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® MOTOROLA 

RF Device Data 
This publication presents technical information for the several product families that 

comprise the Motorola portfolio of RF Products. The product families include bipolar, 
LDMOS, MOSFET RF Power, and gallium arsenide chip technologies in a variety of 
ceramic and plastic surface mount packages. Discrete components, hybrid modules, 
and integrated circuits provide different levels of complexity fn an effortto.provide RF 
solutions to our customers' RF needs. . . 

This edition encompasses a considerable number of changes that have occurred 
since our last printing. Attempts have been made to update global standard product 
offerings in one book. In addition, many devices have been eliminated from this book 
due to package eliminations, aging technology, low sales, or new technology 
replacements. The changes are detailed on the following page "About this revision." 

All devices are in alphanumeric order in the Device Index of this book. Just turn to 
the appropriate page for technical details of the known device. If you are seeking a 
"closest replacemenf' for a .competitor's part, then turn to the Cross Reference 
section for information. Finally, if you need to identify a device that meets your 
functional performance requirements of frequency, output power, gain, or other 
parameters, then utilize the Selector Guide section of the book. 

The information in this book has been carefully checked and is believed to be 
accurate; however, no responsibility is assumed for inaccuracies. Please consult your 
nearest Motorola Semiconductor sales office for further assistance regarding any 
aspect of Motorola RF Products. 

Motorola reserves the right to make changes, without further notice, to any products herein. Motorola makes no 
warranty, representation, or guarantee regarding the suitability of its products for any particular purpose, nor does 
Motorolaassume any liability ariSing out of the application or use of any consequential or incidental damages. "Typlcals" 
must be validated for each customer application by customer's technical experts. Motorola does not convey any license 
under Its patent rights nor the rights of others. Motorola products are not designed, intended, or authorized for use as 
components in systems intended for surgical implant Into the body, or other appllcetions intended to support or sustain 
life, or for any other application in which the failure of the Motorola product could create a situation where personal Injury 
or death may occur. Should Buyer purchase or use Motorola products for any such unintended or unauthorized 
application, Buyershall indemnify and hold Motorola and its officers, employees, subsidiaries, affiliates, and distributors 
hannless against all claims, costs, damages, and expenses, and reasonable attorney fees arising out of, directly or 
indirectly, any claim of personal injury or death associated with such unintended or unauthorized use, even if such claim 
alleges that Motorola was negligent regarding the design or manufacture of the part. Motorola and ® are registered 
trademarks of Motorola, Inc. Motorola, Inc. is an Equal Opportunity/Affirmative Action Employer. 

© Motorola, Inc. 1994 
Previous Edition © 1991 
"All Rights Reserved" 
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ABOUT THIS REVISION 

Extensive changes have been made to this edition of the RF Device Data Book. Both format and content have been significantly 
revised. Some of the changes are as follows: 

• The new book has been reduced to one volume. This has been accomplished by removing the Applications Portion of the book 
and making it a separate piece of literature. An RF Applications Handbook will be forthcoming. 

• Many outmoded devices have been added to our "Not Recommended for New Design" list. 

• Products introduced since our last printing have been added to the portfolio. These new standards are ldentified as "Preferred 
Devices." 

• The Tuning, Hot Carrier, and PIN Diode Data Sheet section of the book has been removed. Support of these products is 
coordinated through the Signal Products Division's Product Marketing organization. 

• There will continue to be two sections of products - Discrete Transistors and. Amplifiers. Devices will be categorized 
accordingly. This is similar to the previous Volume I and II format. 

• The Cross Reference is being modified. Previously, we identified Motorola replacement devices either as direct or similar, 
depending on how easily they can be substituted for other devices. New chip technologies drive new packaging concepts which 
lead to uniquely new products. Because few of these new products are direct replacements, a "closest replacement" listing has 
been created. Functional similarity probably best defines the meaning of closest replacement. 
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DATA CLASSIFICATION 

PRODUCT PREVIEW 

Data sheets herein contain information on a product under development. Motorola reserves the right to change or discontinue 
these products without notice. 

