'''''''-., 
+10: ~-n~ tl I-- 3.0 V 

-1.5 v >--JVIIV-+-f 
~ < 1.0 ns 3.3k 

I 
-4_ ,T_ 

+10.750V~_ ___ 210 

-4.15V-- I~ 

PU LSE WIDTH (11) = 300 ns 
DUTY CYCLE = 2.0% 

_.; CS*<4.0pF j4- < 1.0 ns 3.3 k 

PU LSE WIDTH (11) = 300 ns 
DUTY CYCLE = 2.0% 

FIGURE 3 - STORAGE TEST CIRCUIT 

+6.00Vti--: ~ 
-4.0 V I-

< 1.0ns 
PULSE WIDTH (11)= 300 ns 

DUTY CYCLE = 2.0% 

10 V o-----'N\,......., 

500 

*T otal shunt capacitance of test jig and connectors. 
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-.; Cs* < 3.0 pF 

-,,T. 
_.; CS* < 4.0 pF 



MPS2369 (continued) 

ELECTRICAL CHARACTERISTICS(T. = 2S'C unless otherwise noted) 

Characteristic Symbol Min Max Unit 

OFF CHARACTERISTICS 

Collector-Emitter Breakdown Voltage 111 BVCEO Vdc 

(IC = 10 mAde, IB = 0) 15 -

Collector-Emitter Breakdown Voltage BVCES Vde 

(IC = 10 !lAde, V BE = 0) 40 -
Collector-Base Breakdown Voltage BVCBO Vde 

(IC = 10 !lAde, tE = 0) 40 -

Emitter-Base Breakdown Vol \age BVEBO Vdc 

(IE = 10 !lAde, IC = 0) 4.5 -

Collector Cutoff Current ICBO !lAde 

(V CB = 20 Vdc, IE = 0) - 0.4 

(V CB = 20 Vdc, IE = 0, T A = 125OC) - 30 

ON CHARACTERISTICS 

DC Current Gain (1) hFE -
(IC = 10 mAde, V CE = 1.0 Vdc) 40 120 

(IC = 10 mAde, V CE = 1.0 Vdc, T A = -55OC) 20 -
(IC = 100 mAde, V CE = 2.0 Vdc) 20 -

Collector-Emitter Saturation Voltage 111 VCE(sat) Vde 

(IC = 10 mAde, IB = 1. 0 mAde) - 0.25 

Base-Emitter Saturation Voltage 111 VBE(sat) Vde 

(IC = 10 mAde, IB = 1.0 mAde) 0.70 0.85 

SMALL SIGNAL CHARACTERISTICS 

Output Capacitance Cob pF 

(VCB = 5.0 Vdc, IE = 0, f = 140 kHz) - 4.0 

Small-Signal Current Gain hfe -
(IC = 10 mAde, V CE = 10 Vde, f = 100 MHz) 5.0 -

SW!TCHING CHARACTERISTiCS 

Turn-On Time ton ns 

III:VCC= 3.0 Vdc, VBE(off) = 1.5 Vde, IC = 10 mAde, . 
IBI = 3. 0 mAde) (Figure 1) - 12 

Turn- Off Time toff os 

(V CC = 3.0 irde, IC = 10 mAde, IBI = 3.0 mAde, 

IB2 = 1.5 mAde) (Figure 2) - 18 

Storage Time t 
s 

os 

(IB1 = IB2 = IC = 10 mAde) (Figure 3) - 13 

111 Pulse Test: Pulse Width = 300 !IS, Duty Cycle = 2.0% 



MPS2711 (SILICON) 

MPS2712 

NPN silicon epitaxial plastic encapsulated transistor 
designed for low-power, small-signal audio applications. 

CASE 29(1) 
(T0-92) 

MAXIMUM RATINGS 

Rating 

Collector-Emitter Voltage 

Collector-Base Voltage 

Emitter-Base Voltage 

Collector Current 
MPS2711, 

Total Device Dissipation @ T A = 250 C 

Total Device Dissipation @ T C = 600 C 

Operating Junction Temperature Range 

storage Temperature Range 

THERMAL CHARACTERISTICS 

Characteristic 

Thermal Resistance, Junction to Ambient 

12 

Symbol 

VCEO 

VCB 

VEB 

IC 

pili 
D 

PD 

Till 
J 

T stg 

Symbol 

11 111 
JA 

Value Unit 

18 Vdc 

18 Vdc 

5 .. 0 Vdc 

mAdc 
100 

310 mW 

210 mW 

135 °c 

-55 to +135 °c 

Rating Unit 

0.357 °C/W 

(1) Continuous package improvements have enhanced these 4'-!aranteed Maximum Ratings as follows: Po = 1.0 W @TC == 25°C, 
Derate above 25°C - 8.0 mW/oC, T J:: -65 to +1500 C,i9 J C:= 1250 C/W. 

3-614 



MPS2711, MPS2712 (continued) 

ELECTRICAL CHARACTERISTICS (TA = 25°C unless otherwise noted) 

Characteristic Symbol Min Max Unit 

Collector Cutoff Current ICBO /lAde 

(VCB = 18 Vdc, IE = 0) - 0.5 
0 1.5 (V CB = 18 Vdc ~ = 0, T A = 100 C) -

Emitter-Base Cutoff Current ~BO /lAde 
(VEB = 5 Vdc, IC = 0) - 0.5 

DC Current Gain hFE -
(V CE = 4.5 Vdc, IC = 2 mAdc) MPS2711 30 90 

MPS2712 75 225 

Output Capacitance Cob pF 
(V CB = 10 V, ~ = 0, f = 1 MHz) - 4.0 

Small Signal Current Gain hfe -
(V CE = 10 Vdc, IC = 2 mAdc, f = 1 kHz) MPS2711 30 120 

MPS2712 80 200 
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MPS2713 (SILICON) 

MPS2714 

CASE 29(1) 
(TO-92) 

N P N Silicon annular transistor, designed for gen- . 
era! purpose lOW-level switching applications. Fea
tures one-piece, injection-molded plastic package 
for high reliability. . 

MAXIMUM RATINGS 

Rating Symbol Value .. .Unit . 

Collector-Base Voltage VeB 18 Vdc 

Collector-Emitter Voltage VCE 18 Vdc 

Emitter-Base Voltage VEB 5.0 Vdc 

Collector Current Ie 200 mAdc 

Total Device Dissipation @ T A = 60°C PD 210 mW 

Total Device Dissipation @ T A = 25°C P 111 310 mW D 
mW/oC Derate above 25°C 2.81 

Thermal Resistance. Junction to Ambient 6 111 
JA 0.357 °C/mW 

Junction Operating Temperature TJIII 135 °c 

storage Temperature Range Tstg -55 to +135 °c 

(1) Continuous package improvements have enhanced these guaranteed Maximum Ratings as follows: Po"" 1.0 W @ TC = 2SoC, 
Derate above 2SoC - 8.0 mWflC. T J = -65 to +150oC. 8JC = 1250 C/W. 

ELECTRICAL CHARACTERISTICS (TA ~ 25°C unless otherwise noted) 

Characteristic 

OFF CHARACTERISTICS 

Collector Cutoff Current leBO "Ade 
(VCB = 18 Vde, IE = 0) - - 0.5 

(V CB • 18 Vde, IE = 0, T}. = l000c) - - 15 

Emitter Cutoff Current lEBO pAc!c 

(VEB = 5 Vde,le = 0) - - 0.5 
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MPS2713, MPS2714 (continued) 

ELECTRICAL CHARACTERISTICS (continued) 

Characteristic 

ON CHARACTERISTICS 

DC Current Gain hFE -
CIc = 2 mAd., VCE = 4.5 Vd.) MPS2713 30 60 90 

MPS2714 75 150 225 

CoUector-Emltter Saturation Voltage VCE(sat) Vd. 
(Ie = 50 mAde, Is = 3 mAde) - 0.16 0.3 

Sase-Emitter Saturation Voltage VSE(sat) Vdc 
(Ie = 50 mAde, IS = 3 mAde) 0.6 0.75 1.3 

SMALL SIGNAL CHARACTERISTICS 

Small Signal Current Gain hre -
(Ie = 2 mAde, V CE = 4.5 Vdc, f = 1 kHz) MPS2713 30 - 120 

MPS2714 80 - 300 

Current-Galn- Bandwidth Product fT MHz 

(Ie = 10 mAde, VCE = 10 Vdc, f = 100 MHz) - 250 -
Output Capacitance Cob pF 

(V CB = 10 Vdc, IE = 0, f = 100 'kHz) - 2.5 -
Input Impedance Ilte ohms 

(Ie = 0.5 mAde, VCE = 1 Vdc, f = 1 kHz) - 3000 -

SWITCHING CHARACTERISTICS 

Delay Time ~ - 7.0 - os 

Rlse Time 
Ie = 10 mA, 1B1 = 3 mA, VCC = 10 V 

tr - 6.0 - ns 

Storage Time Ie = 10 mA, IS1 = 3 mA, IS2 = 1 mA, ts - 12 - os 

Fall Time VCC= 10 V It - 9.0 - ns 
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MPS2923 thru MPS2925 (SILICON) 

CASE 29 (1) 
(TO-92) 

NPN silicon annular, plastic encapsulated transistors 
for low-cost, medium-speed, general-purpose ampli
fier and oscillator applications. 

MAXIMUM RATINGS 

Rating Symbol Value 

Collector-Base Voltage VCB 25 

Collector-Emitter Voltage VCEO 211 

Emitter-Base Voltage VEB 5.0 

Collector dc Current IC 100 

Total Device Dissipation PD llI 200 
@ 25°C Ambient Temperature 
Derating Factor above 25°C 2.67 

Total Device Dissipation PD 120 
@ 55°C Ambient Temperature 
Derating Factor above 25°C 2.67 

Junction Temperature-Operating TJ llI 100 

storage Temperature Range Tstg ~30 to +125 

ELECTRICAL CHARACTERISTICS (TC = 250 C unless otherwise noted) 

Characteristic Symbol Min Max 

Collector Cutoff Current ICBO 
V CB = 25 V, IE = 0 - 0.5 

VCB = 25 V, ~ = 0, TA = 100°C - 15 

Emitter Cutoff Current ~BO - 0.5 
VEB = 5 V 

Small Signal Current Gain (f = 1 kHz) hfe 
V CE = 10 V, IC = 2 rnA 

MPS2923 90 180 
MPS2924 150 300 
MPS2925 235 470 

Collector Capacitance Cob - 12 
V CB = 10 V, IE = 0, f = 1 MHz 

(1) Continuous package improvements have enhanced these guaranteed Maximum Ratings as follows: PO::: 1.0· W @ 

TC::: 25°C, Derate above 25°C - 8.0 mWf'C, T J == -65 to +150o C. 6 JC ::: 12SoC/W. 
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Unit 

Vdc 

Vdc 

Vdc 

mAdc 

mW 

mW;oC 

mW 

mW;oC 

°c 

°c. 

Unit 

/LA 

/LA 

/LA 

-

pF 



MPS2926 (SiLICON) 

MPS3721 

I 

NPN silicon epitaxial plastic encapsulated transistors 
designed for general-purpose applications. 

CASE 29(1) 
(T0-92) 

MAXIMUM RATINGS 

Rating 

Collector- Emitter Voltage 

Collector-Base Voltage 

Emitter-Base Voltage 

Collector Current 

Total Device DisSipation @ 25·C Ambient Temperature 

Total Device Dissipation @ 60·C Ambient Temperature 

Thermal Resistance, Junction to Ambient 

Junction Temperature, Operating 

storage Temperature Range 

Symbol 

VCEO 

VCB 

VEB 

IC 

Po 111 

Po 

9.JA11I 

TJ I1I 

Tste: 

Value Unit 

18 Vdc 

18 Vdc 

5.0 Vdc 

100 mAdc 

310 mW 

210 mW 

0.357 ·C/mW 

135 ·C 

-55 to +135 ·C 

ELECTRICAL CHARACTERISTICS (T A = 25·C unless otherwise noted) 

Characteristics Symbol Min Typ Max 
Collector Cutoff Current ICBO 

(VCB = 18 Vdc, IE = 0) - - 0.5 

(V CB = 18 Vdc, IE = 0, T A = 100·C) - - 15 

Emitter Cutoff Current lEBO 
(VEB = 5 Vdc, IC = 0) - - 0.5 

Current Gain - Bandwidth Product fT 
(IC = 4 mA, V CE = 5 V) MPS2926 - 300 -

Output CapaCitance Cob 
(V CB = 10 V, IE = 0, f = 1 MHz) - - 3.5 

Small Signal Current Gain hfe 
(V CE = 10 V, IC = 2 mA, f = 1 kHz) 

MPS2926 35 - 470 
MPS3721 60 - 660 

(1) Continuous package improvements have enhanced these guaranteed Maximum Ratings as follows: Po = 1.0 W @ TC =:: 2SoC, 
Derate above 2SoC - 8.0 mW/oC, TJ = -65 to +150o C, 8Jc;o 1250 C!W. 

Unit 
f.J.A 

f.J.A 

MHz 

pF 

-

Each unit will be branded with the MPS2926 type and also by color code to identify the different A-C beta 
categories. A-C beta is broken down into five groups, and typical values of DC beta are listed for guidance, 

hfe hFE 
MPS2926 (V CE = 10 V, Ic = 2 mA, f = 11KHz ) (V CE = 4.5 V, Ic = 2 mA) 
Color Code 

Min Max Typ 

Brown 35 70 36 
Red 55 110 62 
Orange 90 180 115 
Yellow 150 300 155 
Green 235 470 215 
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MPS3392 thru MPS3395 (SILICON) 

NPN silicon annular plastic encapsulated transistors 
designed for small-signal, low power audio a})plications. 

CASE 29(1) 
TO-92 

MAXIMUM RATINGS 

Rating Symbol 

Collector-Emitter Voltage VCEO 

Collector-Base Voltage VCB 

Emitter-Base Voltage VEB 

Collector Current IC ... ; 

Total Device Dissipation @ T A = 250 C P D 

Total Device Dissipation @ TC = 600 C P D 111 

Operating Junction Temperature Range T III 
J 

Storage Temperature Range Tstg 

THERMAL CHARACTERISTICS 

Characteristic Symbol 

Thermal Resistance, Junction to Ambient () 111 
JA 

(1) Continuous package improvements have enhanced these gU8ra~teed Maximum Ratings as 
follows: Po = 1.0 W @TC = 25°C. Derate above 25°C - 8.0 m'll!!oC. T J = -65 to +150o C. 
9JC = 12SoCIW. 
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.. 

Value Unit 

25 Vdc 

25 .Vdc 

5; 0 Vdc 

100 mAdc 

310 roW 

210 mW 

135 °c 

-55 to +135 °c 

Reiting Unit 

0.357 ·oC/mW 



MPS3392 thru MPS3395 (continued) 

ELECTRICAL CHARACTERISTICS (T A = 250 C unless otherwise noted) 

Characteristic Symbol Min Max Unit 

Collector Emitter Breakdown Voltage BV 
CEO Vdc 

(IC = 1 mAdc, IB = 0) 25 -
Collector Cutoff Current ICBO /lAde 

(VCB = 18 Vde, ~ = 0) - 0.1 

Emitter Cutoff Current ~BO /lAde 
(VEB = 5 Vde, IC = 0) - 0.1 

DC Current Gain hFE -
(V CE = 4.5 Vdc, IC = 2 mAde) MPS3392 150 300 

MPS3393 90 180 
MPS3394 55 110 
MPS3395 150 500 

Output Capacitance Cob pF 
(VCB = 10 V, ~ = 0, f = 1 MHz) - 3.5 

Small Signal Current Gain hfe -
(V CE = 4.5 V, IC = 2 mA, f = 1 kHz) MPS3392 150 500 

MPS3393 90 400 
MPS3394 55 300 
MPS3395 150 800 

MPS3563 

For Specifications, See MPS918 Data. 
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MPS3638 (SILICON) 

MPS3638A 

CASE 29(1) 
(10-92) 

PNP silicon epitaxial transistor designed for high
current digital applications. Features one-piece, in
jection-molded plastic package for high reliability. 

MAXIMUM RATINGS 

Rating Symbol 

Collector-Emitter Voltage VCEO 

Collector-Emitter Voltage VCES 

Collector-Base Voltage VCB 

Emitter-Base Voltage VEB 

Collector Current IC 

Total Device Dissipation @ T A = 25°C P D 111 

Derate apove 25°C 

Operating and Storage Junction Temperature Range T T 111 
J' stg 

THERMAL CHARACTERISTICS 

Characteristic Symbol 

Thermal Resistance, Junction to Ambient e 111 
JA 

(1) Continuous package improvements have enhanced the. guaranteed Maximum Rating •• s 
follows: PO:: 1.0 W@TC= 25°C. Oerat •• bove 2SoC - 8.0 mW~C, T J'" -65 to +150o C. 
9JC·12S0CIW. 

FIGURE 1 

Value 

25 

25 

25 

4.0 

500 

310 

2 .. 81 

-55 to +135 

Max 

0.357 

Vee = -10 V 

3012 
100012 

PW = 500 ns V. =_9Vt m 

5012 

1. 0 IJ.F 
17012 

1t----oVout 
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Unit 

Vdc 

Vdc 

Vdc 

Vdc 

mAdc 

mW 

mWrC 

°c 

Unit 

°C/mW 

To Sampling Scope 

Rise Time < 1 ns 

Zin" lOOK 



MPS3638, MPS3638A (continued) 

ELECTRICAL CHARACTERISTICS I ITA = 25°C unless otherwise noted) 

Characteristic Symbol Min Max Unit 

OFF CHARACTERISTICS 

Collector-Emitter Sustaining Voltage 11) SVCEO Vde 
(IC = 10 mAde, IS = 0) 25 -

Collector-Emitter Breakdown Voltage SVCES Vde 
(IC = 100 ~Ade, VSE = 0) 25 -

Collector-Base BreakdOWIl Voltage SVCSO Vde 
(IC = 100 ~Ade, IE = 0) 25 -

ElniUer-Base Breakdown. Voltage BVEBO Vde 
(IE = 100 ~Ade, IC = 0) 4.0 -

Collector Reverse Current ICES ~Ade 
(V CE = 15 Vde. VBE = 0) - 0.035 

(V CE = 15 Vde, VBE = 0, TA = +65"C) - 2.0 

Base Current IB MAde 
(V CE = 15 Vde, VBE = 0) - 0.035 

ON CHARACTERISTICS IH 

DC CUI"rent Gain· hFE -
(IC = 1 mAde, V CE = 10 Vde) MPS3638A 80 -
(IC = 10 mAde, VCE = 10 Vde) MPS3638 20 -

MPS3638A 100 -
(IC = 50 mAde, VCE = 1 Vde) MPS3638 30 -

MPS3638A 100 -
(IC = 300 mAde; VCE = 2 Vde) MPS3638 20 -

MPS3638A 20 -
Collector-Emitter Saturation Voltage VCE(sal) Vde 

(IC = 50 mAde, IB = 2. 5 mAde) - 0.25 

(IC = 300 mAde, IS = 30 mAde) - 1.0 

Base-Emitter Saturation Voltage 
VBE(sal) Vde 

(IC = 50 mAde, IB = 2. 5 mAde) - 1.1 

(IC = 300 mAde, Is = 30 mAde) 0.80 2.0 

DYNAMIC CHARACTERISTICS 

Current-Gain-Bandwidth Product IT MHz 
(~CE = 3 Vdc, IC = 50 mAde, ! = 100 MHz) MPS3638 100 -

MPS3638A 150 -
Output CapaCitance Cob pF 

(V CS = 10 Vde, IE = 0, 1= 140 KHz) MPS3638 - 20 
MPS3638A - 10 

Input Capacitance Cib pF 
(VBE = O. 5 Vde, lC ~ 0, ! = 140 KHz) MPS3638 - 65 

MPS3638A - 25 
Small-Signal Current Gain hfe -

(IC = 10 mAde, V CE = 10 Vde, ! = 1. 0 kHz) MPS3638 25 180 
MPS3638A 100 -

Output Conductance hoe mmhos 
(IC = 10 mAde, V CE = 10 Vde. / = 1.0 kHz) - 1.2 

Input Resistance h. Ohms 
(IC = 10 mAde, V CE = 10 Vde, ! = 1. 0 kHz) MPS3638 Ie - 1500 

MPS3638A - 2000 
Voltage Feedback Ratio hre XI0-4 

(IC = 10 mAde, VCE.= 10 Vde, ! = 1. 0 kHz) MPS3638 - 26 
MPS3638A - 15 

SWITCHING CHARACTERISTICS 

Delay Time VCC = 10 Vde. lC =.300 mAde. Id 20 ns 

Rise Time IBI = 30 mAde. V SE(o!l) = 3. 1 Vde Ir 70 ns 

Storage Time V CC - 10 Vde. IC = 300 mAde, ts 140 

FaU Time lSI = 30 mAde. IB2 = 30 mAde 1/ 70 ns 

Turn-On Time Ie = 300 mAde, IBI := 30 mAde I 75 ns on 

Turn-Off Time IC = 300 mAde. lSI = 30 mAde, IB2 = 30 mAde torr 170 ns 

(1) Pulse Test: Pulse Width", 300 I1.S; Duty Cycle = 1"%_ 
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MPS3639 (SILICON) 

PNP silicon annular, plastic encapsulated transistor 
for low-cost, low-level, high-speed switching applica
tions. 

CASE 29(1) 
(TO·92) 

MAXIMUM RATINGS 

Rating 

Collector Current 

Collector· Base Voltage 

Coll~ctor-Emitter Voltage 

Emitter-Base Voltage 

Total Device Dissipation 
@ 25· Ambient Temperature 

Derate above 25° C 

Total Device Dissipation 
@ 25' C Case Temperature 

Derate above 25"C 

Operating Junction Temperature 

Storage Temperature Range 

Symbol Value 

IC 80 

VCB 6.0 

VCEO 6.0 

VEB 4.0 

PD 0.2 

2.0 

PD 
111 0.5 

5.0 

T 111 
J 125 

Tstg -55 to +125 

(1) Continuous package improvements have enhanced the. guaranteed Maximum Ratingl.' 
follows: Po "" 1.0 W @ T C "" 2S0C. Oarate above 25°C - 8.0 mWf'C. T J ., -65 to + 15o"C, 
8 JC = 1250 CIW. 

PULSE SOURCE 
Rise time s; 1 ns 
PW .. 100 ns 
Zin = 500 

Fall time" 1 ns 

0.1 

SWITCHING TIME TEST CIRCUITS 

v = cc 
·6 

Vout 
To sampling scope 

Input Z ,,100 K 
Rise time ,,1 ns 

PULSE SOURCE 
Rise time" 1 ns 
PW" 200 ns 
Zin = 500 

Fall time s1 s 

0.1 

Unit 

mAde 

Vdc 

Vdc 

Vdc 

Watts 

mW;oC 

Watts 

mW;oC 

°c 

·C 

v '" cc 
-5 V 

Vout 
To sampling scope 

Input Z " 100 K 
Rise time'" 1 ns 

,NOTES: (1) Collector Current = 50 rnA 
(2) Turn-On and Turn-Off Base 

Currents = 5 mA 

NOTES: (1) Collector Current", 10 rnA 
(2) Turn-On and Turn-Off Base 

Currents'" 0.5 rnA 
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MPS3639 (continued) 

ELECTRICAL CHARACTERISTICS fTc = 25°C unless otherwise noted) 

Characteristic Symbol Min Max Unit 

Collector Cutoff Current ICES J.l.A 
VCE =3V, VEB=O - 0.01 

VCE =3V,VEB =O, TA=+65°C - 1.0 

Base Current IB - 10 nA 
V CE = 3 V, V EB = 0 

Collector-Emitter Breakdown Voltage BVCES 6.0 - V 
IC = 100 J.l.A, V BE = 0 

Collector- Base Breakdown Voltage BVCBO 6.0 - V 
IC = 100 J.l.A, IE = 0 

Emitter-Base Breakdown Voltage BVEBO 4.0 - V 
IE = 100 J.l.A, IC = 0 

Collector-Emitter Sustaining Voltage (11 V CEO(sus) 6.0 - V 
IB = 0, IC = 10 mA 

Collector-Emitter Saturation Voltage (11 V CE(sat) 
IC = 10 mA, IB = 1 mA - 0.16 V 

IC = 50 mA, IB = 5 mA - 0.5 

IC ~ 10 mA, IB = 1 mA, TA =+65°C - 0.23 

Base-Emitter Saturation Voltage (11 V BE(sat) V 
IC = 10 mA, IB = 0.5 mA 0.75 0.95 

IC = 10 mA, IB = 1 mA 0.8 1.0 

IC = 50 mA, IB = 5 mA 

- 1.5 

Forward Current Transfer Ratio (11 hFE -
V CE = 0.3 V, IC = 10 mA 

30 120 
V CE = 1. 0 V, IC = 50 mA 

20 -

(1) Pulse Test: Pulse Width = 300 I'S, Duty Cycle ~ 1.0%. 

3-625 



MPS3639 (continued) 

ELECTRICAL CHA.RACTERISTICS (continued) 

Characteristic Symbol Min Max Unit 

Small-Signal Current Transfer Ratio hfe -
V CE = 5 V, IC = lO rnA, f = 100 MHz 5.00 -
V CB = O,IC = lO rnA, of = 100 MHz 3.0 -

Output Capacitance Cob - 3.5 pF 

IE = 0, V CIl = 5 V, f = 140 kHz 

Input Capacitance Cib - 3.5 pF 
V BE = 0.5 V, IC = 0, f = 140 kHz 

Delay Time td - 10 ns 
V CC ;= 6 V, Ie =50 rnA, IB1 = 5 rnA 

VBE(arf) 1. 9 V 

Rise Tirne t - 30 ns 
V CC = 6 V, IC = 50 rnA, IB1 = -5 rnA, 

r 

V =1.9V 
BE (a!!) 

Storage Time ts - 20 ns 
V CC = 6 V, Ie = 50 rnA, IB1 = IB2 = 5 rnA 

Fall Tirne tf - 12 ns 
V CC = 6 V, IC = 50 rnA, IB1 = IB2 ;= 5 rnA 

Turn-On Tirne ton ns 
IC = 50 rnA, IB1 ;= 5 rnA, V OB ;= 1. 9 V - 25 

IC = 10 rnA, IB1 = O. 5 rnA - 60 

Turn-Off Tirneo 
toff ns 

IC = 50 rnA, V OB ;= 1. 9 V, IB1 ;= IB2 = 5 rnA 

- 25 
Ie = lO rnA, IB1 ;= IB2 = 0.5 rnA - 60 



MPS3640 (SILl.CON) 

PNP silicon annular transistors designed for general
purpose low-level switching applications. 

CASE 29(1) 
(TO-92) 

MAXIMUM RATINGS 

Rating 

Collector-Emitter Voltage 

Collector-Base Voltage 

Emitter-Base Voltage 

Collector Current - Continuous 

Total Device Dissipation @ T A = 25°C 
Derate above 25°C 

Operating and Storage Junction 
Temperature Range 

Symbol Value 

VCEO 12 

VCB 12 

VEB 4.0 

IC 80 

PD III 310 
2.81 

T Till 
J' stg -55 to +135 

(1) Continuous package improvements have enhanced these guaranteed Maximum Ratings as 
follows: Po'" 1.0 W @ T C = 25°C, Derate above 2SoC - 8.0 mWfJC, T J = -65: to'+150oC, 
8 JC = 1250 C/W. 

ELECTRICAL CHARACTERISTICS (T. = 25·C unless otherwise noted) 

Characteristic Symbol 

OFF CHARACTERISTICS 

Collector-Emitter Sustaining Voltage (11 . BV CEO(sus) 
(IC = 10 mAdc, IB = 0) 

Collector-Emitter Breakdown Voltage BVCES 
(IC = 100 )lAdc, V BE = 0) 

Collector-Base Breakdown Voltage BVCBO 
(IC = 100 )lAdc, ~ = 0) 

Emitter"Base Breakdown Voltage BVEBO 
(IE = 100 )lAdc, Ie = 0) 

Collector Cutoff Current ICES 
(VCE = 6.0 We, VBE = 0) 

(VCE = 6.0 Wc, VBE = 0; TA = 65·C) 
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Unit 

Vdc 

Vdc 

Vdc 

mAdc 

mW 
mW;oC 

°c 

Min Max Unit 

Vde 
12 -

Vde 
12 -

Vdc 
12 -

Vde 
4.0 -

)lAdc 
- 0.01 

- 1.0 



MPS3640 (continued) 

ELECTRICAL CHARACTERISTICS (T c = 2S·C unless otherwise noted) 

Characteristic Symbol Min Max Unit 

ON CHARACTERISTICS 

DC Current Gain (11 hFE -
(IC = 10 mAde, V CE = 0.3: Vde) 30 120 

(IC = 50 mAde, V CE = 1. 0 Vde) 20 -
Collector-Emitter Saturation Voltage VCE(sat) Vde 

(Ic = 10 mAde, IB = 1. 0 mAde) - 0.2 

(IC = 50 mAde, IB = 5.0 mAde) (11 - 0.6 

(IC = 10 mAde, IB = 1. 0 m,Ade, TA = 65·C) - 0.25 

Bo.se-Emitter Saturation Voltage VBE(sat) We 
(Ic = 10 mAde, IB = 0.5 mAde) 0.75 0.95 

(IC = 10 mAde, IB = 1.0 mAde) 0.8 1.0 

(IC = 50 mAde, IB = 5.0 mAde)' - 1.5 

DYNAMIC CHARACTERISTICS 

Current-Gain-Bandwidth Product IT MHz 
(IC = 10 mAde, V CE = 5.0 Vde, I = 100 MHz) 500 -

Output Capacitance Cob pF 
(V CB = 5.0 Vde, IE = 0, f'= 140 kHz) - 3.5 

Input Capacitance e ib pF 
(VBE = 0.5 Vde, IC = 0, f = 140 kHz) - 3.5 

SWITCHING CHARACTERISTICS 

Turn-On Time t ns 
(V BE (off) = 1. 9 Vde, V ce = 6.0 Vde, IC = 50 mAde, IBI = 5. 0 mAde)(See Figure 1) 

on - 25 

(Ie = 10 mAde, Vee = 1. 5 'Vde, IBI = 0.5 mAde) (See Figure 2) - 60 

Delay Time I (V cc = 6.0 'Vde, V BE (off) = 1. 9 Vde, td - 10 ns 

Ri.se Time I IC = 50 mAde, IBI = 5.0 mAde) (See Figure 1) t -r 30 ns 

Turn-Off Time toff ns 
(V BE (om=l. 9Vde, V CC=6. OVde, IC=50mAde, IBI=IB2=5. OmAde)(See Figure I) - 35 

(IC = 10 mAde, VCC = 1. 5 Vde, IBI = IB2 = 0.5 mAde) (See Figure 2) - 75 

Storage Time I (V cc = 6.0 Vde, IC = 50 mAde, t - 20 ns 
6 

Fall Time I IBI = IB2 = 5.0 mAde) (See Figure 1) tf - 12 ns 

111 Pulse Test: Pulse Width '= 300 I's, Duty Cycle = 1. 0%. 

FIGURE 1 - SWITCHING TIME TEST CIRCUIT FIGURE 2 - SWITCHING TIME TEST CIRCUIT 

PULSE SOURCE 
Rise Time~ 1.0 os 
Pulse Width ~ 00 ns 
Zin = 50 Ohms 
Fall Time=: 1.0 ns 

VBB =+1.~ V VCC = -6.0 V 

Vout 

Input Z '!"IOO k 
Rise Time ~ 1.0 ns 

NOTES: Collactor Currant = 50 mAo Turn·On and Turn·Off Time 
Base Currents :: 5.0 rnA. 

PULSE SOURCE 
Rise TimeS 1.0 ns 
Pulse Width "'200 lIS 

Zin = 50 Ohms 
Fall Time'" 1.0 lIS 
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VBS = -6.0 V VCC' 1.5 V 

0.1 ~F '1' 
-4=-5.0 k 

Vin~~F 

51 
5.0 k 

130 

Vout 

TO ~AMPLING SCOPE 
Input Z ~IOO k 
Rise Time~ 1.0 ns 

NOTES: Collector Currant = 10 rnA. Turn·On and Turn·Off Tima 
Base Currents = 0.5 mAo 



MPS3646 (SILICON) 

CASE 29(1) 
(TO·92) 

N P N silicon annular transistor designed for high
speed saturated switching applications. Features 
one - piece, injection - molded plastic package for 
high reliability. 

MAXIMUM RATINGS 

Rating Symbol Value Unit 

Collector-Base Voltage VCB 40 Vdc 

Collector-Emitter Voltage VCES 40 Vdc 

Collector-Emitter Voltage VCEO 15 Vdc 
Applicable 0.01-200 rnA 

Emitter-Base Voltage VEB 5.0 Vdc 

Collector Current IC 200 rnA 

Collector Current (10 '"'s pulse) IC 500 rnA 

Total Device Dissipation @ T A = 25 ° C PDIII 200 mW 
Derate above 25°C 2.0 mW/oC 

Total Device Dissipation @ T C = 25 ° C PD 500 mW 
Derate above 25 ° C . 5.0 mW/oC 

Operating Junction Temperature T 111 
J 125 °c 

Storage Temperature Range Tstlt -55 to +125 °c 

(1) Continuous package improvements have enhanced these guaranteed Maximum Ratings as follows: PD = 1.0 W @ 

T C = 25°C. Derate above 25°C - 8.0 mW/oC. T J == -65 to +150o C, BJC == 12SoC/W. 

FIGURE 1-t_and toO TEST CIRCUIT 

--IL6V 

Pulse Wirlltl ;;" 240 .. 
t..1r < 1.0 .. 
Z,.=SO 

Y .. = -3.0Y 

1200 

0.1 ~F 

SOO 

Vee = +IOV 

T. Samplina Scope 
Rise Time < 1.0 os 
Input Z - 100 KIl 

FIGURE 2 - CHARGE STORAGE TIME MEASUREMENT CIRCUIT 

o \ V!. 
-10 I 

Pulse Generator 
Vi,. Rise Time < 1 AS 
Source Impedance = SO 0 
pw;;" 300 OS 
Duty Cycle < 2% "A" 

560 
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+6V 
o 

-4 Y -t'-;"':;';"';:::==:::::;;::= 
v ... 

To SamplinB O'Cill .... pe 
Z..-looKll 
Rise Time ,.; I ns 

910 



~S3646 (continued) 
--.-., --' .-'--

ELECTRICAL CHARACTERISTICS (T A ~ 250 C unle!il; otherwise noted) 

Characteristic Conditions Svmbol Min Max Unit 
Collector-Base Breakdown Voltage IC = 100 ~Ade, I = 0 BVCBO 40 - Vdc 

'E 
Collector-EmItter Breakdown Voltage IC = 100 ~Adc, VBE = 0 BVCES 40 - Vdc 

Collector-Emitter Sustaining Voltage 111 IC = 10 mAde VCEO(sus) 15 - Vdc 

Emitter~Base Breakdown Voltage IE = 100 ~Adc, IC = a BVEBO 5.0 - Vdc 

Collector-Emitter Saturation Voltage 111 IC = 30 m'Adc, IB = 3. Q mAdc VCE(sat) - 0.2 Vdc 

IC = 30 mAdc, IB = 3.0 mAdc, TA=+65C - 0.3 

IC = 100 mAdc, IB = 10 mAde - 0.28 

IC = 300 mAdc, IB = 30 mAde - O. S 

Base ,.Einitter Saturation Voltage (1) IC = 30 mAde, IB = 3. a mAde VBE(sat) 0.75 0.95 Vdc 

IC = 100 mAdc, IB = 10 mAdc - 1.2 

IC = 300 mAde, 2a = 30 mAde - 1.7 

DC Curre,nt Gain 111 IC'= 30 mAde, V CE = 0.4 Vdc hFE 30 120 -
IC = 100 mAdc, V CE = O. 5 Vdc 25 -
IC = 300 mAdc, V CE = 1.0 V<\c 15 -

Collector Reverse Current V CE = 20 Vdc, VEB = 0 ICES - 0.5 ~Adc 

V CE = 20 Vdc, VEB = 0, TA=+65C - 3.0 

Base. Current V CE = 20 Vdc, VEB ,= 0 IB - 0.5 .Ade 

Output Capacitance VeB = S.O V, IE = 0, I = 140 kHz COQ - 5.0 pF 

Input Capacitance V BE. = O. S V, IC = 0, I = 140 kHz Cjb - 8.0 pF 

Small-Signal Current Gain IC = 30 rnA, V CE = 10 V, I = 100 MHz Ihlel 3. S - -
Turn-On Delay Time (Figure 1) VCC=+IOV,ICS 300 rnA, IBI 30 rnA, td - 10 ns 

V BE(ol!) = -3.0 V 

Rise Time (Figure -I} V CC = +10 V, ICS 300 rnA, IBI 30 rnA, , t - 15 ns r 
V BE(ol!) = -3.0 V 

Turn-On Time (Figure I) IC 300 rnA, IBI. 30 rnA, V SElo!!) -3.0 V ton -- 18 ns 

Storage Time (Figure 1) V cc = +10 V, ICS 300 rnA, IBI 30 rnA, ts - 20 ns 

IB2 -30 rnA 

FaJl Time (Figure, I) VCC = +10 V, ICS 300 rnA, IBI 30 rnA, tl - IS ns 

IS2 -30 rnA 

Turn-OIl Time (Figure I) IC 300 rnA, IBI 30 rnA, tB2 -30 rnA toll - 28 ns 

Charge Storage Time Constant (Figure 2) IC 10 rnA. lSI 10 rnA, IB2 -10 rnA TS - 18 ns 

111 Pulse Conditions: PW S 300 /ls: Duty Cycle lil% 
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MPS3693 (SIUCON) 

MPS3694 

CASE 29 (1) 
(TO-92) 

NPN silicon annular amplifier transistors de
signed for general purpose RF amplifier applications 
in frequency range to 50 MHz. These devices are par
ticularly well suited for use in AM/FM receivers. 

MAXIMUM RATINGS 

Rating Symbol Value 

Collector-Emitter Voltage VCEO 45 

Collector-Base Voltage VCB 45 

Emitter-Base Voltage VEB 4.0 

Total Device Dissipation @TA = 25° C P D 111 310 

Derate above 25° C 2.81 

Operating and Storage Junction Temperature Range TJ , Tstg III -55 to +135 

THERMAL CHARACTERISTICS 

Characteristic Symbol Max 

Thermal Resistance, Junction to Ambient °JA 111 0.357 

(1) Continuous package improvements have enhanced these guaranteed Maximum Ratings as 
follows: Po "" 1 ,0 W @TC:: 25°C, Derate above 2SoC - 8.0 mW/oC, T J "" -65 to +150o C, 
8 JC = 1250 C/W. . 

ELECTRICAL CHARACTERISTICS (TA == 25"C unless otherwise noted) 

Characteristic 

OFF CHARACTERISTICS 
Collector-Emitter Sustaining Voltage(21 

(IC = 10 mAde, IB = 0) 

Collector-Base Breakdown Voltage 
(Ic = 100 !lAde, ~ = 0) 

Emitter-Base Breakdown Voltage 
(~ = 10 /-lAde, IC = 0) 

Collector Cutoff Current 
(VCB = 35 Vde, ~ = 0) 

(VCB =35Vde, ~ =0, TA = 65°C) 

ON CHARACTERISTICS 

DC Current Gain 
(IC =,10 mAde, VCE = 10 Vde) 

DYNAMIC CHARACTERISTICS 

Current-Gain - BandWidth Product 

MPS3693 
MPS3694 

(IC = 10 mAde, V CE = 15 Vde, f = 100 MHz) 

Output Capacitance 
(VCB = 10 Vde, ~ = 0, f = 100 kHz) 

Collector-Base Time Constant 
(~ = 10 mAde, V CB = 15 Vde, f = 31. 8 MHz) 

Noise Figure 
(IC = 3.0 mAde, V CE = 10 Vde, ~ = 300 ohms, f = 1. 0 MHz) 

(21 Pulse Test: Pulse Width ~ 300 /-19, Duty Cycle ~ 1. 0%. 
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Symbol 

BVCEO(sus) 

BVCBO 

BVEBO 

ICBO 

fT 

Cob 

r'C b e 

NF 

Min 

45 

45 

4.0 

-
-

200 

-

-

-

Unit 

Vdc 

Vdc 

Vdc 

mW 

mW/oC 

°c 

Unit 

°C/mW 

Typ Max ,. Unit , 

Vde 
- -

Vde 
- -

Vde 
- -

nAdc 
- 50 

- 5.0 /-lAde 

MHz 
- -

pF 
- 3.5 

ps 

- 55 

dB 
4.0 -



MPS3702 (SILICON) 

MPS3703 
PNP silicon annular plastic encapsulated transistors 

designed for low-power, large-signal audio applications. 

CASE 29(1) 
(TO-92) 

MAXIMUM RATINGS 

Rating 

Collector-Emitter Voltage 

Collector-Base Voltage 

Emitter-Base Voltage 

Collector Current - Continuous 

Total Device Dissipation @ T A = 25°C 

Derate above 25°C 

Operating and Storage Junction Temperature Range 

THERMAL CHARACTERISTICS 

Characteristic 

Thermal Resistance, Junction to Ambient 

Symbol MPS3702 MPS3703 Unit 

VCEO 25 30 Vdc 

VCB 40 50 Vdc 

VEB 5:0 Vdc 

IC 200 mAde 

PD 111 310 mW 

2.81 mW;oC 

T T'" 
J' stg 

-55 to +135 ·C 

Symbol Max Unit 

9JAlli 0.357 ·C/mW 

(1) Continuous package improvements have ent'!aneed these guaranteed Maximum Ratings as 
follows: Po = 1.0 W@TC = 2SoC, Derate·aboye 2SoC - 8.0 mW/oC, i J "" -65 to +150o C, 
9JC = 1250 C/W. 

ELECTRICAL CHARACTERISTICS (T A = 25°C unless otherwise noted) 

Characteristic Symbol Min Max Unit 

OFF CHARACTERISTICS 

Collector-Emitter Breakdown Voltage 121 BVCEO Vdc 
(IC = 10 mAde, IB = 0) MPS3702 25 -

MPS3703 30 -
Collector-Base BreaJ<down Voltage BVCBO Vdc 

(IC = 100 !lAde, IE " 0) MPS3702 40 -
MPS3703 50 -

Emitter-Base Breakdown Voltage BVEBO Vdc 
(IE = 100 !lAdc, IC = 0) 5.0 -

Collector Cutoff Current ICBO nAdc 
(V CB = 20 Vdc! IE = 0) - 100 

Emitter Cutoff Current lEBO nAdc 
(VBE = 3 Vdc, IC = 0) - 100 

ON C.HARACTERISTICS 

DC Current Gain 12} hFE -
(IC = 50 mAdc, VCE = 5 Vdc) MPS3702 60 300 

MPS3703 30 150 

Collector-Emitter Saturation Voltage 12} VCE(sat) Vdc 
(Ic = 50 mAde, IB " 5 mAde) - 0.25 

Base-Emitter On Voltage 121 VBE(on) Vdc 
(Ie" 50 mAde, V CE = 5 Vdc) 0.6 1.0 

DYNAMIC CHARACTERISTICS 

Current-Gain-Bandwidth Product IT MHz 
(IC = 50 mAde, V CE = 5 Vdc, f = 20 MHz) 100 -

Output Capacitance Cob pF 
(VCB = 10 Vdc, f = 1 MHz) - 12 

121'Pulse Test, Pulse WIdth = 300 !lS; Duty Cycle = 2% 
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MPS3704 (SILICON) 

MPS3705 
MPS3706 

NPN silicon annular plastic encapsulated transistors 
designed for low -powe r, large - signal audio applications. 

CASE 29(1) 
(10·92) 

MAXIMUM RATINGS 

Rating 

Collector-Emitter Voltage 

Collector-Base Voltage 

Emitter-Base Voltage 

Collector Current - Continuous 

Total Device Dissipation @ T A = 25°C 

Derate above 25°C 

Operating and Storage Junction Temperature Range 

THERMAL CHARACTERISTICS 

Characteristic 

Thermal Resi stance, Junction to Ambient 

Symbol 

YCEO 

YCB 

YEB 

IC 

PD llI 

T Till 
J' slg 

Symbol 

e III 
JA 

MPS3704 
MPS3705 MPS3706 Unit 

30 20 Ydc 

50 40 Ydc 

5.0 Ydc 

600 mAde 

310 mW 

2.81 mW/oC 

-55 to +135 °c 

Max Unit 

0.357 °C/mW 

(1) Continuous package Improvements have enhanced these guaranteed Maximum Ratings as 

follows: Po "" 1.0 W @TC = 25°C, Derate above 25°C - B.O mWtDC, T J = -65 to + 150°C, 
8 JC·'250C/W. 

EL.ECTRICAL. CHARACTERISTICS IT A • 2S0C unless otherwise noted) 

Characteristic Symbol Min Max Unit 

OFF CHARACTERISTICS 

Collector-Emitter Breakdown Voltage 111 BVCEO Vdc 
(IC = 10 mAdc, IE = 0) MPS3704 30 -

MPS3705 30 -
MPS3706 20 -

Collector-Base Breakdown Voltage BVCBO Vdc 
(IC = 100 !LAdc, IE = 0) MPS3704 50 -

MPS3705 50 -
MPS3706 40 -

Emitter-Base Breakdown Voltage BVEBO Vdc 
(IE = 100 !LAdc, IC = 0) 5.0 -

Collector Cutoff Current ICBO nAdc 
(VCB =20Vde,IE =O) - 100 

Emitter Cutoff Current lEBO nAdc 
(VBE = 3 Vde, IC = 0) - 100 

ON CHARACTERISTICS 

DC Current Gain 111 hFE -
(IC = 50 mAde, V CE = 2 Vde) MPS3704 100 300 

MPS3705 50 150 
MPS3706 30 600 

Collector-Emitter Saturation Voltage 111 VCE(sat) Vdc 
(IC = 100 mAde, IB = 5 mAdc) MPS3704 - 0.6 

MPS3705 - 0.8 
MPS3706 - 1.0 

Base-Emitter On Voltage 111 VBE(on) Vdc 
(IC = 100 mAde, V CE = 2 Vdc) 0.5 1.0 

DYNAMIC CHARACTERISTICS 

Current-Gain-Bandwidth Product fT MHz 
(IC = 50 mAde, VeE = 2 Vde, f = 20 MHz) 100 -

OUtput Capacitance COb pF 
(VCB = 10 Vdc, IE = 0, f = 1 MHz) - 12 

111 PuLse Test: Pulse WIdth = 300 !LS; Duty Cycle = 2% 

3-633 



MPS3707 (SILICON) 

MPS3708 
MPS3709 
MPS3710 
MPS3711 

CASE 29(1) 
(10·92) 

NPN silicon epitaxial plastic encapsulated transistors 
designed for general-purpose, low-level amplifier ap
plications. 

MAXIMUM RATINGS 

Rating Symbol Value Unit 

Collector-Emitter Voltage VCEO 30 Vdc 

Collector-Base Voltage VCB 30 Vdc 

Emitter-Base Voltage VEB 6.0 Vdc 

Collector Current IC 30 mAdc 

Total Device Dissipation @ T A = 25°C PDltI 310 mW 

Total Device Dissipation @ TC = 60°C P D 210 mW 

Operating Junction Temperature Range T III 
J 

135 °c 

Storage Temperature Range T stg 
---55 to +135 °c 

THERMAL CHARACTERISTICS 

Characteristic Symbol Rating Unit 

Thermal Resistance; Junction to Ambient () III 
JA 0.357 °C/W 

(1) Continuous package Improvements have enhanced these guaranteed Maximum Ratings as follows: Po == 1.0 W @ T"c "" 25°C, 
Derate above 2SoC - 8.0 mw('c, T J"= -65 to +150o C. 8 JC = 1250 C/W. 
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MPS3707, MPS3708, MPS3709, MPS371 0, MPS3711 (continued) 

ELECTRICAL CHARACTERISTICS (T ... = 25°C unless otherwise noted) 

Characteristic Symbol Min Max Unit 

c;olleetor-Emitter Breakdown Voltage BVCEO Vde 
(IC = 1 mAde, IB = 0) 30 -

Collector Cutoff Current leBO nAdc 
(VCB = 20 Vdc, ~ = 0) - 100 

Emitter Cutoff Current ~BO nAdc 
(VEB = 6 Vde, Ie = 0) - 100 

De Current Gain hFE -
(IC = 100 "Ade, V CE = 5 Vde) MPS3707 100 400 

(IC = 1 mAde, V CE = 5 Vde) MPS3708 45 660 
MPS3709 45 165 
MPS3710 90 330 
MPS3711 180 660 

Collector-Emitter Saturation Voltage V CE(sat) Vde 
(IC = 10 mAde, IB = 0.5 mAde) - 1.0 

Base-Emitter Voltage VBE Vde 
(IC = 1 mAde, V CE = 5 Vde) 0.5 1.0 

Small Signal Current Gain hFE -
(IC = 100 "Ade, V CE =5 Vde, f = 1kHz) MPS3707 100 550 

(IC = 1 mAde, VCE = 5 Vde, f = 1 kHz) MPS3708 45 800 
MPS3709 45 250 
MPS3710 90 450 
MPS3711 180 800 

Noise Figure NF dB 
(VCE = 5 V, IC = 100 "A, MPS3707 - 5.0 

RG = 5 k!l,NOise BandWidth = 15.7 kHz) 

Note 1 

Note 1 Average N?ise Figure is measured in an amplifier with low frequency response down 3 dB at 10 Hz. 

MPS3721 (SILICON) 
For Specifications, See MPS2926 Data •. 
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MPS3725 (SILICON) 

NPN SILICON ANNULAR TRANSISTOR 

· .. designed for high·voltage, high·current saturated switching and 
core driver applications. 

• Fast Switching Times - IC = 500 mAdc 
ton = 35 ns (Max) 
toff = 60 ns (Max) 

• High Current Gain - Bandwidth Product -
fT = 300 MHz (Min) @ IC = 50 mAdc 

• Low Coliector·Emitter Saturation Voltage -
VCE(sat) = 0.52 Vdc (Max) @ IC = 500 mAdc 

MAXIMUM RATINGS 

Rating Svmbol 

Collector-Emitter Voltage VCEO 

Collector-Emitter Voltage VCES 

Collector-Base Voltage VCB 

Emitter-Base Voltage ... VEB 

Collector Current - Continuous IC 

Total Device Dissipation @TA = 2SoC Po 
Derate above 2SoC 

Total Device Dissipation @ T C = 2SoC Po 
Derate above 2SoC 

Value Unit 

50 Vdc 

70 Vdc 

70 Vdc 

6.0 Vdc 

1.0 Adc 

6.25 mW 
5.0 mW/oC 

1.5 Watts 

12 mW/oC 

Operating and Storage Junction TJ,Tstg -55to +150 °c 
Temperature Range 

THERMAL CHARACTERISTICS 

Characteristic Svmbol Max Unit 

Thermal Resistance. Junction to Case °JC 83.3 °C/W 

Thermal Resistance, Junction to Ambient °JA 200 °C/W 

FIGURE 1 - SWITCHING TIMES TEST CIRCUIT 

Vin"+9.7JL. 

PULSE GENERATOR 
Ir,tf<;1.0ns 
P.W .... l.0I's 
Zinll50n 
DC <2.0% 

-3.8 v 

Uk 

1.0pF 

T 
100 

+30 V 

" 1.0,..F 

>-7f TO SA~PlI NG 
43 OSCilLOSCOPE 

Zin;.;.100kU 
t r <1.0ns 
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NPN SILICON 
SWITCHING 

TRANSISTOR 

S"ltng PlaneJr--]~5 L.... 0185 

leads to fit Into 
0.016 
0.019 

1 
0.500 
MiN 

OIA HOLE ITYPI-

~ 
PIN I. 

1. 
3. 

TP --
0.050 jt 

0.050 
EMITTER T P 
BASE 
COLLECTOR 

1"M·~:8jl~R' 123Q 

- 1°.-

~:~~~ R. ~~:~ 

All JEDEC dimensions and notes apply 

CAse 29·01 
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MPS3725 (continued) 

ELECTRICAL CHARACTERISTICS ITA = 250 C unless otherwise noted I 

I Characteristic I Symbol Min Max Unit 

OFF CHARACTERISTICS 

Coliector·E mitter Sreakdown Voltagelll SVCEO 50 - Vdc 
IIc = 10 mAde, IS = 01 

Collector-Emitter Breakdown Voltage SVCES 70 - Vde 

IIc = 10 "Ade, VSE = 01 

Collector-Base Breakdown Voltage SVCSO 70 - Vde 

IIc = 10 "Ade, IE = 01 

Emitter-Base Breakdown Voltage SVEBO 6.0 - Vde 

liE = 10 "Adc, IC = 01 

Collector Cutoll Current ICSO "Ade 
IVCS = 60 Vde, IE = 01 - 0.5 

IVCS = 60 Vde,IE = 0, TA = l000 CI - 50 

ON CHARACTERISTICS 

DC Current Gain 111 hFE -

IIc = 10 mAde, VCE = 1.0 Vdel 30 -

IIc = 100 mAde, VCE = 1.0 Vdel 60 150 

IIc = 300 mAde, VeE = 1.0 Vdcl 40 -
lie = 500 mAde, VCE = 1.0 Vdcl 35 -
lie = 800 mAde, VeE = 2.0 Vdel 20 -

lie = 1.0 Ade, VeE = 5.0 Vdel 25 -
eoliector·Emitter Saturation Voltagel 11 VeElsati Vde 

lie = 10 mAde, IS = 1.0 mAdel - 0.25 

Ilc = 100 mAde, IS = 10 mAdel - 0.26 

lie = 300 mAde, IS = 30 mAdel - 0.4 

lie = 500 mAde, IS = 50 mAdel - 0.52 

lie = 800 mAde, IS = 80 mAdel - 0.8 

lie = 1.0 Adc, IS = 100 mAdel - 0.95 

Base·Emitter Saturation Voltagelll VSElsatl Vde 

lie = 10 mAde, IS = 1.0 mAde I - 0.76 

lie = 100 mAde, IS = 10 mAdcl 0.86 

lie = 300 mAde, 18 = 30 mAdcl - 1.1 

IIc = 500 mAde, 18 = 50 mAdel 0.9 1.2 

lie = 800 mAde, 18 = 80 mAdel - 1.5 

lie = 1.0 Ade,ls = 100 mAdel - 1.7 

DYNAMIC CHARACTERISTICS 

Current·Gain-Sandwidth Product 121 IT 300 - MHz 
lie = 50 mAde, VCE = 10 Vde, I = 100 MHzl 

Output Capacitance Cob - 10 pF 

(VCS = 10 Vde, IE = 0, I = 100 kHzl 

J nput Capacitance Cib - 55 pF 

(VSE= 0.5 Vde, IC = 0, I = 100 kHzl 

SWITCHING CHARACTERISTICS (Figure 11 

Tuni·On Time tan .- 35 ns 

IIc = 500 mAde, lSI = 50 mAde I 

Turn·Off Time tall - 60 ns 

IIc = 500 mAde, lSI = 182 = 50 mAdel 

(1)Pulse Test: Pulse Width S 300 #LS, Duty Cycle = 2.0'%. 
(2)1 t is defined as the frequency at whichl hfe!extrapolates to unity. 
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MPS3725 (continued) 

TRANSIENT CHARACTERISTICS 
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MPS3725 (continued) 
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MPS4354 (SILICON) 

MPS4355 
MPS4356 

PNP SILICON ANNULAR TRANSISTORS 

· .. designed for low·level, low-noise amplifier and high-current 
switching applications. 

.• High Breakdown Voltages-
BVCEO = 60 and 80 Vdc (Min) @ IC = 10 mAdc 
BVCBO = 60 and 80 Vdc (Min) @ IC = 10/lAdc 

• Excellent Current Gain Linearity Specified -
100 /lAdc to 500 mAde 

• Low Noise Figure -
NF = 2.0 dB (Typ) @ IC = 100 /lAdc, f = 100 Hz 

• Low Saturation Voltages - MPS4355 
VCE(sat) = 1.0 Vdc (Max) @ Ic = 1.0 Adc 
VBE(sat) = 1.2 Vdc (Max) @ IC = 1.0 Adc 

MAXIMUM RATINGS 

Rating Symbol 
MPS4354 

MPS4356 MPS4355 

Collector-Emitter Voltage VCEO 60 80 

Collector-Base Voltage VCB 60 80 

Emitter-Base Voltage VEB 5.0 

Collector Current - Continuous IC 1.0 

Total De~ice Dissipation @ T A=:: 2SoC Po 625 
Derate above 25°C 5.0 

Total Device Dissipation @ T C = 25°C Po 1.5 
Derate above 2SoC 12 

Operating and Storage Junction TJ,T stg -55 to +150 
Temperature Range 

THERMAL CHARACTERISTICS 

Characteristic Symbol Max 

Thermal Resistance, Junction to Case 8JC 83.3 

Thermal Resistance. Junction to Ambient 8JA 200 

3-640 

Unit 

Vdc 

Vdc 

Vdc 

Adc 

mW 
mW/oC 

Watts 
mWPC 

°c 

Unit 

. oCM 

°C/W 

PNP SILIcON 
SWITCHING AND AMPLIFIER 

TRANSISTORS 

sea,m'Ln----r1sm 
leads to ht mto 

0.016 0.500 
0:019 MIN 

OIA HOLE ITYPI- ~ 

STYLE I: 
PIN 1. 

2 . 
3. 

0.055 ~~4~ =1C 
0.045 
0.0" 

0.003 
50 INOMII/,"'2 3 ;;-0.013 R. 

EMITTER iBl~ BASE 00-

COLLECTOR. I 
0.085 R 0.045 
o:om; . 0.055 

AU JEDEC dimensions and notes apply 
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MPS4354, MPS4355, MPS4356 (continued) 

ELECTR ICAL CHARACTERISTICS (T A = 25°C unless otherwise noted) 

Characteristic Symbol Min Typ Max Unit 

Collector-Emitter Breakdown Voltage(1) eVCEO Vde 
(lc = 10 mAde, Ie = 0) MPS4354,MPS4355 60 - -

MPS4356 80 - -
Collector-Base Breakdown Voltage BVCBO Vde 

(lC = 10 !lAde, IE = 0) MPS4354,MPS4355 60 - -
MPS4356 80 - -

Emitter-Base Breakdown Voltage BVEBO 5.0 - - Vde 
(IE = 10/tAde,IC = 0) 

Collector Cutoff Current ICBO 
(VCB = 50 Vde, IE = 0) - - 50 nAdc 

(VCB = 50 Vde, IE = 0, T A = +750 C) - - 5.0 /tAde 

Emitter Cutoff Current lEBO - - 100 nAdc 
(VeE = 4.0 Vde, IC = 0) 

ON CHARACTERISTICS 

DC Current Gain hFE -
(lC = 100 /tAde, VCE = 10 Vde) MPS4354,MPS4356 25 - -

MPS4355 60 - -

(lC = 1.0 mAde, VCE = 10 Vde) MPS4354,MPS4356 40 - -
MPS4355 75 - -

(lC = 10 mAde, VCE = 10 Vde) MPS4354 50 - 500 
MPS4355 100 - 400 
MPS4356 50 - 250 

(lC = 100 mAde, VCE = 10 Vde) MPS4354,MPS4356 40 - -
MPS4355 75 - -

(lC = 500 mAde, VCE = 10 Vde) MPS4354,MPS4356 30 - -
MPS4355 75 - -

Collector-Emitter Saturation VoltageUJ VCE(sat) Vde 
(lC = 150 mAde, Ie = 15 mAde) - - 0.15 

(lC = 500 mAde,lB = 50 mAde) - - 0.5 

(lC = 1.0 Ade, IB = 100 mAde) MPS4355 - - 1.0 

Base-Emitter Saturation Voltage( 1) VBE(sat) Vde 
(lC = 150 mAde, IB = 15 mAde) - - '0.9 

(lC = 500 mAde, IB = 50 mAde) - - 1.1 

(lC = 1.0 Ade, Ie = 100 mAde) MPS4355 - - 1.2 

Base-Emitter On Voltage VBE(on) Vde 
(lc = 500 mAde, VCE = 0.5 Vde) - - 1.1 

(lC = 1.0 Ade, VCE = 1.0 Vde) MPS4355 - - 1.2 

SMALL·SIGNAL CHARACTERISTICS 

Current-Gain-Bandwidth Product fT 100 - 500 MHz 
(lC = 50 mAde, VCE = 10 Vde, f= 100 MHz) 

Collector-Base Capacitance Coo - - 30 pF 
(VCB = 10 Vde,IE = 0, f = 100 kHz) 

Emitter-Base Capacitance Ceb - - 110 pF 
(VBE = 0.5 Vde,IC = 0, f·= 100 kHz) 

I nput Impedance hie - 550 - Ohms 
(lC = 10 mAde, VCE = 10 Vde, f = 1.0 kHz) 

Voltage Feedbaek Ratio hre - 100 - X 10-6 
(lc= 10mAde, VCE = 10Vde,f= 1.0kHz) 

Small-Signal Current Gain hie - 200 - -
(lC= 10 mAde, VCE = 10Vde,f= 1.0kHz) 

Output Admittance hoe - 100 - p.mhos 
(le= 10mAde, VCE = 10Vde,f= 1.0kHz) 

Noise Figure NF - - 3.0 dB 
(lC = l00/tAde, VCE = 10 Vde, 
RS = 1.0 k ohms, f = 1.0 kHz 

SWITCHING CHARACTERISTICS 

Turn-On Time ton - - 100 ns 
(VCC=30 Vde, VBE(off) = 3.8 Vde, 
le=500mAde,IBl = 50 mAde) 

Turn-Off Time 'off - - 400 lIS 

(VCC = 30 Vde,lc = 500 mAde, 
181 = 182 = 50 mAde) 

(1)Pulse Test: Pulse Width~300 ,",s. Dutv Cvcle = 2.0%. 
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MPS4354, MPS4355, MPS4356 (continued) . 

TYPICAL DYNAMIC CHARACTERISTICS 

NOISE FIGURE 

FIGURE 1 - SOURCE RESISTANCE EFFECTS 
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FIGURE 4 - CAPACITANCES 
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MPS4354, MPS4355, MPS4356 (continued) 
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MPS5172 (SILICON) 

NPN SILICON ANNULAR TRANSISTOR 

· .. designed for general-purpose,low-level amplifier applications. 

• High DC Current Gain -
hFE = 100 - 500@ IC = 10 mAdc 

• Low Collector-Emitter Saturation Voltage -
VCE(sat) = 0.25 Vdc (Max) @ IC = 10 mAdc 

• One-Piece, Injection-Molded Unibloc Package 

MAXIMUM RATINGS 

Rating Symbol Value 

Collector-Emitter Voltage VCEO 25 

Collector-Base Voltage VCB 25 

Emitter-Base Voltage VEB 5.0 

Collector Cu·rrent Continuous IC 100 

Total Oeviee Dissipation @ T A " 25°C PDI1I 210 
Derate above 250 C 1.91 

Unit 

Vde 

Vde 

Vde 

mAde 

mW 
mWfDC 

Operating and Storage Junction TJ.Tstg I1l -55to+135 DC 
Temperature Range 

THERMAL CHARACTERISTICS 

Characteristic Symbol Max Unit 

Thermal Resistance, Junction to 8JA".' 0.524 °C/mW 
Ambient 

(1) Continuous package improvements have enhanced these guaranteed Maximum Ratings as 
follows: Po = 1.0 W @TC "" 25°C, Derate above 2SoC - 8.0 mW/oC. T J '" -65 to +1S00C. 
8JC"" 12SoC/W. 
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NPN SILICON 
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MPS5172 (continued) 

ELECTRICAL CHARACTERISTICS (TA ; 25°C unless otherwise noted) 

I Characteristic I Symbol I Min Typ Max Unit 

OFF CHARACTERISTICS 

Collector-Emitter Breakdown Voltage 
(lc; 10 mAdc, IB; 01 

BVCEO 25 - - Vdc 

Collector Cutoff Current ICES - - 100 nAd;' 
(VCF = 25 Vdc, VBE = 01 

Collector Cutoff Current ICBO 
(VCB = 25 Vde, IE = 01 - - 100 nAdc 

(VCB = 25 Vdc,IE = 0, TA = l000 C) - - 10 p.Adc 

Eminer Cutoff Current lEBO - - 100 nAdc 
(VBE = 5.0 Vde, IC; 01 

ON CHARACTERISTICS 

DC Current Gain hFE 100 - 500 -
(lc = 10 mAde, VCE = 10 Vdcl 

Collector-Emitter Saturation Voltage VCElsad - - 0.25 Vdc 
(lc = 10 mAde,lB = 1.0 mAdel 

Base-Emitter Saturation Voltage VBE(sad - 0.75 - Vde 
(lc = 10 mAde, IR = 1.0 mAdel 

Base-Emitter On Voltage VBE(onl 0.5 - 1.2 Vde 
(lC = 10 mAdc, VCE = 10 Vdcl 

SMALL-5IGNAL"CHARACTERISTICS 

Current-Gain-Bandwidth Product fT - 120 - MHz 
(lC = 2.0 mAdc, VCE = 5.0 Vdcl 

Collector-Base Capacitance Ceb 1.6 - 10 pF 
(VCR = 0,11'; 0, f = 1.0 MHzI 

Small-Signal Current Gain hfe 100 - 750 -
(lC = 10 mAde, VCE = 10 Vde, f = 1.0 kHzI 
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MPS6507 (SILICON) 

CASE 29(1) 
(TO-92) 

NPN silicon transistor designed as a VHF mixer in 
TV applications. 

MAXIMUM RATINGS· (TA = 250 C unless otherwise noted) 

Rating Symbol Value Unit 

Collector-Base Voltage VCB 30 Volts 

Collector-Emitter Voltage VCEO 20 Volts 

Emitter-Base Voltage VEB 3.0 Volts 

Collector Current IC 100 mA 

Total Device Dissipation @ T A = 60°C PD(1) 210 mW 

@ T = 25°C A 310 

Thermal Resistance, Junction to Ambient (J 111 
JA 0.357 °C/mW 

Junction Temperature Ti1l 135 °c 

(1) Continuous package Improvements have enhanced these guaranteed Maximum Ratings as follows: Po"" 1.0 W @TC:= 25°C, 
Derate above 2SoC 8.0 mW/oC, T J = -65 to +150oC, (JJC = 1250 C/W. 

ELECTRICAL CHARACTERISTICS (T A" 25°C unless otherwise noted) 

Characteristic Symbol Min Typ Max Unit 
Collector-Emitter Breakdown Voltage BVCEO Vdc 

(IC = 1 mAdc, Ia = 0) 20 - -
Collector-Emitter Breakdown Voltage (2) BVCES • Vdc 

(IC = 10 mAdc, V EB = 0) 30 - -
Collector Cutoff Current ICBO /lAdc 

(V CB = .15 Vdc, IE = 0) - - 0_05 

(VCB =15VdC, IE=O, TA =60·C) - - 1.0 

DC Current Gain hFE -
(IC = 2 mAdc, V CE = 10 Vdc) 25 - -

High Frequency Current Gain Ihfel 
dB 

(IC = 2 mAdc, V CE = 10 Vdc, f = 44 MHz) 20 - -
Output Capacitance Cob pF 

(V CB = 10 Vdc, IE = 0, f = 100 kHz) - - 2.5 

Current-Gain - Bandwidth Product fT MHz 
(IC = 10 mAdc, V CE = 10 Vdc) 700 - -

Conversion Gain (See Figures 7, 8, 9) dB 

(IC = 3 mAdc, V CE = 10 Vdc, 213 to 44 MHz) - 23 -
12) Pulse Test: Pulse Width·::;; 300/ls • Duty Cycle ~ 2% 
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MPS6507 (continued) 
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MPS6507 (continued) 
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FIGURE 7 - CONVERSION GAIN versus 
COLLECTOR CURRENT 
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FIGURE 8 - CONVERSION GAIN versus 
OSCilLATOR INJECTION 
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FIGURE 9 - MIXER TEST CIRCUIT 
1.5-7pF 

213MH. >--F-::::tr---...."j.fC.l"----_-., 
Rs~50n 

L, ~ 4~ Turns #26 Tinned Wire, \4"1.0. Airwound, 
Winding Length 5116", Base Tapped I Tumlrom 
Ground 

L, ~ 2 Turns #26 Tinned Wire, \4"1.0. Airwound, Winding 
Length \4', Center Tapped 

L, ~ 21 Turns #20 Enameled Wire, %"1.0. Airwound, 
Winding Length 14" 

RfC ~ l0l'h, a. = 80 
C, and Co Adjusted for Maximum Oscillator Injection 

OSCILLATOR 
INJECTION 
f~257MHz 
R, ~ 50n 
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MPS65 11 (SILICON) 

NPN silicon transistor designed for use in non-AGe 
IF applications. 

CASE 29(1) 
(10-92) 

MAXIMUM RATINGS (TA=250Cunlessotherwisenoted) 

Rating 

Collector-Base Voltage 

Collector-Emitter Voltage 

Collector-Emitter Voltage 

Emitter-Base Voltage 

Collector Current 

Total Device Dissipation @ T A = 60°C 

@ TA = 25°C 

Junction Temperature 

THERMAL RESISTANCE 

8JAloiri = 0.357· C/mW 

Symbol 

VCB 

VCES 

VCEO 

VEB 

IC 

PDI1i 

TJ I11 

Value Unit 

30 Volts 

30 Volts 

20 Volts 

3.0 Volts 

100 mAde 

210 mW 

310 

135 °c 

(1) Continuous package improvements have enhanced these guaranteed Maximum Ratings as follows: Po = 1.0 W @ TC:= 2SoC. 
Derate above 25°C - 8.0 mW/oC, T J == -65 to +150oC, 8JC = 1250 C/W. 

ELECTRICAL CHARACTERISTICS (TA = 25°C unless otherwise noted) 

Characteristic Symbol Test ConditiOM Min Max 
Collector-Emitter Breakdown Voltage BVCES* IC = 10 mAde, V EB = 0 30 -
Collector-Emitter Breakdown Voltage BVCEO IC = O. 5 mAde, IB = 0 20 -
Collector Cutoff Current ICBO V CB = 15 Vdc, IE = 0 - 0.05 

VCB = 15 Vdc, IE = 0, TA = 6O·C - 1.0 

Current Gala hFE V CE = 10 Vdc, IC = 10 mAde 25 -
Output Capacitance Cob VCB -10 Vd., IE = 0, f = 100 kHz - 2.5 

Power Gain Gpe V CC = 12 Vdc, IC = 10 mAde, f = 45 MHz (Figure 1) 30 -
'Pulse Test: PW ~ 300 I's, duty cycle ~ 2%. 
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Unit 
Vdc 

Vdc 

I'Ade 

-
pF 

dB 



MPS6511 (continued) 

FIGURE 1 -45 MHz POWER GAIN TEST CIRCUIT 
5.6 pF 

'f jl-PF ___ + __ -H 

t L, 

L, ~ 5 T #26 WIRE. CLOSE WOUND. 14" 1.0. 0.15 - 0.2 .u H 
0. ~ 100 NOMINAL 

3KQ 
L, = II T #26 WIRE. CLOSE WOUND. \04" 1.0. 0.6 - 0.9 I'H 

0. = 80 NOMINAL 

20 

16 

J 
I 
i 2 
J 

FIGURE 2 - CONTOURS OF CONSTANT 
GAIN - BANDWIDTH PRODUCT 

/\ 
V I'\'OWER DISSIPATION 

250mW 

V !\. 
'-V ), f,= 1000 MHz 

I ......... 
'-

~ooMH:/ 

\ I 
1 L 600MHz J 
\ V A 

.......... V ....... 400 MHzl 

2oo1'4!1z 
12 16 20 24 

Ie. COUECTOII CURtlENT (mAde) 

FIGURE 4 - INPUT ADMITTANCE versus 
COLLECTOR CURRENT 

1=45MHz 
VeE = 10 Vdc -- ./ f-- VeE = 15Vde ---

~ 
~ 

~ ,;:-:.. 
/' ~ 

...,,,, 
./ 

",' 

..... -7' .,.'" 

b .. ? ~/ ~ 
;r,/ 
,,/ 

~/ 
... j 

10 15 

Ie. COLLECTOII CURRENT (mAde) 

1K 
220Q O.OI.F 

l' -n001S 
~0.0015.F ~.F 

-12Vde 

18 

16 

FIGURE 3 -COLLECTOR CURRENT versus 
COLLECTOR·EMITTER VOLTAGE 

10 12 14 16 18 20 

VeE. COI.LECTOII-EMIITER VOLTAGE tvdc) 

FIGURE 5 - REVERSE TRANSFER ADMITTANCE 
versus COLLECTOR CURRENT 

-0.3 

- --~' .- .- b .. 

f=45MHz 
VeE = 10 Vde --

- VeE = 15Vdc ---

I 

- ... 
0 

10 15 

Ie. COLlECTOII CURtlENT (mAde) 

3-650 

=0 



MPS6511 (continued) 

FIGURE 6 - FORWARD TRANSFER ADMITTANCE 
versus COLLECTOR CURRENT 

FIGURE 7 - OUTPUT ADMITTANCE versus 
COLLECTOR CURRENT 
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MPS6512 thru MPS6515 NPN (SILICON) 

MPS6516 thru MPS6519 PNP (SILICON) 

SILICON ANNULAR TRANSISTORS 

· .. designed for general-purpose amplifier applications and 
for complementary circuitry. 

• Narrow Gain Ranges - 2: 1 

• Complementary Types for Each Gain Range 

• Low Noise Figure - 2.0 dB Typ 

• Low Output Capacitance - 4.0 pF Max 

MAXIMUM RATINGS (T A = 25°C unless otherwise noted) 

Rating Symbol NPN PNP Unit 
Collector-Emitter Voltage VCEO VC!C 

MPS6512, MPS6513 30 
MPS6514,. MPS6515 25 

MPS6510 thru MPS6518 40 
MPS6519 25 

Collector-Base Voltage VCB VC!C 
MPS6512 thru MPS6515 40 
MPS6516 thru MPS6518 40 

MPS6519 25 

Emitter-Base Voltage VEB 4.0 4.0 VcIc 

Collector. Current IC 100 100 mAde 

Total DeVice Dissipation @ T A'" 25GC PD 310 310 mW 

TA ·60'C 210 210 

Derate above 25°C 2.81 2.81 mW/'C 

Operating Junction Temperature Range TJ 135 135 "C 

THERMAL CHARACTERISTICS 

Characteristic 
Thermal Resistance, Junction to Ambient 

3-652 

SILICON 
COMPLEMENTARY 

AMPLIFIER 
TRANSISTORS 

Seating Plane rl-;;t;5 
~~ !ITB5 

1 Leads to fit mto 
0.D16 
0.D19 

OIA HOLE (TYP)-

0.500 
MiN 

~ 
°T~~o_1 LL -J Lo.050 

T.P. 

--M50 (NOM) ~ R. 

123 ~ 

- 10 -

0.085 R 0.045 
11]95 . 0.055 

All JEDEC dimensions and notes apply 

CASE 29-01 
TO·92 

PLASTIC 



MPS6512 thru MPS6515/MPS6516 thru MPS6519 (continued) 
MPS6512 thru MPS6515 (NPN) 
ELECTRICAL CHARACTERISTICS (1", = 2S"C unl ... oth ..... ' .. noted) 

Characteristic Symbol I Min Typ 

OFF CHARACTERISTICS 

Collector-Emitter Breakdown Voltage BVCEO 
(IC = 0 •• mAde, 's = 0) MPS6512, MPS6513 30 -

MPS6514, MPS6515 25 -
Emitter-Base Breakdown Voltage BVEBO ('E = 10 jjAde, IC = 0) 4.0 -
Collector Cutoff Current ICBO 

(VCB = 30 Vdc, IE = 0) - -
(VCB = 30 Vde, IE = 0, T A = 60"C) - -

ON CHARACTERISTICS 

DC Current Gain hFE 
('c = 2.0 mAde, VCE =10 Vde) MPS6512 50 -

MPS6013 90 -
MPS6.14 150 
MPS6.15 250 -

(Ie'" 100 mAde, VeE'" 10 Vdc)* MPS6512 30· -
MPS6.13 60· -
MPS6.14 90· -
MPS6515 150 * -

Collector-Emitter Saturation Voltage VCE( •• ,) 
(IC =50 mAde, IB =5.0 mAde) - -

DYNAMIC CHARACTERISTICS 

Current-Gain-Bandwidth Product fT 
(IC = 2.0 mAde, VCE = 10 Vde) MPS6512, MPS6513 - 2.0 

MPS6514, MPS6515 - 390 

('c = 10 mAde, V CE = 10 Vde) MPS6512, MPS6513 - 330 
MPS6.14, MPS6.15 - 480 

Output Capacitance Cob 
(VCB = 10Vde, 'E =0, f=100kHz) -

Noise Figure NF 
(Ie'" 10 ,JAde, V CE = 5,0 Vdc, RS = 10 k ohms, - 2.0 

Power Bandwidth '" 15.7 kHz, 3.0 dB points @ 

10 Hz and 10 kHz) 

.. Pulse Test: Pulse WlClth ~ 30 IJS. Duty Cycle ~ 2. 0%. 

MPS6516 thru MPS6519 (PNP) 
ELECTRICAL CHARACTERISTICS (1", = 2S·C unl." oth.<w'se not.d) 

Characteristic Symbol Min Typ 

OFF CHARACTERISTICS 

Collector-Emitter Breakdown Voltage BVCEO 
(IC = 0 .• mAde, IB = 0) MPS6516 thru MPS6518 40 -

MPS6.19 2. -
Emitter-Base Breakdown Voltage BVEBO ('E = 10 jjAde, IC = 0) 4.0 -
Collector Cutoff Current ICBO 

(VCB = 30Vde, 'E =0) MPS6516 thru MPS6518 - -
(VCB = 20 Vde, IE = 0) MPS6519 - -
(VCB = 30 Vdc, IE = 0, TA = 60"C) MPS6&16 thru MPS6518 - -
(V CB = 20 Vde, IE = 0, T A = 60"C) MPS6519 - -

ON CHARACTERISTICS 

DC Current Gain hFE 
(lC = 2.0 mAde, V CE = 10 Vde) MPS6516 50 -

MPS6517 90 -
MPS6518 150 -
MPS6519 250 -

(Ie = 100 mAde, V CE = 10 Vde)* MPS6516 30· -
MPS6517 60· -
MPS6518 90· -
MPS6519 150· -

Collector-Emitter Saturation Voltage VCE(s.t) 
(IC = 50 mAde, IB = 5.0 mAde) - -

DYNAMIC CHARACTERISTICS 

Current-Gain-Bandwidth Product fT ('c = 2.0 mAde, V CE = 10 Vde) MPS6516, MPS6517 - 200 
MPS6516, MPS6519 - 340 

(IC = 10 mAde, V CE = 10 Vde) MPS6516, MPS6517 - 270 
MPS6518, MPS6519 - 420 

Output Capacitance Cob 
(V CB = 10 Vde, 'E = 0, f = 100 kHz) - -

Noise Figure NF 
(IC = 10 jjAde, V CE = •• 0 Vde, Ra = 10 k ohms, - 2.0 

Power Bandwidth "" 15.7 kHz, 3.0 dB points @ 

10 Hz and 10 kHz) 

• Pulse Test: Pulse Width:;: 30 IJS, Duty Cycle ~ 2.0%. 
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MPS6520, MPS6521 NPN (SILICON) 

MPS6522, MPS6523 PNP 

SILICON ANNULAR TRANSISTORS 

· .. designed for general-purpose amplifier applications and for com
plementary circuitry. 

• High DC Current Gain -
hFE = 150 (Min) @ IC = 100 MAde - MPS6521, MPS6523 

• Low Noise Figure -
NF = 1.B dB (Typ) @ IC = 10 MAde 

• Low Output Capacitance -
Cob = 3.5 pF (Max) @ VCB = 10 Vdc 

MAXIMUM RATING 

Rating Svmbol NPN PNP Unit 

Collector·Emitter Voltage VCEO Vdc 
MPS6520, MPS6521 25 
MPS6522, MPS6523 25 

Coliector·Base Voltage VCB Vdc 
MPS6520, MPS6521 40 
MPS6522, MPS6523 25 

Emitter-Base Voltage VEB 4.0 4.0 Vdc 

Collector Current IC 100 100 mAde 

Total Device Dissipation @ T A = 25°C Po 310 310 mW 
TA = 600C 210 210 

Derate above 25°C 2.Bl 2.81 mW!OC 

Operating Junction Temperature Range TJ 135 135 °c 

THERMAL CHARACTERISTICS 

Characteristic Symbol Max Unit 

Thermal Resistance, Junction to Ambient 8JA 0.357 °C!mW 
(Printed Circu it Board Mou nting) 
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SILICON COMPLEMENTARY 
AMPLIFIER TRANSISTORS 

Seating Plane r-l----;;t;5 Lll 0185 

1 Leads to fit mto 
0.016 
if.iIT9 

DIA HOLE ITYPl-

0.500 
MIN 

~ 
\O~O _I LL 

-J Lo.050 
T.P. 

50 (NOMI 0.003 

~,.,.~_ Mom" 
2. 8... 0.085 0.045 
3. Collector 0.095 H. 0.055 

All JEOEC dimensions and IlOt8$ apply 

CASE 29-01 
TO-92 

PLASTIC 



MPS6520, MPS6521, MPS6522, MPS6523 (continued) 

MPS6520, MPS6521 (NPN) 

ELECTRICAL CHARACTERISTICS (T A = 25°C unless otherwise noted) 

Characteristic Symbol Min Typ Max Unit 

OFF CHARACTERISTICS 

Collector-Emitter Breakdown Voltage BVCEO 25 - - Vde 

(lC = 0.5 mAde, IB = 0) 

Emitter-Base Breakdown Voltage BVEBO 4.0 - - Vde 

(IE = 10/JAde, IC = 0) 

Collector Cutoff Current ICBO /JAde 
(VCB = 30 Vde, IE = 0) - - 0.05 

(VCB = 30 Vde, IE = 0, T A = 60°C) - - 1.0 

ON CHARACTERISTICS 

DC Current Gain "FE 
(lC = 100 /JAde, VCE = 10 Vdcl MPS6520 100 - -

MPS6521 150 - -
(lC = 2.0 mAdc, VeE = 10 Vde) MPS6520 200 - 400 

MPS6521 300 - 600 

Collector-Emitter Saturation Voltage VCE(sat) - - 0.5 Vde 
(lC = 50 mAde, IB = 5.0 mAdc) 

DYNAMIC CHARACTERISTICS 

Current-Gain Bandwidth Product IT MHz 
(lC = 2.0 mAdc, VCE = 10 Vdcl - 390 -
(lC = 10 mAde, VCE = 10 Vdc) - 4BO -

Output Capacitance Cob - - 3.5 pF 

(VCB = 10 Vde, IE = 0, f = 100 kHz) 

Noise Figure NF 1.8 3.0 dB 
(lC = 10/JAde, VCE = 5.0 Vdc, RS = 10 k ohms, 
Power Bandwidth = 15.7 kHz, 3.0dB points@ 
10 Hz and 10 kHz) 

MPS6522, MPS6523 (PNP) 

ELECTRICAL CHARACTERISTICS (T A = 25°C unless otherwise noted) 

Characteristic 

OFF CHARACTERISTICS 

Collector-Emitter Breakdown Voltage BVCEO 25 - - Vdc 
(lC = 0.5 mAdc, IB = 0) 

Emitter-Base Breakdown Voltage BVEBO 4.0 Vde 
(IE = 10/JAde, IC = 0) 

Collector Cutoff Current ICBO /JAde 
(VCB = 20 Vde, IE = 0) - - 0.05 
(VCB = 20 Vde, IE = 0, T A = 6oaC) - - 1.0 

ON CHARACTERISTICS 

DC Current Gain hFE -
(lC = l00/JAde, VCE = 10Vde) MPS6522 100 - -

MPS6523 150 - -
(lC = 2.0 mAde, VCE = 10 Vde) MPS6522 200 - 400 

MPS6523 300 - 600 

Collector-Emitter Saturation Voltage VCE(sat) - - 0.5 Vde 
(lC = 50 mAde, IB = 5.0 mAde) 

DYNAMIC CHARACTERISTICS 

Current-Gain Bandwidth Product IT MHz 
(lc = 2.0 mAde, VCE = 10 Vde) - 340 -
(lC = 10 mAde, VCE = 10 Vde) - 420 .-

Output Capacitance Cob 3.5 pF 
(VCB = 10 Vde, IE = 0, f = 100 kHz) 

Noise Figure NF - 1.B 3.0 dB 
(lC = 10 /JAde, VCE = 5.0 Vde, RS = 10 k ohms, 
Power Bandwidth = 15.7 kHz, 3.0dB pOints@ 
10 Hz and 10 kHz) 
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MPS6530 
MPS6531 NPN (SILICON) 

MPS6532 
MPS6533 
MPS6534 PNP 

MPS6535 

Silicon annular transistors designed for use in com
plementary amplifier circuits. 