ADVANCED INFORMATION 

Data sheets herein contain information on new products. Specifications and information are subject to change without notice. 

FORMAL 

For a fully characterized device there must be devices in the warehouse and price authorization. 

DESIGNER'S 

The Designer's Data Sheet permits the design of most circuits entirely from the information presented. Umit curves- representing 
boundaries on device characteristics - are given to facliitate "worst case" design. 

MOTOROLA DEVICE CLASSIFICATIONS 
In an effort to provide up-to-date information to the customer regarding the status of any given device, Motorola has classified 
all devices into three categories: ·Preferred" products, "Current" products and "Not Recommended for New Design" products. 

PREFERRED PRODUCTS 

A Preferred Type is a device which is recommended as a first choice for future use. These devices are "preferred" by virtue of 
their performance, price, functionality, or combination of attributes which offer the overall "best" value to the customer. This 
category contains both advanced and mature devices which will remain available for the foreseeable future. 

·Preferred Devices" are identified in the Selector Guide Section and the Data Sheet Sections. 

CURRENT PRODUCTS 

Device types identified as ·current" may not be' a first choice for new designs, but will continue to be avallable because of the 
popularity anellor standardization or volume usage in currenl production designs. These products can be acceptable for new 
designs but the preferred types are considered better altematives for long term usage. 

Any device that has not been identified as a "preferred device" is a "current" device. 

NOT RECOMMENDED FOR NEW DESIGN PRODUCTS 

Products designated as "Not Recommended for New Design" have become obsolete as dictated by poor market acceptance, 
or a technology or package that is reaching the end of its life cycle. Devices in this category have an uncertain future and do 
not represent a good selection for new device designs or long term usage. 

The RF Device Data book does not contain any "Not Recommended for New Design" devices. 

Designer's, Epicap, MACRO-T, MACRO-X and TMOS are trademarks of Motorola Inc. 
Annular Semiconductors patented by Motorola Inc. 

v 



TRANSISTORS 

Device Number 

2N6439 
2N6985 
2N6986 
BFR90 
BFR92ALT1 
BFR93ALT1 
BFR96 
BFS17LT1 
LP1001,A 
LP1983 
MMBR521LT1 
MMBR536LT1 
MMBR571LT1 
MMBR901LT1 
MMBR911LT1 
MMBR920LT1 
MMBR931LT1 
MMBR941LT1,BLT1 
MMBR951 LT1 ,ALT1 
MMBR4957LT1 
MMBR5031LT1 
MMBR5179LT1 
MPS536 
MPS571 
MPS901 
MPS911 
MPS3866 
MRA1000-7L 
MRA1000-14L 
MRA1417-6 
MRAL 1720-20 
MRAL2023-3, MRAL2023-6 
MRAL2023-18 
MRAL2327-3, MRAL2327-12 
MRF134 
MRF136,Y 
MRF137 
MRF138 
MRF140 
MRF141 
MRF141G 
MRF148 
MRF150 
MRF151 
MRF151G 
MRF154 
MRF157 
MRF158,R 

DEVICE INDEX 

Page 
Description Number 

NPN Silicon RF Power Transistor .................. 2-2 
NPN Silicon Push-Pull RF Power Transistor ......... 2-7 
NPN Silicon Push-Pull RF Power Transistor ......... 2-11 
NPN Silicon High-Frequency Transistor ............. 2-15 
NPN Silicon High-Frequency Transistor ............. 2-18 
NPN Silicon High-Frequency Transistor ............. 2-20 
NPN Silicon High-Frequency Transistor ............. 2-22 
NPN Silicon High-Frequency Transistor ............. 2-26 
NPN Silicon High-Frequency Transistors ............ 2-27 
NPN Silicon High-Frequency Transistor ............. 2-30 
PNP Silicon High-Frequency Transistor ............. 2-34 
PNP Silicon High-Frequency Transistors ............ 2-53 
NPN Silicon High-Frequency Transistors ............ 2-58 
NPN Silicon High-Frequency Transistor ... ,......... 2-42 
NPN Silicon High-Frequency Transistors ............ 2-72 
NPN Silicon High-Frequency Transistor ............. 2-47 
NPN Silicon High-Frequency Transistor ............. 2-48 
NPN Silicon Low Noise, High-Frequency Transistors.. 2-514 
NPN Silicon Low Noise, High-Frequency Transistors.. 2-533 
PNP Silicon High-Frequency Transistor ............. 2-49 
NPN Silicon High-Frequency Transistor ............. 2-51 
NPN Silicon High-Frequency Transistor ............. 2-52 
PNP Silicon High-Frequency Transistors ............ 2-53 
NPN Silicon High-Frequency Transistors ............ 2-58 
NPN Silicon High-Frequency Transistor ............. 2-68 
NPN Silicon High-Frequency Transistors ............ 2-72 
NPN Silicon High-Frequency Transistor ............. 2-78 
UHF Power Transistor ............................ 2-80 
UHF Power Transistor ............................ 2-84 
Microwave Power Transistor . . . . . . . . . . . . . . . . . . . . . .. 2-86 
Microwave Power Transistor. . . . . . . . . . . . . . . . . . . . . .. 2-89 
Microwave Power Transistors .. . . . . . . . . . . . . . . . . . . .. 2-92 
Microwave Power Transistor. . . . . . . . . . . . . . . . . . . . . .. 2-96 
Microwave Power Transistors . . . . . . . . . . . . . . . . . . . . .. 2-98 
N-Channel Enhancement-Mode RF Power FET ...... 2-101 
RF Power Field Effect Transistors .................. 2~110 
N-Channel Enhancement-Mode RF Power FET ...... 2-120 
N-Channel Enhancement-Mode RF Power FET ...... 2-128 
N-Channel Enhancement-Mode RF Power FET ...... 2-133 
RF Power Field EffectTransistor ................... 2-138 
RF Power Field Effect Transistor ................... 2-143 
N-Channel Enhancement-Mode RF Power FET ...... 2-148 
N-Channel Enhancement-Mode RF Power FET ...... 2-153 
RF Power Field Effect Transistor ................... 2-158 
RF Power Field Effect Transistor ................... 2-164 
Power Field Effect Transistor ...................... 2-169 
RF Power Field Effect Transistor ................... 2-175 
RF Power Field Effect Transistors .................. 2-181 

vi 



DEVICE INDEX - continued 

TRANSISTORS - continued 

Device Number 

MRF161 
MRF162 
MRF163 
MRF164W 
MRF166,C 
MRF171 
MRF173,CQ 
MRF174 
MRF175GV,GU 
MRF175LV,LU 
MRF176GV,GU 
MRF177,M 

MRF182 
MRF183 
MRF0211LT1 
MRF224 
MRF240 
MRF247 
MRF313 
MRF314 
MRF315 
MRF316 
MRF317 
MRF321 
MRF323 
MRF325 
MRF326 
MRF327 
MRF329 
MRF392 
MRF393 
MRF421 
MRF422 
MRF426 
MRF429 
MRF448 
MRF454 
MRF455 
MRF464 
MRF492 
MRF521 
MRF553 
MRF555 
MRF557 
MRF559 
MRF571 
MRF581,A 

Description 
Page 

Number 

N-Channel Enhancement-Mode RF Power FET ...... 2-187 
N-Channel Enhancement-Mode RF Power FET ...... 2-195 
N-Channel Enhancement-Mode RF Power FET ...... 2-203 
Power Field Effect Transistor ...................... 2-211 
RF Power Field Effect Transistors .................. 2-215 
N-Channel Enhancement-Mode RF Power FET ...... 2-222 
RF Power Field Effect Transistors .................. 2-230 
N-Channel Enhancement-Mode RF Power FET ...... 2-235 
RF Power Field Effect Transistors .................. 2-243 
RF Power Field Effect Transistors ................. . 
RF Power Field Effect Transistors ................. . 
RF Power FET N-Channel Enhancement-Mode 