CASE 29(1) 
(TO-92) 

MAXIMUM RATINGS I(TA = 250 C unless otherwise no1Bd1 

Rating 

Collector-Base Voltage 
MPS6530, MPS6531 
MPS6532 
MPS6533, MPS6534 
MPS6535 

Collector-Emitter Voltage 
MPS6530, MPS6531 
MPS6532 

MPS6533, MPS6534 
MPS6535 

Emitter-Base Voltage 

Collector Current 

Total Device Dissipation @ T A = 60· C 

@T -25·C A-

Thermal ReSistance, Junction to Ambient 

Junction Temperature 

Symbol 

VCB 

VCEO 

VEB 

IC 

PDlu 

°JA"1 

TJIII 

NPN PNP Unit 

Vdc 
60 
50 

40 
30 

Vdc 
40 
30 

40 
30 

5.0 4.0 Vdc 

600 600 mAdc 

210 210 mW 

310 ·310 

0.357 0.357 ·C/mW 

135 135 ·C 

(1) Continuous package improvements have enhanced these guaranteed Maximum Ratings as follows; Po = 1.0·W@ TC '= 25°C, 
Derate above 25°C - 8.0 mW/oC, T J ='-65 to +150o C, 6JC "" 1260 C/W. 
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MPS6530 thru MPS6535 (continued) 

MPS6530 thru MPS6532 (NPN) 

ELECTRICAL CHARACTERISTICS (TA = 25°C unless otherwise noted) 

Characteristic Symbol Min Typ Max Unit 

Collector-Base Breakdown Voltage MPS6530, MPS6531 BVCBO 60 . - VcIc 
(IC = 10 ~Ade, IE = 0) MPS6532 50 - -

Collector-Emitter Breakdown Voltage MPS6530, MPS6531 BVCEO 40 - - VcIc 
(IC = 10 mAde, IB = 0) MPS6532 30 - -

Emitter-Base Breakdown Voltage 
(IB = 10 ~Ade, IC = 0) 

BVEBO 5.0 - - Vde 

Collector Cutoff Current ICBO ~AcIc 
lVCB = 40 Vde, IE = 0l MPS6530, MPS6531 - - 0.05 
V CB = 30 Vde, IE = 0 MPS6532 - - 0.1 

(V = 40 Vde I = 0 T = 60'Cl MPS6530, MPS6531 - - 2.0 
(VCB = 30 Vde' IE = 0' TA = 60'C MPS6532 - - 5.0 

CB 'E' A 
DC Current Gain hFE -

(IC = 10 mAde, V CE = 1 Vde) MPS6530 30 75 -
MPS6531 60 120 -

(IC = 100 mAde, VCE = 1 Vde) MPS6530 40 85 120 
MPS6531 90 150 270 
MPS6532 30 - -

(IC = 500 mAde, V CE = 10 Vde) MPS6530 25 60 -
MPS6531 50 80 -

Collector-Emitter Saturation Voltage MPS6530, MPS6532 VCE(sat) - 0.2 0.5 Vde 
(IC = 100 mAde, IB = 10 mAde) MPS6531 - 0.13 0.3 

Base-Emitter Saturation Voltage MPS6530, MPS6531 VBE(sat) - 0.62 1.0 VcIc 
(IC = 100 mAde, IB = 10 mAde) MPS6532 - 0.85 1.2 

Output Capacitance Cob - 3.5 5.0 pF 
(V CB = 10 Vde, IE = 0, 1= 100 kHz) 

Current-Gain-Bandwidth Product IT - 390 - MHz 
(IC = 50 mAde, V CE = 10 Vde) 

MPS6533 thru MPS6535 (PNP) 

ELECTR I CAL CHARACTER ISTI CS (T A = 25°C unless otherwise noted) 

Characteristic Symbol Min Typ Max Unit 

Collector-Base Breakdown Voltage MPS6533, MPS6534 BVCBO 40 - - VcIc 
(IC = 10 ~Ade, IE = 0) MPS6535 30 - -

Collector-Emitter Breakdown Voltage MPS6533, MPS6534 BVCEO 40 - - Vde 
(Ic = 10 mAde, IB = 0) MPS6535 30 - -

Emitter- Base Breakdown Voltage BVEBO 4.0 - - Vde 
(IB = 10 ~Ade, IC = 0) 

Collector Cutoff Current ICBO ~AcIc 
lV = 30 Vde, I = 0l MPS6533, MPS6534 - - 0.05 
VCB = 20 Vde IE = 0 MPS6535 - - 0.1 CB ' E 

(V CB : 30 Vde, IE : 0, T A : 60:Cl MPS6533, MPS6534 - - 2.0 
(V CB - 20 Vde, IE - 0, T A - 60 C MPS6535 - - 5.0 

DC Current Gain hFE -
(IC = 10 mAde, V CE = 1 Vde) MPS6533 30 70 -

MPS6534 60 110 -
(IC = 100 mAde, V CE = 1 Vde) MPS6533 40 85 120 

MPS6534 90 140 270 
MPS6535 30 - -

(IC = 500 mAde, V CE = 10 Vde) MPS6533 25 55 -
MPS6534 50 70 -

Collector-Emitter Saturation Voltage MPS6533, MPS6535 VCE(sat) - 0.2 0.5 Vde 
(IC = 100 mAde, IB = 10 mAde) MPS6534 - 0.13 0.3 

8ase-Emitter Saturation Voltage MPS6533, MPS6534 VBE(sat) - 0.84 1.0 Vde 
(IC = 100 mAde, IB = 10 mAde) MPS6535 - 0.87 1.2 

Output Capacitance 
Cob - 4.8 6.0 pF 

(V CB = 10 Vde, IE = 0, f = 100 kHz) 

Current-Gain-Bandwidth Product IT - 260 - MHz 
(IC = 50 mAde, V CE = 10 Vde) 
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MPS6539 (SILICON) 

NPN silicon epitaxial transistor designed for RF 
applications in FM receivers, 

CASE 29(2) 
10-92 

MAXIMUM RATINGS 

Rating 

Collector-Emitter Voltage 

Collector-Base Voltage 

Emitter-Base Voltage 

Total Device Dissipation @ T A = 25°C 

Derate above 25°C 

Operating and Storage Junction 
Temperature Range 

THERMAL CHARACTERISTICS 

Characteristics 

Thermal Resistance, Junction to Ambient 

Symbol Value 

V 
CEO 

20 

VCB 20 

VEB 3.0 

PD"I 310 

2.81 

T TI1I 
J' stg -55 to +135 

Symbol Max 

e JAil I 0.357 

(1) Continuous package Improvements have enhanced these guaranteed Maximum Ratings as 
follows: Po = 1.0 W@TC = 25°C. Derate above 25°C - 8.0 mWf'C, T J = -65 to +150o C, 
o JC = 1250 C/W. 

ELECTRICAL CHARACTERISTICS (T. = 2S'C unless otherwise noted) 

Characteristics Symbol Min Max 

OFF CHARACTERISTICS 

Collector-Emitter Breakdown Voltage BVCEO 20 -(Ic = 500 "Ade, IB = 0) 

Collector-Base Breakdown Voltage BVCBO 20 -(IC = 100 "Ade, IE = 0) 

Collector Cutoff Current ICBO 
(V CB = 15 Vde, IE" 0) - 50 

Emitter Cutoff Current lEBO - 100 
(V EB(off) = 3.0 Vde, IC = 0) 

ON CHARACTERISTICS 

DC Current Gain hFE 
(IC = 4.0 mAde, V CE = 10 Vde) 20 -

Base-Emitter On Voltage VBE(on) - 0.85 
(IC = 4.0 mAde, V CE = 10 Vde) 

DYNAMIC CHARACTERISTICS 

Current-Gain - Bandwidth Product fT 
(IC = 4.0 mAde, V CE = 10 Vde, f = 100 mHz) 500 -

Collector-Base Capacitance Ceb - 0.7 
(V CB = 10 Vde, IE = O,f = 100 kHz) 

Collector-Base Time Constant r 'c 
9.0 

(IE = 4.0 mAde, VeB = 10 Vde, f = 31. 8 MHz) 
b c -

Noise Figu re NF - 4.5 
(IC = 4.0 mAde, V CE = 10 Vde, Rg = 75 ohms, f = 100 MHz) 
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Unit 

Vdc 

Vdc 

Vdc 

mW 

mW/"C 

°C 

Unit 

°C/mW 

Unit 

Vde 

Vde 

nAde 

nAde 

-

Vde 

MHz 

pF 

ps 

dB 



MPS6540 (SILICON) 

NPN silicon annular amplifier transistor designed 
for IF applications in FM radio receivers. 

CASE 29(2) 
TO·92 

MAXIMUM RATINGS 

Rating 
Collector-Emitter Voltage 

CoUector-Base Voltage 

Emitter-Base Voltage 

Total Device Dissipation@ T A = 25 D C 

Derate above 25 c C 

Operating & Storage Junction 
Temperature Range 

THERMAL CHARACTERISTICS 

Characteristic 

Thermal Resistance, Junction to Ambient 

Symbol Value 
VCEO 30 

VCB 30 

VEB 4.0 

Po III 310 

2.81 

T J • Tstgfll -55 to + 135 

(1) Continuous package improvements have enhanced these guaranteed Maximum Ratings as 
follows: Po'" 1.0 W @ TC '" 25°C, Derate above 25°C - 8.0 mW/oC. T J = -65 to + 150°C, 
6JC = 1250 C/W. 

ELECTRICAL CHARACTERISTICS (TA = 25°C unless otherwise noted) 

Characteristic 

OFF CHARACTERISTICS 

Collector-Emitter Breakdown Voltage 
(IC = 1. 0 mAdc, IB = 0) 

Collector-Base Breakdown Voltage 
(IC = 100 /.LAdc, IE = 0) 

Emitter-Base Breakdown Voltage 
(IE = 10 /.LAde, IC = 0) 

Collector Cutoff Current 
(VCB = 25 Vdc, IE = 0) 

ON CHARACTERISTICS 

DC Current Gain 
(IC = 2.0 mAdc, VCE = 10 Vdc) 

Collector-Emitter Saturation Voltage 
(IC = 10 mAdc, IB = 1. 0 mAdc) 

Base-Emitter On Voltage 
(IC = 10 mAdc, V CE = 5.0 Vdc) 

DYNAMIC CHARACTERISTICS 

Current-Gain-Bandwidth Product 
(IC = 2.0 mAdc, V CE = 10 Vdc, f = 100 MHz) 

Collector-Base Capacitance 
(V CB = 10 Vdc, IE = 0, f = 100 kHz) 

Real Part of Output Impedance 
(IC = 2.0 mAde, V CE = 10 Vdc, 

Collector-Base Time Constant 
(IE = 4.0 mAdc, V CB = 10 Vdc, 

FUNCTIONAL TESTS 

Maximum Available Gain 
(f = 10.7 MHz) 

f = 10.7 MHz) 

f = 31. 8 MHz) 

BVCEO 30 

BVCBO 30 

BVEBO 4.0 

ICBO . 

hFE 
25 

VCE(sat) . 

VBE(on) -

fT 
350 

Ccb -

Roep 
80 

r 'c b c -
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- -

- -

- . 

- 100 

- -

- 0.5 

- 0.95 

- -

- 0.65 

- -

4.5 -

Unit 
Vdc 

Vdc 

Vdc 

mW 
mW/oC 

°c 

Vdc 

Vdc 

Vdc 

nAdc 

-

Vdc 

Vdc 

MHz 

pF 

k ohms 

ps 



MPS6540 (continued) 
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MPS6542 (SILICON) 

NPN silicon epitaxial transistor designed for VHF 
mixer applications in TV receivers. 

CASE 29(2) 
TO·92 

MAXIMUM RATINGS 

Rating 

Collector-Emitter Voltage 

Collector-Emitter Voltage 

Collector-Base Voltage 

Emitter-Base Voltage 

Collector Current 

Total Device Dissipation @ T A = 25°C 
Derate above 25°C 

Operating and Storage JWlction 
Temperature Range 

THERMAL CHARACTERISTICS 

Characteristic 

Thermal Resistance, JWlCtion to Ambient 

Symbol 

VCEO 

VCES 

VCB 

VEB 

Ie 

PD iII 

TJ , Tstg t11 

Symbol 

'JAiII 

Value Unit 

20 Vdc 

30 Vdc 

30 Vdc 

3.0 Vdc 

100 mAdc 

310 mW 
2.81 mW/oC 

-55 to +135 °c 

Max Unit 

0.357 °C/mW 

(1) Continuous package Improvements have enhanc;ed these guaranteed Maximum Ratings as follows: Po "" 1.0 W @ TC = 25°C. 

Derate above 2SoC - 8.0 mWflC, T J = -65 to +150o C, 6JC'" 1250 C/W. 
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MPS6542 (continued) 

ELECTRICAL CHARACTERISTICS (T" '" 2S·C unless otherwise noted) 

Characteristic Symbol Min Typ Max Unit 

OFF CHAR~CTERISTICS 

Colleetor·ElDltter Breakdown Voltage BVCEO VcIc 
Oc = 1 mAde, IB = 0) 20 - -

Collector-Emitter Breakdown Voltage. BVCES ·VcIc 
·(Ie = 10 mAde, VBE • 0) 30 - -

Colleelor cutoff Current ICBO ~Ade 
(VCB • 15 Vde, IE' 0) - - O,OD 

(Yes:: 15 Vdc,IE '" 0, TA = SOOC) - - 1.0 

ON CHARACTERISTICS 

I DC Current Gaia 
(Ie = 2 mAde, VCE • 10 Vde) 25 

OYNAMIC CHARACTERISTICS 

Current-Gain - Baudwidth Product IT MHz 
(Ie • 10 mAde, V CE • 10 Vde, I • 100 MHz) 100 - -

Common-Emitter Reverse Transfer Capacltanee Cre - 0.33 - pF 
(VeB = 10 Vde) 

Output Capacitance Cob pF 
(VCB = 10 Vde, IE = 0, I = 100 kHz) - - 1.5 

High- Frequency Cuneot Gain lit. -
(Ic • 2 mAde, VCE = 10 Vde, I = 44MHz) 10 - -

Conver.ston Gain (213 to 44 MHz) - dB 
(Ie = Z.S mAde, VeE" 10 Ydc, See ngures 1, 2, .fa 9) 20 23 -

·Pulse Teat: Pulse Widtb ~ 300 #111, Duty Cycle S 2% 

CONVERSION GAIN CHARACTERISTICS 
(TEST CIRCUIT FIGURE 9) 

FIGURE 1 - VARIATION WITH COLLECTOR CURRENT FIGURE 2 - VARIATION WITH INJECTION LEVEL 

40 I I 40 
I 

- VCE= 10Vdc 
Oscillator Injection - 150 mV 

35 I-- VCE - 10 Vdc 
Ic=2.5mAdc 

35 

1_= 257 MHz I" =44MHz 

30 
I.It-213MHz 

- 1,,=44MHz 30 

25 25 I ... =60MHz 

/' 
..-- ----... 

( 
20 

-",.. -- 213 MHz 

r 20 

15 15 

10 10 

o o 
o o 100 200 300 

Ic, COllECTOR CURRENT (mAdel Vi, OSCIllATOR INJECTION imVl 
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MPS6542 (continued) 
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MPS6542 (continued) 

FIGURE 7 - DC CURRENT GAIN FIGURE 8 - CAPACITANCES 
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MPS6543 (SILICON) 

NPN silicon epitaxial transistor designed for 
use in UHF oscillator applications. 

CASE 29 (2) 
(TO-92) 

MAXIMUM RATINGS (T A = 2SoC unless otherwise noted) 

Rating Symbol 

Collector-Emitter Voltage VCEO 

Collector-Base Voltage VCB 

Emitter-Base Voltage VEB 

Total Device Dissipation @ T A = 25u C PDII! 

Derate above 250 C 

Operating and Storage Junction Temperature Range TJ , Tstg lll 

THERMAL CHARACTERISTICS 

Characteristic: Symbol 

Thermal Resistance, Junction to Ambient 9JAIH 

ELECTRICAL CHARACTERISTICS (TA = 250 C unless otherwise noted I 

Characteristic: Symbol Min 

OFF CHARACTERISTICS 

Collector-Emitter Breakdown Voltage BVCEO 
(Ic = 1 mAde, IB = 0) 25 

Collector-Base Breakdown Voltage BVCBO 
(Ic = 100 ILAde, IE = 0) 35 

Emitter-Base Breakdown Voltage BVEBO 
(IE = 100 }.LAde, Ie = 0) 3.0 

Collector Cutoff Current leBO 
(VCB = 25 Vdc, IE = 0) -

Emitter Cutoff Current lEBO 
(VBE = 2 Vde, IC = 0) -

ON CHARACTERISTICS 

DC Current Gain hFE 
(IC " 4 mAde, VCE = 10 Vde) 25 

Collector-Emitter Saturation Voltage VCE(sat) 
(IC = 10 mAde, IB = 1 mAde) -

Sase-Emitter Saturation Voltage VBE(sat) 
(Ie = 10 mAde, IS = 1 mAde) -

Value Unit 

25 Vdc 

35 Vdc 

3.0 Vdc 

310 mW 

2.81 mW/oC 

-55 to +135 °c 

Max Unit 

0.357 °C/mW 

Max Unit 

Vdc 

-
Vde 

-
Vde 

-
}.LAde 

0.1 

}.LAde 
1.0 

--
Vde 

0.35 

Vde 
0.95 

(1) Continuous package improvements have enhanced these guaranteed Maximum Ratings as follows: Pc"" 1.0 W @ Tc = 2SoC, 
Derate above 25°C - 8.0 mW/oC, TJ "'" -65 to +150oC, 8JC c: 12SoC/W. 
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MPS6543 (Continued) 

ELECTRICAL CHARACTERISTICS (T A = 25°C unless otherwise noted) 

Characteristic Symbol Min Max .1 Unit 

DYNAMIC CHARACTERISTICS 

j 
~ 
~ 
<3 
if 
~ 

Current-Gain - Bandwidth Product fT MHz 
(IC = 4 mAdc, VCE = 10 Vdc, f = 100 MHz) 750 -

Output Capacitance Cob pF 
(VCB = 10 Vdc, IE = 0, f = 100 kHz) - 1.0 

Collector-Base Time Constant rbCc ps 
(IE = 4 mAdc, VCE = 10 Vdc, f = 31.8 MHz) - 9.5 

COMMON-BASE y PARAMETERS 
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MPS6544 (SILICON) 

MPS6545 
CASE 29 (2) 

TO·92 NPN silicon annular amplifier transistors designed 
for third-stage video IF applications in television 
receivers. 

CASE 29A 

MAXIMUM RATINGS 

Rating 
Collector-Emitter Voltage 

Collector-Base Voltage 

Emitter-Base Voltage 

MPS6544 Total Device Dissipation @ T A = 50uC 

Total Device Dissipation @ T A = 25°C 
Derate above 25°C 

MPS6545 
TO·92 WITH SHIELD 

Operating and Storage Junction Temperature Range 

THERMAL CHARACTERISTICS 

Characteristic Symbol 

Thermal Resistance, Junction Ambient-MPS6544 (JJA 

Thermal Resistance, Junction to Case -MPS6545 (JJC"1 

Symbol Value 
VCEO 45 

VCB 50 

VEB 4.0 

PD 210 

PD I1I 310 
2.81 

TJ • Tstg "1 -55 to + 135 

Max 

0.357 

0.150 

ELECTRICAL CHARACTERISTICS (T. = 25'C unless otherwise noted) 

Unit 
Vdc 

Vdc 

Vdc 

mW 

mW 
mW/oC 

°c 

Unit 

°C/mW 

uC/mW 

I Characteristic Symbol I Min I Max I Unit 
OFF CHARACTERISTICS 

Collector-Emitter Breakdown Voltage BVCEO 
(Ie = 1 mAdc, IE = 0) 45 -

Collector-Base Breakdown Voltage BVCBO 
(IC = 10 /lAdc, IE = 0) 60 -

Emitter-Base Breakdown Voltage BVEBO 
(IE = 10 /lAdc, IC = 0) 4.0 -

Collector Cutoff Current ICBO 
(VCB = 35 Vdc, IE = 0) - 0.5 

ON CHARACTERISTICS 

DC CurrentGaln hFE 
(Ic = 30 mAdc, V CE = 10 Vdc) 20 -

Collector-Emitter Saturation Voltage VCE(sat) (Ie = 30 mAdc, IB = 3 mAdc) - 0.5 

DYNAMIC CHARACTERISTICS 

Common-Emitter Reverse Transfer Capacitance Cre 
(VCB = 10 Vdc, Ie = 0, f = 100 kHz) MPS6544 - 0.65 

MPS6545 - 0.58 

Output Admittance Yoe 
(Ie = 10 mAdc, V CE = 10 Vdc, f = 45 MHz) - 0.10 

Output Voltage (Test Circuit Figure 6) Vout 
(V in (RMS) =12 mY, f = 45 MHz) 1.0 -

(1) Continuous package improvements have enhanced these guaranteed Maximum Ratings as follows: Po = 1.0 W @TC = 2SoC, 
Derate above 2SoC - 8.0 mW/oC, T J = -65 to +150o C, BJC = 1250 C/W. 
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Vdc 

Vdc 

Vdc 

/lAdc 

-

Vdc 

pF 

mmhos 

Vdc 



MPS6544, MPS6545 (continued) 
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MPS6546 (SILICON) 

MPS6547 

NPN silicon epitaxial transistors designed for FM 
radio applications. 

Case 29(2) 
TO-92 

MAXIMUM RATINGS 

Rating 

Collector-Emitter Voltage 

Collector-Base Voltage 

Emitter-Base Voltage 

Collector Current-Continuous 

Total Device Dissipation @ T A = 
Derate above 25°C 

Operating and Storage JUnction 
Temperature Range 

25°C 

THERMAL CHARACTERISTICS 

Characteristic 

Thermal Resistance, Junction to Ambient 

Symbol 

VCEO 

VCB 

VEB 

Ie 

PD "1 

TJ , Tstg Ui 

Symbol 

'JA I1i 

Value Unit 

25 Vdc 

35 Vdc 

3.0 Vdc 

50 mAdc 

310 mW 

2.81 mW/oC 

-55 to +135 °c 

Max Unit 

0.357 °C/mW 

(1) Continuous package improvements have enhanced these guaranteed Maximum Ratings as follows: Po = 1.0 W @ TC '" 25°C, 
Derate above 25°C - 8.0 mW/oC, T J = -65 to +150o C. 8JC:= 1250 C/W. 
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MPS6546, MPS6547 (continued) 

ELECTRICAL CHARACTERISTICS (T. = 25'e •• 1 ... ""' .... ' .. _) 

Characteristic Symbol Min Typ Max Unit 

OFF CHARACTERISTICS 

Collector-Emitter Brealrdown Voltage BVCEO VcIc 
.Uc = I mAde, IB = 0) 25 - -

Collector-Base Brealrdown Voltage BVCBO Vdc 
(Ie • 10 "Adc, IE = 0) 35 - -

Emitter-Base Brealrdown Voltage BVEBO Vdc 
(IE = 100 p.Adc, Ie; = 0) 3.0 - -

Collector CutoU Current leBO "Adc 
(VCB = 25 Vdc, IE = 0) - - 0.1 

Emitter CutoU Current lEBO "Adc 
(VBE = 2 VcIc, 'e = 0) - - 1.0· 

ON CHARACTERISTICS 

DC Current Gain hFE -CIc = 2 mAde, VCE = 10 Vdc) 20 - -
Collector-Emitter Saturatlon Voltage VCE(sat) Vdc 

(Ie; = 10 mAde, IB = 1 mAde) - - 0.35 

OYNAMIC CHARACTERISTICS 

Current-Gain - Bandwidth Product fT MHz 
CIc = 2 mAdc; VCE = 10 Vdc, f = 100 mHz) 600 - -

Common-Emitter Reverse Transfer Capacitance Cre pF 
(V CB = 10 Vdc, IE = 0, f = 100 kHz MPS654? - - 0.35 

MPS6546 - - 0.45 

FUNCTIONAL TEST 

Conversion Gain (106 MHz to 10.? MHz) - dB 
CIc = 2.5 mAde, VCE = 10 Vdc, Teat Circuit Figure 7) MPS6547 - 28 -

Oscillator Power Output Pout mW 
(VEE' 12.5 Vdc, f = lI8 MHz, Teat CircUit Figure 13) MPS6546 10 18 -

CONVERSION GAIN CHARACTERISTICS 
(TEST CIRCUIT FIGURE 7) 

FIGURE 1-VARIATION WITH COLLECTOR CURRENT FIGURE 2-VARIATION WITH INJECTION LEVEL 
40 40 
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MPS6546, MPS6547 (continued) 

COMMON-EMITTER Y PARAMETERS 
Va = 10 Vdc. f = 105 MHz, T" = 2S-C 
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MPS6546, MPS6547 (continued) 
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FIGURE 14-POWER OUTPUT 
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MPS6548 (SILICON) 

NPN silicon epitaxial transistor designed for use in 
UHF oscillator applications. 

CASE 29 (2) 
T()'92 

MAXIMUM RATINGS 

Rating 

Collector-Emitter Voltage 

Collector-Base Voltage 

Emitter-Base Voltage 

Total Device Dissipation @ T A = 25°C 

Derate above 25°C 

Operating & Storage Junction 
Temperature Range 

THERMAL CHARACTERISTICS 

Characteristic 

Thermal ReSistance, Junction to Ambient 

Symbol 

VCEO 

VCB 

VEB 

PD tll 

T Ttll 
J' stg 

Symbol 

8 JAi1l 

Value Unit 

25 Vdc 

30 Vdc 

3.0 Vdc 

310 mW 

2.81 mW/'C 

-55 to +135 'c 

Max Unit 

0.357 'C/mW 

(1) Continuous package improvements have enhanced these guaranteed Maximum Aatings as 
follows: PO:: 1.0 W @TC = 2SoC, Derate above 25°C - 8.0 mW/oC, T J "" -65 to +150o C. 
8JC = 12So C/W. 

ELECTRICAL CHARACTERISTICS (T A = 25°C unless otherwise noted) 

I Characteristics Symbol Min Max Unit 

OFF CHARACTERISTICS 

Collector-Emitter Breakdown Voltage BVCEO Vdc 
(IC = 1. 0 mAde. IB = 0) 25 -

Collector-Base Breakdown Voltage BVCBO Vdc 
(IC = 100 "Adc, IE = 0) 30 -

Emitter-Base Breakdown Voltage BVEBO Vdc 
(IE = 10 "Adc, IC = 0) 3.0 -

Collector Cutoff Current ICBO nAde 
(V CB = 25 Vde, IE = 0) - 100 

Emitter Cutoff Current lEBo nAdc 
(VBE = 2.0 Vdc, IC = 0) - 100 

ON CHARACTERISTICS 

DC Current Gain hFE -
(IC = 4.0 mAde, VCE = 10 Vdc) 25 -

Collector-Emitter Saturation Voltage VCE(sat) Vdc 
(IC = 4.0 mAde. IB = 0.4 mAde) - 0.5 

Base-Emitter Saturation Voltage VBE(sat) Vdc 
(Ic = 4.0 mAde, IB = 0.4 mAde) - 0.95 

DYNAMIC CHARACTERISTICS 

Current-Gain - BandWidth Product fT MHz 
(IC = 4.0 mAde, V CE = 10 Vdc, f = 100 MHz) 650 -

Collector-Base Capacitance Ccb pF 
(V CB = 10 Vde, IE = 0, f = 100 kHz) - 0.7 

Collector-Base Time Constant r 'c ps 
(IE = 4.0 mAde, V CB = 10 Vdc, f = 31. 8 MHz) 

b e - 9.0 
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MPS6560 } NPN (SILICON) 

MPS6561 

MPS6562 } PNP 

MPS6563 Silicon annular audio transistors designed for comple
mentary symmetry audio output applications. 

CASE 29(1) 
(TO·92) 

MAXIMUM RATINGS 

Rating 

Collector-Emitter Voltage 

Collector-Base Voltage 

Emitter-Base Voltage 

Collector Current-Continuous 

Total Device Dissipation @ T A = 25 DC 

Derate above 25 DC 

Total Device Dissipation @ TC = 25 DC 

Derate above 25 DC 

Operating and Storage Junction 
Temperature Range 

THERMAL CHARACTERISTICS 

Characteristic 

Thermal Resistance, Junction To Ambient 

Thermal Resistance, Junction To Case 

Symbol MPS6560 MPS6561 Unit 
MPS6562 MPS6563 

VCEO 25 20 Vdc 

VCB 25 20 Vdc 

VEB 4.0 Vdc 

IC 600 mAdc 

P (1) 

D 
500 mW 

4.54 mW/"C 

P 111 
D 800 mW 

7.27 mW;oC 

T Till 
J' stg -55 to +135 DC 

Symbol Max Unit 

()JAIl) 0.220 DC/mW 

() JCIl) 0.137 DC/mW 

(1) Continuous package improvements have enhanced these guaranteed Maximum Ratings as fo:lows: Po == 625 mW @TA ::= 2SoC, 
Derate above 2SoC - 5.0 mW/oC, PO::: 1.5 W@TC== 2SoC. Derate above 25°C - 12 mW/oC, BJC "" 83.30 C/W, 8 JA == 200oC/W. 
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MPS6560, MPS6561, MPS6562, MPS6563 (continued) 

ELECTRICAL CHARACTERISTICS eTA = 25°C unless otherwise noted) 

I Characteristic Symbol Min I Max Unit 

OFF CHARACTERISTICS 

Emitter-Base Breakdown Voltage BVEBO Vdc 
(IE = 100 fJ.Adc, IC = 0) 5.0 -

Collector Cutoff Current ICEO - 100 nAde 
(V CE = 20 Vde, IB = 0) MPS656l, MPS6563 

- 100 
(V CE = 25 Vde, IB = 0) MPS6560, MPS6562 

Collector Cutoff Current ICBO nAde 
(VCB = 20 Vde, IE = 0) - 100 

Emitter Cutoff Current lEBO nAdc 

(V EB(off) = 4.0 Vde, IC = 0) - 100 

ON CHARACTERISTICS 

DC Current Gain hFE -
(IC = 10 mAde, V CE = 1. 0 Vde) 35 -
(IC = 100 mAde, V CE = 1. 0 Vdc) 50 -
(Ie = 500 mAdc, V CE = 1. 0 Vdc) MPS6560, MPS6562 50 200 

(IC = 350 mAde, V CE = 1. 0 Vdc) MPS6561, MPS6563 50 200 

Collector-Emitter Saturation Voltage V CE(sat) Vdc 
(IC = 500 mAde, IB = 50 mAde) MPS6560, MPS6562 - 0.5 

(IC = 350 mAde, IB = 35 mAde) MPS6561, MPS6563 - O. 5 

Base-Emitter On Voltage VBE(on) Vde 
(IC = 500 mAdc, V CE = 1. 0 Vdc) MPS6560, MPS6562 - 1.2 

(IC = 350 mAde, V CE = 1. 0 Vdc) MPS656l, MPS6563 - 1.2 

DYNAMIC CHARACTERISTICS 
Current-Gain - Bandwidth Product fT MHz 

(IC = 10 mAdc, V CE = 10 Vde, f = 30 MHz) 60 -
Output Capacitance Cob pF 

(VCB = 10 Vde, IE = 0, f = 100 kHz) - 30 
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MPS6560, MPS6561 , MPS6562, MPS6563 (continued) 

TYPICAL CHARACTERISTICS 
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MPS6560, MPS6561, MPS6562, MPS6563 (continued) 

TYPICAL AUDIO APPLICATIONS 
I·WATT STEREOPHONIC AUDIO AMPLIFIER 

(ONE CHANNEl SHOWNI 

'1.0M 
,-----.--.""'"-t--.,..,,="C::9"---o +14 V 

I ~l t'---+-+-I 
TONE BALANCE LEVEl ..., .......... 

roOk 

MPS65li1 
03 

INPUT o--wv_--.---, + 
All resisiors are \10 Watt, ±IO% ratings, except for parts 

200 '" preceded by an asterisk ('I where ±S% types are recommended. 

INPUT 

0 

3.0M g470 PF 

5.0 M LINEAR 
1.0M LINEAR 

• AUDIO 
TAPER 

= 

TO OTHER CHANNEL 

15 if 01 = MSS1000 
'1.0 k 

16!) 

TYPICAL PERFORMANCE CURVES FOR I·WATT/16·0HM AUDIO AMPLIFIER 
DISTORTION versus POWER OUTPUT f1IEQUENCY RESPONSE AND TONE CONTROL ACTION 

NOTEo 14 V REGULATED SUPPLY 
+S.Or--,.--.,----,.--.... ---,---... ---r---, 

TONE FLAT 
Or--I- USED AS PER I.H.F.M. TEST STD. 

0 

0 

0 

O. 

0 

~ 

16 OHM LOAD 
!=1.0ki' 

VOLUME CONTROL \10 

VOLUME CONTROL FULL 

0.05 0.1 0.2 0.5 

I.H.F.M. MUSIC POWER OUTPUT (WATTSI 

-ISi--t--+---i--i--t--

1.0 2.0 
-20S':-0-~---=-="---:-'-:---:-'-c-...,-L,.---::-,:-:---,L..,.--~ 

f, FREQUENCY (HzI 

2·WATT STEREOPHONIC AUDIO AMPLIFIER 
(ONE CHANNEL SHOWNI 

'1.0M 
r-----.~~~r_-.,..,,="C::9"--~+18V 

J ~lt '680k 

niNE BALANCE LEVEL 
-.m .......... 

200k q470 PF 
3.0M 

10M 5.0 M LINEAR 
AUDIO LINEAR 
TAPER 

TO OTHER CHANNEL 

'270 k '1.0 k 

':' Heat Sink 

All resistors are lh Watt, ± 10% ratings. except for parts 
preceded by an asterisk ( .. ) where ±5% types are recommended. 
01 = MSS1000 
tRequires Heat Sink. Use Staver Fl·7A (or equivalentl. 

ttRequires Heat Sink. Use Staver Fl-8. This Heat Sink allows 
16 g 01 and 04 to be thermally connected, thus enhancing high 

temperature operation. 

TYPICAL PERFORMANCE CURVES FOR 2·WATT/16·0HM AUDIO AMPLIFIER 
DISTORTION versus POWER OUTPUT FREQUENCY RESPONSE AND TONE CONTROL ACTION 

+5.0 r--,.--.,----,---.... --,--,----r----, 
NOTE, 18 V REGULATED SUPPLY 

8. Or-- -USED AS ~ER I.H.F.~. TEST STD. 
16 OHM LOAD 

0 != 1.0kHr 
0 

6. 

4. 
~ VOLUME CONTROL \10 --' 

0 

---VOLUME CONTROL .FULL 
2. -ISi--t--+----l~-!I_-t--

-20t-~~~~--~~~~~~--~~~~~ 2.0 3.0 50 
o 
0.01 0.02 0.05 0.1 0.2 0.5 1.0 

I.H.F.M. MUSIC POWER OUTPUT (WAITSI f, FREQUENCY (HzI 
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MPS6565 (SILICON) 

MPS6566 
NPN silicon annular transistors designed for gen

eral-purpose, low-level amplifier applications. 

CASE 29 (1) 
(TO-92) 

MAXIMUM RATINGS 

Rating 

Collector-Emitter Voltage 

Collector-B ... Voltage 

Emltter-B ... Voltage 

Collector Current-Continuous 

Total Device ll1aalpatlon@ TAo 25°C 

Derate above 25°C 

Operating and storage Junction 
Temperature Range 

THERMAL CHARACTERISTICS 

Characteristic 

Thermal Resistance, Junction to Ambient 

ELECTRICAL CHARACTERISTICS IT. = 25'C ""Io" "hoM'" ""' .. , 

Characteristic Symbol Min 

OFF CHARACTERISTICS 

Collector-Emitter Breakdown Voltage BVCEO 
(Ie 0 I mAdc, IB = 0) 45 

Collector-Base Breakdown Voltage BVCBO 
(Ie 0 100 ~Adc, IE 0 0) 60 

Emitter-Base Breakdown Voltage BVEBO 
(IE 0 100 ~Adc, Ie = 0) 4.0 

Collector CutoU Current leBO 
(V CB = 30 Vdc;IE = 0) -

ON CHARACTERISTICS 

DC Current Gain hFE 
(IC = 10 mAdc, VCE 0 10 Vdc) MPS6565 40 

MPS6566 100 

Collector-Emitter Saturation Voltage VCE(sat) (Ie = 10 mAdc ,.IB = I mAdc) -
SMALL·SIGNAL CHARACTERISTICS 

output Capacitance Cob 
(VCB = 10 Vdc, IE = 0, f = 100 kHz) -

Input Capacitance Clb 
(VBE = 0.5 Vdc, Ie = 0, f 0 100 kHz) -

Small Signal Current GaIn "te 
(IC = 10 mAdc, V CE = 10 Vdc, f 0 100 MHz) 2.0 

OUtput Admittance hoe (Ie = 10 mAde, VeE 0 10 Vdc, f = 1 kHz) -
Input Impedance lite 

(IC = 10 mAdc, VCE = 10 Vdc, f 0 I kHz) -
Voltage Feedback Ratio hre 

(IC = 10 mAdc, V CE = 10 Vdc, f 0 I kHz) -
Noise Figure NF 

(Ie • 100 ~Adc, V CE = 5 Vdc, as = 1000 ohms, fo 10 Hz to IS.7 kHz) -

Symbol Value 

VCEO 45 

VCB 60 

VEB 4.0 

Ie 200 

Pol 11 310 

2.81 

TJ , Totg 111 -55 to + 135 

Symbol Max 

'JAil' 0.357 

Typ Max 

- -

- -
- -

- 100 

- 160 

- 400 

0.1 0.4 

- 3.5 

3.7 -
- -
60 -

500 -

2.5 -

4.0 -
(1) Continuous package improvements have enhanced these guaranteed Maximum Ratings as follows: Po "" 1.0 W @ 

TC = 2SoC. Derate above 25°C - 8.0 mWflC, T J::: -65 to +150o C. 6JC "" 1250 C/W. 
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Unit 

Vdc 

Vdc 

Vdc 

mAdc 

mW 

mW/oC 

°c 

Unit 

°C/mW 

Unit 

Vdc 

Vdc 

Vdc 

nAdc 

-

Vdc 

pF 

pF 

-

~mho. 

ohm. 

X 10-4 

dB 



MPS6565, MPS6566 (continued) 

SMAL.L. SIGNAL. CHARACTERISTICS 
NOISE FIGURE 
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MPS6565, MPS6566 (continued) 
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MPS6567 (SILICON) 

CASE 29(2) 
10-92 

NPN silicon annular transistor designed for 4. 5 MHz 
sound IF applications in TV receivers. 

MAXIMUM RATINGS 

Rating Symbol Value Unit 

Collector-Emitter Voltage VCEO 40 Vdc 

Emitter-Base Voltage VEB 5.0 Vdc 

Total Device Dissipation @ T A = 250 C PD I1I 310 mW 
Derate above 250 C 2.81 mW/oC 

Operating and Storage Junction TJ , Tstg(11 -55 to +135 °c 
Temperature Range 

THERMAL CHARACTERISTICS 

Characteristic Symbol Max Unit 

Thermal Resistance, Junction to Ambient 'JA III 0.357 °C/mW 

ELECTRICAL CHARACTERISTICS (T. = 2S·C unl .. s otherwl .. noted) 

Characteristic Symbol Min Max Unit 

OFF CHARACTERISTICS 

Collector-Emitter Breakdown Voltage BVCEO Vdc 
(Ie = 1 mAdc, IE = 0) 40 -

Emitter-Base Breakdown Voltage BVEBO Vdc 
(IE = 10 /lAdc, Ie = 0) 5.0 -

Collector Cutoff Current ICBO /lAdc 
(VCB = 35 Vdc, IE = 0) - 0.5 

ON CHARACTERISTICS 

DC Current Gain hFE -
(Ie = 10 mAdc, VCE = 5 Vdc) 25 -

Collector-Emitter Saturation Voltage VCE(sat) Vdc 
(Ie = 10 mAdc, IB = 1 mAdc) - 0.5 

Base-Emitter On Voltage VBE(on) Vdc 
<Ie = 10 mAdc, V CE = 5 Vdc) - 0.8 

DYNAMIC CHARACTERISTICS 
Common-Emitter Reverse Transfer Capacitance Cre pF 

(VCB = 10 Vdc, IE = 0) - 0.7 

Output Resistance Roep kohms 
(Ie = 2 mAdc, VCE = 10 Vdc,f = 4.5 MHz) 100 -

(1) Continuous package Improvements have enhanced these guaranteed Maximum Ratings as follows: Po'" 1.0 W @ TC "" 25°C, 
Derate above 25°C - 8.0 mW/oC, T J '" -65 to +150o C. (JJC '" 1250 C!W. 

3-681 



MPS6567 (continued) 
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MPS6568 (SILICON) 

MPS6568A 

NPN SILICON ANNULAR TRANSISTORS 

· .. designed for VHF·RF amplifier applications in TV receivers. 

• Guaranteed Noise Figure -
NF = 3.3 dB (Max) at 200 MHz 

• Guaranteed AGC Characteristics 

• Complete v-Parameter Curves at 200 MHz 

• Guaranteed Power Gain -
Gpe = 20 dB (Min) at 200 MHz 

MAXIMUM RATINGS 

Rating Symbol Value Unit 
Collector-Emitter Voltage VCEO 20 Vdc 

Collector-Base Voltage VCB 20 Vdc 

Emitter-Base Voltage VEB 3">0 Vdc 

Total Device Dissipation@ T A = 25"C PO'" 310 mW 

Derate above 25°C 2.81 mW/'C 

Operating and Storage Junction 
T T '" Temperature Range 
J' stg 

-55 to +135 ·C 

THERMAL CHARACTERISTICS 
Characteristic Symbol Max Unit 

Thermal Resistance, Junction to Case eJC '" 
0.137 'C/mW 

Thermal ReSistance, Case to Ambient eCA 0.220 'C/mW 

(1) Continuous package improvements have enhanced these guaranteed Maximum Ratings as 
follows: Po = 1.0 W @ T C = 25°C, Derate above 25°C - 8.0 mwtOC, T J = -65 to + 150°C, 
8JC = 1250 C/W. 
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MPS6568, MPS6568A (continued) 

ELECTRICAL CHARACTERISTICS (TA = 2S'C unless otherwise noted) 

I Characteristic Symbol Min Max Unit 
OFF CHARACTERISTICS 

Collector-Emitter Bre~down Voltage BVCEO Vde 
(IC = l.0 mAde, IB =01 20 -

Collector-Base Breakdown Voltage BVCBO Vde 
(IC = 100 /lAde, IE = 0) 20 -

Emitter -Base Breakdown Voltage BVEBO Vde 
(IE = 100 /lAde, IC = 0) 3.0 -

Collector CUtoff Current ICBO nAde 
(V CB = 10 Vde, IE = 0) - 50 

ON CHARACTERISTICS 

DC Current Gain hFE -
(IC = 4. 0 mAde, V CE = 5.0 mAde) 20 200 

Collector-Emitter Saturation Voltage VCE(sat) Vde 
(IC = 10 mAde, IB = 5.0 mAde) 0.1 3.0 

Base-Emitter Saturation Voltage VBE(sat) Vde 
(IC = 10 mAde; IB = 5.0 mAde) - 0.96 

SMALL·SIGNAL CHARACTERISTICS 

Current-Gain-Bandwidth Product IT MHz 
(IC = 4.0 mAde, V CE = 10 Vde, 1= 100 MHz) 375 800 

Collector-Base Capacitance Ceb pF 
(V CB = 10 Vdc, IE = 0, f = 1. 0 MHz, emitter guarded, with shield) MPS6568 0.25 0.5 

(without shield) MPS6568A - 0.65 

Noise Figure NF dB 
(V AGC = 1. 4 Vde, RS = 50 ohms, I = 200 MHz, Figure 9) - 3.3 

FUNCTIONAL TEST 

Power Gain Gpe dB 
(V AGC = 1. 4 Vde, RS = 50 ohms, I = 200 MHz, Figure 9) 20 27 

Forward AGC Voltage VAGC Vde 
(Gain Reduction = 30 dB, RS = 50 ohms, 1= 200 MHz, Figure 9) 4.0 5.0 

AGC CHARACTERISTICS 
Vee = 12 Vdc. RS = 50 Ohms, f = 200 MHz. See Figure 9 

FIGURE 1 - POWER GAIN FIGURE 2 - NOISE FIGURE 
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MPS6568, MPS6568A (continued) 

COMMON-EMITTER Y PARAMETERS 
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FIGURE 4 - REVERSE TRANSFER ADMITTANCE 
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MPS6568, MPS6568A (continued) 
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MPS6569 (SILICON) 

MPS6570 

NPN SILICON ANNULAR TRANSISTORS 

· .. designed for VHF-RF and video IF stages in TV receivers. 

• Guaranteed Noise Figure 
NF = 6.0 dB maximum @ 45 MHZ 

• Guaranteed AGC Characteristics 

• External Shielding for Optimum RF Circuit Performance 

• Complete y-Parameter Curves at Both 45 MHz and 200 MHz 

• Guaranteed Power Gain 
Gpo = 22.5 dB minimum (Urineutralized) @ 45 MHz 

MAXIMUM RATINGS 

Characteristic Symbol Rating Unit 
Collector-Emitter Voltage VCEO 20 Vdc 

Collector-Base Voltage VCB 20 Vdc 

Emitter-Base Voltage VEB 3 Vdc 

Total Device Dissipation T A = 25'C p D I1I 310 mW 

Derate above 25'C 2.81 mW/'C 

Operating & storage Junction 11) "-Temperature Range TJ , Tstg -55 to +135 'C 

THERMAL CHARACTERISTICS 

Characteristic Symbol Max Unit 

Thermal ReSistance, Junction to Case SJC 
(1) 0.137 'C/mW 

Thermal Resislance, Case to Ambient SCA 0.220 'C/mW 

(1) Continuous package improvements have enhanced these guaranteed Maximum Ratings as 
follows: Po "" 1.0 W @ T C =: 25°C, Derate above 2SoC - 8.0 mWf'C, T J "" -65 to +150oC, 
8 JC = 12SoC!W. 
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MPS6569, MPS6570 (continued) 

ELECTRICAL CHARACTERISTICS (TA = 2S"C unless otherwise noted) 

Characteristi~ Symbol 
Collector-Emitter Breakdown Voltage BVCEO 

(Ic = 1 mAde, IB = 0) 

Collector-Base Breakdown Voltage BVCBO 
(IC = 100 pAde, IE = 0) 

Emitter-Base Breakdown Voltage BVEBO 
(IE = 100 pAdc, IC = 0) 

Collector Cutoff Current ICBO 
(V CB = 10 Vdc, IE = 0) 

ON CHARACTERISTICS 
DC Current Gain hFE 

(IC = 4 mAde, V CE = 5 Vdc) 

Collector-Emitter Baturation Voltage 
VCE(sat) 

(Ic = 10 mAde, IB = 5 mAde) 

Base-Emitter Baturatlon Voltage 
VBE(sat) (Ic = 10 mAde, IB = 5 mAde) 

SMALL·SIGNAL CHARACTERISTICS 
Current-Gain-Bandwldth Product fT 

(Ic = 4 mAde, V CE = 10 Vdc, f = 100 MHzJ 

I " 

Collector"Base Capacitance Ccb 
(V CB = 10 Vdc, IE = 0, f = 1 MHz. emitter guarded, with shield) 

Noise Figure NF 

(V AGC = 2.75 Vdc, RS = 50 ohms, f = 45 MHz, Figure 10) 

FUNCTIONAL TEST 
Power Gain Gpe 

(V AGC = 2.75 Vdc, Rs = 50 ohms, f = 45 MHz, Figure 10) 

Forward AGC Voltage VAGC 

(Gain Reduction = 30 dB, RS = 50 ohms, f = 45 MHz, Figure 10) MPS6569 
MPS6570 

AGC CHARACTERISTICS 
Vee ~ 12 Vd., Rs ~ 50 OHMS, SEE FIGURES 9 AND 10 

f ~ 45 MHz 
FIGURE 1 - POWER GAIN 
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MPS6569, MPS6570 (continued) 
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MPS6569, MPS6570 (continued) 

FIGURE 7 - DC CURRENT GAIN FIGURE 8 - COLLECTOR·BASE CAPACITANCE 
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MPS6571 (SILICON) 

NPN silicon annular amplifier transistor designed for 
audio pre-amplifier applications in audio amplifiers_ 

CASE 29(1) 
TO-92 

MAXIMUM RATINGS 

Rating 

Collector-Emitter Voltage 

Collector-Base Voltage 

Emltter- Base VoLtage 

Collector Current - Continuous 

Total Device Dissipation @, T A = 25°C 

Derate above 25°C 

Operating and Storage Junction Temperature 

Range 

THERMAL CHARACTERISTICS 

Characteristic 

Thermal Resistance, Junction to Ambient 

Symbol Value 
VCEO 20 

VCB 20 

VEB 3.0 

IC 50 

Pn 1tl 310 

2.81 

T J • Tstgltl -55 to +135 

11) Continuous package improvements have enhanced these guaranteed Maximum Ratings as 
follows: Po"'" 1.0 W@TC = 2SoC, Derate above 2SoC - B.O mW/oC, T J "" -65 to +150o C, 
(JJC"'" 12SOCIW. 

ELECTRICAL CHARACTERISTICS (TA = 25°C unless otherwise noted) 

Characteristic I Symbol Min Typ Max 

OFF CHARACTERISTICS 

Collector-Emitter Breakdown Voltage BVCEO 
(IC = 1. 0 mAdc, IB = 0) 20 - -

Collector-Base Breakdown Voltage BVCBO 25 - -
(IC = 100 /lAdc, IE = 0) 

Collector Cutoff Current ICBO 
(VCB = 20 Vdc, IE = 0) - - 50 

Emitter Cutoff Current lEBO 
(V EB(off) = 3.0 Vdc, IC = 0) - - 50 

ON CHARACTERISTICS 

DC Current Gain hFE 
(IC = 100 /lAdc, V CE = 5.0 Vdc) 250 - 1000 

Collector-Emitter Saturation Voltage VCE(sat) 
(IC = 10 mAdc, IB = 1. 0 mAdc) - - 0.5 

Base-Emitter On, Voltage VBE(on) 
(IC = 10 mAde, V CE = 5.0 Vdc) - - 0.8 

DYNAMIC CHARACTERISTICS 

Current-Gain - Bandwidth Product fT 
(IC = 500 /lAdc, VCE = 5.0 Vdc, f = 20 MHz) 50 175 -

Output Capacitance Cob 
(V CB = 5.0 Vdc, IE = 0, f = 100 kHz) - - 4.5 

Noise Figure NF 
(IC = 100 /lAdc, V CE = 5.0 Vdc, - 1.2 -
Rs = lO kohms, f = 100 Hz) 
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MPS6571 (continued) 
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MPS·A05 (SILICON) 

MPS·A06 

NPN SILICON ANNULAR AUDIO TRANSISTORS 

'" designed for use as medium·power drivers and low·power outputs. 

• High Coliector·Emitter Breakdown Voltage -
BVCEO = 60 Vdc (Min) @IC = 1.0 mAdc - MPS·A05 

= 80 Vdc (Min) @IC = 1.0 mAdc - MPS·A06 

• Excellent Current·Gain linearity - 1.0 mAdc to 200 mAdc 

• Low Collector-Emitter Saturation Voltage -
VCE(sat) = 0.25 Vdc (Max) @IC = 100 mAdc 

• Complements to MPS-A55 and MPS-A56 

MAXIMUM RATINGS 

Rating Symbol MPS-A06 MPS-A06 

Collector-Emitter Voltage VCEO 60 80 

Collector-ease Voltage Vce 60 80 

Emitter-Base Voltage VEe 4.0 

Collector Current - Continuous IC 500 

Total Device Dissipation @ T A = 25°C Po 111 500 
Derate above 25°C 4.54 

Total Device Dissipation @ T C = 25°C Po 111 800 
Derate above 25°C 7.27 

Operating and Storage Junction 
TJ. Tstg -55 to +136 Temperature Range 

THERMAL CHARACTERISTICS 

Characteristic Symbol Max 

Thermal Resistance, Junction to Case 9JC 111 Q,137 

Thermal Resistance, Junction to Ambient 8JA~1; 0.220 

··SJA II measured with the device soldered Into a typical printed circuit board. 

Unit 

Vdc 

Vdc 

Vdc 

mAdc 

mW 
mW/oC 

mW 
mW/oC 

°c 

Unit 

°C/mW 

°C/mW 

(1) Continuous package improvements have enhanced these guaranteed Maximum Ratings as 
follows: Po = 625 mW @ T A = 2SoC. Derate above 2SoC - 5.0 mWr'C. Po = 1.5 W @ 

TC "" 25°C. Derate above 25°C - 12 mW/oC, 6 JC :: 83.30 C/W. 6JA "" 200o C/W. 
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MPS-A05, MPS-A06 (continued) 

ELECTRICAL CHARACTERISTICS (T A = 25°C unless othewise noted) 

Characteristic 

OFF CHARACTERISTICS 

Collector-Emitter Breakdown Voltage 
(lC = 1.0 mAde, IB = 0) MPS-A05 

MPS·A06 

Emitter-Base Breakdown Voltage 
(IE = 100 "Ade, IC = 0) 

Collector Cutoff Current 
(VCB = 60 Vdc, IE = 0) MPS-A05 

(VCB = 80 Vdc, IE = 0) MPS-A06 

ON CHARACTERISTICS 

DC Current Gain 
(lC = 10mAdc, VCE = 1.0 Vde) 
(lc = 100 mAde, VCE = 1.0 Vdc) 
(lC = 350 mAde, VCE = 1.0 Vdc) 

Collector-Emitter Saturation Voltage 
(lC = 100 mAde, IB = 10 mAdc) 

Base-Emitter Saturation Voltage 
(lC = 100 mAde, IB = 10 mAdC:) 

Base-Emitter On Voltage 
(lC = 100 mAde, VCE = 1.0 Vdc) 

SMALL-8IGNAL CHARACTERISTICS 

Current-Gain - Bandwidth Product 
(lC = 100 mAdc, VCE = 1.0 Vdc, f = 100 MHz) 

Output Capacitance 
(VCB = 10 Vde, IE = 0, f = 100 kHz) 

I nput Capacitance 
(VBE = 0.5 Vdc, IC = 0, f = 100kHz) 

FIGURE 2- "SATURATION" AND "ON" VOLTAGES 
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Symbol Min Typ Max Unit 

BVCEO Vdc 
60 - -
BO - -

BVEBO Vdc 
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ICBO nAdc 
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- - 100 

-
hFE 50 125 -
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- O.OB 0.25 

VBE(satl Vdc 
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- 15 -

FIGURE 3 - DC CURRENT GAIN 
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MPS·A09 (SILICON) 

NPN silicon annular amplifier transistors designed for 
pre-amplifier applications in audio amplifiers. 

CASE 29(1) 
(TO-92) 

MAXIMUM RATINGS 

Rating 

Collector-Emitter Voltage 

Collector-Base Voltage 

Collector Current - Continuous 
Peak 

Total Device Dissipation @ T A = 25·C 
Derate above 25·C 

Operating and Storage Junction 
Temperature Range 

THERMAL CHARACTERISTICS 

Characteristic 
Thermal Resistance, Junction to Ambient 

Symbol Value 

VCEO 50 

VCB 50 

IC 50 
100 

PD (11 310 
2.81 

T J' Tstg 
(1) -55 to +135 

Symbol Max 
0.357 

ELECTRICAL CHARACTERISTICS (T, = 25"C unless otherwise noted) 

Characteristic 

OFF CHARACTERISTICS 
Collector-Emitter Breakdown Voltage BVCEO 

(IC = 1.0 mAdc, IB = 0) 50 

Collector-Base Breakdown Voltage BVCBO 
(IC = O. 1 mAdc, ~ = 0) 50 

Collector Cutoff Current ICBO 
(VCB = 25 Vdc, IE = 0) -

Emitter Cutoff Current lEBO 
(VBE = 3.0 Vdc, IC = 0) -

ON CHARACTERISTICS 
DC Current Galn hFE 

(IC = 0.1 mAdc, V CE = 5.0 Vdc) 100 

Collector-Emitter Saturation Voltage VCE(sat) 
(IC = 10 mAdc, IB = 1. 0 mAde) -

Base-Emitter On Voltage VBE(on) 
(Ic = 1.0 mAde, V CE = 5.0 Vdc) -

DYNAMIC CHARACTERISTICS 
Current-Gain-Bandwidth Product fT 

(IC = 0.5 mAde, V CE = 5.0 Vdc, f = 20 MHz) 30 

Output Capacitance Cob 
(V CB = 5.0 Vdc, ~ = 0, f = 100 kHz) -

Noise Figure NF 
(IC = 0.1 mAde, V CE = 5.0 Vde, -
RS = 6.8 k ohms, f = 1.0 kHz) 

(1) Continuous package improvements have enhanced these guaranteed Maximum Ratings 8S 
follows: Po == 1.0 W@Te."" 25°C. Derate above 2SoC - 8.0 mWf'C, T J == -65 to +150oC. 
6JC = 12SoC/W. 
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Unit 
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MPS·A09 (continued) 

FIGURE 1 - DC CURRENT GAIN 
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MPS-A 12 (SILICON) 

NPN silicon darlington amplifier transistors designed 
for pre-amplifier input applications requiring input im
pedance of several megohms. 

CASE 29(1) 
(TO·92) 

MAXIMUM RATINGS 
Rating 

Collector-Emitter Voltage 

Emitter-Base Voltage 

Total Device Dissipation @ T A = 25°C 

Derate above 25°C 

Operating and Storage Junction 
Temperature Range 

THERMAL CHARACTERISTICS 

Characteristic 
Thermal Resistance, Junction to Ambient 

Symbol Value 
VCES 20 

VEB 10 

Po 111 500 

4.5)4 

TJ , T 111 
stg -55 to +135 

Symbol Max 
eJA 111 0.357 

ELECTRICAL CHARACTERISTICS (T A = 25·C unless otherwise noted) 

Unit 
Vdc 

Vdc 

mW 

mW/"C 

°c 

Unit 
°C/mW 

I Characteristic I Symbol I Min I Typ I Max Unit 
OFF CHARACTERISTICS 

Collector-Emitter Breakdown Voltage BVCES Vdc 
(IC =100 !lAdc, IB = 0) 20 - -

Collector Cutoff Current ICES nAdc 
(VCE = 15 Vdc, VBE = 0) - - 100 

Collector Cutoff Current ICBO nAdc 
(VCB = 15 Vdc, IE = 0) - - 100 

Emitter Cutoff Current lEBO nAdc 
(VEB = 10 Vdc, IC = 0) - - 100 

ON CHARACTERISTICS 
DC Current Gain hFE -

(IC = 10 mAdc, V CE = 5.0 Vdc) 20,000 - -
Collector-Emitter Saturation Voltage V CE(sat) Vdc 

(IC = 10 mAdc, IB = 0.01 mAdc) - - 1.0 

Base-Emitter On Voltage V BE (on) Vdc 
(IC = 10 mAdc, V CE = 5. 0 Vdc) - - 1.4 

SMAll·SIGNAl CHARACTERISTICS 
Output Capacitance Cob pF 

(V CB = 10 Vdc, IE = 0, r = 100 kHz) - B.O -
Small-Signal Current Gain hfe -

(IC = 10 mAdc., V CE = 5.0 Vdc, f = 1. 0 kHz} - 35 -
(1) Continuous package improV$ments have enhanced these guaranteed Maximum Ratings as follows: Po = 625 mW @ T A .. 25°C. 

Derate above 2SoC - 5.0 mW/oC, Po = 1.5 W @TC '" 25°C. Derate above 2SoC - 12 mW~C. e JC = 83.aoC/W, (J JA ." 200oC/W. 
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MPS-A 12 (continued) 
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MPS-A 13 (SILICON) 

MPS-A14 

NPN SILICON DARLINGTON 
AMPLIFIER TRANSISTORS 

· .. designed for pre·amplifier input applications requiring high 
input impedance. 

• High DC Current Gain -
hFE = 5,000 (Min) @ IC = 10 mAdc (MPS-A 13) 

10,000 (Min) @ IC = 10 mAde (MPS-A 14) 

• Collector-Emitter Breakdown Voltage -
BVCES = 30 Vde (Min) @ IC = 10 mAde 

• Low Noise Figure -
NF = 2.0 dB (Typ) @ IC = 1.0 mAde 

• Monolithic Construction for High Reliability 

MAXIMUM RATINGS 

Rating Svmbol Value 

Collector-Emitter Voltage VCEO' 30 

Collector-Emitter Voltage VeES 30 

Collector-Base Voltage VeB 30 

Emitter-Base Voltage VEB 10 

Collector Current - Continuous Ie 300 

Total Device Dissipation @TA = 25°C POll) 500 
Derate above 25°C 4.54 

Unit 

Vdc 

Vdc 

Vdc 

Vdc 

mAde 

mW 
mw/oe 

Operating and Storage Junction TJ,Tstglll -55 to +135 °e 
Temperature Range 

THERMAL CHARACTERISTICS 

Characteristic 

Thermal Resistance. Junction to Ambient 

-Due to the monolithic construction of this device, breakdown voltages of 
both transistors are identical. BVCES is tested in lieu of BVCEO in order to 
avoid errors caused bV noise pickup. The voltage measured during the BVCES 
test is the BVCEO of the output transistor. 

(1) Continuous package improvements have enhanced these guaranteed Maximum Ratings as 
follows: Po "" 625 mW @ T A "" 25°C, Derate above 2SoC - 5.0 mWfJC, Po "" 1.5 W @ 

TC "" 25°C. Derate above 2SoC - 12 mW/oC, 8 JC "" 83.30 C/W, 0JA "" 200oC/W. 
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MPS-A 13,MPS-A 14 (continued) 

ELECTRICAL CHARACTERISTICS (T A: 25°C unless otherwise noted) 

Characteristic Symbol Min Typ Max Unit 

OFF CHARACTERISTICS 

Collector-Emitter Breakdown Voltage BVCES 30 - - Vde 
(lC = 100 "Ade, IB = 0) 

Collector Cutoff Current ICBO - - 100 nAde 
(VCB = 30 Vde, IE = 0) 

Emitter Cutoff Current IEBu - - 100 nAde 
(VBE = 10 Vde, IC = 0) 

ON CHARACTERISTICS 

DC Current Gain hFE -
(lC = 10 mAde, VCE = 5.0 Vde) MPS-A13 5000 - -

MPS-A14 10,000 -- -
(lC = 100 mAde, VCE = 5.0 Vde) MPS-A13 10,000 - -

MPS-A14 20,000 - -
Collector-Emitter Saturation Voltage VCE(sat) - 0.8 1.5 Vde 
(lc = 100 mAde,lB = 0.1 mAde) 

Base-Emitter On Voltage VBE(on) - 1.25 2.0 Vdc 
(lC = 100 mAde, VCE = 5.0 Vde) 

SMALL-SIGNAL CHARACTERISTICS 

Current-Gain-Bandwidth Product fT 125 200 - MHz 
(lC = 10 mAde, VCE = 5.0 Vde, f = 100 MHz) 

Output Capacitance Cob - 5.0 - pF 
(VCB = 10 Vde, IE = 0, f = 100 kHz) 

Noise Figure NF - 2.0 - dB 
(lC = 1.0 mAde, VCE = 5.0 Vdc, RS = 100 k ohms, f= 1.0 kHz) 
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MPS-A 13,MPS-A 14 (continued) 

FIGURE 1 - NORMALIZEO DC CURRENT GAIN 
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MPS-A 16 (SILICON) 

MPS-A17 

NPN SILICON ANNULAR TRANSISTORS 

... designed for use in moderate speed switch ing and cl ipping applica· 
tions that require large input voltage capability. 

• High·Emitter.Base Breakdown Voltage -
BVEBO = 12 Vdc (Min) @ IE = 0.1 mAdc - MPS·A 16 

= 15 Vdc (Min) @ IE = 0.1 mAdc - MPS·A 17 

MAXIMUM RATINGS 

Rating Symbol MPS·A 16 I MPS·A 17 

Collector-Emitt'er Voltage VCEO 40 

Emitter-Base Voltage VES 12 I 15 

Collector Current - Continuous IC 100 

Total Device 0 issipation @TA = 2SoC, Po 350 
Derate above 2SoC 2.73 

Operating and Storage Junction TJ,Tstg -55 to +150 
Temperature Range 

THERMAL CHARACTERISTICS 

Characteristic 

Thermal Resistance, Junction to Ambient 

ELECTRICAL CHARACTERISTICS ITA = 25°C unless otherwise noted) 

I Characteristic I Symbol I Min I Max 

OFF CHARACTERISTICS 

Collector-Emitter Breakdown Voltage SVCEO 40 -
(lc = 1.0 mAde, IS = 0) 

Emitter-Base Breakdown Voltage BVESO 
(IE = 0.1 mAde, IC = 0) MPS·A16 12 -

MPS·A17 15 -

Collector Cutoff Current ICSO - 100 
IVcs = 30 Vde .. IE = 0) 

Emitter Cutoff Current IESO - 100 
IVSE = 10 Vde, IC = 0) 

ON CHARACTERISTICS 

DC Current Gain hFE 200 600 
(lC = 5.0 mAde, VCE = 10Vde) 

Collector-Emitter Saturation Voltage VCElsat) - 0.25 
(lc = .10 mAde, IS = 1.0 mAde) 

DYNAMIC CHARACTERISTICS 

Current-Gain-Ban'dwidth Product IT 
IIC= 5.0 mAde, VCE = 10 Vde, MPS'A16 100 -
f = 100 MHz) MPS-A17 80 -

Output Capacitance Cob - 4.0 
IVcs = 10 Vde, IE = 0, 1= 100 kHz) 
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Unit 

Vde 

Vde 

mAde 

mW 
mWfDC 

°c 

Unit 

Vde 

Vde 

nAdc 

nAdc 

-

Vde 

MHz 

pF 

NPN SILICON 
TRANSISTORS 

L--_________ . ______ ----' 

seatong;lane_n1~~ 

leads to fit Into 
0.016 0.500 
0.019 MiN 

OIA HOLE ITYP)- ~ 

0.050 

OTO~O'-~ 
STYLE L U. 

PIN L EMITTER 
2. 'BASE 
3. COLLECTOR 

·lrf~" 
=R. ~ 

All JEDEC dimensions and nQtes apply 
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MPS-A 16, MPS-A 17 (continued) 

FIGURE 1-DC CURRENT GAIN 
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MPS-A 18 (SILICON) 

Advance Infor:rnation 

NPN SILICON ANNULAR AMPLIFIER TRANSISTOR 

· . . designed for low level. low noise amplifier appl ications with 
excellent gain linearity from 10 JlA to 10 mAo 

• Noise Figure -
NF @ 10 Hz - 5.0 dB (Typ) 

@Wide Band. 10 Hz to 15.7 kHz - 0.5 dB (Typ) 

• DC Current Gain -
hFE @ 10 JlAdc - 525 (Typ) 

@ 1.0 mAdc - 1500 (Typ) 

MAXIMUM RATINGS 

Rating 

Collector-Emitter Voltage 

Collector-Base Voltage 

Emitter-Base Voltage 

Collector Current 

Total Device Dissipation @TA = 25°C 

Derate above 25°C 

Operating and storage Junction 
Temperature Range 

THERMAL CHARACTERISTICS 

Characteristic 

Thermal Resistance, Junction to 
Ambient 

Symbol Value 

VCEO 45 

VCB 45 

VEB 6.5 

IC 50 

PDI" 310 

2.81 

T T III 
J' stg 

-55 to +135 

Unit 

Vdc 

Vdc 

Vdc 

mAdc 

mW 

mWrC 

·C 

(1) Continuous package improvements have enhanced these guaranteed Maximum Ratlngl.' 
follow.: PO" 1.0 W@TC= 25°C. Derate above 2SoC - 8.0 mWf'C, T J - -65 to +1S00C. 
8 JC = 1250 CIW. 

NPN SILICON 
AMPLIFIER 

TRANSISTOR 

Sea,,"yPlane Ul~5 L.J 0185 

1 Leads to fit mto 
0.016 
[QT9 

OIA HOLE (TYPI-

0.500 
lililJ 

~ 
STYLE 1: 

°TO~O _I U
--J LO.050 

T.P. 
PIN 1. EMITTER 

2. BASE 
3. COLLECTORi 

1M~' - 1"'-

mR. ~:~~~ 
To convert inches to millimeters multiply by 25.4 

All JEDEC dimensions and notes apply 

CASE 29-01 
TO·92 

PLASTIC 

This is advance information on 8 new Introduction and specifications are subject to change without notice. 
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MP5-A 18 (continued) 

ELECTRICAL CHARACTERISTICS (T A = 25° C unless otherwise noted) 

Characteristic Symbol Min ·1 Typ Max Unit 

OFF CHARACTERISTICS 

Collector-Emitter Breakdown Voltage BVCEO 45 - - Vdc 
(IC = 1. 0 mAdc, IB = 0) 

Collector-Base Breakdown Voltage BVEBO 6.5 - - Vdc 
(IE = 10 /lAdc, IC = 0) 

Collector Cutoff Current ICBO - 1.0 50 nAdc 
(V CB = 30 Vdc, IE = 0) 

ON CHARACTERISTICS 

DC Current Gain ~E -
(IC = 10 /lAdc, V CE = 5.0 Vdc) 400 525 -
(IC = 100 /lAdc, V CE = 5.0 Vdc) 500 725 -

(IC = 1. 0 mAdc, V CE = 5.0 Vdc) 800 1500 -
(IC = 10 mAdc, V CE = 5.0 Vdc) 500 - 1500 

Collector-Emitter Saturation Voltage 
VCE(sat) Vdc 

(IC = 10 mAdc, IB = O. 5 mAdc) - 0.1 0.2 

(IC 50 mAdc, IB = 5.0 mAdc) - O. 15 0.3 

Base Emitter On Voltage 
VBE(on) 0.7 Vdc 

(IC = 1. 0 mAdc, V CE = 5.0 Vdc) - -

DYNAMIC CHARACTERISTICS 

Current-Gain-Bandwidth Product fT 100 140 - MHz 
(IC = 1. 0 mAdc, V CE = 5.0 Vdc, f = 100 MHz) 

Collector - Base Capacitance Ccb - 1.3 3.0 pF 
(V CB = 5.0 Vdc, IE = 0, f = 1.0 MHz) 

Emitter-Base Capacitance Ceb - 5.0 6.5 pF 
(V BE = O. 5 Vdc, IC = 0, f = 1. 0 MHz) 

Noise Figure NF dB 
(IC = 100 /lAdc, V CE = 5.0 Vdc, RS = 10 kO, - 0.5 1.5 

f = 10 Hz to 15. 7 kHz) 

(IC = 100 /lAdc, V CE = 5.0 Vdc, RS = 1. 0 kO, - 5.0 -
f = 10 Hz) 
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MPS-A20 (SILICON) 

MPS-K20, MPS-K21, 
MPS-K22 

NPN SI LICON ANNULAR TRANSISTORS 

•.. designed for use in audio, radio, and television applicat:ons. 

• MPS-K20, MPS-K21, MPS-K22 are 3, 5 and 9 
Transistor Kits Available in Varied hFE Ranges
See Table 1 

• High Breakdown Voltage -
BVCEO = 40 Vdc (Min) @ IC = 1.0 mAdc 

• Low Collector-Emitter Saturation Voltage -
VCE(sat) = 0.25 Vdc (Max) @ IC = 10 mAdc 

• Low Output Capacitance -
Cob = 4.0 pF (Max) @ VCB = 10 Vdc 

• One-Piece, Injection-Molded Unibloc Package 

MAXIMUM RATINGS 

Rating Svmbol Value 

Collector-Emitter Voltage VCEO 40 

Emitter-Base Voltage VEB 4.0 

Collector Current - Continuous IC 100 

Total Device Dissipation@ T A = 25°C PD 1'1 300 

Unit 

Vdc 

Vdc 

mAdc 

mW 

Derate above 25°C 
2.73 Fo 

Operating and Storage Junction TJ , T 111 
Temperature Range stg -55to+135 _ ·C 

THERMAL CHARACTERISTICS 

Characteristic Symbol Max Unit 
Thermal ReSistance, Junction to Ambient 

" 
8 JAI1i 0.367 °C/mW 

(1) Continuou$ package improvements have enhanced these guaranteed Maximum Ratings as 
follows: PD == 1.0 W @lTC "" 2SoC. Derate above 2SoC - 8.0 mW/oC, T J =< -65 to +150o C, 

6JC = 1250 C/W. 
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NPN SILICON 
AMPLIFIER 

TRANSISTORS 

0.175 

Leads to fit into 
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MPS-A20, MPS-K20, MPS-K21, MPS-K22 (continued) 

ELECTRICAL CHARACTERISTICS (TA = 25°C unless otherwise noted) 

Characteristic Symbol Min Max Unit 

OFF CHARACTERISTICS 
Collector-Emitter Breakdown Voltage BVCEO Vdc 

(IC = 1. 0 mAdc, IB = 0) 40 -
Emitter-Base Breakdown Voltage BVEBO Vdc 
(~ = 100 /.IAdc, IC = 0) 4.0 -

Collector Cutoff Current ICBO nAdc 
(V CB = 30 Vdc, ~ = 0) - 100 

ON CHARACTERISTICS 
DC Current Gain hFE -

(IC = 5.0 mAdc, V CE = 10 Vdc) 40 400 

Collector-Emitter Saturation Voltage V CE(sat) - 0.25 Vdc 
(IC = 10 mAdc, IB = 1. 0 mAdc) 

DYNAMIC CHARACTERISTICS 
Current-Gain-Bandwidth Product fT MHz 

(IC = 5.0 mAdc, V CE = 10 Vdc, f = 100 MHz) 125 -
Output Capacitance Cob pF 

(V CB = 10 Vdc, IE = 0, f = 100 kHz) - 4.0 

FIGURE 1 - SIMPLIFIED AC EQUIVALENT CIRCUIT (Common Emitterl 

BASE rb Ceb COLLECTOR 

C. Co 

Note: 
FIGURE 2 - SMALL SIGNAL CURRENT GAIN 

Data for Mps·A20 is presented in terms of the equivalent 
circuit shown in Figure 1. Values for its components may be 
found or calculated as follows: 

rb' - See Figure 8 

re = 26 mVllE 

1 
c;, = 2 .. f t re 

Ccb = Cob - 0.2 pF (See Figure 6) 

gm = 1/re 
9c = (hfe +1) hob (See Figures 2 & 7) 

Co = 0.2 pF 

Low frequency h parameters may be found from: 

hie = rb' + (hfe +11 re 

hfe = See Figure 2 

hre = Negligible 

hoe = (hfe + 1) hob 
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MPS-A20, MPS-K20, MPS-K21, MPS-K22 (continued) 
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MPS-A20, MP8-K20, MPS-K21, MPS-K22 (continued) 

Table 1 
MPS-K20 - Three Transistor Kit 

Quantity Por Kit 

1 
1 
1 

MPS-K21 - Five Transistor Kit 

Quantity Par Kit 

3 
1 
1 

MPS-K22 - Nine Transistor Kit 

Quantity Per Kit 

4 
2 
2 
1 

MPS-K20, MPS-K21 and MPS-K22 are three, five 
and nine transistor kits consisting of MPS-A20's 
with various hFE selections_ 

hFE 0 Ie = 5_0 mAde, VCE = 10 Vde 

Color Coda Min Max 

Red 40 400 
White 80 ~oo 

Blue 120 300 

hFE @IC= 5.0 mAde, VCE - 10 Vde 

Color Code Min Max 

Red 40 400 
Green 100 200 
Yellow 150 300 

hFE (!IIC = 5.0 mAde, VCE = 10 Vdc 
Color Code Min Max 

Red 40 400 
White BO 400 
Green 100 200 
Yellow 150 300 
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MPS-A 42 (SILICON) 

MPS-A43 

NPN SILICON ANNULAR TRANSISTORS 

, designed for general-purpose applications requiring high break
down voltages, low saturation voltages and low capacitance, 

• High Collector-Emitter Breakdown Voltage@ IC ~ 1,0 mAdc
BVCEO ~ 300 Vdc (Min) - MPS-A42 

200 Vdc (Min) - MPS-A43 

• Low Collector-Emitter Saturation Voltage -
VCE(sat} ~ 0,2 Vdc (Typ) @ IC; 20 mAdc 

• Complements to PNP Types MPS-A92 and MPS-A93 

MAXIMUM RATINGS 

Rating Symbol Mps·A42 

Collector-Emitter Voltage VCEO 300 

Collector-Base Voltage Vc. 300 

Emitter-Base Voltage VE. 8.0 

Collector Current Continuous IC 

Total Device Dissipation@TA '" 25 C PD 
Derate above 2SoC 

Total Device Dissipation@Tc-2SoC PD 
Derate above 2SoC 

MPS.A43 

200 

200 

6.0 

500 

625 
5,0 

',5 
'2 

Operating and Storage Junction TJ,Tstg -55 to +150 
Temperature Range 

THERMAL CHARACTERISTICS 

Charaetftl'istic 

Thet'"rnal Resistance, Junction to Case 

Thermal Resistance, Junction to Ambient 

ELECTRICAL CHARACTERISTICS (T A = 25°C unless otherwise noted) 

Char.cteristic I Symbol I Min M .. 

OFF CHARACTERISTICS 

Collector-Emitter Breakdown Voltage(1) BVCEO 
(lC = 1.0 mAde. IB" 01 MPS-A42 300 

MPS-A43 200 

Collector-Base Breakdown Voltage BVCBO 
(lC = 100 "Adc. Ie = 01 MPS-A42 300 

MPS-A43 200 

Emitter-Base Breakdown Voltage BVEBO 
(Ie = 100 ,:Adc, IC" 01 MPS-A42 8,0 

MPS-A43 6,0 

Collector Cutoff Cu rrent ICBO 
(VCB = 200Vdc.le "'01 MPS-A42 0,' 
(Vca "160Vdc. IE =01 MPS-A43 0,' 

Emitter Cutoff Current IEaO 
(VeE" 6.0 Vdc. IC = 0) MPS-A42 0,' 
NeE = 4.0 Vck:.IC "" 0) MPS-A43 0,' 

ON CHARACTERISTICS 

DC Current Gain hFE 
ttc"1.0mAdc. VeE = 10Vdc) Both Types 25 
tic = 10 mAde, VCE -10Vdel Both Types 40 
(lc"JOmAde, VCE = 10Vdc) MPS-A42 40 

MPS-A43 50 200 

Collector-Emitter Saturation Voltage VCElsatl 
(IC=20mAcle.IB =2.0mAdel MPS-A42 0,6 

MPS-A4~ 0,4 

Base-Emitter Saturation Voltage VeE (sat) 0,. 
(lc=20mAde,le=2.0mAdcl 

DYNAMIC CHARACTERISTICS 

Current-Gain Bandwidth Product IT 6O 
(lC = 10 mAde, Vee" 20 Vde, f"l00MHz) 

Collector-Sasa Capacitance Ceb 
tVeB =20Vdc.le =0, f-l.0MHz) MPS-A42 3,0 

MPS-A43 4,0 

(llPulse Tnt: Pulse Wldth:$300 "s. Dutv Cvc::le:;:'2.0%. 
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Unit 

Vd, 

Vd, 

Vd, 

mAde 

mW 
mWfOc 
Watts 

mWflC 

°c 

Unit 

Vd, 

Vdc 

Vdc 

"Ad, 

"Ad, 

Vd, 

Vd, 

MH, 

pF 

NPN SILICON 
HIGH VOLTAGE 
TRANSISTORS 

'"'''' PI,,, _n-;;r,5 L- 0185 
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[OT9 MiN 
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STYLE 1: 
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3, 

COLLECTOR 1~MI ;;~ R, 

123~ -7fJl-
mR 
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if.ii55 

To convert inches to millimeters multiply by 25.4 

All JEDEC dimensions and notes apply 
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MPS-A42, MPS-A43 (continued) 

FIGURE 1 - DC CURRENT GAIN 
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MPS-A55 (SILICON) 

MPS-A56 

PNPSILICON ANNULAR AUDIO TRANSISTORS 

· .. designed for use as medium-power drivers and low-power outputs. 

• High Collector-Emitter Breakdown Voltage -
BVCEO = 60 Vdc (Min) @ IC = 1.0 mAdc - MPS-A55 

80 Vdc (Min) @ IC = 1.0 mAdc - MPS-A56 

• Excellent Current-Gain Linearity - 1.0 mAdc to 200 mAdc 

• Low Collector-Emitter Saturation Voltage
VCE(sat) = 0.25 Vdc (Max) @ IC = 100 mAdc 

• Complements to MPS-A05 and MPS-A06 

MAXIMUM RATINGS 

Rating Symbol MPS-A55 MPS-A56 

Collector-Emitter Voltage VCEO 60 80 

Collector-Base Voltage VCB 60 80 

Emitter-Base Voltage VEB 4.0 

Collector Current - Continuous IC 500 

Total Devica Dissipation @ T A = 25°C PD 111 500 
Derate above 250 C 4.54 

Total Device Dissipation@TC = 25°C PD (11 800 
Derate above 25°C 7.27 

Opera.ting and ~to:rage Junction 
Temperature Range 

TJ.Tstgl 11 ~55 to +135 

THERMAL CHARACTERISTICS 

Characteristic Symbol Max 

Thermal Resistance, Junction to Case 9JC 111 0.137 

Thermal Resistance. Juriction to Ambient BJA*(;) 0.220 . • 8.JA IS measured with the device soldered Into 8 typ.,cal printed Circuit board. 

Unit 

Vde 

Vde 

Vde 

mAde 

mW 
mW/oC 

mW 
mWfOC 

°c 

Unit 

°C/mW 

°C/mW 

(1) Continuous package improvements have enhanced theSe guaranteed Maximum Ratings as 
fO"l1ows: Po = 625 mW @ T A == 2SoC, Derate above 2SoC - 5.0 mW~C, Po '" 1.5 W @ 

TC = 25°C, Derate above 25Q C - 12 mW~C, (JJC = 83.30 C/W. (JJA "" 200o C/W. 
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MPS-A55, MPS-A56 (continued) 

ELECTRICAL CHARACTERISTICS (T A; 25°C unless otherwise noted) 

Characteristic 

OFF CHARACTERISTICS 

Coliector·Emitter Breakdown Voltage 
(lC = 1.0 mAde, IB = 0) MPS·A55 

MPS·A56 

Emitter·Base Breakdown Voltage 
(IE = 100 /lAde, IC = 0) 

Collector Cutoll Current 
(VCB = 60 Vde, IE = 0) MPS·A55 
(VCB = 80 Vde, IE = 0) MPS·A56 

ON CHARACTERISTICS 

DC Current Gain 
(Ie = 10 mAde, VCE = 1.0 Vde) 
(lC = 100 mAde, VCE = 1.0 Vde) 
(lC = 350 mAde, VCE = 1.0 Vde) 

Coliector·Emitter Saturation Voltage 
(lC = 100 mAde, IB = 10 mAde) 

Base·Emitter Saturation Voltage 
(lC = 100 mAde, IB = 10 mAde) 

8ase-Emitter On Voltage 
(lC = 100 mAde, VCE = 1.0 Vde) 

SMALL-SIGNAL CHARACTERISTICS 

Current·Gain-Bandwidth Product 
(lC = 100 mAde, VCE = 1.0 Vde, I = 100 MHz) 

Output Capacitance 
(VCB = 10 Vde, IE = 0, f = 100 kHz) 

Input Capacitance 
(V8E = 0.5 Vde, IC = 0, I = 100 kHz) 

FIGURE 2 - "SATURATION" AND "ON" VOLTAGES 
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Symbol Min Typ Max Unit 

BVCEO Vde 
60 - -
80 - -

BVEBO 4.0 - - Vde 

ICBO nAde 
- - 100 
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hFE -
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50 125 -
- 80 -
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MPS-A65 (SILICON) 

MPS-A66 

PNP SILICON DARLINGTON 
AMPLIFIER TRANSISTORS 

· .. designed for pre-amplifier input applications requiring high 
input impedance. 

• High DC Current Gain -
hFE = 50,000 (Min) @ IC = 10 mAdc (MPS-A65) 

75,000 (Min) @ IC = 10 mAdc (MPS-A66) 

• Collector-Emitter Breakdown Voltage -
BVCEO = 30 Vdc (Min) @ IC = 10 mAde 

• Low Noise Figure -
NF = 2.0 dB (Typ) @ IC = 1.0 mAdc 

MAXIMUM RATINGS 

Rating Svmbol Value 

Collector-Emitter Voltage VCES 30 

Coliector~Base Voltage VCB 30 

Emitter-Base Voltage VEB 8.0 

Collector Current - Continuous I,.. 300 

Total Device Dissipation @ T A = 2SoC Po 111 500 
Derate above 2SoC 4.54 

Operating and Storage Junction TJ.Tstg 111 -55 to +135 
Temperature Range 

THERMAL CHARACTERISTICS 

Characteristic Svmbol Max 

Thermal Resistance, Junction to Ambient OJA 111 0.2'20 

Unit 

Vde 

Vde 

Vde 

mAde 

mW 
mW/oC 

°c 

Unit 

°C/mW 

(1) Continuous package improvements have enhanced these guara'nteed Maximum Ratings as 

follows: Po = 625 mW @ T A = 2SoC, Derate above ~50C - 5.0 mWtoc, Po = 1.5 W @ 

TC = 25°C. Derate above 2SoC - 12 mW/oC, (JJC = S3.30e/W, (JJA = 200o C/W. 
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MPS-A65, MPS-A66 (continued) 

ELECTRICAL CHARACTERISTICS (T A = 25°C unless otherwise noted) 

Characteristic Svmbol Min TVp Max Unit 

OFF CHARACTERISTICS 

Collector-Emitter Breakdown Voltage BVCES 30 - - Vde 
(lC =100J.(Ade, 18 = 01 

Collector Cutoff Current ICBO - - 100 nAde 
IVCB = 30 Vde, IE = 01 

Emitter Cutoff Current lEBO - - 100 nAde 
IVBE = 8.0 Vde, IC = 01 

ON CHARACTERISTICS 

DC Current Gain hFE -

(lC = 10 mAde, VCE = 5_0 Vdel MPS-A65 50,000 - -
MPS-A66 75,000 - -

IIc = 100 mAde, VCE = 5.0 Vdel MPS-A65 20,000 - -
MPS-A66 40,000 - -

Collector-Emitter Saturation Voltage VCElsatl - 0.9 1.5 Vde 
IIc = 100 mAde, IB = 0.1 mAdel 

Base-Emitter On Voltage VBElonl - 1.45 2.0 Vde 
IIc = 100 mAde, VCE = 5.0 Vdel 

SMALL-SIGNAL CHARACTERISTICS 

Current-Gain-Bandwidth Product fT 100 175 - MHz 
IIc = 10 mAde, VCE = 5.0 Vde, f = 100 MHzl 

Output Capacitance Cob - 2.5 - pF 
IVCB = 10 Vde, IE = 0, f = 100 kHzl 

Noise Figure NF - 2.0 - dB 
IIc = 1.0 mAde, VCE = 5.0 Vde, RS= lOOkohms,f= 1.0kHzl 
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MPS-A65, MPS-A66 (continued) 
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MPS-A70 (SILICON) 

MPS-K70, MPS-K71 
MPS-K72 

PNP SI LICON ANNULAR TRANSISTORS 

· .. designed for general purpose use in audio, radio, and television 
applications. 

• MPS-K70, MPS·K71, MPS-K72 are 
3, 5 and 9 Transistor Kits Available in 
Varied hFE Ranges - See Table 1 

• High Breakdown Voltage -
BVCEO = 40 Vdc (Min) @ 'C = 1.0 mAdc 

• Low Collector·Emitter Saturation Voltage -
VCE(sat) = 0.25 Vdc (Max) @ IC = 10 mAdc 

• Low Output Capacitance -
Cob = 4.0 pF (Max) @ VCB = 10 Vdc 

• One·Piece, Injection-Molded Unibloc Package 

MAXIMUM RATINGS 

Rating Symbol Value 

Collector-Emitter Voltage VCEO 40 

Emitter-Base Voltage VE • ·4.0 

Collector Current - Continuous IC 100 

Total Device Dissipation@ T A == 25°C Po 111 300 

Derate above 25°C 2.73 

Ope rating and Storage Junction TJ • T stg (1J -55 to +135 
Temperature Range 

THERMAL CHARACTERISTICS 

Characteristic Max 
Thermal Resistance, Junction to Ambient 0.367 

Unit 

Vde 

Vdc 

mAde 

mW 

mWrC 

·C 

(1) Continuous package improvements have enhanced these guaranteed Maximum Ratings as 

follows: PO: 1.0 W @TC = 25°C, Derate above 25°C - 8.0 mW/oC, T J = -65 to +1500 C, 
()JC = 12SoC/W. 
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MPS-A70, MPS-K70, MPS-K71, MPS-K72 (continued) 

ELECTRICAL CHARACTERISTICS (TA = 25°C unless otherwise noted) 

Characteristic Symbol Min Max Unit 
OFF CHARACTERISTICS 

Collector-Emitter Breakdown Voltage BVCEO Vdc 
(IC = 1. 0 mAdc, IB = 0) 40 -

Emitter-Base' Breakdown Voltage BVEBO Vdc 
(~ = 100 !lAde, IC = 0) 4.0 -

Collector Cutoff Current ICBO nAdc 
(V CB = 30 Vdc, ~ = 0) - 100 

ON CHARACTERISTICS 

DC Current Gain hFE -
(IC = 5.0 mAde, V CE = 10 Vdc) 40 400 

Collector-Emitter Saturation Voltage V CE(sat) - 0.25 Vdc 
(IC = 10 mAdc, IB ,= 1.0 mAdc) 

DYNAMIC CHARACTERISTICS 

Current-Gain-Bandwidth Product fT MHz 
(IC = 5.0 mAdc, V CE = 10 Vdc, f = 100 MHz) 125 -

Output Capacitance Cob pF 
(V CB = 10 Vdc, IE = 0, f = 100 kHz) - 4.0 

FIGURE 1 - SIMPLIFIED AC EQUIVALENT CIRCUIT (Common Emitter) 

BASE 'b Cob COllECTOR 

Ce 

Note: FIGURE 2 - SMALL SIGNAL CURRENT GAIN 

Data for MPS-A 70 is presented in terms of the equivalent 
circuit shown in Figure 1. Values for its components may be 
found or calculated as follows: 

rb' - See Figure 8 

re = 26 mV/lE 

1 
Ce =---

2" ft re 

Ccb = Cob -0.2 pF (See Figure 6) 

gm = lire 

gc = (hfe+ 11 hob (See Figures 2 & 71 

Co = 0.2 pF 

Low frequency h parameters may be found from: 

hie = rb' + (hfe +1) re 

hfe = See Figure 2 

hre = Negligible 

hoe = (hfe + 1) hob 
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MPS-A70, MPS-K70, MPS-K71, MPS-K72 (continued) 

FIGURE 3 - NORMALIZED DC CURRENT GAIN 
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MPS·A70, MPS·K70, MPS·K71, MPS·K72 (continued) 

Table 1 
MPS·K70 - Three Transistor Kit 

Quantity Per Kit 

1 
1 
1 

MPS·K71 - Five Transistor Kit 

Quantity Per Kit 

3 
1 
1 

MP8-K72 - Nine Transistor Kit 

Quantity Per Kit 

4 
2 
2 
1 

MPS·K70, MPS·K71 and MP8-K72'are three, five 
and nine transistor kits consisting of MPS·A70's 
with various hF E selections. 

hFE @ IC = 5.0 mAde, VCE = 10 Vdc 

Color Code Min Max 

Red 40 400 
White 80 400 
Blue 120 300 

hFE @lc=5.0mAde, VCE = 10 Vde 

Color Code Min Max 

Red 40 400 
Grecn 100 200 
Yellow 150 300 

hFE @ IC = 5.0 mAde, VCE = 10 Vde 

Color Code Min Max 

Red 40 400 
White 80 400 
Green 100 200 
Yellow 150 300 
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MPS-A92 (SILICON) 

MPS-A93 

PNP SILICON ANNULAR TRANSISTORS 

. designed for general·purpose applications requiring high break· 
down voltages. low saturation voltages and low capacitance. 

• High Collector·Emitter Breakdown Voltage @ IC = 1.0 mAdc
BVCEO = 300 Vdc (Min) - MPS·A92 

200 Vdc (Mini - MPS·A93 

• Low Coliector·Emitter Saturation Voltage -
VCE(sat) = 0.2 Vdc (Typ) @ IC = 20 mAdc 

• Complements to NPN Types MPS·A42 and MPS·A43 

MAXIMUM RATI NGS 

Rating Symbol MPS.A92 I MPS-A93 

Collector-Emitter Voltage VCEO 300 I 200 

Collector-Base Voltage VCS 300 J 200 

Emitter-Base Voltage VES 5.0 

Collector Current Continuous Ie 500 

Total Device Dissipation@TA"'250C Po 625 
Derate above 25°C 5.0 

Total Device Dissipation@Tc - 25°C Po 1.5 
Derate above 2SoC 12 

Operating and Storage Junction TJ.Tstg -55to+150 
Temperature Range 

THERMAL CHARACTERISTICS 

Characteristic 

Thermal Resistance, Junction to Case 

Thermal Auistance, Junction to Ambient 

ELECTRICAL CHARACTERISTICS IT A ~ 2S0C unless otherwise noted) 

Characterestie 

OFF CHARACTERISTICS 

Collector Emitter Breakdown Voltage(1) 

(IC= '.0 mAde, IS =0) MPS-A92 
MPS-A93 

Collector-Base Breakdown Voltage 
!lC'" 100 /JAde, Ie '" 0) MPS-A92 

Emitter-Base Breakdown Voltage 
(Ie" 10 /JAde, IC '" 0) 

Collector Cutoff Current 

tVca "'2ODVde, Ie =0) 

(Vca" 160Vde,Ie =0) 

Emitter Cutoff Current 

(VBe '" 3.0 Vde, IC '" 0) 

ON CHARACTERISTICS 

DC Current Gain 

MPS-A93 

MPS-A92 

MPS-A93 

(Ie'" 1.0 mAde, VCE = 10 Vde) Both Types 

tic'" 10 mAdc,VCE= 10Vde) Both Types 

(lC'" 30 mAde, VCE = 10 Vde) MPS-A92 
MPS-A93 

Collector-Emitter Saturation Voltage 
(IC = 2OmAde,IB =2.0mAde) MPS-A92 

Base-Emitter Saturation Voltage 
(IC"'20mAde,IB=2.0mAdc) 

DYNAMIC CHARACTERISTICS 

Current-Gain-Bal'ldwidth Product 

MPS-A93 

(lC" 10 mAde, VeE'" 20 Vde, f .. 100 MHz) 

Collector-Base Capacitance' 
(Vce =20Vde, Ie =0, f= 1.0MHz) MPS-A92 

MPS-A93 

(I)Pulse T&S't: Pulse Width'S 300 ~", Duty Cycle'S 2.0%. 

Symbol Min Mox 

BVCEO 
300 
200 

BVCBO 
300 
200 

BVEBO 
5.0 

ICBO 
0.25 

0.25 

lEBO 
0.1 

hFE 
25 

40 

25 
30 150 

VCE(sat) 
0.5 
OA 

VBElsat) 0.9 

t,- 50 

Cob 
6.0 
8.0 

Unit 

Vd, 
Vd, 
Vd, 

mAde 

mW 
mWfJr; 

Watts 
mWPC 

DC 

Unit 

Vd, 

Vd, 

Vd, 

"Ad, 

~Ade 

Vd, 

Vd, 

MH, 

pF 
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MPS-A92, MPS-A93 (continued) 
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MPS·H02 (SILICON) 

NPN SILICON ANNULAR TRANSISTOR 

... designed for a common·emitter VHF·RF amplifier stage in 
TV receivers. 

• Low Coliector·Base Capacitance -
Ccb = 0.5 pF (Max) 

• Guaranteed Noise Figure -
NF = 3.3 dB (Max) @ f = 200 MHz 

• Guaranteed AGC Characteristics 

• Complete v·Parameter Curves from 50 MHz to 300 MHz 

• Guaranteed Power Gain -
Gpe = 20 dB (Min) @ f = 200 MHz 

MAXIMUM RATINGS 

Rating Symbol Value Unit 

Collector-Emitter Voltage vCEO 20 Vdc 

Collector-Base Voltage VCB 20 Vdc 

Emitter-Base Voltege VEB 3.0 Vdc 

Totel Device Dissipation@TA = 2SoC Po III 500 mW 

Derate above 25°C 4.~ mW/oC 

Operating and Storage Junction TJ.Tstg 
(1) -55 to +135 °c 

Temperature Range 

THERMAL CHARACTERISTICS 

Characteristic Symbol Max Unit 

Thermal Resistance. Junction to ee .. 6JC (1) 0.137 °C/mW 

Thermal Resistance. Junction to Ambient 6JA (I) 0.220 °C/mW 

(1) Continuous package improvements have enhanced these guaranteed Maximum Ratings as 
follows: Po "" 625 mW @ T A '" 2SoC, Derate above 2SoC - 5.0 mW;OC. Po == 1.5 W @ 

TC = 2SoC. Derate above 2SoC - 12 mWf'C, 6JC '" 83,30 C/W, ()JA '" 200o C/W. 
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MP8-H02 (continued) 
ELECTRICAL CHARACTERISTICS (T A = 250 e unless otherwise noted) 

I Characteristic I Svm\lol Min Max Unit 

OFF CHARACTERISTICS 

Coliector·Emitter Breakdown Voltage BVCEO 20 - Vde 
IIC = 1.0 mAde,lB = 0) 

Coliector·Base Breakdown Voltage BVCBO 20 - Vde 
IIC = 100 "Ade, IE D 0) 

Emitter·Base Breakdown Voltage BVEBO 3.0 - Vde 
liE = 100 "Adc, IC = 0) 

Collector Cutoff Current ICBO - 50 nAde 
(VCB = 10 Vde, IE = 0) 

ON CHARACTERISTICS 

DC Current Gain 
IIC = 4.0 mAde, VCE = 10 Vde) 

SMALL-8IGNAL CHARACTERISTICS 

Current·Gain-Bandwidth Product tr 375 - MHz 
IIC = 4.0 mAde, VCE = 10 Vdc, f = 100 MHz) 

Coliector·Base Capacitance Ccb - 0.5 pF 
(VCB = 10 Vde, IE = 0, f = 1.0 MHz) 

Noise Figure (Figure 9) NF - 3.3 dB 
(V AGC = 1.4 Vdc, RS = 50 Ohms, f = 200 MHz) 

FUNCTIONAL TEST 

Common·Emitter Amplifier Power Gain (Figure 9) Gpe 20 - dB 
(V AGC = 1.4 Vdc, RS = 50 Ohms, f = 200 MHz) 

Forward AGC Voltage (Figure 9) VAGC 4.0 5.0 Vdc 
(Gain Reduction = 30 dB, RS = 50 Ohms, f = 200 MHz) 

AGC CHARACTERISTICS (Vee = 12 Vde, RS = 50 Ohms, f = 200 MHz, See Figure 9) 
FIGURE 1 - POWER GAIN FIGURE 2 - NOISE FIGURE 
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MPS-H02 (continued) 

COMMON·EMITTER V PARAMETERS 
(lc = 4.0 mAde, VCE = 10 Vde, TA = 25°C) 

FIGURE 5 - FORWARD TRANSFER ADMITTANCE FIGURE 6 - OUTPUT ADMITTANCE 
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MPS-H04 (SILICON) 

MPS-HOS 

NPN SILICON ANNULAR TRANSISTORS 

· .. MPS-H04 is designed for RF amplifier applications in AM receivers. 

· .. MPS-H05 is designed for mixer,oscillator, autodyne converter, and 
I F amplifier applications in AM receivers. 

• High Breakdown Voltage - BVCEO = 80 Vdc (Min) 

• Low Collector-Base Capacitance - Ccb = 1.0 pF (Typ) 

• Low Output Admittance - hoe = 5.0/lmhos (Max) 

• Low Noise Figure - NF = 2.0 dB (Max) - MPS-H04 

• Complement to PNP MPS-H54, MPS-H55 

MAXIMUM RATINGS 

Rating Symbol Value Unit 

Collector-Emitter Voltage VCEO 80 Vdc 

Emitter-Base Voltage VEB 4.0 Vdc 

Collector Current - Continuous IC 100 mAde 

Total Device Dissipation@TA-2SoC PD (1) 300 roW 
Derate above 2SoC 2.73 mW/oC 

Operating and Storage Junction TJ,Tstg 111 -55 to +135 °c 
Temperature Range 

THERMAL CHARACTERISTICS 

Characteristic Symbol Max Unit 

Thermal Resistance, Junction to Ambient eJA (1) 0.367 °C/mW 
( Printed Circuit Board Mounting) 

(1) Continuous package improvements have enhanced these guaranteed Maximum Ratings as 
follows: Po '" 1.0 W @ TC = 2SoC, Derate above 25°C - 8.0 mWf'JC, T J '" -65 to +150oC, 
6 JC == 1250 C/W. 
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MPS-H04, MPS-H05 (continued) 

ELECTRICAL CHARACTERISTICS (TA = 25°C unless otherwise noted) 

Characteristic 

OFF CHARACTERISTICS 

Collector-Emitter Breakdown Voltage BVCEO 80 - - Vde 

IIc = 1.0 mAde, IB = 0) 

Collector-Base Breakdown Voltage BVCBO 80 - - Vde 
IIc = 100 "Ade, IE = 0) 

Emitter-Base Breakdown Voltage BVEBO 4.0 - - Vde 
liE = 100 "Ade, IC = 0) 

Collector Cutoff Current ICBO - - 50 nAdc 
(VCB = 60 Vde, IE = 0) 

Emitter Cutoff Current lEBO - - 50 nAde 
IVEB = 3.0 Vde, IC = 01 

ON CHARACTERISTICS 

DC Current Gain hFE -
IIc = 1.5 mAde, VCE = 10 Vdel MPS-H04 30 70 120 

MPS-H05 30 70 150 

Collector-Emitter Saturation Voltage VCE(sat) - 0.12 0.25 Vde 
IIC = 10 mAde,lB = 1.0 mAde) 

DYNAMIC CHARACTERISTICS 

Current-Gain-Bandwidth Product IT 80 180 - MHz 
IIc = 1.5 mAde, VCE = 10 Vde, f = 100 MHz) 

Collector-Base Capacitance Ceb - 1.0 1.6 pF 
(VCB = 10 Vde, I = 1.0 MHz) 

Output Admittance hoe - 2.0 5.0 ~mhos 

IIc = 1.5 mAde, VCE = 10 Vdc, 1= 1.0 kHz) 

Noise Figure NF - 1.7 2.0 dB 
(lC = 1.5 mAde, VCE = 10 Vde, RS = 50 ohms, I = 1.0 MHz) MPS-H04 

FIGURE 1 - SIMPLIFIED AC EQUIVALENT CIRCUIT (Common Emitter) 

BASE rb COLLECTOR 

y Parameters may be determined from the following calculations: 
C, l/gc Co 

Not.: 

Data lor MPS-H04 and MPS-H05 is presented in terms 01 the 
equivalent circuit shown in Figure 1. Values for its components 
may be found or calculated as follows: 

rb'''' 15 Ohms 

r. = 26 mV/lE 

Ccb, See Figure 6 

gm = lire 

1 
Ce =---

2"lt re 

gc = (hie + 1) hob (See Figures3 and 6) 

Co = 0.2 pF 

rb'c = {nf. + 11 r. 

Low frequency h parameters may be found from: 

hie:= rb ' + rb'c 

hle",1.1 hFE(See Figure 2) 

hre = Negligible 

hoe = {hie + 1) hob 

3-727 



MPS-H04, MPS-H05 (continued) 

ELECTRICAL CHARACTERISTICS (VCE = 10 V, TA = 25°C unless otherwise noted) 

FIGURE 2 - NORMALIZED DC CURRENT GAIN 
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MPS·H04, MPS·H05 (continued) 

AM RADIO DESIGN INFORMATION 

FIGURE 8 - 1.0 MHz AMPLIFIER TEST CIRCUIT 
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MPS-H07 (SILICON) 

MPS·H08 

NPN SILICON ANNULAR TRANSISTORS 

· .. designed for common·base FMNHF RF amplifier applications. 

• Guaranteed Noise Figure -
NF = 3.2 dB (Max) @f = 100 MHz 

= 3.5 dB (Max) @f = 200 MHz 

• Guaranteed Forward AGC Characteristics 

MPS·H07 
MPS·H08 

• Complete y·Parameter Curves at Both 100 MHz and 200 MHz 

• Guaranteed Power Gain -
Gpb = 18 dB (Min) @ f = 100 MHz 

= 14 dB (Min) @ f = 200 MHz 
MPS·H07 
MPS·H08 

• Low Feedback Capacitance Allowing Stable Un neutralized 
Operation 

MAXIMUM RATINGS 

Rating Symbol Value 

Collector~Emitter Voltage VCEO 30 

Collector-Base Voltage VCB 30 

Emitter-Base Voltage VEB 3.0 

Total Device Dissipation@ T A = 2SoC PD 111 500 
Derate above 2SoC 4.55 

Operating and Storage Junction T J. T .'g"1 -55 to +135 
Temperature Range 

THERMAL CHARACTERISTICS 

Characteristic Symbol Max 

Thermal Resistance, Junction to 8JA 111 0.220 
Ambient 

Unit 

Vdc 

Vdc 

Vdc 

mW 
mW/DC 

DC 

Unit 

DC/mW 

(1) Continuous package improvements have enhanced these guaranteed Maximum Ratings 8S 

fpllows: PO'" 625 mW @ T A ;;; 2SoC. Derate above 2SoC - 5.0 mWtoc, Po '" 1.5 W @I 

TC" 2SOC. Derate above 2SoC - 12 mw;OC, 8JC" S3.30e/w, (JJA ;;; 200oC/W. 
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MPS-H07, MPS-H08 (continued) 

ELECTRICAL CHARACTER ISTICS (T A = 25°C unless otherwise noted) 

Characteristic Svmbol 

OFF CHARACTERISTICS 

Collector-Emitter Breakdown Voltage BVCEO 
(lC = 1.0 mAde, IB = 01 

Collector-Base Breakdown Voltage BVCBO 
(lC = l00pAdc,IE = 01 

Emitter-Base Breakdown Voltage BVEBO 
(IE = 100pAdc,IC = 01 

Collector Cutoff Current ICBO 
(VCB = 15 Vdc,IE = 0) 

ON CHARACTERISTICS 

DC Cu rrent Gain hFE 
(lc = 3.0 mAde, VCE = 10 Vdel 

Base-E mitter On Voltage 
(lC = 3.0 mAde, VCE = 10 Vde) 

VBE(on) 

DYNAMIC CHARACTERISTICS 

Current-Gain-Bandwidth Product IT 
(lC = 3.0 mAde, VCE = 10 Vde, I = 100 MHz) MPS-H07 

MPS-H08 

Collector-Emitter Capacitance Cee 
(VCE = 10Vde,IB=O,I=1.0MHz,baseguarded) (Crb l 

Noise Figure (F igure 91 NF 
(lC = 3.0 mAde, VCB = 10 Vdc, 
RS = 50 Ohms, I = 100 MHzl MPS-H07 
(lc = 3.0 mAde, VCB = 10 Vde, 
RS = 50 Ohms, I = 200 MHz) MPS-H08 

FUNCTIONAL TEST 

Common-Emitter Amplifier Power Gain (Figure 9) Gpb 
(lC = 3.0 mAde, VCB = 10 Vdc, RS = 50 Ohms 

1= looMHzl MPS-H07 

(lC = 3.0 mAde, VCB = 10 Vde, RS = 50 Ohms, 
f = 200 MHzl MPS-H08 

Forward AGC Current (Figure 91 IAGC 
(Gain Reduction = 30 dB, RS = 50 Ohms 

f = 100 MHzl MPS-H07 

(Gain Reduction = 30 dB, RS = 50 Ohms, 
1= 200 MHz) MPS-H08 

AGC CHARACTERISTICS 
V CC = 10 Vdc, RS = 50 Ohms, See Figure 9 

--I = 100 MHz ---I = 200 MHz 
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MPS-H07, MPS-H08 (continued) 
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MPS-H07, MPS-H08 (continued) 

FIGURE 9 - l00-MHz AND 200-MHzCOMMON-BASE AMPLIFIER 

1000 pF 
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FREQUENCY 

o.l~FI 

100 MHz - U - 11 TURNS NO. 16 AWG. %" 1.0 .• 
TAPPED % TURNS FROM COLD END. 

200 MHz -L2 - 6TURNS NO. 16 AWG. %" 1.0., 
TAPPED % TURNS FROM COLD END. 

0-8.0 pF 

Ll 

1.0 k 
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MPS-H 1 0 (SILICON) 

MPS-Hll 

NPN SILICON EPITAXIAL TRANSISTORS 

· .. designed for use in VHF/UHF common base oscillator 
applications. 

• High Current·Gain-Bandwidth Product -
fT = 650 MHz (Min) @ IC = 4.0 mAde 

• Low Coliector·Base Time Constant -
rb'Cc = 9.0 ps (Max) @ IC = 4.0 mAde 

• Feedback Capacitance -

Crb = 0.35-0.65 pF - MPS·H10 
0.6-0.9 pF - MPS·H 11 

MAXIMUM RATINGS 

Rating Symbol 

CollectorMEmitter Voltage VeEO 
CollectorMBase Voltage VeB 
Emitter-Base Voltage VEB 
Total Device Dissipation @TA = 2SoC PD (11 

Derate above 2SoC 

Operating and Storage Junction T J, T stgfll 
Temperature Range 

THERMAL CHARACTERISTICS 

Characteristic 

Thermal Resistance, Junction to Ambient 

Value Unit 

25 Vdc 

30 Vdc 

3.0 Vdc 

310 mW 
2.81 mW/oe 

-55 to +135 °e 

(1) Continuous package improvements have enhanced these guaranteed Maximum Ratings as 
follows: Po =: 1.0 W @ T C == 2SoC, Derate above 2SoC - 8.0 mW/oC. T J = -65 to +1S00C, 
0JC = 12SoC/W. 

3-734 

NPN SILICON 
VHF/UHF TRANSISTORS 

-+ 0.175 

-~f 
0.500 

j 
j~'045 0.055 

0.045 
0.055 

leads to fit into 
0.016 
0.019 

DlA HOLE (TYPI 

CASE 29 (2) 

TO·92 

1. Base 
2. Emitter 
3. Collector 



MPS-H 10, MPS-H11 (continued) 

ELECTRICAL CHARACTERISTICS (T A = 25°C unless otherwise noted) 

Characteristic Symbol Min 

OFF CHARACTERISTICS 

Collector-Emitter Breakdown Voltage BVCEO 25 
(lc = 1.0 mAde,lB = 0) 

Collector-Base Breakdown Voltage BVCBO 30 

(lC = 100 "Ade, IE = 0) 

Emitter-Base Breakdown Voltage BVEBO 3.0 

(IE = 10 /lAde, IC = 0) 

Collector Cutoff Current ICBO -
(VCB = 25 Vde, IE = 0) 

Emitter Cutoff Current lEBO -
(VBE = 2.0 Vde, I C = 0) 

ON CHARACTERISTICS 

DC Current Gain hFE 60 
(lC = 4.0 mAde, VCE = 10 Vdc) 

Collector-Emitter Saturation Voltage VCE(satl -
(lC = 4.0 mAdc,lB = 0.4 mAde) 

Base'Emitter On Voltage VBE(on) -

(lC = 4.0 mAde, VCE = 10 Vdc) 

DYNAMIC CHARACTERISTICS 

Current-Gain-Bandwidth Product IT 650 

(lC = 4.0 mAde, VCE = 10 Vdc, I = 100 MHz) 

Collector-Base Capacitance Ceb -

(VCB = 10 Vdc, IE = 0, I = 1.0 MHz) 

Common-Base Feedback Capacitance Crb 
(VCB = 10 Vde,IE = 0, f = 1.0 MHz) MPS-Hl0 0.35 

MPS-Hl1 0.6 

Collector-Base Time Constant rb'Ce -
(lc = 4.0 mAde, VCB = 10 Vdc, f = 31.8 MHz) 

COMMON-BASE y PARAMETERS versus FREQUENCY 

(VCB = 10 Vde, IC = 4.0 mAde, T A = 25°C) 

Yib. INPUT ADMITTANCE 
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-

-
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MPS-H10, MPS-H11 (continued) 
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MPS-H 19 (SILICON) 

NPN SILICON EPITAXIAL TRANSISTOR 

... designed for VHF mixer applications in TV receivers. 

• Excellent Conversion Gain - 15 dB (Min) @ 200 MHz 

• Low Collector-Base Capacitance - Ccb = 0.65 pF (Max) 

• High Current-Gain-Bandwidth Product -
fT = 300 MHz (Min) 

• Complete v-Parameters @ 4.0 mA 

MAXIMUM RATINGS 

Rating Symbol 

Collector-Emitter Voltage VeEO 

Collector-Base Voltage VeB 

Emitter-Base Voltage VEB 

Total Device Dissipation@TA - 2SoC Po 
Derate above 25°C 

Operating and Storage Junction TJ.Tstg 
Temperature Range 

THERMAL CHARACTERISTICS 

Characteristic 

Thermal Resistance, Junction to Ambient 

Value 

25 

30 

3.0 

350 
2.73 

-55 to +150 

Unit 

Vde 

Vde 

Vde 

mW 
mW/oC 

De 

ELECTRICAL CHARACTERISTICS (T A = 250 C unless otherwise noted) 

Characteristic Symbol Min Max Unit 

OFF CHARACTERISTICS 

Collector-Emitter Breakdown Voltage BVeEO 25 - Vde 
(Ie = 1.0 mAde. I B = 0) 

Collector-Base Breakdown Voltage BVCBO 30 - Vde 
(Ie = 100 ILAde, 'E = 0) 

Emitter-Baso:! Breakdown Voltage BVEBO 3.0 -- Vde 
(Ie = 101LAdc, IC = 0) 

Collector Cutoff Current 'eBO - 100 nAde 
(VCB = 15 Vde, Ie = 0) 

ON CHARACTERISTICS 

DC Current Gain 
(lc = 4.0 mAde, VeE = 10 Vde) 

DYNAMIC CHARACTERISTICS 

Current-Gain Bandwidth Product IT 300 - MHz 
(lC = 4.0 mAde, Vee = 10 Vde, 1= 100 MHz) 

Collector-Base Capacitance Ceb - 0.65 pF 
(VCB = 10 Vde, 'E = 0, I = 1.0 MHz) 

Conversion Gain (Figures 1 and 2) dB 
(213 MHz to 45 MHz) 

(lC = 8.0 mAde, Vec = 20 Vde, 15 -
Oscillator Injection::l 150 mVrms) 

3-737 

NPN SILICON 
VHF TRANSISTOR 

'~i~;;~ 
S'ATINGe:. 

leads to fit Into 
0.016 0.500 
0.019 MIN 

OIA HaL' ITVPI- ~ 

0.045jrE: I' ~:~: jj]5S1 
1-0.045 

0.OI6--1~ 0.055 
0.021 STYlE 2: 

PIN 1. BASE 
2. EMITTER 

0.135 3. COllECTOR 

lMINr 
~--1 

I 
0.080 0.125 
0.105 0.165 

To convert inches to millimeters multiply bV 25.4 

All JEDEC dimensions and notes apply 

CASE 29-02 
TO-92 

PLASTIC 



MPS-H19 (continued) 
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(TEST CIRCUIT FIGURE 2) 
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MPS-H20 (SILICON) 

NPN SILICON EPITAXIAL TRANSISTORS 

· .. designed for VHF mixer applications in TV receivers. 

• Excellent Conversion Gain - 23 dB (Typ I 

• Low Collector-Base Capacitance - Ccb = 0.65 pF (Max) 

• High Current-Gain-Bandwidth Product - fT = 400 MHz (Min) 

• Complete v-Parameter Curves from 50 to 300 MHz 

• One-Piece, I njection Molded Unibloc Package 

MAXIMUM RATINGS 

Rating Symbol Value Unit 

ColiectOT-Emitter Voltage VCEO 30 Vdc 

Collector-Base Voltage VCB 40 Vdc 

Emitter-Base Voltage VEe 4.0 Vd. 

Collector Current - Continuous IC 100 mAde 

Total Device oissipation@TA=250C Po 111 310 mW 

Derate above 25°C 2.81 mWf'>C 

Operating and Storage Junction T J,T stg 111 -55 to +135 °c 
Temperature Range 

THERMAL CHARACTERISTICS 

Characteristic Symbol Max Unit 

Thermal Resistance,Junction to Ambient 8JA 111 0.357 °C/mW 

(1) Continuous package improvements have enhanced these guaranteed Maximum Ratings as 
follows: Po = 1.0 W @TC = 25°C. Derate above 25°C - S.O mW/oC, T J '" -65 to + 150°C, 
8JC"" 1250 C/W. 