MOSFETs .................................... . 
RF Power Field Effect Transistor .................. . 
RF Power Field EffectTransistor .................. . 
NPN Silicon High-Frequency Transistor ............ . 
NPN Silicon RF Power Transistor ................. . 
NPN Silicon RF Power Transistor ................. . 
NPN Silicon RF Power Transistor ................. . 
NPN Silicon RF Power Transistor 
NPN Silicon RF Power Transistor 
NPN Silicon RF Power Transistor 
NPN Silicon RF Power Transistor 
NPN Silicon RF Power Transistor 
NPN Silicon RF Power Transistor 
NPN Silicon RF Power Transistor 
NPN Silicon RF Power Transistor 
NPN Silicon RF Power Transistor 
NPN Silicon RF Power Transistor ................. . 
NPN Silicon RF Power Transistor ................. . 
NPN Silicon Push-Pull RF Power Transistor ........ . 
NPN Silicon Push-Pull RF Power Transistor ........ . 
NPN Silicon RF Power Transistor 
NPN Silicon RF Power Transistor 
NPN Silicon RF Power Transistor 
NPN Silicon RF Power Transistor 
.NPN Silicon RF Power Transistor ................. . 
NPN Silicon RF Power Transistor ................. . 
NPN Silicon RF Power Transistor .......•.......... 
NPN Siiicon RF Power Transistor ................. . 
NPN Silicon RF Power Transistor ................. . 
PNP Silicon High-Frequency Transistor ............ . 
NPN Silicon RF Low-Frequency Transistor ......... . 
NPN Silicon RF Low-Frequency Transistor ......... . 
NPN Silicon RF Low-Frequency Transistor ......... . 
NPN Silicon High-Frequency Transistor ............ . 
NPN Silicon High-Frequency Transistor ............ . 
NPN Silicon High-Frequency Transistors ........... . 

vii 

2:250 
2-257 

2-265 
2-273 
2-276 
2-279 
2-283 
2-286 
2-290 
2-293 
2-295 
2-299 
2-303 
2-307 
2-311 
2-315 
2-319 
2-323 
2-327 
2-331 
2-335 
2-339 
2-343 
2-347 
2-351 
2-355 
2-359 
2-363 
2-365 
2-367 
2-371 
2-34 
2-374 
2-379 
2-383 
2-388 
2-395 
2-401 



DEVICE INDEX - continued 

TRANSISTORS - continued 

Device Number 

MRF587 
MRF641 
MRF644 
MRF650 
MRF652,S 
MRF653,S 
MRF654 
MRF658 
MRF837 
MRF839F 
MRF840 
MRF842 
MRF844 
MRF847 
MRF880 
MRF890,S 
MRF891,S 
MRF892 
MRF894 
MRF896,S 
MRF897 
MRF898 
MRF899 
MRF901 
MRF941 
MRF947T1,BT1 
MRF951 
MRF957T1 
MRF1000MA,MB 
MRF1002MA,MB 
MRF1004MA,MB 
MRF1015MA,MB 
MRF1029 
MRF1030 
MRF1031 
MRF1032 
MRF1035MA,MB 
MRF1090MA,MB 
MRF1150MA,MB 
MRF1375 
MRF1500 
MRF1946,A 
MRF2000-5L 
MRF2628 
MRF3094, MRF3095, MRF3096 
MRF3104, MRF3105, MRF3106 
MRF3866 
MRF4427 
MRF5003 