3-739 

NPN SILICON 
VHF TRANSISTOR 

[C--I-j5 

i 
leads to fit into 0.5 

DlA HOLE ITYP)-
~m JMIN 

j~0'045 0.055 
0.045 0.055 

50(lYP~~~lR' 
I.B.se ~ 
2. Emitter 23 
3 Collector - 6 00 -. I 

~~~R ~.~~ 

CASE 29 (2) 

TO-92 



MPS-H20 (continued) 
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ELECTRICAL CHARACTERISTICS (T A = 25°C unless otherwise noted) 

Characteristic Symbol Min 

OFF CHARACTERISTICS 

Collector-Emitter Breakdown Voltage BVCEO 30 
(lC = 1.0 mAdc, IB = 0) 

Collector-Base Breakdown Voltage BVCBO 40 
(lC = 100"Adc,IE = 0) 

Emitter-Base Breakdown Voltage BVEBO 4_0 
(IE = 10"Adc,IC = 0) 

Collector Cutoff Current ICBO -
(VCB = 15 Vde, IE = 0) 

ON CHARACTERISTICS 

DC Current Gain 
(lC = 4.0 mAdc, VCE = 10 Vdc) 

SMALL-SIGNAL CHARACTERISTICS 

Current-Gain-Bandwidth Product IT 400 
(lC = 4.0 mAdc, VCE = 10 Vdc, f=l00 MHz) 

Collector-Base Capacitance Ccb -

(VCB = 10 Vdc, IE = 0, f = 1.0 MHz) 

Collector-Base Time Coni1;ant 'h'Cc 
(IE = 4.0 mAdc, Vce =10 Vdc, f=31.8 MHz) 

Conversion Gain (2131045 MHz) - 18 
(lC = 4.0 mAde, VCE = 10 Vdc, Oscillator 
Injection = 200 mVdc,See Figures I, 2 and 9) 

CONVERSION GAIN CHARACTERISTICS 

(TEST CIRCUIT FIGURE 9) 

Typ Max Unit 

- - Vdc 

- - Vdc 

- - Vdc 

- 50 nAdc 

620 - MHz 

0.5 0.65 pF 

10 - ps 

23 - dB 

FIGURE 1 - VARIATION WITH COLLECTOR CURRENT FIGURE 2 - VARIATION WITH INJECTION LEVEL 
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MPS-H20 (continued) 

COMMON-EMITTER Y PARAMETERS 

(lc = 4.0 mAde, VCE = 10 Vde, TA = 25°C) 

FIGURE 5 - FORWARD TRANSFER ADMITTANCE FIGURE 6 - OUTPUT ADMITTANCE 
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MPS-H24 (SILICON) 

NPN SILICON EPITAXIAL TRANSISTOR 

... designed for VHF mixer applications in TV receivers. 

• Excellent Conversion Gain - 24 dB (Typ) 

• Low Collector-Base Capaci~~ - Ccb ~ 0.36 pF (Max) 

• High Current-Gain-Bandwidth Product -
fT ~ 400 MHz (Mi~) 

• Input v-Parameter Curves at 60 and 213 MHz 

• Output and Transfer v-Parameters at 45 MHz 

MAXIMUM RATINGS 

Rating Symbol Value 

Collector-Emitter Voltage VCEO 30 

Collector-Base Voltage VCB 40 

Emitter-Base Voltage VEB 4.0 

Collector Current Continuous C 100 

Total Device DissipatiO'n@TA 25vC Po III 5UU 
Derate above 25°C 4.55 

Operating and Storage Junction TJ.Tstg III -55 to +135 
Temperature Range 

THERMAL CHARACTERISTICS 

Characteristic I Symbol I Max 

Thermal Resistance, Junction to Ambient I 9JA 111 I 220 

Unit 

Vdc 

Vdc 

Vdc 

mAde 

mW 
mW/oC 

VI; 

I Unit 

I °C/W 

(1) Continuous package improvements have enhanced these guaranteed Maximum Ratings as 
follows: po·'" 625"mW@TA '" 25°C, Derate above 25°C - 5.0 mw;oC. Po = 1.5 W @ 

T C = 2SoC, Derate above 2SoC - 12 mW/o·C, 8 JC = 83.30 C/W, () JA "" 200oC/W. 

3-742 

NPN SILICON 
VHF TRANSISTOR 

0.175 

Seating 
Plane-

leads to fit into 
0.016 
11.019 

T" 
0.500 

OIA HOLE ITYPI j 

Pin 1. Base 
2. Emitter 
3. Collector 
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CASE 29 (2) 
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MPS-H24 (continued) 

ELECTRICAL CHARACTERISTICS (T A = 25°C unless otherwise noted) 

I Characteristic I Symbol Min 

OFF CHARACTERISTICS 

Collector~Emitter Breakdown Voltage BVCEO 30 
(lC = 1.0 mAde, IB = 0) 

Collector-Base Breakdown Voltage BVCBO 40 
(Ie = 100 /LAde, IE = 0) 

Emitter-Bas~ Breakdown Voltage BVEBO 4.0 
(IE = 10 /LAde, Ie = 0) 

Collector Cutoff Current ICBO -
(VCB = 15 Vde, IE = 0) 

ON CHARACTERISTICS 

DC Current Gain 

(Ie = 8.0 mAde, VCE = 10 Vde) 

DYNAMIC CHARACTERISTICS 

Current-Gain-Bandwidth Product IT 400 
(Ie = B.O mAde, VCE = 10 Vde, I = 100 MHz) 

Collector-Base Capacitance eeb -
(VeB = 10 Vde, IE = 0, f = 1.0 MHz) 

Conversion Gain (Figures 1,2 and 7) -

(213 MHz to 45 MHz) 
(Ie = 8.0 mAde, VCC = 20 Vde, Oscillator Injection = 150 mVrmsl 19 

(60 MHz to 45 MHz) 
(Ie = B.O mAde, VCC = 20 Vde, Oscillator Injection = 150 mVrms) 24 

CONVERSION GAIN CHARACTERISTICS 
(TEST CIRCUIT FIGURE 7) 

Tvp 

-

-

-

-

620 

0.25 

24 

29 

(VCC = 20 Vdc, RS = RL = 50 Ohms, fit = 44 MHz, B.w. = 6.0 MHz) 
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FIGURE 1 - CONVERSION GAIN versus COLLECTOR CURRENT FIGURE 2 - CONVERSION GAIN versus INJECTION LEVEL 
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MPS-H24 (continued) 
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MPS-H30 (SILICON) 

MPS-H31 

NPN SILICON ANNULAR TRANSISTORS 

· . . designed for first and second video I F stages in TV receivers. 

• Guaranteed Noise Figure -
NF = 6.0 dB (Max) at 45 MHz 

• Guaranteed AGC Characteristics 

• Complete y·Parameter Curves at 45 MHz 

• Guaranteed Power Gain -
Gpe = 22.5 dB (Min) (Unneutralized) at 45 MHz 

MAXIMUM RATINGS 

Rating Symbol Value Unit 

Collector-Emitter Voltage VCEO 20 Vdc 

Collector-Base Voltage VCB 20 Vdc 

Emitter-Base Voltage VEB 3.0 Vdc 

Total Device Dissipation@ TA = 25'C PD 
111 310 mW 

Derate above 25°C 2.81 mW/'C 

Operating and Storage Junction 
T T 111 'c Temperature Range J' stg -55 to +135 

THERMAL CHARACTERISTICS 

Characteristic Symbol Max Unit 

Thermal ReSistance, Junction eJA 
iii' 0.357 'C/mW 

to Ambient 

(1) Continuous package improvements have enhanced these guaranteed Maximum Ratings as 
follows: Po '" 1.0 W @TC = 2.SoC, Derate above 25°C - 8.0 mW/oC, T J =- -65 to +150o C, 
8JC = 12SoCJW. 

3-745 
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MPS-H30, MPS-H31 (continued) 

ELECTRICAL CHARACTERISTICS (T, = 2SOC unless otherwise noted) 

Characteristic Symbol Min Max Unit 

Collector-Emitter Breakdown Voltage BVCEO Vde 
(IC = 1. 0 mAde, IB = 0) 20 -

Collector-Base Br.eakdown Voltage BVCBO Vde 
(Ic = 100 "Ade, IE = 0)' 20 -

Emitter-Base Breakdown Voltage BVEBO Vde 
(IE = 100 "Ade, IC = 0) 3.0 -

Collector Cutoff Current ICBO nAde 
(V CB = 10 Vde, IE = 0) - 50 

ON CHARACTERISTICS 

DC Current Gain hFE -
(IC = 4.0 mAde, V CE = 5.0 Vde) 20 200 

Collector-Emitter Saturation Voltage VCE(sat) Vde 
(IC = 10 mAde, IB = 5.0mAdel 0.1 3.0 

Base-Emitter Saturati~n Voltage VBE(sat) Vde 
(IC = 10 mAde, IB = 5.0 mAde) - 0.96 

SMALL-SIGNAL CHARACTERISTICS 

Current-Gain-BandwidthProduet IT MHz 
(IC = 4.0 mAde, V CE = 10 Vde, I = 100 MHz) 300 BOO 

Collector-Base Capacitance Ccb pF 
(V CB = 10 Vde, IE = 0, f = 1. 0 MHz, emitter guarded) - 0.65 

Noise Figure NF dB 
(V AGC = 2. 75 Vde, RS = 50 ohms, f = 45 MHz, Figure 9) - 6.0 

FUNCTIONAL TESTS 

Power Gain G dB 
(V AGC = 2. 75 Vde, RS = 50 ohms, f = 45 MHz, Figure 9) pe 22.5 31 

Forward AGC Voltage VAGC Vde' 
(Gain Reduction = 30 dB, RS = 50 ohms, f = 45 MHz, Figure 9) MPS-H30 4.4 5.4 

MPS-H31 5.2 6.2 

AGC CHARACTERISTICS 
Vee'" 12 Vdc, Rs =0 50 Ohms, f <= 45 MHz, See Figure 9 

FIGURE 1 - POWER GAIN FIGURE 2 - NOISE FIGURE 
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MPS-H30, MPS-H31 (continued) 

COMMON-EMITTER y PARAMETERS 
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FIGURE 4- REVERSE TRANSFER ADMInANCE 

-g"j 
-b,. II 

/ ~ 
f...--' V -

2.0 4.0 6.0 8.0 10 12 

Ie, COLLECTOR CURRENT (mAdel 

FIGURE 6 - OUTPUT ADMin ANCE 

I 
b:y V 

" / 
/ 

,/ 

"- / 

/ 
Y --~ 2.0 4.0 6.0 8.0 10 12 

ie, COLLECTOR CURRENT (mAdel 



MPS-H30. MPS-H31 (continued) 

FIGURE 7 - DC CURRENT GAIN FIGURE 8 - COLLECTOR-BASE CAPACIT ANeE 
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MPS-H32 (SILICON) 

NPN SILICON ANNULAR TRANSISTOR 

· . . designed for first and second video I F stages in TV receivers. 

• Low Coliector·Base Capacitance - Ccb = 0.22 pF (Max) 

• Maximum Unilateralized Power Gain -
Gum = 44 dB (Typ) 

• Low Noise Figure - NF = 3.3 dB (Typ) @ f = 45 MHz 

• Forward AGC Characteristics 

• Complete v-Parameter Curves at 45 MHz 

• Guaranteed Power Gain -
Gpe = 22.5 dB (Min) (Unneutralized) @f = 45 MHz 

MAXIMUM RATINGS 

Rating Symbol Value Unit 

Collector-Eminer Voltage VCEO 30 Vdc 

Collector-Base Voltage VCB 40 Vdc 

Emitter·Base Voltage VEB 4.0 Vdc 

Total Device Dissipation@TA = 25°C Po 111 500 mW 

Derate above 25°C 4.54 mW/oC 

Operating and Storage Junction TJ.Tstg 111 -55 to +135 °c 
Temperature Range 

THERMAL CHARACTERISTICS 

CharaCteristic Symbol Max Unit 

Thermal Resistance, Junction to Case 9JC 111 0.137 °C/mW 

Thermal ReSistance, Junction to Ambient 9JA II/ Q.220 °C/mW 

(1) Continuous package improvements have enhanced these guaranteed Maximum Ratings as 
follows: Po = 1.0 W @TC = 2SoC. Derate above 2So C - 8.0 mW/oC. T J == -65 to +150o C, 
8 J C = 1250 C/W, 
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MPS-H32 (continued) 

ELECTRICAL CHARACTERISTICS (TA; 250C unless otherwise noted) 

Characteristic Symbol Min Typ Max Unit 

OFF CHARACTERISTICS 

Collector-Emitter Breakdown Voltage BVCEO 30 - - Vdc 
(IC = 1.0 mAde, IB = 0) 

Collector-Base Breakdown Voltage BVCBO 40 - - Vdc 
(IC = 100 "Adc, IE = 0) 

Emitter-Base Breakdown Voltage BVEBO 4.0 - - Vdc 
(IE = l00"Adc,IC=O) 

Collector Cutoff Current ICBO - - 50 'nAdc 
(VCB = 10 Vdc, IE = 0) 

ON CHARACTERISTICS 

DC Current Gain hFE 27 35 200 
(IC = 4.0 mAde, VCE = 5.0 Vdc) 

Collector-Emitter Saturation Voltage VCE(sat) - 1.5 3.0 Vdc 
(IC = 10 mAdc,lB = 5.0·mAdc) 

Ba ..... Emitter Saturation Voltage . VBE(sat) - 0.9 1.2 Vdc 
(IC = 10 mAdc,lB = 5.0 mAde) 

SMALL-SIGNAL CHARACTERISTICS 

Current-Gain-Bandwidth Product iT 300 440 - MHz 
(Ie = 4.0 mAde, VCE = 10 Vdc, f = 100 MHz) 

Collector-Base Capacitance Cob - 0.2 0.22 pF 
(VCB = 10 Vdc, IE = 0, f = 1.0 MHzI (Emitter Guardedl 

Noise Figure (Figure 101 NF - 3.3 - dB 
(IE".,4.0 mAde, VCE".,9.3 Vdc, VAGC = 2.75 Vdc, 
RS = 50 Ohms, f = 45 MHzI 

FUNCTIONAL TEST 

Common-Emitter Amplifier Power Gain (Figure 101 
(I E"" 4.0 mAde, VCE""9.3 Vdc, VAGC = 2.75 Vdc, 

Gpo 22.5 25 - dB 

RS = 50 Ohms, f = 45 MHz) 

Forward AGC Voltage (Figure 101 VAGC - 5.5 - Vdc 
(Gain Reduction = 30 dB, RS = 50 Ohms, f = 45 MHz) 

SUMMARV.cOMMON EMITTER PARAMETERS (VCE = 10 Vdc, Ie = 4.0 mAde, f = 45 MHz) 

I nput Conductance gie - 6.0 - mmhos 

I "put Capacitance Cie - 33 - pF 

Forward Transfer Admittance Magnitude IVfel - 110 - mmhos 

Forward Transfer Admittance Phasa Angle LVfe - -22 - Degrees 

Feedback Capacitance Cre - 0.2 - pF 

Output Conductance 90e - 20 - "mhos 

Output Capacitance Cae - 1.4 - pF 

Maximum Unilateralized Power Gain Gum - 44 - dB 

G _ IVfel2 
urn-

4gie 90e 
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MPS-H32 (continued) 
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MPS-H32 (continued) 

FIGURE 7- DC CURRENT GAIN FIGURE 8 - COLLECTOR-BASE CAPACITANCE 

60 1.0 

40 

30 

- ViCE =' 10 ~d: 
... ... 
~ 

0.7 Ccb=C,,@IE-O 

z 
<1 
'" 20 .... z 
w 
a: 
a: 
:::> 
~ 10 
o 
~ 8.0 

6.0 

4.0 

3.0 

-

0.2 0.3 

~ 500 
~ 
t; 
:::> 
g 300 
a: ... 
:r 

b 200 
~ 
:i 
"i' 
z 
<1 100 
~ 
1fi 
~ 70 
:::> 
'-' 
.t:' 50 

1.0 

['.. 

\ 

0.5 1.0 2.0 3.0 5.0 10 20 

z 0.5 <[ .... 
<3 
<[ 

~ 0.3 
'-' 
w 
'" <[ 0.2 .. 
Ii: 
0 .... 
'-' w 
-' 0.1 -' 
0 
'-' 
-B 0.07 
'-' 

0.05 

0.3 

I--, - ---

0.5 0.7 1.0 2.0 3.0 5.0 7.0 10 20 30 
IC. COLLECTOR CURRENT (mAde) VCB. COLlECTOR·BASE VOLTAGE (VOLTS) 

VCE = 10 Vde 

FIGURE 9 - CURRENT -GAIN-BANDWIDTH PRODUCT 

--

50 OHMS 
INPUT 

2.0 3.0 
IC. COLLECTOR CURRENT (mAde) 

FIGURE 10 - 45 MHz FUNCTIONAL TEST CI RCUIT 
(UNNEUTRALIZEDI 

RF BEADS 

l00.'FI~ 

Uk 
1I2W 

Vcc= 12V 

27. 
lJ2W 

4,O .. 30pF 

Tl"YOROID4:1 RATIO I 
BT-PR12T-$EC 122WIRE 

.3-752 

5.0 

........ 

50 OHMS 
OUTPuT 

........ 

"" '\. 
'\ 
~ 

~ 

7.0 10 



MPS-H34 (SILICON) 

NPN SILICON EPITAXIAL TRANSISTOR 

... designed for third-stage video I F applications in television receivers. 

• High Collector-Emitter Breakdown Voltage -
BVCEO = 45 Vdc (Min) 

• High Collector-Base Breakdown Voltage
BVCBO = 45 Vdc (Min) 

• Low Collector-Base Capacitance-
Ccb = 0.32 pF (iVlax) @ VCB = 10 Vdc 

• Complete v-Parameter Curves @ 45 MHz 

MAXIMUM RATINGS 

Rating Svmbol 
Collector~Emitter Voltage VCEO 

Collector-Base Voltage VCB 

Emitter-Base Voltage VEB 

Collector Current - Continuous IC 

Total Device Dissipation @ T A = 25°C PO(1} 
Derate above 25°C 

Operating and Storage Junction TJ. Ts.g (1} 
Temperature Range 

THERMAL CHARACTERISTICS 

Rating Svmbol 
Thermal Resistance, Junction to Ambient 9JA"1 

Value Unit 

45 Vdc 

45 Vdc 

4.0 Vdc 

100 mAde 

500 mW 
4.55 mWf'C 

-55 to +135 °c 

Max Unit 

220 °C/W 

(1) Continuous package improvements have enhanced these guaranteed Maximum Ratings as 
follows: Po = 625 mW @ T A "" 2SoC. Derate above 25°-: - 5.0 mWfJC. Po ... 1.5 W @ 

T C "" 2SoC. Derate above 25°C - 12 mWf'C. 8JC = 83,30 C/'IN, 8 JA = 200oC/W. 
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MPS-H34 (continued) 

ELECTRICAL CHARACTERISTICS (T A = 25°C unless otherwise noted) 

Characteristic 

OFF CHARACTERISTICS 
Collector-Emitter Breakdown Voltage BVCEO 45 - Vde 

(lC = 1.0 mAde, IB = 0) 

Collector-Base Breakdown Voltage BVCBO 45 - - Vde 
(lC = 100 !'Ade, IE = 0) 

Emitter-Base Breakdown Voltage BVEBO 4.0 Vde 
(Ie = 1Ol'Ade, IC = 0) 

Collector Cutoff Current ICBO - - 50 nAde 
(VCB = 30 Vde, Ie = 01 

0lIl CHARACTERISTICS 
DC Current Gain hFE 

(lC = 7.0 mAde, VCE = 15 Vde) 40 - -
(lC = 20 mAde, VCE = 2.0 Vde) 15 - -

COllector-Emitter Saturation Voltage VCE(sat) - 0.5 Vde 
(IC = 20 mAde, IB = 2.0 mAde) 

Base-Emitter On Voltage VBE(on) - - 0.95 Vde 
(IC = 7.0 mAde, VCE = 15 Vde) 

DYNAMIC CHARACTERISTICS 

I Current-Gaon Bandwidth !'roduet fT 500 720 .- MHz 
(lC = 15 mAde, VCE = 15 Vde, f = 100 MHz) 

Current-Gain - Bandwidth Ratio rr15 1.6 
(lc = 15 mAde to IC = 20 mAde, VCE = 15 Vde) 

rr20 

Collector-Base Capacitance Ceb - 0.25 0.32 pF 
(VCB = 10Vde, IE = 0, f= 1.0MHz) 

FIGURE 1 - CURRENT·GAIN - BANDWIDTH PRODUCT FIGURE 2 - POWER GAIN 
0 
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TA = 250C 
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...... ~ -,...., 
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MPS·H34 (continued) 
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MPS-H37 (SILICON) 

NPN SILICON ANNULAR TRANSISTOR 

. designed for 4.5 MHz sound I F applications in TV receivers. 

• High Breakdown Voltage -
BVCEO = 40 V (Min) @ IC = 1.0 mAdc 

• High Output Resistance @ 4.5 MHz -
Roep = 100 k Ohms (Min) @ IC = 2.0 mAdc 

• Low Reverse Feedback Capacitance -
Cre = 0.7 pF (Max) @ VCB = 10 Vdc 

• Complete v·Parameter Curves@ 4.5 MHz 

MAXIMUM RATINGS 

Rating 

Collector-Emitter Voltage 

Emitter-Base Voltage 

Total Device Dissipation @ T A " 25°C 
Derate abov~ 25°C 

Operating and Storage Junction 
Temperature Range 

THERMAL CHARACTERISTICS 

Characferistic 

Thermal Resistance, JWlction to Ambient 

Symbol 

vCEO 

VES 

P D (II 

TJ , Tstg 

Symbol 

(11 
'JA 

(11 

ELECTRICAL CHARACTERISTICS (TA = 25°C unless otherwise noted) 

I Char.cteristic Symbol I 
OFF CHARACTERISTICS 

Collector-Emitter Breakdown Voltage 
(Ie'" 1. 0 mAde, IE = 0) 

Emitter-Base Breakdown Voltage 
(IE = 10 IlAdC, Ie" 0) 

Collector Cutoff Current 
(VeB = 35 Vdc, IE = 0) 

ON CHARACTERISTICS 

DC Current Gain 
(Ie " 5.0 mAde, V CF. = 10 Vdc) 

Collector-Emitter Saturation Voltage 
(Ie" 10 mAde, IS:: 1. 0 mAde) 

Base-Emitter On Voltage 
(Ie'" 5.0 mAde, VCE ~ 10 Vde) 

DYNAMIC CHARACTERISTICS 

BVCEO 

'cEO 

VCE(sat) 

Current-Gain-BandwidthProduct iT 
(IC == 5.0 mAde, V CE '" 10 Vdc, f == 100 MHz) 

Common-Emitter Reverse Transfer Capacitance 
(VCB '" 10 Vdc, IE = 0) 

Output Resistance Roep 
(Ic '" 2.0 mAde, VCE = 10 Vdc, i '" 4. 5 MHz) 

Value Unit 

40 Vd, 

5.0 Vd, 

310 mW 
2.81 roW/DC 

-55 to +135 °c 

(1) Continuous package improvements have enhanced these guaranteed Maximum Ratings as 
follows: PD = 1.0 W @TC .. 25°C, Derate above 25°C - 8.0 mW/oC, T J .. -65 to +150o C, 
8JC = 1250 C/W. 
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MPS·H37 (continued) 
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MPS-H54 (SILICON) 

MPS-H55 

PNPSILICON ANNULAR TRANSISTORS 

· .. MPS·H54 is designed for RF amplifier applications in AM receivers. 
· .. MPS·H55 is designed for mixer, oscillator, autodyne converter, and 
I F amplifier applications in AM receivers. 

• High Breakdown Voltage - BVCEO = 80 Vdc (Min) 

• Low Collector· Base Capacitance - Ccb " 1.0 pF (Typ) 

• Low Output Admittance - hoe = 10 Jlmhos (Max) 

• Low Noise Figure - NF = 2.0 dB (Max) - MPS·H54 

• Complement to NPN MPS'H04, MPS·H05 

MAXIMUM RATINGS 

Rating Symbol Value Unit 

Collector-Emitter Voltage VCEO 80 Vde 

Emitter-Base Voltage Ve-s 4.0 Vde 

Collector Current - Continuous IC 100 mAde 

Total Device Dissipation @ T A = 25°C Po 1\1 300 mW 
Derate above 25°C 2.73 mW/oC 

Operating and Storage Junction TJ,Tstg I') -55 to +135 °c 
Temperature Range _ 

THERMAL CHARACTERISTICS 

Characteristic Symbol Max Unit 

Thermal Resistance, Junction to Ambient 8JA 111 0.367 °C/mW 
( Printed Circuit Board Mounting) 

(1) Continuous package improvements have enhanced these guaranteed Maximum Ratings as 
follows: Po;; 1.0 W @TC ;;; 25°C, Derate above 25°C - 8.0 mW/oC, T J "" -65 to +150o C, 
8 J C = 12SoC/W. 
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MPS-H54, MPS-H55 (continued) 

ELECTRICAL CHARACTERISTICS (T A: 25°C unless otherwise noted) 

I Charact.ristic: I Symbol Min Typ Max Unit 

OFF CHARACTERISTICS 

Collector-Emitter Breakdown Voltage BVCEO 80 - - Vde 
(lC = 1.0 mAde, I B = 0) 

Collector-Base Breakdown Voltage BVCBO 80 - - Vde 

(lC = 100 "Ade, IE = 0) 

Emitter-Base Breakdown Voltage BVEBO 4.0 - - Vde 
liE = 100"Ade,IC = 0) 

Collector Cutoff Current ICBO - - 50 nAde 
(VCB = 60 Vde, IE = 0) 

Eminer Cutoff Current lEBO - - 50 nAde 
(VEB = 3.0 Vde, IC = 0) 

ON CHARACTERISTICS 

DC Current Gain hFE --

(lc = 1.5 mAde, VCE = 10 Vde) MPS-H54 30 70 120 
MPS-H55 30 70 150 

Collector-Emitter Saturation Voltage VCE(sat) - 0.16 0.25 Vde 

(Ie = 10 mAde, IB = 1.0 mAde) 

DYNAMIC CHARACTERISTICS 

Current-Gain-Bandwidth Product fT 80 185 - MHz 

(lC = 1.5 mAde, VCE = 10Vde, f= 100 MHz) 

Collector·Base Capacitance Ccb - 1.0 1.6 pF 

(VCB = 10 Vde, f = 1.0 MHz) 

Output Admittance hoe - 6.0 10 J.lmhos 
IIC= 1.5 mAdc, VCE = 10 Vde, f = 1.0 kHz) 

Noise Figure NF - 1.5 2.0 dB 
IIC= 1.5mAdc, VCE = 10Vdc, RS = 50 ohms, f= 1.0 MHz) MPS-H54 

FIGURE 1 - SIMPLIFIED AC EQUIVALENT CIRCUIT (Common Emitter) 

e" COLLECTOR 

c, c, 
y Parameters may be determined from the following calculations: 

Not.: 

Data for MPS-H04 and MPS-H05 is presented in terms of the 
equivalent circuit shown in Figure 1. Values for its components 
may be found or calculated as follows: 

rb''''' 15 Ohms 

r. =26mV/IE 

Ceb, See Figure 5 

gm = lire 

1 
Ce =--

2"ft re 

9c = (hf. + 1) hob (Se. Figures 3 and 6) 

Co = 0.2 pF 

rb'e = (hfa + 1) re 

Low frequency h parameters may be found from: 

hie = rb' + rb'c 

hfa""l- ~ hFE(See Figure 2) 

hr. = Negligible 

hoe = (hfe + 1) hob 
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MPS-H54, MPS-H55 (continued) 

ELECTRICAL CHARACTERISTICS (VCE ~ 10 V. TA = 25°C unless otherwise noted) 
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MPS-H54, MPS-H55 (continued) 

AM RADIO DESIGN INFORMATION 

II 

FIGURE 8 - 1.0 MHz AMPLIFIER TEST CIRCUIT 
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MPS-H83 (SILICON) 

PNP SILICON ANNULAR TRANSISTORS 

... designed for common·base UHF RF amplifier applications. 

• Guaranteed Noise Figure -
NF =4.2 dB (Typ) @f=850MHz 

• Guaranteed Forward AGC Characteristics 

• Complete y·Parameter Curves from 400 MHz to 900 MHz 

• Guaranteed Power Gain -
Gpb = 16 dB (Typ) @ f = 850 MHz 

• Low Feedback Capacitance Allowing Stable Unneutralized 
Operation - Cce = 0.3 pF (Max) 

MAXIMUM RATINGS 

Rating Symbol Value 

Collector-Emitter Voltage VCEO 30 

Collector-Base Voltage VCB 30 

Emitter-Base Voltage VEB 3.0 

Total Device Dissipation@ T A = 2SoC Po 111 625 
D~rate above 2SoC 5.0 

Operating and Storage Junction T J. T stg 111 -55 to +150 
Temperature Range 

THERMAL CHARACTERISTICS 

Characteristic Symbol Max 

Thermal Resistance, Junction to 8JA 111 0.200 
Ambient 

Unit 

Vdc 

Vdc 

Vdc 

mW 
mW/oC 

°c 

Unit 

°C/mW 

(1) Continuous package improvements have enhanced these guaranteed Maximum Ratings as 
follows: Po '" 625 mW @ T A '" 2S0C, Derate above 25°C - 5.0 mWtoC. Po == 1.5 W @ 

TC '" 2SoC, Derate alJove 2SoC - 12 mWflC, BJC = S3.30e/W, 8JA '" 200o C/W. 

'Shield supplied on request. 
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MPS·H83 (continued) 

ELECTRICAL CHARACTERISTICS (TA = 25°C unless otherwise noted) 

Characteristic Symbol Min Typ 

OFF CHARACTERISTICS 

Collector-Emitter Breakdown Voltage 

(lC = 1.0 mAde,lB = 01 
BVCEO 30 -

Collector-Base Breakdown Voltage BVCBO 30 -
(lC = l00JlAde,IE = 0) 

Emitter-Base Breakdown Voltage BVEBO 3.0 -
(IE = l00j.lAde,lc = 01 

Collector Cutoff Current ICBO - -
(VCB = 15 Vde,IE = 01 

ON CHARACTERISTICS 

DC Current Gain 
(lc = 2.5 mAde, VCE = 10 Vde) 

DYNAMIC CHARACTERISTICS 

Current-Gain-Bandwidth Product fT 
(lC = 2.5 mAde, VCE = 10 Vde, f= 100 MHz) 600 950 

Collector-Emitter Capacitance Cee - -
(VCE = 10 Vde, IB = 0, f = 1.0 MHz, base guarded I (Crb) 

Noise Figure (F igur. 91 NF 
(lC = 2.5 mAde, VCB = 10 Vde, 
RS = 50 Ohms, f = 850 MHz) - 4.2 

FUNCTIONAL TEST (Using shield as shown in dimensional information) 

Common-Base Amplifier Power-Gain (Figure 9) Gpb 
(lC = 2.5 mAde, VCB = 10 Vdc, RS = 50 Ohms 
f = 850 MHzl 10 16 

Forward AGC Current (Figure 91 IAGC 
(Gain Reduction = 30 dB, RS = 50 Ohms 

f = 850 MHzl 4.5 5.6 

AGC CHARACTERISTICS 
VCB = 10 Vde, RS = 50 Ohms, f = 850 MHz, Data from Figure 9 

represents device shielded similar to that shown in "outline dimensions. 

Max 

-

-

-

100 

-

0.3 

6.5 

-

7.5 

FIGURE 1 - POWER GAIN FIGURE 2 - NOISE FIGURE 
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MPS-H83 (continued) 
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MPS-H83 (continued) 
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MPS-LO 1 (SILICON) 

NPN SILICON ANNULAR TRANSISTOR 

· .. designed for general-purpose, high-voltage amplifier applications. 

• High Breakdown Voltages -
BVCEO = 120 Vdc (Min), BVCBO = 140 Vdc (Min) 

• Low Saturation Voltage 
VCE(sat) = 0.30 V (max) @ IC = 50 mA 

• One-Piece, Injection-Molded Unibloc Package for High Reliability 

MAXIMUM RATINGS 

Rating Symbol Value Unit 

Collector-Emitter Voltage VeEO 120 Vde 

Collector-Sa .. Voltage Ves 140 Vdc 

Emitter-Sase Voltage VES 5.0 Vde 

Collector Current - Continuous Ie 600 mAde 

Total Device DISSipation @ T A = 250C Po 111 310 mW 
Derate above 25°C 2.81 mW/oe 

Operating and Storage Junction 
Temperature Range 

TJ. Tstg lll -55 to +135 °e 

THERMAL CHARACTERISTICS 

Characteristic Mex 

Thermal Resistance. Junction to Ambient 0.357 

(1) Continuous package. improvements have enhanced these guaranteed Maximum Ratings as 
follows: Po "" 625 mW @ T A = 25°C, Derate above 25°C - 5.0 mWf'C, Po = 1.6 W @ 

TC "" 2SoC, Derate above 25°C - 12 mWf'~. 6JC "" 83.30 CIW, 8JA .. 200o C/W. 

3-766 

HIGH VOLTAGE 

NPNSILICON 
AMPLIFIER TRANSISTOR 

[r--r-js l['fB! 

Leads!,ii!i.!, 10 
~:~l; MIN 

DIA HoLE ITYPI- -.l 
O.05S j~'04S 

1. Emitter ~:~~~ 
2. Base 
3. C,lIector 

0.003 
S.ITY~PI r- 0.013 R. 

h23~ 
_ 0 I 0 -

~R. ~:~~ 

CASE 29 II) 
TQ-92 



MPS-L01 (continued) 

ELECTRICAL CHARACTERISTICS (T A = 25°C unless otherwise noted) 

Characteristic Symbol Min Max Unit 

OFF CHARACTERISTICS 

Collector·Emitter Breakdown Voltage'" BVCEO " Vde 
(lc ~ 1.0 mAde, 'B ~ 0) 120 -

Coliector·Base Breakdown Voltage BVCBO Vde 

(lC = 100 "Ade, 'E ~ 0) 140 -

Emitter-Base Breakdown Voltage BVEBO Vde 
(IE = 10 "Ade, IC = 0) 5.0 -

Collector Cutoff Current 'CBO "Ade 
(VCB = 75 Vde, 'E = 0) - 1.0 

Emitter Cutoff Current 'EBO nAdc 
(VEB ~ 4.0 Vde, IC ~ 0) - 100 

ON CHARACTERISTICS 

DC Current Gain'" hFE" -
(lC = 10 mAde, V CE = 5.0 Vde) 50 300 

Collector-Emitter Saturation Voltage VCE(sat) Vde 
(lc = 10 mAde, 'B = 1.0 mAde) - 0.20 

(lC = 50 mAde, 'B = 5.0 mAde) - 0.30 

Base"Emitter Saturation Voltage VBE(satl Vde 
(lC = 10 mAde, 'B = 1.0 mAde) - 1.2 

(lC = 50 mAde, 'B = 5.0 mAde) - 1.4 

DYNAMIC CHARACTERISTICS 

Current-Gain-Bandwidth Product IT MHz 
(lC = 10 mAde, VCE~ 10 Vde, I ~ 100 MHz) 60 -

Output capacitance Cob pF 
(VCB = 10 Vde, 'E = 0, I = 1.0 MHz) - 8.0 

Small-Signal Current Gain hie -
(lC = 1.0 mAde, VCE ~ 10 Vde, I ~ 1.0 kHz) 30 -

"Pulse Test: Pulse Width s: 300 ,,5, Duty Cycle s: 2.0%. 

FIGURE 1 - THERMAL RESPONSE 
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'I" ~ I- 0.03 

o 
z 0.02 
:g .k1DIT'f .... 
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-- -
i----- Hill 6Jc!t)-r(tl6JC 

P(pk) 6JC = 100'C/W Max 

- - - 6JA!t) = r(tl6JA 

1:-~~ 6JA = 357'C/W Max 

D CURVES APPLY FOR POWER 
PULSE TRAIN SHOWN 

Duty Cycle, D = 11/12 READ TIME AT 11 
TJ(pk) - TC = P(pk)6JC!t) 

0.05 0.1 0.2 0.5 1.0 2.0 5.0 10 20 50 

~ TIME (SECONDS) 
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MPS-L01 (continued) 

h PARAMETERS 
(VCE = 10Vdc. f= 1.0 kHz. TA = 25°C) 
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There are two limitations on the power handling 
ability. of a transistor: junction tempe~ture and 
secondary breakdown. Safe operating area curves 
indicate Ie-VeE limits of the transistor that must be 
observed "for reliable operation; i.e., the transistor 
must not be subjected to greater dissipation than 
the' curves indicate. 

The data 01 Figure 6 is based on TJ(pk) = 1350 C; 
Te is variable depending on conditions. Pulse curvas 
are .. lid for duty cycles 01 10% provided T J(pk) .; 
1350 C. T J(pk) may be calculated Irom the data in 
Figure 1. At high case temperatures, thermaillmlta
tions will reduce the power that can be tiandled to 
values less than the limitations imposed by secondary 
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MPS-L01 (continued) 
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MPS-L01 (continued) 
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MPS·L07 (SILICON) 

MPS·lOB 

PNP SILICON ANNULAR TRANSISTORS 

· .. designed for high-speed saturated switching applications. 

• Fast Switching Time -
ton + toft ~ 50 ns (Typ) @ IC ~ 10 mAde 

• Low Storage Time -
TS ~ 15 ns (Max) @ IC ~ 10 mAde (MPS-L07) 

~ 20 ns (Max) @ IC ~ 10 mAde (MPS-L08) 

• Low Collector-Emitter Saturation Voltage -
VCE(sat) ~ 0.07 Vdc (Typ) @ IC ~ 10 mAde 

• High Current-Gain-Bandwidth Product -
fT ~ 500 MHz (Min) @ 10 mA (MPS-L07) 

~ 700 MHz (Min) @ 10 mA (MPS-L08) 

MAXIMUM RATINGS 

Rating Svmbol MPS-L07 MP5-L08 

Collector-Emitter Voltage VCEO 6.0 12 

Collector-Base Voltage VCB 6.0 12 

Emitter-Base Voltage VEB 4.5 

Collector Current - Continuous IC 80 

Total Device Dissipation@TA==2SoC Po 111 310 
Derate above 2SoC 2.81 

Operating and Storage Junction TJ,Tstgl1l -55 to +135 
Temperature Range 

THERMAL CHARACTERISTICS 

Characteristic 

Thermal Resistance. Junction to Ambient 

Unit 

Vde 

Vde 

Vde 

mAde 

mW 
mW/oC 

°c 

(1) Con'tinuou5 package improvements have enhanced these guaranteed Maximum Ratings as 
follows: Po = 1.0 W @TC == 25°C. Derate above 25°C - B.O mW/oC, T J = -65 to + 150°C, 
8JC == 1250 C/W. 

PNPSILICON 
SWITCHING 

TRANSISTORS 

Leads to fit into 
0.D16 
0.019 

0.175 i .... 
0.500 
MIN 

OIA HOLE (TYPI J 
jJC!.045 0.055 

0.045 
0.055 

CASE 29 (1) 

TO-92 

FIGURE 1 - TURN-ON AND TURN-OFF TEST CI RCUIT FIGURE 2 - CHARGE STORAGE TIME TEST CIRCUIT 

VBB Vee = 1.5 V 

2.2k 130 

VBB=-10V 
0.1 pF r 

510 
TO SAMPLI NG SCOPE 

Vin :r. P.W. = 2~O ns 
lin=50 51 
tr< 1.0 ns 

Ton 
VSB::: Ground 
Vin = -5.S V 

Toll 

lin;;' 100 kn 
!r< 1.0 ns 

VBB = -S.O V 
Vin = +9.S V 

Vin =+9.0 V JL 
P.W. = 240 ns 
lin=50n 
tr";;; 1.0 ns 
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MPS-L07,MPS-L08(continued) 

ELECTRICAL CHARACTERISTICS (T A ~ 25°C unless otherwise noted I 

I Characteristic I Symbol Min Typ Max Unit 

OFF CHARACTERISTICS 

Collector-Emitter SU$tainlng Voltage vCEO(susl Vde 
(lC" 3.0 mAde, IS: 01 MPS-L07 6.0 - -

MPS-LOB 12 - -
Collector-Emitter Breakdown Voltage SVCES Vde 

(lC ~ 100 /lAde, VBE = 01 MPS-L07 6.0 - -
MPS-LOB 12 - -

Collector-Base Breakdown Voltage SVCBO Vde 
(lC = 100/lAde, IE: 01 MPS-L07 6.0 - -

MPS-LOB 12 - -
Emitter-Base Breakdown Voltage SVEBO 4.5 - - Vde 

(IE: 100 /lAde, IC: 01 

Collector .Cutoff"Current ICES nAde 
(VCE : 3_0 Vde, VSE : 01 MPS-L07 - 1.0 10 

(VCE : 6_0 Vde, VBE : 01 MPS-L08 - 1.0 10 

(VCE : 3.0 Vde, VBE : 0, T A : 65°C 1 MPS-L07 - - 5.0 "Ade 

(VCE = 6.0 Vde, VSE = 0, T A: 6soCI MPS-LOB - - 5.0 

Base Current IS nAdc 
(VCE : 3.0 Vde, VSE : 01 MPS-L07· - - 1.0 

(VCE : 6.0 Vde, VSE = 01 MPS-L08 - - 10 

ON CHARACTERISTICS 

DC Current Gain hFE -
(lC = 1.0 mAde, VCE : 0_5 Vde) 15 40 -
(lC = 10 mAde, VCE·: 3.0 Vde) 30 50 120 

(I C : 50 mAde, V CE : 1.0 Vde) 30 35 -
Collector-Emitter Saturation Voltage VCE(sat) Vde 

(lC: 10 mAde, IS: 1.0 mAde) - 0.07 0.15 

(lC = 50 mAde, IS: 5.0 mAde) - 0.2 0.5 

Base-Emitter Saturation Voltage VSE(sat) Vde 
(lC =. 10 mAde, IS : 1.0 mAde) 0.73 0.79 0.88 

(lC: 50 mAde, IS: 5.0 mAde) - 0.89 1.5 

DYNAMIC CHARACTERISTICS 

Current-Gain--Bandwidth Product IT MHz 
(lC: 10 mAde, VCE : 5_0 Vde, I - 100 MHz) MPS-L07 500 WOO -
(lC : 10 mAde, VCE : 10 Vde, f = 100 MHz) MPS-LOB 700 1200 -

Output Capa"citance Cob - 1.9 3.0 pF 
(VCB : 5.0 Vde, IE : 0, f = 140 kHz) 

I "put Capacitance Cib - 3.6 5.0 pF 
(V BE : 0_5 Vde, Ie : 0, f: 140 kHz) 

... 
SWITCHING CHARACTERISTICS 

Turn-On Time ton - 15 20 ns 
(lC: 10 mAde,IB1: IB2: 1.0 mAde) 

(Figure 1) 
40 Tur~-Off Time toff - 35 ns 

Charge Storage Time (Figure 2) ts ns 
(lC: 10 mAde, IBI : IB2: 10 "lAde) MPS-L07 - - 15 

MPS-LOB - - 20 
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MPS-LSl (SILICON) 

PNP SILICON ANNULAR TRANSISTOR 

· .• designed for general· purpose, high-voltage amplifier applications. 

• High Breakdown Voltages-
BVCEO = 100 Vdc (Min), BVCBO = 100 Vdc (Min) 

• Low Saturation Voltage 
VCE(sat) = 0.30 V (max) @ IC = 50 mA 

• One-Piece, Injection-Molded Unibloc Package for High Reliability 

MAXIMUM RATINGS 

Rating Svmbol Value Unit 

Collector-Emitter Voltage VCEO 100 Vde 

Coliector·Base Voltage VCB 100 Vde 

Emitter-Base Voltage VEB 4.0 Vde 

Collector Current - Continuous IC 600 mAde 

Total Device Dissipation @TA == 25°C Po 111 310 mW 
Derate above 2SoC 2.81 mW/oC 

Operating and Storage Junction 111 C>c Temperature Range TJ, T stg -55to+135 

THERMAL CHARACTERISTICS 

Characteristic 

Thermal Resistance, Junction to Ambient 

(1) Continuous package improvements have enhanced these guaranteed Ma)(imum Ratings as 

follows: Po = 625 mW @ T A '" 25°C, Derate above 25°C - 5.0 mWfJC, Po =: 1.5 'IV @ 

T C = 25°C. Derate above 25°C - 12 ~W/OC. BJC = 83.30 C/W, OJ~ = 200oC/W. 

3-77.3 

HIGH VOLTAGE 

PNP SI LICON' 
AMPLIFIER TRANSISTOR 

-4 
0.17\ 

-~r 
. 0.100 

J 
j~0.041 0.015 

0.045 
0.055 

leads to fit into 
0.016 
0.019 

DIA HOlElTY1'J 

CASE 29 (1) 
TO-92 

1. Emitter 
2. Base 
3. Collector 



MPS-L51 (continued) 

ELECTRICAL CHARACTERISTICS (T A = 25°C unless otherwise noted) 

Characteristic Symbol 

OFF CHARACTERISTICS 

Collector-Emitter Sreakdown Voltage ·111 BVCEO 
(lC= 1.0 mAde, IS = 0) 

Collector-Base Sreakdown Voltage SVCSO 
(lC = 100 /lAde, IE = 0) 

Emitter-Sase Breakdown Voltage SVESO 
(IE = 10 "Adc, IC = 0) 

Collector Cutoff Current ICBO 
IVCS = 50 Vde, IE = 0) 

Emitter Cutoff Current leBO 
IVBE = 3.0 Vde, IC = 0) 

ON CHARACTERISTICS 

DC Current Gain ll ' hFE 
(lC = 50 mAde, VeE = 5.0 Vdc) 

Collector-Emitter Saturation Voltage 
(lC = 10 mAde, IS = 1.0 mAde) VCElsat) 
(I C = 50 mAde, I B = 5.0 mAde) 

Sase-Emitter Saturation Voltage 
(lC = 10 mAde, IS = 1.0 mAde) VBElsat) 
IIC = 50 mAde, IB = 5.0 mAde) 

DYNAMIC CHARACTERISTICS 

Current-Gain-Bandwidth Product fT 
(lC = 10 mAde, VCE = 10 Vde, f = 100 MHz) 

Output Capacitance Cob 
IVCS = 10 Vde, Ie = 0, f = 1.0 MHz) 

Small-Signal Current Gain hfe 
(lC = 1.0 mAde, Vce= 10 Vde, f = 1.0 kHz) 

(II Pulse Test: Pulse Test = 300 ./15. Duty Cycle = 2.0% 
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MPS·L51 (continued) 

h PARAMETERS 
(VCE ~ 10 Vdc, f~ 1.0 kHz, TA ~ 25°C) 
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There are two limitations on the power hand
ling ability of a transistor: junction temperature 
and secondary breakdown. Safe operating area 
curves indicate Ie-VeE limits of the transistor 
that must be observed for reliable operation; i.e .• 
the transistor must not be subjected to greater 
dissipation than the curves indicate. 

The data of Figure 6 is based on TJ(pk) = 

135°C; Te is variable depending on conditions. 
Pulse curves are valid for duty cycles of 10% 
provided TJ(pk) ~ 135°C. TJ(pk) may be cal· 
culated from the data in Figure 1. At high case 
temperatures, thermal limitations will reduce 
the power that can be handled to values less 
than the limitations imposed by secondary 
breakdown. 



MPS-LS1 (continued) 
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MPS-LSl (continued) 
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MPS-UO 1 (SILICON) 

MPS-U01A 

NPN SILICON ANNULAR TRANSISTORS 

· .. designed for complementary symmetry audio circuits to 5 Watts 
output. 

• Excellent Current Gain Linearity - i.O mAdc to 1.0 Adc 

• Low Coliector·Emitter Saturation Voltage -
VCE(sat) = O.SVdc (Max) @ Ie = 1.0 Adc 

• Complements to PNP MPS·U51 and MPS·U51A 

• Uniwatt Package for Excellent Thermal Properties -
1.0 Watt @ T A = 250 C 

MAXIMUM RATINGS 

Rating Symbol MPS·UOI MPS-UOIA 

Collector-Emitter Voltage VCEO 30 40 

Collector-Base Voltage VCB 40 50 

Emitter-Base Voltage VEB 5.0 

Collector Current - Continuous IC 2.0 

Total Device Dissipation @TA = 25°C PD 111 1.0 
Derate above 2SoC 9.10 

Total Device Dissipa.tion @TC = 2SoC PD(lI 8.0 
Derate above 2SoC 72.8 

Operating and Storage Junction TJ,Tstg(lI -55 to +135 
Temperature Range 

THERMAL CHARACTERISTICS 

Characteristic Symbol Max 

Thermal Resistance, Junction to Case 8JC (11 13.7 

Thermal Resistance, Junction to Ambient 8JA (11 110 

Unit 

Vdc 

Vdc 

Vdc 

Adc 

Watt 
mW/oC 

Watts 
mW/oC 

°c 

Unit 

°C/W 

°C/W 

(1) Continuous package improvements have enhanced these guaranteed Maximum Ratings as 
follows: Po"" 1.0 W@TA '" 25°C. Derate above 8.0 mW/oC. Po = 10 W@TC"'250C. 
Derate above 80 mWI'C, T J,T stg =: -55 to +150°, 9JC =: 12.50 C/W, 9JA = 1250 C. 

Uniwatt packages can be To-5 lead formed by adding -5 to the device title and tab formed for 
flush mounting by adding "-1 to the device title. 
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MPS-U01,MPS-U01A (continued) 

ELECTRICAL CHARACTERISTICS (TA = 25°C unless otherwise noted) 

Characteristic 

OFF CHARACTERISTICS 

Collector-Emitter Breakdown Voltage 

IIC = 10 mAde, 'B = 0) 

Collector-Base Breakdown Voltage 

IIC;= 100 !lAde, 'E = 0) 

Emitter-Base Breakdown Voltage 
liE = 100 !lAde, IC = 0) 

Collector Cutoff Current 
(VCB = 30 Vde. IE = 0) 

(VCB = 40 Vde, 'E = 0) 

Emitter Cutoff Current 
(V BE = 3.0 Vde, IC = 0) 

ON CHARACTERISTICS(l) 

DC Current Gain 
(Ie = 10 mAde, VeE = 1.0 Vde) 

lie = 100 mAde. VCE =; 1.0 Vde) 

IIc = 1.0 Ade, VCE = 1.0 Vde) 

Collector-Emitter Saturation Voltage 
IIc = 1.0 Ade, 'B = 0.1 Ade) 

Base-Emitter On Voltage 

IIc = 1.0 Ade, VeE = 1.0 Vdc) 

DYNAMIC CHARACTERISTICS 

Current-Gain-Bandwidth Product 
IIc = 50 mAde, VCE = 10 Vde, I = 20 MHz) 

Output Capacitance 
(VCB = 10 Vde, 'E = 0, I = 1.0 MHz) 

(1 )Pulse Test: Pulse Width S300 IJ.s, Duty Cycle~2.0%. 
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There are two limitations on the power handling ability of a tran
sistor: junction temperature and secondary breakdown. Safe 
operating area curves indicate IC-VCE limits of the transistor that 
must be observed for reliable operation; i.e., the transistor must 
not be subjected" to greater dissipation than the curves indicate. 

The data 01 Figure 3 is based on TJ(pk) = 135°C; TC is variable 
depending on conditions. At high case temperatures, thermal 
limitations will reduce the power that can be handled to values 
less than the limitations imposed by secondary breakdown. 
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MPS-U02 (SILICON) NPN silicon annular amplifier transistors designed for 
general-purpose amplifier and driver applications. Com
plement to PNP MPS-US2. 

MAXIMUM RATINGS 

Rating Symbol Value 

Collector-Emitter Voltage VCEO 40 

Collector-Base Voltage VCB 60 

Emitter-Base Voltage VEB 5.0 

Collector Current - Continuous IC 800 

CASE 152 Total Device Dissipation @ T A = 25°C PD III 1.0 

Derate above 25°C 9.1 

Total Device Dissipation @ T C = 25°C PD 111 6.0 

Derate abnve 25°C 54.5 

Operating and Storage Junction TJ , Tstg 111 -55 to +135 
Temperature Range 

THERMAL CHARACTERISTICS 

Characteristic Symbol Max 

Thermal Resistance, Junction to Case () 111 
JC 18.3 

Thermal Resistance, Junction to Ambient (}JA 111 0.110 

ELECTRICAL CHARACTERISTICS (T A = 25°C unless otherwise noted) 

Characteristic Symbol Min 

OFF CHARACTERISTICS 
Collector-Emitter Breakdown Voltage BVCEO 

(IC = 1. 0 mAde, IB = 0) 

Collector-Base Breakdown Voltage BVCBO 
(IC = 100 /lAde, IE = 0) 

Collector Cutoff Current ICBO 
(VeB = 40 Vde, IE = 0) 

ON CHARACTERISTICS 
DC Current Gain hFE 

(IC = 10 mAde, V CE = 10 Vde) 

(IC = 150 mAde, V CE = 10 Vde) 

(!C = 500 mAde, V CE = 10 Vde) 

Collector-Emitter Saturation Voltage VCE(sat) 
(IC = 150 mAde, IB = 15 mAdc) 

Base-Emitter Saturation Voltage V BE (sat) 
(IC = 150 mAde, IB = 15 mAdc) 

DYNAMIC CHARACTERISTICS 
Current-Gain-Bandwidth Product 

(Ie = 20 mAde, V CE = 20 Vde, f = 100 MHz) 
fT 

Output Capacitance Cob 
(V CB = 10 Vde, IE = 0, f = 100 kHz) 

(1) Continuous package improvements have enhanced these guaranteed MaXImum Ratings as 

follows: Po'" 1.0 W @ TA = 25°C, Derate abOve 8.0 mWf»C, PO'" 10 W @ TC "" 25°C, 
Derate above 80 mWf'C. T J,T stg '" -55 to +150°, 8JC "" 12.Soe/W. 8JA "" 12SoC. 

Uniwatt packages can be To-5 lead formed by adding -5 to the device titre and tab formed for 
flush mounting by adding -1 to the device title. 
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MPS-U02 (continued) 

FIGURE 1 - NORMALIZED DC CURRENT GAIN 

2.0 

'" ;;: 
'" 1.0 ... 
~ a: 0.7 

13 
u 0.5 
o 
o 
W 
N 

~ 0.3 

'" "" ~ 0.2 

~ 
O. 1 

0.9 

~ o O.B 
2 
w 

'" 
~ 0.7 
o 
> 
"" w 

~ 0.6 
~ 
W 

~ 
~ 0.5 
> 

0.4 

III II 
~~ 

-
125°C ... , -

'L~ 

t--1-- .11- ~ " t--r- 25uC -I\: III 

t---1--55°C 
\ V " ~~ f\ 

-- VCE=1.0V 

'" --- VCE=10V 

I111111 111111111 
0.1 1.0 10 100 

IC. COLLECTOR CURRENT (mAl 

FIGURE 3 - BASE-EMITTER VOL TAGE 
versus COLLECTOR CURRENT 

1/ 

..... V 

.-/ 
.... 

0.1 1.0 10 100 
IC. COLLECTOR CURRENT (rnA) 

1.0 A 

LOA 

FIGURE 5 - CURRENT-GAIN-BANDWIDTH PRODUCT 
versus COLLECTOR CURRENT 

1000 
N 

'" ;! 700 t; 
::0 
0 

~ 500 

'" ... 
0 

3' 
0 300 
'" :; 
z 
;;: 

200 to ... 
~ 
"" 13 
!C 100 

V VCE = 20 V i'. 

V 
\ 

V 

V 
1.0 10 100 LOA 

IC. COLLECTOR CURRENT (rnA) 

FIGURE 2 - COLLECTOR-EMITTER 
SATURATION VOLTAGE versus BASE CURRENT 

1.0 """'-"-rT1llrTT 111nr--III...,nrmllllrr--r-rnmrmr-r-rrnrTm 
0.9 r--+- IC = 10 mA -++l-H-+1IJfll-]-++t+lftHlft-++t-tHfffi 

"" in 0.BI-+-¥1*,*-+-11-t11-1100 mA +-l~fWlH--+-++l-f+Hl 
w ... ... ... 
~ ~ 0.71-+-+i*,*-+-1I-t1H1f1fll--+--* 250 mA \ 

~ ~ 0.6 \~mA 
~ ~ O.5l---l--Wrl+Itlj.-+--I-+<~fll--+-4-JlH-f+HIf-\'t-+l*fffi 
... > ~ 8 ~ o.41--+--I-\++I+H--H-+l+ll*--++ftH++I!-~""".I:I:I:I!j 
...:.t= 
~ ~ O.3l---l--l-IIl+Itlj.-+--H-f.H.I\I--++a~f-++I*1fII 

;;; a o.2l---l--l-I~I-Hl--+--H-f.H.~'-<-I+++fmF>--d:-r-+l*1fII 
0.1 1-+-1-+++mI'-....... dt--+1H+l+!l--+~+ttffi--++1ttl1tIt 
oL-~LLLUUL~-LLULW __ ~-U~~-L~ULW 

0.Q1 0.1 1.0 10 100 
lB. BASE CUR RENT (mA) 

FIGURE 4 - CAPACITANCE versus VOLTAGE 
5.0 
4.0 

3.0 

u: 
-'= "--
w 2.0 
'" z ... ... 
u 
;t ... 
'" ",- 1.0 

f---
........... ...... 

........... 
r'\ 

........ 1\ Cib 

0.7 r--.... 
So~ 

0.5 " 0.1 1.0 10 100 
REVERSE VOLTAGE (VOLTS) 

FIGURE 6- ACTIVE REGION DC SAFE OPERATIN'G AREA 
2.0 

~ 1.0 
... 
~ 0.1 

:::: 
" 0.5 
'" '" o 

~ 0.3 

8 
~ 0.2 

0.1 

f--

I---

1.0 

l"-

'\. 

" 1\ 
f.- __ _ Thermal limitation 

1\ I- -- Secondary BreakdoWrt_ Limitation 

I I I I 11111 I , 
2.0 3.0 5.0 7.0 10 20 30 50 

VCE. COLlECTOR·EMITIER VOLTAGE (YOLTs) 

3-781 



MPS-U03 (SILICON) 

MPS-U04 
NPN silicon annular plastic transistors designed for 

video output circuits utilizing an emitter-follower driver 
and for horizontal driver applications in television re
ceivers. 

CASE 152 

Collector connected to tab 

MAXIMUM RATINGS 

Rating Symbol MPS-U03 MPS~U04 Unit 

Collector-Emitter Voltage VCEO 

Collector-Base Voltage VCB 

Emitter- Base Voltage VEB 

Collector Current - Continuous IC 

Total Device Dissipation @ T A = 25°C PD 
ff) 

Derate above 25°C 

Total Device Dissipation @ TC = 25°C PD ff) 

Derate above 25°C 

Operating and Storage Junction TJ , Tstg 
f1I 

Temperature Range 

ELECTRICAL CHARACTERISTICS (T A = 2S'C unfess otherwise noted) 

Characteristic Symbol 

OFF CHARACTERISTICS 

Collector-Emitter Breakdown Voltage BVCEO 
(IC = 1. 0 mAde, IB = 0) MPSU03 

MPSU04 

Collector-Base Breakdown Voltage BVCBO 
(IC = 100 "Adc, IE = 0) MPSU03 

MPSU04 

Emitter-Base Breakdown Voltage BVEBO ('E = 100 "Ade, IC = 0) 

Collector Cutoff Current ICBO 
(V CB = 100 Vde, 'E = 0) MPSU03 

(V CB = 150 Vde, IE = 0) MPSU04 

ON CHARACTERISTICS 
DC Current Gain hFE 

(IC = 10 mAdc, VCE = 10 Vdc) 

Collector-Emitter Saturation Voltage VCE(sat) 
(IC = 200 mAde, IB = 20 mAde) 

Base-Emitter On Voltage VBE(on) 
(IC = 200 mAde, V CE = 1. 0 Vdc) 

DYNAMIC CHARACTERISTICS 
Current-Gain-Bandwidth Product fT 

(IC = 50 mAde, V CE = 20 Vde, ! = 100 MHz) 

OUtput Capacitance Cob 
(V CB = 10 Vde, 'E = 0, f = 100 kHz) 

Input Capacitance Cib 
(VBE = 0.5 Vde, IC = 0, f = 100 kHz) 

(1) Continuous package Improvements have enhanced these guaranteed Maximum Ratings as 
follows: Po == ·1.0 W @'TA = 2SoC. Derate above 8.0 mW/oC, Po:= 10 W @TC "" 25°C, 
Derate above 80 mW;oC, T J,T stg '" -55 to +150°, 8 J C '" 12.SoC/W, 0 JA = 12SoC. 

Uniw8tt packages can be To-5 lead formed by adding -5 to the device title and tab formed for 
flush mounting by adding -1 to the device title. 
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120 180 Vdc 

120 180 Vdc 

5.0 Vdc 

1.0 Adc 

1.0 Watt 

9.09 mW/"C 

8.0 Watts 

72.8 mW/"C 

-55 to +135 °c 

Min Max 

120 -
180 -

120 -
180 -

5.0 -

- 0.1 
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40 -
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MPS-UOS (SILICON) 

MPS-U06 

NPN SILICON ANNULAR 
AMPLIFIER TRANSISTORS 

· .. designed for general-purpose, high-voltage amplifier and driver 
applications. 

• High Collector-Emitter Breakdown Voltage -
BVCEO = 60 Vdc (Min) @ IC = 1.0 mAdc - MPS-U05 

BO Vdc (Min) @ IC = 1.0 mAdc - MPS-U06 

• High Power Dissipation - PD = 10 W@ TC = 250 C 

• Complements to PNP MPS-U55 and MPS-U56 

MAXIMUM RATINGS 
Rating Symbol MPS-U051 MPS-U06 

Coliector~Emitter Voltage VCEO 60 I 80 

Collector-Base Voltage VCB 60 I 80 

Emitter-Base Voltage VEB 4.0 

Collector Current - Continuous IC 2.0 

Total Device Dissipation @TA = 2SoC Po 1.0 
Derate above 2SoC 8.0 

Total Device Dissipation@Tc = 25°C Po 10 
Derate above 2SoC 80 

Operating and Storage Junction TJ,Tstg -55 to +150 
Temperature Range 

THERMAL CHARACTERISTICS 

Characteristic Symbol Max 

Thermal Resistance. Junction to Case BJC 12.5 

Thermal Resistance, Junction to Ambient 9JA 125 
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Unit 

Vdc 

Vdc 

Vdc 

Adc 

Watt 
mW/oC 

Watts 
mW/oC 

°c 

Unit 

°C/W 

°CIW 

NPN SILICON 
AMPLIFIER TRANSISTORS 
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l~ IP~~55 

---r ,/ 15' TYP 

I 'i V 
~ -j 0.260 
0.105 I 0.285 

0.213 
0.223 

l' 
0.475 

0.125 01A 
0.t31 

O:85T 1.005 

E B C 
O.0I5--<~O.095 
[lIT8" ii:Tii5 
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MPS-U05, MPS-U06 (continued) 

ELECTRICAL CHARACTERISTICS (T A = 25°C unless otherwise noted) 

I Characteristic I Symbol I Min Typ Max Unit 

OFF CHARACTERISTICS 

Collector-Emitter Breakdown Voltage 
(lC =; 1.0 mAde, IB =; 0) MPS-U05 

MPS-UOS 

Emitter-Base Breakdown Voltage 
(IE =; 100 "Ade, IC =; 0) 

Collector Cutoff Current 
IVCB = 40 Vde, IE =; 0) MPS-U05 
(Vca = SO Vde, IE = 0) MPS-UOS 

ON CHARACTERISTICS 

DC Current Gain (1) 
(lc = 50 mAde, VCE =; 1.0 Vde) 
(lc = 250 mAde, VCE = 1.0 Vde) 
(lC = 500 mAde, VCE = 1.0 Vdc) 

Collector-Emitter Saturation Voltage(l) 
(lC = 250 mAde, IB = 10 mAde) 
(lC = 250 mAde, IB = 25 mAdc) 

Base-Emitter On Voltage (1) 
(lC = 250 mAde, VCE = 5.0 Vdc) 

SMALL-SIGNAL CHARACTERISTICS 

Current-Gain-Bandwidth Product 
(lC = 2()(l_mAdc, VCE = 5.0 Vde, f = 100 MHz) 

Output Capacitance 
(VCB = 10 Vdc, IE = 0, f = 100 kHz) 

(1)Pulse Test: Pulse Width ~300 fJ.s, Duty Cycle S'2.0%. 
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There are two limitations on the power handling ability of a 
transistor: junction temperature and secondary breakdown. Safe 
operating area curves indicate IC - VCE limits of the transistor that 
must be observed for reliable operation; i.e., the transistor must 
not be subjected to greater cJissipation than the curves indicate. 
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The data of Figure 3 is based on T J(pk) = 1500 c; T C is variable 
depending on conditions. At high case temperatures, thermal 
limitations will roduca the power that can be handled to values less 
than the limitations imposed by secondary breakdown 
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MPS-U07 (SILICON) 

NPN SILICON ANNULAR 
AMPLIFIER TRANSISTOR 

... designed for general·purpose, high·voltage amplifier and driver 
applications. 

• High Coliector·Emitter Breakdown Voltage -
BVCEO = 100 Vdc (Min) @ IC = 1.0 mAdc 

• High Power Dissipation - PD = 10 W@ TC = 250 C 

• Complement to PNP MPS-U57 

MAXIMUM RATINGS 

Rating Symbol Value 

Collector-Emitter Voltage VCEO 100 

Collector-Base Voltage Vce 100 
Emitter-Base Voltage VEe 4.0 
Collector Current - Continuous IC 2.0 
Total Device Dissipation @ T A = 2SoC Po 1.0 

Derate above 2SoC 8.0 

Total Device Dissipation @ T C = 25°C Po 10 
Derate above 2SoC 80 

Operating and Storage Junction TJ,Tstg -55 to +150 
Temperature Range 

THERMAL CHARACTERISTICS 

Characteristic Symbol Max 

Thermal Resistance, Junction to Case 8JC 12.5 

Thermal Resistance. Junction to Ambient 8JA 125 

3-785 

Unit 

Vdc 
Vdc 

Vdc 
Adc 

Watt 
mW/oC 

Watts 
mWfOC 

°c 

Unit 

°CIW 

°CIW 

NPNSILICON 
AMPLIFIER TRANSISTORS 

0.223 

Tt 
0.475 

0.985 if.Oii 
1.005 

1 2 3 
o 5 0.095 

o:8ia4~0.105 
0.190 
imO 

Collector connected to tab 

PIN 1. EMITTER 
2. 8ASE 
3. COLLECTO R 

To convert inches to millimeters multiply by 25.4 
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MPS-U07 (continued) 

ELECTRICAL CHARACTERISTICS (TA = 25°C unless otherwise noted) 

Characteristic 

OFF CHARACTERISTICS 

Collector-Emitter Breakdown Voltage 
(lC = 1_0 mAdc,lB = 01 

Emitter-Base Breakdown Voltage 
(IE = 100 "Adc, IC = 01 

Collector Cutoff Current 
(VCB = 80 Vde, IE = 01 

ON CHARACTERISTICS 

DC Current Gain (11 
(lC = 50 mAde, VCE = 1_0 Vdel 
(lC = 250 mAde, VCE = 1_0 Vdel 
(lC = 500 mAde, VCE = 1.0 Vdel 

Collector-Emitter Saturation Voltage (1) 
(lC = 250 mAde, IB = 10 mAdel 
(I C = 250 mAde, I B = 25 mAdel 

Base-Emitter On Voltage 
(lC = 250 mAde, VCE = 5.0 Vdel 

SMALL-SIGNAL CHARACTERISTICS 

Current-Gain-Bandwidth Product 
(lC = 200 mAde, VCE = 5.0 Vdc, f = 100 MHzl 

Output Capacitance 
(VCB = 10 Vde, IE = 0, f = 100 kHzl 

(1 )Pulse Test: Pulse Width S300 Ils, Duty CycleS; 2.0%. 
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There are two limitations on tha power handling ability of a 
transistor: junction temperature and secondary breakdown_ Safa 
operating area curves indicate IC - VCE limits of the transistor that 
must be observed for reliable operation; Le., the transistor must 
not be subjected to greater dissipetion than the curves indicate. 
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The data of Figure 3 is based onTJ(pkl = 150oC; TC is variable 
depending on conditions. At high case temperatures, thermal 
)imitetions will reduce the power that can be handled to values less 
than the limiteti,!ns imposed by secondary breakdown 
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MPS-U 1 0 (SILICON) 

NPN SILICON ANNULAR TRANSISTOR 

· .. designed for high-voltage video and luminance output stages in 
TV receivers. 

• High Collector-Emitter Breakdown Voltage -
BVCEO = 300 Vdc (Min! @ IC = 1.0mAdc 

• Low Collector-Emitter Saturation Voltage -
VCE(sat! = 0.75 Vdc (Max! @ IC = 30 mAdc 

• Low Collector-Base Capacitance -
Ccb = 3.0 pF (Max) @ VCB = 20 Vdc 

MAXIMUM RATINGS 

Rating Symbol 

Collector-Emitter Voltage IIcm 
Collector·aase Voltage ~ 
Emitter-Base Voltage VEa 
Collector Current - Continuous .1c 
Total Device Dissipation @ T A = 25°C PD 

Derate above 25°C 

Total Device Dissipation @ T C = 25°C PD 
Derate above 25°C 

Operating and Storage Junction Temperature Range TJ,Tstg 

THERMAL CHARACTERISTICS 

Characteristic Symbol 

Thermal Resistance, Junction to Case 8JC 

Thermal Resistance. Junction to Ambient 8JA 

Value Unit 

300 Vdc 

300 Vdc 

8.0 Vdc 

500 mAde 

1.0 Watt 
8.0 mW/oC 

10 Watts 
80 mW/oC 

-55 to +150 °c 

Max Unit 

12.5 °CIW 

125 °CIW 

3-787 
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MPS-U 1 0 (continued) 

ELECTRICAL CHARACTERISTICS (T A = 250 C unless otherwise noted) 

Characteristics 

OFF CHARACTERISTICS 

Collector-Emitter Breakdown Voltage (1) 
(lC = 1.0 mAde,lB = 0) 

Collector-Base Breakdown Voltage 
(lC = 100 "Ade,IE = 0) 

Emitter-Base Breakdown Voltage 
(IE = 100 "Ade, IC = 0) 

Collector Cutoff Current 
(VCB = 200 Vde, IE = 0) 

Emitter Cutoff Current 
(VBE = 6.0 Vde, IC = 0) 

ON CHARACTERISTICS 

DC Current Gain 
(lC = 1.0 mAde, VCE" 10 Vde) 

(lC = 10 mAde, VCE = 10 Vde) 

(lC = 30 mAde, VCE = 10 Vde) 

Collector-Emitter Saturation Voltage 
(lC = 30 mAde, IB = 3.0 mAde) 

Base-E mitter On Voltage 
(lC = 30 mAde, VCE = 10 Vde) 

DYNAMIC CHARACTERISTICS 

Current-Gain-Bandwidth Product 
(lC = 10 mAde, VCE = 20 Vde, f = 100 MHz) 

Collector-Base Capacitance 
(VCB = 20 Vde, IE = 0, f = 1.0 MHz) 

(1 )Pulse Test: Pulse Width ~300 Jls, Duty Cycle'S 2%. 
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Symbol Min Max Unit 

BVCEO 300 - Vde 

BVCBO 300 - Vde 

BVEBO B.O - Vde 

ICBO - 0.2 "Ade 

lEBO - 0.1 jiAde 

hFE -
25 -

40 -
40 -

VCE(sat) - 0.75 Vde 

VBE(on) - 0.85 Vde 

f-r 60 - MHz 

Ceb - 3.0 pF 

The Safe Operating Area Curves indicate Ie-VeE limits below 
which the device will not enter secom;:lary breakdown. Collector 
load lines for specific drcuits must fall within the applicable Safe 
Area to avoid causing a catastrophic failure. To insure operation 
below the maximum T J, power-temperature derating must be ob
selVed for both steady state and pulse power conditions. 
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MPS-U10 (continued) 
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MPS-U10 (continued) 

APPLICATIONS INFORMATION 

The MPS-Ul0 is primarily designed for use in the R, G, and B output 
stages of color television receivers and with a high BVCEO, it can 
supply the video amplitude requirements of any known system. 
The low feedback cap,,"itance provides good video bandwidth with 
modest drive current requirements. Typical drive is from an 
emitter-follower with a 4.7 k emitter-resistor operated from a 
20-Volt supply_ It will, therefore, be operable directly from a 
number of available chroma demodulators. The low· output capac
itance of this device adds little to the total load capacitance, allow
ing improved bandwidth f9' a given collector load resistor. Two 
typical applications for the MPS-U10 are shown in Figures 6 and 7. 

Device dissipation witl reach approximately 1.6 Watts under 
worst-case signal conditions and some heat sinking is required. At 
an operating ambient temperature of 650 C, a thermal resistance 
8JA = 150-65/1.6 = 530 C/W will be required. The junction-to
case thermal resistance, 0JC, of the device is 12.50 C/W, thus a heat 

dissipator of 40.50 C/W, or lower, will be required. A black anod
ized 0.020" thick aluminum plate measuring 1" x 2" can be folded 
into a channel shape and formed with "feet" to snap into a printed 
circuit panel for support. This will provide the safety factor. 

Used as a color difference output, where drive and bandwidth 
requirements are less severe, the MPS-U10 can be operated with 
27 k ohin load resistors (worst-case dissipation would then be only 
0.6 Watts>- The device can, therefore, be operated as a color
difference output without any heat radiator in ambient temperatures 
to 150-0.6 (125) = 750 C_ 

In addition the safe operating area of the MPS-Ul0 will fill the 
requirements of the luminance output function with a total 
equivalent load of 5.0 kilohms. Worst-case dissipation can reach 3 
Watts, this requires a total 0 JA of 150-65/3 = 28.4°C/W. This 
28.4°C/W means a heat dissipator of 15_9°C/W, (approximately 2" 
x 3" aluminum plate) will be required. 

FIGURE 6 - MPS-U10AS RGB OUTPUT WITH RGB INPUT 
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MPS-U45 (SILICON) 

NPN SILICON DARLINGTON 
AMPLIFIER TRANSISTOR 

· .. designed for amplifier and driver applications. 

• High DC Current Gain -
hFE = 25,000 (Min) @ IC = 200 mAde 

15,000 (Min) @ IC = 500 mAde 

• Coliector·Emitter Breakdown Voltage -
BVCES = 40 Vdc (Min) @ IC = 100 pAdc 

• Low Coliector·Emitter Saturation Voltage -
VCE(sat) = 1.5 Vdc@ IC = 1.0 Adc 

• Monolithic Construction for High Reliability 

• Complement to PNP MPS·U95 

MAXIMUM RATINGS 

Rating Symbol Value 

Collector-Emitter Voltage VCEOlll 40 

Collector-Emitter Voltage VCES 40 

Collector-Base Voltage VCB 50 

Emitter-Base Voltage VEB 12 

Collector Current IC 2.0 

Total Device Dissipation @ T A = 2SoC PD 1.0 
Derate above 25°C 8.0 

Total Device Dissipation @ T C = 2SoC Po 10 
Derate above 25°C 80 

Operating and Storage Junction TJ,T stg -55 to +150 
Temperature Range 

THERMAL CHARACTERISTICS 

Characteristic Symbol Max 

Thermal Resistance. Junction to Ambient BJA 125 

Thermal Resistance, Junction to Case BJC 12.5 

Unit 

Vdc 

Vdc 

Vdc 

Vdc 

Adc 

Watt 
mW/oC 

Watts 
mW/oC 

°c 

Unit 

°CIW 

°C/W 

(1 )Oue to the monolithic construction of this device, breakdown voltages of both tran· 
sistor elements are identical. BVCES is tested in lieu of BVCEO in order to avoid 
errors caused by noise pickup. The voltage measured during the BVCES test is the 
BVCEO of the output transistor. 
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MPS-U45 (continued) 

ELECTRICAL CHARACTERISTICS (TA = 250 C unless otherwise noted) 

I Characteristic I Symbol Min Typ Max Unit 

OFF CHARACTERISTICS 

Collector-Emitter Breakdown Voltage 
(lC = 100 I'Adc; VBE = 0) 

BVCES 40 - - Vdc 

Collector-Base Breakdown Voltage BVCBO 50 - - Vde 
(Ie = 100 I'Ade, IE = 0) 

Emitter-Base Breakdown Voltage BVEBO 12 - - Vde 
(IE = 10 I'Ade, IC = 0) 

Collector Cutoff Current ICBO - - 100 nAdc 
(VCB = 30 Vde, IE = 0)' 

Emitter Cutoff Current lEBO - - 100 nAde 
(VEB = 10 Vde, IC = 0) 

ON CHARACTERISTICS(l) 

DC Current Gain hFE -
(lc = 200 mAde, VCE " 5,0 Vde) 25,000 65,000 150,000 
(lC = 500 mAde, VCE = 5.0 Vde) 15,000 35,000 -

(lC = 1.0 Ade, VCE = 5.0 Vde) 4,000 12,000 -

Collector-Emitter Saturation Voltage veE (sat) - 1.2 1.5 Vde 
(lC = 1.0 Ade, IB = 2.0 mAde) 

Base-Emitter Saturation Voltage VBE(sat) - 1.85 2.0 Vde 
(lC = 1.0 Ade, I B = 2.0 mAde) 

Base-Emitter On Voltage VBE(on) - 1.7 2.0 Vde 
(lc = 1.0 Ade, VCE = 5.0 Vde) 

DYNAMIC CHARACTERISTICS 

Small.signal Current Gain Ihlel 1.0 3.2 - -
(lc = 200 mAde, VCE = 5.0 Vde, I = 100 MHz) 

Collector Base Capacitance Ceb - 2.5 6.0 pF 
(VCB = 10 Vde, IE = 0, I = 1.0 MHz) 

(1lPulse Test: Pulse Width S;300 IJ.s, Duty Cycle ~ 2.0%. 

Uniwatt darlington transistors can be used in any number of low power applications, such as relay drivers, motor control and as general 
purpose amplifiers. As an audio amplifier these devices, when used as a complementary pair, can drive 3.5 watts into a 3.2 ohm speaker using 
a 14 volt supply with less than one per cent distortion. Because of the high gain the base drive requirement is as low as 1 mA in this application. 
They are also useful as power drivers for high current application such as voltage regulators, 
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MPS-U45 (continued) 
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FIGURE 1 - DC CURRENT GAIN 
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There are two limitations on the power handling ability of 2 

transistor: junction temperature and secondary breakdown. Safe 
operating area curves indicate Ie-VeE limits of the transistor that 
must bi3 observed for reliable operation; i.e., the transistor must not 
be subjected to greater dissipation than the curves indicate. 

- '- TJ=150oC '\. 

The data of Figure 5 is based on TJ(pk) = 150°C; TC is variable 
depending on conditions. At high case temperatures, thermal limi
tations will reduce the power that can be handled to values less 
than the limitations imposed by secondary breakdown. 0.2 1----

1-:----

0.1 
2.0 

I I 
3.0 

BONDING WIRE LIMITATION 
THERMAL L1MITATlON@TC=250 C 

SiCONIO BjEAiOfWIN rMITATlfN 
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MPS-U45 (continued) 

470 k 

10.I~F 

1.8 M 

INPUTo---j 
al 

0.1 ~F 

3.0 M 

aJ· MPS·AI3(DARLINGTON) 
a2· Mps·A70 
a3· MPS·A20 

5-WATT AUDIO AMPLIFIER 

1.8 k 

a2 

1.5 k 

3.3 k 

68 

+ 1.5 k 
100~F 

a4· MPS·U45 {COMPLEMENTARY 
a5· MPS·U95 OARLINGTONS 
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MPS-U51 (SILICON) 

MPS-U51A 

PNP SILICON ANNULAR TRANSISTORS 

· .. designed for complementary symmetry audio circuits to 5 Watts 
output. 

• Excellent Current Gain Linearity - 1.0 mAdc to 1.0 Adc 

• Low Collector-Emitter Saturation Voltage -
VCE(sat) = 0.7 Vdc (Max) @ IC = 1.0 Adc 

• Complements to NPN MPS-UOl and MPS-U01A 

• Uniwatt Package for Excellent Thermal Properties -
1.0 Watt @ T A = 250 C 

MAXIMUM RATINGS 

Rating Symbol MPS-U51 MPS-U51A 

Coliector~Emitter Voltage VCEO 30 40 

Collector-Base Voltage VCB 40 50 

Emitter-Base Voltage VEB 5.0 

Collector Current - Continuous IC 2.0 

Total Device Dissipation @TA = 2SoC PO'" 1.0 
Derate above 25°C 9.10 

Total Device Dissipation @TC== 25°C PO"1 8.0 
Derate above 2SoC 72.8 

Operating and Storage Junction TJ,Tst~1 -55 to +135 
Temperature Range 

THERMAL CHARACTERISTICS 

Characteristic Symbol Max 

Thermal Resistance. Junction to Case BJC 111 13.7 

Thermal Resistance, Junction to Ambient BJA 11) 110 

Unit 

Vdc 

Vdc 

Vdc 

Adc 

Watt 
mW/oC 

Watts 
mWfOC 

°c 

Unit 

°C/W 

°C/W 

(1) Continuous package Improvements have enhanced these guaranteed Maximum Ratings as 
follows: Po IS 1.0, W @ T A == 25°C. Derate above 8.0 mW/oC, Po "" 10 W @ T C = 25°C. 
Derate above 80 mWtoc, T J,T stg "" -55 to +150°. 6 JC '" 12.50 C/W. 6 JA '" 125°C. 

Uniwatt packages can be To-5 lead formed by adding -5 to the device titl. and tab formed for 
flush mounting by adding -1 to the device title, 
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PNP SILICON 
AUDIO TRANSISTORS 

0.213 
0.223 

TI 
0.475 

0.360 
0.315 

10T~ o.04~ iP\~55 
=1--.,--

150 TYP 

~DlA 
0.131 

0.:8sT 1.005 

E 8 C 
15 0.095 
~4~0.105 

0.190 
If.2TIi 

Collector Connected to Tab 
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MPS-U51,MPS-U51A (continued) 
ELECTRICAL CHARACTERISTICS (TA = 250 C unless otherwise noted) 

Characteristic 

OFF CHARACTERISTICS 

Collector-Emitter Breakdown Voltage 
(lC = 1.0 mAde, IB = 0) 

Collector-Base Breakdown Voltage 
(lC = 100 /lAde, IE = 0) 

Emitter-Base Breakdown Voltage 
(IE = 100 /lAde, IC = 0) 

Collector Cutoff Current 
(VCS = 30 Vde, IE = 0) 

(VCS = 40 Vde, IE = 0) 

Emitter Cutoff Current 
(VSE = 3.0 Vde, IC = 0) 

ON CHARACTERISTICS(1) 

DC Current Gain 
(lc = 10 mAde, VCE = 1.0 Vde) 

(lC = 100 mAde, VCE =. 1.0 Vde) 

flc = 1.0 Ade, VCE = 1.0 Vde) 

Collector-Emitter Saturation Voltage 
(lc = 1.0 Ade, IB = 0.1 Ade) 

Base-Emitter On Voltage 
(IC = 1.0 Ade, VCE = 1.0 Vde) 

DYNAMIC CHARACTERISTICS 

Lurrent-uain-Bandwidth Product 
(lc = 50 mAde, VCE = 10 Vde, I = 20 MHz) 

Output Capacitance 
(VCB = 10 Vde, IE = 0, I = 100 kHz) 

(1)Pulse Test: Pulse Width S300 ~s. Duty Cycle '$.2.0%. 
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FIGURE 1 - DC CURRENT GAIN 
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Symbol Min Max Unit 

BVCEO Vde 
MPS·U51 30 -
MPS-U51A 40 -

BVCBO Vde 
MPS-U51 40 -
MPS-U51A 50 -

BVEBO 5.0 - Vde 

ICBO /lAde 
MPS·U51 - 0.1 

MPS-U51A - 0.1 

IESO - 0.1 /lAde 

hFE -
55 -
60 -
50 -

VCE(sat) - 0.7 Vde 

VBE(on) - 1.2 Vde 

IT 50 MHz 

Cob - 30 pF 

FIGURE 2 - "ON" VOLTAGES 
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FIGURE 3 - DC SAFE OPERATING AREA 

0: 

'" ~ .. z w 
a: 
a: 
::> 
'-' 
a: 
0 
I-

~ 
::l 
0 
'-' 
!;} 

2.0 
1'" 

...... 
1.0 

0.7 

0.5 

TJ -135°C ...... 

0.3 
_-.--- Secondary Breakdown limited '" ----. Bonding Wire limited 
- - - - Thermallimitations @ TC = 25°C 

0.2 -, , 

0.1 
2.0 3.0 

, APtIiCa,bl. TO ~VfEr 
I 

5.0 10 20 

VCE, COLLECTOR·EMITTER VOLTAGE (VOLTS) 

" 
30 40 

There are two limitations on the power handling ability of a tran
sistor: junction temperature and secondary breakdown. Safe 
operating area curves indicate IC-VCE limits of the transistor that 
must be observed for reliable operation; i.e., the transistor must 
not be subjected to greater dissipation than the curves indicate . 

The data of Figure 3 is based on TJ(pk) = 1350 C; TC is variable 
depending on conditions. At high case temperatures, thermal 
limitations will reduce the power that can be handled to values 
less than the limitations imposed by secondary breakdown. 
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MPS-U52 (SILICON) 

PNP silicon annular amplifier transistors designed for 
general-purpose amplifier and driver applications. Com
plement to NPN MPS-U02. 

CASE 152 

MAXIMUM RATINGS Collector connected to tab 

Rating Symbol Value 

Collector-Emitter Voltage VCEO 40 

Collector-Base Voltage VCB 60 

Emitter- Base Voltage VEB 5.0 

Collector Current - Continuous IC 800 

Total Device Dissipation @ T A = 25°C PD 111 1.0 

Derate above 25"C 9.1 

Total Device Dissipation @ TC = 25°C PD I1I 6.0 

Derate above 25°C 54.5 

Ope rating and Storage Junction TJ , T 111 
stg -55 to +135 

Temperature Range 

THERMAL CHARACTERISTICS 

Characteristic Symbol Max 

Thermal Resistance, Junction to Case o III 
JC 

18.3 

Thermal Resistance, Junction to Ambient o JA til 0.110 

ELECTRICAL CHARACTERISTICS (T. = 25°C unless otherwise noted) 

Characteristic Symbol Min 

OFF CHARACTERISTICS 
Collector-Emitter Breakdown Voltage BVCEO 

(IC = 1. 0 mAde, IB = 0) 40 

Collector-Base Breakdown Voltage BVCBO 
(IC =l00/.lAdc, IE = 0) 60 

Collector Cutoff Current ICBO 
(VCB = 40 Vdc, IE = 0) -

ON CHARACTERISTICS 
DC Current Gain hFE 

(IC = 10 mAdc, V CE = 10 Vdc) 50 

(IC = 150 mAdc, V CE = 10 Vdc) 50 

(IC = 500 mAdc, V CE = 10 Vdc) 30 

Collector~Emitter Saturation Voltage V CE(sat) 
(IC = 150 mAdc, IB = 15 mAdc) -

Base-Emitter Saturation Voltage VBE(sat) 
(IC = 150 mAdc, IB = 15 mAde) -

DYNAMIC CHARACTERISTICS 
Current-Gain-Bandwidth Product fT 

(Ic = 20 mAdc, V CE = 20 Vdc, f = 100 MHz 150 

Output Capacitance Cob 
(V CB = 10 Vdc, ~E = 0, f = 100 kHz) -

(1) Continuous package impro ... ements have enhanced these guaranteed Maximum Ratings as 
follows: Po III 1.0 W @I T A '" 25°C, Derate above 8.0 mW/oC, Po '" 10 W @ T C '" 2SoC. 
Derate above 80 mW~C. T J,T stg '" -55 to +150°. 8JC - 12.50C/W. 8JA '" 12SoC. 

Max 

-

-

100 

-
300 

-

0.4 

1.3 

-

20 

Uniwatt packages can be To-6 lead formed by adding -5 to the device title and tab formed for 
flush mounting by adding -1 to the device title. 
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Unit 

Vdc 

Vdc 

Vdc 

mAde 

Watt 

mW/"C 

Watts 

mW/"C 

°c 

Unit 

°C/W 

°C/mW 

Unit 

Vdc 

Vdc 

nAdc 

-

Vdc 

Vdc 

MHz 

pF 



MPS-US2 (continued) 

FIGURE 1 ..,.. NORMALIZED DC CURRENT GAIN 
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MPS-U55 (SILICON) 

MPS-U56 

PNP SILICON ANNULAR 
AMPLIFIER TRANSISTORS 

· .. designed for general-purpose, high-voltage amplifier and driver 
applications. 

• High Collector-Emitter Breakdown Voltage -
BVCEO = 60 Vdc (Min) @ IC = 1.0 mAde - MPS-U55 

BO Vdc (Min) @ IC = 1.0 mAdc - MPS-U56 

• High Power Dissipation - Po = lOW @ TC = 25°C 

• Complements to NPN MPS-U05 and MPS-U06 

MAXIMUM RATINGS 
Rating Symbol MPS-U55 I MPS-U56 

Collector~Emitter Voltage VCEO 60 I 80 

Collector-Base Voltage VCR 60 I 80 

Emitter-Base Voltage VES 4.0 

Collector Current - Continuous IC 2.0 

Total Device Dissipation @ T A = 25°C PD 1.0 
Derate above 25°C 8.0 

Total Device Dissipation @TC "" 25°C PD 10 
Derate above 25°C 80 

Operating and Storage Junction TJ,Tstg -55 to +150 
Temperature Range 

THERMAL CHARACTERISTICS 

Characteristic Svmbol Max 

Thermal Resistance, Junction to Case 8JC 12.5 

Thermal Resistance, Junction to Ambient °JA 125 

3-799 

Unit 

Vdc 

Vdc 

Vdc 

Adc 

Watt 
mW/oC 

Watts 
mW/oC 

°c 

Unit 

°C/W 

°C/W 

PNPSILICON 
AMPLIFIER TRANSISTORS 

0.3601 
O.375~~ 
70TY~ 0.045 iP\~55 

E 6 C 
0.015 0.095 
0.0184~0.105 

0.190 
[TIii 

Collector Connected 
to Tab 
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MPS-U55, MPS-U56 (continued) 

ELECTRICAL CHARACTERISTICS (T A = 25°C unless otherwise noted) 

I Characteristic, I Symbol I Min Typ Max Unit 

OFF CHARACTERISTICS 

Collector-Emitter Breakdown Voltage 
(lC = 1.0 mAde, IB =0) MPS-U55 

MPS-U56 

Emitter-Base Breakdown Voltage 
(IE = lool'Adc,lC = 0) 

Collector Cutoff Currant 
(VCB = 40 Vdc, IE = 0) MPS-U55 
(VCB = 60 Vde, IE = 0) MPS-U56 

ON CHARACTERISTICS 

DC Current Gain (1) 
(lC = 50 mAde, VCE = 1.0 Vde) 
(lc = 250 mAde, VCE = 1.0 Vdc) 
(lC = 500 mAde, VCE = 1.0 Vdc) 

Collector-Emitter Saturation Voltage(l) 
(lC = 250 mAde, IB = 10 mAde) 
(lC = 250 mAde, IB = 25 mAde) 

Base-Emitter On Voltage (I) 
(lC = 250 mAde, VCE = 5.0 Vde) 

SMALL-SIGNAL CHARACTERISTICS 

Current-Gain-Bandwidth Product 
(lC = :200 mAde, VCE = 5:0 Vdc, f = 100 MHz) 

Output Capacitance 
(VCB = 10 Vdc, IE = 0, f = 100 kHz) 

(1 )Pulse Test: Pulse Width ~300 Sls, Duty Cycle ~2.0%. 

FIGURE 1 - DC CURRENT GAIN 
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There are two limitations on the power handling ability of a 
transistor: junction temperature and secondary breakdown. Safe 
operating araa curves indicate IC - VCE limits of the transistor that 
must be observed for reliable operation; i.e., the transistor must 
not ba subjected to greater dissipation than the curves indicate. 
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FIGURE 2 - "ON" VOLTAGES 
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The data of Figure 3 is based onTJ(pk) = 150oC; TC is variable 
depending on conditions. At high case temperatures, thermal 
limitations will reduce the power that can be handled to values less 
than the limitations imposed by secondary breakdown 
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MPS-U57 (SILICON) 

PNP SILICON ANNULAR 
AMPLIFIER TRANSISTOR 

· .. designed for general·purpose, high·voltage amplifier and driver 
applications. 

• High Collector· Emitter Breakdown Voltage -
BVCEO = 100 Vdc (Mini @ IC = 1.0 mAdc 

• High Power Dissipation - Po = 10 W@ TC = 250 C 

• Complement to NPN MPS-U07 

MAXIMUM RATINGS 

Rating Symbol Value 

Collector-Emitter Voltage VCEO 100 

Collector-Base Voltage VCB 100 

Emitter-Base Voltage VEe 4.0 

Collector Current - Continuous IC 2.0 
Total Device Dissipation @ T A ::: 2SoC Po 1.0 

Derate above 2SoC 8.0 

Total Device Dissipation @TC = 2SoC Po 10 
Derate above 25°C 80 

Operating and Storage Junction TJ,Tstg -55 to +150 
Temperature Range 

THERMAL CHARACTERISTICS 

Characteristic Svmbol Max 

Thermal Resistance, Junction to Case BJC 12.5 

Thermal Resistance, Junction to Ambient BJA 125 

3-801 

Unit 

Vdc 

Vdc 

Vdc 

Adc 

Watt 
mW/oC 

Watt 
mW/oC 

°c 

Unit 

°CIW 

°C/W 

AMPLIFIER TRANSISTOR 

PNPSILICON 

=-1----.--

~ f.YOTYP 
0.260 

0.285 ~.~~~ DI~ 

1 2 3 
0015 0.095 
0:018~~0.105 

0.190 
o:m 

Collector connected to tab 

)0 TYP 

PIN 1. EMITTER 
2. BASE 
3. COLLECTOR 

To convert inches to millimeters multiply by 25.4 

CASE 152 



MPS-U57 (continued) 

ELECTRICAL CHARACTERISTICS (T A ~ 25°C unless otherwise noted) 

I Characteristic I Symbol I Min Typ Max Unit 

OFF CHARACTERISTICS 

Collector-Emitter Breakdown Voltage 
(lC ~ 1.0 mAde, IB = 0) 

Emitter-Base Breakdown Voltage 
(lC = 100 /tAde, IE = 0) 

Collector Cutoff Current 
(VCB = 40 Vde, IE = 0) 

ON CHARACTERISTICS 

DC Current Gain 
(IC = 50 mAde, VCE = 1.0 Vde) 
(lC = 250 mAde, VCE = 1.0 Vde) 
(lC = 500 mAde, VCE = 1.0 Vde) 

Collector-Emitter Saturation Voltage 
(lC = 250 mAde, IB = 10 mAde) 
(lC = 250 mAde, IB = 25 mAde) 

Base-Emitter On Voltage 
(lC = 250 mAde, VCE = 5.0 Vde) 

SMALL-SIGNAL CHARACTERISTICS 

Current-Gain-Bandwidth Product 
(lC = 200 mAde, VCE = 5.0 Vdc, f = 100 MHz) 

Output Capacitance 
(VCB = 10 Vdc, IE = 0, f = 100 kHz) 

FIGURE 1 - DC CURRENT GAIN 
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There are two limitations on the power handling ability of a 
transistor: junction temperature and secondary breakdown. Safe 
operating area curves indicate IC - VCE limits of the transistor that 
must be observed for reliable operation; i.e., the transistor must 
not be subjected to greater dissipation than the curves indicate. 
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FIGURE 2 - "ON" VOLTAGES 
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The data of Figure 3 is based onTJ(pk) = 1500 C; TC is variable 
depending on conditions. At. high case temperatures, thermal 
limitations will reduce the Power that can be handled to values less 
than the limitations imposed by secondary breakdown. 
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MPS-U60 (SILICON) 

PNP SILICON ANNULAR TRANSISTORS 

designed for general-purpose applications requiring high break
down voltages, low saturation voltages and low capacitance. 

• Complement to NPN Type MPS-U 1 0 

MAXIMUM RATINGS 

Rating Svmbol Value 

Collector-Emitter Voltage VCEO 300 

Collector-Base Voltage Vca JOO 

Emitter-Base Voltage VEa 5.0 

Collector Current - Continuous Ie 500 

Total Device Dissipation@TA '" 2SDC PD 1.0 
Derate above 25°C 8.0 

Total Device Dissipatlon@Te-2SoC PD 10 
Derate above 25°C 80 

Operating and Storage Junction TJ,Tstg -55 to +150 
Temperature Range 

THERMAL CHARACTERISTICS 

Characteristic 

Thermal Resistance, Junction to Case 

Thermal Aesist~nce, Junction to Ambient 

'ELECTRICAL CHARACTERISTICS (T A = 25°C unless otherwise notedl 

Characteristic 

Collector EmItter Breakdown Voltage! 1) 

(Ie = 1.0 mAde, IR = 0) 

Collector-Base Breakdown Voltage 
(Ie = l00pAdc,IE "'0) 

Emitter-Base Breakdown Voltage 

(IE'" 10pAdc, Ie = 0) 

Collector Cutoff Current 
(Vea '" 200 Vdc, IE =0) 

Emitter Cutoff Current 

(VSE = 3.0 Vdc, Ie = 0) 

ON CHARACTERISTICS 

DC Current Gain 
(Ie'" 1.0mAdc, VeE = 10Vdc\ 

(Ie =t 10mAdc, VeE'" 10 Vdc) 

(Ie'" 30 mAde, VeE = 1OVdc) 

Collector-Emitter Saturation Voltage 

(Ie'" 20 mAde, '8 = 2.0mAdcl 

Base-E""1itter Saturation Voltage 
He'" 20mAdc.la '" 2.0mAdcl 

DYNAMIC CHARACTERISTICS 

Current-Gain-Bandwidth Product 
lie" 10 mAde, VeE'" 20 Vdc, f = 100 MHz) 

Collector-Base Capacitance 
(Ves = 20Vdc, Ie = O. f:: 1.0 MHz) 

Svmbol 

BVCEO 

BVCBO 

BVEBO 

'eBO 

'eBO 

hFE 

VCEtsat) 

VeEI&st) 

IT 

Cob 

Min M .. 

300 

300 

5.0 .-

0.2 

0.1 

25 

30 
30 

0.75 

o.g 

60 

8.0 

3-803 

Unit 

Vd, 

Vd, 

Vd, 

mAde 

Watt 
mWfOC 

Watts 
mWJOC 

°e 

Unit 

Vd, 

Vd, 

Vd, 

/JAde 

/JAde 

Vd, 

Vd, 

MH, 

pF 

PNPSILICON 
HIGH VOLTAGE 
TRANSISTORS 

0.360 

---.L 
0.155 
0.165 

---,---
~- 15° TYP 

~~;~ OIA 

0.223 

l' 
0.415 

0.9
1
65

0TO 

1.005 

1 2 3 
PIN 1. 0.095 

QJl!JiI~105 2. 0.018 . 
3. 

0.190 
0.210 

Collector connected to tab 

CASE 152 

EMITTER 
BASE 
COLLECTOR 



MPS-U60 (continued) 
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MPS-U95 (SILICON) 

PNP SILICON DARLINGTON 
AMPLIFIER TRANSISTOR 

· .. designed for amplifier and driver applications. 

• High DC Current Gain -
hFE = 25,000 (Min) @ IC = 200 mAdc 

15,000 (Min) @ IC =,500 mAdc 

• Collector-Emitter Breakdown Voltage -
BVCES = 40 Vdc (Min) @ IC = 100 /lAde 

• Low Collector-Emitter Saturation Voltage -
VCE(sat) = 1.5 Vdc@ IC = 1.0 Adc 

• Monolithic Construction for High Reliability 

• Complement to NPN MPS-U45 

MAXIMUM RATINGS 

Rating Symbol Value 

Collector-Emitter Voltage VCEOlll 40 

Collector-Emitter Voltage VCES 40 

Collector-Base Voltage VCB 50 

Emitter-Base Voltage VEB 12 

Collector Current Ie 2.0 

Total Device Dissipation @ T A == 2SoC Po 1.0 
Derate above 25°C 8.0 

Total Device Dissipation @ T C ::: 25°C Po 10 
Derate above 25°C 80 

Operating and Storage Junction TJ,Tstg -55 to +150 
Temperature Range 

THERMAL CHARACTERISTICS 

Characteristic Symbol Max 

Thermal Resistance, Junction to Ambient 8JA 125 

Thermal Resistance, Junction to Case 8JC 12.5 

Unit 

Vdc 

Vdc 

Vdc 

Vdc 

Adc 

Watt 
mW/oC 

Watts 
mW/oC 

°c 

Unit 

°CIW 

°C/W 

(110 ue to the monolithic construction of this device, breakdown voltages of both tran
sistor elements are identical. BVces is tested in lieu of BVceo in order to avoid 
errors caused by noise pickup. The voltage measured during the BVCES test is the 
BVCEO of the output transistor. 

3-805 

PNPSILICON 
DARLINGTON 
TRANSISTOR 

0.360 

~:~~~ DIA 

0.213 

0.2231.t;;:=n=~ 

11 
0.475 

0.:B5T 1.005 

0015 I 2 3 0.095 PIN I. 

llisl~ilTIl5 2. 
0.190 3. 
0.210 

Collector connected to tab 

7° TYP 

EMITTER 
BASE 
CDLLECTOR 

To convert inches to millimeters multiply by 25.4 

CASE 152 



MPS-U95 (continued) 

ELECTRICAL CHARACTERISTICS (T A = 25°C unless otherwise noted) 

I Characteristic Symbol Min Typ Max Unit 

OFF CHARACTERISTICS 

Collector-Emitter Breakdown Voltage BVCES 40 - - Vde 
(lC = 100 !lAde, VBE = 0) 

Collector-Base Breakdown Voltage BVCBO 50 - - Vde 
(lC = 100 !lAde, IE = 0) 

Emitter-Base Breakdown Voltage BVEBO 10 .- - Vde 
(IE = 10 /lAde, IC = 0) 

Collector Cutoff Current ICBO - - 100 nAde 
(VCB = 30 Vde, IE = 0) 

Emitter Cutoff Current lEBO - - 100 nAde 

(VEB = 8.0 Vde, IC = 0) 

ON CHARACTERISTlCSI1l 

DC Current Gain hFE -
(lC = 200 mAde, VCE'= 5.0 Vde) 25,000 65,000 150,000 

(lC = 500 mAde, VCE = 5.0 Vde) 15,000 35,000 -

(lC = 1.0 Ade, VCE = 5.0 Vde) 4,000 12,000 -
Collector-Emitter Saturation Voltage VCE(s.t) - 1.2 1.5 Vde 

(lC = 1.0 Ade, IB = 2.0 mAde) 

Base-Emitter Saturation Voltage VSE(s.t) - 1.85 2.0 Vde 
(lC = 1.0 Ade, IS = 2.0 mAde) 

Base-Emitter On Voltage VBE(on) - 1.7 2.0 Vde 
(lC = 1.0 Ade, VCE = 5.0 Vde) 

DYNAMIC CHARACTERISTICS 

Small-Signal Current Gain Ihfel 0.5 3.2 - -
(lC = 200 mAde, VCE = 5.0 Vde, f = 100 MHz) 

Collector Base Capacitance Ceb - 2.5 12 pF 
(VCB = 10 Vde. IE = 0, f = 1.0 MHz) 

(1 )Pu!se Test: Pulse Width ~ 300 ps, Duty Cycle ~ 2.0%. 

Uniwatt darlington transistors can be used in any number of low power applications, such as relay drivers, motor control and as general 

purpose amplifiers. As an audio amplifier these devices, when used as a complementary pair, can drive 3.5 watts into a 3.2 ohm speaker using 
a 14 volt supply with less than one per cent distortion. Because of the high gain the base drive requirement is as low as 1 mA in this applic~tion. 

They are also useflli as power drivers for high current application such as voltage regulators. 

3-806 



MPS-U95 (continued) 

FIGURE I - DC CURRENT GAIN 
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There are two limitations on the power handling ability of a 
transistor: junction temperature and secondary breakdown. Safe 
operating area curves indicate I C-VCE limits of the transistor that 
must, be observed for reliable operation; i.e., the transistor must not 
be subjected to greater dissipation than the curves indicate. 

The data of Figure 5 is based on T J(pk) = 150°C; TC is variable 
depending on conditions. ~t high case temperatures, thermal limi
tations will reduce the power that can be handled to values less 
than the I imitation~ .imposed by secondary breakdown. 
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MPS-U95 (continued) 

5-WATT AUDIO AMPLIFIER 

470 k 

10.1~F 

1.BM 

INPUT 0---1 
01 
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MPT20 (SILICON) 

Plastic silicon 3-layer bilateral triggers are two-terminal 
devices that exhibit bi-directional negative resistance 
switching characteristics. These economical, durable de
vices have been developed for use in thyristor triggering 
circuits for lamp drivers and universal motor speed con
trols. 

CASE 182 
(Formerly CASE 29 B) 

MAXIMUM RATINGS (T .. = 2S"C unless otherwise noted) 

Rating Symbol 

Peak Pulse Current I 
(30 Ji.s duration, 120 Hz pulse 

repetition rate) 

Power Dissipation @ T A = -40 to +250 C PD 
Derate above 250 C 

Operating Junction Temperature RangE TJ 

Storage Temperature Range Tste: 

Value Unit 

Amp 

2.0 

300 mW 

4.0 mW/oC 

~40 to +100 °c 

-40 to +150 °c 

ELECTRICAL CHARACTERISTICS (T A = 25 °C unless otherwise noted) 

Plastic Trigger (MPT) devices have bi-directional,characteristics and as such the terminal leads are interchange
able. For purposes of symbol clarification. the leads have arbitrarily been designated 1 and 2. A 12 designation 
indicates that terminal 1 is positive with respect to terminal 2. vice versa for a 21 designation. (See Figure 1) 

Characteristic Symbol Min Typ Max Unit 

Breakover (Switching) Voltage - V(BR)12 & V(BR)21 16 20 24 Volt 
both directions 

Breakover (Switching) Current - I(BR)12 & I(BR)21 - 35 100 Ji.Amp 
both directions 

Switchback (Delta) Voltage - ~V 12 & 6.V 21 Volt 
both directions 
(112 = 121 = 10 mAdc) 5.0 7.0 -

Peak Blocking Current - I(BL)12 & I(BL)21 Ji.A 
both directions 
Voltage Applied = 14 V - 0.5 10 

3-809 



MPT20 (continued) 

TYPICAL ELECTRICAL CHARACTERISTICS 

FIGURE 1 - VOLT-AMPERE CHARACTERISTICS 
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MPT28 (SILICON) 

MPT32 

(Formerly CASE 29 B) 

Plastic silicon annular 3-layer bilateral triggers, 
two-terminal devices which exhibit symmetrical ne
gative resistance switching characteristics. These 
economical, durable devices have been developed for 
use in thyristor triggering circuits, signal switching and 
detection circuits. 

MAXIMUM RATINGS (TA = 25°C unless otherwise noted) 

Rating Symbol Value Unit 

Peak Pulse Current I Amp 
(30 JlS duration, 120 Hz 

pulse 

repetition rate) 2.0 

Power Dissipation @TA = -40 to +25° C PD 300 mW 

Derate above 25°C 4.0 mW/oC 

Operating Junction Temperature Range TJ -40 to ,..100 °c 

Storage Temperature Range T 
stg 

-40 to +150 °c 

FIGURE 1 - VOLT AMPERE CHARACTERISTICS 
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MPT28, 32 (continued) 

ELECTRICAL CHARACTERISTICS (TC = 25°C unless otherwise notedl 

Characteristic Symbol Min Typ Max Unit 

Breakover (switching) Voltage - both directions V(BR)12 & V(BR)21 Volt 
MPT28 24 28 32 
MPT32 28 32 36 

Breakover (switching) Current - both directions I(BR)12 & I(BR)21 - 20 50 IlAmp 

Switchback (delta) Voltage - both directions AV12 & lIV21 Volt 
MPT28 7.0 10 -
MPT32 7.0 10 -

Peak Blocking Current - both directions I(BL)12 & I(BL)21 fJ.A 
Voltage Applied" 18 V - 0.5 10 

Breakover (switching) Voltage Temperature % 
Coefficient, T A == _40'"' C to +100° C - 0.03 -

Plastic trigger devices have symmetrical characteristics and as such the terminal leads are interchangeable. 
For purpQses of symbol clarification, the leads have arbitrarily been designated 1 and 2. A 12 designation indicates that 
terminal 1· is positive with respect to terminal 2, vice versa for a 21 designation. 

FIGURE 2 - TYPICAL CONTROL CIRCUIT 
RL 
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MPZ5-16 series (SILICON) 

MPZ5-32 series 

MPZ5-180 series 

CASE 119 

Silicon power transient suppressor designed for applications 
requiring protection of voltage sensitive electronic devices in 
danger of destruction by high energy voltage transients. Indi
vidual cells are matched to insure current-sharing under high 
current pulse conditions. 

MAXIMUM RATINGS 

Transient Power Dissipation: 40 kW 
Pulse Width: 0.1 ms, (See Figure 1) 

DC Power Dissipation: 350 Watts @ T C = 25°C 
(Derate 2.33 wtc above 25°C) 

Operating Junction & Storage Temperature 
Range: -65°C to +175°C 

Polarity: 
Anode-to-Case is Standard 
Cathode-to-Case Available Upon Request 

ELECTRICAL CHARACTERISTICS (TA = 25°C) (VF = 1 5 V max @ 10 A for all types) 

Maximum 
Device 

Nominal Clamping Minimum Zener Voltagl Maximum Zener Voltage Maximum 
Operating Voltage 

Typical 
Factor Pulse Width = 1.0 ms Reverse Current Capacitance 

INoteU 
CF = Vz @ IZ l~ul .. 1 IRlmaxl C (typ) 

VOP(PK) VOP(RMS) VZ@IZT VZ(min) @ IZT VZ(max) @ IZ(pul .. ) @VR = VOP(PK) @VR = VOP(PK) 
Type 

MPZS-16A 

~ 

100 
70 
50 
30 
20 

::!! 10 
ffi 7.0 
~ 5.0 

'" 3.0 
~ 2.0 ... 
;Z 1.0 
~ OJ 
... 0.5 
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0.1 

-168 

.J2A 

-328 

·32e 

-1S0A 

·180B 

·18OC 

......... :--

0.0001 0.0002 

Vde 

14 
14 
28 
28 
28 

165 

165 
165 

r-.... 

Vrms (Note 2) Vde Ade Vde Ade 

10 1.25 16 0.4 24 200 
10 1.25 t6 0.4 20 200 
20 1.25 32 0.2 50 100 
20 1.25 32 0.2 45 100 
20 1.25 32 0.2 40 100 

117 1.14 180 0.03 250 20 
117 ','4 180 0.03 225 20 
117 1.14 180 0.03 205 20 

FIGURE 1 - MAXIMUM NON-REPETITIVE SURGE POWER 
(RECTANGULAR WAVEFORM) 
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MPZ5-16 series, MPZ5-32 series, MPZ5-180 .series (continued) 

FIGURE 2 - TYPICAL DYNAMIC ZENER 
VOLTAGE CHARACTERISTICS (Note 21 
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0 
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I 
MPZ5·16 SERIES ..... V 

V 
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NOTE 1: Nominal operating voltage is defined as normal 
input voltage to davice for non-operating condi
tion. If non-sinusoidal wave or de input is pre
sent, peak voltage input values VOP(PK) should 
be used to select davice type. 

NOTE 2: The maximum davice clamping factor CF is a 
ratio of Vz measured at IZ (pulse) given in the 
Electrical Characteristics Table divided by Vz 
measured at I ZT under steady state conditions. 
This value guarantees the sharpness of the voltage 
breakdown of individual davices. Figure 2 de
monstrates the typical sharpness of the break
down, and indicates the voltage regulation over 
a wide range of currents. 

IZlpulse), ZENER CURRENT IAI 
tNz = VZ@ IZ(pulse) - VZ@ IZT 

MQ3467 

For Specifications, See MD3467 Data. 

MQ3725 

For Specifications, See MD3725 Data. 

MQ3762 

For Specifications, See MD3762 Data. 
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MQ3799 (SILICON) 

MQ3799A 

Quad PNP silicon annular transistors specifically 
designed for differential amplifier applications. 

CASE 607 
(TO-86) 

7 6 5 4 3 2 I 

8 9 10 11 12 13 14 

Lead 1 identified by color dot or by elbow on 
lead. All leads electrically isolated from package. 

MAXIMUM RATINGS (each transistor) 

Rating Symbol Value Unit 

Collector-Emitter Voltage VCEO 60 Vdc 

Collector-Base Voltage VCB 60 Vdc 

Emitter-Base Voltage VEB 5.0 Vdc 

Collector Current IC 50 mAdc 

Operating and Storage Junction, T J' Tstg -65 to +200 ·C 
Temperature Range 

One Four 
Device Devices 

Total Device DisSipation @ T A = 25"C PD 250 500 mW 

Derate above 25'C 1.5 2.85 mW/oC 

ELECTRICAL CHARACTERISTICS (each transistor) (TA = 25'C u~'ess otherwise noted) 

Characteristic Symbol 

OFF CHARACTERISTICS 

Collector-Emitter Breakdown Voltage 111 BVCEO Vdc 
(IC 0 10 mAdc, IB= 0) 60 90 -

Collector-Base Breakdown Voltage BVCBO Vdc 
(IC 0 10 f,lAdc, IE = 0) 60 - -

Emitter-Base Breakdown Voltage BVEBO Vdc 
(IE 0 10 f,lAdc, IC 0 0) 5.0 - -

Collector Cutoff Current ICBO f,lAdc 
(VCB = 50 Vdc, IE 00) - - 0.01 

(VCB 050 Vdc, IE 00, TA o 150"C) - - 10 

Emitter Cutoff Current lEBO nAdc 
(V BE (of i) 04.0 Vdc, IC = 0) - - 20 

(11 Pulse Test: Pulse Width s 300 jJ.s, Duty Cycle" 2% 



MQ3799, MQ3799A (continued) 

ELECTRICAL CHARACTERISTICS (continued) 

Characteristic 

ON CHARACTERISTICS 

DC Current Gain t1' 
(IC· 10 .,Adc, VCE .s.o Vde) 

(IC· 100 .,Adc, VCE .s.o Vdc) 

(lc ·500.,Adc, VCE .5.0Vde) 

(Ie'" 1.0 mAde, VeE'" 5.0 Vdc) 

Collector-Emitter Saturation Voltage (1) 
(lC • 100 .,Adc, lB· 10 .,Adc) 

(lC • 1.0 mAde, IB • 100 .,Adc) 

Base-Emitter Saturation Voltage" ( 1) 
(lC • 100 .,Adc, IS • 10 .,Adc) 

(Ie '" 1. 0 mAde, IS '" 100 ,uAdc) 

Base-Emitter On voltage 
(IC " 100 .,Adc, V CE • 5.0 Vdc) 

SMALl·SIGNAL CHARACTERISTICS 

Current-Gain-Bandwidth Product 
(Ie = 1.0 mAde, VeE'" 5.0 Vdc, f '" 100 MHz) 

Output Capacitance 
(VCB ·5.0 Vde, IE· 0, r • 100 kHz) 

Input Capacitance 
(V BE = 0.5 Vdc, Ie '" 0, f '" 100 kHz) 

Input Impedance 
(Ie = 1.0 mAde, VCE",lOVdc, f=l,OkHz) 

Voltage Feedback Ratio 
(Ie'" 1.0 mAde, VeE = 10 Vdc, f'" 1.0 kHz) 

Small-Signal Current Gain 
(Ie = 1.0 mAde, VeE = 10 Vdc, f'" 1. 0 kHz) 

Output Admittance 
(Ie;; 1.0 mAde, VeE = 10 Vdc, C'" 1. 0 kHz) 

Noise Figure 
(Ie = 100 /JAde, VeE::: 10 Vdc, RS::: 3.0 k ohms, {~100 Hz) 

(IC::: 100 ~dc, VeE::: 10 Vdc, RS::: 3.0k ohms, {= 1.0 kHz) 

(Ie::: 100 ~dc, VCE ::: 10 Vdc, RS ::: 3.0 k ohms, r ~ 10 kHz) 

(IC = 100 ~dc, VCE ::: 10 Vdc,. RS::: 3.0 k ohms, 

Noise Bandwidth::: 10 Hz to 15.7 kHz) 

MATCHING CHARACTERISTICS 

DC Current Gain Ratio" 
(IC· 100 .,Adc, VCE • 5.0 Vdc) MQ3799A 

Base Voltage D1CCerential 
(Ie :100.,Ade, VCE .5.0Vdc) MQ3799A 

Base Voltage Differential Gradient 
(IC " 100 .,Adc, V CE • 5.0 Vdc, T A • -55'C to +U5'C)' MQ3799A 

tu Pulse Test: Pulse Width ~ 300 IJS. Duty Cycle ~ 2.0% 
•• hFEi ~ hFEj 

CD i ::: Transistor I, 2, 3 or 4 
CD j ::: Transistor I, 2, 3 or 4 
<D j > i 

Symbol Min Typ Max Unit 

hFE 
225 

300 900 

300 900 

300 900 

VCE{sat} 
Vde 

0.2 

0.25 

VSE(sat) 
Vdc 

0.7 

0.8 

VSE(on) 
Vdc 

0.7 

rT 
100 

MHz 
500 

Cob pF 
4.0 

Cib pF 
8.0 

hie k ohms 
12 

hre X 10-4 
2.5 

hre 
500 

hoe tJIllhos 
12 

NF dB 
2.5 

0.8 

0.8 

1.5 

0.9 1.0 

mVde 
3.0 

pV/'>C 
10 

SPOT NOISE FIGURE (VCE = 10 Vdc, T A = 25°C) 

FIGURE 1-S0URCE RESISTANCE EFFECTS,f= 1.0kHz 
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FIGURE 2 -SOURCE RESISTANCE EFFECTS.f = 10Hz 

10 

9.0 

B.O 

7.0 

6.0 

S.O 

4.0 

3.0 

2.0 

1.0 
o 

,\ 
t-...,\. 

" 

100 200 

" 

Ic:I.OmA 

l/ 
V 100P/I.I 

""'-
r---. /' 

'-
10 pA 

500 1.0k 2.0k S.Ok 10k 20k 50 k 100 k 

RS, SOURCE RESISTANCE (OHMS) 



MQ3799, MQ3799A (continued) 
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FIGURE 4 - TYPICAL CURRENT GAIN CHARACTERISTICS 
(TYPES 2N38QO,2,4,A,6,8, 10,A, 12, 14, 16,A) 
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FIGURE 5 - TYPICAL CURRENT GAIN CHARACTERISTICS 
(TYPES 2N3801,3,5,A,7,9, 11,A, 13, 15, 17,A) 
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VCE = 5.0 Vdc -....... 

..... 
25·C 

-55·C 

1.0 2.0 5.0 

For Specifications, See lN3491 Data, Volume 1. 
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MR501, MR502, MR504, 
MR506, MR508, MR510 

SUBMINIATURE SIZE, AXIAL LEAD 
MOUNTED SURMETIC RECTIFIERS 

designed for a wide variety of general-purpose applications in 
the low to medium power range_ 

• MAXIMUM RATINGS 
RMI", Symbo' MRS.' I MR502 I MRS .. I MR506 I MR!508 I MRS'. 

Peek Repetitive Reverte Voltage VRRM 

I ]400 l I Workinq Peak Reverse Voltage VRWM 100 200 600 
DC Blocking Voltage VR 

Circuit Fusing Consideration, ,2, 26 
Average Rectified Forw .. d Current '0 3.0 

(Resistive or Inductive Load, 
TA -1SOC 

Non.Repetitive Peak Surge Current IFSM 200 
ISurge Applied .t Rated Load lone cyclel 
Continuous) 

Operating and 51or. TJ,Tstg ...as to +175 
Junction Templll,8Iure Renee 

*ELECTRICAL CHARACTERISTICS 
Characteriitic Symbol Min Typ 

Forward Voltage VF - -
(IF = 3.0 Amp, TA = 25°C) 

Reverse Current (rated de voltage) IR 
TA = 25°C 
TA=ISOOC 

- -
- -

MECHANICAL CHARACTERISTICS 
ea .. :. Void Free, TransfeJ Molded 
Finilh: External Leads ar. Plated, 

Leads are readily Solderable 
Polarity: Cathode Indicated by 

Polarity Sand 
Weight: 1.1 Grams IApproximately) 

Maximum Lead Temperature 
for Soldering Purposa.: 

JOODc, 1/8" from ca.e for 
10 • 8t 5.0 lb. tension 

600 1'~ 

Ma" 

1.0 

5.0 
300 

3-818 

Un. 
Volh 

A2, 

Amp 

Amp 

·C 

Unit 

Volts 

,.A 

(SILICON) 

SILICON RECTIFIERS 
100-1000 VOLTS 

3 AMPERES 

8~0 [m 
__ I 

CASE 267 

-t 
0.310 
if38b 



MR751 (SILICON) 

MR752 
MR754 
MR756 

De!Signpr~ Data Sheet 

HIGH CURRENT LEAD MOUNTED RECTIFIERS 

• Current Capacity Comparable To Chassis Mounted Rectifiers 

• Very High Surge Capacity 

• I nsu lated Case 

Designer's Data for "Worst Case" Conditions 

The Designers Data sheets permit the design of most circuits entirelv from the in
formation presented. Limit curves - representing boundaries on device characteris
tics - are given to facilitate "worst case" design. 

MAXIMJM RATINGS 

Characteristic Symbol MR751 MR752 MR754 MR756 Unit 

jpeak Repetitive Reverse Voltage VRRM 100 200 400 600 Volts 
Working Peak Reverse Voltage VRWM 

DC Blocking Voltage VR 

Non-Repetitive Peak Reverse Voltage VRSM 120 240 480 720 Volts 
(halfwave, single phase, 60 Hz peak) 

RMS Reverse Voltage VR(RMS) 70 140 280 420 Volts 

Average Rectified Forward Current 10 22(TL =60oC,1/8" Lead Lengths) Amp 
(single phase, resistive load, 6.0(TA =600C,P.C. 
60 Hz.l See Figures 5 and 6 Board mounting) 

Non-Repetitive Peak Surge Current IFSM 400 (for 1 cycle) Amp 
(surge applied at rated load 

conditions) 

Operating and Storage Junction TJ, T stg -65 to +175 °c 
Temperature Range '-. 

ELECTRICAL CHARACTERISTICS 

Characteristic and Conditions Symbol Max Unit 

Maximum Instantaneous Forward Voltage Drop vF 1.25 Volts 
(IF = 100 Amp, TJ = 25°C) 

Maximum Forward Voltage Drop VF 0.90 Volts 
(IF = 6.0 Amp, TA = 25°C, 3/8 inch leads) 

Maximum Reverse Current (rated de voltage) T J=250C IR 0.25 mA 
Tyl000 C 1.0 

MECHANICAL CHARACTERISTICS 

CASE: Void free, Transfer Molded 
MAXIMUM LEAD TEMPERATURE FOR SOLDERING PURPOSES: 3500 C 3/8" from 
case for 10 seconds at 5.0 Ibs, tension 
FINISH: All external surfaces.re corrosion-resistant, leads are readily solderable 
POLARITY: Indicated by diode symbol 

WEIGHT: 2.5 Grams (approx) 

3-819 

HIGH CURRENT 
LEAD MOUNTED 

SILICON RECTIFIERS 

100-600 VOLTS 
DIFFUSED JUNCTION 

I~ 
I ~ 0.118 ~ om 

~:~~ ~:~~~ 1 

0.234 0.025 om [ffi 

0.990 
nmi 

L 
To convert inthasto mitlimeters multiply by 25.4 

CASE 194 



MR751, MR752, MR754, MR756 (continued) 

FIGURE 1 - FORWARD VOLTAGE 
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FIGURE 2 - MAXIMUM SURGE CAPABILITY 
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FIGURE 3 - FORWARD VOLTAGE 
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FIGURE 4 - TYPICAL TRANSIENT THERMAL RESISTANCE 
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i--"" R8JL(t) below 2.0 seconds are independent of lead connections -
of 1/8 inch or greater,and vary only about ±.20%from the values -
shown. Values for times greater than 2.0seconds may be obtained ~ 
by drawing a curve, with the end point (at 70 seconds) taken ;:: 
from Figure 8, or calculated from the notes, using the given :: 
curves as a guide. Either typical or maximum values may be : 
used. For RSJL(t) values. at pulse widths less than 0.1 second, _ 
the abovs curve can be extrapolated down to 10 ps at II can' _ 
tinuing slope. _ 
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MR751, MR752, MR754, MR756 (continued) 

FIGURE 5 - MAXIMUM CURRENT RATINGS 
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FIGURE 7 - POWER DISSIPATION 
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FIGURE 6 - MAXIMUM CURRENT RATINGS 
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40 60 BO 100 120 140 160 
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NOTES 
THERMAL CIRCUIT MODEL 

(For Heat Conduction Through The Leads) 

ROLA ROJA RoJK RoLK ROSK 

lBO 200 

Use of the above model permits junction to lead thermal resistance for any 
mounting configuration to be found. Lowest values occur when one side of the 
rectifier is brought as close as possible to the heat sink as shown below. Terms in 
the model signify: 

T A = Ambient Temperature Res = Thermal Resistance, Heat Sink to Ambient 
TL "" Lead Temperature ROl::: Thermal Resistance, lead to Heat Sink 
TC '" Case Temperature ROJ :: Thermal Resistance, Junction to Case 
T J ::: Junction Temperature PF = Power Dissipation 
(Subscripts A and K refer to anode and cathode sides respectively.) 
Values for thermal resistance components are: 
ReL"" 40oCIW/IN. Typically and 440CIW/IN Maximum 
ReJ "" 20 C/W Typically and 40CIW Maximum 

Since R9J is so low, measurements of the case temperature. TC, will be approx
imately equal to junction temperature in practical lead mounted applications. 
When used as a 60 Hz rectifier, the slow thermal response holds T J(PK) close to 
TJ(AVG). Therefore maximum lead temperature may be found from: Tl::: 
1750-R8Jl PF. PF may be found from Figure 7. 

The recommended method of mounting to a P .C. board is shown on the sketch, 
where R9JA is approximately 250CIW for a 1-1/2" x 1-1/2" copper surface area. 
Values of 4QoCIW are typical for mounting to terminal strips or P.C. boards where 
available surface area is small. 

Racommended mounting for half wave circuit 
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MR751, MR752, MR754, MR756 (continued) 

TYPICAL DYNAMIC CHARACTERISTICS 
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FIGURE 9 - RECTIFICATION EFFICIENCY 
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FIGURE 13 - SINGLE-PHASE HALF-WAVE 
RECTIFIER CIRCUIT 

The rectification efficiency factor a shown in Figure 9 was 
calculated using the formula: 

V20 (dc) 

P(dc) RL V20 (dc) 
u=--= ---·100%= ,100% (1) 

p(rms) V20 (rms) V2 0 (ac) + V20 (dc) 

RL 

For a sine wave input Vm sin (wt) to the diode, assumed lossless. 
.the maximum theoretical efficiency factor becomes: 

FIGURE 10 - REVERSE RECOVERY TIME 
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FIGURE 12 - FORWARD RECOVERY TIME 
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V2 m 

,,2RL 4 
Ursine) = -V2 ·100% =.-;.100% = 40.6% 

m " 
4RL 

V2 m 

7.0 10 

(2) 

For a square WfNe input of 
amplitude V m. the efficiency 
factor becomes: 

2RL 
U(square)=-2-'lOO%=50% (3) 

Vm 

RL 
(A full wave circuit has twice these efficiencies) 

As the frequency of the input signal is increased, the reverse re
covery time of the diode (Figure 10) becomes significant. resulting 
in· an increasing ae vol.tage component across RL"which is opposite 
in polarity to the forward current. thereby reducing the value of 
the efficiency factor a, as shown on Figure 9. 

It should be emphasized that Figure 9 shows waveform efficien
cy only; it does not provide a measure of diode losses. Data was 
obtained by measuring the ac component of Va with a true rms ac 
voltmeter and the dc component with B de voltmeter. The data was 
used in Equation 1 to obtain points for Figure 9. 



MR810thru MR814 
MR816thru MR818 

SUBMINIATURE SIZE, AXIAL LEAD MOUNTED 
FAST RECOVERY POWER RECTIFIERS 

... designed for special applications such as dc power supplies, 
inverters, converters, ultrasonic systems, choppers, low RF interfer
ence and free wheeling diodes. A complete line of fast recovery 
rectifiers having typical recovery time of 100 nanoseconds providing 
high efficiency at frequencies to 250 kHz. 

DESIGNER'S DATA FOR ''WORST CASE" CONDITIONS 
The Designers Data Sheet permits the design of most circuits entirely from the 

information presented. Limit curves - representing device characteristic boundaries -
are given to facilitate "worst case" design. 

MAXIMUM RATINGS 

A.ting Symbol MA810 MRI11 MR812 MR813 MA814 MR816 MRI17 MRS18 Unit 

PBBk RepetitiveRevatS8 VRAM Volts 
Voltage 

WorklngPuk Reverse VRWM 50 100 200 300 400 500 BOO , ... 
Voltage 

DC Block;ng Voltage VR 

Non·Repet;tivaPeak VRSM 100 200 300 400 500 BOO , ... 12" Volts 
Reverse Voltage 

RMS Reverse Voltage VR(AM 35 70 '" 210 280 420 560 700 Volts 

Avwage Rectified 10 Amp 
Forward Current (Single 1.0 
phase,resisliveload, 
T =7SoCI 

~~;~:'(:~;::~i:r: "SM 30 Amps 

rated load conditions) 
ITA = 7S0CI 

OparatingJunction TJ -65 to +'50 
Temperature Range 

StoraQIITemperature Tstg -6510+175 
RanQl 

THERMAL CHARACTERISTICS 

a.arlcteriltk: Symbol .... Unit 

Th .. mal Risistence, Junction to Ambilnt 
(Typical Primt«l Circuit Boarc:l Mountingl 

ReJA I .5 "e/W 

ELECTRICAL CHARACTERISTICS 
Characteristic Symbol Min TV. Mo. Unit 

InsllntaneOUI Forwerd Voltage '. Volts 
(IF = 3.'4 Amp, T J = 15QOCI 1.1 1.2 

Forward Voltage V. Volts 

" -,.OAmp, T - 2SoCI 1.0 1.1 

RIV8I'II Current (rated de voltegel T A - 25°C 'R 1.0 10 ... 
T '" 1000C 50 100 

REVERSE RECOVERY CHARACTERISTICS 

Characteristic Symbol MI. TV' .... Unit 

RWel'll Recovery Time t" 
/IF -1.0Ampto VR -30Vde11Flfure21J 500 750 ., 
(IF = 20mA,IR '" 2.0mA, TektronilC s-Plug-ln)(Figure22J 1.0 3.0 .' 

ReverII Recovery Current iRM(RECI Amp 
IJF - 1.0Ampto VR" 30 VdcJ(Flgure211 3.0 
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I 

FAST RECOVERY 
POWER RECTIFIERS 

5()..1000 VOLTS 
1 AMPERE 

0. 
I I 0.100 01A --i 1-- 0.107 

r- "~ 
1.10 - -0.034 

L "~ 
."","M" ==t' 

ICATHODE) I 
1.10 

~ 
All JEOEC dimensions and notes apply 

CASE 59 
DO-41 

MECHANICAL CHARACTERISTICS 

CASE: Void Fr.e, Transfer Molded 

FINISH: External leeds are gold plated, 
leads are readily sqlderable 

POLARITY: Cathode indicated by 
Polarity band 

WEIGHT: 0.4 Grams (Approximately) 



MR810 thru MR814/MR816 thru MR818 (continued) 

FIGURE 1 - FORWARD VOLTAGE FIGURE 2 - MAXIMUM SURGE CAPABILITY 
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i" .... is operated such that T J .. 1500 C; 

r-. VRRM may be applied between 
each cycle of surge. -
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MR810 thru MR814/MR816 thru MR818 (continued) 

SINE WAVE INPUT 

MAXIMUM CURRENT RATINGS 
(SEE NOTES 1 and 2) 
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FIGURE 6 - EFFECT OF LEAD LENGTHS, 
RESISTIVE LOAD 
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MR810 thru MR814/MR816 thru MR818 (continued) 

FIGURE 12 - THERMAL RESPONSE 
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NOTE 1 

OUTY CYCLE. 0 = tp/tl FLrrPk Ppk 

tp .. PEAKPOWER.Ppk •. i.poakoian 
equivalen,t square power pulse. 

i-----11---J TIME 

To determine maximum junction temperature of the dibde in a given situation, 
the following procedure is recommended: 

The temperature of the case should be measured using a thermocouple placed 
on the case as close as possible to the tie point. The thermal mass connected to 
the tie point is normally large eoougn so that it will not significantly respond to 
heat surges generated in tile diode as a result of pulsed operation once steady
state conditions are achieved. Using the measured value of Te. the junction 
temperature may be determined by: 

TJ=TC+"TJC 
where A T JC is the increase in junction temperature above the case temperature. 
It may be determined by: 

1\ TJC =Ppk • ROJC [0+ (1- D) 'rhl +tp)+rhp)-r(t1)] 
where 

r(t) "' normalized value of transient thermal resistance at time, t, from Figure 
12. i.e.: 
r (11 + tp) = normalized value of transient thermal resistance at time '1+ tp. 

80 

10 

o 

FIGURE 13 - THERMAL RESISTANCE 
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NOTE 2 

Data shown for thermal ,.sistance junction-to-ambient (8JA) for the 
mountings shown is to be used as typical guideline values for preliminary 
engineering or in case the tie point temperature cannot be measured. 

TYPICAL VALUES FOR 8JA IN STILL AIR 

LEAD LENGTH L UNI 
MOUNTING 

1/81.1/411/2,1314 METHOD ROJA 
1 6. 72 82 92 CIW 
2 74 81 91 101 °CIW 
3 40 °CIW 

MOUNTING METHOD 1 MOUNTING METHOD 3 

H t:!=::i P. C. Board with 
w~ 1·1/2" x 1·1/2" copper surface 

MOUNTING METHOO 2 &--(L =J3I8" IT 
~~_II~ 

Vector pin mounting Board Ground '=' 
Plane 

FIGURE 14 - THERMAL CIRCUIT MODEL 

Use of the above model permiu junction to lead thermal resistance for 
any mounting configuration to be found. For a giwn total lead length, 
lowest vah,!es occur when one side of the rectifier is brought as close as 
possibJe to the heat sink. Terms in the model signify: 

3-826 

T A = Ambient Temperature RSS - Thermal Resistance •. Heat Sink to Ambient 
TL· Lead Temperature RS L;;; Thermal Resistance, Lead to Heat Sink 
T C = Case Temperature Re J. Thermal Resistance, Junction to Case 
TJ'" Junction Temperature PO"' Power Dissipation 
(Subscripts A and K refer to anode ariel cathode sides respectively.) 
Values for thermal resistance components are: 
RS L ;;; 11 :2OC/W/IN. Tvplcallv and 12SOCJW/IN Maximum 
ReJ => 1&OCIW TVPicaliV and 300CIW Maximum 

The maximum lead temperature may be calculated as follows: 
TL;;; 1sao -£I.TJL 

£I.T JL can be calculated as shown in NOTE 1 or it may be approximated 
as follows: 

£I.T JL'=II R8JL. PF: PF may be formulatad for sine'Wlve operation from 
Figure 3 or from Figure 4 for square·wave operation. 



MR810 thru MR814/MR816 thru MR818 (continued) 

TYPICAL DYNAMIC CHARACTERISTICS 

FIGURE 15 - FORWARD RECOVERY TIME FIGURE 16 - JUNCTION CAPACITANCE 
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MR810 thru MR814/MR816 thru MR818 (continued) 

------------------------------
FIGURE 21 - REVERSE RECOVERY CIRCUIT 
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FIGURE 22 - JEDEC REVERSE RECOVERY CIRCUIT 
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FIGURE 23 - TYPICAL REVERSE LEAKAGE 
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NOTE 3 

Reverse r8(X)very time is the period which elapses from the 
time that the current, thru e previously forward biased rectifier 
diode, passesthru zero going negatively until the reverse current 
recovers to • point which is less than·10% peak reverse current. 

Reverse recovery time is 8 direct function of the forward 
current prior to the application of reverse voltage. 

For any given rectifier, recovery time is very circuit depend· 
ent. Typical and maximum recovery time of all Motorola fast 
recovery power rectifiers are rated under a fixed set of conditions 
using IF '" 1.0 A. VA '" 30 V. In order to cover all circuit 
conditions, curves are given for typical recovered stored charge 
versus commutation dildt for various levels of forward current 
and for junction temperatures of 25°C, 7fPC, 1000C, and 
1So"C. 

To use these curves, it is necessary to know the forward 
current level just before comml,ltation, the circuit commutation 
diJdt, and the operating junction temperature. The reverse re" 
covery test current waveform for all Motorola fast recovery 
rectifiers is shown. 

From stored charge curves venus di/dt. recovery time Itrrl 
and peak reverse recovery current (lRMIRECI) can be closely 
approximated using the following formulas: 

[ 
Q J 112 

Irr'" 1.41 x di/:t 

IRMIREC) '" 1.41 x [OR x di/dt] 1/2 

FIGURE 24 - TYPICAL REVERSE LEAKAGE 
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MR820,MR821,MR822, 
MR824,MR826 

Dcsignpr~ Data Sheet 

SUBMINIATURE SIZE, AXIAL LEAD MOUNTED 
FAST RECOVERY POWER RECTIFIERS 

designed for special applications such as dc power supplies, 
inverters, converters, ultrasonic systems, choppers, low RF interfer
ence and free wheeling diodes. A complete line of fast recovery 
rectifiers having typical recovery time of 100 nanoseconds providing 
high efficiency at frequencies to 250 kHz. 

Designer's Data for "Worst Case" Conditions 

The Designers Data sheets permit the design of most circuits entirely from the in· 
formation presented. Limit curves - representing boundaries on device characteris
tics - are given to facilitate "worst case" design. 

MAXIMUM RATINGS 

Rati .... Symbol MA820 

Peak Repetitive Reverse Voltage VRRM 
Working Peak Reverse Voltage VRWM 
DC BI04;king Voltage VR 

Non-Repetitive Peak Reverse VRSM 
Vol_ 

RMS Reverse Voltagt VRIRMSI 
Average Rectified Forward 10 

Current 
(Single phase, ruistive load, 

TA - 56oCll1l 

Non-Repetitive Peak Surge 'FSM 
Current 

(Surge applied lit rated load 
conditions) 

Operating and Storage Junction 
Temperature Range (2) 

TJ,Tstg 

THERMAL CHARACTERISTICS 

Characteristic 

Thermal Resistance. Junction to Ambient 
IRecommended Printed Circuit Board 

Mounting, See Note 6, Page 81 

ELECTRICAL CHARACTERISTICS 

Char.ctaristic 

Instantaneous Forward Voltage 
!IF = 16.7 Amp, TJ' lsoDcl 

Forward Voltage 
IIF '" 5.0 Amp. T J .. 2SoCI 

50 

75 

as 

. 

. . 

Maximum Reverse Current, Irated de voltagel T J '" 2~C 

{ MR8lO 
MR821 

TJ -100"C MR822 
MR824 
MR826 

REVERSE RECOVERY CHARACTERISTICS 

CMl'IICteristic 

Reverse Recovery Time 
IIF - .1.0 Amp to VR '" 30 Vdc, Figure 251 
UFM'" 15 Amp, dildt .. 25 A/~. Figure 261 

Reverse Recovery Current 
(IF -1.0 Amp to VR .. 30 Vdc, Figure 251 

MR821 MR822 

100 200 

150 250 

70 140 

5.0 

JOO 

-65 to +175 

Symbol 

A8JA 

Symbol Min 

YF 
-

VF 
-

IR -
-
-
-
--

Svn*1 Min 

'fT -
-

IRMIRECI 
-

(1) Must be d.r.tad for r.v ..... power dlulp.tion. S •• Note 3 
(2) Derate .. mown In Figura 1. 

MA824 MR826 Unit 

Volts 
400 600 

450 650 Volts 

280 420 Volts 

Amp . 
Amp 

.. 

. °c 

Max Unit 

25 

Typ Mox Unit 

Volts 
0.76 1.05 

Volts 
0.9 1.0 

5.0 25 .A 
- 0.5 mA 

0.25 0.5 
- 0.6 
- 0.8 

0.4 1.0 

Typ Ma. Unl. 

ns 
100 200 
150 300 

Amp 

- 2.0 

3-829 

FAST RECOVERY 
POWER RECTIFIERS 

50-600 VOLTS 
5.0 AMPERES 

0.234 0.025 0.025 

Ro:m~lli 
0.990 rna 

0.175 

0.115 o:m- --

L 
CASE 194 

MECHANICAL CHARACTERISTICS 

CASE: Void Free, Transfer Molded 
FINISH: External Surfaces are Cor-

rosion Resistant 
POLARITY: Indicated by Diode 

Symbol 
WEIGHT: 2.5 Grams (Approximately) 

MAXIMUM LEAD TEMPERATURE 
FOR SOLDERING PURPOSES: 

350oC, 3/8" from case for lOs 
at 5.0 lb. tension. 



MR820, MR821, MR822, MR824, MR826 (continued) 

MAXIMUM CURRENT AND TEMPERATURE RATINGS 
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FIGURE 1 - MAXIMUM ALLOWABLE JUNCTION 
TEMPERATURE 

....... i' , " 
-........ r-.... R8JA - 5.0OC/W 

....... t-- :::--........ ............ r--... r'-l 
........ --........::: ~ I"- 10OC/W t'---

............ ""'" 
r--.., ....... I'--. 20~ ..... 

............ ............ t' t'-- ""', 
......... K t"--- t'--

250 CIW r> ~ ~ '" 30OC/W .... t>-.. -........ 

4D"C/W ....... 
80 100 200 300 400 6D0 
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NOtE 1 
MAXIMUM JUNCTION TEMPERATURE OERATING 

When opetating this rectifier at junction temperatures 
oVer approximately 850 C, reverse power dissipation 
and the possibility of thermal runaway must be con
sidered. The data of Figure 1 is based upon worst case 
reverse power and should be, used to derate T J(max) 
from its maximum value of 1750 C. See Note 3 for 
additi.onal' information on derating for reverse power 
dissipation: 

When current ratings are computed from T J(max) and 
reverse power diSSipation is also included, ratings vary 
with reverse voltage as shown on Figures 2 thru 5 . 

RESISTIVE LOAD RATINGS 
PRINTED CIRCUIT BOARD MOUNTING - SEE NOTE 6, PAGE 8 
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MR820, MR821, MR822, MR824, MR826 (continued) 

MAXIMUM CURRENT RATINGS 
NOTE 2 

Current derating data is based upon the thermal response data of Figure 29 and the forward power dissipa
tion data of Figures 19 and 20. Since reverse power dissipation is not considered in Figuras 6 thru 11, addi
tional derating tor reverse voltage and for junction to ambient thermal resistance must be applied. See Note 3. 
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MR820, MR821, MR822, MR824, MR826 (continued) 
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REVERSE POWER DISSIPATION AND CURRENT' 

NOTE 3 
DERATING FOR REVERSE POWER DISSIPATION 

In this rectifier, power loss" due to reverse cur~ent is generallv not 
negligible. for reliable circuit design. the maximum junction 
temperature must be limited to either 17SoC or the temperature 
which results in thermal runaway. Proper derating may be accom
plished ~v use: of'equation 1 qr equation 2. 

Equation" T A = T 1 - (175 - TJlmaxl) - PR ROJA 

Where: T 1 = Maximum Allowable Ambient Temperature 
neglecting reverse pOwer dissipation (from Figures 
100r 11) 

T J(maxl = Maximum AU.owable Junction Tempera
ture to prevent thermal runaway or 17SDC. which 
ever is lower. (See Figure 1). 

PR = Reverse Power Dissipation (From Figure 12 
or 13. adjusted for T Jlmaxl as shown below) 

R9JA = Th8f"rnal Resistance, Junction to Ambient. 

When thermal resistance, junction to ambient, is over 200C/W, 
the effect of thermal response is negligible. Satisfactory derating 
may be found by using: 

Equation 2 TA"'TJlmaxl- (PR +PFI B6JA 

PF "" Forward Power Dissipation (See Figures 19 & 201 

Other terms defined above. 

The reverse power given on Fi!J.Ires 12 and 13 is calculated for 
T J '" 150°C. When T J is lower, PR will decrease; iu, value can be 
found by multiplying PR by the normalized reverse current from 
Figure 14 at the temperature of interest. 

The reverse pO\M~r data is calculated for half WBNe rectification 
circuits. For full wave rectification using either a bridge or a 
center·tapped transformer, the data for resistive loads is equiva· 

FIGURE 12 - SINE WAVE INPUT DISSIPATION 
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lent when Vp is the line to line '!'oltage across the rectifie(S. For 
capacitive loeds, it is recommended that the dc case on Figure 13 
be l-lsed, regardless of input .waveform, for bridge circuits. For 
C8pacitively I~ full ~ center·tapped cil'Cuits, the 20: 1 
data of Figure 12 should be used for sine wave inputs and the 
capacitive load data of Figure 13 should be uaK:! for square wave 
inputs regardless of Ilpkl/1lavl' For these tWO cases, Vp is the 
voltage across one leg of the transformer. 

EXAMPLE: 

Find Maximum Ambient Temperature for IAV = 2 A, Capacitive 
Load of IpK/IAV'" 20, Input Voltage = 120 V (rmsl Sine WBNe, 
R6JA'" 2SoCIW, Half Wave Circuit. 
Solution 1: 

Step 1: Find. Vp; Vp' '" J2 Vin '" 169 V, VR{pkl = 338 V 
Step 2: Find TJ(maxl from Figure 1. Read TJ{maxl = 11eoC. 

Step 3: Find PR(max) from Figure 12. Read PR '" 770mW@1400C 
Step 4: Find IR normalized from Figure 14. Read IR(norm! = 0.4 
Step 5: Correct PR to TJ(maxl. PR '" IR(norm))( PR (Figure 12) 

PR = 0.4 x 770'" 310 rrM/. 
Step 6: Find PF from Figure 19. Read PF = 2.4 Wo. 

Step 7: Compute T A from TA = TJ(max) • (PR + PFi R6JA 
TA = 119· (0.31 + 2.41(251 
TA '" 51°C 

Solution 2: 

Steps 1 thru 5 are 85 above. 
Step!?: find!A =Tl from Figure 10. ReadTA = 115°C. 
Step 7: ComputeTA from TA" T" (175· (TJlmaxl) ,PA A8JA 

TA = 115·1175·119) . (0.31)(25) 
TA ,".51 o C 

At times, a discrepancy between methods will occur because 
thermal response is factored into Solution 2. 

FIGURE 13 -SQUARE WAVE INPUT DISSIPATION 
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FIGURE 16 - FORWARD VOLTAGE 
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MR820, MR821, MR822, MR824, MR826 (continued) 

TYPICAL RECOVERED STORED CHARGE DATA 
(See Note 41 

FIGURE 21- T J = 25°C FIGURE 22 - TJ = 75°C 
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FIGURE 23 - TJ = 100°C 
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NOTE 4 

Reverse recovery time is the period which elapses from the 
time that. the current. thru a previously forward biased rectifier 
diode. passes thru zero going negatively until the reverse current 
recovers to a point which is less than 10% peak reverse current. 

Reverse recovery time is a direct function of the forward 
current prior to the application of reverse voltage. 

For any given rectifier, recovery time is very circuit depend· 
ent. Typical and maximum recovery time of all Motorola fast 
recovery power rectifiers are rated under a fixed set of conditions 
using IF =' 1.0 A. VR = 30 V. In order to cover aWcircuit 
conditions, curves are given for typical recovered stored charge 
versus commutation di/dt for various fevels of forward current 
and for junction temperature, of 2SoC. 7SoC. l00"C. and 
1so"C. 

To use these curves, it is necessary to know the forward 
current level just before commutation, the circuit commutation 
di/dt. and the operating junction temperature. The reverse re
covery test current waveform for all Motorola fast recovery 
rectifiers is shown. 

di/dt 

IAM(AEC)+-----

From stored charge curves versus di/dt, recovery time (trrl 
and peak reverse recovery current IIRM(REC)) can be closely 
approximated using the following formulas: 

[ 0 ~ 1/2 
trr = 1.41 x ---"L 

di/dt 

IRM(RECI = 1.41 x [OR x di/dt] 112 
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MR820, MR821, MR822, MR824, MR826 (continued) 
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DYNAMIC CHARACTERISTICS 

FIGURE 25 - REVERSE RECOVERY CIRCUIT 
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MR820, MR821, MR822, MR824, MR826 (continued) 

THERMAL CHARACTERISTICS 

FIGURE 29 - THERMAL RESPONSE 
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NOTE 5 

To determine maximum junction temperature of the diode 
in a given situation, the following procedure is recommended: 

The temperature of the lead should be measured using a 
thermocouple placed on the lead as close as possible to the tie 
point. The thermal mass connected to the tie point is normally 
large enough so that it will not significantly respond to heat 
surges generated in the diode as a result of pulsed operation once 
steady-state conditions are achieved. Using the measured value 
of T L • the junction temperature may be determined by: 

TJ=T L +6T JL 

where 6. TJL is the increase in junction temperature above the 
lead temperature. It may be determined by: 

"TJL = Ppk • ROJL [0 + (I - 01' '('1 + 'pi + '('pi - '('11) 

where r{t) = normalized value of transient thermal resistance at 
time t from Figure 29, Le.: 

r(t1 + t p ) .= normalized value of transient thermal resistance at 
time t1 + tp. 

r:::l Ppk II Ppk OUTY CYCLE: tplll 
-::J tp C-.J L PEAK POWER. Ppk. is peak of an 
~q~ TIME equivalent square power pulse. 

FIGURE 30 - STEAOY·STATE THERMAL RESISTANCE 
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NOTE 6 

Use of the above model permits junction to lead thermal 
resistance for any mounting configuration to be found. Lowest 
values occur when one side of the rectifier is brought as close as 
possible to the heat sink as shown below. Terms in the model 
signify: 

T A ::::: Ambient Temperature ROS "" Thermal Resistance, Heat 
sink to Ambient 

TL = Lead Temperature RO L = Thermal Resistance, Lead 
to Heat Sink 

T C = Case Temperature AOJ "" Thermal Resistance. Junc
tion to Case 

T J = Junction Temperature PO"" Power Oissiroation = P F + 
PR 

PF "" Forward Power Dissipation 
PA"" Reverse Power Dissipation 

(Subscripts A and K refer to anode and cathode sides respectively) 
Values for thermal resistance components are: 

AOL::: 400 C/W/IN. Typically and 440 C/W/IN Maximum. 
ROJ = 2 0 C/W Typically and 4 0 C/W Maximum. 

Since ROJ ,is so low. measurements of the case temperature. 
T C. will be approximately equal to junction temperature in prac
tical lead mounted applications. When used as a 60 Hz rec~ifjer. 
the slow thermal response holds T J(PK) close to T J(AV). There· 
fore maximum lead temperature may be found as follows: 

TL = T J(max) - 6.T JL 

where 

e.T JL can be approximated as follows: 

e.T JL R:: .ROJL • PO; Po is the sum of forward and 
reverse power dissipation shown in Figures 12 & 19 for 
sine wave operation and Figures 13 & 20 for square 
wave operation. 

The recommended method of mounting to a P.C. board is 
shown on the sketch, where ROJA is approximately 2SoC/W for 
a 1-1/2u x 1-1/2" copper surface area. Values of 400 C/W are 
typical for mounting to terminal strips or P.C. boards where avail
able surface area is small. 

~-"".~g Racommandetl mounting for half WIMI circuit 
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MR830, MR831, MR832 
MR834, MR836 

MR840, MR841, MR842 
MR844, MR846 

HERMETICALLY SEALED, AXIAL LEAD 
MOUNTED FAST RECOVERY POWER 

RECTIFIERS 

..• designed for special applications such as dc power supplies, 
inverters, converters, ultrasonic systems, choppers, low R F interfer· 
ence and free wheeling diodes. A complete line of fast recovery 
rectifiers having typical recovery time of 100 nanoseconds providing 
high efficiency at frequencies to 250 kHz. 

MAXIMUM RATINGS 

~~~~ MR831 MR832 MR834 MR836 
Rating Symbol MR841 MR842 MR844 MR846 

Peak Repetitive Reverse Voltage VRRM 
Working Peak Reverse Voltage VRWM 50 100 200 400 600 
DC Blocking Voltage VR 

Average Rectified Forward Current '0 
(Single phase, resistive load, 3.0 

TC = 1000C) 

Non-Repetitive Peak Surge Current IFSM 
(surge applied at rated load 100 

conditions) 

Operating Junction Temperature TJ ----65 to +150 _____ 
Range 

Storage Temperature Range Tstg ___ -65 to +175 

ELECTRICAL CHARACTERISTICS 

Unit 

Volts 

Amps 

Arnps 

°c 

°c 

Characteristic Svmbol Min Ma. Unit 

Forward Voltage VF Volts 
(IF = 3.0 Adc, T A = 2S0C) MR830 Series 1.1 

MR840 Series 1.2 
Reverse Current (rated DC Voltage) 'A mA 

TA = 25°C MA830 Series 0.05 
MR840Series 0.075 

TA'" 1000C MR830Series 1.5 
MR840 Series 2.5 

REVERSE RECOVERY CHARACTERISTICS 

Characteristic Svmbol Min TVp Ma. Unit 

Reverse Recoverv Time t" 
(IF'" 1.0 Amp to VR '" 30 Vdcl MR830 Series 100 200 

MR840 Series 0.5 1.0 '" (IFM'" 15 Amp. di/dt = 25 Alps) MR830Series 150 300 
M R840 Series 0.75 1.5 .' Reverse Recovery Current IAMIRECI Amp 

(IF'" 1.0 Amp to VR '" 30 Vdc) 2.0 

3-837 

FAST RECOVERY 
POWER RECTIFIERS 

50-600 VOLTS 
3 AMPERES 

~
0.450 MAX DIA 

@ 

0.350 MAX DIA 

0.980 

L 
003°f 

0.980 
MIN 

L 
CASE 60 

CATHODE 

~DIA 

ANODE 

~OIA 

MECHANICAL CHARACTERISTICS 

CASE: Welded, hermetically .. aled 

FINISH: All external surfaces corrosion 
resistant and leads readily solcferable 

POLARITY: Cathode to Case 

WEIGHT: 2.4 Grams (Approximatelyl 



MR850,MR851,MR852, 
MR854,MR856 

De!-Oig:ner!-O Data Sheet 

SUBMINIATURE SIZE. AXIAL LEAD MOUNTED 
FAST RECOVERY POWER RECTIFIERS 

designed for special applications such as dc power supplies, 
inverters, converters, ultrasonic systems, choppers, low RF interfer
ence and free wheeling diodes. A complete line of fast recovery 
rectifiers having typical recovery time of 100 nanoseconds providing 
high efficiency at frequencies to 250 kHz. 