Description 

NPN Silicon High-Frequency Transistor ............ . 
NPN Silicon RF Power Transistor ................. . 
NPN Silicon RF Power Transistor ................. . 
NPN Silicon RF Power Transistor ................. . 
NPN Silicon RF Power Transistors ................ . 
NPN Silicon RF Power Transistors ................ . 
NPN Silicon RF Power Transistor ................. . 
NPN Silicon RF Power Transistor ................. . 
NPN Silicon RF Low-Power Transistor ............. . 
NPN Silicon RF Power Transistor 
NPN Silicon RF Power Transistor 
NPN Silicon RF Power Transistor 
NPN Silicon RF Power Transistor 
NPN Silicon RF Power Transistor 
NPN Silicon RF Power Transistor 
NPN Silicon RF Power Transistor ................. . 
NPN Silicon RF Power Transistors ................ . 
NPN Silicon RF Power Transistor ................. . 
NPN Silicon RF Power Transistor ................. . 
NPN Silicon RF Power Transistors ................ . 
NPN Silicon RF Power Transistor 
NPN Silicon RF Power Transistor ................. . 
NPN Silicon RF Power Transistor ................. . 
NPN Silicon High-Frequency Transistor ............ . 
NPN Silicon Low-Noise, High-Frequency Transistors .. 
NPN Silicon Low-Noise, High-Frequency Transistors .. 
NPN Silicon Low-Noise, High-Frequency Transistors .. 
NPN Silicon Low-Noise, High-Frequency Transistor .. . 
Microwave Pulse Power Transistors ............... . 
Microwave Pulse Power Transistors 
Microwave Pulse Power Transistors 
Microwave Pulse Power Transistors ............... . 
UHF Power Transistor ........................... . 
UHF Power Transistor 
UHF Power Transistor ................ , .......... . 
UHF Power Transistor ........................... . 
Microwave Pulse Power Transistors ............... . 
Microwave Pulse Power Transistors ............... . 

Page 
Number 

2-407 
2-414 
2-418 
2-422 
2-428 
2-432 
2-436 
2-440 
2-444 
2-450 
2-453 
2-457 
2-461 
2-464 
2-467 
2-472 
2-476 
2-480 
2-484 
2-488 
2-493 
2-498 
2-502 
2-508 
2-514 
2-527 
2-533 
2-544 
2-549 
2-553 
2-557 
2-561 
2-565 
2-567 
2-569 
2-571 
2-573 
2-577 

Microwave Pulse Power Transistors ................ 2-582 
Microwave Pulse Power Transistor ................. 2-587 
Microwave Pulse Power Transistor ................. 2-590 
NPN Silicon RF Power Transistors ................. 2-593 
Microwave Linear Power Transistor. . . . . . . . . . . . . . . .. 2-597 
NPN Silicon RF Power Transistor .................. 2-601 
Microwave Linear Power Transistors. . . . . . . . . . . . . . .. 2-605 
Microwave Linear Power Transistors. . . . . . . . . . . . . . .. 2-610 
NPN Silicon High-Frequency Transistor ............. 2-613 
NPN Silicon RF Low Power Transistor .............. 2-615 
RF Power Field Effect Transistor ................... 2-619 
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DEVICE INDEX - continued 

TRANSISTORS - continued 

Device Number 

MRF5015 
tv'!RF5035 
MRF5211LT1 
MRF5583 
MRF5711LT1 
MRF5812 
MRF5943 
MRF6401 
MRF6402 
MRF6403 
MRF6404 
MRF6406 
MRF8372 
MRF9011LT1 
MRF9331LT1 
MRF9411 LT1 ,BLT1 
MRF9511LT1 
MRF10005 
MRF10031 
MRF10070 
MRF10120 
MRF10150 
MRF10350 
MRF10500 
MRF15030 
MRF15090 
MRFQ17 
MRW2000 SERIES 
MRW3001, MRW3003, 

MRW3005 
MRW52602 
MRW52604 
MRW53502 
MRW53601 
MRW54001, MRW54601 
TP3005 
TP3006 
TP3007S 
TP3008 
TP3019S 
TP3020A 
TP3021 
TP3022B 
TP3024B 
TP3032 
TP3034 
TP3061 
TP3062 
TP3064 