Designer's Data for "Worst Case" Conditions 

The Designers Data sheets permit the design of most circuits entirely from the in
formation presented. limit curves - representing boundaries on device characteris
tics - are given to facilitate "worst case" design. 

MAXIMUM RATINGS 

Rating 

Peak Repetitive Reverse Voltage 
Working Peak Reverse Voltage 
DC BlockiOg Voltage 

Non-Repetitive Peak Reverse Voltage 

RMS Reverse Voltage 

Symbol 

VRIRMS) 

Average Rectified Forward Current 10 
(Single phase resistive load, 

TA = 900cH1) 

Non-Repetitive Peak Surge Current I FSM 
(surge applied at rated load 

conditions) 

MRSSO MR8S1 

50 100 

75 150 

35 70 

MR852 MR854 MASS. Unit 

Volts 
200 400 600 

250 450 660 Volts 

140 280 420 Volts 

3.0 Amp 

100 Amp 
(one cycle) 

Operating and Storage Junction T J,T st9 -65 to +175 °c 
Temperature Aange(21 

THERMAL CHARACTERISTICS 

Characteristic 

Thermal Aesistance, Junction to Ambient 
(Recommended Printed Circuit Board Mouting, 

See Note 6, Page 8) 

ELECTRICAL CHARACTERISTICS 

Characteristic 

I nstanta~eous Forward Voltage 
(IF "'9.4 Amp. TJ = 175°C I 

Forward Voltage 
(IF = 3.0 Amp. TJ = 25°C) 

Reverse Current (rated dc voltage) T J .. 25°C 

T J '" 1000C I ~~:! 
MA854 
MR856 

REVERSE RECOVERY CHARACTERISTICS 

Characteristic 

Reverse Recovery Time 
(IF = 1.0 Amp to VR = 30 Vdc,Figure 251 
(IF = 15 Amp. di/dt = 10 A/I£S. Figure 261 

Reverse Recovery Current 
(IF = 1.0 Amp to VA = 30 Vdc, Figure 25) 

Svmbol 

A9JA 

Symbol 

VF 

VF 

IA 

Symbol 

t" 

IAMIAEC} 

(1) Must be derated for reverse power diuipation. See Note 2. Pag. 3. 
(2) Derata •• shown in Figure 1 

Max Unit 

2. °C/W 

Min TV. Mo. Unit 

0.9 1.1 Volts 

1.04 1.25 Volts 

2.0 10 .A 
160 

60 150 
200 
250 

100 300 

Min Ty. Mo. Unit 

100 200 
150 300 

2.0 Amp 

3-838 

FAST RECOVERY 
POWER RECTIFIERS 

50-600 VOLTS 
3 AMPERE 

8Jso 0.210 

L-l 

-+ 0.370 
0.380 

CASE 267 

MECHANICAL CHARACTERISTICS 

Case: Void Free, Transfer Molded 
Finish: External Leads are Plated, 

Leads are readily Solderable 
Polarity: Cathode Indicated by Po-

larity Band 
Weight: 1.1 Grams (Approximately) 
Maximum Lead Temperature for 
Soldering Purposes: 

300oC, 1/8" from case for 10 s 
at 5.0 lb. tension 



MR850, MR851, MR852, MR854, MR856 (continued) 

MAXIMUM CURRENT AND TEMPERATURE RATINGS 

FIGURE 1 - MAXIMUM ALLOWABLE JUNCTION TEMPERATURE 
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NOTE 1 
MAXIMUM JUNCTION T·EMPERATURE DERATING 

When operating this rectifier at junction temperatures 
oyer 12o"C. reverse power dissipation and the possibil
ity of thermal run_ay must be considered. The data 
of Figure 1 is based upon worst case reverse power and 
should be used to derate T Jlmax) from its maximum 
value of 1750 C. See Note 2 for additional information 
on derating for reverse power dissipation. 
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When current ratings are computed from T Jlmax) and 
reverse power dissipation is also included. ratings vary 
with reverse voltage as shown on Figures 2 thru 5. 
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MR850, MR851, MR852, MR854, MR856 (continued) 

MAXIMUM CURRENT RATINGS 

Current derating data is bal8d upon the thermal response data of Figure 29 and the forward power dissipa
tion data of Figures 19 and 20. Since reverse ppwer dissipation is not considered in Figures 6 thru 11, addi
tional derating for reve,. voltage and for junction to .mbi~'"t thermal resistance must be applied. See Note 2. 
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MR850, MR851, MR852, MR854, MR856 (continued) 

REVERSE POWER DISSIPATION AND CURRENT 
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NOTE 2 
DERATING FOR REVERSE POWER DISSIPATION 

In this rectifier. power loss due to reverse current is generally not 
negligible. For reliable circuit design, the maximum junction 
temperature must be limited to either 17SoC or the temperature 
which results in thermal runaway. Proper derating may be accom
plished by use of equation 1 or equation 2. 

Equation 1 TA <= T1 - (175 - T Jhnaxl) - PR ROJA 

Where: T 1 = Maximum Allowable Ambient Temperature 
neglecting reverse power dissipation 1 from Figures 
100r 111 

T J(maxl = Maximum Allowable Junction Tempera
ture to prevent thermal runaway or 1750C, which 
ever is lower. (See Figure 11. 

PR "" Reverse POlo\'er Dissipation lFrom Figure 12 
or 13. adjusted for T J(maxl as shown below) 

RUJA :; Thermal Resistance, Junction to Ambient. 

When thermal resistance, junction to ambient, is over 200 C/W, 
the effect of thermal response is negligible. Satisfactory derating 
may be found by using: 

Equation 2 T A'" T Jlmax) - (PR + PFI R(;JJA 

PF '" Forward Power Dissipation (See Figures 19 & 20) 

Other terms defined above. 

The reverse power given on Figures 12 and 13 is calculated for 
T J '" 150°C. When T J is lower. PR will decrease; its value can be 
found by multiplying PR by the normalized reverse current from 
Figure 14 at the temperature of interest. 
The reverse paWI!( data is calculated for half wave rectification 
circuits. For full wave rectification using either a bridge or a 
center-tapped transformer. the data for resistive loads is equiva
lent when Vp is the line to line voltage across the rectifiers. For 
capacitive loads, it is recommended that the dc case on Figure 13 
be used, regardless of input waveform. for bridge circuits. For 

FIGURE 12 - REVERSE POWER DISSIPATION, SINE WAVE 
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capacitively loaded full wave centeNapped circuits. the 20: 1 
data of Figure 12 should be used for sine wave inputs and the 
capacitive load data of Figure 13 should be used for square wave 
inputs regardless of I(Pk)/I(av). For these two cases, Vp is the 
voltage across one leg of the transformer. 

Example 1 Find maximum ambient temperature for 'AV == 2 A. 
capacitive load of IpK/lAV = 20. Input Voltage = 

~~C~it{.rms), sine wave. ReJA == 2SoCJW, half wave 

Solution 1 (using Equation 11 

Step 1: Find Vp; Vp '" J2 Vin "" 85 V, VA(pk) == 170 

Step 2: 

Step 3: 

Step 4: 

Step 5: 

Step 6: 

Step 7: 

~~;dOc! J~max) from Figure 1. Read T Jlmax) == 

~~d:,~'02'g) from Figure 12. Read PR "" 360 

Find IR normalized from Figure 14. Read IA(norm) 
: 1.5 

Correct PA to TJlmax). PR "" IR(norm) x PR 
(Figure 12) PR == 1.5 x 360 == 540 mW 

Find TA == T 1 from Figure 10. Read T 1 ::: 94°C 

Compute TA from TA == T1 . (175 - TJ(maxl . PR RaJA 
T A: 94 ·1175·1571 . 10.5411281 
TA "" 61°C 

Solution 2 (using Equation 21 

Steps 1 thru 5 are as Solution 1 

Step 6: Find PF from Figure 19. Read PF -= 3.0 W 

Step 7: Compute T A from T A == T J(max) - (PR + PFI RaJA 
T A: 157 ·10.54 + 3128 
TA ==58o C 

The discrepancy occurs because thermal response is factored into 
solution 1, and advantage is taken of the cooling time after the 
power pulse and before reverse voltage achieves its maximum. 
61°C is a satisfactory ambient temperature. 

FIGURE 13 - REVERSE POWER DISSIPATION, SQUARE WAVE 
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FIGURE 16 - FORWARD VOLTAGE 
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FIGURE 17 - MAXIMUM SURGE CAPABILITY 

NUMBER OF CYCLES AT 60 Hz 

FIGURE 18 - FORWARD VOLTAGE TEMPERATURE 
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MR850, MR851, MR852, MR854, MR856 (continued) 

TYPICAL RECOVERED STORED CHARAGE DATA 

FIGURE 21 - T J ~ 250 e (See Note 3) FIGURE 22 - T J = 75"e 
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NOTE 3 

Reverse recovery time is the period which elapses from the 
time that the current, thru a previously forward biased rectifier 
diode, p8ssesthru zero going negatively until the reverse current 
recovers to a point which is less than 1 COAl peak reverse current. 

Reverse recovery time is a direct function of the forward 
current prior to the application of reverse voltage. 

For any given rectifier, recovery time is very circuit depend
ent. Typical and maximum recovery time of all Motorola fast 
recovery power rectifiers are rated under a fixed set of conditions 
using IF = 1.0 A. VR = 30 V. I n order to cover all circuit 
conditions, curves are given for typical recovered stored charge 
versus commutation dUdt for various levels of forward current 
and for junction temperatures of 25°C. 75°C. l00"C. and 
15o"C. 

To use these curves, it is necessary to know the forward 
current Jevel just before commutation, the ·circuit commutation 
dUdt, and the operating junction temperature. The reverse re
covery test current waveform for all Motorola fast recovery 
rectifiers is shown. 

di/dt 

'RM(REC)+---'IL 

From stored charge curves versus di/dt. recovery time (trr) 
and peak reverse recovery current (lRM(REC)) can be closely 
approximated using the follOWing formulas: 

[ OR ~ 1/2 
trr = 1.41 x -

dildt 

'RMtREC) = 1.41 x [OR x di/dt] 112 
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MR850, MR851, MR852, MR854, MR856 (cOntinued) 

11SVac 10 k 
6OH. 2W 

DYNAMIC CHARACTERISTICS 

FIGURE 26 - REVERSE RECOVERY CIRCUIT 
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FIGURE 26 - JEDEC REVERSE RECOVERY CIRCUIT 
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FIGURE 27 - FORWARD RECOVERY TIME 
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MR850, MR851, MR852, MR854, MR856 (continued) 
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FIGURE 29 - THERMAL RESPONSE 
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NOTE 4 

To determine maximum junction temperature of the diode 
in a given situation, the following procedure is recommended: 

The temperature of the lead should be measured using a 
thermocouple placed on the lead as close as possible to the tie 
point. The thermal mass connected to the tie point is normally 
large enough so that it will not significantly respond to heat 
surges generated in the dioda as a result of pulsed operation once 
steady-state conditions are achieved. Using the measured value 
of TL. the junction temperature may be determined by: 

TJ=TL+oTJL 

where 6 T JL is the increase in junction temperature above the 
lead temperature. It may be determined by; 

6 TJL .. Ppk • Ae,JL [0 + (I - 0) • rltl + tpl + rhpJ - rhll! 

NOTE 5 

Use of the above model permits junction to lead thermal 
resistance for any mounting configuration to be found. For a 
given total lead length. lowest values occur when one side of the 
rectifier is brought as close as possible to the heat sink. Terms in 
the model signify: 

T A .. Ambient Temperature Res'" Thermal Resistance. Heat 
Sink to Ambient 

TL = Lead Temperature ReL :< Thermal Resistance, Lead 
to Heat Sink 

T C '" Case Temperature ReJ .. Thermal Resistance, Junc-
tion to Case 

TJ = Junction Temperature 'PO = Total Power DisSipation = 

PF + PR 
PF .. Forward Power Dissipation 
PR = Reverse Power Dissipation 

(Subscripts A and K refer to anode and cathode sides respectively.) 
Valuas for thermal resistance components are: 

ReL" 46 0C/W/IN. Typically and 4BoC/W/IN Maximum. 
ReJ .. 100 C/W.Typically and 160C/W Maximum. 

The maximum lead temperature may be found as follows: 

where 

TL =TJ(max) -6 TJL 

6TJL can be approximated as follows: 

6TJL::::::: ReJL • PO; Po is the sum of forward 
and reverse power dissipation shown In Figures 
2 and 4 for sine wave operetion and Figures 3 
and 5 for square wave operation. 

THERMAL CIRCUIT MODEL 
(For Heat Conduction Through the Loads) 
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~~ 
~~ 
~o 
on< ..ow "' .... :ie 
:E' 
",2 
w::! 
:z:>-
>-'-' 
.2: 

.... => 
;;5~ 
a: 

FIGURE 30 - STEADY-STATE THERMAL RESISTANCE 
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30 

INSIGNIFICANT HEAT FLOW",=" y'" '" THROUGH OTHER LEAD /" '" "'-..'" -MAXIMIJM 

./ ----- TYPICAL 

'" 
.,/ '" I-- .... 

20 ./ ", 

----- .... .... 
"," -V K" 

",' ~ -- -BOTH LEADS TO HEAT 10 ': .... - SINK, E~UAL LE~GTH-

o 
o 1/8 1/4 3/8 1/2 5/8 

L, LEAD LENGTH (INCHES) 

where rit) - norm,lized v,lua of t'."sillnt tharmal .asistanca at 
time t f.om Figu.a29,Le.: 

.It, + tp ) - normalized v.lua of tranliant 'hltfmal ralistance at 
tima" +tp. 

3/4 7/8 

. n PPk n PPk 

-:J tp L......J L 
DUTY CYCLE' tp/tl 

1--11--1 . TIME 

PEAK POWER, Ppk, is peak of.n 
equivalent square power pulse. 

NOTE 6 

Data shown for thermal resistancejunctlon-to-ambient (ROJA) 
for the mountings shown Is to be used as typical guideline values 
for preliminary engineering or in case the tie point tem~erature 
cannot be measured. 

TYP(CAL VALUES FOR ROJAIN STILL AIR 

MOUNTING LEAO LENGTH. L UN) 
METHOD 1/8 1/4 tl2 3/4 

, 50 5' 53 55 , 
3 2. 

MOUNTING METHOD 1 

P .C. Board Where Available Copper 
Surface area Is small. 

Cl--1 f-l:j 
l!/~H 

MOUNTING METHOD 2 
Vector Pin Mounting 

Vector Push-In Terminals T -28 

MOUNTING METHOO 3 

P.C. Board with 
1-112" x 1-1/2" Copper Surface 

FIoJA 

°C/W 
W 

°C/W 
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·MR860, MR861, 
MR862, MR864, 

MR866 

STUD MOUNTED 
FAST RECOVERY POWER RECTIFIERS 

... designed for special applications such as dc power supplies, inverters, 
converters, ultrasonic systems, choppers, low RF interference, sonar power 
supplies and free wheeling diodes. A complete line of hist recovery rectifiers 
having typical recovery time of 100 nanoseconds providing high efficiency 
at frequencies to 250 kHz. 

Designer's Data for "Worst Case" Conditions 

The Designers Data sheets permit the design of most circuits entirelv from the 
information presented. Limit curves - representing boundaries on device character
istics - are given to tacH itate "worst case" design. 

MAXIMUM RATINGS 
Rating Symbol MRS60 MRS61 MR862 MR864 MR866 Unit 

Peak Repetitive Reverse Voltage VRRM Volts 
Working Peak Reverse Voltage VRWM 50 100 200 400 600 
DC Blocking Voltage VR 

Non.Repetitlve Peak Reverse Voltage VRSII.., 75 150 250 450 650 Volts 

AMS Reverse Voltage VRIAMSf 35 70 140 280 420 Volts 

Average Rectified Forward Current 'a Amps 
(Single phase, resistive load, 40 

TC = 1000C) 

Non-Repetitive Peak Surge Current 'FSM Amps 
(suTgeappliedat rated load 350 

conditions) 

Operating Junction Temperature TJ -65 to +160 °c 
Range 

Storage Temperature Range Tstg -65 to +175 °c 

THERMAL CHARACTERISTICS 
Charact8fistic 

Thermal Resistance, Junction to Case 

ELECTRICA L CHARACTER ISTICS 

ChMacteristic Svmbol Min Tvo Max Unit 

I nstantaneous Forward Voltage 'F 1.3 1.6 Volts 
(IF " 125 Amp, T J '" 1500C) 

Forward Voltage VF 1.0 1.4 Volts 
(IF'" 40 Amp, TC = 25°C) 

Reverse Current (rated de voltage) 'H 
TC=2SoC 25 50 "A 
TC" 1000C 1.0 2.0 mA 

REVERSE RECOVERY CHARACTERISTICS 

Characteristic Svmbol Min Tvo Max Unit 

Reverse Recovery Time t" 
(IF = 1.0 Amp to VR = 30 Vdc, Figure 16) 100 200 
(I -36Arn didt=")SOA 5 Fi re17) 200 400 

Reverse Recovery Current IRM(REC) 2.0 3.0 Amp 

111= = ".0 Amp to V~ = 30 Vdc, Fiaure 16) 
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FAST RECOVERY 
POWER RECTIFIERS 

50-600 VOLTS 
40 AMPERES 

to,,::!:: 
MAX 

1 
~L"..r;;=::;;;:;;!:l,~i~ ~~lx 
- ....... """.r=~~_I-O.060J"\ w.g. 

MIN 1/4'--28UHF-2A 

·Oimer.ioniud(lmettf 

AIiJEOECdimenl!onsandnolesalllllv 

CASE 257 
00-6 

MECHANICAL CHARACTERISTICS 
CASE: Welded, hermetically sealed 

FINISH: All external surfaces corrosion 
resistant and readily solderable 

POLARITY: Cathode to Case 

WEIGHT: 17 Grams (Approximately) 



MR860, MR861, MR862, MR864, MR866 (continued) 
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NOTE 1 

DUTY CYCLE, 0 ,. tp/ll J=[SIPk Ppk 

tp__ PEAK POWER. Ppk. is peak of an 
equivalent square power pulse. 

I----,,---.j TIME 

To determine maximum junction temperature of the diode in a given situation. 
the following procedure is recommended: 

The temperature of the case should be measured using a thermocouple placed 
on the case at the temperature riference point (see Note 3). The thermal mass 
connected to the case is normally iargeeoough so that it will not significantly 
respond to heat surgesgelMN'8ted in the diode asa result of pulsed operation once 
steady-stateconditionsareac:hieved. Using the mtasured value of TC. the junction 
temperaturemeybedeterminedby: 

TJ=TC+"-'TJC 

where fJ. TJC is tha increase in junction temperature above the case temperature. 
It may be determined by: 

llTJC=Ppk 'R8JC[O+O-0)'r(Q+tp)+r(tp)-r(q)} 
where . 

rlt) = normalized value of transient thermal resistance at lime. t, from Figure 
3,i.e.: 
r (11 + tp) = normalized value of transient thermal resistance at time t,+ tp. 

FIGURE 3 - THERMAL RESPONSE 

i-"~ 

(SEE NOTE 1) 

0.001 0.002 0.005 0.01 0.02 0.05 0.1 0.2 0.5 1.0 2.0 5.0 10 20 50 100 200 5011 1000 2000 5000 10,000 
t.TIME(ms) 
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MR860, MR861, MR862, MR864, MR866 (continued) 
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MR860, MR861, MR862, MR864, MR866 (continued) 

FIGURE 10 - FORWARD RECOVERY 
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MR860, MR861, MR862, MR864, MR866 (continued) 

FIGURE 16 - REVERSE RECOVERY CIRCUIT 

115V" 10k 
60 Hz 2W 

30n 
50W 

NON-INDUCTIVE 
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...-----tOJA 

A - TEKTRONIX 545A, K PLUG IN 
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lOW 
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FIGURE 17 - JEDEC REVERSE RECOVERY CIRCUIT 
RI 

RI = 50 Ohms TI 
R2 = 250 Ohms 
01 = IN4723 
02 = IN4001 
03 = IN4933 

SCRI =·MeR729-10 
CI =0.510 50~F 
C2 '" 4000~F 

120vJjc . .,T2, 
60 Hz 

1:1 
L1 = 1.0 - 27 ~H 
T1 = Varia' Adju.ls I(PKland di/dl 
T2= 1:1 
T3 = '1;1 (to trigger circuit) 

03 CI 

01 

L1 
dVdl ADJUST 

I (PKI ADJUST OUT. 

02 

CURRENT 
VIEWING 
RESISTOR 

NOTE 2 

Reverse recovery time is the period which elapses from the 
time that the current. thru a previously forward biased rectifier 
diode, passes thru zero going negatively until the reverse current 
recovers to a point which is less than 10% peak reverse eurrent. 

Reverse recovery time ·is a direct function of the forward 
current prior to the application of reverse voltage. 

For any given rectifier. recovery ti me is very circuit depend
ent. Typical and maximum recovery time of all Motorola fast 
recoVery power rectifiers are rated under a fixed set of conditions 
using IF = 1.0 A, VR = 30 V. In order to cover all circuit 
conditions, curves are given for typical recovered stored charge 
versus commutation di/dt for various levels of forward current 
and for junction temperatures of 25°C., 750 C. l000C, and 
15O"C. . 

To use these curves, it is necessary to know the forward 
curr~nt level just before commutation, the circuit commutation 
dildt, and the <operating junction temperature. The reverse re
covery test current wevaform for all Motorola fast recovery 
raetifiers is shown. 

di/dt 

IRM(RECI+-----'L 

From stored charge curves versus di/dt, recovery time h r,) 
and peak reverse recovery current ORM(RECI1 can be closely 
approximated using the following formulas: 

[OJ 1/2 
trr = 1.41 x _R_ 

dildt 

IRM(RECI = 1.41 x [OR x di/dt] 112 
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MR860, MR861, MR862, MR864, MR866 (continued) 

INSULATING HARDWARE KIT 

AVAILABLE UPON REQUEST 

.160 
MAX. 

HOLE CIA . 
. 265 ±..005 

.028 

NOTE 3 

MICA WASHERS 
.997 .255 .004 

~ CASE TEMPERATURE 
REFERENCE POINT 

x x-
1.003 .265 .006 

~ ""0" '"'"'"" (QT :~~; x :;~: x :~~~ 

o 
FLAT WASHER 

~ S~eel. Electro-deposited 
~ ZinC plate 

.727 .276 .055 -x -x-

.749 .296 .071 

~
SOLCER TERMINAL 

~ Copper, electro-tinned 
(AMP #34124) 

LOCK WASHER 
~ Steel. spring, Electro-deposited 
~ zinc plate, Internal tooth 

.460 .250 .017 _ x _x_ 

.480 .270 .027 

NUT @11018St8el. Electro-deposited 
zinc plate 

\4-28 NF·2B. 

::~~ across flats x : ~ ~~ Thick ..J.034 
~=*=f 11/16 STUD (MH 746) ::: across points 

CASE TO HEAT SINK 
THERMAL RESISTANCE UNDER 

VARIOUS CONDITIONS 

TORQUE: 25 IN LBS 
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MR870, MR871, 
MR872, MR874, 

MR876 

J)P!-iig']H']'!-i Data ~hect 

STUD MOUNTED 
FAST RECOVERY POWER RECTIFIERS 

designed for special applications such as dc power supplies, 
inverters, converters, ultrasonic systems, choppers, low R F inter
ference, sonar power supplies and free wheeling diodes. A complete 
line of fast recovery rectifiers having typical recovery time of 100 
nanoseconds providing high efficiency at frequencies to 250 kHz. 

Designer's Data for "Worst Case" Conditions 
The Designers Data sheets permit the design of most circuits entirely from the 

information presented. Limit curves - representing boundaries on device character
istics - are given to facilitate "worst case" design. 

MAXIMUM RATINGS 
Rating Svmbol MR870 MRS71 MR812 MR874 MR876 Unit 

Peak Repetitive Reverse Voltage VRRM Volts 
Working Peak Reverse Voltage VRWM 50 100 200 400 600 
DC Blocking Voltage VR 

Non-R epetitive Peak Reverse Voltage RSM 75 150 250 450 650 Volts 

RMS Reverse Voltage VR{RMSI 35 70 140 280 420 Volts 

Average Hectl led orwam .... urrent 10 mp, 
{Single phase, resistive load, 50 

TC = 1000CI 

Non-Repetitive Peak Surge Curren~ FSM Amps 
(surge applied at rated load 400 

conditions) 

Operating Junction Temperature TJ -65 to +160 DC 

Range 

Storage Temperature Range T stg -65 to +175 

THERMAL CHARACTERISTICS 
Characteristic 

Thermal Resistance, Junction to Case 

ELECTRICAL CHARACTERISTICS 
Characteristic Symbol Min TV. M .. Unit 

Instantaneous Forward Voltage 'F 1.3 1.6 Volts 
OF'" 157 Amp, T J '" 1600C) 

Forward Voltage VF 1.1 1.' Volts 
(IF'" 50 Amp, TC '" 250 C) 

Haverse Current (rated de voltage) IR 
TC = 250 C 25 50 .... 
TC = 1000C 1.0 2.0 mA 

REVERSE RECOVERY CHARACTERISTICS 
Charactllf'istic Symbol M .. Tv. M •• Unit 

Reverse Recovery Time :J t" 
(IF'" 1.0 Amp to VR = 30 Vdc, Figure 16) 120 200 

IIFM" 36 Amp, di/dt '" 25 A/~,Figure 17) 240 400 

everse "&cowry \.ourrent ) I RMfREC) ,.0 3.0 Amp 
UF = 1.0 Amp to VR = 30 Vdc, Figure 16) 
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FAST RECOVERY 
POWER RECTIFIERS 

50-600 VOLTS 
50 AMPERES 

OIlS 1 rnD1 1.000 

L,..r:~=:;;;-::'-l.,-~-f~ T 
O.060J r"'-..... ==~:"~~· 
MIN 114-28 UNF.2A 

Terminal 2 

'Dtmell5lOnlS~ dlilmeter. 

AIlJEDEC d,menslonsand notes apply 

CASE 257 
00-5 

MECHANICAL CHARACTERISTICS 

CASE: Welded, hermetically sealed 
FINISH: All external surfaces 

corrosion resistant 
and readily solderable 

POLARITY: Cathode to Case 
WEIGHT: 17 grams (approximately) 



MR870, MR871, MR872, MR874, MR876 (continued) 
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FIGURE 1 - FORWARO VOLTAGE 
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Prior to surge, the rectitier 
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IIIJ I 
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NUMBER OF CYCLES AT 60 Hz 

NOTE 1 

J=ULPk Ppk 
DUTY CYCLE, 0 '" tp/t, 

tp PEAK POWER, Ppk, is peak of an 
equivalent square power pulse. 

I TIME 
1------'1-----; 

To determine maximum junction temperature of the diode in a gillen situation, 
the following procedure is recommended: 

The temperature of the case should be measured using a thermocouple placed 
on the case at the temperature reference point (see Note 3). The thermal mass 
connected to the case is normally large enough so that it will not significantly 
respond to heat surges generated in the diode asa result of pulsed operation ones 
steady·Slate condition5areachieved. Using the measured value of TC, the jUnction 
temperature may be determined by: 

TJ"'TC+ll.TJC 
where ll. T JC is the increase in junction temperatura above the case temperature. 
It may be determined by: 

f:. TJC "'Ppk ·R8JC [0 + (1-01 . rltl +tp)+r(tp) -rtq)J 
where 

r(t) '" normalized value of transient thermal resistanca at time, t, from Figure 
3,i.e.: 
r (tl +tp) '" normalized value of transient thermal resistance at time t,+tp. 

FIGURE 3 - THERMAL RESPONSE 

,..---~ ..... (SEE NOTE 11 

3 ............... 
....... 

2 :g 0.0 

0.0 1 
0.1 0.2 0.5 1.0 2.0 5.0 10 20 50 100 200 500 1000 2000 5000 10,000 

t, TIME (m,1 
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MR870, MR871, MR872, MR874, MR876 (continued) 

SINE WAVE INPUT 

FIGURE 4 - FORWARD POWER DISSIPATION 
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SQUARE WAVE INPUT 

FIGURE 5 - FORWARD POWER DISSIPATION 
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MR870, MR871, MR872, MR874, MR876 (continued) 

TYPICAL DYNAMIC CHARACTERISTICS 

FIGURE 10 - FORWARD RECOVERY TIME 
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MR870, MR871, MR872, MR874, MR876 (continuedJ 

FIGURE 16 - REVERSE RECOVERY CIRCUIT 

115 Vac 10 k 
60 Hz 2W 

30n 
50W 

NON·INDUCTIVE 

UNIT 
UNDER TEST 

+----~JA 

A - TEKTRONIX 545A, K PLUG IN 
PRE·AMP, PtiooO PROBE OR EQUIVALENT 

Rl- ADJUSTED FOR 1.4,uBETWEEN 
POINT 2 OF RELAY AND RECTIFIER 
INDUCTANCE ~ 38 ~H 

R2 - TEN·l W, 10 Sl. 1% CARBON CORE 
IN PARALLEL 

TA = 25 ~1~OC FOR RECTIFIER 
R2 
1 n MINIMIZE ALL LEAO LENGTHS 

30 Vdc ~~~.INDUCTIVE Cl 1.0 Adc FROM CONSTANT VOLTAGE SUPPLY 
CONSTANT VOLTAGE 1.0"F RIPPLE=3mVrmsMAX 

SUPPL y C>'+'-_4 ____ -<~-----<~30-0-V~ ..... -_o- Zout = 1%,u MAX, DC 102kHz 

FIGURE 17 - JEOEC REVERSE RECOVERY CIRCUIT 

Rl = 50 Ohms 
R2 = 250 Ohms 
01 = lN4723 
02 = lN4OO1 
03 = lN4933 

SCRI = MCR729·10 
Cl =O.5t050~F 
C2 ~ 4oo0"F 
L1 = 1.0 - 27"H 

11 J:)T2 

120VAC II 
60 Hz 

1:1 

Tl = Variac Adjusts IIPK) and di/dl 
T2= 1:1 
T3 = 1:1 (to trigger circuit) 

Rl 

03 Cl 
IIPK) ADJUST 

02 

01 

L1 
di/dl ADJUST 

UUI 

CURRENT 
VIEWING 
RESISTOR 

NOTE 2 

Reverse recovery time is the period which elapses from the 
time that the Gurrent. thru a previously forward biased rectifier 
diode, passes thru zero going negatively until the reverse current 
recovers to a point which is less than 10% peak reverse current. 

Reverse recovery time is a direct function of the forward 
current prior to the application of reverse voltage. 

For any given rectifier, recoV9ry time is very circuit depend~ 
ent. TVpical and maximum recovery time of all Motorola fast 
recovery power rectifiers are rated under a fixed set of conditions 
using IF = 1.0 A, VR = 30 V. In order to cove.' ali circuit 
conditions, curves are given for typical recovered stored charge 
versus commutation di/dt for various levels of forward current 
and for junction temperatures of 250 C, 750 C, l00"C, and 
150"C. 

To use these curves, it is necessary to know the forward 
current level iust before commutation, the circuit commutation 
dildt, and the operating junction temperature. The reverse re
COV8tV tast current waveform for ali Motorola fast recovery 
rectifiers is shown. 

di/dt 

IRM(REC)+---"L 

From storad charge curves versus di/dt, recovery time Itrr} 
and peak reverse recovery current URM(REC}) can be closelV 
approximatad using the following formulas: 

[ Q 1112 
trr = 1.41 x -'L 

di/dt 

IRMIREC) = 1.41 x [QR x di/dt] 112 
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MR870, MR871, MR872, MR874, MR876 (continued) 

.1S0 
MAX. 

INSULATING HARDWARE KIT AVAILABLE UPON REQUEST 

HOLE DIA . 
. 265 ±..005 

.028 

~.034 

~=*=f 

MICA WASHERS 
.997 .255 .004 
--x-x-
1.003 .2S5 .OOS 

~ CASE TEMPERATURE 
REFERENCE POINT 

~~o NYLON BUSHING o ~ .. 264 •. 060 
.372 .274 .070 

o 
FLAT WASHER 

~ Steel, Electro-deposited 
~ Zinc plate 

'!E. )( .~ )( .055 
.749 .296 .071 

#fSOLOER TERMINAL 
6 Copper. electro-tinned 

(AMP #341241 

LOCK WASHER 
~ Steel, spring. Electro-deposited 
\S) Zinc plate, 1 nternal tooth 

.460 .250 .017 
- x -x-
.480 .270 .027 

NUT 

~ 1018 Steel, Electro-deposited 
Zinc plate 

"-28 NF·2B 

.~ across flats II( .178 Thick 

.437 .193 

11/16 STUD (MH 746) 
.485 across points 
.505 

CASE TO HEAT SINK 
THERMAL RESISTANCE UNDER 

VARIOUS CONDITIONS 

TORQUE: 25 IN LBS 

.3-857 



MR990A (SILICON) 
thru 

CASE 169 
(Formerly Case 59A) 

High-voltage, low-current rectifiers designed for appli
cations where high-voltages in subminiature packages are 
required. These devices feature efficient high-temperature 
current-handling performance, high surge-current capabil
ities and surface passivation. 

MAXIMUM RATINGS (T. = 25'C unless otherwise noted)' 

Rating Symbol MR99QA MR991A MR992A MR993A MR994A MR995A MR996A 

Peak Repetitive Reverse Voltage VRM(rep) 

Working Peak Reverse Voltage VRM(wkg) 1000 1500 2000 2500 3000 

DC Blocking Voltage VR 

RMS Reverse Voltage Vr 700 1050 1400 1750 2100 

Average Rectified Forward Current 
(single phase, resistive load, 10 250 
60 Hz, T A = 75°C) 

Peak Repetitive Forward Current IFM(rep) 2.0 (TA = 75°C) 

Non-Repetitive Peak Surge Current 
IFM(surge) (superimposed on rated current 15 (for 1/2 cycle) 

at rated voltage, T A = 75 0 C) 

Operating and Storage Junction TJ , Tstg -65 to +150 Temperature Range 

THERMAL CHARACTERISTICS 

Characteristics Symbol 
Thermal Resistance, Junction to Ambient (1 inch lead length) 

ELECTRICAL CHARACTERISTICS (At 60 Hz Sinusoidal. Resistive or Inductive) 

Characteristic Symbol 
Full Cycle Average Forward Voltage Drop VF(AV) 
(Ie = O. 25 Amp and Rated V r' 

TA = 75°C, Half Wave Rectifier) 

DC Forward Voltage Drop VF 

(IF = 0.25 Adc, TA = 25°C) 

Full Cycle Average Reverse Current IR(AV) 
(Ie = O. 25 Amp and Rated V r' 

TA = 75°C, Half Wave Rectifier) 

DC Reverse Current IR 

(Rated VR, T A = 25°C) 

MECHANICAL CHARACTERISTICS 
CASE: Void free, flame·proof silicone polymer case 

Max 

1.7 

3.5 

100 

10 

4000 

2800 

FINISH: All external surfaces corrosion·resistant and leads readily solderable 
POLARITY: Indicated by polarity band 
MOUNTING POSITIONS: Any 
WEIGHT: 0.40 Gram (approx) 

5000 

3500 

Unit 
Volts 

Volts 

J1.A 

J1.A 

Unit 

Volts 

Volts 

rnA 

Amp 

Amp 

°c 

MAXIMUM LEAD TEMPERATURE FOR SOLDERING PURPOSES: 350·C, %" from case for 10 seconds 



MR990A thru MR996A (continued) 

TYPICAL FORWARD CHARACTERISTICS TYPICAL REVERSE CHARACTERISTICS 

100 100 

i>: 10 

'" s 
§ 
ili 1.0 
=> 
'-' 
c 

~ 0.1 12 
'" => 
13 
z: 

~ .01 

~ 
.2f .001 

'-i:::== .... 
~ r- TJ o. + 150'C ./ / 

1- TJ • +25'C 

I 
I 

I I 

60 
40 

20 

fil 10 
~ 6.0 ,. 
~ 4.0 

~ 2.0 

~ 1.0 
=> 0.6 
'-' 
~ 0.4 
'" 
~ 0.2 

g 0.1 
~ .06 

.04 

.02 

---0~0'c - -
-I-~ 

:--- TJ ~ + 100'C 

..... 

----V 
TJI 

+25'C 
I 

,......V 

.0001 .01 

o 0.2 0.4 0.6 0.8 1.0 1.2 

v" INSTANTANEOUS FORWARD VOLTAGE (VOLTS) VR, VRM,NORMALIZED VOLTAGE (VOLTS) 

CURRENT DERATING 
300 

250 

~ 

; 200 

150 c 

I 100 
~ 

'" ill 50 ~ 
-' 

,......., 
(60 Hz, RESISTIVE OR INDUCTIVE LO~DI I I I I --, 

I NOTE, LEAD LENGTH IS ~EFINED ~S THE -- -- -... ........... V \-4 INCH LEADS DISTANCE BETWEEN THE RECTIFIER --r-.. ......... ............ BODY AND THE TERMINATION POINT 
r-

""""'- ..# -... ......... ANO APPLIES TO BOTH LEADS. -
r-

\2 INGH LEADS ".. --- f""-...... .......... 
-
- 1 iNGH LEADS L -- ........ ........... r.... 
- -... r-.. I'-.... -... ::::::-..: t---.. -

~ f:::::-... - -....;::: ~ - .... , 
-
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T., AMBIENT TEMPERATURE ('GI 

MAXIMUM ALLOWABLE NON·REPETITIVE SURGE CURRENT 
20 

I 18 
-............ 

""""'-
~ 16 

~ 14 

~ 12 

............... RECTIFIER OPERATED AT 
MAXIMUM RATED CONDITIONS. 

......... r---.. VRMI'li' APPLIED AFTER SURGE, 
T. = 5'G. 

""""'-
~ 10 
0;; .......... ........ ----... --- r--

8 10 20 40 60 80 100 
GYCLES AT 60 Hz 

MR1030 thru MR1036 
MR1038, MR1040 For Specifications, See IN4719 Data,Volume 1. 

3-859 



MRl120 thru MRl126 (SILICON) 

MRl128 
MRl130 

~ 
Medium:-current silicon rectifiers feature high surge 

current capacity, and low forward vol tage drop. Devices 
have cathode·to-case polarity, but reverse polarity units 
may be obtained by adding the suffix "R" to the device 
number i. e. MR1l30R. 

CASE 56A 
(00·4) 

MAXIMUM RATINGS 

,Rating 

Peak Repetitive Reverse Voltage 
Working Peak Reverse Voltage 
DC Blocking Voltage 

Non-Repetitive Peak Reverse 
Voltage 

(one halt-wave, single phase, 
60 cycle peak) 

RMS Reverse Voltage 

Average RecWied Forward Current 
(single phase, resistive load, 
60 cps, TC = 150oC) 

Peak Repetitive Forward Current 
(TC = 1500C) 

Non-Repetitive Peak Surge current 
(superimposed on rated current 
at'rated voltage, TC = 150oC) 

I2t Rating (non-repetitive, 
1 msec <t <8.3 ms) 

Maximum Junction Operating and 
Storage Temperature Range 

Symbol MR 
1120 

VRM (rep) 
VRM (wkgl 50 
VR 

VRM 
(non-rep) 100 

Vr 35 

10 

IFM(rep) 

IFM(surge) 

x2t 

TJ, Tstg 

MR MR MR MR MR MR MR 
1121 1122 1123 1124 1125 1126 1128 

100 200 300 400 500 600 800 

200 300 400 500 600 720 1000 

70 140 210 280 350 420 560 

12.0 

75 

300 (for 1/2 cycle) 

375 

-65 to +190 

ELECTRICAL CHARACTERISTICS (All Types) 

Characteristic Symbol Max 

Full Cycle Average Forward Voltage Drop VF(AV) 
(10 = 12.0 Ampa and Rated V r. 0.55 
TC = 150°C, Half Wave Rectifier) 

DC Forward Voltage Drop VF 1.0 
(IF = 12.0 Adc. TC = 25°C) 

Full Cycle Average Reverse Current IR(AV) 
(10 = 12.0 Amps and Rated Vr • 1.5 
TC = 150°C. Half Wave Rectifier) 

DC Revetse Current IR 
(Rated YR' TC ::. 25°C) 0.5 

3-860 

MR Unit 1130 

1000 Volts 

1200 Volts 

'700 Volts 

Amp 

Amp 

Amp 

A(rms)2s 

°c 

Unit 

Volts 

Volt/il 

rnA 

rnA 



MRl120 thru MR1126, MR1128, MRl130 (continued) 

THERMAL CHARACTERISTICS 
o 

Maximum Steady State DC Thermal Resistance, (}JC: 2. 5 C/Watt 

MECHANICAL CHARACTERISTICS 
CASE: Welded, hermetically sealed construction. 
FINISH: All external surfaces corrosion-resistant 

and the terminal lug is readily solderable. 
POLARITY: CATHODE-TO-CASE (reverse polarity units are available 

upon request and are designated by an "R" suffix i. e. MRll20R). 

MOUNTING POSITIONS: Any 
STUD TORQUE: 15 in-lbs maximum. 

TYPICAL FORWARD CHARACTERISTICS 
2.4 
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III 
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......... ~ V 

~ z: 

i 0.8 
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~ 12 

I 
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.... -- ...... -- ~ 

V -
I---I--f-- ...... TJ ~ 150'C 
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i,.INSTANTANEOUS FORWARD CURRENT lAMP) 

FORWARD POWER DISSIPATION MAXIMUM ALLOWABLE SURGE CURRENT 

'J 
TJ ~ 150'C TO 190°C { I. V 
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3 PHASE IHAlF WAVE OR ~ 'l V 
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D' Ij / 6 PHASE WITH INTERPHASE 
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~ 
'" ,; 

ffi 200 

[\ II III 
1"\ SURGE APPLIED AT 

i\ RATED LOAD CONDITIONS; 

~ 
V .... I •• pl APPLIED AFTER 
SURGE @ 150'C 

I !HAsJ IHAiF WA~E Irh / 
OR FUll WAVE! ~ V / 

:,.. 
DC 

- /, f J 
/1 / 

IJ / 
~ / 

IJ ~ 

~ 
~ 
!!;! 150 v; 

~ 
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t 
j 
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~ V 

500 
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I, IAVI, AVERAGE fORWARD CURRENT lAMP) NUMBER OF CYCLES AT 60 CYCLES PER SECOND 
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MRl120 thru MRl126, MR1128, MR1130 (contin~~d) 

MAXIMUM CURRENT RATINGS 
20 

~ 16 s 

I 12 

~ 
~ 8.0 

I 
~ 

4.0 

.............. ¥' DC (60 CPS. RESISTIVE OR INDUCTIVE LOAD) 

1 PHASE (HALF WAVE OR ............. 
FULL WAVEJ 

~ I, 

3 P~S~~~~Fw~t:~N~~:~.ils~AVE) " 
::::::-... '-...... 

-....::::::: ~ ~ 

61PHASE STAR L -------- ~ 
'-...... ---~ ........ r-... ~ ~~ 

"" O' 130 140 150 160 170 180 190 

Te. MAXIMUM CASE TEMPERATURE (OC! 

EFFECTIVE TRANSIENT THERMAL IMPEDANCE 
5.0 
4.5 I I 

~~ 4.0 t;~ 

~~ 3.5 
~w 

~i? 3.0 ~ffi 
~~ 2.5 
~~ 
;:::~ 2.0 1iles 
t:;i= 1.5 
:£~ 1.0 Il u 

<bg 
0.5 

TJ Tc ·'hc/tJPAVE f--" 
6<1> f-" 

--1'" 
~ 1<1>+3<1> ~. 

----r -J-r-
~ DC ~ 

---
.001 .002 .005 .01 .02 .05 0.1 0.2 .05 10 

t. TIME (SECONDS) 

CURRENT DERATING DATA 

~ 
14 

'" I 12 

a 10 
!il 
~ 8.0 ~ 
w 

~ 6.0 
~ 
w 

I 4.0 

;;;I, 2.0 
~ 

~ 
'" 

~ "'" ~~ I 
~ ~ 

t< 10aOLFM 

CONDITIONS 

~ .~,500LFM 3 x 3 X ~~6 copper heat sink. 
fine ~ 0.9 and mounted parallel to 
airflow. 180" conduction. 

FREE CONVECTION ............... ~ PHASE DATA, 
For' 3 phase ratings multiply 
current scale by 0.90. -..........:: ~ For 6 phase ratings mUltiply 
current scale by 0.63. 

I I I ~ 

" 80 40 100 20 60 120 140 180 200 160 

1 TA • AMBIENT TEMPERATURE (OC) 

3-862 



MR 1120 thru MR 1126, MR 1128, MR 1130 (continued) 

RECTIFIER SUBSTITUTION GUIDE 

Due to its optimized design, this 12-ampere rectifier series (types MR1120 -

MR1130) provides a high performance, economical solution to your specification 

and procurement requirements. Only nine types, covering the complete voltage 

range from 50 to 1000 volts, can substitute for a multitude of devices as typified 

in the table below. This table is only a guide and general reference to the EIA 

registered types which can be repla~ed; minor specification variations may 

exist. 

MR1120 MRl12l MRl122 MR1123 MR1124 MRl125 
50Y lOOY 200Y 300Y 400Y 500Y 

lN607 lN253 lN254 lN334 IN255 IN554 
lN607A lN338 lN336 lN335 lN332 lN613 
IN1l99 IN339 IN337 IN343 IN333 lN613A 
IN1l99A IN340 lN345 lN344 IN34l lNllI9 
IN134I IN348 IN346 IN552 IN342 IN1127 
IN134IA IN349 IN55I IN611 IN553 INlI27A 
IN1537 IN550 IN609 IN611A IN6I2 INI205 
IN1612 lN608 lN609A INll17 IN6I2A INl205A 

IN608A IN610 IN1125 INl1I8 INI347 
lNllI5 IN610A IN1125A IN1126 IN1347A 
lNl200 lNll16 INI203 lN1126A INl543 
INl200A IN1124 INl203A IN1204 IN3573 
lN1342 IN1124A IN1345A IN1204A 
lNl342A lN120l lNl54l INI346 
lN1538 lN120lA lN3571 INI346A 
lNl6I3 IN1202 lNl542 
lN3569 INI202A lNl6l5 

lNI343 lN3572 
INl343A 
INl344 
lNl344A 
lNl539 
lNl540 
INl614 
lN3570 

NOTE: While the MR1120 through MR1130 are preferred device types, the 
above listed EIA types are also available upon request. 
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MRl126 MR112B MRl130 
600Y BODY lOOOY 

lN256 lN562 lN563 
IN555 IN3649 IN3650 
lN6l4 IN3670 lN3672 
IN6I4A IN3670A IN3672A 
IN1120 IN3671 IN3673 
IN1128 IN3671A IN3673A 
INI128A IN3987 IN3989 
INI206 IN3988 lN3990 
IN1206A 
INI348 
IN1348A 
IN1544 
lNl6l6 
IN3574 



MR 1200 thru MR 1203 {SILICON} 

MRI20S, MR1207 thruMR1209 

Silicon power rectifiers designed with double-case, 
multi -cell construction for extreme reliability and rug
gedness. Standard cathode-to-case polarity, but avail
able with reverse polarity by adding suffix "R" to type 
number. 

CASE 100 

MAXIMUM RATINGS 

Rating 

Peak Repetitive Reverse Voltage 

Working Peak Reverse Voltage 

OC Blocking. Voltage 

Non-Repetitive Peak Reverse-Voltage 
(one half -wave, single phase; 
60 cycle peak) 

RMS Reverse Voltage 

Average Rectified Forward Current 
(single phase, resistive load, 
60 Hz. S'1e Figure 3) TC = lSOoC 

Non-Repetitive Peak Surge Current 
(surge applied at rated load 
conditions, see Figure 5) 

TC = 150·C 

12t Rating (non-repetitive, for t 
greater than I ms and less 
than 8.3 ms) 

Operating and Storage Junction 
Temperature Range (see Figure 4 
for other conditions) 

Symbol 

VRM(rep) 

VRM(wkg) 
VR 

VRM(non-rep) 

Vr 

10 

IFM(surge) 

12t 

TJ , Tstg 

ELECTRICAL CHARACTERISTICS 

Characteristics and Conditions 

Full Cycle Average Forward Voltage Drop 

MR 
1200 

50 

100 

35 

(rated 10 and V r' single phase, 60 cps, TC = 150·C) 

Full Cycle Average Reverse Current 
(rated 10 and Vr ' single phase, 60 cps~ TC = 150·C) 

THERMAL CHARACTERISTICS 

Characteristic 

Thermal Resistance, Junction to Case 

MR MR MR MR MR MR 
1201 1202 1203 1205 1207 1208 

100 150 200 300 400 SOO 

200 250 300 400 500 600 

70 105 140 210 280 3SO 

50 

800 (for 1/2 cycle) 

500 (for six consecutive cycles) 

1,300 

-65 to +190 

Symbol Max 

VF(Avl 0.4 

IR(AV) 10 

Symbol Max 

9JC 0.60 
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I MR Unit 1209 

600 Volts 

720 Volts 

420 Volts 

Amp 

Amp 

A(rms)2S 

·C 

Unit 

Volts 

mA 

Unit 

·C/Watt 



MR1200 thru MR1203, MR1205, MR1207 thru MR1209 (continued) 

MECHANICAL CHARACTERISTICS 

PACKAGE CONFIGURATION: 
MR 1200FL rectifiers are designed for flat mounting and 
have a solid lug terminal. 

All units have a plated copper base and terminal. Molded 
external case with internal hermetically sealed, metallic case 
rectifier cells. 

POLARITY: 
Standard polarity devices are CATHODE-TO-CASE. 
Reverse polarity devices are ANODE-TO-CASE and are 
designated by an "R" suffix i.e. MRI205FLR. 

.". 

FIGURE 1 - MAXIMUM FORWARD VOLTAGE DROP 
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MOUNTING POSITION: Any. 

MOUNTING BOLT TORQUES: 

For Flat Mounted"FL" rectifiers use 8- 32 bolts torqued to 
30 in-Ibs min., 40 in-lb. max. Use an alternating procedure 
when torquing the two bolts and do not tighten one bolt 
completely without tightening the other. 

FIGURE 2 - FORWARD POWER DISSIPATION 
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FIGURE 3 - MAXIMUM CURRENT RATINGS 
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MR1200 thru MR1203, MR1205, MR1207 thru MR1209 (continued) 

1.0 

o 
0.002 

~ 
is 

800 

ll! 600 
8 

i 
ll! 
in 400 

~ 
~ 
.. 200 

~ 

_1 100 

"""-
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FIGURE 6 - CURRENT DERATING DATA 
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MR 121 0 thru MR 1219 (SILICON) 

MR1810 thruMR1819 

UNIQUE, MULTI-CELL RECTIFIERS OFFERING 
HIGHEST ORDER OF RELIABILITY IN 

POWER APPLICATIONS 

Designers Data for "Worst Case" Conditions 

Motorola DESIGNERS Data Sheets are prepared to facilitate 
"worst-case" circuit design entirely from information presented on 
these pages. To do this, the usual typical curves which provided 
some guidance to the engineer, have been supplemented by limit 
curves which are directly applicable to "worst-case" rectifier circuit 
design. Limit curves represent boundaries on parameters and does 
not necessarily indicate typical rectifier behavior. 

MAXIMUM RATINGS 

Rati", 

Peak Repetitive Reverse Voltage 

Working Peak Reverse Voltage 

DC Blocking Voltage 

Non-Repetitive Peak Reverse Voltage 
lonehalfwave, single phase. 
60 Hz peak) 

Svmbol 

VRMI"p) } 
VRMlwkg) 

VR 

VAMlnon-rep) 

MR 
1210 

MR 
1610 

50 

100 

MR MR MR 
1211 1212 1213 

MR MR MR 
1811 1812 1813 

100 150 200 

200 250 300 

MR MR MR MR MR MR 
1214 1215 1216 1217 1218 1219 

MR MR MR MR MR MR 
1814 1815 1816 1817 1818 1819 

250 300 350 400 500 600 

350 400 450 "'" 600 120 

Unit 

Volts 

Volts 

RMS Reverse Voltage v, 35 70 105 140 175 210 245 280 350 420 Volts 

Average Rectified Forward Current 
(single phase, resistive load, 
60 Hz, see Figure 31 TC - 13SoC 

TC~150oC 

Non"Rllpetitive Peak Surge Currents 
!surge applied at ratad load 
conditions. see Figure 51 

TC = 150°C 

12t Rating (non-repetitive, for t 
greater than , msandless 12t 
than S.3 ms) 

Operating end Storage Junction 
Temperature Range !see figure 4 T J. T Itg 
for other conditions) 

ELECTRICAL CHARACTERISTICS 

Charlcteristic 

full Cycle Average forward Voltage Drop 
(rated 10 and Vr• single phase. 60 Hz, TC '" 1500CI 

Full Cycla Average Reverse Current 
(rated 10 and Vr• single phase. 60 Hz. TC '" 1500C) 

THERMAL CHARACTERISTICS 

Characteristic 

Thermal Resistance. Junction to Case 

100 
80 

______ 2,000 (for '!2cycle)----_ 

____ 1,200 (for six consecutillecVclesl ___ _ 

S,300 

-65 to +190 

Symbol M .. 

VF(AVI 0.4 

IR!AVI 15 

Mo. 

0.40 

3-867 

Amp 

Amp 

A2, 

°c 

Unit 

Voh 

mA 

HIGH-CURRENT 
SILICON RECTIFIERS 

80/100 AMPERE 
50-600 VOLTS 

DIFFUSED JUNCTIONS 

MR1210SL 
thru 

MR1219SL 

CASE 167 

MR1210SB 
thru 

MR1219SB 

CASE 168 

MR1810SL 
thru 

MR1819SL 

CASE 189 

MR1810SB 
thru 

MR1819SB 

CASE 190 



MR1210 thru MR1219/MR1810 thru MR1819 (continued) 

FIGURE 1 - MAXIMUM FOR)lVARD VOLTAGE DROP 
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MR1210 thru MR1219/MR1810 thru MR1819 (continued) 
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CONDITIONS 

5 x 5 )( ~ copper heat sink 
fin E .2: 0.9 and mounted parallel 
to airflow. ISO- conduction. 

For 3 phase ratings multiply 
current scale by 0.90. 

For 6 phase ratings multiply 
current scale 'by 0.63. 

10 

-

-

600 



MR1210 thru MR1219/MR1810 thru MR1819 (continued) 

PACKAGE CONFIGURATIONS: 

MR1210SB and MR1810SB rectifiers are designed for stud 
mounting and have a flexible braided lead terminal, (See 
Outline 1). ' 

MR1210SL and MR1810SL rectifiers are designed for stud 
mounting and have a solid lug terminal (See Outline 2). 

All units have a plated copper base and terminal. Molded 
external case with internal hermetically sealed, metallic case 
rectifier cells 

OUTLINE DIMENSIONS 

OUTLINE 1 - MR1210SB THRU MR1219SB- CASE 168 
MR1810SB THRU MR1819SB - CASE 190 

POLARITY: 

Standard polarity devices are CATHODE TO CASE. Reverse 
polarity devices are ANODE TO CASE and are designated 
by an "R" suffix i.e. MR1215SLR. These devices have a 
molded plastic top for mechanical strength and seal. The 
color of the plastic indicates the polarity of the cells inside. 

"RED PLASTIC CATHODE TO CASE" 
"BLACK PLASTIC ANODE TO CASE" 

MOUNTING POSITION: Any 

STUD MOUNTING TORQUES: 

For Stud Mounted "SB" and "SL" rectifiers, 25 in·lb min., 
30 in·lb max. 

OUTLINE 2 - MR1210SL THRU MR1219SL - CASE 167 
MR1810SL THRU MR1819SL - CASE 189 

~.:;: 1 235 ::~~:1 ~::;~ 0.5[00 ~~~,.};! 
~I~:~~ I [~~~51 1.265 

IIIII ~r~2<::Z2~O:;:::~::;::~::::"'G1£' I ~~ r;f... , J -- ~::~ ~~f 
J r~::~~ ~:!~4;1l ~.2:0 ~:iX B y~::!~ ~:~:~OIA.~'05 

0.750 OIA. MAX 0.130 L 1.200 0.135 

B F~~T !J.!! OIA. MAX 
r-________ -r ____ ~------~~1.~3~5~--~ 

CONSTRUCTIONAL FEATURES 

Motorola's advanced and unique double-case. multiple cell 
construction offers numerous advantages which result in rectifiers 

possessing "designed-in" ruggedness, reliahility and superior 
performance characteristics. 

Void-free, molded external case for added mechani-
cal strength and electrical isolation in addition to 
bejng corrosion resistant. Color of the ex
ternal case pro~ides easy polarity ;den';fica';on.·-_,-

BLACK - ANODE TO CASE 

Plated copper base and/or stud integrally connected 
to the inner cases for optimum heat transfer and cur-
rent balance between cells. _________ J/ 
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r" Olmp,lete seal strength is afforded by the outer case 
thus preventing any excessive stress on the glass-to
metal hermetic inner seal. 

hermetically sealed, welded metal case rec
tifier cells. All individual ceUs are specially processed, 
tested and matched for similarity of forward cbar
acteristics to assure balanced current sharing and 
reliable parallel operation. 

'----R"s;stance to thermal fatigue of each cell is assured 
through the use of double back-up discs and high 
temp solder construction to protect the silicon die 
against stres-ores. In addition, the small junction areas 
of the individual paralleled cells result in a total 
rectifier which can better resist thermal fatigue be
cause of the smaller excursion of dissimilar bonded 
materials as opposed to a large single-junction 
rectifier. 



MR1220 thru MR1223 (SILICON) 

MR1225, MR1227 0 

thru MR1229 
SB FB Sl CASE 126 Fl CASE 133 

Silicon power rectifiers designed with double-case, multi-cell construction 
for extreme reliability and ruggedness. Standard cathode-to-case polarity, 
but available with reverse polarity by adding suffix "R" to type number. Avail
able in a variety of packages, all of which have the same ratings and charac
teristics. Desired package can be selected by adding suffix "SB", "FB", "SL", 
or "FL" to type number. 

MAXIMUM RATINGS 

Rating Symbol MR MR MR MR MR MR MR MR Unit 1220 1221 1222 1223 1225 1227 1228· 1229 

Peak Repetitive Reverse Voltage VRM(rep) 
Working Peak Reverse Voltage VRM(wkg) 50 100 150 200 300 400 500 600 Volts 

DC Blocking Voltage VR 

Non-Repetitive Peak Reverse Voltage 
VRM(non-rep) (one halfwave, single phase, 100 200 250 300 400 500 600 720 Volts 

60 cycle peak) 

RMS Reverse Voltage V r 35 70 . 105 140 210 280 350 420 Volts 

Average Rectified Forward Current 
Amp (single phase, reSistive load, 10 

60 Hz , see Figure 3) TC = 135"C 200 

TC = 150"C 160 

Non-Repetitive Peak Surge Currents 3,600 (for 1/2 cycle) 
(surge applied at rated load IFM(surge) Amp 
conditions, see Figure 5) 2,000 (for six consecutive cycles) 

TC = 150"C 

I2t Rating (non-repetitive, for t 
"-

greater than 1 ms and less I2t 27,000 A 28 
than 8.3 ms) 

Operating and Storage Junction 
Temperature Range (see Figure 4 

T J' Tstg -65 to +190 "C 
for other conditions) 

ELECTRICAL CHARACTERISTICS 

Characteristics and Conditions Symbol Max Unit 

Full Cycle Average Forward Voltage Drop 
VF(AV) 0.4 Volts 

(rated 10 and V r' single phase, 60 Hz , TC = lS0"C) 

Full Cycle Average Reverse Current 
IR(AV) 20 mA 

(rated 10 and V r' single phase, 60 Hz , T C = 150' C) 

THERMAL CHARACTERISTICS 

Characteristic Symbol Max Unit 

Thermal ReSistance, Junction to Case 8JC 0.20 'C/Watt 
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MR1220 thru MR1223, MR1225, MR1227 thru MR1229 (continued) 

MECHANICAL CHARACTERISTICS 

PACKAGE CONFIGURATIONS: 

MR I 220SB rectifiers are designed for stud mounting and 
have a flexible braided lead terminal. 

MR I 220FB rectifiers are designed for flat mounting and 
have a flexible braided lead terminal. 

MR1220SL rectifiers are designed for stud mounting and 
have a sOlid lug terminal. 

MRI220FL rectifiers are designed for fiat mounting and 
have a solid lug terminal. 

All units have a plated copper base and .terminal. Molded 
external case with internal hermetically sealed, metallic case 
rectifier cells. 

FIGURE 1 - MAXIMUM FORWARD VOLTAGE DROP 
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POLARITY: 
Standard polarity devices are CATHODE-T()'CASE. 
Reverse polarity devices are ANODE-To-CASE and are 
designated by an "R" suffix i.e. MRI225FLR. 

MOUNTING POSITION: Any. 

STUD AND MOUNTING BOLT TORQUES: 
For Stud Mounted "SB" and "SL" rectifiers, 300 in·lbs min., 
400 in·lbs max. 
For Flat Mounted "FB" and "FLu reCtifiers use No. 10 bolts 
torqued to 25 in·lbs min., 30 .in-Ibs max. Use an alternating 
procedure when torquing the four bolts and do not tighten 
one bolt completely without tightening the others. 
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MR1220 thru MR1223, MR1225, MR1227 thru MR1229 (continued) 
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MR 1230 thru MR 1233 (SILICON) 

MR1235 
MR1237 thru MR1239 

CASE 131 

S8 Sl CASE 127 . Fl CASE 134 

Silicon power rectifiers designed with double-case, multi-cell construction 
fOr extreme reliability and ruggedness. Standard cathode-to-case polarity, 
but available with reverse polarity by adding suffix "R" to type number. Avail
able in a variety of packages, all of which have the same ratings and charac
teristics. Desired package can be selected by adding suffix "SB", "FB", "SL", 
or "FL" to type number. 
MAXIMUM RATINGS 

Rating Symbol MR MR MR MR MR MR MR MR Unit 1230 1231 1232 1233 1235 1237 1238 1239· 

Peak Repetitive Reverse Voltage VRM(rep) 
Working Peak Reverse Voltage VRM(wkg) 50 100 150 200 300 400 500 600 Volts 

DC Blocking Voltage VR 

Non-Repetitive Peak Reverse Voltage 
VRM (non-rep) (one halfwave, single phase, 100 200 250 300 400 500 600 720 Volts 

60 cycle peak) 

RMS Reverse Voltage V r 35 70 105 140 210 280 350 420 Volts 

Average Rectified Forward Current 
(single phase, resistive load, 

10 Amp 60 Hz, see· Figure 3) TC = 135·C 300 

TC =150·C 240 

Non-Repetitive Peak Surge Currents 5,000 (for 1/2 cycle) 
(surge applied at rated load IFM(surge) Amp 
conditions, see Figure 5) 

TC = 150·C 3,000 (f or six consecutive cyel es) 

I2t Rating (non-repetitive, for t 
I2t A 2s greater than 1 ms and less 52.000 

than 8.3 ms) 

Operating and Storage Junction 
Temperature Range (see Figure 4 TJ • Tstg -65 to +190 ·C 
for other conditions) 

ELECTRICAL CHARACTERISTICS 

Characteristics and Conditions Symbol Max Unit 

Full Cycle Average Forward Voltage Drop 
VF(AV) 0.4 Volts 

(rated 10 and V r' single phase, 60 Hz , TC = 150·C) 

Full Cycle Average Reverse Current 
(rated 10 and V r' sillble phase, 60 Hz , T C = 150·C) IR(AV) 35 rnA 

THERMAL CHARACTERISTICS 

Characteristic Symbol Max Unit 

Thermal ReSistance, Junction to Case 9JC 0.12 ·C/Watt 
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MR1230 thru MR1233, MR1235, MR1237 thru MR1239 (continued) 

MECHANICAL CHARACTERISTICS 

PACKAGE CONFIGURATIONS: 

MR 1230SB rectifiers are designed for stud mounting and 
have a flexible braided lead terminal. 

MR 1230FB rectifiers are designed for flat mounting and 
have a flexible braided lead terminal. 

MR1230SL rectifiers are designed for stud mounting and 
have a solid lug terminal. 

MR 1230FL rectifiers are designed for flat mounting and 
have a solid lug terminal. 

All units have a plated copper base and terminal. Molded 
external case with internal hermetically sealed, metallic case 
rectifier cells. 

FIGURE 1 - MAXIMUM FORWARD VOLTAGE DROP 
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POLARITY: 

Standard polarity devices are CATHODE .TO·CASE. 
Reverse polarity devices are ANODE.TO·CASE and are 
designated by an "R" suffix i.e. MR 1235FLR. 

MOUNTING POSITION: Any. 

STUD AND MOUNTING BOLT TORQUES: 

For Stud Mounted "SB" and "SL" rectifiers. 300 in-Ibs min., 
400 in-lb. max. 
For Flat Mounted "FB" and "FL" rectifiers use l4 inch bolts 
torqued to 60 in-lbs min., 80 in-lbs max. Use an alternating 
procedure when torquing the four bolts and do not tighten 
one bolt completely without tightening the others. 

FIGURE 2 - FORWARD POWER DISSIPATION 
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MR1230 thru MR1233, MR1235, MR1237 thru MR1239 (continued) 
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MR 1240 thru MR 1243 (SILICON) 
MR1245, MR1247 thru MR1249 

SL CASE 128 FL CASE 135 

Silicon power rectifiers designed with double-case, multi-cell construction 
for extreme reliability and ruggedness. Standard cathode-to-case polarity, 
but available with reverse polarity by adding suffix "R"to type number. Avail
able in a variety of packages, all of which have the same ratings and charac
teristics. Desired package can be selected by adding suffix "SB", "FB", "SL", 
or "FL" to type number. 

MAXIMUM RATINGS 

Rating Symbol MR MR MR MR MR MR MR MR Unit 1240 1241 1242 1243 1245 1247 1248 1249 

Peak Repetitive Reverse Voltage V 
RM(rep) 

Working Peak Reverse Voltage vRM(Wkg) 50 100 150 200 300 400 500 600 Volts 
DC Blocking Voltage VR 

Non-Repetitive Peak Reverse 
Voltage 

V RM(non - rep 150 200 250 300 400 500 600 720 Volts (one halfwave, single phase, 
60 cycle peak) 

RMS Reverse Voltage Vr 35 70 105 140 210 280 350 420 Volts 
Average Rectified Forward 
Current 

10 400 Amperes (single phase, resistive load, 
60 Hz, TC = 150" C 

Non-Repetitive Peak Surge 
Currents 

I FM(surge) 
8,000 (for 1/2 cycle) 

Amperes (superimposed on rated 
4,500 (for six consecutive 1/2 cycles) current at rated voltage, 

TC = 150" C) 
" 

12t Rating (non-repetitive for t 
12t 133,000 A 2s greater than 1. 0 ms and less 

than 8.3 ms) 

Operating and Storage Junction TJ , Tstg -65 to +190 "C 
Temperature Range 

THERMAL CHARACTERISTICS 

Characteristic Symbol Max Unit 
Thermal Resistance, Junction to Case IiJC 

0.075 "C/W 

ELECTRICAL CHARACTERISTICS (TA = 25°C unless otherwise noted) 

Characteristic Symbol Max Unit 

Full Cycle Average Forward Voltage Drop VF(AV) 0.4 Volts 
(rated 10 and Vr ' single phase 60 Hz, TC = 150°C) 

Full Cycle Average Reverse Current IR(AV) 50 rnA 
(rated 10 and V r' single phase 60 Hz, TC = 150° C) 
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MR1240 thru MR1243, MR1245, MR1247 thru MR1249 (continued) 

FORWARD VOLTAGE CHARACTERISTICS 
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CONDITIONS 
8 x 8 x \4 copper heat sink 
finE 2: 0.9 and mounted parallel 
to airftow. 180· conduction . 

For 3 phase r-atings multiply 
current scale by 0.8S. 

For 6 phase ratings multiply 
current scale by 0.60. 



MR 1260 thru MR 1263 (SILICON) 
MR1265, MR1267 thru MR1269 

CASE 136 

Silicon power rectifiers designed with double-case, 
multi - cell construction for extreme reliability and 
ruggedness. Standard cathode-to-case polarity, but 
available with reverse polarity by adding suffix "R" to 
type number. 

MAXIMUM RATINGS 

Rating Symbol MR MR MR MR MR MR MR MR Unit 1260 1261 1262 1263 1265 1267 1268 1269 

Peak Repetitive Reverse Voltage VRM(rep) 
Working Peak Reverse Voltage VRM(wkg) 50 100 150 200 300 400 500 600 Volts 

DC Blocking Voltage VR 

Non-Repetitive Peak Reverse 
Voltage 

V RM(non-rep) 150 200 250 300 400 500 600 720 Volts (one half-wave, single phase, 
60 cycle peak) 

RMS Reverse Voltage V 35 70 105 140 210 280 350 420 Volts 
r 

A verage Rectified Forward 
Current 

10 650 Amperes 
(single phase, resistive load, 
60 Hz, TC = 150°C) 

Non-Repetitive Peak Surge 
Currents 12,000 (for 1/2 cycle) 

(superimposed on rated cur- IFM(surge) Amperes 
rent at rated voltage, T C = 8,000 (for six consecutive 1/2 cycles) 150° C) 

I2t Rating (non-repetitive, for t 
I2t greater than 1 ms and less than 

r---
300,000 A 2s 

8.3 ms) 

Operating and Storage Junction TJ , Tstg -65 to +190 °c 
Temperature Range 

THERMAL CHARACTERISTICS 

Characteristic Symbol Max Unit 
Thermal ReSistance, Junction to Case ilJC 0.045 °C/Watt 

ELECTRICAL CHARACTERISTICS 

Characteristic Symbol Max Unit 

Full Cycle Average Forward Voltage Drop VF(AV) Volts 
(rated 10 and V r' single phase, 60 Hz, TC = 150°C) 0.4 

Full Cycle Average Reverse Current IR(AV) rnA 
(rated 10 and V r' single phase, 60 Hz, TC = 150°C) 100 
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MR1260 thru MR1263 (continued) 
MR1265, MR1267 thru MR1269 

FORWARD VOLTAGE CHARACTERISTICS 
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CONDITIONS 

lOx 10 x ~ copper heat sink 
fin t ~ 0.9 and mounted parallel 
toairftow, 180· conduction. 

For 3 phase ratings multiply 
current scale by 0.85. 

For 6 phase ratings multiply 
current scale by 0.60. 



MR 1290 thru MR 1293 (SILICON) 
MR1295, MR1297 thru MR1299 

Silicon power rectifiers designed with multi-cell con
struction for extreme reliability and ruggedness. 
Standard polarity is cathode-to-water-cooled case, 
but reverse polarity devices are available designated 
by an "R" suffix. i. e. MR1295R 

CASE 105 

MAXIMUM RATINGS 

Rating Symbol MR MR MR MR MR MR MR MR Unit 1290 1291 1292 1293 1295 1297 1298 1299 

Peak Repetitive Reverse Voltage VRM(rep) 

Working Peak Reverse Voltage VRM(wkg) 50 100 150 200 300 400 500 600 Volts 

DC Blocking Voltage VR 

Non-Repetitive Peak Reverse 
Voltage 

V RM(non-rep) 100 200 250 300 400 500 600 720 Volts (one half-wave, single phase, 
60 cycle peak) 

RMS Reverse Voltage V 35 70 105 140 210 280 350 420 Volts 
r 

Continuous Average Rectified 
Forward Current 

10 1000 Amperes 
(single phase, resistive load, 
60 Hz, TC = 150aC) 

Non-Repetitive Peak Surge 
Currents 18,000 (for 1/2 cycle) 

(superimposed on rated cur- IFM(surge) Amperes 
rent at rated voltage, TC = 
150aC) 13,500 (for six consecutive 1/2 cycles) 

Operating and Storage Junction TJ , Tstg -65 to +190 aC 
Temperature Range 

Case Temperature Reference Point: T C measured at center edge of the water cooled mounting bus. 

THERMAL CHARACTERISTICS 

Characteristic Symbol Max Unit 

Thermal Resistance, Junction to Case I!JC aC/Watt 
DC 0.035 
1 and 3 phase 0.045 
6 phase 0.060 

ELECTRICAL CHARACTERISTICS 

Characteristic Symbol Max Unit 

Full Cycle Average Forward Voltage Drop VF(AV) Volts 
(rated 10 and V r' single phase, 60 Hz, TC = 150aC) 0.4 

Full Cycle Average Reverse Current IR(AV) Amperes 
(rated 10 and V r' single phase, 60 Hz, TC =150aC) 0.2 
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MR 1290 thru MR 1293 (Continued) 
MR1295, MR1297 thru MR1299 
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MR 1337-1 thru MR 1337-5 (SILICON) 

CASE 52 
(00·13) 

Fast recovery silicon rectifiers designed for high
frequency power supply, inverter, and converter appli
cations. Typical recovery time of 100 nsec extends 
practical frequency limit of current rectification to 
more than 300, 000 Hz thus permitting the design of 
power supplies with smaller, lighter, and . less expen
sive associated components. 

MAXIMUM RATINGS 

Rating Symbol 

Peak Repetitive Reverse Voltage VRM(rep) 
Working Peak Reverse Voltage VRM(Wkg) 
DC Blocking Voltage VR 

Non-Repetitive Peak Reverse Voltage 
(half-wave, single phase, V RM(non-rep) 60 cycle peak) 

RMS Reverse Voltage V r 
Average Rectified Forward Current 

(single-phase resistive load)TA=25.C 
Figure 2 TA=75°C 

10 

Non-Repetitive Peak Surge Current 
Figure 3 (superimposed on rated IFM(surge) 
current at rated voltage, T A = 75 ·C) 

Peak Repetitive Forward Current 
IFM(rep) (TA = 75·C) 

~t Rating 
~t (non-repetitive, for t greater than 

1 ms and less than 8. 3 ms) 

Maximum Junction Operating TJ Temperature Range 

Maximum Case storage 
T " Temperature Range stg 

Maximum steady state DC 9JA Thermal Resistance 

FIGURE 1 - TYPICAL FORWARD CHARACTERISTICS 
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MR1337.1 thru MR1337·5 (continued) 

ELECTRICAL CHARACTERISTICS 

Characteristic 

DC Forward Voltage Drop 
(~= 1. 0 Adc, TA = 25°C) 

Full Cycle Average Forward Voltage Drop 
(10 = 0.75 Amp and Rated Vr , T A = 75°C, 

Half Wave Rectifier) 

Full Cycle Average Reverse Current 
(10 = 0.75 Amp and Rated V r' T A = 75°C, 
single phase) 

DC Reverse Current 
(Rated VR, T A = 25°C) 

Maximum Reverse Recovery Time 
(IF = 1 Amp min) 

Maximum Overshoot Current 

FIGURE 3 - MAXIMUM ALLOWABLE NON·REPETITIVE 
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MR1366 
For Specifications, See 1N3879 Data, Volume 1. 

MR1376 
For Specifications, See 1N3889 Data, Volume 1. 

MR1386 
For Specifications, See 1N3899 Data, Volume 1. 

MR1396 
For Specifications, See IN3909 Data, Volume 1. 
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MR2080HA (SILICON) 
thru 

MR2084HA 

Multi-Cell II, power rectifier diodes designed for high
current rectifier service. The MR2080HA through 
MR2084HA provide single-output, high-current dc with 
forced air cooling. 

MAXIMUM DIODE RATINGS 

Rating Symbol MR2080HA MR2081HA MR2082HA MR2083HA 

Peak Repetitive Reverse Voltage VRM(rep) 

Working Peak Reverse Voltage VRM(wkg) SO 100 200 300 

DC Blocking Voltage VR 

Non-Repetitive Peak Reverse Voltage VRM(non-rep) 
(one half-wave, single-phase, 75 1~0 300 400 
60 cycle peak) 

Continuous Average Rectifred 
Forward Current 

(single-phase, resistive load, 
60 Hz, TC = IS0°C) 

10 7S0 

Non-Repetitive Surge Currents at IFM(swge) 12,000 for 1/2 cycle 
Rated Conditions 8,000 for 6 cycles 

MAXIMUM CIRCUIT RATINGS (All Types TC S1500 C See Figure 1) 

CASE 159 

MR2084HA Units 

400 Volts 

SOO Volts 

Amperes 

Peak 
Amperes 

Circuit Configuration Total Diod •• Required Total Circuit DC OutpUt Current 

Thre..-Phase Half-Wave 3 Diodes Either Polarity 2,000 Amperes 
(3-I-I-Y) 

Three-Phase Full-Wave 6 Diodes Either Polarity or 3 Diodes Each 2,000 Amperes 
(6-1-1-B) Polarity 

Sv.-Phase Star 6 Diodes Either Polarity 2,600 Amperes 
(6-1-1-S) 

Sv.-Phase with Interphase, 6 Diodes Either Polarity 4,000 Amperes 
3 ~ Double WYE (6-1-1-Y) 

Maximum Operating and Storage Temperature: -6SOC to + ISOOC (All Types) 

FIGURE 1 - MAXIMUM CIRCUIT RATINGS 

en 2500 
UJ 
a: 
UJ 
0. 
:;; 
~ 2000 
I-
2: 
UJ 
a: 
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::::J 
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MR2080HA thru MR2084HA (continued) 

ELEGTRICAL CHARACTERISTICS (All Types) 

Characteristic And Conditions Symbol Maximum Limit Units 

FulH:ycle Average Forward Voltage VF(AV) O.S Volts 
Drop at Rated Load, TC = ISOoC 

FuiH:yc1e Average Reverse IR(AV) 80 Milliamperes 
Current at Rated Load, TC = ISOoC 

DC Reverse Current at Rated IR 4.0 Milliamperes 
Reverse Voltage, VR, TC = 2SoC 

NOTE: A portion of the internal power losses of the rectifi.r may b. conducted from the device by the connecting buo-bar 
or cables and can vary depending on mounting conditions. The above ratings are based on conditions where at any 
rating point of output current, ambiant temperature and air flow, the assembly case temperature is not allowed to ex
ceed 15o"C.(See Flgur.ll. 

MECHANICAL CHARACTERISTICS 
POLARITY: 

Standard polarity devices are CATHODE-TO-CASE. reverse polarity devices are ANODE-T()'CASE and designated 
by an "R" suffix. i .•.• MR2083HAR. 

MOUNTING POSITION: 

Cooling fins vertical for convection cooling or parellal to forced air flow. 

MOUNTING CONFIGURATION: 

The MR2080HA series is designed to be mounted as an integral part of the currant carrYing buo-bar network of the 
rectifier system es shown in the outline dimensions. The rectifier diode and finned h.atsink are supplied astwoseparete 
pieces under one common type number. 

0.2Bl OIA THRU 
4 PLACES 

OUTLINE DIMENSIONS 

-+0.50-
0.25_11_ 

~--~-r--~ 
$-

1 

'

....,1.63'-1 ~ 025 ± 0.03 . 
_3.00 • 
-3.25 

0.562 DIA THRU 

t - ~RECTIFIERDIDDE 
2.34 ± O.OB t 

• ~---'-....L.---h BUs-BAR 

0.6~.031 .-- ~ 

T 
I------I~ 
1+-0.25 I 

_2.25_ 

j 1.92 ± O.O!-- I 

I ,~~ FINNED HEATSINK 

~ "CO"",," "'". ""'""" .,,""", "~'''M'' 3 PLACES ± 0.010 

0~5 
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MR21 OOHA (SILICON) 
thru 

MR2104HA 

Multi-Cell II, power rectifier diodes designed for high
current rectifier service. The MR2100HA through 
MR2104HA provide single-output, high-current dc with 
forced air cooling. 

MAXIMUM DIODE RATINGS 

Rating Symbol MR2100HA MR2101HA MR2102HA MR2103HA 

Peak Repetitive Reverse Voltage VRM(rep) 

Workina Peak Reverse Voltage VRM(wkg) 50 100 200 300 

DC Blocking Voltage VR 

Non-Repetitive Peak Reverse Voltage VRM(non-rep) 
(one half-wave, singl"1'hase, 75 150 300 400 
60 cycle peak) 

Continuous Averace Rectified 
Forward Cuttent 

(sing1e-phase, resistive load, 
60 Hz, TC = IS00C) 

10 1,100 

Non-Repetitive Swge Current at IFM(surge) 18,000 for 1/2 cycle 
Rated Conditions 14,000 for 6 cycles 

MAXIMUM CIRCUIT RATINGS (All Types, TC S 150°C, See Figure 1) 

MR2104HA Units 

400 Volts 

500 Volts 

Amperes 

Peak 
Amperes 

Circuit Configuration Total Diodes Required Total Circuit DC Output Current 

Three-l'llase Half-Wave 3 Diodes Either Polarity 3,000 Amperes 
(3-1-1-Y) 

Three-Phase Fun-Wave 6 Diodes Either Polarity or 3 Diodes Each 3,000 Amperes 
(6-1-1-B) Polarity 

Six-Phase Star 6 Diodes Either Polarity 4,000 Amperes 
(6-1-1-S) 

Silo-Phase with Interphase, 6 Diodes Either Polarity 6,000 Amperes 
3 ~ Double WYE (6-1-1-Y) 

Maximum Operating and Storace TemP!'lature: -6SoC to +IS0oC (AU Types) 

FIGURE 1 MAXIMUM CIRCUIT RATINGS 
en 3000 r-----r~~~~---....,.---_,__---._--___,r_--___,r__, 
~ 1500 LFM CONDITIONS: 3-Phase Half-Wave or 
~ Ful~Wave. For Six-
~ 2500 I-----+----+---+----'~+---+_-- Phase Star, Multiplv 
- IDC Scale by 1.33. 
l2 1000 LFM For 3ol>Doubie WYE, 
~ 2000 Scale by 2. 

13 60 Hz, Resistive or 
I- Inductive Load 
~ 1500 ~---+~50~0~L~F~M~---~~--+~~-~~--4---~L--4 
o 
I-

~ 1000 r----+----+----r---~~~-~~~~~--_4r__; 
a:: 
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~ 500 r----+----+----r---~~~~~---~~~~~r__; 
a:: 
W 

::;: 
.;; 
o o 20 40 60 80 100 120 140 150 

TA, MAXIMUM AMBIENT TEMPERATURE (OC) 
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MR2100HA thru tAR2104HA (continued) 

ELECTRICAL CHARACTERISTICS (All Types) 

Characteristic And Conditions Symbol Maximum Limit Units 

Fun-Cycle Average Forward Voltage VF(AV) 0_5 Volts 
Drop at Rated Load, TC = ISOOC 

FuD-Cycle Average Reverse IR(AV) 100 MilliaD)peres 
Current at Rated Load, T C = 150°C 

DC Reverse Current at Rated IR 5.0 Milliamperes 
Reverse Voltage, VR, TC = 25°C 

NOTE: A portion of the internel power losses of the raetifier may be conducted from the device by the connecting bull'bar 
or cables and can vary depending on mounting conditions. The above ratings are based on conditions where at any 
rating point of output currant. ambient temperature and air flow. the assembly case temperature is not allowed to .x
ceed 1500C(See Figure 1). 