Description 

RF Power Field Effect Transistor .................. . 
RF Power Field Effect Transistor .................. . 
PNP Silicon High-Frequency Transistor ............ . 
PNP Silicon High-Frequency Transistor ............ . 
NPN Silicon High-Frequency Transistors ........... . 
NPN Silicon RF Low Power Transistors ............ . 
NPN Silicon High-Frequency Transistor ............ . 
NPN Silicon RF Power Transistor ................. . 
NPN Silicon RF Power Transistor 
NPN Silicon RF Power Transistor 
NPN Silicon RF Power Transistor 
NPN Silicon RF Power Transistor ................. . 
NPN Silicon High-Frequency Transistor ............ . 
NPN Silicon High-Frequency Transistor ............ . 
NPN Silicon High-Frequency Transistors, ........... . 
NPN Silicon Low Noise, High-Frequency Transistors .. 
NPN Silicon Low Noise, High-Frequency Transistors .. 
Microwave Power Transistor ...................... . 
Microwave Long Pulse Power Transistor ........... . 
Microwave Pulse Power Transistor ................ . 
Microwave Long Pulse Power Transistor ........... . 
Microwave Pulse Power Transistor ................ . 
Microwave Pulse Power Transistor ................ . 
Microwave Pulse Power Transistor ................ . 
NPN Silicon RF Power Transistor ................. . 
NPN Silicon RF Power Transistor ................. . 
NPN Silicon High-Frequency Transistor ............ . 
Microwave Power Transistors ..................... . 

Microwave Power Transistors ..................... . 
Microwave Linear Power Transistor ................ . 
Microwave Linear Power Transistor ................ . 
Microwave Linear Power Transistor ................ . 
Microwave Linear Power Transistor ................ . 
Microwave Linear Power Transistors ............... . 
UHF Power Transistor ........................... . 
NPN Silicon RF Power Transistor ................. . 
NPN Silicon RF Power Transistor ................. . 
RF Power Transistor ....•......................... 
UHF Power Transistor ........................... . 
UHF Power Transistor 
UHF Power Transistor 

Page 
Number 

2-629 
2-637 
2-34 
2-645 
2-58 
2-647 
2-651 
2-653 
2-657 
2-661 
2-664 
2-669 
2-673 
2-42 
2-677 
2-514 
2-533 
2-681 
2-685 
2-688 
2.:e91 
2-695 
2-698 
2-701 
2-704 
2-712 
2-721 
2-723 

2-728 
2-733 
2-736 
2-739 
2-742 
2-745 
2-748 
2-752 
2-756 
2-760 
2-764 
2-768 
2-769 

UHF Power Transistor ............................ 2-773 
UHF Linear Power Transistor ...................... 2-774 
NPN Silicon RF Power Transistor .................. 2-775 
NPN Silicon RF Power Transistor .................. 2-779 
UHF Power Transistor ............................ 2~783 
UHF Power Transistor ............................ 2-787 
RF Power Transistor .............................. 2-791 

ix 



DEVICE INDEX - continued 

TRANSISTORS - continued 

Device Number 

TP3069 
TP5002S 
TP5015 
TP5051 
TP62601 
TPV595A 
TPV596A 
TPV597 
TPV598 
TPV695A 
TPV5055B 
TPV6030 
TPV7025 
TPV8100B 
TPV82COB 

AMPLIFIERS 

ATV6031 
ATV6060 
CA901,A 
CA902,A 
CA912 
CA922,A 
CA2810C 
CA2818C 
CA2830C, CA2833C 
CA2832C 
CA2842C 
CA285OCR, CA2851CR 
CA2870C 
CA2875CR 
CA4800C,CS SERIES 
CA4900,S SERIES 
CA58COC, CS 
CA5801,S 
CA5815C,CS 
CA5900,S 
CA5915,S 
CA97901 
CR2424A,R, CR2425A 
CR2428 
CR3424A,R, CR3425A 
CR3428 
MFF124B 
MFF224B 
MFF324B 
MHW105 
MHW607 SERIES 
MHW704 