MECHANICAL CHARACTERISTICS 
POLARITY: 

Standard polarity devices ara CATHODE-TQ.-FINNED BUS TEAMINAL. reverse polarity devices are ANODE-TO
FINNED BUS TEAMINAL and are designated by an "A" suffix, i.e., MA2102HAA. 

MOUNTING POSITION: 
Bus terminals and cooling fins vertical for convection cooling or parallal to foreed air flow. 

OUTLINE DIMENSIONS 

t 
SURFACES 2.0 TYP 

0.25---l ~ 

0.25 

B.OO TYP 

i+-if------ 0.56 
±0.010 
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MR2266 (SILICON) 
MR2273 

CASE 59 
(00-41) 

High-voltage, axial-lead, silicon rectifiers, designed 
for television "damper" diode service, feature sub
miniature packages, high current-handling capability, 
excellent reliability, and economy. Flame-proof sili
cone polymer case. 

MAXIMUM RATINGS 

Rating Symbol MR2273 MR2266 Unit 
Peak Repetitive Reverse Voltage VRM(rep) 
Working Peak Reverse Voltage VRM(wkg) 200 800 Volts 

DC Blocking Voltage VR 

RMS Reverse Voltage (Sine wave operation) V 140 560 Volts 
r 

Average Rectified Forward Current 10 Amp 
(single-phase, resistive (75·C Ambient) 1.0 1.0 
load, 60 Hz ) (100·C Ambient) 0.75 0.75 

Peak Repetitive Forward Current IFM(rep) Amp 
(TA = 25·C) 10 

Non-Repetitive Peak Surge Current IFM(surge) Amp 
(superimposed on rated current 30 (for 1/2 cycle) 
at rated voltage, T A = 25°C) 

Operating and Storage Temperature Range TJ, Tstg -65 to +175 °C 

THERMAL CHARACTERISTICS 
Thermal ReSistance, Junction to Ambient: () JA 

ELECTRICAL CHARACTERISTICS ITA = 250 C unless otherwise noted) 

Characteristics Symbol Max Unit 
Full-Cycle Average Forward Voltage Drop VF(AV) Volts 

(Rated Current @ 25°C, sine. wave operation) 0.8 

DC Forward Voltage Drop VF Volts 
(1 Amp Continuous DC, 25·C) l,i 

DC Reverse Current @ Rated V r (25°C) IR ·0.01 rnA 
(tOO·C) 0.'05 

Typical 

I MR2266, IF = 2 A Vfp 10 Volts 
Typical Forward Peak Voltage Overshoot 

I (Figure 1, Figure 2) MR2273, IF = 5 A Vfc 28 Volts 
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MR2266, MR2273 (continued) 

... 
~ g ... 
c 
o 
o 

HP-214A 
PULSE 

GENERATOR 
OR 

EQUIVALENT 

MR2271 

FIGURE 1 - FORWARD PEAK VOLTAGE OVERSHOOT TEST CIRCUIT 

+ 

1:1 
PULSE 

TRANSFORMER 

TEST PROCEDURE: 

500/lF 

5Q,5W 
NON-INDUCTIVE 

CURRENT SENSE 

1. Adjust input pulse from generator to saturate MF812 tran
sistor 

2. Adjust battery voltage for the specified forward current 
after the voltage overshoot. 

IF = 2 Amps, for MR2266 
IF = 5 Amps, for MR2273 

3. Read peak voltage overshoot across diode under test. (See 
Waveform Diagram). 

FIGURE 2 - DIODE UNDER TEST, WAVEFORM DIAGRAM 

For Specifications, See IN4933 Data, Volume 1. 
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MR2272 (SILICON) 

Subminiature axial-lead silicon rectifier designed for 
video power-supply applications in low-voltage television 
receivers where video supply-voltage is obtained from 
horizontal deflection system. 

CASE 59 
(00-41) 

MAXIMUM RATINGS ,(TA=250 Cunlessotherwisenoted) 

Rating Symbol 

Peak Repetitive Reverse Voltage VRM(rep) 
Working Peak Reverse Voltage VRM(wkg) 
DC Blocking Voltage VR 

RMS Reverse Voltage (Sine wave operation) Vr 

Average Rectified Forward Current (Sine wave operation) 10 
(75'C Amblent) 

(lOO'C Amblent) 

Peak Repetitive Forward Current IFM(rep) 
(TA = 75'C) 

Non-Repetitive Peak Surge Current IFM(surge) 
(superimposed on rated current 
at rated voltage, T A = 75'C) 

Juction Operating and storage Temperature Range TJ , Tstg 

THERMAL CHARACTERISTICS 

Value 

400 

280 

1.0 
0.75 

10 

30 (for 1/2 cycle) 
@60Hz 

-65 to +175 

Thermal Resistance, Junction to Ambient: () JA = lOOoC/W MAX 

ELECTRICAL CHARACTERISTICS (TA = 250 C unless otherwise noted) 

Characteristics Symbol Value 
~lmum Forward Voltage ~op 

(1 Amp Continuous DC, 25'C) 
VF 

1.1 

Maximum Full Cycle Average Forward Voltage Drop VF(AV) 
(10 = O. 75 Amps and Rated V r' T A = 75' C, 0.5 

Half Wave Rectifier, 60 Hz) 

Maximum Reverse Current @ Rated DC Voltage (25'C) ~ 0.01 

Maxlmum Reverse Recovery Time 
(~ =0.5 Amp) 

trr 
1.5 

Rectification EffiCiency (Typical) RE 55 
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Unit 

Volts 

Volts 

Amp 

Amp 

Amp 

·C 

Unit 
VOlts 

Volts 
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MR2272 (continued) 

TYPICAL FORWARD CHARACTERISTICS 
2. 0 

I I 
6 

TJ- loo°C_ _I I 
I I I 

25°C I I I 2 
I I I 

50°C ..L _I 
8 

I 
4 

) / / 
/ i/ / 

0 
V.." / 

0.2 0.4 1.0 0.6 0.8 1.2 

VF, FORWARO VOLTAGE DROP IYOLTS) 

MAXIMUM ALLOWABLE DC OUTPUT 
(Sine Wave Operation, Resistive or Inductive Load) 

1.00 

5 "" "" ~ 
~ 0.7 
5 

~ 
!!'5 o.SO 
<.> 

~ 
2l 0.25 

o 
a 

~ 
25 50 75 100 125 150 175 

TAo AMBIENT TEMPERATURE (OC) 

TYPICAL REVERSE CHARACTERISTICS 
100 0 

0 
TJ 150°C 

0 
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DIODE CURRENT WAVEFORM IN VIDEO SUPPLY OPERATION TYPICAL RECOVERY WAVEFORM IN CIRCUIT 
u u 
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! ... 
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MR2273 (SILICON) 

For Specifications, See MR2266 Data. 
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MRA 130 (SILICON) 
thru 

MRA134 
Multi-Cell II, power rectifier diode circuits designed 

for high-current rectifier service. The MRAl30 series 
are air-cooled, integral rectifier assemblies engineered 
for optimum diode/heatsink utilization. 

MAXIMUM DIODE RATINGS PER CIRCUIT LEG 

Rating Symbol MRA130 MRA131 MRA132 MRA133 MRA134 

Peak Repetitive Reverse Voltage VRM(rep) 

Working Peak Reverse Voltage VRM(wkg) 50 100 200 300 400 

DC Blocking Voltage VR 

Non-Repetitive Peak Reverse Voltage VRM(non-rep) 
(one half-wave, single-phase, 75 150 300 400 500 
60 cycle peak) , 

Continuous Average Rectllted 
Forward Current 

(single-phase, resistive load, 10 ISO 
60 Hz, TC = ISO°C) 

Non-Repetitive Surge Currents at IFM(surge) 3000 for 1/2 cycle 
Rated Conditions 1800 for 6 cycles 

MAXIMUM CIRCUIT RATINGS (All Types, TC';; 150oC, See Figure 1) 

Units 

Volts 

Volts 

Amperes 

Peak 
Amperes 

Circuit Configuration Total Diodes Required Max T ota,1 Circu it DC Output Current 

SinglH'hase, Center tap I Diode Assembly Either Polarity 300 Amperes 
(2-1-I-C) 

Single-Phase /lridge 2 Diode Assem bUes, One Each Polarity 300 Amperes 
(4-1-1-B) 

Maximum Operating and Storage Tempe,ature: -6SoC to + IS00C (All Types) 

ELECTRiCAL CHARACTERISTICS PER CIRCUIT LEG (All Types) 

Characteristic And Conditrons Symbol Maximum Limit Units 

Full-cycle Average Forward, VQltage VF(AV) 0.5 Volts 
Drop at Rated Load, TC = 1500C 

Fun-Cycle Average Reverse IR(AV) 20 Milliamperes 
Current at Rated Load, TC = 1500C 

DC Reverse Current at Rated 
Reverse Voltage, VR, TC = 250C 

IR 1.5 

NOTE: A portion of the internal power losses of the rectifier may be conducted from the device by the connecting bus-bar 
or cables and can vary depending on mounting conditions. The above ratings are based on conditions where at any 
rating point of output current, ambient temperature and air flow. the assembly case temperature is not allowed to ex
ceed 15oDc. (See Figure 1). 

OUTLINE DIMENSIONS AND MECHANICAL CHARACTERISTICS 
POLAR lTV: 

Milliamperes 

Standard polarity assemblies are CATHODES-TO-HEATSINK, (COMMON CATHODE). Reverse polarity assem
blies are ANODES-To-HEATSINK (COMMON ANODE) and are designated by an "R" suffix, i.e.,MRA131R. (See 
Figure 2.) 

MOUNTING POSITION: Diode legs vertical for convection cooling or parallel to forced air flow. 

FULL-WAVE, BRIDGE ASSEMBLIES are available completely assembled with electrically insulated hardware 
suitable for easy mounting. The "ridge assembly is designated by a "B" suffix. i.e.,MRA132B. The bridges ara 
composed of ana common cathode and one common anode assembly.(S .. Figura 3) 

CUSTOM RECTIFIER ASSEMBLIES are available in a variety of current and voltege ranges using the basic 
MUL Tl·CE LL II construction techniques. . 
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MRA 130 thru MRA 134 (continued) 

FIGURE 1 - MAXIMUM CIRCUIT RATINGS 
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MRA 160 (SILICON) 
thru 

MRA164 
Multi-Cell II, power rectifier diode circuits designed 

for high-current rectifier service. The MRAl60 series 
are air-cooled, integral rectifier assemblies engineered 
for optimum diode/heatsink utilization. 

MAXIMUM DIODE RATINGS PER CIRCUIT LEG 

Rating Symbol MRA160 MRA161 MRA162 MRA163 MRA164 

Peak Repetitive Reverse Voltage VRM(rep} 

Working Peak Reverse Voltage VRM(wkg} SO 100 200 300 400 

DC Blocking Voltage VR 

Non·Repetitive Peak Reverse Voltage VRM(non-rep} 
(one half-wave, single-phase, 75 150 300 400 500 
60 cycle peak) 

Continuous Average Rectified 
Forward Current 

(single·phase, resistive load, 
60 Hz, TC = ISO°C) 

10 300 

Non-Repetitive Surge Currents at IFM(surge} 6000 for 1/2 cycle 
Rated Conditions 3600 for 6 cycles 

MAXIMUM CIRCUIT RATINGS (All Types TCo;; 1500 C, See Figure 1) 

Units 

Volts 

Volts 

Amperes 

Peak 
Amperes 

Circu it Configu ration To.tal Diodes Required Max Total Cireu it DC Output Current 

Singlei'llase, Center Tap I Diode Assem bly Either Polarity 600 Amperes 
(2-1-I-C) 

Singlei'llase Bridge 2 Diode Assem b1ies One Each Polarity 600 Amperes 
(4·1·I·B) 

Maximum Operating and Storage Temperature: -6SOC to +ISOoC (All Types) 

ELECTRICAL CHARACTERISTICS PER CIRCUIT LEG (All Types) 

Characteristic And Conditions Symbol Maximum Limit Units 

Full-Cycle Average Forward Voltage VF(AV} O.S Volts 
Drop at Rated Load, TC = ISOoC 

Full-Cycle Average Reverse 
Current at Rated Load, TC = ISOoC 

IR(AV} 40 Milliamperes 

DC Reverse Current at Rated 
Reverse Voltage, VR, TC = 2SoC 

IR 3.0 Milliamperes 

NOTE: A portion of the internal power losses of the rectifier may be conducted from the device by the connecting bus·bar 
or cables and can vary depending on mounting conditions. The above ratings are based on CC?nditions where at any 
rating point of output current, ambient temperature and air flow, the asser:nb1y case temperature is not allowed to ex· 
coed 1500C. (Se. Flgur.1). 

OUTLINE DIMENSIONS AND MECHANICAL CHARACTERISTICS 
POLARITY: 

Standard polarity .... mbli ... re CATHODES-TO-HEATSINK, ·(COMMON CATHODE). Reverse polarity .... m
blies are ANODES-TO-HEATSINK (COMMON ANODE) and .re designated by an "R" suffix, i.e.,MRA161R. (See 
Figure 2.> . 

MOUNTI NG POSITION: Cooling fins and diode lags vertical for convection cooling or paraUel to forced air flow. 

FULL-WAVE BRIDGE ASSEMBLIES .re av.il.ble completely .... mbled with electric.lly insul.ted h.rdw.re 
suitable for easy mounting. The bridge .... mbly is design.ted by a "B" suffix, i.e.,MRA162B. The bridges are 
composed of one common cathode and one common anode .... mbly. (See Figure 3) 

CUSTOM RECTIFIER ASSEMBLIES .re available in a variety of current and volt.ge ranges using the basic 
MUL TI·CELL II construction techniques. 
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MRA 160 thru MRA 164 (continued) 

FIGURE 1 - MAXIMUM CIRCUIT RATINGS 
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MRA330 (SILICON) 
thru 

MRA334 
Multi-Cell II, power rectifier diode circuits designed 

for high-current rectifier service. The MRA330 series 
are air-cooled, integral rectifier assemblies engineered 
for optimum diode/heatsink utilization. 

MAXIMUM DIODE RATINGS PER CIRCUIT LEG 

Rating Symbol MRA330 MRA331 MRA332 MRA333 MRA334 

Peak Repetitive Reverse Voltage VRM(rep) 

Working Peak Reverse Voltage VRM(wkg) 50 100 200 300 400 

DC Blocking Voltage VR 

Non-Repetitive Peak Reverse Voltage VRM(non-rep) 
(one half-wave, single-phase; 75 ISO 300 400 500 
60 cycle peak) 

Continuous Average Rectified 
Forward Current 

(three-phase, resistive load, 
60 Hz, TC = 1500 C) 

iF(AV) 100 

Non-Repetitive Surge Currents at iFM(surge) 2000 for 1/2 cycle 
Rated Conditions 1200 for 6 cycles 

MAXIMUM CIRCUIT RATINGS (All Types, TC';; 150oC, See Figure 1) 

Units 

Volts 

Volts 

Amperes 

Peak 
Amperes 

Circuit Configuration Total Diodes Required Max Total Circuit DC Output Current 

Three-Phase Half-Wave I Diode Assem bly, Either Polarity 300 Amperes 
(3-1-I-Y) 

Three-Phase Full-Wave 2 Diode Assem bUes, One Each Polarity 300 Amperes 
(6-1-I-B) 

Six-Phase Star 2 Diode Assemblies Same Polarity 400 Amperes 
(6-1-l-S) 

Six-Phase with Interphase, 
3~Double WYE (6-1-I-Y) 

2 Diode Assem bUes Same Polarity 600 Amperes 

Maximum Operating and Storage Temperature: -6SoC to + 1500 C (All Types) 

ELECTRICAL CHARACTERISTICS PER CIRCUIT LEG (All Types) 

Characteristic And Conditions Symbol Maximum Limit Units 

Full-Cycle Average Forward Voltage VF(AV) 0.5 Volts 
Drop at Rated Load, T C = IS OOC 

Full-Cycle Average Reverse iR(AV) IS Milliamperes 
Current at Rated Load, TC = ISOoC 

DC Reverse Current at Rated 
Reverse Voltage, VR, TC = 2SoC 

IR l.0 MilliamPeres 

NOTE: A portion of the internal power losses of the rectifier may be conducted from the device by the connocting bus-bar 
or cables and can vary depending on mounting conditions. The above ratings are based on conditions where at any 
rating point of output current, ambient temperature and air flow, the assembly case temperature is not allowed to ex
ceed 15O"C.(See Fi9~re 1). 

OUTLINE DIMENSIONS AND MECHANICAL CHARACTERISTICS 
POLARITV: 

Standard polarity assemblies are CATHODES-TO-HEATSINK, (COMMON CATHODE). Reverse polarity assem
blies are ANODES-TO-HEATSINK (COMMON ANODE) and are designatad by an "R" suffix, i .•• ,MRA331R. (See 
Figure 2.) 

MOUNTING POSITION: Diode legs vertical for convection COOling or parallel to forced air flow. 

FULL-WAVE BRIDGE ASSEMBLIES are available completely assembled with electrically insuleted hardware 
suitable for easy mounting. The bridge assembly is designated by a "S" suffix, i.e., MRA332S. The bridges are 
composed of one commoncathode and one common anode assembly.! See Figure 3) 

CUSTOM RECTIFIER ASSEMBLIES are availabl. in a variety of current and voltage renges using the basic 
MULTI-CELL II cOnstruction tachniques. . 
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MRA330 thru MRA334 (continued) 

FIGURE 1 - MAXIMUM CIRCUIT RATINGS 
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MRA360 (SILICON) 
thru 

MRA364 
Multi-Cell II, power rectifier diode circuits designed 

for high-current rectifier service. The MRA360 series 
are air-cooled, integral rectifier assemblies engineered 
for optimum diode/heatsink utilization. 

MAXIMUM DIODE RATINGS PER CIRCUIT LEG 

Rating Symbol MRA360 MRA361 MRA362 MRA363 MRA364 

Peak Repetitive Reverse Voltage VRM(rep) 

Working Peak Reverse Voltage VRM(wkg) 50 100 200 300 400 

DC Blocking Voltage VR 

Non-Repetitive Peak Reverse Voltage VRM(non-rep) 
(one half-wave, single-phase, 75 150 300 400 500 
60 cycle peak) 

Continuous Average Rectified 
Forward Current 

(three-phase, resistive load, 
60 Hz, TC = 150°C) 

IF(AV) 220 

Non-Repetitive Surge Currents at IFM(surge) 5000 for 1/2 cycle 
Rated Conditions 3000 for 6 cycles 

MAXIMUM CIRCUIT RATINGS (All Types TC';;; 1500 C, See Figure 1). 

Units 

Volts 

Volts 

Amperes 

Peak 
Amperes 

Circuit Configuration Total Diodes Required Max Total Circuit DC Output Current 

Three-Phase Half-Wave I Diode Assembly Either Polarity 650 Amperes 
(3-1-I-Y) 

Three-Phase Full-wave 2 Diode Assem bUes, One Each Polarity 650 Amperes 
(6-1-I-B) 

Six-Phase Star 2 Diode Assemblies Same Polarity 870 Amperes 
(6-1-I-S) 

Six-Phase with Interphase, 
3\tDouble WYE (6-1-I-Y) 

2 Diode Assem blies Same Polarity 1300 Amperes 

Maximum Operating and Storage Temperature: -650 C to +1500 C (All Types) 

ELECTRICAL CHARACTERISTICS PER CIRCUIT LEG (All Types) 

Charactaristic And Conditions Symbol Maximum Limit Units 

Full-Cycle Average Forward Voltage VF(AV) 0.5 Volts 
Drop at Rated Load, TC = 1500 C 

Full-Cycle Average Reverse 
Current at Rated Load, T C = 1500 C 

IR(AV) 40 Milliamperes 

DC Reverse Current at Rated IR 
Reverse Voltage, VR, TC = 2SoC 

3.0 Milliamperes 

NOTE: A portion of the internal power l0$S8s of the rectifier may be conducted from ·th. device by the connecting bus-bar 
or cables and. can vary depending on mounting conditions. The above ratings are based on conditions where at any 
rating point of output current. ambient temperature and air flow, the assembly case temperature is not allowed to ex
ceed 15o"C. {See Figure 11. 

OUTLINE DIMENSIONS AND MECHANICAL CHARACTERISTICS 

POLARITY: 
Standard polarity assemblies are CATHODES-TD-HEATSINK, (COMMON CATHODE). Reverse polarity assem

blies are ANODES-TO-HEATSINK (COMMON ANODE) and are designated by an "R" suffix, i.e.,MRA361R. (Se. 
Figure 2) 

MOUNTING POSITION: Cooling fins and diode logs vertical.for convection COOling or parallel to ·forced air flow. 

FULL-WAVE BRIDGE ASSEMBLIES are availebl. complately assembled with electrically insulated hardware 
suitable for easy mounting. The bridge assembly is designated by a "B" suffix, i.e.,MRA362B. The bridges a'e 
composed of on. common cathod. and on. common anode assarnbly.1 See Figure 3 ) 

CUSTOM RECTIFIER ASSEMBLIES are available in a variety of current and voltage ranges using the basic 
MUL TI-CE LL " construction tachniques. 
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MRA360 thru MRA364 (continued) 

FIGURE 1 - MAXIMUM CIRCUIT RATINGS 
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MRD 1 00 (SILICON) 

MRD1SO 

PLASTIC NPN SILICON PHOTO TRANSISTORS 

· .. designed for application in punched card and tape readers, pattern 
and character recognition equipment, shaft encoders, industrial 
inspection processing and control, counters, sorters, switching and 
logic circuits, or any design requiring radiation sensitivity, stable 
characteristics and high·density mounting. 

• Economical Plastic Package 

• Available With External Sase Lead (MRD100) or Without External 
Sase Lead (MRD150) 

• Sensitive Throughout Visible and Near Infra·Red Spectral Range 
for Wide Application 

• Small Size for High·Density Mounting 

• Minimum Sensitivity· (0.04 mA/mW/cm2) for Design Flexibility 

• Annular Passivated Structure for Stability and Reliability 

MAXIMUM RATINGS 
Rating Symbol Value Unit 

Collector-Emitter Voltage VeEO 40 Volts 

Emitter-Collector Voltage VECO 6.0 

Collector-Base Voltage VeBO 80 

Total Device Dissipation @TA '" 25°C PD 50 
Derate above 25°C 0.67 

Operating Junction Temperature Range TJ lll -40 to +100 

Storage Temperature Range Tstg -40 to +100 

(1) Heat Sink should be applied to leads during soldering to prevent Case 
Temperature from exceeding 85°C. 

FIGURE 1 - COLLECTOR·EMITTER SENSITIVITY 
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MRD100, MRD150 (continued) 

STATIC ELECTRICAL CHARACTERISTICS (TA = 25°C unless noted) 

Characteristic Fig. No. Symbol Min Typ Max Units 

Collector Dark Current - ICEO p.A 
(VCC = 20 V; Base Open) 
(Note 2) TA = 250 C - - 0.10 

TA = 850 C - 5.0 -

Collector-Base Breakdown Voltage - BVCBO Volts 
(lC = 100 "A; Emitter Open; Note 2 and 4) 80 - -

Collector-Emitter Breakdown Voltage - BVCEO Volts 
(lC = 100 p.A; Base Open; Note 2) 40 - -

Emitter-Collector Breakdown Voltage - BVECO Volts 
(IE = 100 "A; Base Open; Note 2) 6.0 - -

OPTICAL CHARACTERISTICS (T A = 25°C unless noted) 

Characteristic Fig. No. Symbol Min Typ Max Units 

Collector-Emitter Radiation Sensitivity 1 SRCEO mA/mW/cm2 
(VCC = 20 V; RL = 100 ohms; Base Open) 0.04 0.09 -
(Not. 1) 

Photo Current Rise Time (Note 3) 2and3 tr - - 2.5 '" 
Photo Current Fall Time (Note 3) 2and3 tf - - 4.0 "s 

Wavelength of Maximum Sensitivity 9 '-s(typ) - 0.8 - "m 

NOTES: 

1. Radiation Flux Densitv (H) equal to 5.0 mW/cm2 emitted from 3. for unsaturated response time measurements. radiation is 
a tungsten source at a color temperature of 2870 K. " 

provided by a pulsed GaAs (gallium-arsenide) light-emitting 

2. Measured under dark conditions. (H~.O)' 
diode IX = 0.9 ",m) with a pulse width equal to or greater than 
10 microseconds (see Figure 2 and Figure 3), 

FIGURE 2 - PULSE RESPONSE TEST CIRCUIT FIGURE 3 - PULSE RESPONSE TEST WAVEFORM 
VCC 

+20 V O.lV-----

-----, ------ - - - - -90% 
hv 

/ ~ N.C. Yi» 
~ 

i= 1.0mA j 
PEAK Rl=100n OUTPUT --, -------- -- t---lll% 

0---' 1'----

- I, I---- - If I----
~ 

3-903 



MRD100, MRD150 (continued) 

TYPICAL ELECTRICAL CHARACTERISTICS 

FIGURE 4 - COLLECTOR-EMITTER CHARACTERISTICS 
1. 

< O. 
,g 
~ 

ffi 
~ o. 
:::> 
'-' 
'" o 

~ o. 
o 
'-' 
~ o. 

0 
H = 10 mW/cm2 CO LO R TEMP = 2870 K 

TUNGSTEN SOURCE r---I----8r-
7.0 

6 

510 V-
4 

i.o 
2 2.0 

1.0 0.5 

0 
5.0 10 15 20 

VCE. COLLECTOR·EMITTER VOLTAGE (VOLTS} 

FIGURE 6 - OARK CURRENT .enus TEMPERATURE 
10.00 0 

0 
4: 
;::100 
z 
w I- VCE=20V 

I-- H=O '" 
~ 10 

'" '" .. 
c 
'" o 
t; 
j 1-
o 
'-' 

~ O. 

0 

0 

0 

1 

1 0.0 
-40 

V 
./ 

-20 

V 

V 

20 40 

TA. AM81ENT TEMPERATURE (DC) 

./ 

60 80 

FIGURE 8 - ANGULAR RESPONSE 
10 0 

,." ......... 

0 / "\. 
J 1\ 

0 / \ 
I \ 

0 I \ 
/ \ 

0 II \ 
J 

0 L \ 

25 

100 

100 ~ ~ ~ ro 20 ~ 60 80 100 

ANGLE (Dagrees) 

2. 0 
in 

~ 1. 8 

~ 1. 6 
CI 

~ 1. 4 
o 
> 1. 2 
~ 
~ 1. 0 

~ O. 8 

'" := o. 6 
I;l 
j o. 4 

2 

0 

8 
~ o. 
> 

FIGURE 5 - COLLECTOR 
SATURATION CHARACTERISTICS 

IC = O. mA 1.0 

\ 
CO LOR TEMP = 2870 K \ 

T~N~SrEIN ~o~m II 

1 I III III " 1'--.1" 
I I III III 

0.1 0.2 0.5 1.0 2.0 5.0 10 20 50 100 

H. RADIATION FLUX DENSITY (mW/cm2) 

FIGURE 7 - DARK CURRENT .e",us VOLTAGE 
5 

V TA = 250 C 
~ H=O /' ~ 

~ 

ffi 
'" '" :::> 
'-' 
'" '" .. 
c 
'" ~ 1 

~ 
o 

0 

5 

0 

'-' 5 . 
o 
w 
E 

0 

, 

/' 
/" 

L 
/' 

/' 
/' 

/' 

10 20 30 40 50 

VCE. COLLECTOR·EMITTER VOLTAGE (VOLTS) 

FIGURE 9 - CONSTANT ENERGY SPECTRAL RESPONSE 

~ 
w 
'" Z 
o 

ill 
'" w 
> 

~ 
'" 

100 

80 

0 

0 

0 

0 
0.4 

/ 
/ 

/ 

I 

0.5 0.6 

/ "" / \ 
\ 
\ 
\ 

\ 
\ 
\ 

0.7 0.8 0.9 1.0 1.1 1.2 

A. WAVELENGTH (j<m) 

3-904 



MRD100, MRD150 (continued) 

MRD100 AND MRD150 

OPTOELECTRONIC DEFINITIONS, CHARACTERISTICS, AND RATINGS 

BV CBO Collector-Base Breakdown Voltage - The mini
mum dc breakdown voltage, collector to base, 
at stated collector current and ambient tempe
rature. (Emitter open and H "'" 0) 

BVCEO Collector-Emitter Breakdown Voltage - The 
minimum dc breakdown voltage, collector to 
emitter, at stated collector current and ambient 
temperature. (Base open and H "'" 0) 

BVECO Emitter-Collector Breakdown Voltage - The 
minimum dc breakdown voltage, emitter to 
collector, at stated emitter current and ambient 
temperature. (Base open and H "'" 0) 

E Luminous Flux Density(IlIuminance) [lumens/ 
ft.2 = ft. candles I - The radiation flux den
sity of wavelength within the band of visible 
light. 

H Radiation Flux Density (lrradiance) [mW/ 
cm21 - The total incident radiation energy 
measured in power per unit area. 

ICEO Collector Dark Current - The maximum cur
rent through the collector terminal of the de
vice measured under dark conditions, (H "'" 0), 
with a stated collector voltage, load resistance, 
and ambient temperature. (Base open) 

PD Power Dissipation 

SRCEO Collector-Emitter Radiation Sensitivity (mAl 
mW/cm2) - The ratio of photo-induced, col
lector-emitter current to the incident radiant 
energy measured at the plane of the lens of th~ 
photodevice under stated conditions of radia
tion flux density (H), collector voltage, load 
resistance, and ambient temperature. (Base 
open) 

Tstg 

VCBO 

VCEO 

Ambient Temperature 

Photo Current Fall Time - The response time 
for the photo-induced current to fall from the 
90% point to the 10% point after removal of 
the GaAs (gallium-arsenide) source pulse under 
stated conditions· of collector voltage, load re
sistance and ambient temperature. (See Note 
3 and Figures 2 and 3) 

Junction Temperature 

Photo Current Rise Time - The response time 
for the photo-induced current to rise from the 
10% point to the 90% point when pulsed with 
the stated GaAs (gallium-arsenide) source under 
stated conditions of collector voltage, load re
sistance, and ambient temperature. (See Note 
3 and Figures 2 and 3) 

Storage Temperature 

Collector-Base Voltage - The maximum allow
able value of the collector-base voltage which 
can be applied to the device at the rated tempe
rature. (Base open) 

Collector-Emitter Voltage - The maximum 
allowable value of collector-emitter voltage 
which can be applied to the device at the rated 
temperature. (Base open) 

Emitter-Collector Voltage The maximum 
allowable value of emitter-collector voltage 
which can be applied to the device at the rated 
temperature. (Base open) 

Wavelength of maximum sensitivity in .micro
meters. 

MOTOROLA CUSTOM OPTOELECTRONIC ARRAYS 

The MRDlOO/lSO is also available in custom designed arrays 
or matrices as well as in discrete form. 

These arrays can be designed to meet customer requirements 
for punched card and tape readers, position indicators, pat
tern and character recognition, shaft encoders, and many 
other special applications. 

The arrays are pre-assembled and tested, ready for installa
tion into the system eliminating the special handling and 

testing problems associated with the small photo detectors. 

The custom arrays can be manufactured in almost any shape 
to allow maximum design flexibility; they can also be 
matched for sensitivity to assure more uniform output. 

Specifying Motorola optoelectronic arrays is easy; all that is 
required is a print of the array and the desired specifications; 
or your Motorola representative will assist in developing 
specifications for your special application. 
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MRD200 (SILICON) 

NPN silicon high sensitivity photo detector designed 
for application in . card and tape readers, pattern and 
character recognition, and shaft encoders, or any design 
requiring high radiation sensitivity, stable characteristics, 
and high-density mounting. 

CASE 81 
(DO-31) 

MAXIMUM RATINGS (TA = 25°C unless otherwise noted) 

Rating (NOTE I) Symbol Value 

Collector-Emitter Voltage VCEO 50 

Emitter-Collector Voltage VECO 7.0 

Total Device Dissipation PD 
@TA = 25°C 50 

Derate above 25'C 0.5 

Operating Junction TJ -65 to +125 
Temperature Range 

Storage Temperature Range Tstg -65 to +150 

FIGURE 1 - COLLECTOR·EMITTER SENSITIVITY 
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MRD200 (continued) 

STATIC ELECTRICAL CHARACTERISTICS ITA = 25°C unless otherwise noted) 

Characteristics (NOTE 1) Fig. No. Symbol Min Typ Max Units 

Collector Dark Current -
(VCC = 20 V; RL = 100 ohms) (Note 3) 

ICEO ~A 

'fA = 250 C - - 0.025 

TA = 1000 C - 10 -

Collector-Emitter Breakdown Voltage BV CEO Volts 
(Ic = 100 /JA) (Note 3) - 50 - -

Emitter-Collector Breakdown Voltage - BVECO Volts 
(IE = 100 /JA) (Note 3) 7.0 - -

OPTICAL CHARACTERISTICS ITA = 250 C unless otherwise noted) 

Characteristics (NOTE 1) Fig_ No. Symbol Min Typ Max Units 

Collector-Emitter Radiation Sensitivity 1 SRCE mA/mW/cm 2 

(V CC = 20 V; RL = 100 ohms)(Note 2) 0.25 0.5 -

Collector-Emitter Illumination Sensitivity - SICE ~A/lum/ft2 
(V CC = 20 V; RL = 100 ohms)(Note 4) 2.0 5.0 

Photo Current Saturated Rise Time 4 tr(sat) ~s 

(Note 5) - 1.0 -
Photo Current Saturated Fall Time 4 tf(sat) ~s 

(Note 5) - 10 -
Photo Current Rise Time (Note 6) 4 t - - 2.5 ~s r 

Photo Current Fall Time (Note 6) 4 t f - - 4.0 ~s 

Wavelength of Maximum Sensitivity - XS(typ) - 0.8 - Microns 

NOTES: 
1. No base terminal available. 
2. Radiation flux density (H) equal to 5.0 mW/cm2 emitted from a tungsten source at a color temperature 

of 2870o K. 
3. Measured under dark conditions. (H~O) 
4. Luminous flux density (E) equal to 100 lumens/ft2. (100 ft. -candles) measured through two 

Corning CSI-69 filters. 
S. For saturated rise time measurements, radiation is provided by a pulsed xenon arc lamp with a pulse 

width of approximately 1.0 microsecond (see Figure 4). 
6. For unsaturated rise time measurements, radiation is provided by a pulsed GaAs (gallium-arsenide) light

emitting diode (A~0.9 microns) with a pulse width equal or greater than 10 microseconds (see Figure 4). 
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MRD200 (continued) 
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MRD21 0 (SILICON) 

CASE 81 
(00-31) 

NPN silicon photo detector designed for application in 
card and tape readers, pattern and character recognition, 
and shaft encoders, or any design requiring radiation sen
sitivity, stable characteristics, and high-density mounting . 

• Actual Size 

MAXIMUM RATINGS (TA = 25·C unless otherwise noted) 

Rating (Note 1) Symbol Value Unit 

Collector-Emitter Voltage VCEO 50 Volts 

Emitter-Collector Voltage VECO 7.0 Volts 

Total Device Dissipation PD 
@ T A = 25·C 50 mW 

Derate above 25 ·C 0.5 mW/"C 

Operating Junction TJ -65 to +125 ·C 
Temperature Range 

Storage Temperature Range Tstg -65 to +150 ·C 

FIGURE 1 - COLLECTOR-EMITTER SENSITIVITY 
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MRD210 (continued) 

STATIC ELECTRICAL CHARACTERISTICS (TA = 25'C unless otherwise noted) 

Characteristic (Note I) Symbol Min Typ Max Unit 

Collector Dark Current ICEO J.lA 
(V CC = 20 V, RL = 100 ohms, Note 3) 

TA = 25'C - - 0.025 

T A =100'C - 10 -
Collector-Emitter Breakdown Voltage BVCEO Volts 

(Ic = 100 J.lA) 50 - -

Emitter-Collector Breakdown Voltage BVECO Volts 
(IE = 100 J.lA) 7.0 - -

OPTICAL CHARACTERISTICS (TA = 25'C unless otherwise noted) 

Characteristic (Note I) Fig. No. 

Collector-Emitter Radiation Sensitivity 1 
(VCC = 20 V, RL = 100 ohms, Note 2) 

Collector-Emitter Illumination Sensitivity -
(VCC = 20 V, RL = 100 ohms, Note 4) 

Photo Current Saturated Rise Time (Note 5) 4 

Photo Current Saturated Fall Time (Note 5) 4 

Photo Current Rise Time (Note 6) 4 

Photo Current Fall Time (Note 6) 4 

Wavelength of Maximum Sensitivity -

NOTES: 

1. No base terminal available. 
2. Radiation flux density (H) equal to 5.0 mW/cm2 

emitted from a tungsten source at a color temperature 
of 28700 K. 

3. Measured under dark conditions. (H""O). 
4. Luminous flux density (E) equal to 100 lumens/ft2 

(100 ft·candles) measured through two Corn ing CS 1·69 
filters. 

Symbol Min Typ Max Unit 

SRCE mA/mW/cm2 
0.05 0.15 -

SICE J.lA/lum/ft2 
0.4 1.2 -

tr(sat) - 1.0 - J.ls 

tf(sat) - 10 - J.ls 

t - - 2.5 J.ls r 

t f - - 4.0 J.lS 

As - 0.8 - J.lm 

5. For saturated rise time measurements, radiation is pro
vided by a pulsed xenon arc lamp with a pulse width of 
approximately 1.0 microsecond (see Figure 4). 

6. For unsaturated rise time measurements, radiation is 
provided by a pulsed GaAs (gallium·arsenide) light·emit
ting diode (A "" 0.9 j.lm) with a pulse width equal to 
or greater than 10 microseconds (see Figure 4). 
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MRD210 (continued) 

TYPICAL ELECTRICAL CHARACTERISTICS 
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CUSTOM OPTOELECTRONIC ARRAYS 

The M RD 210 is also available in custom designed arrays or 
matrices as well as in discrete form. 

These arrays can be designed to meet customer requirements 
for punched card and tape readers, position indicators, pat· 
tern and character recognition, shaft encoders, and many 
other special applications. 

The arrays are pre·assembled and tested, ready for installa· 
tion into the system eliminating the special handling and 

testing problems associated with the small photo detectors. 

The custom arrays can be manufactured in almost any shape 
to allow maximum design flexibility; they can also be 
matched for sensitivity to assure more uniform output. 

Specifying optoelectronic arrays is easy; all that is required 
is a print of the array and the desired specifications; or our 
representative will assist in developing specifications for your 
special application. 
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MRD210 (continued) 

MRD210 

OPTOELECTRONIC DEFINITIONS, CHARACTERISTICS, AND RATINGS 

BVCEO 

BVECO 

E 

H 

ICEO 

Po 
SICEO 

Collector-Emitter Breakdown Voltage - The 
minimum dc breakdown voltage, collector to 
emitter, at stated collector current and ambient 
temperature. (Base open and H,.. 0) 

Emitter-Collector Breakdown Voltage - The 
minimum dc breakdown voltage, emitter to 
collector, at stated emitter current and ambient 
temperature. (Base open and H ,.. 0) 

Luminous Flux Density (Illuminance) [Iumensl 
ft. 2 = ft. candles) - The radiation flux den
sity of wavelength within the band of visible 
light. 

Radiation Flux Density (Irradiance) [mWI 
cm2) - The total incident radiation energy 
measured in power per unit area. 

Collector Dark Current - The maximum cur
rent through the collector terminal of the de
vice measured under dark conditions, (H ,.. 0), 
with a stated collector voltage, load resistance, 
and ambient temperature. (Base open) 

Power Dissipation 

Collector-Emitter Illumination Sensitivity (pAl 
lumen/ft.2 = /.IA/ft. candle) - The ratio of 
photo-induced, collector-emitter current to the 
incident luminous energy measured at the plane 
of the lens of the photodevice under stated 
conditions of luminous flux density (E), col
lector voltage, load resistance, and ambient 
temperature. (Base open) 

Collector-Emitter Radiation Sensitivity (mAl 
mW/cm2) - The ratio of photo-induced, col
lector-emitter current to the incident radiant 
energy measured at the plane of the lens of the 
photodevice under stated conditions of radia
tion flux density (H), collector voltage, load 
resistance, and ambient temperature. (Base 
open) 

Ambient Temperature 

Photo Current Fall Time - The response time 

tf(sat) 

tr(sat) 

Tstg 

VCEO 

3-912 

for the photo-induced current to fall from the 
90% point to the 10% point after removal of 
the GaAs (gallium-arsenide) source pulse under 
stated conditions of collector voltage, load re
sistance and ambient temperature. (See Note 
6 and Figure 4) 

Photo Current Saturated Fall Time - The re
sponse time for the photo-induced current to 
fall from the 90% point to the 10% point after 
removal of the saturating xenon light source 
pulse under stated conditions of collector volt-

. age, load resistance, and ambient temperature. 
(See Note 5 and Figure 4) 

Junction Temperature 

Photo Current Rise Time - The response time 
for the photo-induced current to rise from the 
10% point to the 90% point when pulsed with 
the stated GaAs (gallium-arsenide) source under 
stated conditions of collector voltage, load re
sistance, and ambient temperature. (See Note 
6 and Figure 4) 

Photo Current Saturated Rise Time - The re
sponse time for the photo-induced current to 
rise from the 10% point to the 90% point when 
driven into saturation by the stated xenon 
source under stated conditions of collector 
voltage, load resistance, and ambient tempera
ture. (See Note 5 and Figure 4) 

Storage Temperature 

Collector-Emitter Voltage - The maximum 
allowable value of collector-emitter voltage 
which can be applied to the device at the rated 
temperature. (Base open) 

Emitter-Collector Voltage -- The maximum 
allowable value of emitter-collector voltage 
which can be applied to the device at the rated 
temperature. (Sase open). 

Wavelength of maximum sensitivity in micro 
meters. 



MRD250 (SILICON) 

CASE 81A·01 

NPN silicon photo detector designed for application in 
card and tape readers, pattern and character recognition, 
and shaft encoders, or any design requiring radiation sen
sitivity, stable characteristics, and high-density mounting. 

t 
Actual Size 

MAXIMUM RATINGS (TA = 25·C unless otherwise noted) 

Rating (Note 1) Symbol Value Unit 

Collector-Emitter Voltage VCEO 50 Volts 

Emitter-Collector Voltage VECO 7.0 Volts 

Total Device Dissipation PD 
@ T A = 25·C 50 mW 

Derate above 25·C 0.5 mW/"C 

Operating Junction TJ -65 to +125 ·C 
Temperature Range 

Storage Temperature Range "- Tstg -65 to +150 ·C 

FIGURE 1 - COLLECTOR·EMITTER SENSITIVITY 
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MRD250 (continued) 

STATIC ELECTRICAL CHARACTE:RISTICS (TA = 2S"C unless otherwise noted) 

Characteristic (Note J) Symbol Min Typ Max Unit 

Collector Dark Current ICEO /lA 
(VCC = 20 V, RL = 100 ohms, Note 3) 

TA =25°C - - 0.025 

TA = 100°C - 10 -
Collector-Emitter Breakdown Voltage BVCEO Volts 

(IC = 100 /lA) 50 - -
Emitter-Collector Breakdown Voltage BVECO Volts 
(~= 100 /lA) 7.0 - -

OPTICAL CHARACTERISTICS (TA = 2S"C unless otherwise noied) 

Characteristic (Note J) Fig. No. 

Collector-Emitter Radiation Sensitivity 1 
(VCC = 20 V, RL = 100 ohms, Note 2) 

Collector-Emitter Illumination Sensitivity -
(VCC = 20 V, RL = 100 ohms, Note 4) 

Photo Current Saturated Rise Time (Note 5) 4 

Photo Current Saturated Fall Time (Note 5) 4 

Photo Current Rise Time(Note 6) 4 

Photo Current Fall Time (Note 6) 4 

Wavelength of Maximum Sensitivity -

NOTES: 

1. No base terminal available. 
2. Radiation flux density (H) equal to 5.0 mW/cm2 

emitted from a tungsten source at a color temperature 
of 28700K. 

3. Measured under dark conditions. (H""O). 
4. Luminous flux density (E) equal to 100 lumens/ft2 

(100 ft-candles) measured through two Corning CS1·69 
filters. 

Symbol Min Typ Max Unit 

SRCE mA/mW/cm2 
0.10 0.25 -

SICE /lA/lum/ft2 
0.8 2.5 -

tr(sat) - 1.0 - /lS 

tf(sat) - 10 - /lS 

tr - - 2.5 /lS 

tf - - 4.0 /lS 

Xs - 0.8 - /lm 

5. For saturated· rise time measurements, radiation is pro
vided by a pulsed xenon arc lamp with a pulse width of 
approximately 1.0 microsecond (see Figure 4). 

6. For unsaturated rise time measurements, radiation is 
provided by a pulsed GaAs (gallium-arsenide~ light-emit
ting diode (A'" 0.9 I'm) with a pulse width equal to 
or greater than 10 microseconds (see Figure 4). 
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MRD250 (continued) 

TYPICAL ELECTRICAL CHARACTERISTICS 

2.0 .. 
.51.8 
>-
~ 1.6 
0: 

~ 1.4 .... 
a: 1.2 

~ :i 1.0 

~ 0.8 

~ O. 6 

8 0;4 
ul 
~ 0.2 

FIGURE 2 - COLLECTOR-EMITTER 
CHARACTERISTICS --- H • 7.0 mWlcm2 ./ j 

/ 6.~ ~r-'" 

f,.. -- ./ 5.0 

L 
V 4.0 .-/ J, 
'",- 3.0 

/j 

/ 
2.0 ./ 

SOURCE TEMP = 28700 K 
f-TUNGSTEN 

SOURCE 0 

20 60 

Vcc. SUPPLY VOLTAGE (VOLTS) 

80 

2.5 

0: 

~ 2.0 
:i 
'" <i:>
oz 
t;~ 1.5 
"'0: 
-'::> 
-' .... 
8~ 
Co 1.0 
~f 
::J .. 
~ 0.5 
o 
z 

o 
-50 

FIGURE 3 - PHOTO CURRENT 
versus TEMPERATURE 

NORM~L1ZEO TO ~A = 250 C vccLov 
NOTE 2 

/' 

~ 
,.., 

---------
-25 25 50 75 100 

TA. AMBIENT TEMPERATURE lOCI 

FIGURE 4 - PULSE RESPONSE TEST CIRCUIT AND WAVEFORM 

N.C. 0----+-1 

i=1.0mA ~ 
PEAK 

OUTPUT 

0.1 V- - - --.----"'> 
- - --90% 

CUSTOM OPTOELECTRONIC ARRAYS 

The MRD 250 is also available. in custom designed arrays or 
matrices as well as in discrete form. 

These arrays can be designed to meet customer requ irements 
for punched card and tape readers, position indicators, pat
tern and character recognition, shaft encoders, and many 
other special applications. 

The arrays are pre-assembled and tested, ready for installa
tion into the system eliminating the special handling and 

testing problems associated with the small photo detectors. 

The custom arrays can be manufactured in almost any shape 
to allow maximum deSign flexibility; they can also be 
matched for sensitivity to assure more uniform output. 

Specifying optoelectronic arrays is easy; all that is required 
is a print of the array and the desired specifications; or our 
representative will assist in developing specifications for your 
special application. 
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MRD250 (continued) 

MRD250 

OPTOELECTRONIC DEFINITIONS. CHARACTERISTICS. AND RATINGS 

BVCEO Collector-Emitter Breakdown Voltage -- The 
minimum dc breakdown voltage, collector to 

, emitter, at stated collector current and ambient 
temperature. (Base open and H ... 0) 

BVECO Emitter-Collector Breakdown Voltage - The 
minimum, dc breakdown voltage, emitter to 
collector, at stated emitter current and ambient 
temperature. (Base open and H ... 0) 

E Luminous Flux Density(Illuminance) [lumens/ 
ft. 2 = ft. candles] - The radiation flux den
sity of wavelength within the band of visible 
light. 

H Radiation Flux Density (Irradiance) [mW/ 
cm2] -- The total incident radiation energy 
measured in power per unit area. 

lCEO Collector Dark Current - The maximum cur
rent through the collector terminal of the de
vice measured under dark conditions, (H "" 0), 
with a stated collector voltage, load resistance, 
and ambient temperature. (Base open) 

PD Power Dissipation 

SICEO Collector-Emitter Illumination Sensitivity (/lA/ 
lumen/ft.2 = /lA/ft. candle) - The ratio of 
photo-induced, collector-emitter current to the 
incident luminous energy measured at the plane 
of the lens of the photodevice under stated 
conditions of luminous flux density (E), col
lector voltage, load resistance, and ambient 
temperature. (Base open) 

SRCEO Collector-Emitter Radiation Sensitivity (mA/ 
mW/cm2) The ratio of photo-induced, col
lector-emitter current to the incident radiant 
energy measured at the plane of the lens of the 
photodevice under stated conditions of radia
tion flux density (H), collector voltage, load 
resistance, and ambient temperature. (Base 
open) 

TA Ambient Temperature 

tf Photo Current Fall Time -- The response time 

tf(sat) 

tr(sat) 

Tstg 

VCEO 

VECO 

3-916 

for the photo-induced current to fall from the 
90% point to the 10% point after removal of 
the GaAs (gallium-arsenide) source pulse under 
stated conditions of collector voltage, load re
sistance and ambient temperature. (See Note 
6 and Figure 4) 

Photo Current Saturated Fall Time - The re
sponse time for the photo-induced current to 
fall from the 90% point to the 'I 0% point after 
removal of the saturating xenon light source 
pulse under stated conditions of collector volt
age, load resistance, and ambient temperature. 
(See Note 5 and Figure 4) 

Junction Temperature 

Photo Current Rise Time - The response time 
for the photo-induced current to rise from the 
10% point to the 90% point when pulsed with 
the stated GaAs (gallium-arsenide) source under 
stated conditions of collector voltage, load re
sistance, and ambient temperature. (See Note 
6 and Figure 4) 

Photo Current Saturated Rise Time - The re
sponse time for the photo-induced current to 
rise from the 10% point to the 90% point when 
driven into saturation by the stated xenon 
source under stated conditions of collector 
voltage, load resistance, and ambient tempera
ture. (See Note 5 and Figure 4) 

Storage Temperature 

Collector-Emitter Voltage - The maximum 
allowable value of collector-emitter voltage 
which can be applied to the device at the rated 
temperature. (Base open) 

Emitter-Collector Voltage- The maximum 
'allowable value of emitter-collector voltage 
which can be applied to the device at the rated 
temperature. (Base open) 

Wavelength of maximum sensitivity in micro 
meters. 



MRD300 (SILICON) 

MRD310 

NPN SILICON HIGH SENSITIVITY 
PHOTO TRANSISTOR 

· .. designed for application in industrial inspection, processing and 
control, counters, sorters, switching and logic circuits or any design 
requiring radiation sensitivity, and stable characteristics. 

• Popular TO·18 Type Package for Easy Handling and Mounting 

• Sensitive Throughout Visible and Near Infra-Red Spectral Range 
for Wider Application 

• Minimum Light Current 4 mA at H : 5 mV/cm2 (MRD 300) 

• External Base for Added Control 

• Annular Passivated Structure for Stability and Reliability 

MAXIMUM RATINGS (TA = 25°C unless otherwise noted! 

Rating (Note 1) Symbol Value 

Collector-Emitter Voltage VCEO 50 

Emitter-Collector Voltage VECO 7.0 

Collector-Base Voltage VCBO 80 

Total Device Dissipation @TA = 25°C Po 250 

Derate above 25°C 1.43 

Operating Junction and Storage TJ,Tstg -65 to +200 

Temperature Range 

FIGURE 1 - LIGHT CURRENT versus IRRADIANCE 
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Unit 

Volts 

Volts 

Volts 

mW 

mW;oC 

°c 

50 VOLT 
PHOTO TRANSISTOR 

NPN SILICON 

250 MILLIWATTS 

0..0.33 0.20.9 
0..0.48 ...., .... -1- 0..230. 

NOTES: leads are gold-plated kovar 

EMITTER 

BASE 

COLLECTDR 

Collector internally connected to case 
Package weight", 0.45 grams 

CASE 82 
TO-1S 



MR0300, MR0310 (continued) 

STATIC ELECTRICAL CHARACTERISTICS (TA = 250C unless otherwise noted) 

Characteristic Symbol Min 

Collector Dark Current I ceo 
(VCC = 20 V. H ... O) TA = 25°.C -

TA = l000C -
Coliector·Base Breakdown Voltage BVCBO SO 

IIC= l00,.A) 

Collector-Emitter Breakdown Voltage BVCEO 50 
IIC = 100,.A) 

Emitter-Collector Breakdown Volt"l!e BVECO 7.0 
liE = l00,.A) 

OPTICAL CHARACTERISTICS (TA = 250C unless otherwise noted) 

Device 
Characteristic Type Symbol Min 

Light Current IL 
(VCC = 20 V. RL = 100 ohms) Note 1 MRD300 4.0 

MRD310 1.0 

Light Current 
(VCC = 20 V. RL = 100 ohms) Note 2 IL 

MRD300 -
MRD310 -

Photo Current Rise Time (Note 3) (RL = 100 ohms tr -
IL = 1.0mA peak) 

Photo Current Fall Time (Note 3) (RL - l000hms tf -
IL = 1.0 mA p~k) 

NOTES: 

1. Radiation flux density (H) aqual to 5.0 mW/cm2 emitt~ from 
a tungsten source at a color temperature of 2870 K. 

2. Radiation flux density (H) equal to.0.5 mW/c~2 (pulsed) from 
8 GaAs (gallium-afsenide) source at A~O.9 ",m" 

3. For unsaturated response time measurements, radiation Is pro
vided by pulsed GsAs (gallium-arsenide) light-emitting diode 
(~ ::t:I 0.9 I'm)' with a pul .. width equal to or greater than 10 
microseconds (188 Figure 6) I L. = 1.0 rnA peak. 

3-'918 

Typ Max Unit 

- 25 na 
4.0 - ,.A 

- Volts 

- - Volts 

- - Volts 

Typ Max Unit 

rnA 
7.5 -
2.5 -

mA 
2.5 -
0.8 -
- 2.5 ,.s 

- 4.0 ,.s 



MRD300, MRD310 (continued) 

TYPICAL ELECTRICAL CHARACTERISTICS 
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MRD300, MRD310(continued) 

FIGURE 7 - DARK CURRENT versus TEMPERATURE 
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MRD450 (SILICON) 

PLASTIC NPN SILICON PHOTO TRANSISTOR 

· .. designed for application in industrial inspection, processing and 
control, counters, sorters, switching and logic circuits or any design 
requiring radiation sensitivity, and stable characteristics. 

• Economical Plastic Package 

• Sensitive Throughout Visible and Near I nfra· Red Spectral Range 
for Wide Application 

• Minimum Sensitivity (0.2 mA/mW/cm2) for Design Flexibility 

• Unique Molded Lens for High, Uniform Sensitivity 

• Annular t Passivated Structure for Stability and Reliability 

MAXIMUM RATINGS 

Rating (Note II Symbol V,lue Unit 

Collector-Emitter Voltage VCEO 40 Volts 

Emitter-Collector Voltage VECO 6.0 Volts 

Total Device Dissipation @ T A = 2SoC Po 100 mW 
Derate above 25°C 1.3 mW/oC 

Operating Junction Temperature Range TJ 11) -40 to +85 DC 

Storage Temperature Range Tstg 

(1) Heat Sink should be applied to leads during soldering to prevent Case 
Temperature from exceeding 85°C. 
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20 

40 VOLT 
PHOTO TRANSISTOR 

NPNSILICON 

100 MILLIWATTS 

0.180 

fr~ cr)""'m ~ i 
o.OloTt 3"u-1J:9 0080 70 \ ,0011 

0.250 0250 I 
MIN MIN --j 

0.140 
0.160 

STYLE 1: 
PIN 1. EMITTER 

2. COLLECTOR 

~0.320MIN:t-0.320MIN-j 0.013 

I' 0.075R~ 21~ 

l----0.640MIN-----l 
Lead 2 indicated by square bonding 
pad on bottom of device. 

CASE 171 



MRD450 (continued) 

STATIC ELECTRICAL CHARACTERISTICS (T A = 25°C unless otherwise noted) 

Characteristic Symbol Min Typ Max Unit 

Collector Dark Current IceD ",A 
(VCC = 20 V, No.t.2) 

TA=250 C - - 0.10 
TA = 850 C - 5.0 -

Coliector·Emittar Breakdown Voltage BVCEO' Volts 
(lC = 100 ",A; Note 2) 40 - -

Emitter·Coliector Breakdown Voltege . BVI;:CO Volts 
(IE = 100 ",A; Note 2) 6.0 - -

OPTICAL CHARACTERISTICS (T A = 25°C unless otherwise noted) 

Characteristic Fig. No, 

Coliector·Emittar RSdiation Sensitivity 1 
(VCC = 20 V, RL '" 100 ohms, Note 1) 

Photo Current Rise Time (Note 3) 2and3 

Photo Current Fall Time (Nota 3) 2and3 

Wavelength of Maximum Sensitivity 9 

NOTES: 

1. Radiation Flux 'Density (H) equal to 5.0 mWfcm2 emitted from 
a tungsten KGurce at a color temperatu re of 2870 K. 

2. Measurad under dark conditions. (H""O). 

FIGURE 2 - PULSE RESPONSE TEST CIRCUIT 

VCC 
+20 V 

hv 

N.C.o-----f---{ 

i= 1.0mA I 
PEAK RL·100.11 OUTPUT 

Symbol Min Typ Max Unit 

SRCEO mAfmWfcm2 
0.2 0.8 -

tr - - 2.5 p.s 

tf - - 4.0 ,..S 

~. - 0.8 - ",m 

3. For unsaturated response time measurements, radiation is 
provided by a pulsed GaAs (gallium·arsenide) light-emitting 
diode (;>. "='0.9 Ilm) with a pulse width equal to or greater than 
10 microseconds (see Figure 2 and Figure 3). 

FIGURE 3 - PULSE RESPONSE TEST WAVEFORM 

0.1 V- - - - -Ir-------'"\ 
- -- - - -90% 
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MRD450 (continued) 

TYPICAL ELECTRI.CAL CHARACTERISTICS 
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MRD450 (continued) 

MRD450 
OPTOELECTRONIC DEFINITIONS, CHARACTERISTICS, AND RATINGS 

BVCEO 

BVECO 

E 

H 

iCEO 

PD 

SRCEO 

Collector-Emitter Breakdown Voltage - The 
minimum dc breakdown voltage, collector to 
emitter, at stated collector current and ambient 
temperature. (Base open and H ,.,0) 

Emitter.(;ollector Breakdown Voltage - The 
minimum dc breakdown voltage, emitter to 
collector, at stated emitter current and ambient 
temperature. (Base open and H ,., 0) 

Luminous Flux Density(IIluminance) [Iumens/ 
ft.2 = ft. candles) - The radiation flux dim
sity of wavelength within the band of visible 
light. 

Radiation Flux Density (Irradiance) [mW/ 
cm2) . - The total incident radiation energy 
measured· in power per unit area. 

Collector Dark Current - The maximum cur
rent through the collector terminal of the de
vice measured under dark conditions, (H "" 0), 
with a stated collector voltage, load resistance, 
and ambient temperature. (Base open) 

Power DiSSipation 

Collector-Emitter Radiation Sensitivity (mA/ 
mW/cm2) - The ratio of photo-induced, col
iector-emitter current to the incident radiant 
energy measured at the plane of the lens of the 
photodevice under stated conditions of radia
tion flux density (H), collector voltage, load 

VCEO 

resistance, and ambient temperature. (Base 
open) 

Ambient Temperature 

Photo Current Fall Time - The response time 
for the photo-induced current to fall from the 
90% point to the i 0% point after removal of 
the GaAs (gallium-arsenide) source pulse under 
stated conditions of collector voltage, load re
sistance and ambient temperature. (See Note 
3 and Figures 2 and 3) 
Junction Temperature 

Photo Current Rise Time - The response time 
for the photo-induced current to rise from the 
10% point to the 90% point when pulsed with 
the stated GaAs (gallium-arsenide) source under 
stated conditions of collector voltage, load re
sistance, and ambient temperature. (See Note 
3 and Figures 2 and 3) 

Collector-Emitter Voltage - The maximum 
allowable value of collector-emitter voltage 
which can be applied to the device at the rated 
temperature. (Base open) 

Emitter.(;ollector Voltage - The maximum 
allowable value of emitter-co\lector voltage 
which can be applied to the device at the rated 
temperature. (Base open) 

Wavelength of maximum sensitivity in micro 
meters. 

MOTOROLA CUSTOM OPTOELECTRONIC ARRAYS 

Motorola optoelectronic devices are also available in custom 
designed arrays or matrices as well as in discrete form. 

These arrays can ·be designed to meet customer requirements 
for punched card and tape readers, position indicators, pat· 
tern and character recognition, shaft encoders, and many 
other special applications. 

The arrays are pre·assembled and tested, ready for installa
tion into the system eliminating the special handling and 

testing problems associated with the small photo detectors. 

The custom arrays can be manufactured in almost any shape 
to allow maximum deSign flexibility; they can also be 
matched for sensitivity to assure more uniform output. 

Specifying Motorola optoelectronic arrays is easy; all that is 
required is a print of the array and the desired specifica
tions; or your Motorola representative will assist in develop
ing specifications for your special application. 
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MRD500 (SILICON) 

MRD51 0 

PIN SILICON PHOTO DIODE 

· .. designed for application in laser detection, light demodulation, 
detection of visible and near infrared light-emitting diodes, shaft or 
position encoders, switching and logic circuits, or any design requiring 
radiation sensitivity, ultra high-speed, and stable characteristics. 

• Ultra Fast Response - «1.0 ns Typ) 

• H'hS ... MR0500(1.2IlA/mW/cm2 Min) 
'g ens,t,v'ty - MR0510 (0.3IlA/mW/cm2 Min) 

• Available With Convex Lens (M R 0500) or Flat Glass (M R0510) for 
Design Flexibility 

• Popular TO-IS Type Package for Easy Handling and Mounting 

• Sensitive Throughout Visible and Near Infrared Spectral Range 
for Wide Application 

• Annular Passivated Structure for Stability and Reliability 

MAXIMUM RATINGS (T A = 250 C unless otherwise noted) 

Rating Symbol Value Unit 

Reverse Voltage VR 100 Volts 

Total Device Dissipation@TA= 25°C Po 100 mW 

Derate above 25°C 0.57 mW/oC 

Operating and Storage Junction TJ.Tstg -65 to +200 °c 
Temperature Range 

FIGURE 1 - TYPICAL OPERATING CIRCUIT 
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MRD500, MRD510 (continued) 

STATIC ELECTRICAL CHARACTERISTICS (TA ~ 25°C unless otherwise noted) 

Characteristic Fig. No. Symbol Min Typ 

Dark Current ID 
(VR Z 20 V. RL~ 1.0 megohm; Note 2) 

TA Z 2SoC 
4 and 5 

- -
TA z l000C - 14 

Reverse Breakdown Voltage - BVR 100 200 
(IR = 10jtAI 

Forward Voltage - VF - -
(IF Z SOmA) 

Series Resistance - Rs - -
(IF Z 50 rnA) 

Total Capacitance 6 CT - -
(VR Z 20 V; f z 1.0 MHz) 

OPTICAL CHARACTERISTICS (T A ~ 25°C) 

Characteristic Fig. No. Symbol Min Typ 

Radiation Sensitivity SR 
(VR = 20 V. NOle 1) MRD500 1.2 1.8 

MRD510 2 and 3 
0.3 0.42 

Sensitivity at 0.8 jJm 
IVR = 20 V. Note 3) 

Response Time 
(VR z 20 V. RL Z 50 ohms) 

Wavelength of Peak Spectral Response 

SIA z O.S"m) 
MRD500 - -
MRD510 -

- tlrespl 
-
7 As -

NOTES, 

1. Radiation Flux Density (H) equal to 5.0 mW/cm2 emitted from 

a tungsten source at a color temperature of 2870 K. 

2. Measured under dark conditions. (H~O). 

3. Radiation Flux Density (H) equal to 0.5 mW/cm2 at 0.8 jJm. 

3-926 
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MRDSOO, MRDS10 (continued) 

TYPICAL ELECTRICAL CHARACTERISTICS 
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MRDSOO, MRDS10 (continued) 

MRD500 AND MRD510 
OPTOELECTRONIC DEFINITIONS, CHARACTERISTICS, AND RATINGS 

BVR Reverse Breakdown Voltage - The minimum dc SR Radiation Sensitivity (p.A/niW/cm2) - The ratio 
reverse breakdown voltage at stated diode current of photo-induced current to the incident radiant 
and ambient temperature. energy measured at the plane of the lens of the 

CT Total Capacitance 
photo device under stated conditions of radiation 
flux density (H), reverse voltage, load resistance, 

H Radiation Flux Density (Irradiance) (mW/cm2j - and ambient temperature. 
The total incident radiation energy measured in 

TA Ambient Temperature 
power per unit area. 

ID Dark Current - The maximum reverse leakage TJ Junction Temperature 

current through the device measured under dark Tstg Storage Temperature 

conditions, (H""O), with a stated reverse voltage, VF Forward Voltage - The maximum forward voltage 
load resistance, and ambient temperature. drop across the diode at stated diode current and 

Po Power Dissipation ambient temperature. 

Rs Series Resistance - The maximum dynamic series VR Reverse Voltage - The maximum allowable value 

resistance measured at stated forward current and of dc reverse voltage which can be applied to the 

ambient temperature. device a t the ra ted temperature. 

As(/lm) Wavelength of peak spectral response in micro 
meters. 

OPTO DEVICES 

AN-440- THEORY AND CHARACTERISTICS OF PHOTO 
TRANSISTORS 

AN-508 Applications of Phototransistors in Electro
Optic Systems 

A brief history of the photoelectric effect is discussed, 
followed by a comprehensive analysis of the effect in 
bulk semiconductors, pn junctions and phototran
sistors. A model is presented for the phototrahsistor. 
Static and transient data for the- MRD300 provide 
typical phototransistor characteristics. Appendices 
provide a discussion of the relationship of irradiation 
and illumination and define terms specifically related 
to phototransistors_ 

3-928 

This note reviews phototransistor theory, char
acteristics and terminology, then discusses the design of 
electro-optic systems using device information and geo
metric considerations. It also includes several circuit 
designs that are suited to dc, low-frequency and high
frequency applications. 



MRD600 (SILICON) 

NPN SILICON PHOTO DETECTOR 

designed for application in card and tape readers, pattern and 
character recognition, equipment, and shaft encoders, or any design 
requiring radiation sensitivity, stable characteristics, and high-density 
mounting. 

• Small Size for High Density Mounting 

• Sensitive Throughout Visible and Near Infra·Red Spectral Range 
for Wide Application 

• Minimum Sensitivity (0.04 mA/mW/cm2) for Design Flexibility 

• Pill Package Allows Printed Circuit Board Assembly 

• Annular Passivated Structure for Stability and Reliability 

MAXIMUM RATINGS 

Rating Symbol Value Unit 

Collector-Emitter Voltage VCEO 50 Volts 

Emitter-Collector Voltage VECO 7.0 Volts 

Total Device Dissipation @ T A = 2SoC PD 50 mW 
Derate above 25°C 0.5 mW/oC 

Operating Junction Temperature Range TJ -65 to +125 °c 
Storage Temperature Range Tstg -65 to +150 °c 

FIGURE 1 - COLLECTOR-EMITTER SENSITIVITY 
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MRD600 (continued) 

STATIC ELECTRICAL CHARACTERISTICS (TA = 250 C unless otherwise noted) 

Characteristic (Note 1) Symbol Min Typ Max Unit 

Collector Dark Current ICEO /lA 
(VCC = 30 V, RL = 1.0 megohm, Note 3) 

TA = 25uC - 0.010 0.025 
TA = 1000 C - 10 -

Coliector·Emitter Breakdown Voltage BVCEO Volts 
(lC= l00/lA,Note3) 50 - -

Emitter·CoIlector Breakdown Voltage BVECO Volts 
(IE = 100 /lA, Note 3) 7.0 - -

Coliector·Emitter Saturation Voltage VCE(satl Volt 
(lC = 0.4 rnA, Note 2) - 0.3 -

OPTICAL CHARACTERISTICS (T A = 250 C unless otherwise noted) 

Characteristic (Note 1) Fig. No. 

Collector-Emitter Radiation Sensitivity 1 
(VCC = 5.0 V, RL = 100 ohms, Note 2) 

Collector Light Current -
(VCC = 5.0 V, RL = 100 ohms, Note 2) 

Photo Current Saturated Rise Time (Note 4) 4 

Photo Current Saturated Fall Time (Note 4) 4 

Wavelength of Maximum Sensitivity 6 

NOTES: 

1. No base terminal available. 
2. Radiation flux density (H) equal to 20 mW/cm2 

emitted from a tungsten source at a color temperature 
of 2870K. 

Symbol Min Typ Max Unit 

SRCE mA/mW/cm2 

0.04 0.17 -
IL rnA 

0.8 3.4 -

tr(satl - 1.5 - /l" 

tf(satl - 15 - /lS 

As - 0.8 - /lm 

3. Measured under dark conditions. (H""O). 

4. For saturated rise time measurements, radiation is pro
vided by a pulsed xenon arc lamp with a pu lse width of 
approximately 1.0 microsecond (see Figure 4). Radiation 
flux density is adjusted for I L = 800 JlA peak. 

3-930 



MRD600 (continued) 

TYPICAL ELECTRICAL CHARACTERISTICS 

FIGURE 2 - COLLECTOR-EMITTER CHARACTERISTICS 
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MRD600 (continued) 

OPTOELECTRONIC DEFINITIONS, CHARACTERISTICS, AND RATINGS 

BVCEO 

BVCEO 

E 

H 

ICEO 

PD 

SRCEO 

Collector-Emitter Breakdown Voltage - The 
dc breakdown voltage, collector to emitter, at 
stated collector current and ambient temper
ature_ (Base open and H "" 0) 

Emitter-Collector Breakdown Voltage - The 
dc breakdown voltage, emitter to collector, at 
stated emitter current and ambient temper
ature_ (Base open and H "" 0) 

Luminous Flux Density(Illuminance) [Iumens/ 
ft.2 = ft. candles) -- The radiation flux den
sity of wavelength within the band of visible 
light. 

Radiation Flux Density (Irradiance) [mW/ 
cm2) The total incident radiation energy 
measured in power per unit area_ 

Collector Dark Current - The current through 
the collector terminal of the device measured 
under dark conditions, (H "" 0), with a stated 
collector voltage, load resistance, and ambient 
temperature_ (Base oPen) 

Collector Light Current (rnA) - The current 
through the collector terminal. of the device 
measured under stated conditions of radiation 
flux'density (H), collector voltage, load re
sistance, and ambient temperature_ (Base open) 

Power Dissipation 

Collector-Emitter Radiation Sensitivity (mA/ 
mW/cm2) The ratio of photO-induced, col
lector-emitter current to the incident radiant 
energy measuredanhe plane of the lens of the 
photodevice under stated conditions of radia
tion flux density (H), collector voltage, load 

TA 

tf(sat) 

TJ 

tr(sat) 

Tstg 

VCE(sat) 

VCEO 

VECO 

resistance, and ambient temperature. (Base 
open) 

Ambient Temperature 

Photo Current Saturated Fall Time '- The re
sponse time for the photo-induced current to 
fall from the 90% point to the 10% point after 
removal of the saturating xenon light source 
pulse under stated conditions of collector volt
age, load resistance, and ambient temperature. 
(See Note 4 and Figure 4) . 

Junction Temperature 

Photo Current Saturated Rise Time - The re
sponse time for the photo-induced current to 
rise from the 10% point to the 90% point when 
driven into saturation by the stated xenon 
source under stated conditions of collector 
voltage, load resistance, and ambient tempera
ture. (See Note 4 and Figure 4) 

Storage Temperature 

Collector-Emitter Saturation Voltage 

Collector-Emitter Voltage '". The maximum 
allowable value of collector-emitter voltage 
which can be applied to the device at the rated 
temperature. (Base open and H"" 0) 

Emitter-Collector Voltage The maximum 
allowable value of emitter-collector voltage 
which can be applied to the device at the rated 
temperature. (Base open and H "" 0) 

Wavelength of maximum sensitivity in micro 
meters. 

MOTOROLA CUStOM OPTOELECTRONIC ARRAYS 

The MRD 600 is also available in custpm designed arrays or 
matrices as well as in discrete form. 

These arrays can be designed to meet customer requ irements 
for punched card and tape readers, position indicators, pat
tern and character recognition, shaft encoders, and many 
other special applications. 

The arrays are pre-assembled arid tested, ready for ,installa
tion into the system eliminating the special handling and 

testing problems associated with the small photo detectors. 

The custom arrays can be manufactured in almost any shape 
to ',allow maximum design flexibility; they can also be 
matched for sensitivity to assure more uniform output. 

Specifying Motorola optoelectronic arrays is easy; all that is 
required is a print o·f the array and the desired specifica
tions; or your Motorola representative will assist in develop
ing specifications for your special application. 
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MRD81 0 (SILICON) 

NPN SILICON PHOTO TRANSISTOR 

... designed for application in card and tape readers, optical char· 
acter recognition, shaft encoders, industrial inspection, processing and 
control, switching and logic circuits or any design requiring radiation 
sensitivity, and stable characteristics. 

• Popular TO·18 Type Package for Easy Handling and Mounting 

• Minimum Sensitivity (0.2 mA/mW/cm2) for Design Flexibility 

• Sensitive Throughout Visible and Near Infrared Spectral Range 
for Wider Application 

• Annular Passivated Structure for Stability and Reliability 

• Flat Lens for Fiber Optic Coupling 

• Precision Die Location for Minimum Optical Tolerances 

MAXIMUM RATINGS ITA = 25°C unless otherwise noted) 

Rating Svmbol Value 

Collector·Emitter Voltage VCEO 35 

Emitter-Collector Voltage VECO 5.0 

Total Device Dissipation @TA :: 2SoC Po 250 
Derate above 2SoC 2.5 

Operating Junction and Storage T J,T stg -55 to +125 
Temperature Range 

FIGURE 1 - COLLECTOR·EMITTER SENSITIVITY 
versus RADIATION FLUX DENSITY 
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MRD810 (continued) 

STATIC ELECTRICAL CHARACTERISTICS (T A = 25°C unless otherwise noted) 

Characteristic 

Collector Dark Current 
(Vce = 20 V, RL = 100 ohms, Note 2) TA = 25°C 

TA = 1000C 

Coliector·Emitter Breakdown Voltage 
(lC = 100 /lA, Note 2) 

Emitter·Collector Breakdown Voltage 
(IE = 100/lA; Note 2) 

OPTICAL CHARACTERISTICS ITA = 25°C unless otherwise noted) 

Characteristic 

Collector-Emitter Ra~iation Sensitivity 

IVCC = 20 V, RL = 100 ohms, Note 1) 

Photo Current Saturated Rise Time (Note 3) 

Photo Current Saturated Fall Time (Note 3) 

Photo Current Rise Time (Note 4) 

Photo Current Fall Time (Note 4) 

NOTES: 

1. Radiation flux density (H) equal to 5.0 mW/cm 2 emitted from 
a tungsten source at a color temperature of 2870 K. 

2. Measured under dark conditions. IH ""0), 

3. For saturated rise time measurements, radiation is provided by 

Symbol Min Typ Max Unit 

ICEO /lA 
- - 0.050 

- 10 -

BVCEO 35 50 - Volts 

BVECO 5.0 8.0 - Volts 

Symbol Min Typ Max Unit 

SRCEO 0.2 - - mA/mW/cm2 

tdsat) - 2.0 - ,"S 

tt(sat) - 25 - /lS 

tr - - 5.0 ,"s 

tt - - 6.0 /ls 

a pulsed xenon arc Jamp with a pulse width of approximately 
1.0 microsecond (see Figure 2). 

4. For unsaturated rise time measurements, radiation is provided 
by a pulsed GaAs (gallium-arsenide) light-emitting diode 
(;\,:~O.9IJ.m) witha pulse width equal toor greater than 20 micro
seconds. 

TYPICAL ELECTRICAL CHARACTERISTICS 
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MRD30S0 (SILICON) 
thru 

MRD30S6 

NPN SI LICON PHOTO TRANSISTOR 

· .. designed for application in industrial inspection, processing and 
control, counters, sorters, switching and logic circuits or any design 
requiring radiation sensitivity, and stable characteristics. 

• Hermetic Package at Economy Prices 

• Popular TO·18 Type Package for Easy Handling and Mounting 

• Sensitive Throughout Visible and Near Infrared Spectral Range 
for Wider Application 

• Range of Radiation Sensitivities for Design Flexibility 

• External Base for Added Control 

• Annular Passivated Structure for Stability and Reliability 

MAXIMUM RATINGS ITA" 25°C unless otherwise noted) 

Rating Symbol Value 

Collector-Emitter Voltage VCEO 30 

Emitter-Collector Voltage VECO 5.0 

Collector-Base Voltage VCBO 40 

Total Device Dissipation @ T A '" 2SoC Po 400 
Derate above 2SoC 2.28 

Operating and Storage Junction T J,T 51g -65 to +200 
Temperature Range 

THERMAL CHARACTERISTICS 

Characteristic 

Thermal Resistance, Junction to Ambient 

FIGURE 1 - COLLECTOR·EMITTER SENSITIVITY 

0.10 
VCC=20V 
SOURCE TEMP = 2870 K 
TUNGSTEN SOURCE 

./ 

o 
0.1 0.2 

L 

0.5 

,..... T~P 

1.0 2.0 5.0 

H, RADIATION FLUX DENSITY (mW/cmZI 

-

10 20 

3-935 

Unit 

Volts 

Volts 

Volts 

mW 
mW/oC 

°c 

30 VOLT 
NPN SILICON 

PHOTO TRANSISTOR 

400 MILLIWATTS 

0.209 
0.230 

EMITTER 

BASE 

COLLECTOR 

NOTES: Leads are gold-plated kovar 
Collector internally connected 

to ease. 
Package weight:::::;: 0.45 grams 

CASE 82·01 



MRD3050 thru MRD3056 (continued) 

STATIC ELECTRICAL CHARACTERISTICS (TA = 250 C unless otherwise noted) 

Characteristic Symbol Min Typ Max Unit 

Collector Dark Current ICEO itA 
(VCC = 20 V, RL =.1.0 Megohm, Note 2) TA=250 C - - 0.1 

TA = 850 C - 5.0 -
Coliector~Base Breakdown Voltage BVCBO 40 - - Volts 

(lC = 100 itA) 

Collector-Emitter Breakdown Voltage BVCEO 30 - - Volts 
(lC = 100 itA) 

Emitter-Collector Breakdown Voltage aVECO 5.0 - - Volts 
(IE = 100 itA) 

OPTICAL CHARACTERISTICS (TA = 250 C unless otherwise noted) 

Characteristic Fig. No. 

Collector-Emitter Radiation Sensitivity 1 

(VCC = 20 V, RL = 100 ohms, Note 1) MRD3050 
MRD3051 
MRD3052 
MRD3053 
MRD3054 
MRD3055 
MRD3056 

Photo Current Saturated Rise Time (Note 3) 4 

Photo Current Saturated Fall Time (Note 3) 4 

Photo Current Rise Time (Note 4) 4 

Photo Current Fall Time (Note 4) 4 

Wavelength of Maximum Sensitivity -

NOTES: 
1. Radiation flux density (H) equal to 5.0 mW/cm2 emitted from 

a tungsten source at a color temperature of 2870 K. 
2. Measured under dark conditions. (H ,,"0). 
3. For saturated switching time measurements. radiation is pro

vided by a pulsed xenon arc lamp with a pulse width of 

Symbol Min Typ Max Unit 

SRCEO mA/mW/cm2 

0.02 - -
0.04 - -
0.02 - 0.08 
0.05 - 0.2 

0.125 - 0.5 
0.3 - -
0.4 - -

tr(satl - 1.0 - itS 

tt(sat) - 10 - ItS 

tr - 2.0 - itS 

tt - 3.5 - itS 

As - 0.8 - I'm 

approximately 1.0 microsecond (see Figure 4). 
4. For unsaturated switching tim~ measurements, r$di~~ion is pro

vided by a pulsed GaAs (gallium-arsenide) light-emitting diode 
(~O.9Ilm) with a pulse width equal to or greater than 10 micro
seconds (see Figure 4), 

3-936 



MRD3050 thru MRD3056 (continued) 

TYPICAL ELECTRICAL CHARACTERISTICS 

FIGURE 2 - COLLECTOR·EMITTER CHARACTERISTICS FIGURE 3 - PHOTO CURRENT venus TEMPERATURE 
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MRD3050 thru MRD3056 (continued) 

TYPICAL CIRCUIT APPLICATIONS 
(Extracted from Motorola Applications Note AN-50B. "Applications of Phototransistors in Electro-Optic Systems'" 

100mH 
RFC 

FIGURE 6 - STROBEFLASH SLAVE ADAPTER 

9-25 V 

T '1'11---..-----0 

U1 
MR03050/MRD3056 

R1 
1.2 k 

INPUTTO STROBE 
FLASH UNIT 

U2 
2N4216 + 

MAD 
3050 

FIGURE 7 - LIGHT OPERATED SCR ALARM USING 
SENSITIVE-GATE SCR 

18 k 

Sl 

1.0 k 

FIGURE 8 - CIRCUIT DIAGRAM OF VOLTAGE REGULATOR FOR PROJECTION LAMP. 

Input 
105 to 
180 Vac 

80 Vrms 
±0.5% 

R2 R4 
3.3 k/l W 22 k 

R3 

3-938 

01 and 02: MPS6516 
03: MRD3054 

Output Adj. 
Potentiometer 

(Range 50-80 V) 
R5 
7.5 k/2 W 

...-___ ;> R6 
2.0 k 

B2 
2N 

4870 
Bl 

SCR 
2N4444* 

• 2N 4444 to be used with a heat sink. 



MRD6039D (SILICON) 

MRD6039T 

SILICON MONOLITHIC PHOTODIODE ARRAY 
SILICON MONOLITHIC PHOTOTRANSISTOR ARRAY 

· .. are 39 element linear monolithic detector arrays with 0.005 inch 
spacing designed for application in optical pattern and character recog
nition equipment, star trackers, mark sensors, or any design requiring 
high resolution radiation sensitivity. 

• High Resolution - Spaced on 0.005" Centers 

• High Radiation Sensitivity -
MRD6039D - 14 nA!mW!cm2 Min 
MRD6039T - 300 nA!mW!cm2 Min 

• Active Area of Element 0.005" by 0.0045" 

• Sensitive Throughout Visible and Near I nfrared Spectral Range for 
Wide Application 

• Passivated Structure for Stability and Reliability 

MAXIMUM RATINGS ITA: 250 C unless otherwise notedl 

Rating Symbol Value Unit 

Reverse Voltage MRD6039D VR 6.0 Volts 

Collector~Emitter Voltage MRD6039T VCEO 6.0 Volts 

Total Device Dissipation T A::' 25°C PD 200 mW 
Derate above 2SoC 2.67 mW/oC 

Operating and Storage Junction TJ,Tstg -40 to +100 DC 

Temperature Range 

CIRCUIT DIAGRAM PIN CONFIGURATION 

Pin No. Element No. Pin No. Element No, 

35 36 34 MR060390 17 15 16 
1 Common 21 29 
2 12 22 27 
3 14 23 25 
4 16 24 23 
5 18 25 21 

01 02 03 037 038 039 6 20 26 19 
7 22 27 17 
8 24 28 15 

I COMMON 9 26 29 13 
10 28 30 11 
11 30 31 9 
12 32 32 7 
13 34 33 5 
14 36 34 3 
15 38 35 I 
16 39 36 2 
17 37 37 4 

35 36 34 17 15 16 18 35 38 6 
19 33 39 8 
20 31 40 10 

3-939 

6 VOLT 
MONOLITHIC PHOTO

DIODE ARRAY 

MONOLITHIC PHOTO
TRANSISTOR ARRAY 

SILICON 

100 MILLIWATTS 

0[==='31' ~!l .. " ~ lJ~il~ 
L 20 21 

O.~ 0.295 I 0.385 I 0.295j 
[055 --O.305-r-O.415--J-~ 

f--____ 1.005 
f015 

Pin 1 is Common to all E!emenlsand is Indicated by Tab on lead. 

CASE 621 



MRD6039D, MRD6039T (continued) 

STATIC ELECTRICAL CHARACTERISTICS (TA = 25°C unless otherwise noted) 

Characteristics Symbol Min Typ Max Unit 

Dark Current nA 
(VR = 5.0 V, Note 2) MRDS039D ID - 0.002 2.0 
(VCE = 5.0 V, Note 2) MRDS039T - 0.005 10 

Reverse Breakdown Voltage BVR 6.0 50 - Volts 
(I R = 100 I'Adc, Note 2) MRDS039D 

CollectorMEmitter Breakdown- Voltage BVCEO S.O 30 - Volts 
(lC = 100 I'A, Note 2) MRDS039T 

OPTICAL CHARACTERISTICS (T A - 25°C) -
Characteristics Fig, No; Symbol Min Typ Mall Unit 

Radiation Sensitivity nAlmWlcm2 

(VR = 5.0 V, Note 1) MRDS039D - SR 14 30 -
(VCE = 5.0 V, Note 1) MRDS039T - SRCEO 300 SOO -

Light Current - IL I'A 
(VR = 5.0 V, Note 1) MRDS039D 1 0.07 0:15 -
(VCE = 5.0 V, Note 1) MRDS039T 1 1.5 3.0 -

Matching Factor IL(Min)IIL (Max) - -
(VR = 5.0 V, Note 1) MRDS039D - 0.7 0.85 -
(VCI' = 5.0 V, Note 1) MRDS039T 0.3 O.S -

Sensitivity at 0.8 I'm I'AlmWlcm2 
(VR = 5.0 V, Note 3) MRDS039D - S(A = 0.8 I'm) - 0.09 -
(VCE = 5.0 V, Note 3) MRDS039T - 2.1 -

Wavelength of Peak Spectral Response 2 As - 0.8 - I'm 

NOTES: 
1. Radiation Flux Density (H) equal'to 5.0 mW/cm 2 emitted from a tungsten source at a color temperature of 2870 k. 

;( 
-'I 
.... 
15 
'" '" B .... 
:x: 
to 
::J 
.J 

2. Measured under dark conditions. (H~O)' 
3. Radiation Flux Density (H) equal to 0.5 mW/cm2 at O.S ~m. 
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MOTOROLA CUSTOM MONOLITHIC ARRAYS 

In addition to these 39-element linear photbdiode and phototran
siStor arrays. in ceramic flat packages on 5-mil "center-to-center" 
spacing. custom monolithic arrays are also available from Motorola 
to meet your special requirements. These devices are used exten
sively in pattern and character recognition equipment. position 
indication and celestial. guidance systems; these monolithic arrays 
can be customized for package requirements, number of elements. 
size of active area. spacing of elements. and special geometries. 

3-940 

Motorola custom arrays can be manufactured in almost any confi
guration including linear and 2-dimensional designs~ 

To specify Motorola custom monolithic arrays, all that is required 
is a print of the array and the desired specification; or contact your 
Motorola representative for assistance in developing specifications 
for your special application. 



MRF 501 (SILICON) 

MRF502 

The RF Line 

NPN SILICON RF SMALL·SIGNAL TRANSISTORS 

.. designed primarily for use in high·gain, low·noise amplifier, 
oscillator, and mixer applications. Can also be used in UHF converter 
applications. 