Description 
Page 

Number 

RF Power Transistor. . . . . . . . . . . . . . . . . . . . . . . . . . . . .. 2-796 
UHF Linear Power Transistor ...................... 2-801 
UHF Linear Power Transistor ...................... 2-804 
NPN Silicon RF Power Transistor .................. 2-805 
Microwave Power Oscillator Transistor . . . . . . . . . . . . .. 2-810 
UHF Linear Power Transistor ...................... 2-813 
UHF Linear Power Transistor ...................... 2-817 
UHF Linear Power Transistor ...................... 2-820 
UHF Linear Power Transistor ...................... 2-823 
UHF Linear Power Transistor ...................... 2-825 
UHF Linear Power Transistor ...................... 2-826 
NPN Silicon RF Power Transistor .................. 2-830 
UHF Linear Power Transistor ...................... 2-832 
NPN Silicon RF Power Transistor .................. 2-835 
NPN Silicon RF Power Transistor .................. 2-841 

Linear Power Amplifier . . . . . . . . . . . . . . . . . . . . . . . . . . .. 3-2 
Broadband Linear Power Amplifier ................. 3-3 
VHF/UHF CATV Amplifiers •............•.......... 3-5 
VHFIUHF CATV Amplifiers ........................ 3-7 
VHFIUHF CATV Amplifier ......................... 3-9 
VHFIUHF CATV Amplifiers........................ 3-11 
Wideband Linear Amplifier. . . . . . . . . . . . . . . . . . . . . . . .. 3-13 
Wideband Linear Amplifier......................... 3-16 
Wideband Linear Amplifiers................ ..... ... 3-19 
Wideband Linear Amplifier. . . . . . . . . . . . . . . . . . . . . . . .. 3-22 
WidebandLinear Amplifier. . . . . . . . . . . . . . . . . . . . . . . .. 3-25 
Wideband Linear Amplifiers. . . . . . . . . . . . . . . . . . . . . . .. 3-28 
Wideband Linear Amplifier. . . . . . . . . . . . . . . . . . . . . . . .. 3-31 
Wideband Linear Amplifier. . . . . . . . . . . . . . . . . . . . . . . .. 3-34 
Wideband Linear Amplifiers. . . . . . . . . . . . . . . . . . . . . . .. 3-37 
Wideband Linear Amplifiers. . . . . . . . . . . . . . . . . . . . . . .. 3-39 
Wideband Linear Amplifiers. . . . . . . . . . . . . . . . . . . . . . .. 3-41 
Wideband Linear Amplifiers. . . . . . . . . . . . . . . . . . . . . . .. 3-43 
Wideband Linear Amplifiers. . . . . . . . . . . . . . . . . . . . . . .. 3-45 
Wideband Linear Amplifiers. . . . . . . . . . . . . . . . . . . . . . .. 3-47 
Wideband Linear Amplifiers. . . . . . . . . . . . . . . . • . . . . . .. 3-49 
36-Channel CATV HI-Slope 1/0 Trunk Amplifier ...... 3-51 
Video Driver Hybrid Amplifiers ..................... 3-53 
Video Driver Hybrid Amplifier ...................... 3-55 
Video Driver Hybrid Amplifiers ..................... 3-57 
Video Driver Hybrid Amplifier ...................... 3-59 
450 MHz CATV Feedforwarcl Amplifier .............. 3-61 
550 MHz CATV Feedforwarcl Amplifier .............. 3-63 
550 MHz CATV Feedforwarcl Amplifier .............. 3-65 
VHF Power Amplifier ............................. 3-67 
VHF Power Amplifiers ............................ 3-70 
UHF Power Amplifier ............................. 3-74 
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DEVICE INDEX - continued 

AMPLIFIERS ":- continued 

Device Number 

MHW707 SERIES 
MHW720A SERIES 
MHW803 SERIES 
MHW804 SERIES 
MHW806A SERIES 
MHW812A3 
MHW851 SERIES 
MHW903, MHW953, MHW954 
MHW909 
MHW912 
MHW914, MHW915 
MHW927A,B 
MHW932 
MHW1134, MHW1224, 