• High Current·Gain - Bandwidth Product -
fT = 1.2 GHz (Typ) @ IC = 5.0 mAdc 

• Low Noise Figure -
NF = 4.0 dB (Typ) @ f = 200 MHz 

MAXIMUM RATINGS 

Rating Symbol MRF501 I MRF502 

Collector-Emitter Voltage VCEO 15 

Collector-Base Voltage VCBO 25 I 35 
Emitter-Base Voltage VEBO 3.5 

Collector Current IC 50 

Total Device Dissipation @ T A = 25°C Po 200 
Derate above 25°C 1.14 

Storage Temperature Range Tstg -65 to +200 

3-941 

Unit 

Vdc 

Vdc 

Vdc 

mAde 

mW 
mW/oC 

°c 

NPN SILICON 
RF SMALL·SIGNAL 

TRANSISTORS 

~.~:~ OIA 

fij 

1 
0.209 
0.230 r-
OIA I 

~o 
11, 

0.500 
MIN 

~ 

CASE 20(101 
TO-72 PACKAGE 

Active Elements Isolated from Case 



MRF501, MRF502 (continued) 

ELECTRICAL CHARACTERISTICS (TA = 2S°(: unless otherwise noted) 

I Characteristic I Symbol 

OFF CHARACTERISTICS 

Collector-E mitter Breakdown Volt_ 
(lC = 3.0 mAde, IB = 0) 

Coliector·Base Breakdown Vol~ 
(lC = 1.0"Adc,IE = 0) 

Emitter,B ... Breakdown Voltage 
(IE = 1.0 "Adc, IC = 0) 

Collector Cutoff Current 
(VCB = 1.0 Vdc, IE =.0) 

Current Gain - Bandwdith Product 

MRFSOI 
MRFS02 

MRFSOI 
MRFS02 

MRFSOI 
MRFS02 

MRFSOI 
(lC = 5.0 mAde, VCE = 6.0 Vdc, f = 100 MHz) MRF502 

Collector-Base Capacitance 
(VCB = 10Vdc,IE = 0, f = 0.1 to 1.0 MHz) 

Collector-Base Time Constant 
(IE = 2.0 mAde, VCB = 6.0 Vde, f = 31.8 MHz) 

Noise Figura (Figure 1) MRF501 
(lC = I.S mAde, VCE = 6.0 Vde, MRF502 
RS = 50 ohms, f = 200 MHz) 

FUNCTIONAL TEST 

Common-Emitter Amplifier Power Gain (Figure 1) MRF501 
(VCC = 6.0 Vde, IC = 5.0 mAde, f = 200 MHz) MRF502 

BVCEO 

BVCBO 

BVEBO 

ICBO 

IT 

Ccb 

rb'Ce 

NF 

Min 

IS 

2S 
3S 

3.S 

-
-

600 
800 

-

-
-
-

FIGURE 1 - 200 MHz AMPLIFIER POWER GAIN 
ANO NOISE FIGURE CIRCUIT 

) 

lN3195 

L113/4 Turns, #18 AWG, 0.5" Long, 0.5" Diameter 
L2 2Turns, #16 AWG, 0.5" Long, 0.5" Diam.t.r 

Typ 

-

-
-

-

-
-

1000 
1200 

0.6 

8.0 

4.5 
4.0 

L3 2 Turns, #18 AWG, 0.25" Long, 0.5" Diameter, Position Approximat.ly 0.25" from L2 

3-942 

MIX Unit 

Vdc 
-
- Vdc 
-

Vdc 
-

50 nAdc 
20 

- MHz 
-

pF 
-

ps 
-
- dB 
-



MRF8004 (SILICON) 

The RF Line 

NPN SILICON RF POWER TRANSISTOR 

... designed primarily for use in large-signal output amplifier stages. 
Intended for use in Citizen-Band communications equipment operat
ing to 30 MHz. High breakdown voltages allow a high percentage of 
up-modulation in AM circuits . 

• Specified 12.5 V, 27 MHz Characterisitcs
Power Output = 3.5 W 
Power Gain = 10 dB 
Efficiency = 70% Typical 

MAXIMUM RATINGS 

Rating Symbol 

Collector-Emitter Voltage VCEO 

Collector-Base Voltage VCBO 

Emitter-Base Voltage VEBO 

Collector Current - Continuous IC 

Total Device Dissipation @TC= 25°C (1) Po 
Derate above 25°C 

Storage Temperature Range Tstg 

Value 

30 

60 

3.0 

1.0 

5.0 
28.6 

-65 to +200 

FIGURE 1 - 27 MHz TEST CIRCUIT 

Unit 

Vdc 

Vdc 

Vdc 

Adc 

Watts 
mW/oC 

°c 

.---..... ----1----<l~i.~ Vdc 

INPUT 

el, C2 9.0-180 pF ARea 463 or Equivalent 
e3, C4 5.0·80 pf AReO 462 or Equivatent 

C5 0.02 ~F Ceramic Oisc: 
C6 0.1 ~F Ceramic Disc 

RFCl 4 Turns #30 Enameled WkeWound on 
Ferroxcube Baad Type 56·590·65138 

RFC2 

RFC2 26 Turns 122 Enameled Wire (2 Layers-
13 Turns Each laVer) '%" Inner Diameter 

Ll 0.22 pH Molded Choke 
l2 0.68/JH Molded Choke 

(1)This device is'designed for R F operation. The total device dissipation rating 
applies only when the device is operated .s an R F amplifier. 

3-943 

3.SW -27 MHz 
RF POWER 

TRANSISTOR 

NPN SILICON 

:rJ:::r~ .,. 
0'0091~mlO'260 0. 125 r- _.-

0.5 
MIN 

... 1 
Q,Qt6 01A !\ 
0,019 -H-- Pin 1. Emitter 

2. Base 
3. Collector 

An JEOEC dimenSions and notes apply 

CASE 79 
TO-39 



MRF8004 (continued) 

ELECTRICAL CHARACTERISTICS (TA = 250 C unless otherwise noted) 

Characteristic 

OFF CHARACTERISTICS 

Collector~Emitter Breakdown Voltage BVCEO 
(lC = 50 mAde, IB = 0) 

Collector-Emitter Breakdown Voltage BVCES 
(IC = 200 mAde, VBE = 0) 

Emitter-Base Breakdown Voltage BVEBO 
(I E = 1.0 mAde, ,IC = 0) 

Collector Cutoff Current ICBO 
(VCB = 50 Vdc, IE = 0) 

ON CHARACTERISTICS 

DC Current Gain 
(lC = 400 mAde, VCE = 2,0 Vdc) 

DYNAMIC CHARACTERISTICS 

Output Capacitance 
(VCB = 12,5 Vdc, IE = 0, f = 1.0 MHz) 

FUNCTIONAL TEST 

Common-Emitter Amplifier Power Gain (See Figure 1) GpE 
(Pout = 3,5 W, VCC = 12.5 Vdc, f = 27 MHz) 

Collector Efficiencv (2) (See Figure 1) 1'/ 
(Pout = 3,5 W, VCC = 12,5 Vdc, f = 27 MHz) 

Percentage Up-Modulation (1) (See Figure 1) -
(f= 27 MHz) 

Parallel Equivalent I "put Resistance Rin 
(Pout = 3,5 W, VCC = 12,5 Vdc, f = 27 MHz) 

Parallel Equivalent Input Capacitance Cin 
(Pout = 3.5 W, VCC = 12.5 Vdc, f = 27 MHz) 

Parallel Equivalent Output Capacitance Cout 
(Pout = 3,5 W, VCC = 12,5 Vdc, f = 27 MHz) 

(1) Percentage Up-Modulation is measured in the test circuit (Fig
ure 1) bV setting the Carrier Power (Pc) to 3,5 Watts with VCC = 
12.5 Vdc and noting the power input. Then the Peak Envelope 
Power (PEP) is noted after doubling the original power input to 
simulate driver modulation (at a 25% duty cvcle for thermal con
siderations) and raising the VCC to 25 Vdc (to simulate the modu
lating voltage). Percentage Up-Modulation is then determined bV 

the relation: [(PEP) 1/2 ] 
Percentage Up-Modulation = Pc -1 .100 

FIGURE 2 - CIRCUIT TUNED AT 25 V, 25% DUTY CYCLE, 
Pout s 15 W PEAK 

10 

lee .15 V 15k Outv Lei. .......-
'7 

./ 
~ 

/' 
/ 

", ....... .... Vee i 11,5 V
1

1DO%!"'V ey!" 
/ 

0.1 0.4 0,6 0,8 1.0 

Pin. INPUT POWER ,(WATTS) 

3-944 

30 - - Vdc 

60 - - Vdc 

3,0 - - Vdc' 

- - 0.01 mAde 

10 - - dB 

62.5 70 - % 

- 85 - % 

- 21 - Ohms 

- 900 - pF 

- 200 - pF 

RF Pout 
(2) 1) = --- .100 

(VCC) (lC) 

FIGURE 3 - CIRCUIT TUNED AT 12.5 V,Pout = 4 W 

0 

- Jce = 1t 15J Duty e~ ~ t-5~ 

0 
.L'" 

/ 
/r , 

o , 

0~~le=11i5V lrou'leyei • 

0,3 0,6 0.9 1.1 

Pin, INPUT POWER (WATTS) 

1.5 



MSD6100 (SILICON) 

Silicon epitaxial dual switching diode, designed for 
use in high speed switching applications, features high 
breakdown voltage, low capacitance, one-piece injec
tion-molded unibloc package, and space saving com
mon-cathode configuration. 

CASE 29(3) 
(10-92) 

1 2 3 

e PIN 1. ANODE 
2. ANODE 
3. CATHODE 

MAXIMUM RATINGS (TA = 250 Cunlessotherwise noted I 

Rating Symbol 

Reverse Voltage VR 

Recurrent Peak Forward Current IF 

Peak Forward Surge Current IFM(surge) 
(Pulse Width = 10 /Jsec) 

1 2 3 

Value Unit 

100 Vdc 

200 mA 

500 mA 

310 mW Power Dissipation @ T A = 25°C Po 111 

Derate above 25°C 2.82 mW/oC 

Operating Junction Temperature TJ 111 135 

Storage Temperature Range Tstg 
111 -55 to +135 

ELECTRICAL CHARACTERISTICS (T A = 250 C unless otherwise notedl 

Characteristic Fig. No. Symbol Min Max 
Breakdown Voltage - V(BR) 

(I(BR) = 100 /JAdc) 100 -
Reverse Current 2 IR 

(VR = 100 Vdc) - 5.0 
(VR = 50 Vdc) - 0.1 
(VR = 50 Vdc, TA = 125°C) - 20 

Forward Voltage 1 VF 
(IF = 1 mAdc) 0.55 0.7 
(IF = 10 mAdc) 0.67 0.82 
(IF = 100 mAdc) 0~75 1.1 

Capacitance 3 C 
(VR = 0) - 1.5 

Reverse Recovery Time 4,5 trr 
(IF = IR = 10 mAdc, VR = 5 Vdc, -
irr = 1.0 mAdc) 4.0 

(1) Continuous package improvements have enhanced these guaranteed Maximum Ratings as follows: Po '" 1.0 W @ T C = 2SoC, 
Derate above 2SoC - B.O mW;OC, TJ = -65 to +150o~. 8JC '" 12So C/W. 

3-945 

°c 

°c 

Unit 
Vdc 

/JAdc 

Vdc 

pF 

ns 



MSD6100 (continued) 

FIGURE 1 - FORWARD CHARACTERISTICS 
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MSD61 01 (SILICON) 

I 2 3 e PIN J. ANODE 
2. ANODE 
3. CATHODE 

Silicon epitaxial dual discriminator diode designed 
for use in FM discriminator applications. 

MAXIMUM RATINGS (TA = 25°C unless otherwise noted) 

Rating Symbol Value 

Reverse Voltage VR 50 

Peak Forward Recurrent Current IF 200 

Peak Forward Surge Current I 500 
(Pulse Width = 10 /ls) FM(surge) 

Power Dissipation@ TA ,. 25°q PD !11 310 
Derate above 25°C 2.82 

Operating and Storage Junction Temperature TJ , Tstg 111 -55 to +135 
Range 

ELECTRICAL CHARACTERISTICS (TA = 25"C unless otherwise noted) 

Characteristic Fig. No. Symbol Min Max 

Breakdown Voltage - V(BR) 
(I(BR) = 100 /lAdc) 50 -

Reverse Current :o! IR 
(VR = 40 Vdc) - 0.1 
(VR = 40 Vdc, TA = 125°C) - 100 

Forward Voltage 1 VF 
(IF = O. 1 mAdc) 0.43 0.57 
(IF = 10 mAdc) 0.67 O. 82 

Capacitance 3 C 
(VR = 0) - 2.0 

Reverse Recovery Time 4, 5 trr 
(IF = lR = 10 mAde, VR = 5 Vde, 
irr = 1. 0 mAdc) - 10 

Forward Voltage Matchingl VF1 - VF2 I - .1VF 
(IF!- = In = 0.1 mAde) - 0.003 

(1) Continuous package improvements have enhanced these guaranteed Maximum Ratings as fol/ows: Po = 1.0 W @ 

TC .., 25°C. Derate above 2SoC - B.O mWf'C, T J "" -65 to +150o C. 11 JC = 12SoC/W. 
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Unit 

Vdc 

mA 

mA 

mW 
mW/oC 

°c 

Unit 

Vdc 

/lAdc 

Vdc 

pF 

ns 

Vdc 



MSD6101 (continued) 

FIGURE 1 - FORWARD CHARACTERISTICS 
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MSD6102 (SILICON) 

Silicon epitaxial dual diode designed for use as ahori
zontal phase detector for television receivers, and for 
similar applications. 

CASE 29(3) 
(TO-92) 

1 2 3 

e PIN 1. ANODE 
2. ANODE 
3. CATHODE 

1 2 3 

MAXIMUM RATINGS (TA = 25°C unless otherwise noted) 

Rating Symbol 

Reverse Voltage VR 

Recurrent Peak Forward Current IF 

Peak Forward Surge Current IFM(surge) 
(Pulse Width = 10 1-£ s) 

III 

Value Unit 

70 Vdc 

200 rnA 

500 rnA 

310 mW Power Dissipation @ T A = 25°C PD 
Derate above 25°C 2.82 roW/DC 

Operating Junction Temperature TJ 
III 135 

Storage Temperature Range Tstg 
III -55 to+135 

(1) Continuous package improvements have enhanced these guaranteed Maximum Ratings as follows: Po'" 1.0 W @ TC = 2SoC, 
Derate above 25°C - B,O mW/oC, T J = -65 to + 150°C, (J JC = 1250 C/W. 
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MSD6102 (continued) 

l 
~ 
!5 
<.> 

~ 
il! 
.$ 

ELECTRICAL CHARACTERISTICS I(TA = 25°C unless otherwise noted) 

Characteristic 
Breakdown Voltage 

(I(BR) = 100 tlAdc) 

Reverse Current 
(VR = 50 Vdc) 

Forward Voltage 
(IF = 10 mAdc) 

Capacitance 
(VR = 0) 

Reverse Recovery Time 
(IF = IR = 10 mAdc, VR = 5 Vdc, 
irr = 1.0 mAdc) 

FIGURE 1 - FORWARD CHARACTERISTICS 
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SILICON EPITAXIAL DUAL DIODE 

· .. designed for general-purpose consumer applications. 

• High Breakdown Voltage -
V(BR) = 70 Vdc (Min) @ I(BR) = 100 /lAdc 

• Space-Saving Package with Common Anode Configuration 

• One-Piece, Injection-Molded Unibloc Package 

MAXIMUM RATINGS 

Rating Symbol Value Unit 

Reverse Voltage VR 70 Vde 

Peak Forward Recurrent Current IF 200 mA 

Peak Forward Surge Current 
(Pulse Width = 10 I's) 

'FM(surge) 500 mA 

Total Device Dissipation @TA "" 2SoC PD 11) 310 mW 
Derate above 25°C 2.82 mW/oC 

Operating and Storage Junction TJ,Tstg III -551o +135 °c 
Temperature Range 

ELECTRICAL CHARACTERISTICS (T A = 250 C unless otherwise noted) 

Characteristic Symbol Min Typ Max Unit 

Breakdown Voltage V(BR) 70 - - Vde 
(I (SR) = 100 I'Adcl 

Reverse Current 'R - - 0.1 I'Ade 
(VR = 50 Vde) 

Forward Voltage VF - 0.80 1.0 Vde 
(IF = 10 mAdcl 

capacitance C - 5.0 8.0 pF 
(VR = 0) 

Reverse Recovery Time Irr - - 100 ns 
(IF = 'R = 10 mAde, VR = 5.0 Vde, 

irr = 1.0 mAde) 

(1) Continuous package improvements have enhanced theSe guaranteed Maximum Ratings as 
follows: Po:::: 1.0 W @ T A = 25°C. Derate above 8.0 mW/oC, Po "" 10 W @ T C =: 25°C. 
Derate above 80 mW/oC. T J,T stg = -55 to +150°, BJC::: 12.50 C/W, BJA c 125°C. 

3-951 

SILICON EPITAXIAL 
DUAL DIODE 

COMMON ANODE 

seatingT 
Plane 

~ 
1 2 3 

=r 
0.500 

1 
0.045-J~ 0.055 

1----0.045 
0.055 

leads to fit into 
0.016 
0.019 

OIA HOLE ITYP)-

Pin 1. Cathode 1 
2. Cathode 2 
3. Anode 

0.003 

5' INOM)1~ ~""" 123U 

'I'" 
O.OB.!! R 0.045 
0.095 . CASE 29(4) R055 

TO-92 



MSD6150 (continued) 
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MSD 7000 (SILICON) 

SILICON EPITAXIAL DUAL SERIES DIODE 

designed for use in biasing, steering and voltage doubler 
applications. 

• High Breakdown Voltage -
V(BR) = 100 Volts minimum 

• Low Capacitance -
C = 1.5 pF maximum @ VR = a 

• One·Piece,lnjection·Molded Unibloc Package for High Reliability 

MAXIMUM RATINGS 

Rating Symbol Value Unit 

Reverse Vol tage VR TOO Vcie 

Recurrent Peak Forward Current IF 200 mA 

Peak Forward Surge Current IFMlsurgel 500 mA 
IPulse Width = 10 Its) 

Total Device Dissipation @ T A = 2SoC PD 350 mW 
Derate above 2SoC 2.82 mW/oC 

Operating Junction Temperature TJ 150 °c 

Storage Temperature Range Tstg -55 to +150 °c 

ELECTRICAL CHARACTERISTICS ITA = 25°C unless otherwise·noted) 

Characteristic Fig. No. Symbol Min Max Unit 

Breakdown Voltage - VIBR) 100 - Vde 
IIIBR) = 100 /tAde) 

Rever~ Current 2 IR /tAde 
IVR = 100 Vde) - 0.5 

IVR = 50 Vde) - 0.2 

IVR = 50 Vde, T A = 125°C) - 100 

Forward Voltage 1 VF Vde 
IIF = 1.0 mAde) 0.55 0.7 

IIF = 10 mAde) 0.67 0.82 

IIF = 100 mAde) 0.75 1.1 

Capacitance 3 C - 2.0 pF 
IVR = 0) 

Reverse Recovery Time 4,5 trr - 15 ns 
IIF = IR = 10 mAde, VR = 5.0 Vde 
irr = 1.0 mAde) 
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SILICON EPITAXIAL 
DUAL 

SERIES DIODE 

ANODE COMMON CATHODE 

Seating Plane JH -;;1;5 L ) 0185 

1 
0.500 
MiN 

Leads to fit into 
0.016 
0.019 

DIA HOLE ITYP)-

~ 
0.050 :Jt T.P. 

0.050 
STYLE 1: T.P. 

PIN 1. ANODE 
2. COMMON 
3. CATHOOE . =M~" 

~R. ~:m 
To convert inches to millimeters. multiply by 25.4 

All JEOEC dimensions and notes apply 

CASE 29·01 
TO-92 

PLASTIC 



MSD7000 (continued) 
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MU851 (SILICON) 
thru 

MU853 

SILICON ANNULAR 
UNIJUNCTION TRANSISTORS 

· .. designed for computer and industrial applications requiring high· 
density mounting. These devices are used in pulse, timing, triggering, 
sensing and oscillator circuits. The annular process provides low leak· 
age current, fast switChing and low peak·point currents, as well as out· 
standing reliability and uniformity. 

• Low Peak·Point Current - Ip = O.4IlA Max (MU853) 

• Low Emitter Reverse Current - lEO = 50 nA Max (MU853) 

• Fast Switching - 1.0 MHz Min Oscillation Frequency 

• Electrically Similar to The 2N4851 Thru 2N4853 Devices 

MAXIMUM RATINGS 
Rating Symbol Value Unit 

Emitter Reverse Voltage VB2E 30 Volts 

I nterbase Voltage (11 VB2B1 28 Volts 

RMS Emitter Current Ie 50 mA 

Peak~Pulse Emitter Current (2) i. 1.5 Amp 

RMS Power Dissipation @ T A = 25°C Po 200 mW 
Derate above 25°C 2.0 mW/oC 

Operating Junction Temperature Range TJ -65 to +125 °c 
Storage Temperature Range Tstg -65 to +150 °c 

(11 Based Upon Power Dissipation at T A = 25°C 
(21 Duty Cycle~ 1.0%, PRR = 10 PP$ (See Figure 6) 

FIGURE 1 - UNIJUNCTION TRANSISTOR 
SYMBOL AND NOMENCLATURE 

FIGURE 2 - STATIC EMITTER 
CHARACTERISTICS CURVES 

VE NEGATIVE 
CUTOFF RESISTANCE SATURATION 
REGION 1- REGION - - REGION 

VBE1(satl 
Vv 

I 

EMITTER TO 
BASE ONE 

CHARACTERISTIC 

V~L~POlNT\ 

-+~-------L----~IE 

lEO 
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MICRO-T UNIJUNCTION 
TRANSISTORS 

UNIT IDENTITY COLOR CODING 
MUS51 - Red Plastic 
MU852; - Black on Red Plastic 
MU85~ - Yellow on Red Plastic 

For Handling Convenience, All Devices 
are Painted White on the Bottom. 

BASE 1 

I 

0.078 
if092 

EMITTER 1 ~ 

~T 0010 
t--P 165 ilOl6 , om 

1. Base 1 
2. Emitter 3 
3. Base i BASE 1 

0.010 0.001 
0.030 TOP I!]103 0.004 .Ll' ~ ~ 0.006 

0.048 I-.L 

o~h:---l --JT ~- \: BOTTOM 

f----~W 

CASE 28 (7) 



MU851 thru MU853 (continued) 

ELECTRICAL CHARACTERISTICS (T A = 25°C unless otherwise noted) 

Rating Svmbol Min TVp Max Unit 

Intrinsic Standoff Ratio (1), Figure 3 1] -
(VB2Bl = 10 V) MU851 0.56 - 0.75 

MU852, MU853 0.70 - 0.85 

I nterbase Resistance RBB 4.7 - 9.1 k ohms 

(VB2Bl = 3.0 V, IE = 0) 

Interbase Resistance Temperature Coefficient aRBB 0.2 - O.B %/oC 

(VB2Bl = 3.0 V,IE = 0, TA = -65 to +1250 CI 

Emitter Saturation Voltage (2) VEB1(sat) - 2.5 - Volts 

(VB2Bl = 10 V, IE = 50 rnA) 

Modulated Interbase Current IB2(mod) - 20 - rnA 

(VB2Bl = 10 V, IE = 50 rnA) 

Emitter Reverse Current IEB20 pA 

(VB2E = 30 V, IBl = 0) MU851, MU852 - - 0.1 
MU853 - - 0.05 

Peak-Point Emitter Current Ip pA 

(VB2Bl = 25 V) MU851, MU852 - - 2.0 
MU853 - - 0.4 

Valley.Point Current (2) IV rnA 

(VB2Bl = 20 V, RB2= 100 ohms) MU851 2.0 - -
MU852, MU853 4.0 - -

Base-One Peak Pulse Voltage, Figure 4 VOBl Volts 
MU851 3.0 - -
MU852 5.0 - -
MU853 6.0 - -

Maximum Frequency of Oscillation, Figure 5 f(max) 1.0 1.25 - MHz 

(1)11' Intrinsic standoff ratio, is defined in terms of the peak-point voltage, Vp. bV means of the equation: Vp"" 11 VS281 + VF. where VF is 
about 0.49 volt at 2SoC@ IF = 10 f.LA and decreases with temperature at about 2.5 mV/oC. The test circuit is shown in· Figure 3. Com
ponents R 1, el. and the UJT form a relaxation oscillator; the remaining circuitry serves as a peak-voltage detector. The forward drop of 
Diode 01 compensates for VF' To use, the "cal" button is pushed, and R3 is adjusted to make the current meter, Ml, read full scale. 
When the "Cal" bottom is released, the value of 11 is read directly from the meter, if full scale on the meter reads 1.0. 

(2) Use pulse techniques: PW~300 Jjs, duty cvcle ~ 2.0% to avoid internal heating, which may result in erroneous readings. 

FIGURE 3 - ~ TEST CIRCUIT FIGURE 4 - VOBl TEST CIRCUIT FIGURE 5 - f(max) TEST CIRCUIT 

+10V 

to,.diadewilhlh.followmgcharacllnslicf; 

VF =O.49V@IF"'10",A 
IR~2.0",A@VR"'20V 

" 20'" 
'B2 
1000 

'RSl 

'Oil 

V, 

+4.DV 

:EJl 
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RBl 
47!l 

TO 
FREQUENCY 
COUNTER 

FIGURE 6 - PRR TEST CIRCUIT 
AND WAVEFORM 

DUTY CYCLE.;;; 1.0%, PRR ,;;; 10 PPS 

CURRENT WAVEFORM THRU Rl 

R10.Hl 

20-30 V 
(Adjust for 1.5 A 
peak in R,) 



MU4891 (SILICON) 
thru 

MU4894 

CASE 29 (9) 
(TO·92) 

FIGURE 1 - UNIJUNCTION TRANSISTOR 
SYMBOL AND NOMENCLATURE 

B, 

B, 

v, 

Silicon annular plastic unijunction transistors de
signed for military and industrial use in pulse, timing, 
triggering, sensing, and oscillator circuits. The an
nular process provides low leakage current, fast switch
ing and low peak-point currents as well as outstanding 
reliability and uniformity. 

MAXIMUM RATINGS (TA = 2S'C unless otherwise noted) 

Rating Symbol Value Unit 

RMS Power Dissipation' PD 300 mW 

RMS Emitter Current Ie 50 mA 

Peak Pulse Emitter Current" i 1. 0" Amp e 

Emitter Reverse Voltage VB2E 30 Volts 

Storage Temperature Range Tstg -65 to +150 °c 

• Derate 3.0 mW /"C increase in ambient temperature. Total power dissipation 
(available power to Emitter and Iiase-Two) must be limited by external cir
cuitry. Interbase voltage (VB2B1) limited by power dissipation, 

VB2B1 =VRBB . PD 

,. Capacitance discharge current must fall to 0.37 Amp within 3. 0 ms and PRR 
::s 10 PPS. 

VOl/utI 
V, 

FIGURE 2 - STATIC EMInER 
CHARACTERISTICS CURVES 

-t-t+,p ---7,,--""--" 
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FIGURE 3 - Vo", TEST CIRCUIT 
(Typical Relaxation Oscillator] 

C, 
0.21'f 

R" 
20!l 

v, 

+20 V 

!~--A 
vU~ 



MU4891 thru MU4894 (continued) 

ELECTRICAL CHARACTERISTICS (T. = 2S'C unless otherwise noted) 

Characteristic 
Intrinsic Standoff Ratio 

(VB2B1 = 10 V) Note 1 MU4892 
MU4891, MU4893 

MU4894 

Jnterbase Resistance 
(VB2B1 = 3.0 V, IE = 0) MU4891, MU4892 

MU4893, MU4894 

~nterba~e Resistance Temperature Coefficient 
(VB2B1 = 3.0 V, IE = 0, T A = -65"C to + 100"C) 

Emitter Saturation Voltage 
(VB2B1 = 10 V, IE = 50 rnA) Note 2 

Modulated Interbase Current 
(VB2B1 = 10 V, IE = 50 rnA) 

Emitter Reverse Current 
(VBiIE = 30 V, IB1 = 0) 

Peak Point Emitter Current 
MU4891 (V B2B1 = 25 V) 

MU4892, MU4893 
MU4894 

Valley Point Current 
(VB2B1 = 20 V, RB2 = 100 ohms) Note 2 

MU4891, MU4893, MU4894 

Base-One Peak Pulse Voltage 
(Note 3, Figure 3) 

NOTES 
1. Intrinsic standoff ratio. 

11,;5 defined by equation: 

~=~J 
VBlBI 

MU4892 

MU4891, MU4892, 
MU4893 

Where Vp = Peak Point Emitter Voltage 
Va2BI = Interbase Voltage 
VCEBll = Emitter to Base-One Junction Diode Drop 

(-0.5V @10,.A) 

MU4894 

Symbol Min Typ Max Unit 
ry -

0.51 - 0.69 
0.55 - 0.82 
0.74 - 0.86 

RBB k ohms 
4.0 7.0 9; 1 
4.0 7.0 12.0 

a RBB %;OC 
'. 0.1 - 0.9 

VEB1 (sat) Volts 
- 2.5 4.0 

IB2(mod) rnA 
10 15 -

IEB20 - 5.0 10 nA 

Ip !J.A 
0.6 5.0 

- 0.6 2.0 
- 0.6 1.0 

IV rnA 

2.0 4.0 -
2.0 3.0 -

VOB1 Volts 

3.0 5.0 -
6.0 8.0 -

2. Use pulse techniques: PW "" 300 p.s. duty cycle o~2%·. to avoid. 
internal heating due to interbase modulation wt)iC:h m~y result in 
erroneous readings. .' 

3. Base-One Peak Pulse Voltage is measured in circuit of Figure 3. 
This specification is used to ensure minimum pulse amplitude for 
.applications in SCR firing circuits and other types of pulse circuits. 
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MUS4987 (SILICON) 

MUS4988 

0-0 -+~--.pot--<o 

SILICON UNIDIRECTIONAL SWITCH 

... designed for half·wave triggering in SCR phase control circuits, 
bi·stable memory elements and as voltage level detectors. Supplied 
in an inexpensive plastic TO·92 package for high·volume requirements, 
this low·cost plastic package is readily adaptable for use in automatic 
insertion equ ipment. 

• Low Switching Voltage - 8.0 Volts Typical 

• Uniform Characteristics in Each Direction 

• Low On·State Voltage _. 1.5 Volts Maximum 

• Low Off·State Current - 0.1 I1A Maximum 

• Low Temperature Coefficient - 0.02%(OC Typical 

MAXIMUM RATINGS 

Rating Symbol Value Unit 

Power Dissipation PD 300 mW 
Derate above T A "" 25°C 3.0 mW/oC 

Peak Reverse Voltage VR 30 Vdc 

DC Forward Anode CUrrent IF 200 mA 
Derate above T A == 2SoC 2.0 rnA/oC 

DC Gate Current (off-state only) IGloffi 5.0 mA 

Repetitive Peak Forward Current IFMlrepl 2.0 Amp 
11.0% Duty Cycle, 1 0 ~s Pulse 
Width, T A ~ 100°C I 

Non-Repetitive Forward Current IFMlnonrepl 6.0 Amp 
10 ~s Pulse Width, TA ~ 25°C 

Operating Junction Temperature TJ -55 to +125 DC 
Range 

Storage Temperature Range Tstg -65 to +150 DC 

3-959 

SILICON 
UNIDIRECTIONAL SWITCH 

(PLASTIC) 

6.0-10 VOLTS 
300mW 

SEATlNL 
I ~.m i~ii~ 

Leads to fit into 
0.016 0.500 

OJA ~OO~~ ITYP)- 1 
0.045 ~' ~n~ iilf55-1 

~~:~:; 
Pin 1. Anode 

2. Gate 
3. Cathode 

: 
0.080 
0.105 

0.003 -l °Mll~5 r-r O.013 R. 

1231~ 

fJ31 
0.085 0.045 , 
TI]j9jJ R. 0.055 0.125 

0.165 

To convert inches to millimeters multiply by 25.4. 

CASE 29·02 



MUS4987, MUS4988 (continued) 

ELECTRICAL CHARACTERISTICS (T A = 25°C unless otherwise noted) 

Characteristic Symbol Min Typ Max Unit 

Switching Voltage Vs Vdc 
MUS4987 6.0 8.0 10 
MUS4988 7.5 8.0 9.0 

Switching Current IS }JAdc 
MUS4987 - 110 500 
MUS4988 - 80 150 

Reverse Current IR }JAde 
(VR = 30 V, T A = 25°C) MUS4987 - - 0.1 

(VR = 30 V, TA = 85°C) MUS4987 - - 1.0 

(VR = 30 V, T A = 25°C) MUS4988 - - 0.1 

(VR = 30 V, TA = 1000C) MUS4988 - - 1.0 

Holding Current IH mAde 
MUS4987 - 0.14 1.5 
MUS4988 - 0.11 0.5 

Forward Blocking Current 18 "Ade 
(VF = 5.0 Vde, T A = 25°C) MUS4987 - - 0.1 

(VF = 5.0 Vde, T A = 85°C) MUS4987 - - 1.0 

(VF = 5.0 Vdc, T A = 25°C) MUS4988 - - 0.1 

(VF = 5.0 Vde, T A = 100°C) MUS4988 - - 1.0 

Forward On-8tate Voltage VF - 1.32 1.5 Vdc 
(IF = 150 mAdc) 

Peak Output Voltage (Ce = O.l"F, R = 20 ohms, Figure 9) Vn 3.5 4.6 - Vdc 

Turn·On Time (Figure 10) ton - 1.0 - "s 
Turn·Off Time (F igure 11) toff - 25 - "s 
Temperature Coefficient of Switching Voltage TC - +0.02 - %/oC 

TYPICAL ELECTRICAL CHARACTERISTICS 

FIGURE 1 - SWITCHING VOLTAGE 
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MUS4987, MUS4988 (continued) 
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FIGURE 5 - FORWARD ON·STATE VOLTAGE 
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FIGURE 4 - FORWARD BLOCKING CURRENT 
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FIGURE 6 - OUTPUT VOLTAGE (FUNCTION OF RL AND Cel 
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MUS4987, MUS4988 (continued) 

MERCURY RELAY 

-=- 12 V 

FIGURE 9 - PEAK OUTPUT VOLTAGE TEST CIRCUIT 

1.0kn 0.01 ~F 

10K 

o C~O.U.T. 

Cc 
II 

" 

FIGURE 10 - TURN-ON TIME TEST CIRCUIT 

ANODE 
VOLTAGE Vs 

O.U.T. 

VF 

VF +o.lIVs-VFI 

Turn-on time is measured from the time Vs is achieved to the time when the anode voltage drops to within 90% of the difference between Vs and VF. 

5.0 V 

lOon 

MERCURY 
RELAY 

FIGURE 11 - TURN-OFF TIME TEST CIRCUIT 

40n 

D.U.T. 

ANODE 
VOLTAGE 

With the SUS in conduction and the relay contacts open, the contacts are closed and the anode is driven negative. C is decreased, and when the 
anode voltage becomes positive, the SUS remains off. The turn-off time, toft. is the time between initial contact closure and the point where the 
anode voltage passes through zero volts. 
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MV104 (SILICON) 

VVC --.!f-

SILICON EPICAP DIODES 

· .. designed for FM tuning, general frequency control and tuning, or 
any top-of-the-line application requiring back-to-back diode configu
rations for minimum signal distortion and detuning. This device is 
supplied in the popular TO-92 plastic package for high volume, 
economical requirements of consumer and industrial applications. 

• Guaranteed Capacitance Range - 37 -42 pF @ V R = 3.0 Vdc 

• Dual Diodes - Save Space and Reduce Cost 

• TO-92 Package for Easy Handling and Mounting 

• Guaranteed Matching" Tolerance From Diode to Diode and 

Group to Group 

• Monolithic Chip Provides Near Perfect Matching - Guaranteed 

± 1% (Max) Over Specified Tuning Range. 
*Upon request, diodes are available in matched sets of any number,or in 
matched groups. All diodes in a set or group can be matched for capacitance to 
±1.5% or 0.1 pF (whichever is greater) over the specified tuning range. 

MAXIMUM RATINGS (Each Device) 

Rating Svmbol Value 

Reverse Voltage VR 32 

Forward Current 'F 200 

Total ~ower Dissipation q:]T A = Po 280 
25 C Derate above 25 C 2.8 

Junction Temperature TJ +125 

Storage Temperature Range Tstg -65 to +150 

FIGURE 1 - DIODE CAPACITANCE lEach Devicel 
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Unit 

Volts 

mA 

mW 
mW/oC 

°c 
°c 

DUAL 
VOLTAGE-VARIABLE 

CAPACITANCE DIODES 

37-42 pF 

32 VOLTS 

S"too, PI,", r-l---;;t;5 
L~ 0185 

1 
0.500 
MIN 

leads to ht lnto 
0.DI6 
I!1IT9 

DIA HOLE (TYPI-

~ 
°TO~O -I U-

-J LO.050 ¥ T.P . 
Pinl Pin 3 

Al A2 

P;o1 ~50(~MI &mR . 

c 1'13~ 
STYLE 15: - _0-

PIN 1. ANODE 1 I 
2. CATHODE 
3. ANOOE 1 0.085 R. 0.045 

11]95 0.055 

To convert inches to millimeters multiply by 25.4 

All JEOEC dimensions and notes apply 

CASE 29·01 
TO·92 

PLASTIC 



MV104 (continued) 

ELECTRICAL CHARACTERISTICS (T A ~ 25°C unless otherwise noted. Each Device) 

Characteristic-All Types Symbol Min Typ Max 

Reverse Breakdown Voltage BVR 32 - -
OR = 10 "Adc) 

Reverse Voltage Leakage Current T A = 25°C IR 50 
(VR = 30 Vdc) TA=60oC - - 500 

Series Inductance LS 6.0 
(f = 250 MHz. Lead Length"", 1/16") 

Case Capacitance Cc 0.18 -
If = 1.0 MHz, Lead Length"", 1/16") 

Diode Capacitance Temperature Coefficient TCC - 280 400 
(VR = 4.0 Vdc. f = 1.0 MHz) 

CT, Diode Capacitance Q, Figure of Merit CR. Capacitance Ratio 
VR=3.0Vdc.f= 1.0MHz VR = 3.0Vdc CalC30 

pF f = 100 MHz f=1.0MHz 

Device Min I Max Min Min I Max 

MV104 37 I 42 100 2.5 1 2.8 

TYPICAL CHARACTERISTICS (Each DeviCl!) 

FIGURE 2 - FIGURE OF MERIT 
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FIGURE 3 - FIGURE OF MERIT 
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MV 1 09 (SILICON) 

VVC~r--

81 LICON EPICAP DIODE 

· .. designed in the new low·inductance Mini·L package for high 
volume requirements in VHF TV tuning, AFC, general frequency 
control and tuning applications; providing solid·state reliability in 
replacement of mechanical tuning methods. 

• High Q With Guaranteed Minimum Values at VHF Frequencies 

• Controlled and Uniform Tuning Ratio 

• Low Inductance Mini·L Package 

• Guaranteed Matching' Tolerance From Diode to Diode and Group 
to Group 

... Upon request, diodes are available in matched sets of any number or in matched 
groups. All diodes in a set or group can be matched for capacitance to ±3% 
or 0.1 pF (whichever is greater) along the entire specified tuning range. 

MAXIMUM RATINGS 

Rating Symbol Value 

Reverse Voltage VR 30 

Forward Current IF 200 

Device Dissipation @ T A == 25°C Po 400 
Derate above 2SoC 4.0 

Junction Temperature TJ +125 

Storage Temperature Range Tstg -65 to +150 

FIGURE 1 - DIODE CAPACITANCE 
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Unit 

Volts 

mA 

mW 
mW/oC 

°c 
°c 

VOLTAGE VARIABLE 
CAPACITANCE DIODE 

26-32 pF 

0.152 0.006 RAD 

0.045 rO.162l 0.010 .. ;~ 1[::::1 : 
1 2 ~ f 0.125 

I 0026. 0.039 0.035 L I h ~029 qmQ 
0044 _ -'--
0.054 0.036 

0.051 
0.061 

0.062 
0.072 

f-----:m ------I 

CASE 226 



MV109 (continued) 

ELECTRICAL CHARACTERISTICS (T A = 250 C unless otherwise noted) 

Characteristi.c-AII Types Symbol Min Typ Max Unit 

Reverse Breakdown Voltage B·VR 30 - - Vdc 
(tR-io~Adc) 

Revers,e Voltage Leakage Current IR - - 0.1 ~Adc 

(VR 025 Vdc. TA 0 250 C) 

Series Inductance LS· 3.0 - nH 
(f = 250 MHz. Measured at Lead Stop""I/S") 

Case Capacitance Cc 0.1 - pF 
If = 1.0 MHz) 

Diode Capacitance Temperature Coefficient TCC 300 400· ppm/oC 
IVR = 3.0 Vdc. f = 1.0 MHz) 

CT. Diode Capacitance Q. Figure of Merit CR. Capacitance Ratio 
VR =3.0Vdc,f= 1.0MHz VR = 3.0 Vde C3/C25 Package 

pF f = 50 MHz f = 1.0 MHz Stripe 

I Device Min I Nom I Max Min Min I Max Color 

I MV109 26 I 29 I 32 2S0 5.0 I 6.5 RED 

FIGURE 2 - FIGURE OF MERIT FIGURE 3 - LEAKAGE CURRENT 
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NOTES ON TESTING AND SPECIFICATIONS 

1. LS is measured on a package having a short instead of a die, using an 
impedance bridge IBoonton Radio Model 250A RX Meted. 

2. Cc is measured on a package without a die, .using a capacitance 
bridge (Boonton Electronics Model 75A or equivalent). 

3. 0 is caiculated by taking the G and C readings of an admittance 

bridge. such as Boonton Electronics Model 33AS8, at the specified 
frequency and substituting in the following equation: 

-25 +25 +50 +15 +100 +125 4. CR is the ratiQ of CT measured at 3.0 Vdc divided by CT measured 
at 25 Vdc. 

TA. AMBIENTTEMPERATURE IOC) 
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MV830 thru MV840 (SILICON) 

Silicon voltage-variable capacitance diodes, de
signed for electronic-tuning applications from 15 to 
100 pF. 

CASE 51 
(00·7) 

Polarity band on 
cathode end 

MAXIMUM RATINGS ITt = 25°C unless otherwise noted) 

Rating Symbol 

Reverse Voltage VR 

Forward Current IF 

Device Dissipation @ T A = 25°C PD 

Derate above 25°C 

Device Dissipation@ TC = 25°C PD 
Derate above 25°C 

Junction Temperature TJ 

storage Temperature Range Tstg 

3-967 

Value Unit 

30 Vdc 

250 mAde 

400 mW 

2.67 mW/oC 

2.0 W 

13.3 mW/oC 

+ 175 °c 

-65 to+200 °c 



MV830 thru MV840 (continued) 

ELECTRICAL CHARACTERISTICS (TA = 2S0C unless otherwise noted) See Notes 

Characteristfc - All Types Symbol Test Conditions Min Typ Max Unit 

Reverse Breakdown Voltage BVR IR = 10 /lAde 30 - - Vde 

Reverse Voltage Leakage Current IR VR = 25 Vdc - - 0.2 /lAdc 

Series Inductance LS f = 250 MHz, L .:= 1/16" - 5 10 nH 

Case Capacitance Cc f=lMHz,L=O - 0.25 0.3 pF 

CT, Diode Capacitance TR, Tuning Ratio 
Q, Figure 01 Merit 

VR = 4 Vdc, 1 = 1 MHz l=lMHz 
pF C4/CZ5 VR = 4Vdc, 1= 50 MHz a 

Device Min Typ Max Min Typ Min Typ Min Typ 

MV830 13.5 15.0 16.5 1.8 2.00 30 35 0.32 0.375 

MV831 16.2 18.0 19.8 1.8 2.00 25 30 0.32 0.375 

MV832 19.8 22.0 24.2 1.8 2.10 25 30 0.32 0.40 

MV833 24.3 27.0 29.7 1.8 2.10 25 30 0.32 0.40 

MV834 29.7 33.0 36.3 1.9 2.12 20 25 0.35 0.41 

MV835 35.1 39.0 42.9 1.9 2.12 20 25 0.35 0.41 

MV836 42.3 47.0 51.7 1.9 2.15 15 20 0.35 0.415 

MV837 50.4 56.0 61.6 1.9 2.15 15 20 0.35 0.415 

MV838 61.2 68.0 74.8 2.0 2.18 15 20 0.375 0.425 

MV839 73.8 82.0 90.2 2.0 2.18 10 15 0.375 0.425 

MV840 90.0 100.0 110.0 2.0 2.18 10 15 0.375 0.425 

PARAMETER TEST METHODS 

1. Ls, SERIES INDUCTANCE 
ls is measured on a shorted package at 250 MH. using an 
impedance bridge (Boonton Radio Model 2~ RX Meter). 
L = lead length. 

2. Cc• CASE CAPACITANCE 
CC is measured on an open package at IMH. using a capaci· 
tance bridge (Boonton Electronics Model 75A). 

3. CT. DIODE CAPACITANCE 
(Cr = Cc + C.). c, is measured at IMH. using a capacitance 
bridge (Boonton Electronics Model 33ASS). 

4. TR. TUNING RATIO 
TR is the ratio of C, measured at 4 Vdc divided by C, meas· 
ured at 25 Vdc. 

5. Q, FIGURE OF MERIT 
Q is calculated by taking the G and C readings of an admit· 
tance bridge at the specified frequency and substituting in 
the following equations: 

Q=2 .. tc 
G 

(Boonton Electronics Model 33ASS). 

6. «. DIODE CAPACITANCE REVERSE VOLTAGE SLOPE 
The diode capacitance. C, (as measured at V. = 4Vdc, 
f = 1 ,MH.~is compared to C, (as measured at V. = 30Vdc, 
f = 1 MH.) by the following equation which defines a. 

a log C,(4) - log C,(30) 
log30-log4 

Note that a C, versus V. law is assumed as shown in the 
following equation where Cc is included. 

3-968 

C,=~ 
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MV1401, MV1403(SILICON) 
MV1404, MV1405 

vvc --..!~ 

SILICON HYPER-ABRUPT JUNCTION 
TUNING DIODES 

· .. designed with a capacitance change of greater than TEN TIMES 
for a bias change ranging from 2 to 10 volts. Provides tuning over 
broad frequency ranges, tuning AM radio broadcast band, general 
AFC and tuning applications in lower R F frequencies. 

• High 0 with Guaranteed Minimum Values 

• Broad Capacitance Selection from 120-550 pF (Nominal Values) 

• Available in Two Standard Glass Packages 

MAXIMUM RATINGS 

Rating Svmbol Value Unit 

Reverse Voltage VR 12 Volts 

Forward Current IF 250 mA 

Device Dissipation@TA = 25°C Po 400 mW 

De,ate above 25°C 2.67 mW/oC 

Junction Temperature TJ +175 °c 
Storage Temperature Range Tstg -65 to +200 °c 

3-969 

HIGH TUNING RATIO 
VOLTAGE - VARIABLE 
CAPACITANCE DIODES 

MV1403 
MV1404 
MV1405 

CASE 51 

CASE 51 

00·7 

120-550 pF 
12 VOLTS 

MV1401 

CASE 146 

CASE 146 

00·14 

0.108 0lA o:m 

0.018 DIA 

"'" 



MV1401, MV1403, MV1404, MV1405 (continued) 

ELECTRICAL CHARACTERISTICS (T A = 25°C unless otherwise noted) 

Characteristic-All Types Symbol Min 

Reverse Braakdown Voltage BVR 12 
(lR = 10 "Adc) 

Reverse Voltage Leakage Current 'R -
(VR = 10 Vdc, TA = 250 C) 

Saries Inductance Ls -
(f = 250 MHz,Lead Length"" 1116") 

Case Capacitance Cc -
(f = 1.0 MHz, Lead Length"" 1/16") 

CT. Diode Capacitance 

VR = 1.0 Vdc, f = 1.0 MHz VR = 2.0 Vdc, f = 1.0 MHz 
pF pF 

Device Min Nom Max Min Nom 

MVI401 468 550 633 - -
MV1403 - - - 140 175 
MVI404 - - - 96 120 
MVI405 - - - 200 250 

PARAMETER TEST METHODS 

1. LS, SERIES INDUCTANCE 
LS is measured on a shorted package at 250 MHz using an 
impedance bridge (Boonton Radio Model 250A RX Meter). 

2. Ce, CASE CAPACITANCE 
Cc is measured on an open package at 1.0 MHz using a capacitance 
bridge (Boonton Electronics Model 75A or equivalent). 

3. CT, DIODE CAPACITANCE 

Max 

-
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144 
300 

700 

500 

_ 300 

: 200 

z 

-

Typ Max Unit 

- - Vdc 

- 0.10 "Adc 

5.0 - nH 

0.25 - pF 

Q, Figure of Merit TR, Tuning Ratio 

VR =2.0Vdc, Cl /C IO C2/C l0 
f= 1.0 MHz f-1.0MHz f= 1.0 MHz 

Min Min Min 

200 14 -
200 - 10 
200 - 10 
200 - 10 

FIGURE 1 - DIODE CAPACITANCE 

versus REVERSE VOLTAGE 

MV1405 

N 

I' :-..... MV1401 
I - ....... . -......: ~ (CT = Cc + CJ). CT is measured at 1.0 MHz using a capacitance 

bridge (Boonton Electronics Model 75A or equivalent). ~ 100 

~ 70 
~ 50 

_MV1403 

4. TR, TUNING RATIO 

TR is the ratio of CT measured at 2.0 Vdc (1.0 Vdc for MV1401) 
divided by CT measured at 10 Vdc. 

5. Q, FIGURE OF MERIT 
Q is calculated by taking the G and C readings of an edmittance 
bridge at the specified frequency and substituting in the following 
equation: 

2"fC 
Q=

G 

(Boonton Electronics Model 33ASS). Use Lead Length ""1116". 
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MV1620 thru MV1650 (SILICON) 

Silicon Epicap diodes, epitaxial passivated tuning 
diodes designed for AFC applications in radio, TV, 
and general electronic-tuning, 

CASE 51 
(00-7) 

MAXI MUM RATI NGS (To = 25'C unless otherwise noted) 

Rating 

Reverse Voltage 

Forward Current 

Device Dissipation @ T A = 25° C 

Derate above 25° C 

Device Dissipation @ T C = 25" C 

Derate above 25" C 

Junction Temperature 

Storage Temperature Range 

ELECTRICAL CHARACTERISTICS (T. - 25'C ", ... "h.~i .. """') -

Symbol 

VR 

IF 

PD 

PD 

TJ 

T stg 

Characteristic - All Types Test Conditions Symbol 

Reverse Breakdo oNn Voltage IR ; 10 /lAde BVR 

Reverse Voltage Leakage Current VR ;15Vde IR 

Series Inductance f ; 250 MHz, lead length~I/16" LS 

Case Capacitance I ; I MHz, lead length ~ 1/16" Cc 

CT, Diode Capacitance 
V. = 4 Vdc, f =lMHz 

Device pF 

Min Nom Max 

MVI620 6.1 6.8 7.5 
MVI622 7.4 8.2 9.0 
MVI624 9.0 10.0 II. 0 
MVI626 10.8 12.0 13.2 

MVI628 13.5 15.0 16.5 
MVI630 16.2 18.0 19.8 
MVI632 18.0 20.0 22.0 
MVI634 19.8 22.0 24.2 

MVI636 24.3 27.0 29.7 
MVI638 29.7 33.0 36.3 
MVI640 35.1 39.0 42.9 
MVI642 42.3 47.0 51. 7 

MVI644 50.4 56.0 61. 6 
MVI646 61. 2 68.0 74.8 
MVI648 73.8 82.0 90.2 
MVI650 90.0 100.0 110.0 

'* TR, Tuning Ratio, is the ratio of CT measured at·2 Vdc divided by CT measured at·20 Vdc, 
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Value Unit 

20 Volts 

250 mAdc 

400 mW 

2.67 mWj"C 

2 Watts 

13.3 mWj"C 

+175 "C 

-65 to +200 "C 

Min Typ Max Unit 

20 - - Vdc 

- - 0.1 /lAdc 

- 5.0 10 nH 

- 0.25 0.3 pF 

Q, Figure of Merit 
TR, Tuning Ratio' 

C2/C 20 
V. = 4 Vdc, f= I MHz 
f=50MHz 

Min Min Max 

300 2.0 3.2 
300 2.0 3.2 
300 2.0 3.2 
300 2.0 3.2 

250 2.0 3.2 
250 2.0 3.2 
250 2.0 3.2 
250 2.0 3.2 

200 2.0 3.2 
200 2.0 3.2 
200 2.0 3.2 
200 2.0 3.2 

ISO 2.0 3.2 
ISO 2.0 3.2 
ISO 2.0 3.2 
ISO 2.0 3.2 



MV1652 (SILICON) 

MV1654 
MV1656 
MV1658 
MV1660 
MV1662 
MV1664 
MV1666 

Silic.on epicap epitaxial passivated tuning diodes 
designed for general tuning, trimming and AFC applica
tions at low radio frequencies. 

CASE 146 

MAXIMUM RATINGS 

Rating 

Reverse Voltage 

Forward Current 

Total Device Dissipation @ T A = 25°C 

Derate above 25°C 

Junction Temperature 

Storage Temperature Range 

FIGURE 1 - DIODE CAPACITANCE venus 
REVERSE VOLTAGE 

Symbol 

VR 

IF 

PD 

TJ 

T stg 

1000 

600 

j 400 - MVI866 MV1662-
w .., 
~200 

~ 100 
- 80 
~ 60 
o 
c; 40 

20 

10 
1.0 

--"'- r-"" .I 
:------ r--;. -I- ~ -r-

MV1652 I-MV165 6f-MVI860-

2.0 4.0 6.0 8.0 10 20 

YR. REVERSE VOLTAGE 
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MV1652 
MV1654 
MV1656 MV1662 
MV1658 MV1664 Unit MV1660 MV1666 

20 15 Vdc 

400 mAdc 

400 mW 

2.67 mW/OC 

175 OC 

-65 to +200 OC 

PARAMETER TEST METHODS 
1. LS. SERIES INDUCTANCE 

LS. is determined from the self resonant frequency and 
the junction capacity of the device. 

LS= __ 1_ 

w~ .. CJ 

2. CT. DIODE CAPACITANCE 
(CT = Cc +. CJ). CT is measured at 1.0 MHz using a 
capacitance bridge (Boonton Electronics Model 75A or 
equivalent!. 

3. TR. TUNING RATIO 
TR is the retio of CT measured at 2.0 Vdc divided by CT 
measured at 20 Vdc or at 15 Vdc. 

4. a. FIGURE OF MERIT 
Q is calculated by taking the G and C readings of an ad
mittance bridge at the specified frequency and substituting 
in the following equations: 

2rlC 
Q=G 

(Boonton Electronics Model 33AS9 with range extender 
or equivalent). 



MV1652/1654/1656/1658/1660/1662/1664/1666 (continued) 

ELECTRICAL CHARACTERISTICS (T A = 2S"C unless otherwise noted) 

Characteristic Symbol Min Typ Max Unit 

Reverse Breakdown Voltage BVR Vdc 
(~ = 10 !lAde) MV1652 thru MV1660 20 - -

MV1662 thru MV1666 15 - -
Reverse Current IR !lAdc 

(VR = 15 Vde) MV1652 thru MV1660 - - 0.1 . 

(VR = 10 Vdc) MV1662 thru MV1666 - - 0.1 

Series Inductance MV1652 thru MV1666 LS - 5.0 - nH 

Cy, Diode Capacitance 
Q, Figure of Merit 

Capacitance Ratio 

Device VR = 4.0 Vdc, f = 1.0 MHz VR=4.0 Vdc, C2/C20 
(pF) 

f=20 MHz 
Min Nom Max Typical 

MV1652 108 120 135 250 2.6 

MV1654 132 150 165 250 2.6 

MV1656 162 180 198 200 2.6 

MV1658 180 200 220 200 2.6 

MV1660 198 220 242 150 2.6 

C2/C 15 

MV1662 225 250 275 150 2.3 

MV1664 243 270 300 100 2.3 

MV1666 297 330 363 100 2.3 

MV1804 (SILICON) For Specifications, See IN4387 Data, Volume 1. 
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MV180SC (SILICON) 

High - frequency step - recovery silicon power 
varactor for 100 MHz to 2.0 GHz harmonic - generation 
applications with output power up to 35 watts at 1.0 GHz. 

CASE 47 

MAXIMUM RATINGS IT A = 25°C unless otherwise noted) 

Rating Symbol Value Unit 

Reverse Voltage VR 80 Volts 

Forward Current IF 5.0 Amps 

RF Power Input Pin 50 Watts 

Total Device Dissipation @ T A = 75°C PD 18 Watts 

Derate above 75°C 0.14 W/OC 

JlUlction Temperature TJ +200 °c 

Storage Temperature Range Tstg -65 to+200 °c 

ELECTRICAL CHARACTERISTICS IT A = 2SoC unless otherwise noted) 

Characteristic Symbol Test Conditions Min Typ Max Unit 

Reverse Breakdown Voltage BVR IR = 10/lAdc 80 95 - Vdc 

Reverse Current IR VR= 70Vdc - - 2 /lAdc 

VR= 70 Vdc, TA = 150°C - - 100 

Diode Capacitance CT VR = 6 Vdc, f = 1.0 MHz 20 25 30 pF 

Figure of Merit Q VR = 6 Vdc, f = 50 MHz, - 500 - -
Thermal Resistance 'JC - - 7 °C/W 

FUNCTIONAL TEST 

Test Setup Figure 4 
RF Power Output Pout 26 - - Watts 

Pin = 40 Watts 

Tripier Efficiency 
fin = 250 MHz 

65 % 
" - -

fout = 750 MHz 
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MV l80Se (continued) 

100 
70 
50 

; : 
~ 
is 10 

~ 7.0 
II:: 5.0 

oJ 3.0 

2.0 

1.0 

POWER OUTPUT "ISUS OUTPUT FREQUENCY 

FIGURE lA - DOUBLING (X2) 

I I - -_ P;,-45W 

- - - r-- 30W 

20W 

lOW 

f--- Rb;H = SOk OHMS 
-:----- 5W 

, I I 
200 400 600 800 1000 1200 1400 1600 1800 2000 2200 

; 
5 
~ = 0 

B5 

~ 
i ... 

1_ •• OUTPUT fREQUENCY IMHz! 

FIGURE 1 B - TRIPLING (X3) 

100 
70 
50 

30 

20 t-:-. P;, - 45 W _ -- I- 30W 

10 20W 
7.0 
5.0 lOW 

3.0 J 

t- 5W 
2.0 r-- tb;" =,5lkjS 

1.0 
200 400 600 800 1000 1200 1400 1600 1800 2000 2200 

Ih •• OUTPUT FREOUENCY IMHz! 

TABLE 1 - TYPICAL QUADRUPLING (X4) 

I;, = 275 MHz. I ••• = lIOO MHz. R.; .. = lOOk OHMS 

INPUT POWER 
Watts 

5 
10 
20 
30 
40 
45 

INPUT POWER 
Watts 

5 
10 

OUTPUT POWER 
Watts 

2.6 
5.4 

10.6 
14.4 
19.0 
20.6 

TABLE 2 - TYPICAL ONE·STEP(X9) 

EFfiCIENCY 
"-

52 
54 
53 
48 
47.5 
45.S 

I;, = 50 MHz. I ... = 450 MHz. R .... = 5k OHMS 

OUTPUT POWEll 
Walts 

1.4 
2.7 

EFfICIENCY 

" 2S 
27 
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FIGURE 2 - TRIPlER LINEARITY CHARACTERISTICS 

30 

27 

24 

~ 21 
~ 

~ IS 
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FIGURE 3 - CAPACITANCE versus REVERSE VOLTAGE 
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~ 
50 

~ 
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r--
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10 
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VR• REVERSE VOLTAGE IVd.! 

FIGURE 4 - HARMONIC TRIPlER - 250 MHz to 750 MHz 

fie = 250 MHz 
li. = 5O{l 
Pi. = 40W 

UG-625/U l, 

1-30pf 

1·20 pf 

L, MVIS05C 

1·30pf 

L, - 2 TURNS #16 WIRE.l!!" DlA .• W SPACING 0.8·10 pf 
L,-I TURN #16 WIRE. W DIA .• iii" SPACING 
L, - COPPER STRAP. 0.20" WIDE. 14' LONG 
L. - COPPER STRAP. 0.20" WIDE. 14" LONG. 

SPACED 0.10" FROM L, -= -= 

f ••• = 750 MHz 
Z. .. =5O{l 

0.8·10 
pf 

UG-625/U 

0.8·IOpF 



MV1806 (SILICON) 

For Specifications, See 1N4388 Data, Volume 1. 

MV1806C, MV1807C (SILICON) 

For Specifications, See 1NS149 Data. 

MV1807Cl, MV1808Bl, MV1808Cl, MV1810Bl 

For Specifications, See 1NS1S0A Data. 

MV1808A, MV1808B, MV1808C (SILICON) 

For Specifications, See INSIS1 Data. 
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MV1809C (SILICON) 

MV1809Cl 

'~h,d. \ 
Silicon high-frequency step-recovery power varac

tors for 300 MHz to 3.0 GHz harmonic-generation ap
plications with output power to 17 watts at 2. 0 GHz. 

CASE 47 

MAXIMUM RATINGS (Tc = 25·C unless otherwise noted) 

Rating Symbol Value Unit 

Reverse Voltage VR 75 Vdc 

Forward Current IF 5.0 Adc 

RF Power Input MVI809C Pin 25 Watts 
MVI809Cl 30 

Total Device DiSSipation @ TC = 75°C MV1809C PD 9.0 Watts 
MV1809Cl 14 

Derate above 75°C MVI809C 0.07 mW;oC 
MVI809Cl 0.11 

Operating and Storage Junction TJ , Tstg -65 to +200 ·C 
Temperature Range 

/ 

FIGURE 1 - HARMONIC DOUBLER EFFICIENCY TEST CIRCUIT 

1.0 GHz COAX CAVITY 2.0 GHz COAX CAVITY 

~- ~--+--II-+---~2.0GH' 
I l I lout = 50n 

1.0 GHz o---t---( 
lin = 50n 
Pin = 25 W 

0.8-
10 pF 

150 kn 
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MV1809C, MV1809C 1 (continued) 

ELECTRICAL CHARACTERISTICS (T A = 2S'C unle •• otherwise noted) 

Characteristic Symbol Min Typ Max Unit 

Reverse Breakdown Voltage BVR Vdc 
(IR = 10 /.LAde) 75 - -

Reverse Current IR /JAdc 
(VR = 70 Vdc) - - 2.0 

(V R = 70 Vdc, T A = 150'C) - - 100 

Diode Capacitance (C J + CC) MV1809C CT pF 

(V R = 6.0 Vdc, f =1. OMHz) MV1809C 9.6 - 14.4 
MV1809C1 10.8 - 13.2 

Case Capacitance Cc - 0.47 - pF 

Series Inductance LS - 2.2 - nH 

Series Resistance RS Ohm 
(VR = 6.0 Vdc) - 0.35 0.5 

Thermal Resistance MV1809C 8JC - - 14 ·C/W 
MV1809C1 - - 9.0 

FUNCTIONAL TESTS 

MV1809Cl 

Power Output Doubler Test Circuit (Figure 1) P out 14.5 - - Watt 

Efficiency 
Pin = 25 W, fin = 1. 0 GHz, 

~ 58 - - % fout = 2.0 GHz 

MV1809C 

Power Output Doubler Test Circuit (Figure 1) P out 10.4 - - Watt 

Efficiency 
Pin = 20 W, fin = 1. 0 GHz, 

~ 52 - - % fout = 2.0 GHz 

FIGURE 2 - POWER OUTPUT versus POWER INPUT 

25 I I I 
Circuit Retuned at Each Power level 

20 
(i) .-.-

I 
I 

fin = 1.0 GHz 

~ 
.- 15 ::::> 
Q.. .-
::::> 
0 
0::: ..... 10 ~ 
Q.. 

-s 
0 

Q.. 

5.0 

fout = 2.0 GHz ~ 

V 
.... 

./ 

/ 
V 

./ 

./ 
V 

o o 5.0 10 15 20 25 30 

Pin, POWER INPUT (WAITS) 

MV1810A, MV181 OB (SILICON) 

For Specifications, See IN5154 Data. 

MV1812A, M1812B (SILICON) 

For Specifications, See IN5156 Data. 
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MV1816A, 8 (SILICON) 

MV1816A1,81 

~cathode 

~ 

Silicon high-frequency power varactors designed for 
high efficiency in frequency multiplier applications. 
Permits ONE-STEP multiplication to frequencies as 
high as 3.0 GHz. 

MAXIMUM RATINGS (Tc = 2S'C unless otherwise noted) 

cathode 

~ 

CASE 46 

MY1818B 
MY1818B1 

CASE 48 

MV1818A 
MY1818A1 

Rating 

Reverse Voltage 

Forward Current 

RF Power Input 

Total Device Dissipation @TC = 25'C 

MV1816A, MV1816B 
Derate above 25' C 

MV1816A1, MV1816B1 
Derate above 25' C 

Operating and storage Junction 
Temperature Range 

Symbol Value 

VR 75 

~ 2.5 

Pin 10 

PD 
7.5 
43 

11.5 
66 

TJ , Tstg -65 to +200 

ELECTRICAL CHARACTERISTICS (T A = 25-C unless otherwise noted) 

Characteristic Symbol Min Typ Max 

Reverse Breakdown Voltage BVR 
(~ = 10 /lAdc) 75 103 -

Reverse Current ~ 
(VR = 60 Vdc) - - 1.0 

(VR " 80 Vdc, TA = 150·C) - - 100 

Diode Capacitance (CJ + CC) CT 
(VR = 8.0 Vdc, f = 1.0 MHz) MV1816A 2.5 - 3.7 

MV1816Al 2.8 - 3.4 
MV1818B 2.4 - 3.8 
MV1818Bl 2.7 - 3.3 

Case Capacitance MV1816A, MV1816Al Cc - 0.26 -
MV1818B, MV1818Bl - 0.15 -

Series Inductance LS - 0.85 -
Series Resistance RS 

(VR = 8. 0 Vdc) - 0.57 -
Minority Carrier Lifetime .,. 
(~ ,. 1. 7 ~, when ~ = 10 mAl MV1818Bl - 580 -

Transition Time tt 
(~ = 10 mA, ZL ,. 50 ohms; measured between the - 1.25 -

20% and 80% polnts) 

Thermal Resistance MV1816A, MV18l8B 6JC - - 23 
MVl816Al, MV1818Bl - 8.5 15 

FUNCTIONAL TEST 

Power Output X 8 Test Circuit MV18l6A, MV1818B Pout 0.8 - -
(Figure 1) MV1816Al, MVl8l8Bl 0.75 - -

Pin =3.0W, 
Efficiency fin = 300 MHz, MV1816A, MV1818B 1) 20 - -

fout = 2.4 GHa MV1816Al, MV1818Bl 25 - -
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Unit 

Vdc 

Adc 

Watts 

Watts 
mW/'C 
Watts 

mW/'C 

·C 

Unit 

Vdc 

/lAdc 

pF 

pF 

nH 

Ohm 

os 

os 

·C/W 

Watt 

% 



MV1816A, B, MV1816A1, B1 (continued) 

FIGURE 1 - OCTUPLER TEST CIRCUIT 

CENTER POST, O.ISO" 00. 0.116" 10, 0.68" LONG 

Cu HARMONIC SUPPRESSOR TAB ----,. 

GHz CAVITY, 13/32" • 13/32" • 13/16" 

#2·56 BERYLLIUM Cu 

TEFLON SLEEVE, 0.116" 00, 0.86" 10, O.SO" LONG 

RESISTIVE PAINT 81AS RESISTOR'" 120 k" Cu COUPLING TABS, 0.20" LONG, 0.10" WIDE, 
SPACED'" 0.02" FROM CENTER POST 

fIGURE 2 - CAPACITAJICE ¥tISIIS REYERS( VOLTAGE FIGURE 3 - OUTPUT POWER vellUS INPUT POWER 

10 2.5 

0 V-
V 

7.0 

0 

O. 

5 

V 
0 

V :L 
2.0 4.0 6.0 B.O 10 

"-

0 I. 
2.0 3.0 5.0 7.0 10 20 30 50 70 100 

VR, REVERSE VOlTAGE !VOlTS) Pi .. INPUT POWER (WATTS) 

FIGURE 4- SERIES RESISTANCE versus REVERSE VOLTAGE 

3.0,.---_,------.,-----,.----.------r---,..----..,----,----.,-----, 

2.SI----f-----1----+----+----+----+----+-----t----t-----1 

I !il 2.0 

ti 
~ I.S~--~r_--~---_+---_+---_r---_+_---+_---t_---t_--~ 

! 1.0r~"'.---r-----+------+------+------+-----~------4-----~-------r----~ 
o.st-:::::::::=r==1"""""'-t---t===F=::::f:====i==:t-ir--l 

10 20 30 40 50 60 70 80 90 100 
VR, REVERSE VOLTAGE !VOLTS) 
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MV1817A, 8 (SILICON) 

MV1817A1,81 

~th.d.~ Silicon high-frequency step-recovery power varactors 
designed for high efficiency in frequency multiplier 
applications. Permits ONE- STEP multiplication to 
frequencies as high as 8.0 GHz. 

CASE 46 
MV1817B 
MV1817B1 

MAXIMUM RATINGS (Te = 25"C unless otherwise noted) 

cathode, 

~ 

CASE 48 
MV1817A 
MV1817A1 

Rating 

Reverse Voltage 

Forward Current 

RF Power Input 

Total Device Dissipation @ T C = 25·C 

MVI817A, MVI817B 
Derate above 25·C 

MVI817AI, MVI817BI 
Derate above 25·C 

Operating and Storage Junction 
Temperature Range 

Symbol Value 

VR 35 

IF 0.80 

P. 
m 

2.0 

PD 
5.0 
28 

7.0 
40 

TJ , Tstg -65 to +200 

ELECTRICAL CHARACTERISTICS (T ... = 25°C unless otherwise noted) 

Characteristic Symbol Min Typ Max 
Reverse Breakdown Voltage BVR 

(IR = 10 /JAdc) 35 60 -
Reverse Current IR 

(VR = ~~ Vdc) - - 1.0 

(VR = 2& Vdc, T A = 150·C) - - 100 

Diode CapaCitance (C J + CC) CT -
(VR = 6.0 Vdc, f = 1.0 MHz) MVI817A 0.9 - 1.3 

MVI817AI 1.0 - 1.2 
MVI817B 0.8 - 1.2 
MVI817BI 0.9 - 1.1 

Case Capacitance MVI817A, MVI817Al Cc - 0.25 -
MVI817B, MVI817Bl - 0.15 -

Series Inductance Ls - 0.85 -
Series Resistance lis (VR = 6.0 Vdc) - 0.80 -
MInority Carrier Lifetime T 

(IF' 1.7 IR' when IF = 10 mAl - 120 -
Transition Time tt 

(IF = 10 rnA, ZL = 50 ohms; measured between the - 0.4 -
20% and 80% points) 

Thermal Resistance MVI817A, MVI817B, 9JC - - 35 
MVI817AI MV1817BI - 12.5 25 

FUNCTIONAL TESTS 

Power Output X 8 Test Circuit MVI817A, MVI817B Pout 0.2 - -
(Figure I) MVI817AI, MVI817BI 0.25 - -

Efficiency Pin = 1.0 W, MVI817A, MVI817B ~ 20 - -
fin • 800 MHz, MVI817AI, MVI817BI 25 - -
fout = II. 4 GHz 
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Unit 

Vdc 

Adc 

Watts 

Watts 
mW/"C 

Watts 
mW/"C 

·C 

Unit 

Ydc 

/JAdc 

pF 

pF 

nR 

Ohm 

ns 

ns 

·C/W 

Watt 

% 



MV1817A, B, MV1817A1, B1 (continued) 

FIGURE 1 - OCTUPLER TEST CIRCUIT 

BRASS CENTER CONDUCTOR, DRILL AND FACE FOR 
PILL WITH PRONGS. 0.750" LONG, VERTICAL 
SECTION 0.20" HIGH, 0.150" DIA 

Cu COIL, 1 TURN #16 WIRE, 
3/32" 10, 1/16" SPACING 

Cu HARMONIC SUPPRESSOR TAB---..l 

i 

5.0 

3.0 

2.0 

~ 1.0 
~ 0.7 
~ 0.5 

0.3 

0.2 

o. 1 

FIGURE 2 - CAPACITANCE versus REVERSE VOLTAGE 
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FIGURE 3 - OUTPUT POWER versus INPUT POWER 
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FIGURE 4 - SERIES RESISTANCE versus REVERSE VOL lAGE 
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MV1858D ,MV1860D, MV1862D,(sILiCON) 
MV1863D, MV1864D, MV1865D, 
MV1866D, MV1868D, MV1870D 

VVC -+ir-
SILICON EPICAP DIODES 

· .. designed for electronic tuning and control applications in the UHF 
and lower microwave frequency ranges, where extremely high a and 
broad tuning ratio are required. 

• Excellent a Factor at High Frequencies 
• Low Capacitance Values - as low as 1.0 pF 
• Wide Tuning Range - to 60 Volts 
• Guaranteed Temperature Coefficient 
• Complete Typical Design Curves 
• Microwave Ceramic Package 

MAXIMUM RATINGS 
Rating Svmbol Value Unit 

Reve ... Voltage VR 60 Volts 

Forward Current IF 250 rnA 

Device Dissipation @I T C - 25°C Po 5.0 Watts 
Derate above 25°C 28.6 rnwt"C 

Operating and Storage Junction 
Temperature Range 

TJ, T stu -65 to +200 °c 

THE FOLLOWING PACKAGES ARE AVAILABLE ON SPECIAL REQUEST 

~-s 0130 
OIA 

o 
OIA 

CASE 48 
MlI_ 

Ibn 
MlllJOA 

CA1HO~E 0.077 ij]i3 

---T 

r- --+! 
00 m 
[043 o'om 

O.ll7B 0.130 
OIA 

o 
0.077 
0.087 
DtA 

CASE46 
.Vl1111 

IIIn 
.VI17. 

0.059 o:m I-+- 0.1160 OIA 

CATWJof--~1 I 0.066 

t=: ~ 
0.070 "", I 
0.076 -t---t-

0.069 
0.065 
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VOLTAGE·VARIABLE 
CAPACITANCE DIODES 

1 to 15 pF 
60 VOLTS 

~B 
0.130 

olA 

o 
0.071 
0.087 
olA 

0.059 
0065 f--t- 0.060 olA 
L-I I 0.066 

CATHOOEID I 0.49 

IE ---1i 
0.070 
0.076 

CASE 45 



MV18580, MV18600, MV18620, MV18630, MV18640, 
MV18650, MV18660, MV18680, MV18700 (continued) 

ELECTRICAL CHARACTERISTICS (T A = 2S"C unless otherwise noted) 

Characteristic (all types) Test Conditions Symbol Min Typ Max Unit 

Reverse Breakdown Voltage IR = 10 /lAde BVR 60 - - Vde 

Reverse Voltage Leakage Current VR = 55 Vde IR - - 0.02 /lAde 

VR = 55 Vde, TA = 150·C - - 20 

Series Inductance f = self-resonant frequency LS - 0.8 - nH 

Case Capacitance r = 1 MHz Cc - 0.15 • - pF 

CT, 0 iode Capacitance t TR, Tuning Ratio Q 
Device VR = 4 Vdc, f = 1.0 MHz C4/Cso @4.0V 

pF f = 1 MHz 100 MHz 

Min Nom Max Min Max Min 

MV1858D 0.70 1.0 1. 30 2.1 2.7 350 
MV1860D 1. 76 2.2 2.64 2.5 3.1 350 
MV1862D 2.97 3.3 3.63 2.6 3.3 300 
MVI863D 4.23 4.7 5.17 2.6 3.3 300 
MVI864D 6.10 6.8 7.50 2.7 3.4 300 

MV1865D 7.38 8.2 9.02 2.7 3.4 300 
MV1866D 9.00 10.0 II. 00 2.8 3.5 250 
MV1868D 10.80 12.0 13.20 2.8 3.5 200 
MV1870D 13.50 15.0 16.50 2.8 3.5 200 

'Case Capacitance = 0.26 pF typical for types MV1858A thru MV1870A (case 48). 
tAli C, values 0.11 pF higher for types MV1858A thru MV1870A (case 48). TR is reduced proportionately. 

PARAMETER TEST METHODS 

1. Ls; SERIES INDUCTANCE 
L. is determined from the self resonant frequency and 
the junction capacity of the device. 

1 
LS=wJ,..CJ 

2. Cc• CASE CAPACITANCE 
CC is measured on an open package at 1 MHz using a 
capacitance bridge (Boonton Electronics Model 75A or 
equivalent). 

3. Cr. DIODE CAPACITANCE 
(C, = Cc + C.). c. is measured at 1 MHz using a capaci· 
tance bridge (Boonton Electronics Model 75A or 
equivalent). 
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4. TR. TUNING RATIO 
TR is the ratio of C, measured at 4 Vdc divided by C, 
measured at 60 Vdc. 

5. Rs. SERIES RESISTANCE 
R. is calculated from the insertion loss observed when the 
diode is resonated across a 50·ohm transmission line. 

R. = __ -:-7:"-=2:.:;5:,--;-_,.-_ 
-1 (I nsertl2' 00n LOSS) -1 

log" 



MV18580, MV18600, MV18620, MV18630, MV18640, 
MV18650, MV18660, MV18680, MV18700 (continued) 

FIGURE 1 - DIODE CAPACITANCE versus REVERSE VOLTAGE 
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MV1858D, MV1860D, MV1862D, MV1863D, MV1864D, 
MV1865D, MV1866D, MV1868D, MV1870D (continued) 

EPICAP VOLTAGE-VARIABLE CAPACITANCE DIODE DEVICE CONSIDERATIONS 

A. EPICAP NETWORK PRESENTATION 
The equivalent circuit in Figure 7 shows the voltage capaci· 

tance and parasitic elements of an EPICAP diode. For design 
purposes at all but very high and very low frequencies. L •• R •• 
and Cc can be neglected. The simplified equivalent circuit of 
Figure 8 represents the diode under these conditions. 

Definitions: 
C. - Voltage-Variable Junction Capacitance 
R. - Series Resistance (semiconductor bulk. contact. 

and lead resistance) 
Ce - Case Capacitance 
L. - Series Inductance 
R. - Voltage-Variable Junction Resistance (negligible 

above 100 kHz) 

B. EPICAP CAPACITANCE V$ REVERSE BIAS VOLTAGE 
The most important design characteristic of an EPICAP 

diode is the C. versus V. variation as shown in equations 1 and 
2. Since the designer is primarily interested in the slope of C. 
versus V •• the Ce. Co • .p. and ~ characteristics have been en· 
compassed by the simplified equation 3. Min/max limits on 
II can be guaranteed over a specified V. range. 

C. EPICAP CAPACITANCE V$ FREQUENCY 
Variations in EPICAP effective capacitance. as a function of 

operating frequency. can be derived from a simplified equiv· 
alent circuit similar to that of Figure 7. but neglecting Rs and 
R •. The admittance expression for such a circuit is given in 
equation 4. Examination of equation 4 yields the following 
information: 

At low frequencies. C., ... C.; at very high frequencies 
(f ... 00) C ..... Ce. 

As frequency is increased from 1 MHz. C .. increases until 
it is maximum at .,' = 1/ LsC.; and as .,' is increased from 
1/ L.C. toward infinity. C .. increases from a very negative ca· 
pacitance (inductance) toward C .. = Ce• a positive capacitance. 

Very simple calculations for C .. at higher frequencies indio 
cate. the problems encountered when capacity measurements 
are made above 1 MHz. As ., approaches ... = 1/ y'L.C •• small 
variations in L. cause extreme variations in measured diode 
capacitance. 

D. EPICAP FIGURE OF MERIT (QI AND CUTOFF FREQUENCY (f,.1 
The efficiency of EPICAP response to an input frequency is 

related to the Figure of Merit of the device as defined in equa· 
tlon 5. For very low frequencies. equation 6 applies whereas 
at high frequencies. where It. can be neglected. equation 5 
may be rewritten into the familiar form of equation 7. 

Another useful parameter for EPICAP devices is the cutoff 
frequency (f~). and is the frequency point where Q is equal 
to 1. Equation 8 gives this relationship. 

E. HARMONIC GENERATION USING EPICAPS 
Efficient harmonic generation is possible with Motorola 

EPICAPS because of their high cutoff frequency and break· 
down voltage. Since EPICAP junction capacitance varies in
versely with the square root of the breakdown voltage. 
harmonic generator performance can be accurately predicted 
from various idealized models. Equation 9 gives the level of 
maximum input power for the EPICAP and equation 10 gives 
the relationships governing EPICAP circuit efficiency. In these 
equations. adequate heat sinking has been assumed. 

FIGURE 7 
Cc 

R. 

FIGURE 8 

l. 

c.'\v R. 
O~----~~~r-~-----J~r------~O 

C.:.Ce+C. 

C.=Ce+~v 
(1 + ....!.)~ 

(1) 

(2) 

C.= C. at V. = 0 
.p 

V. = Reverse Bias 
.p = Contact Potential • .p ... 0.6 Volt 7 = C. slope. 7 ... 0.5 

C.=~ V.- (3) 

M(x2).= O.02B5;M(x3) = O.0241;M(x4) = 0.196 

f .... 
Eff = 1 - N fN (10) 

N(x2) = 20.8; N(x3) = 34.8; N(x4) = 62.5 

M and N are Constants 
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MV1866, MV1868, MV1870, (SILICON) 

MV1871, MV1872, MV1874, 
MV1876, MV1877, MV1878 

vvc -.!~ 

SILICON EPICAP DIODES 

· .. a PREMIUM line of epitaxial, passivated, abrupt·junction tuning 
diodes designed for electronic tuning, FM AFC and harmonic gen· 
eration applications into the microwave range providing solid-state 
reliability to replace mechanical tuning methods. 

• Excellent Unit-to-Unit Uniformity 

• Typical Design Curves 

• Guaranteed Temperature Coefficient 

• Guaranteed a at Specified Reverse Voltages 

• Guaranteed Capacitance Slope versus Reverse Voltage 

• Guaranteed MinIMax Slope of Capacitance versus Reverse 
Voltage Curve (a) 

• Complete Design Curves 

MAXIMUM RATINGS 

Rati", Symbol Value 

Reverse Voltage VR 60 

Forward Current IF 250 

RF Power Input (Note 1) Pin 5.0 

Total Device Dissipation @I T A = 25°C Po 400 
Derate above 25°C 2.67 

Total Device DiSSipation @I TL = 25°C PL 2.0 
Derate above 25°C 13.3 

Operating Junction Temperature Range TJ +175 

Storage Temperature Range Tstg -65 to +200 

Unit 

Vde 

mAde 

Watts 

mW 
mWfDC 

Watts 
mWfDC 

°c 

°c 

Note 1. The RF power input rating .ssumas that an adequate haatsink is provided. 

3-987 

VOLTAGE-VARIABLE 
CAPACITANCE DIODES 

10-47 pF 
60 VOLTS 

* ....-----1- t· ~m DlA 

1 /~DIA 
tDOL. 

L 
~ 

0.300 MAX 

I 
! 

I 

~'N 

To convert inches to millimeters multiply by 25.4 
All JEDEC dimensions and notes apply 

CASE 51 
DO·7-GLASS 



MV1866, MV1868, MV1870, MV1871, MV1872, 
MV1874, MV1876, MV1877, MV1878 (continued) 

ELECTRICAL CHARACTERISTICS (T A = 250 C unless otherwise noted) 

Characteristic - All Types Symbol Min Typ Max Unit 

Breakdown Voltage BVR 60 75 - Vdc 

OR = 10 /lAdc) 

Reverse Current IR /lAdc 

(VR = 55 Vdc) - - 0.02 

(VR = 55 Vdc, T A = 1500 C) - - 2.0 

Series Inductance LS 5.0 nH 

(f= 250 MHz, Measured at Lead Stop"" 1/16") 

Case Capacitance Cc - 0.17 - pF 

(f = 1.0 MHz, Lead Length==I/16") 

Diode Capacitance Temperature Coefficient TCC - 200 300 ppmJOC 

(VR = 4.0 Vdc, f = 1.0 MHz) 

Cutoff Frequency fCO - 45 - GHz 

(VR = 60 Vdc, f = 50 MHz) 

0<, Diode Capacitance 
CT, Diode Capacitance Q, Figure of Merit Reverse Voltage Slope CR, Capacitance Ratio 

Device VR =4.0Vdc,f= 1.0MHz f = 50 MHz VR =4.0VdctoVR =60Vdc C4.0/C60 

pF VR-4.0Vdc VR=60Vdc See B on Back Page f=I.0 MHz 

Min Nom Max Min Min Min Typ Max Min Typ Max 

MV1866 9.0 10.0 11.0 500 700 0.42 0.44 0.48 3.0 3.1 3.5 
MV1868 10.8 12.0 13.2 500 700 0.42 0.44 0.48 3.0 3.1 3.5 
MV1870 13.5 15.0 16.5 400 700 0.42 0.45 0.48 3.0 3.2 3.5 
MV1871 16.2 18.0 19.8 400 700 0.42 0.45 0.48 3.0 3.2 3.5 
MVI872 19.8 22.0 24.2 400 700 0.45 0.46 0.48 3.2 3.3 3.5 
MV1874 24.3 27.0 29.7 300 700 0.45 0.46 0.48 3.2 3.3 3.5 
MV1876 29.7 33.0 36.3 300 700 0.45 0.47 0.48 3.2 3.4 3.6 
MVI877 36.7 39.0 42.9 300 700 0.45 0.47 0.48 3.2 3.4 3.6 
MV1878 42.3 47.0 51.7 300 700 0.45 0.47 0.48 3.2 3.4 3.6 

PARAMETER TEST METHODS 

1. LS, Series Inductance 
LS is measured on a sh orted package at 250 
MHz using an impedance bridge (Boonton 

Radio Model 250A RX Meter or equivalent). 

2. CC, Case Capacitance 
Cc is measured on an open package at 1.0 
MHz using a capacitance bridge (Boonton 
Electronics Model 75A or equivalent). 

3. CT, Diode Capacitance 
(CT =. Cc + CJl. CT is measured at 1.0 MHz 
using a capacitance bridge (Boonton Elec· 

tronics Model 1SA or equivalent). 

4. CR, Capacitance Ratio 
CR is the ratio of CT measured at 4.0 Vdc 
divided bV CT measured at 60 Vdc. 

5. Q, Figure of Merit 
Q is calculated bV taking the G and C read
ings of an admittance bridge at the specified 
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frequency and substituting in the following 
equations: 

2mC 
Q= --

G 

(Boonton Electronics Model 33AS8 

or equivalent). 

6. TCe, Diode Capacitance Temperature 
Coefficient 
TCc is guaranteed by comparing CT at V R == 

4_0 Vdc, f = 1.0 MHz, T A:::; -65°C with CT 

at VA == 4.0 Vdc, f == 1.0 MHz, T A = +8So C 

in the following equation, which defines Tec : 

!CTI+850 C) - CTI-650 C)1 106 

TCe = 85 + 65 CT1250 C) 

Accuracy limited by CT measurement to 
iO.1 pF. 



MV1866, MV1868, MV1810, MV1811, MV1812, 
MV1814, MV1816, MV1811, MV1818 (continued) 
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MV1866, MV1868, MV1870, MV1871,MV1872, 
MV1874, MV1876, MV1877, MV1878 (continued) 

EPICAP VOLTAGE·VARIABLE CAPACITANCE DIODE DEVICE CONSIDERATIONS 

A. Epicap Network PreMntetion 
The equivalent circuit in Figure 7 shows the voltage capacitance 

and parasitic elements of an EPICAP diode. For design purposes at 
all but very high and very low frequencies. LS. RJ. and Cc can be 
neglected. The simplified equivalent circuit of Figure 8 represents 
the diode under these conditions. 

Definitions: 
CJ - Voltage· Variable Junction Capacitance 
RS - Series Resistance (semiconductor bulk. contact. and 

FIGURE 7 

FIGURE 8 lead resistance) 
Cc - Case Capacitance 
LS - Series Inductance 
RJ - VoltageNariable Junction Resistance (negligible above 

100 kHz) 

C~.J.I/ Rs 
oo----------~~r-~------~~~--------O 

B. Epicap Capacitance versus Rev.rse Bias Voltage 

The most important design characteristic of an EPICAP diode is 
the CT versus VR variation as shown in equations 1 and 2. Capaci
tance Ratio. CR. between any two voltage points on curve of equation 
(2) is determined from equ.tions (3) and (4). 

C. Epicap Capacitance versus Frequency 
Vari.tions in EPICAP effective c.pacitance •• s a function of oper· 

ating frequency. can be derived from. simplified equivalent circuit 
similar to that of Figure 7. but neglecting RS and RJ. Theadmittance 
expression for such a circuit is given in equation 5. Examination of 
equation 5 yields the following information: 

At low frequencies. Ceq "'" CJ; at very high frequencies (f""" co) 

Ceq "'" CC· 
As frequency is increasad from 1.0 MHz. Ceq incr ..... until it is 

maximum .t w2 = l/LSCJ; .nd as w2 is increased from 1/LSCJ 
toward infinity. Ceq increases from a very negative capacitance 
(inductance) toward Ceq = CC. a positive capacit.nce. 

Very simple c.lcul.tions for Ceq at higher frequencies indicate 
the problems encountered when capacity measurements are made 
above 1.0 MHz. As <oJ approaches Wo = 1/..[LSCJ. small v.riations 
in LS cause extreme variations in measured diode capacitance. 

D. EPICAP Figure of Merit (a) and Cutoff Frequency (fcol 

The efficiency of EPI CAP responSe to an input frequency is reo 
lated to the Figure of Merit of the device as defined in equation 6. 
For very low frequenci ... equation 7 applies whereas .t high fre
quencies. where R J can be neglected. equation 6 may be rewritten 
into the familiar form of equ.tion 8. . 

Another useful parameter for EPICAP devices is the cutoff fre· 
quency (fco). and is the frequency point where 0 is equal to 1. 
Equation 9 gives this relationship. 

E. Harmonic Generation USing EPICAPS 

Efficient harmonic generation is possible with Motorola EPICAPS 
bec.use of their high cutoff frequency and bre.kdown voltage. 
Since EPICAP junction capacitance varies inversely with the square 
root of the breakdown voltage. harmonic generator performance can 
be accur.tely predicted from various idealized models. Equation 10 
gives the level of maximum input power for the EPICAP and equation 
11 gives the relationships governing EPICAP circuit efficiency. In 
these equations. adequate heat sinking has been assumed. 
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TR Diode = Cn CJl + Cc 
Cn CJ2 + Cc 

Co = CJ at VR = 0 
VR = Reversa Bias (Volts) 
'Y. Diode Power Law. "" 0.44 
cfJ. Contact Potential. "" 0.6 Volt 
Cc ",,0.17 pF 

Y = jwCeq = jWCc + 

XSeq 
O~ --

RSeq 

.jwCJ 

1 - w2LSCJ 

wCJRJ2 
OLf=--------------

RJ + RS(l + w 2CJ 2RJ2 
1 

Ohf= -----
wRSCeq 

fco = Ofmax 

M(BVR + cfJ)2 fin 
Pin(max) ~ RS fco 

M(x2) = 0.0285;M(x3) = 0.0241;M(x4) = 0.196 

fout 
Eff= 1 -N -

fco 

N(x2) = 20.8; N(x3) = 34.8; N(x4) = 62.5 

M and N are Constants 

(1) 

(2) 

(3) 

(4) 

(5) 

(6) 

(8) 

(9) 

(10) 

(11) 



MV21 01 thru MV2115 (SILICON) 

VVC -.II-

SILICON EPICAP DIODES 

· .. designed in the popular PLASTIC PACKAGE for high volume 
requirements of FM Radio and TV tuning and AFC, general frequency 
control and tuning applications; providing solid-state reliability in 
replacement of mechanical tuning methods. 

• High Q with Guaranteed Minimum Values 

• Controlled and Uniform Tuning Ratio 

• Standard Capacitance Tolerance-l0% 

• Complete Typical Design Curves 

• Case TO-92 with Two Leads 

MAXIMUM RATINGS 

Rating Symbol Value Unit 

Reverse Voltage VR 30 Volts 

Forward Current IF 200 rnA 

Device Dissipation @ T A = 25°C Po 280 mW 
Derate above 25°C 2.8 mWloC 

Junction Temperature TJ +125 °c 

Storage Temperature Range Tstg -65 to +150 DC 
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VOLTAGE-VARIABLE 
CAPACITANCE DIODES 

6.8-100 pF 
30 VOLTS 

leads to fit into 
0.Q16 
D]19 

DlA HOLE ITYP} 

Tl-Anoda 
T2 - Cathode 

CATHODE 

--;J;5 

i 
0.594 
TYP 

J 
I 0.090 
1-0.110 

CASE 1S211} 



MV2101 thru MV2115 (continued) 

ELECTRICAL CHARACTERISTICS (T A = 25°C unless otherwise noted) 

Characteristic-All Ty .... Symbol Min Typ Max Unit 

Reverse Breakdown Voltage BVR 30 - - Vdc 
(IR = 10 "Adcl 

Roverse Voltage Leakage Current IR - - 0.10 "Adc 
(VR = 25 Vdc, TA = 25°C I 

Series Inductance Ls - 6.0 - nH 
(f = 250 MHz,Lead Length ,.,1116"1 

Case Capacitance Cc - 0.18 '- pF 
(f = 1.0 MHz, Lead Length ,.,1/16"1 

Diode Capacitance Temperatura Coefficient TCC - 280 400 ppm/DC 
(VR = 4.0 Vdc. f = 1.0MHzl 

CT I Diode Capacitance Q. Figure of Merit TR , Tuning Ratio 
VR = 4.0 Vdc. f = 1.0 MHz VR = 4.0 Vdc. C2/C30 

pF f = 50 MHz f= 1.0 MHz 

Device Min Nom Max Min Min Typ Max 

MV2101 6.1 6.8 7.5 450 2.5. 2.7 3.2 
MV2102 7.4 8.2 9.0 450 2.5 2.8 3.2 
MV2103 9.0 10.0 11.0 400 2.5 2.9 3.2 
MV2104 10.8 12.0 13.2 400 2.5 2.9 3.2 
MV21 05 13.5 15.0 16.5 400 2.5 2.9 3.2' 

MV21 06 16.2 18.0 19.8 350 2.5 2.9 3.2 
MV2107 19.8 22.0 24.2 350 2.5 2.9 3.2 
MV2108 24.3 27.0 29.7 300 2.5 3.0 3.2 
MV2109 29.7 33.0 36.3 200 2.5 3.0 3.2 
MV2110 35.1 39.0 42.9 150 2.5 3.0 3.2 

MV2111 42.3 47.0 51.7 150 2.5 3.0 3.2 
MV2112 50.4 56.0 61.6 150 2.6 3.0 3.3 
MV2113 61.2 68.0 74.8 150 2.6 3.0 3.3 
MV2114 73.8 82.0 90.2 100 2.6 3.0 3.3 
MV2115 90.0 100.0 110.0 100 2.6 3.0 3.3 

PARAMETER TEST METHODS 

1. LS, SERIES INDUCTANCE 

Ls is measured on e shorted package at 250 MHz using an 
impedance bridge (800nton Radio Model 250A RX Materl. 

2. Ce, CASE CAPACITANCE 
Cc is measured on an open package at 1.0 MHz using a capacitance 
bridge (Boonton Electronics Model 75A or equivalent!. 

3. ~,DIODE CAPACITANCE 
(~ = Cc + CJI. ~ is measured at 1.0 MHz using a capacitance 
bridge (Boonton Electronics Model 75A or equivalant!. 

4. TR, TUNING RATIO 
TR is the ratio of CT measured at 2.0 Vdc dividad by CT measured 
at 30 Vdc. 

5. Q, FIGURE OF MERIT 
Q is calculeted by taking the G and C reedings of an admittance 
bridge atthe specifiad frequency and substituting in the following 
equations: 

27rfC Q=_.-
G 

(Boonton Electronics Model 33AS81. Use Lead Length "'1116". 

6. TCC, DIODE CAPACITANCE TEMPERATURE COEFFICIENT 
TCC is guaran_d by comparing CT at VR = 4.0 Vdc, f = 1.0 
MHz, T A = -650C with ~ at VR = 4.0 Vdc, f = 1.0 MHz, T A = 
+850C in the follOWing equation which defines TCc: 

CT(+850CI - CT(-650CI 106 
TCC = 85 + 65 . CR (250CI 

Accuracy limited by measurement of CT to ± 0.1 pF. 
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MV2101 thru MV2115 (continued) 

TYPICAL DEVICE PERFORMANCE. 

FIGURE 1- DIODE CAPACITANCE venus REVERSE VOLTAGE 

~ 300 

w 
<> .. 
~ 
U 
;t 
;') 
w 
CI 
CI 
2i 

Ii 

100 

50 

ZO 

10 

5.0 

Z.O 

1.0 
0.1 

TA' ZSOC 
'·1.0MHz 

MVZ115 

MVZllZ 

MV210!1 

MV 105 

MVZ10l 

0.4 1.0 

VR. REVERSE VOLTAGE (VOLTS) 

FIGURE 2 - NORMALIZED DIODE CAPACITANCE 
vanus JUNCTION TEMPERATURE 

1.040 r---.-----,--,----,---y---r---,r-~ 

~ 1.030 I--+---j--+---+--t-.. g 1.0Z0 t---t---j--+---+--t-----:-.IF-:;;""'1f----( 

~ 1.010 t---t---j--+---+-"""7~.c:..+---1f----( 

-50 -Z5 Z5 50 75 100 125 

TJ. JUNCTION TEMPERATURE (OC) 

100 

50 

1 20 I 51~ 
_ 2.0 

5 1.0 
Gj 0.50 

~ 0.20 
- 0.10 

0.05 

0.02 
0.01 

o 

4.0 10 

FIGURE 3 - REVERSE CURRENT 
venus REVERSE BIAS VOLTAGE 

TA=1250C --
TA=750C 

Tr250C 

I 
10 15 20 

Vii. REVERSE VOLTAGE (VOLTS) 

30 

25 30 

FIGURE 4 - FIGURE OF MERIT vanus REVERSE VOLTAGE FIGURE 5 - FIGURE OF MERIT versus FREQUENCY 

4000 
3000 
ZOOO MVZ10l 

.... 1000 ..H-

"' MV210!1 
w 500 " "- 300 CI 
w 200 0: 
:::> ...- MVZ115 
co 
u: 100 ----d 

50 

30 
20 

10 1•0 2.0 5.0 10 

VR. REVERSE VOLTAGE (VOLTS) 

TA'2SOC j~~ 
f=50MHz f= 

20 30 

4000 
3000 

2000 

.... 1000 

iii 
" 500 
:5 300 
::! 200 
:::> 
co 
u: 100 
d 

50 

30 
20 

10 

3-993 

,:-- r--

~TA=250C 
'===,VR-4.0Vd, 

10 20 

MV2101 
...... ...... 

........ ........ 
MV2115 

MV210!1 

50 100 250 

f. FREQUENCY (MHz) 



MV210f thru MV2115 (continued) 

EPICAP VOLTAGE-VARIABLE CAPACITANCE DIODE DEVICE CONSIDERATIONS 

A. Epicap Network Presentation 
The equivalent circuit in. Figure 6 shows the voltage capacitance 

and parasitic elements of an EPICAP diode. For design pu.rposes at 
all but very, high and very low frequencies. Lg. RJ. and Cc can be 
neglected. The simplified equivalent circuit of Figure 7 represents 
the diode under these conditions. 

Definitions: 
CJ - Voltage-Variable Junction Capacitance 
RS - Series Resistanca (semiconductor bulk. contact. and 

FIGURE 6 

FIGURE 7 lead resistance) 

Cc - Case Capacitanca 
LS - Series Inductance 
RJ - Voltage-Variable Junction Resistance (negligible above 

100kHz) 

c~~ RS 
o----------~~r-~------~~~-------O 

B. Epicap Capacitance versus Reverse Bias Voltage 
The most important design charactaristic of an EPICAP diode is 

the CT versus VR variation as shown in equations 1 and 2. Tuning 
Ratio. TR. between any tWo voltage points on curve of equation (2) 
is determined from equetions (3) and (4). 

C. Epicap Capacitance v ...... Frequency 
Variations in EPICAP effective capacitance, as a function of oper

atiRg frequency, can be derived from a simplified equivalent circuit 
similar to that of Figure 6. but negleciing RS and RJ. The admittance 
expression for such a circuit is given in equation 5. Examination of 
equB'!ion 5 yields the following information: 

At low frequencies. Ceq=CJ; atverv high frequencies (f=CO) 

Ceq "" CC· 
As frequency is increased from 1.0 MHz. Ceq increases until it is 

maximum at w,2 = lILSCJ; and as w2 is increased from I/LgCJ 
toward infinity. Ceq increases from a very negative capacitance 
(inductance) toward Ceq = CC. a positive capacitance. 

Very simple calculations for Ceq at higher frequencies indicate 
the problems encountered when capacity measurements are made 
above 1.0 MHz. As w approaches Wo = I/.[LSCJ. small variations 
in LS cause extreme variations in measured diode capacitance. 

D. EPICAP Figure of Merit (a) and Cutoff Frequency !feo) 

The efficiencv of EPICAP response to an input frequency is re
lated to the Figure of Merit' of the device as defined in equation 6. 
For very low frequencies. equation 7 applies wharees at high fre
quencies. where RJ can be neglected. equation 6 may be rewritten 
into the familiar form of equation 8. 

Another useful parameter for EPICAP devices is the cutoff fre
quency (fco). and is the frequency point where 'a is equal to 1. 
Equetion 9 gives this relationship. 

E. Harmonic Generation Using EPICAPS 

Efficient harmonic generation is possible with EPICAPS 
because of their high cutoff frequency anti breakdown voltage. 
Since EPICAP junction capacitance v.-ies inversely with the square 
root of the breakdown voltage. harmonic generator performance can 
be accuretely predicted from various idealized models. Equation 10 
gives the level of maximum input power for the EPICAP and equation 
11 gives the relationships governing EPICAP circuit efficiency. In 
these equations. adequate heat sinking has been assumed. 

Co 
CT=CC+----

(1+:7 
CJl (VR2+4»'Y 

TR Junction = - = ----
CJ2 VRI +4> 

Cn CJl + Cc 
TR Diode = - = ---

CT2 CJ2 + Cc 

Conditic:ms: 

Co = CJ at VR = 0 
VR' = Reve ... Bias (Volts) 
'Y. Diode Power Law ... 0.44 
4>. Contact Potential ... 0.6 Volt 
Cc .. 0.18 pF 

Y = jwCeq = jwCc + 

XSeq 
Q= --

RSeq 

jwCJ 

1 - w 2 LgCJ 

QLf=-------
RJ + RS 11 + w 2CJ2RJ2 

1 
Or,f = w-R-S-Ceq-

1 
fco = Qfmeas ~ 21fRSCBVR 

M(BVR + 4»2 fin 
Pin(max) = RS fco 

M(x2) = 0.0285; M(x3) = 0.0241; M(x4) = 0.196 

fout 
Eff= 1 -N -

fco 

N(x2) = 2O.8;N(x3) = 34.8;N(x4) = 62.5 

M and N are· Constants 
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(5) 

(6) 

(8) 

(9) 

(10) 

(11) 



MV2201, MV2203 (SILICON) 

MV2205, MV2209 

vvc --.!~ 

AFC SILICON EPICAP DIODES 

· .. designed specifically for the high volume AFC applications of 
FM Radio and TV, utilizing the economical PLASTIC PACKAGE. 

• Very High Qwith Guaranteed Minimum Values 

• Guaranteed Uniformity with Minimum and Maximum Tuning 
Ratio Limits, Assuring Fixed Design 

• Nominal Capacitance Values - 6.8 pF Thru 33 pF - Providing 
Complete AFC Design Flexibility 

MAXIMUM RATINGS 

Rating Symbol Value 

Reverse Voltage VR 25 

Forward Current IF 200 

Device Dissipation @ T A : 25°C Po 280 
Derate above 25°C 2.8 

Junction Temperature TJ +125 

Storage Temperature Range Tstg -65 to +150 

FIGURE 1 - DIODE CAPACITANCE va,...s REVERSE VOLTAGE 
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VR. REVERSE VOLTAGE (VOLTS) 

3-995 

Unit 

Volts 

rnA 

mW 
mW/oC 

°c 

°c 

VOLTAGE·VARIABLE 
CAPACITANCE DIODES 

6.8-33pF 
25 VOLTS 

Leads to fit into 
0.016 
0.019 

OIA HOLE (TYP) 

T1-Anode 
T2 - Cathode 

Cathode 

--. 
0.175 

-~f 
0.594 
TYP 

J 
I 0.090 l--o:TIll 

CASE 182(1) 



MV2201, MV2203, MV2205, MV2209 (continued) 

ELECTRICAL CHARACTERISTICS ITA = 25°C unless otherwise noted) 

Characteristic-All Types Symbol 

Reverse Breakdown Voltage BVR 
(lR = 10pAdc) 

Reverse Voltage Leakage Current IR 
(VR = 10 Vdc, TA = 25°C) 
(VR = 10 Vdc. TA = B50C) 

Forward Voltage Drop VF 
(I F = 250 pAdc) 

Series Inductance LS 
(f = 250 MHz, lead length",,'/'S") 

Case Capacitance Cc 
11 = 1.0 MHz lead lenlllh ""1IIS") 

Or, Diode Capacitance 
VR = 4.0 Vdc, f = 1.0 MHz 

pF 

Device Min Max 

MV2201 5.5 8.0 
MV2203 8.5 11.5 
MV2205 13 17 
MV2209 29 37 

FIGURE 2 - FIGURE OF MERIT versus REVERSE VOLTAGE 
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FIGURE 4 - NORMALIZED DIODE CAPACITANCE 
versus JUNCTION TEMPERATURE 
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TJ. JUNCTION TEMPERATURE (DC) 

Min Typ Max Unit 

25 - Vdc 

- - 0.5 pAdc 
- - 5.0 

- 0.65 - Vdc 

- S.O - nH 

- 0.18 - pF 

a. Figure of Merit TR, Tuni ... Ratio 
VR ~ 4.0Vdc, C,IC'0 

f=50MHz f-1.0MHz 

Min Min Max 

300 1.9 2.3 
200 2.0 2.4 
200 2.1 2.5 
150 2.1 2.5 

FIGURE 3 - FIGURE OF MERIT versus FREQUENCY 
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NOTES ON TESTING AND SPECIFICATIONS 

'Ls is measured on a package having a short insteed of a die, using an 
impedance bridge (Boonton Radio Model 250A RX Metarl. 

Cc . is measured on a package without a die. using a capacitance 
bridge (Boonton electronics Modal 75A or equivalent). 

a is calculated by taking the G and C readings of an admittance 
bridge. such as Boonton Electronics Model 3aAS8. at the specified 
frequency and substituting in the following equation: 

211fC 
Q=-

G 

3-996 



MV2301 (SILICON) 
thru 

MV2308 

vvc ~r--

SILICON EPICAP DIODES 

... epitaxial passivated tuning diodes designed for general tuning, 
trimming and AFC applications at low radio frequencies. 

• Standard Capacitance Values to 330 pF 

• Maximum Working Voltage of 20 V 

• Excellent Q Factor at High Frequencies 

• Guaranteed Minimum Q and Tuning Ratio 

• Solid·State Reliability to Replace Mechanical Tuning Methods 

• Low'Cost·Plastic Package for Economical Design 

MAXIMUM RATINGS 

Rating Symbol Value Unit 

Reverse Voltage VR 20 Vde 

Forward Current 'F 400 mAde 

Totel Device Dissipation@TA = 25°C Po 500 mW 
Derate above 25°C 5.0 mW/oC 

Junction Temperature TJ +125 °c 

Storage Temperature Range Tstg -65 to +150 °c 

3-997 

VOLTAGE-VARIABLE 
CAPACITANCE DIODES 

120-330 pF 
20 VOLTS 

ll8dstofitinto 
0.016 

'O.019 
DlA HOLE (TYPJ 

i 
0.594 
MIN 

J 
I--&m 

l-Anode 
2-Calhode 

CASE 182-1 



MV2301 thru MV2308 (continued) 

ELECTRICAL CHARACTERISTICS (T A = 250 C unless otherwise noted) 

Characteristic Symbol 

Reverse Breakdown Voltage BVR 
OR = 10 "Adc) 

Reverse Current IR 
(VR = 15 Vdc) 

Series Inductance LS 

Case Capacitance Cc 

CT, Diode Capacitance 
Device VR = 4.0 Vdc, f = 1.0 MHz 

Min Nom Max 

MV2301 108 120 135 

MV2302 132 150 165 

MV2303 162 180 198 

MV2304 180 200 220 

MV2305 198 220 242 

MV2306 225 250 275 

MV2307 243 270 300 

MV2308 297 330 363 

FIGURE 1 - DIODE CAPACITANCE versus 
REVERSE VOLTAGE 
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VR, REVERSE VOLTAGE 

3-998 

Min Typ Max Unit 

20 - - Vdc 

- - 0.1 "Adc 

- 6.0 - nH 

- 0.18 - pF 

a, Figure of Merit Capacitanc., Ratio 
VR =4.0 Vdc, C2/C20 

f - 20 MHz 
Minimum Minimum 

250 2.3 

250 2.3 

200 2.3 

200 2.3 

150 2.3 

150 2.3 

100 2.3 

100 2.3 

PARAMETER TEST METHODS 

1. LS, SERIES INDUCTANCE: 
Determined from the self resonant frequency (wol and 
the junction c~pacity of the device, CJ. 

2. CT, DIODE CAPACITANCE: 
Measured at 1.0 MHz using a capacitance bridge (Boonton 
Electronics Model 75A or equivalent). (CT = Cc + CJl. 

3. CAPACITANCE RATIO: 
The ratio of CT measured at 2.0 Vdc divided by CT meas
ured at 20 Vdc. 

4_ Q, FIGURE OF MERIT: 
Calculated by taking the G and C readings of an admit
tance bridge at the specified frequency and substituting 
in the following equations: 

2 .. fC 
Q=--

G 

(Boonton Electronics Model 33AS9 with range extender 
or equivalent). 



MV3102 (SILICON) 

MV31 03 

VVC~r--

SILICON EPICAP DIODES 

designed in the new low-inductance Mini-L package for high 
volume requirements in VHF TV tuning, AFC, general frequency 
control and tuning applications; providing solid-state reliability in 
replacement of mechanical tuning methods_ 

• High Q With Guaranteed Minimum Values at VHF Frequencies 

• Controlled and Uniform Tuning Ratio 

• Low Inductance Mini-L Package 

• Guaranteed Matching" Tolerance From Diode to Diode and Group 
to Group 

• Upon request, diodes are available in matched sets of any number or in matched 
groups. All diodes in a set or group can be matched for capacitance along the 
entire specified tuning range. 

MAXIMUM RATINGS 

Rating Svmbol Value 

Reverse Voltage VR 30 

Forward Current IF 200 

Device DiSSipation @ T A = 2SoC PD 400 
Derate above 25°C 4.0 

Junction Temperature TJ +125 

Storage Temperature Range Tstg -65 to +150 

FIGURE 1 - DIODE CAPACITANCE 
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3-999 

Unit 

Volts 

mA 

mW 
mW/oC 

°c 
°c 

VOLTAGE VARIABLE 
CAPACITANCE DIODES 

22 pF (Nominal) 
30 VOLTS 

ANODE 

CATHODE 

0.,52l 0.006 RAD 
~ rO.,62 0.010 

0.017 ......l. te027 . -~ ~ 
0.055~ • 

2 0.115 

f ~1 l;b ~029 ~~0.125 
0.026 0.039 0.035 

0.036 
0.062 
o:m 

0.093 
0.103 

To convert inches to millimeters multiply by 25.4 

CASE 226 Pin 1. Cathode 
2. Anode 



MV3102, MV3103 (continued) 

-, 

ELECTRICAL CHARACTERISTICS IT A = 25°C unless otherwise noted I 

Characteristic-All Types 

Reverse Breakdown Voltage 
IIR = 10"Adcl 

Reverse Voltage Leakage Current 
IVR = 25 Vdc. TA = 25°C) 

Series Inductance 
If = 250 MHz, Measured at Lead Stop ... l la"l 

Case Capacitance 
If= 1.0 MHZ. 

Diode Capacitance Temperature Coefficient 

(VR = 3.0 Vdc, f = 1.0 MHzl 

CT.' Diode Capacitance 
VR =3.0Vdc,f= 1.0 MHz 

pF 

Device Min Nom Max 

MV3102 20 22 25 
MV3103 19 - 26 

FIGURE 2 - FIGURE OF MERIT 
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Symbol Min Typ Max Unit 

BVR 30 - - Vdc 

IR - - 0.1 "Adc 

LS - 3.0 - nH 

Cc - 0.1 - pF 

TCC - 300 400 ppmloC 

Q, Figure of Merit CR, Capacitance Ratio 
VR ~3.0Vdc CJlC25 Package 

f = 50 MHz f= 1.0 MHz Stripe 

Min Min Typ Color 

300 4.5 4.a Groen 
200 4.0 - White 

FIGURE 3 - LEAKAGE CURRENT 
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NOTES ON TESTING AND SPECIFICATIONS 

1. LS is meas'ured on a package having a short instead of a die, using an 
impedance bridge IBoonton Radio Model 250A RX Meterl. 

2. Cc is measured on a package without a die, using a capacitance 
bridge IBoonton Electronics Model 75A or equivalent" 

3. Q is calculated by taking the G and C readings of an admittance 
bridge, such as Boonton Electronics Model 33ASa, at the specified 
frequency and substituting in the following equation: 

211fC 
Q=

G 
0,96 

-75 -50 -25 +25 +50 +75 +100 +125 4. CR is the ratio' of CT measured at 3.0 Vdc divided by CT measured 
at 25 Vdc. 

TA,AMBIENTTEMPERATURE IOC) 

3-1000 



MV3140 (SILICON) 

MV3141 
MV3142 

VVC~r-

SILICON EPICAP DIODES 

· .. designed in the new low·inductance mini·L package for high 
volume requirements of UHF and VHF TV tuning and AFC, general 
frequency control and tuning applications; providing solid·state reli· 
ability in replacement of mechanical tuning methods. 

• Guaranteed Minimum Q Values at VHF and UHF Frequencies 

• Controlled and Uniform Tuning Ratio 

• Guaranteed Matching * Tolerance From Diode to Diode and Group 
to Group 

• Upon request, diodes are available in matched sets of any number or in matched 
groups. All diodes in a set or group can be matched for capacitance to ±.1.5% 
or 0.1 pF (whichever is greater) at all points along the specified tuning range. 

MAXIMUM RATINGS 

Rating Symbol Value 

Reverse Voltage VR 30 

Forward Current 'F 200 

Device Dissipation @ T A = 25°C Po 400 
Derate above 25°C 4.0 

Junction Temperature TJ +125 

Storage Temperature Range Tstg -65 to +1...50 

FIGURE 1 - DIODE CAPACITANCE 
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Unit 

Volts 

mA 

mW 
mWf'C 

°c 

°c 

VOLTAGE VARIABLE 
CAPACITANCE DIODES 

30 VOLTS 

ANODE 

CATHODE 

O.152l 0.006 
0.045 rO.162 0.010 

0'055~ 0.017 t [OW . ---' t 
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~ . 01~ 

, T I~ I I -
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mj r-
0.075 
ifiI!5 

~~ 
f [0.0035 JC- 11 -i!:iiii65 50 0.031 T 

TYP ii]4j 
Pin I. Cathode 
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To convart inches to millimeters multiply by 25.4 

CASE 226 



MV3140, MV3141, MV3142 (continued) 

ELECTRICAL CHARACTERISTICS (T A = 25°C unless otherwise noted) 

Characteristic-All Tvpes Symbol Min Typ Max Unit 

Reverse Breakdown Voltage BVR 30 - - Vdc 
OR = 10"Adc) 

Reverse Voltage Leakage Current IR - - 0.1 "Adc 
(VR = 25 Vdc, TA = 25°C) 

Series Inductance lS - 3.0 - nH 
(I = 250MHz, Measured at lead Stop..,I/S") 

Case Capacitance Cc - 0.1 - pF 
(I = 1.0 MHz) 

Diode Capacitance Temperature Coefficient TCC - 300 400 ppm/oC 
(VR = 3.0 Vdc, I = 1.0 MHz) 

CT, Diode Capacitance Or Figure of Merit CR. Capacitance Ratio 
VR =3.0 Vdc VR =25 V VR = 3.0 Vdc C3/C25 Package 

pF 1= 100 MHz f = I,D MHz Stripe 

Device Typ Max Min Min Color 

MV3140 10.5 2.3 150 4.5 Blue 
MV3141 10.5 3.2 150 4.0 White 
MV3142 10.5 3.2 50 3.5 Orange 

TYPICAL MV3140 ELECTRICAL CHARACTERISTICS 
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FIGURE 2 - FIGURE OF MERIT 
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NOTES ON TESTING AND SPECIFICATIONS 

1. LS is measured on a pac~age having a short instead of a die, using an 
impedance bridge (Boonton Radio Model 250A RX Meter). 

2. Cc is measured on a p~ckage without a die, using a capacitance 
bridge (Boonton Electronics Model 75A or equivalent). 

3. Q is calculated by taking the .G and C readings of an admittance 
bridge, such as Boonton Electronics Model "33AS8, at the specified 
frequency and substituting in the following equation: 

2"fC 
Q=-

G 

-25 +25 +50 +75 +100 +125 4. CR is the ratio of CT measured at 3.0 Vdc divided by CT measured 
at 25 Vdc. 

TA,AMBIENT TEMPERATURE (DC) 

3-1002 



MV3501 (SILICON) 
thru 

MV3507 

VVC -.lr-

SILICON EPICAP DIODES 

... designed in the new low-inductance Mini-L package for high
volume, low-cost frequency control and tuning applications; providing 
solid state reliability in replacement of mechanical tuning methods. 

• High Q With Guaranteed Minimum Values @ 100 MHz 

• Capacitance Values - 6.8 to 22 pF 

• Ideal for RF and Microwave Applications 

• Controlled and Uniform Capacitance Change 

MAXIMUM RATINGS 

Rating Svmbol Vallie 

Reverse Voltage VR 30 

Forward Current IF 200 

Device Dissipation @ T A ;:: 2SoC Po 400 

Derate above 2SoC 4.0 

Junction Temperature TJ +125 

Storage Temperature Range Tstg -65 to +150 

FIGURE 1 - DIODE CAPACITANCE 
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CATHODE 
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To convert inches to miUimlttersmultiply by 25.4 

CASE 226 Pin 1. Cathode 
2. Anode 



MV3501 thru MV3507 (continued) 

ELECTRICAL CHARACTERISTICS (TA = 250 C unless otherwise noted) 

Characteristic-All Types Symbol Min Typ Max Unit 

Reverse Breakdown Voltage BVR 30 - - Vdc 
UR = 10 "Adc) 

Reverse Voltage Leakage Current IR "Adc 
(VR = 25 Vdc) - - 0.1 

(VR = 25 Vdc. T A = B50 C) - - 5.0 

Series Inductance LS - 3.0 - nH 
(f = 250 MHz. measured at lead stop ",,1 18") 

Case Capacitance Cc - 0.1 - pF 
(f = 1.0 MHz) 

CT. Diode Capacitance Q. Figure of Merit CR. CapacitanCe Ratio 
VR = 4.0 Vdc. f = 1.0 MHz VR =4.0Vdc. C2/C30 Package 

pF f= 100 MHz f=1.0MHz Stripe 

Device Min Nom Max Min Min Color 

MV3501 6.1 6.8 7.5 225 2.7 Brown 
MV3502 7.4 8.2 9.0 225 2.8 Red 
MV3503 9.0 10 11 200 2.8 Orange 
MV3504 10.8 12 13.2 200 2.8 Yellow 
MV3505 13.5 15 16.5 200 2.9 Green 
MV3506 16.2 18 19.8 175 2.9 Blue 
MV3507 19.8 22 24.2 175 2.9 Violet 

TYPICAL ELECTRICAL CHARACTERISTICS 

FIGURE 2 - FIGURE OF MERIT 
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NOTES ON TESTING AND SPECIFICATIONS 

1. LS is measured on a package having a short insteed of a die. using an 
impedance bridge (Boonton Radio Model 250A RX Metor). 

2. Cc is measured on a package without a die. using a capacitance 
bridge (Boonton Electronics Model 75A or equivalent!. 

3. Q is calculated by taking the G. and C readings of an admlttanca 
bridge. such as Boonton Electronics Model 33ASS. at the opacifiad 
frequency and substituting in the following equation: 

271fC Q=a 
4. CR is the ratio of CT measured at 2.0 Vdc divided by CT measured 

at 30 Vdc. 
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MZ70-2.4,A,B (MINIODE SERIES) 
thru 

MZ70-200,A,B 

Designers Data Sheet 

MILLIWATI SILICON ZENER DIODES 
(SI L1CON-OXIDE-PASSIVATED) 

· .. packaged in a smaller-than-DO-7. cavity less glass case. A complete new series of 
Zener Diodes with higher ratings, tighter limits. better operating characteristics and a 
full set of designers' CUNes that reflect the superior capabilities of silicon-oxide
passivated junctions. All this in an axial-lead package offering protection in all 
common environmental conditions. 

• Proven Capability to MIL-$-195oo Specifications 

• Accurate Surge Rating Information 

• Weldable Leads 

• Maximum Limits Guaranteed on Six Electrical Parameters 

Designers' Data for "Worst Case" Conditions 
The Designers Data $heets' permit the design of most circuits entirelv from 

the information presented. Limit curves - representing boundaries on device char
acteristics - are given to facilitate "worst case" design. 

MAXIMUM RATINGS 

Junction and Storage Temperature: -65 to +200oC 
Lead Temperature not less than 1116" from the case for 10 seconds: 2300 C 
DC Power Dissipation: 400 mW @ TL = 750 C, Lead Length = 3/8" 

(Derate 32 mWI"C above 750 C) 
Surge Power: Per Figures 16 and 17. 

MECHANICAL CHARACTERISTICS 

CASE: Void free, Hermetically Sealed Glass. 

FINISH: All external surfaces are corrosion resistant. Leads are readily solder
able and weldable. 

POLARITY: Cathode indicated by color band. When operat~ in zener mode, 
cathode will be positive with respect to anode. 

MOUNTING POSITION: Any. 

WEIGHT: 0.12 gram (approximately). 

FIGURE l-POWER-TEMPERATURE DERATING 
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400 MILLIWATT 
ZENER REGULATOR DIODES 

2.4-200 VOL TS 

I 

-ffi-
I i I 0.092 
~ 1---0.104 
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To convert inches to millimeters multiply by 25.4 

CASE 205 



MZ70-2.4, A, B thru MZ70-200, A, B series (continued) 
ELECTRICAL CHARACTERISTICS IT A = 250 e unless otherwise noted. Based on de measurements at thermal equilibrium; lead 
length:: 3/8"; thermal resistance of heat sink = 300CIW) VF = 1.5 Max @ IF = 200 rnA for all types. 

I 

Max Z.Mrlmpedance MoxR .... L ....... Current 
Max Zener Voltage Nominel 

Motonll. Zo_Vo'- Test A • B Suffix Only A • B Suffix Only Non-&lfflx Temp. eoeff. 

Typo Current IR VR IROVR Uood (A. B Suffix Only) VZOIZT 0 
Number Volts IZT ZZTOIZT ZZK 0 IZK - 0.25 mA ,.A Volts ForSuHix A 6 .. (%,oC) 

(Not. 3) (Nottlll (N0ttI21 mA Ohms Ohms 

MZ7CJ.2.4 2.4 20 30 1200 
MZ7CJ.2.5 2.5 20 30 1250 
MZ7CJ.2.7 2.7 20 30 1300 
MZ7CJ.2.8 2.8 20 30 1400 
MZ7CJ.3.0 3.0 20 29 1600 

MZ7CJ.3.3 3.3 20 28 1600 
MZ7CJ.3.6 3.6 20 24 1700 
MZ7CJ.3.9 3.9 20 23 1900 
MZ70-4.3 4.3 20 22 2000 
MZ70-4.7 4.7 20 19 1900 

MZ7CJ.5.1 5.1 20 17 1600 
MZ7CJ.5.6 5.6 20 11 1600 
MZ7CJ.6.0 6.0 20 7.0 1600 
MZ7CJ.6.2 6.2 20 7.0 1000 
MZ7CJ.6.8 6.8 20 5.0 750 

MZ7CJ.7.5 7.5 20 6.0 500 
MZ7CJ.8.2 8.2 20 B.O 500 
MZ7CJ.8.7 8.7 20 8.0 600 
MZ7CJ.9.1 9.1 20 10 600 
MZ7CJ.l0 10 20 17 600 

MZ7CJ.ll 11 20 22 600 
MZ7CJ.12 12 20 30 600 
MZ7CJ.13 13 9.5 13 600 
MZ7CJ.14 14 9.0 15 600 
MZ7CJ.15 15 8.5 16 600 
MZ7CJ.16 16 7.8 17 600 
MZ7CJ.17 17 7.4 19 600 
MZ7CJ.18 18 7.0 21 600 
MZ7CJ.19 19 6.6 23 600 
MZ7CJ.20 20 6.2 25 600 
MZ7CJ.22 22 5.6 29 600 
MZ7CJ.24 24 5.2 33 600 
MZ7CJ.25 25 5.0 35 600 
MZ7CJ.27 27 4.6 41 600 
MZ7CJ.28 28 4.5 44 600 

MZ7CJ.30 30 4.2 49 600 
MZ7CJ.33 33 3.8 58 700 
MZ7CJ.36 36 3.4 70 700 
MZ7CJ.39 39 3.2 80 800 
MZ7CJ.43 43 3.0 93 900 
MZ7CJ.47 47 2.7 105 1000 
MZ7CJ.51 51 2.5 125 1100 
MZ7CJ.56 66 2.2 150 1300 
MZ7CJ.60 60 2.1 170 1400 
MZ7CJ.62 62 2.0 185 1400 

MZ7CJ.68 68 1.8 230 1600 
MZ7CJ.75 75 1.7 270 1700 
MZ7CJ.82 82 1.5 330 2000 
MZ7CJ.87 87 1.4 370 2200 
MZ7CJ.91 91 1.4 400 2300 
MZ7CJ.l00 100 1.3 500 2600 
MZ7CJ.ll0 110 1.1 750 3000 
MZ7CJ.120 120 1.0 900 4000 
MZ7CJ.130 130 0.95 1100 4500 
MZ7CJ.140 140 0.90 1300 4500 
MZ7CJ.150 150 0.85 1500 5000 
MZ7CJ.160 160 0.80 1700 5500 
MZ7CJ.170 170 0.74 1900 5500 
MZ7CJ.180 180 0.68 2200 6000 
MZ7CJ.190 190 0.66 2400 6500 
MZ7CJ.2OO 200 0.65 2500 7000 

NOTE 1 - TOLERANCE AND VOLTAGE DESIGNATION 
Tolerance designation - The Motorola type numbers shown indi· 
cate a tolerance of ± 1 0% with guaranteed limits on only VZ, I Rand 
VF 8S shown in the above table. Units with guaranteed limits on 
all six parameters are indicated by suffix "A" for ± 10% tolerance 
and suffix "8" for ±5.0% units. 

Non-standard voltage designation - To designate units with zener 
voltages other than those assigned, the desired nominal voltage is 
used as part of the type number. 

EXAMPLE: 

MZ 70-90 B 

Motorola zene .. J J l LToleranee 
(±%) 

Series Nominal Voltage 

NOTE 2- SPECIAL SELECTIONS AVAILABLE INCLUDE: 

1 - Nominal zener voltages between those shown. 
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A B ,.A 

100 0.95 1.0 200 -0.085 
100 0.95 1.0 200 -0.085 
75 ·0.95· 1.0 150 -0.080 
75 0.95 1.0 150 -0.080 
50 0.95 1.0 100 -0.075 

25 0.95 1.0 100. -0.070 
15 0.95 1.0 100 -0.065 
10 0.95 1.0 75 -0.060 
5.0 0.95 1.0 50 ±O.055 
5.0 1.9 2.0 50 ±O.030 

5.0 1.9 2.0 50 ±O.030 
5.0 2.9 3.0 50 +0.038 
5.0 3.3 3.5 50 +0.038 
5.0 3.8 4.0 50 +0.045 
3.0 4.8 5.0 30 +0.050 

3.0 5.7 6.0 30 +0.058 
3.0 6.2 6.5 30 +0.062 
3.0 6.2 6.5 30 +0.065 
3.0 6.7 7.0 30 +0.068 
3.0 7.6 8.0 30 +0.075 

2.0 8.0 8.4 30 +0.076 
1.0 8.7 9.1 10 +0.077 
0.5 9.4 9.9 10 +0.079 
0.1 9.5 10 10 +0.082 
0.1 10.5 11 10 +0.082 

0.1 11.4 12 10 +0.083 
0.1 12.4 13 10 +0.084 
0.1 13.3 14 10 +0.085 
0.1 13.3 14 10 +0.086 
0.1 14.3 15 10 +0.086 

0.1 16.2 17 10 +0.087 
0.1 17.1 18 10 +0.088 
0.1 18.1 19 10 +0.089 
0.1 20 21 10 +0.090 
0.1 20 21 10 +0.091 

0.1 22 23 10 +0.091 
0.1 24 25 10 +0.092 
0.1 26 27 10 +0.093 
0.1 29 30 10 +0.094 
0.1 31 33 10 +0.095 

0.1 34 36 10 +0.095 
0.1 37 39 10 +0.096 
0.1 41 43 10 +0.096 
0.1 44 46 10 +0.097 
0.1 45 47 10 +0.097 

0.1 49 52 10 +0.097 
0.1 53 66 10 +0.098 
0.1 59 62 10 +0.098 
0.1 65 68 10 +0.099 
0.1 66 69 10 +0.099 

0.1 72 76 10 +0.110 
0.1 80 84 10 +0.110 
0.1 86 91 10 +0.110 
0.1 94 99 10 +0.110 
0.1 101 106 10 +0.110 

0.1 108 114 10 +0.110 
0.1 116 122 10 +0.110 
0.1 123 129 10 +0.110 
0.1 130 137 10 +0.110 
0.1 137 144 10 +0.110 
0.1 144 152 10 +0.110 

2 - Matched sets: (Standard Tolerances are ±5.0%, ±'2.o%, ±.1.0%1 
8. Two or more units for series connection with specified 

tolerance on total voltage. Series matched sets make 
zener voltages in excess of 200 volts possible as wall as 
providing lower temperature coefficients, lower dynamic 
impedance and greater power handling ability. 

b. Two or more units matched to one another with any 
specified tolerance. 

3 - Tight voltage tolerances: ±2.0% by using a "c" suffix letter 
and ± 1.0% by using a "0" suffix letter. 

NOTE 3 - TEMPERATURE COEFFICIENT 19vz) 

Test conditions for temperature coefficient are as follows: 
e. IZT = 7.5 mA, T, = 250 e, 

T2 = 1250 e IMZ7CJ.2.4A,B thru MZ7CJ.12A,B.) 

b. IZT - Rated IZT, Tl = 250 e, 
T2 = 1250 e (MZ7CJ.13A,B thru MZ7CJ.200A,B.) 

Device to be temperature stabilized with current applied prior to 
reading breakdown voltage at the specified ambient temperature. 



MZ70-2.4, A, B thru MZ70-200, A, B series (continued) 

TYPICAL REVERSE CHARACTERISTICS FOR SELECTED ZENER DIODES 
Curves marked T A were obtained from de measurements at thermal equilibrium; lead length = 3/S"; thermal resistance of heat sink = 3rfJCIW. 
Curves marked T J were obtained from pulse tests; mounting conditions are not a factor. 
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MZ70-2.4, A, B thru MZ70-200, A, B series (continued) 
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MZ70-2.4, A, B thru MZ70-200, A, B series (continued) 

FIGURE 14 - TYPICAL THERMAL RESPONSE 
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APPLICATION NOTE 

Since the actual voltage available from a given zener diode is 
temperature dependent, it is necessary to determine ju nction temp
erature under any set of operating conditions, in order to calculate its 
value. The following procedure is recommended: 

Lead Temperature, TL. should be determined from: 

TL = liLA Po + T A 

(J LA is the lead-ta-ambient thermal resistance and Po is the 
power dissipation. 6 LA is generally 30·4o"C/W for the vari
ous clips and tie points in common use and for printed 
circuit board wiring. 

Junction Tempera~ure, T J. may be found from: 

TJ = TL +L>TJL 

.6. T JL is the increase in junction temperature above the lead 
temperature end may be found from Figure 14 for a train of 
power pulses or from Figure 15 for de power. 

For worst-case design, using expected limits of I Z. limits of Po 
and the extremes of T J(L>T J) may be estimated. Changes in voltage. 
VZ. can then be found from: 

AV=6 vz ATJ 

(Jvz, the zener voltage temperature coefficient, is found from 
Figures 8,9, and 10. 

Under high power-pulse operation, the zener voltage will vary 
with time and may also be affected significantly by the zener resist
ance. For best regulation, use short leads, especially to the cathode, 
and keep current excursions as low as possible. 

Data of Figure 14 should not be used to compute surge capa
bility. Surge limitations are given in Figure 16. They are lower than 
would be expected by considering only junction temperature as cur
rent crowding effects cause temperatures to be extremely high in 
small spots resulting in device degradation should the limits o~ Figure 
16 be exceeded. Surge power ratings for conditions other than that 
shown on Figure 16 may be obtained by using the surge power 
factor. Figure 17. 
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MZ70-2.4, A, B thru MZ70-200, A, B series (continued) 
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FIGURE 21 - NOISE DENSITY MEASUREMENT METHOD 
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The input voltage and load resistance are high so that the zener diode is 
driven from a constant current source. The amplifier is low noise so that 
the amplifier noise is negligible compared to that of the test zener. The 
filter bandpass is known so that the noise density can be calculated from 
the formula shown. The data of Figure 20 and the formula can also be 
used to find noise for any system bandwidth. 
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MZ92-2.4, A, B(SILICON) 
thru 

MZ92-200,A, B 

500 mW UNIBLOC SILICON OXIDE PASSIVATED 
ZENER REGULATOR DIODES 

Highly reliable silicon regulators utilizing an oxide-passivated junc
tion for long-term voltage stability _ Supplied in the popular TO-92 
plastic package for the high volume requirements of the consumer 
industry_ 

• In-Line Leads for Easy Insertion 

• Lower Cost in High Volume 

• Electrically Similar to Our Popular Surmetic 20 Series 
"lN5221 - lN5281" 

• Wide Voltage Selection - 2_4-200 V 

MAXIMUM RATINGS 

Rating Symbol Value 

DC Power Dissipation@TL "'" 55°C Po 500 
Lead Length = 1/4" 

Derate above 55°C (Figure 11 5_26 

Operating and Storage Junction TJ.Tstg -65 to +150 
Temperature Range 

MECHANICAL CHARACTERISTICS 

CASE: Void free, transfer molded, thermosetting plastic 

Unit 

mW 

mW/oC 

°c 

FINISH: All external surfaces are corrosion resistant. Leads are readily solderable and weldable 

POLARITY: Cathode indicated by color dot_ When operated in zern!( mode. cathode will be 
positive with respect to anode 

MOUNTING POSITION: Any 

WEIGHT: 0_18 gram lapproxl 

FIGURE 1 - POWER-TEMPERATURE DERATING CURVE 
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UNIBLOC 
ZENER REGULATOR DIODES 

500 MILLIWATTS 
2.4 thru 200 VOLTS 

0.016 
0.019 

SlYlE! 

T1 -Anode 
T2 - Cathode 

! 
---;;];5 

i 
0.500 
MIN 

~ 
I 0.090 I--om 

CASE 182 (11 



MZ92-2.4,A,B thru MZ92-200,A,B (continued) 
ELECTRICAL CHARACTERISTICS (T A = 250 C unless otherwise noted. Based on de measurements at thermal equilibrium; 

lead length = 1/4"; thermal resistance of heat sink '" 300 CIW), VF = 1.5 Max @ IF = 200 mA for all types.1 

Max Zener Impedance Max Reverse Leakage Current Typical 
Nominal A & B Suffix Only A & B Suffix Only Non-8uffix Zener Voltage 

Motorola Zener Voltage Test Temp. COlff. 
Type Current VR IR@VRUsod VZ@IIZT !~ @I 6VZ I%I"C) 

Number Volts IZT ZZT@lIZT ZK@lIZK=0.25mA Volts For Suffix A INote31 
INotell INoto21 mA Ohms Ohms 

MZ92·2.4 2.4 20 50 2100 
MZ92·2.5 2.5 20 50 2100 
MZ92·2.7 2.7 20 50 2200 
MZ92·2.8 2.8 20 50 2200 
MZ92·3.0 3.0 20 50 2300 

MZ92·3.3 3.3 20 50 2500 
MZ92·3.6 3.6 20 48 2700 
MZ92·3.9 3.9 20 40 2800 
MZ92·4.3 4.3 20 25 2900 
MZ92·4.7 4.7 20 19 2600 

MZ92·5.1 5.1 20 17 2400 
MZ92·5.6 5.6 20 15 2100 
MZ92·6.0 6.0 20 13 1900 
MZ92·6.2 6.2 20 14 1500 
MZ92·6.8 6.8 20 17 780 

MZ92·7.5 7.5 20 23 700 
MZ92·8.2 8.2 20 34 700 
MZ9Z-8.7 8.7 20 44 700 
MZ92·9.1 9.1 20 50 700 
MZ92·10 10 20 62 700 

MZ92·11 11 20 68 700 
MZ92·12 12 20 70 700 
MZ92·13 13 9.5 70 700 
MZ92·14 14 9.0 70 700 
MZ92·15 15 8.5 34 700 

MZ92·16 16 7.8 38 700 
MZ92·17 17 7.4 42 700 
MZ92·18 18 7.0 48 700 
MZ92·19 19 6.6 52 700 
MZ92·20 20 6.2 57 700 

MZ92·22 22 5.6 68 700 
MZ92·24 24 5.2 78 700 
MZ92·25 25 5.0 85 700 
MZ92·27 27 4.6 98 700 
MZ92·28 28 4.5 105 700 

MZ92·30 30 4.2 117 700 
MZ92·33 33 3.8 140 700 
MZ92·38 36 3.4 160 700 
MZ92-39 39 3.2 190 800 
MZ92·43 43 3.0 225 900 

MZ92-47 47 2.7 260 1000 
MZ92·51 51 2.5 300 1100 
MZ92·56 56 2.2 360 1300 
MZ92·60 60 2.1 410 1500 
MZ92·62 62 2.0 430 1600 

MZ92·68 68 1.8 520 1900 
MZ92·75 75 1.7 600 2300 
MZ92·82 82 1.5 700 2700 
MZ92·87 87 1.4 780 3100 
MZ92·91 91 1.4 840 3400 

MZ92·100 100 1.3 1000 4000 
MZ92·110 110 1.1 1200 5000 
MZ92·120 120 1.0 1400 5100 
MZ92·130 130 0.95 1600 5200 
MZ92·140 140 0.90 1800 5300 

MZ92·150 150 0.85 2100 5400 
MZ92·160 160 0.80 2300 5500 
MZ92·170 170 0.74 2600 5600 
MZ92·180 180 0.68 2900 6000 
MZ92·190 190 0.68 3200 6500 
MZ92·200 200 0.65 3500 7000 

NOTE 1- TOLERANCE AND VOLTAGE DESIGNATION 
Tolerance designation - The type numbers listed indicate a toler
ance of ±20% with guaranteed limits on VZ,IR and VF. In addi
tion. zener impedance (ZZT, ZZK) limits are guaranteed on devices 
indicated by suffix" A" for ± 10% tolerance, "S" for ±5.0%, "C" 
for ±2.0% and "0" for ± 1.0% tolerance. 

Non-Standard voltage designation - To designate units with zener 
voltages other than those assigned the Motorola type number 
should be usod. 

EXAMPLE: 

M Z 

Motorole --1J 
Zener Diode 

92-65 A Il LTolerance 
I.±%I 

Nominal 
Voltage 

Serie. 
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A B ~A 

100 0.95 1.0 200 -1.03 
100 0.95 1.0 200 -1.03 
75 0.95 1.0 150 -1.01 
75 0.95 1.0 150 -1.00 
50 0.95 1.0 100 -0.09 
25 0.95 1.0 100 -0.068 
15 0.95 1.0 100 -0.051 
10 0.95 1.0 75 -0.034 
5.0 0.95 1.0 50 -0.010 
5.0 1.9 2.0 50 +0.012 

5.0 1.9 2.0 50 +0.025 
5.0 2.9 3.0 50 +0.035 
5.0 3.3 3.5 50 +0.041 
5.0 3.8 4.0 50 +0.043 
3.0 4.8 5.0 30 +0.050 

3.0 5.7 6.0 30 +0.055 
3.0 6.2 6.5 30 +0.059 
3.0 6.2 6.5 30 +0.061 
3.0 6.7 7.0 30 +0.062 
3.0 7.6 8.0 30 +0.066 

2.0 8.0 8.4 30 +0.068 
1.0 8.7 9.1 10 +0.070 
0.5 9.4 9.9 10 +0.072 
0.1 9.5 10 10 +0.074 
0.1 10.5 11 10 +0.076 

0.1 11.4 12 10 +0.077 
0.1 12.4 13 10 +0.078 
0.1 13.3 14 10 +0.079 
0.1 13.3 14 10 +0.080 
0.1 14.3 15 10 +0.080 

0.1 16.2 17 10 +0.082 
0.1 17.1 18 10 +0.083 
0.1 18.1 19 10 +0.083 
0.1 20 21 10 +0.084 
0.1 20 21 10 +0.084 

0.1 22 23 10 +0.085 
0.1 24 25 10 +0.098 
0.1 26 27 10 +0.087 
0.1 29 30 10 +0.087 
0.1 31 33 10 +0.088 

0.1 34 36 10 +0.088 
0.1 37 39 10 +0.089 
0.1 41 43 10 +0.089 
0.1 44 46 10 +0.090 
0.1 45 47 10 +0.090 

0.1 49 52 10 +0.090 
0.1 53 56 10 +0.090 
0.1 59 62 10 +0.090 
0.1 65 68 10 +0.091 
0.1 66 69 10 +0.091 

0.1 72 76 10 +0.091 
0.1 80 84 10 +0.091 
0.1 86 91 10 +0.'092 
0.1 94 99 10 +0.092 
0.1 101 106 10 +0.092 

0.1 108 114 10 +0.092 
0.1 116 122 10 +0.092 
0.1 123 129 10 +0.092 
0.1 130 137 10 +0.092 
0.1 137 144 10 +0.093 
0.1 144 152 10 +0.093 

NOTE 2 - SPECIAL SELECTIONS AVAILABLE INCLUDE: 

la) Nominal zener voltages between those shown. 

Ibl Motched sets: IStandard Tolerances are ±5.O%, ±2.o%, ± 1.0%1 
a. Two or more units for series connection with specified 

tolerance on total voltage. Series matched setS make 
zener voltages in excess of 200 volts possible as· well as 
providing lower temperature coefficients, lower dynamic 
impedance and greater poWer handling ability. 

b. Two or more units matched to one another with any 
specified tolerance. 

Icl Tight voltage tolerance.: 1.0%, 2.0% 

NOTE 3 - TYPICAL TEMPERATURE COEFFICIENT 16vzl 

Test conditions for temperature cotfflcient are as follows: 

a. IZT = 7.5 mA, T, = 2SoC. 
T2 = 125°C IMZ92·2.4A,Bthru MZ92·12A,BI. 

b. IZT = Rated IZT' Tl = 25°C. 
T2 • 125°C IMZ92·13A,B thru MZ92·200A,BJ. 

Device to be temperature stabilized with current applied prior to 
reading breakdown voltage at the specified ambient temperature. 



MZ500-1 thru MZ500-40 (SILICON) 

Miniature plastic encapsulated zener diodes for reg
ulatedpower supply circuits, surge protection, arc sup
pression and other functions in television, automotive 
and other consumer product applications. 

CASE 51 
(00-7) 

MAXIMUM RATINGS 

Rating 

DC Power Dissipation @ TL = 
Derate above 500 C 

Junction Temperature* 

50°C 

Value Unit 

400 mW 

3.2 mW/oC 

-65 to+175 °c 

*Maximum lead temperature for 10 seconds at 1/16" from case = 2300 C 

FIGURE 1-POWER·TEMPERATURE DERATING CURVE 
1.0 ...,----.,.-----.-------,-----r-----.------.-----. 

Ci) 0.8 

i 
~ 0.6 
~ 
~ 

Lead temperature taken 
at indicated distance 
from case. 

2i 
0:: 0.4 1------I------:""'!--"""'""-----1-----I"'oo~---+-----l------I 
..... 
~ Lead Length = 1" 

re 0.2 

o 25 50 75 100 

T L, LEAD TEMPERATURE (OC) 

MECHANICAL CHARACTERISTICS 

CASE: Void free, transfer molded. 

125 150 

FINISH: All external surfaces are corrosion resistant. Leads are readily solderable. 

POLARITY: Cathode indicated by color band. When operated in zener mode, 
cathode will be positive with respect to anode. 

MOUNTING POSITION: Any. 

WEIGHT: 0.42 gram (approximately). 
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MZ500·1 thru MZ500·40 (continued} 

ELECTRICAL CHARACTERISTICS (Tc = 25"C unless otherwise noted) V, = 1.5 V max @ 200 mA on all types 

Zener Voltage Test Typical Ma. DC Zener Maximum Reverse Typical 
Vz rcil Izy Volts' Current 

ZZT rcil IZT 
Current Leakage Current Temperature 

Type No. Izr Ohms IZM IR @ VR Coefficient 
Min Nom Max rnA rnA pA Ma. Volts %/'C 

MZ500-1 2.16 2.4 2.64 20 35 150 - - -.085 
MZ500-2 2.43 2.7" 2.94 20 30 135 - - -.OBO 
MZ500-3 2.7 3.0 3.3 20 30 120 - - -.075 
MZ500-4 2.97 3.3 3.83 20 30 110 20 I -.070 
MZ500-5 3.24 3.6 3.96 20 25 100 20 I -.065 

MZ500-S 3.51 3.9 4.29 20 25 95 20 I -.060 
MZ500-7 3.87 4.3 4.73 20 25 85 5 I -.050 
MZ500-B 4.23 4.7 5.17 20 20 80 5 I -.043 
MZSOO-9 4.59 5.1 5.61 20 20 70 5 I t .030 
MZ500-10 5.04 5.6 6.16 20 15 65 5 I :!: .028 

MZ500-11 5.58 6.2 6.82 20 10 60 5 I +,045 
MZ500-12 6.12 6.8 7.48 20 5 55 5 I .050 
MZ500-13 6.75 7.5 8.25 20 10 50 5 I .058 
MZ50D-14 7.38 8.2 9.02 20 10 45 5 I .062 
MZ500-15 8.19 9.1 10,02 20 10 40 5 I .068 

MZ500-1S 9.0 10 11.0 20 20 36 5 I .075 
MZ500-17 9.9 11 12.1 20 20 35 5 I .076 
MZ500-18 10.8 12 13.2 20 30 32 5 I ,077 
MZ500-19 11.7 13 14.3 9.5 15 30 10 9.4 .079 
MZ500-20 13.5 15 16.5 8.5 20 26 10 10.8 .082 

MZ500-21 14.4 16 17.6 7.8 20 25 10 11.5 .083 
MZ500-22 16.2 18 19.8 7.0 25 21 10 13.0 .085 
MZ500-Z3 18.0 20 22.0 6.2 30 19 10 14.4 .086 
MZ5ilO-24 19.8 22 24.2 5.6 30 17 10 15.8 .087 
MZ500-Z5 21.6 24 26.4 5.2 35 16 10 17.3 .088 

MZ500-26 24.3 27 29.7 4.6 45 14 10 19.4 .090 
MZ500-27 27,0 30 33.0 4.2 50 13 10 21.6 .091 
MZ500-Z8 29.7 33 36.3 3.8 60 12 10 23.8 .092 
MZ500-29 32.4 36 39,6 3.4 70 II 10 25.9 .093 
MZ500-30 35.1 39 42.9 3.2 80 9.1 10 28.1 .094 

MZ500-31 38.7 43 47.3 3.0 95 8.8 10 31.0 .095 
MZ500-32 42.3 47 51.7 2.7 110 7.9 10 33.8 .095 
MZ500-33 45.9 51 56.1 2.5 130 7.4 10 36.7 .096 
MZ500-34 50.4 56 61.6 2.2 150 6.9 10 40.3 .096 
MZ500-35 55.8 62 68.2 2.0 190 6.0 10 44.6 .097 

MZ500-36 61.2 68 74.8 1.8 240 5.5 10 49.0 .097 
MZ500-37 67.5 75 82.5 1.7 280 5.1 10 54.0 .098 
MZ500-38 73.8 82 90.2 1.5 340 4.6 10 59.0 .098 
MZ500-39 81.9 91 100.1 1.4 400 4.2 10 65.5 .099 
MZ500-40 90.0 100 110.0 1.3 500 3.7 10 72.0 .100 

,.. 1. Nominal voltages other than those stated above, matched sets of tight voltage tolerance devices, tighter voltage tolerances and double anode clipper~, are 
available from the . 4M3. 3ZS5 series on special request. 

2. Voltages to 200 volts are available. 

FIGURE 2 - TYPICAL ZENER DIODE CHARACTERISTICS and SYMBOL IDENTIFICATION 
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• IF - Forward Current 

• Iz - Zener Current 

• Int - Maximum 
DC Zener Current 

(limited by Power Dissipation) 

• lIT - Zener Test CUrrent 

• Yf - Forward Voltage 

• Vz - Nominal Zener Voltage 

• Zz - Zener Impedance 

• ZIT - Zener Impedance at 
Test Current (lIT) 



MZ600 SERIES (SILICON) 
6.2 Volts 

MZ800 SERIES 
8.4 Volts 

PRECISION REFERENCE DIODES 

... designed, manufactured and tested for applications requiring 
a precision voltage reference with ultra-high stability of voltage 
with time and temperature change. 

Special test laboratory uses precision measurement equipment, 
four-terminal (separate contacts for current and voltage) meas
urement techniques and voltage standards to provide calibration 
directly traceable to the National Bureau of Standards. 

C;Y~M TeST DaTa 

Every Precision Reference Diode is individually 
serialized and its test data recorded on a Certificate 
of Precision that accompanies the device when 
shipped. This data shows: 

-Device voltages at each test temperature 
(+25, +75 and +1000 C) 

-Voltage stability within the measuring 
temperature range 

-Actual device voltage at 168 hour 
intervals during verification test 

-Voltage stability throughout the entire 
1000 hour test period 

-Certification of Precision 

-All diodes are marked with the device 
type number and polarity band 
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PRECISION REFERENCE· 
DIODES 

with 
CERTIFIED 

ZENER VOLTAGE-TIME 
STABILITY 

CASE 51 
(00-7) 

J V~I~ lOOLN 
Polarity 

~Band 

O,MAX 

110-7 L\SS PACKAGE 

MECHANICAL CHARACnRISTlCS: 
Cue: 

Glass, Hermelically Sealed 
Leads: Dumel 
Lead Fillsh, 

Nickel 50·100 I'in. Ihen 
gold plaled 50~200 pin. 

Weilhl: 
0.2 grams (approx) 



MZ600 series, MZ800 series (continued) 

OPERATING TEMPERATURE RANGE:" 25 to lOO'C. 

MZ600 SERIES (Voltage 6.2V ± 5%, I .. == 7.5 mAdc t, ~ Vz == 2.5 mVdc**) 

Voltage·Time Stability Parts Per Million Change 
Type No. (I'V /1000 Hours) (ppm/lOOO Hours) 

MZ605 30 Maximum < 5 
MZ610 60 Maximum <10 
MZ620 120 Maximum <20 
MZ640 240 Maximum <40 

DYNAMIC IMPEDANCE: 10 ohms at Izr == 7.5 mAde, I .. == 0.75 mAo 

MZSOO SERIES (Voltage S.4V ± 5%,1 .. == 10 mAdct, ~Vz == 3.5 mVdc**) 

Voltage·Time Stability Parts Per Million Change 
Type No. (/tV /1000 Hours) (ppm/lOOO Hours) 

MZ805 45 Maximum <5 
MZ810 90 Maximum <10 
MZ820 180 Maximum <20 
MZ840 360 Maximum <40 

DYNAMIC IMPEDANCE: 15 ohms at I .. == 10 mAde, I .. == 1.0 mAo 

NOTES 

tTESTCURRENT 
For certification testing of time stability. Motorola maintains IZT 
constant and repeatable to ±0.05 ,.A tolerance. For voltage toler
ance. impedance and voltage temperature stabilltv IZT needs to be 
held to 0.01 mA tolerance only. 

VOLTAGE-TIME STABILITY 
(AVZ/l000 Hours). 

The device voltage is read and recorded initially and at 168 hour 
intervals through 1000 hours. The maximum change of voltage be
tween readings. taken at any of the seven points, must be less than 
the maximum voltege change per 1000 hours specified as Voltege
Time Stability. 

TURN-ON CHARACTERISTICS 

Precision Reference Diodes have been tested to determine the 
behevior of the device under interrupted power operation. 

To iNure specified performance, adequate time must be allowed 
for the device and its environment to reach thermal equilibrium. 
"Warm-up" time may range from 10 to 30 minutes. Thermal equilib
rium is reached when the chamber is cycling at the required tempera
ture with the device energized. 

-Maximum limits for use as a preciSion reference device. Limits are 
well below the maximum thermal limits. 

"VOLTAGE-TEII/IPERATURE STABILITY: Maximum allowable 
voltage change between volteges recorded at 26. 75 and 1000 C 
ambient. 

After this "warm·up" period, the davice voltage will be between 
the minimum and the maximum voltege of those recorded at the 
seven points of the Voltage-Time Stability certification. 

MOUNTING 

Excellent results have been obtained by using a mechanical mount
ing. If necessary, the device may be soldered into a circuit using a 
heat sink between the heat source and the body of the diode. A low 
thermal EMF solder is recommended. 

SPECIAL NOTE 

VOltage tolerance less than 5.0% is available upon special request. 
Precision Reference Diodescapeble of meeting special requirements 

for standard voltages regerdless of required test current, tempereture 
range, or test temperawres are available. Custom requirements of 
particular devices for specific applications are also available. 
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MZ600 series, MZ800 series (continued) 

VOLTAGE-CURRENT 
STABILITY 
CHARACTERISTICS 

For verification of time sta· 
bility. and for repeatable oper· 
ation. I., should be maintained 
with a tolerance of ±O.l p.A. Fig· 
ure 1 will assist in design where 
the supply current stability can· 
not be maintained to better than 
0.2 p.A deviation. 

VOLTAGE-TEMPERATURE 
CHARACTERISTICS 

CHOICE OF OPERATING 

TEMPERATURE 

The stability certification is 
performed at 65°C ± O.02oC. 
The operating temperature can 
be selected within the operating 
temperature range. If the de· 
sired temperature is not 65·C. 
the precise voltage of the device 
will be different but the certified 
stability will still be observed. 

VOLTAGE TEMPERATURE 

STABILITY 

For verification of time stabil· 
ity and/or repeatable operation. 
the ambient temperature should 
be controlled to ±O.l·C. 

Figure 2 will assist in designs 
where ambient temperature 
cannot be controlled to better 
than 0.2·C deviation. 
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FIGURE 1 - MAXIMUM VOLTAGE CHANGE. IN p.V AND PPM. 
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I 

Il821,A 
Il823,A 
Il825,A 
Il827,A 
Il829,A 
6.2 VOLTS ±5% 

Il935,A,8 
. thru 
Il939,A,8 

9.0 VOLTS ± 5% 

Il941,A,8 
thru 

Il946,A,8 
11.7 VOLTS ±5% 

Il3154,A 
thru 

Il3157,A 
SA VOLTS ± 5% 

Desig'flpJ'S Data Sheet 

RADIATION HARDENED 
TEMPERATURE-COMPENSATED 

ZENER REFERENCE DIODES 

Highly reliable reference sources utilizing an oxide-passivated junc
tion for long-term voltage stability. Ramrod construction provides 
a rugged, glass-enclosed, hermetically sealed structure. 

• Specified Radiation Effects 

• Low Dynamic Impedance 

• Choice of Temperature Ranges 

• "Box Method" Specifications Guarantee Maximum Voltage Devia
tion 

• Choice of Four Voltages 

Designer's Data for "Worst Case" Conditions 

RADIATION HARDENED 
TEMPERATURE-COMPENSATED 

SILICON ZENER 
REFERENCE DIODES The Designers Data sheets permit the deSign of most circuits entirely from 

the information presented. Limit curves - representing bounciaries on device 
characteristics - are given to facilitate "'worst case" design. 

MAXIMUM RATINGS 

Junction Temperature: -55 to +1750 C 

Storage Temperature: -65 to +1750 C 

DC Power Dissipation: 400 mW @ T A = 250 C 

MECHANICAl. CHARACTERISTICS 

CASE : Hermetically sealed, all-glass 

DIMENSIONS: See outline drawing 

FINISH: All external surfaces are corrosion resistant and leads are 
readily solderable and weldable. 

POLARITY: Cathode indicated by polarity band. 

WEIGHT: 0.2 Gram (approxl 

MOUNTING POSITION: Any 

3-1018 
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L 
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0.300 MAX 
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All JEDEC dimensionstnd notes apply 
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MZ821,A, MZ823,A, MZ825,A, MZ827,A, MZ829,A, MZ935,A,8 thru MZ939,A,8, 
MZ941,A,8 thru MZ946,A,8, MZ3154,A thru MZ3157,A (continued) 

ELECTRICAL CHARACTERISTICS (TA = 250 C unless otherwise noted 1 

Maximum Maximum 
Voltage Ambient Air Temperature Dynamic 

Referenee Motorola Change Test Coefficient Impad.nee 
Voltage at Type No. 6VZ (Voltsl Tamperatu ... %I"c ZZTOhms 

Test Current (Note 11 <Note 21 DC <Note 21 (Note 3) 

MZ821 0.096 0.01 

MZ823 0.048 0.005 

MZ825 0.019 0.002 15 

MZ827 0.009 0.001 
Vz = 6.2 V ± 5% 

MZ829 0.005 
-55,0, +25, 

OJlOO5 
@IZT=7.5mA 

MZ821A 0.096 
+75, +100 

0,01 

MZ823A 0.048 0.005 

MZ825A 0.019 0.002 10 
MZ827A 0.009 0.001 

MZ829A 0.005 0.0005 
MZ935 0.067 0.01 

MZ936 0.033 0.005 
MZ937 0.013 0, +25, +75 0.002 20 

MZ938 0.006 0.001 

MZ939 0.003 0.0005 

MZ935A 0.139 0.01 

MZ936A 0.069 
-55,0, +25, 

0.005 
Vz = 9.0 V ± 5% 

MZ937A 0.027 0.002 20 
@IZT=7.5mA 

MZ938A 0.013 
+75, +100 

0.001 

MZ939A 0.007 0.0005 

MZ935B 0.184 0,01 

MZ9368 0.092 0.005 

MZ9378 0.037 
-55,0, +25, 

0.002 20 

MZ938B 0.018 
+75,+100,+150 

0.001 

MZ9398 0.009 0.0005 

MZ941 0.088 0.01 

MZ942 0.044 0.005 

MZ943 0,018 0, +25, +75 0.002 30 

MZ944 0.009 0.001 

MZ945 0.004 0.0005 
MZ!I4f1 0.002 0.0002 

MZ941A 0.181 0,01 

MZ942A 0.090 0.005 
VZ= 11.7V±5% MZ943A 0.036 

-55,0, +25. 
0.002 

+75, +100 30 
@IZT=7.5mA MZ944A 0.018 0.001 

MZ945A 0.009 0.0005 

MZ946A 0.004 0.0002 

MZ941B 0.239 0,01 

MZ942B 0.120 0.005 

MZ943B 0.047 -55,0, +25, 0.002 
30 

MZ944B 0.024 +75,+150 0.001 

MZ945B 0.012 0.0005 
MZ946B 0.005 0.0002 

MZ3154 0.130 0,01 

MZ3155 0.065 -55,0,+25 0.005 
15 

MZ3156 0.026 +75,+100 0.002 
Vz = 8.4 V ± 5% MZ3157 0.013 0.001 

@IZT=10mA MZ3154A 0.172 0,01 

MZ3155A 0.086 -55,0,+25, 0.005 
15 

MZ3156A 0.034 +75,+100,+150 0.002 
MZ3157A 0.017 0.001 

3-1019 



MZ821,A, MZ823,A, MZ825,A, MZ827,A, MZ829,A, MZ935,A,B thru MZ939,A,B, 
MZ941,A,B thru MZ946,A,B, MZ3154,A thru MZ3157,A (continued) 
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FIGURE 1 - EFFECT OF NEUTRON DOSAGE ON REFERENCE VOLTAGE 
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MZ821,A, MZ823,A, MZ825,A, MZ827,A, MZ829,A, MZ935,A,B thru MZ939,A,B, 
MZ941,A,B thru MZ946,A,B, MZ3154,A thru MZ3157,A (continued) 

100,--r-T--:!==:::::r==::r==::::;:l 

FIGURE 4 

MAXIMUM VOLTAGE CHANGE versus 
AMBIENT TEMPERATURE 

75~--~--4-~-4----4---4--~H 

(with IZT = 7.5 mA ± 0.01 mAl 

These graphs can be used to determine the maximum voltage 
change of any device in the series over any specific temperature 
range. For example, a temperature change from 0 to +50oC 
will cause a voltage change no greater than +31 mV or - 31 
mV for MZ821 0 r MZ821A, as illustrated by the dashed lines 
in Figure 4 .. The boundaries given are maximum values. Ex· 
panded views of Maximum Voltage Change versus Ambient 
Temperature curves are shown on the standard data sheet 
lN821,A, IN823,A, IN825,A, IN827,A, IN829,A. 

-751------'--

The maximum voltage change, 6VZ, in Figures5and6isdue 
entirely to the impedance of the device. If both temperature 
and I ZT are varied, then the total voltage change may be ob
tained by adding 6VZ in Figure 5 or 6 to the tNZ in Figure 4 
for the device under consideration. If the device is to be 
operated at some stable current other than the specified test 
current, a new set of characteristics may be plotted by super
imposing the data in Figure 5 or 6 on Figure 4. -looL __ ~_+-_'--:~===r===±==::=J 
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ZENER CURRENT versus MAXIMUM VOLTAGE CHANGE 
(At Specified Temperatures) (See Note 5) 

MORE THAN 95% OF THE UNITS ARE IN THE RANGES INDICATED BY THE CURVES 

FIGURE 5 - MZ821 SERIES 
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FIGURE 6 - MZ821A SERIES 
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(See Note 3) 

MORE THAN 95% OF THE UNITS ARE IN THE RANGES INDICATED BY THE CURVES 

FIGURE 7 - MZ821 SERIES FIGURE 8 - MZ821A SERIES 
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MZ821,A, MZ823,A, MZ825,A, MZ827,A, MZ829,A, MZ935,A,8 thru MZ939,A,8, 
MZ941,A,8 thru MZ946,A,8, MZ3154,A thru MZ3157,A (continued) 

MAXIMUM VOLTAGE CHANGE versus TEMPERATURE 
(With IZT = 7.5 mA ± 0.01 mAl 

FIGURE 9 - MZ935 thru MZ939 
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FIGURE 11 - MZ935B thru MZ939B 
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FIGURE 12 - ZENER CURRENT versus MAXI·MUM VOLTAGE 
CHANGE (at specified temperatures) (See Note 5) 

FIGURE 10 - MZ935A thru MZ939A 
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These graphs can be used to determine the maximum voltage 
change of any device in the series over any specific temperature 
range. For example, a temperature change from +25 to +500 C 
will cause a voltage change no greater than +22 mV or - 22 
mV for MZ935, as illustrated by the dashed lines in Figure 9. 
The boundaries given are maximum values. Expanded views 
of Maximum Voltage Change versus Ambient Temperature 
curves are shown on the standard data sheet lN935,A,B thru 
lN939,A,B. . . 

The maximum voltage change, tNZ, in Figure 12 is due en· 
tirely to the impedance of the device. If both temperature 
and IZT are varied, then. the total voltage change may be 
obtained by adding tNZ in Figu're 12 to the "'VZ in Figure 
9, 10, or 11 for the device under consideration. If the device 
is to be operated at some stable current other than the speci· 
fied test current, a new set of characteristics may be plotted 
by superimposing the data in Figure 12 on Figure 9, la, or 11. 

FIGURE 13 - MAXIMUM ZENER IMPEDANCE 
versus ZENER CURRENT (See Note 3) 

10MORE THAN 95% OF THE UNITS ARE IN THE RANGES INDICATED BYTHE CURVES 1000 MORE THAN 95% OF THE UNITS ARE IN THE RANGES INDICATED BY THE CURVES 
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MZ821,A, MZ823,A, MZ825,A, MZ827,A, MZ829,A, MZ935,A,8 thru MZ939,A,8, 
MZ941,A,8thru MZ946,A,8, MZ3154,A thru MZ3157,A (continued) 

MAXIMUM VOLTAGE CHANGE versus AMBIENT TEMPERATURE 
IWith I ZT = 7.5 mA ± 0.01 mAl 

FIGURE 14 - MZ941 thru MZ946 FIGURE 15 - MZ941A thru MZ946A 
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FIGURE 16 - MZ941B thru MZ946B 
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FIGURE 17- ZENER CURRENT versus MAXIMUM VOLTAGE 
CHANGE (At specified temperaturos) (See Noto 5) 
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These graphs can be used to determine the maximum voltage 
change of any device in the series over any specific temperature 
range. For example, a temperature change from +25 to +50oC 
will cause a voltage change no greater than +29 mV or - 28 
mV for MZ941, as illustrated by the dashed lines in Figure 14. 
The boundaries given are maximum values. Expanded views 
of Maximum Voltage Change versus Ambient Temperature 
curves are shown on the standard data sheet 1 N941,A,B thru 
lN946,A,B. 
The maximum voltage change, t::.VZ, in Figure 17 is due en
tirely to the impedance of the device. I f both temperature 
and IZT are vaired, then the total voltage change may be ob
tained by adding "'VZ in Figure 17 to the "'VZ in Figure 14, 
15, or 16 for the device under consideration. If the device is 
to be operated at some stable current other than the specified 
test current, a new set of characteristics may be plotted by 
superimposing the data in Figure 17 on Figure 14, 15, or 16. 

1000 

FIGURE 18 - MAXIMUM ZENER IMPEDANCE versus 
ZENER CURRENT ISoe Note 3) 

MORE THAN 95% OF THE UNITS ARE IN THE RANGES INDICATED BY THE CURVES· 

1500C 

« 100 

~ 
~ 

~ 
a: 
w 
z 
W 
N 

'" 10 => 

'" ~ 
'" N 
N 

1.0 
o 

-55°C ~ 

1.0 10 

IZ, ZENER CURRENT (rnA) 

250CL 

100 

3-1023 



· . 

MZ821,A~ MZ823,A, MZ825,A, MZ827,A, MZ829,A,MZ935,A,8 thni MZ939,A,8, 
MZ941,A,8 thru MZ946,A,8, MZ3154,A thru MZ3157,A (continued) 

MAXIMUM VOLTAGE CHANGE versus AMBIENT TEMPERATURE 
(With IZT= 1.0 mA ± 0.01 mAl 

These graphs can be used to determine the maximum voltage 
change of any device in the series over any specific temperature 
range. For example, a temperature change from 0 to +500 C 
will cause a voltage change no greater than +42 mV or - 42 
mV for MZ3154, as illustrated by the dashed lines in Figure 
19. The boundaries given are maximum values. Expanded 
views of Maximum Voltage Change versus Ambient Temper
ature curves are shown on the standard data sheet lN3154,A 
thru lN3157,A. 

FIGURE 19 - MZ3154 thru MZ3157 
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The maximum voltage change, t>VZ, in Figure 21---!s due en
tirely to the impedance of the device. If both temperature 
and I ZT are varied, then the tot.1 voltage change may ~b
tained by adding t>VZ in Figure 21 to the t>VZ in Figure 19 
or 20 for the device under consideration. If the device is.to 
be operated at some stable current other than the specified 
test current, a new set of characteristics may be plotted by 
superimposing the data in Figure 21.on Figure 19 or 20. 

FIGURE 20 - MZ3154A thru MZ3157A 
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FIGURE 22 - MAXIMUM ZENER IMPEDANCE 
versus ZENER CURRENT (See Note 3) 
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FIGURE 21 - ZENER CURRENT versus MAXIMUM 
VOLTAGE CHANGE (at specified temperatures) (See Note 5) 
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MZ821,A, MZ823,A, MZ825,A, MZ827,A, MZ829,A, MZ935,A,B thru MZ939,A,B, 
MZ941,A,B thru MZ946,A,B, MZ3154,A thru MZ3157,A (continued) 

RADIATION EFFECTS 

Standard Zener Diodes are inherently radiation resistant because 
of high doping levels. This is not the case in Temperature Compen· 
sated Zener Reference Diodes because standard diffused, forward
biased, P·N junctions having negative temperature coefficients are 
utilized to compensate for the positive temperature coefficient of 
the' zener die. Normally, the characteristic of the foward-biased 
P·N junction changes significantly with fast neutron dosage and 

NOTE 1: 

The Motorola listed types have electrical specifications identical to 
the IN ... counterpart, i.e., MZ821 is identical to lN821. 

NOTE 2: 

Voltage Variation (" VZ) and Temperature Coefficient 

All reference diodes are characterized by the "box method." This 
guarantees a maximum voltage variation (.6.VZ) over the specified 
temperature range, at the specified test current (lZT), verified by 
tests at indicated temperature points within the range. This method 
of indicated voltage stability is now used for JEDEC registration 
as well as for military qualification. The former method of indio 
eating voltage stability - by means of temperature coefficient -
accurately reflects the voltage deviation at the temperature ex
tremes, but is not necessarily accurate within the temperature range 
because reference diodes have a nonlinear temperature relationship. 
The temperature coefficient, therefore, is given only as a reference. 

makes the composite device sensitive to radiation. Motorola utj.. 
lizes specially processed P-N junctions to provide devices capable 
of meeting the information shown in Figures 1, 2 and 3. 

The radiation effects curves were generated based on data obtained 
by irradiating devices in a Tri~ Reactor. Note: 3 neutron/cm2 
(Triga Reactor) = 1 neutron/em (1 Mev equivalent.) 

NOTE 3: 

Zener I mpedance Derivation 

The dynamic zener impedance. ZZT. is derived from the 6O-Hz ac 
voltage drop which results when an ac current with an rms value 
equal to 10% of the de zener current, IZT' is superimposed on IZT. 
Curves showing the variation of the zener impedance with zener 
current for each series are given. A cathode-ray tube curve-trace 
test on a sample basis is used to ensure that each zener characteristic 
has a sharp and stable knee region. 
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MZ 1 000-1 thru MZ 1000-37 (SILICON) 

l 
CASE 59 

(00-41) 

Miniature plastic encapsulated zener diodes for reg
ulated power supply circuits, surge protection, arc sup
pression and other functions in television, automotive 
and other consumer product applications. 

MAXIMUM RATINGS 

Rating Value Unit 

DC Power Dissipation @ T L = 50°C 1.5 Watt 

Derate above 50°C 8.33 mW/oC 

Lead Temperature* -65 to+175 °c 

*Maximum lead temperature for 10 seconds at 1/16" from case = 230°C 

FIGURE 1- POWER-TEMPERATURE DERATING CURVE 
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MZ1000-l thru MZ1000-37 (continued) 

MECHANICAL CHARACTERISTICS 

CASE: Void free. transfer molded. 

FINISH: All external surfaces are corrosion resistant. Leads are readily solderable. 

POLARITY: Cathode indicated by color band. When operated ill zener mode. 
cathode will be positive with respect to anode. 

MOUNTING POSITION: Any. 

WEIGHT: 0.42 gram (approximately). 

ELECTRICAL CHARACTERISTICS (T c = 25'C unless otherwise noted) V, = 1.5 V max @ 200 mA on all types 

Zener Voltage Test Max DC Zener Maximum Reverse 
Vz @ 'ZT Volts' Current Typical Current leakage Current 

Type No. 'n ZZT @ 'IT 'IM '. V. 
Ohms 

@ 
Min Nom Max mA mA "A Max Volts 

MZlOOO-l 2.97 3.3 3.63 76 15 276 150 1 
MZIOOO-2 3.24 3.6 3.96 69 15 252 150 1 
MZ1000-3 3.51 3.9 4.29 64 13.5 234 75 1 
MZI000-4 3.87 4.3 4.73 56 13.5 21. 20 1 
MZIOOO-5 4.23 4.7 5.17 53 12 193 20 1 

MZlOOO·6 4.59 5.1 5.61 49 10.5 178 20 1 
MZlOOO-7 5.04 5.6 6.16 45 7.5 162 20 2 
MZlOOO-8 5.58 6.2 6.82 41 3 146 20 3 
MZIOOO-9 6.12 6.6 7.48 37 5.25 133 20 4 
MZlOOO-iO 6.75 7.5 8.25 34 6 121 20 5 

MZIOOO-ll 7.38 8.2 9.02 31 6.75 110 20 5.9 
MZlOOO-12 8,19 9.1 10.01 28 '.5 100 20 6.6 
MZIOOO-13 9 10 11 25 10.5 91 20 '.2 
MZlOOO-14 9.9 11 12.1 23 12 83 10 8.0 
MZIOOO-lS 10.8 12 13.2 21 13.5 76 10 8.6 

M2tOOO-16 11.7 13 14.3 19 15 69 10 9.4 
MZIOOO-17 13.5 15 16.5 17 21 61 10 10.8 
MZIOOO-lS 14.4 16 17.6 15.5 24 5' 10 11.5 
MZIOOO-19 16.2 18 19.8 14 30 50 10 13.0 
MZl000-20 18 20 22 12.5 33 45 10 14.4 

MZIOOO-21 19.8 22 24.2 11.5 34.5 41 10 15.8 
MZIOOO-22 21.6 24 26.4 10.5 37.5 38 10 17.3 
MZl000-23 24.3 27 29.7 9.5 52.5 34 10 19.4 
MZIOOO-24 27 30 33 6.5 60 30 10 21.6 
MZIOOO-25 29.7 33 36.3 7.5 67.5 27 10 23.8 

MZIOOO-26 32.4 36 39.6 7 .5 25 10 25.9 
MZIOOO-27 35.1 39 42.9 6.5 90 23 10 28.1 
MZlOOO-28 38.7 43 47.3 6 105 22 10 31.0 
MZlOOO-29 42.3 4. 51.7 5.5 120 I" 10 33.8 
MZIOOO-30 45.9 51 56.1 5 142.5 18 10 36.7 

MZIOOO-31 50.4 56 61.6 4.5 165 16 10 40.3 
MZlOOO-32 55.8 62 68.2 4 177.5 14 10 44.6 
MZI000-33 61.2 68 74.8 3.7 225 13 10 49.0 
MZlOOO-34 67.5 75 82.5 3.3 262.5 12 10 54.0 
M.Zlooo-35 73.8 82 90.2 3 300 11 10 59.0 

MZI0oo-36 81.9 91 100.1 2.8 3.5 10 10 65.5 
MZI000-3'1 90 100 110 2.5 525 9 10 72.0 

*"1. Nominal voltages other than those stated above, matched Rets, and tighter voltage tolerances are available. 
IN4728 tbru lN476. series (lM3.3ZS10 thru IMlOOZSlO). 

2. Voltages to 200 volts are available in other package configurations on request. 

FIGURE 2 - TYPICAL ZENER DIODE CHARACTERISTICS and SYMBOL IDENTIFICATION 
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• IF - Forward Current 
• Iz - Zener Current 

• 12M - Maximum 
DC Zener Current 

(Umited by Power Dissipation) 

• III -lener Test Currellt 
• Yf - Forward Voltage 
• Vz - Nominal Zener Voltage 

• Zz - Zener Impedance 

• Zn - Zener Impedance at 
Test Current (In) 
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MZ4614 thru MZ4627 (SILICON) 

For Specifications, See IN4099 Data, Volume 1. 

M4L3052 thru M4L3056 (SILICON) 

For Specifications, See IN5158 Data. 
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