MHW1244 
MHW5122A 
MHW5142A 
MHW5172A 
MHW5182A 
MHW5183, MHW6183 
MHW5185B, MHW6185B, 

MHW6185-6 
MHW5205 
MHW5222A 
MHW5225 
MHW5272A 
MHW5342A 
MHW5382A 
MHW6122 
MHW6142 
MHW6172 
MHW6182 
MHW6222 
MHW6272 
MHW6342 
MHW7182, MHW8182, 

MHW9182 
MHW9002 SERIES 
MRFA2600 
MRFA2602 
MRFIC2001 
MRFIC2002 
MRFIC2003 
MRFIC2004 
MRFIC2006 
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NOT RECOMMENDED FOR NEW DESIGN PRODUCTS 
Products designated as "Not Recommended for New Design" have become obsolete as dictated by poor market acceptance, or 
a technology or package that is reaching the end of its life cycle. Devices in this category have an uncertain future and do not 
represent a good selection for new device designs or long term usage. 

Table 1. Not Recommended for New Design Products 

NOT 
RECOMMENDED 

FOR NEW DESIGN 

PART NUMBER 

2C2857 
2C3866 
2C4957 
2C51 08 
2C5109 
2C5160 
2C5583 
2N2857 
2N3553 
2N3839 
2N3866 
2N3866A 
2N3924 
2N3948 
2N3959 
2N3960 
2N4427 
2N4428 
2N4957 
2N4958 
2N4959 
2N5031 
2N5032 
2N5108 
2N5109 
2N5160 
2N5179 
2N55B3 
2N5590 
2N5591 
2N5636 
2N5641 
2N5642 
2N5643 
2N5B35 
2N5B36 
2N5B37 
2N5B49 
2N5B62 
2N5943 
2N5944 
2N5945 
2N5946 
2N6080 
2N6081 
2N6082 
2N6083 
2N6084 
2N6166 
2N6197 
2N6304 
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RECOMMENDED 
REPLACEMENT 

PART NUMBER 

-
-
-
-
-
-
-
MMBR5179L 

-
MMBR5179LT1 
MRF3866 
MRF3866 
MRF5003 
MRF4427 
MRF9011LT1 
MRF9011LT1 
MRF4427 
MRF3866 
MMBR4957LT1 
MMBR4957LT1 
MMBR4957LT1 
MMBR5031 LT1 
MMBR5031LT1 

-
MRF5943 
-
MMBR5179LT1 
MRF5583 
MRF262B 
MRF1946/A 
MRF321 
MRF134 
MRF166C 
MRF137 
MRF9011LT1 
MRF951 
MRF951 
-
MRF316 
MRF5943 
MRF5003 
MRF652 
MRF653 
MRF5003 
MRF2628 
MRF1946/A 
MRF1946/A 
MRF1946/A 
MRF173 
MRF134 
-

NOT 
RECOMMENDED 

FOR NEW DESIGN 

PART NUMBER 

2N6305 
2N6603 
2N6604 
2N6618 
2N6679 
ACR900-30E 
AMR175-60 
AMR225-60 
AMR440·60 
AMR470-60 
AMR900-60 
AMR900-60A 
ATV5030 
ATV5090B 
ATV7050 
ATV7060 
BFR91 
BFR92 
BFR93 
BFRC90 
BFRC91 
BFRC96 
BFW92A 
BFX89 
BFY90 
BRFC96 
BT500 
BT500F 
CA2800 
CA2810CH 
CA2813C 
CA2813CH 
CA2818 
CA281BH 
CA2820 
CA2820H 
CA2830 
CA2830H 
CA2832 
CA2832H 
CA2833 
CA2842 
CA2842H 
CA2850R 
CA2851R 
CA2870 
CA2870H 
CA2875R 
CA3220R 
CA4220R 
CA4418R 

NOT 
RECOMMENDED RECOMMENDED RECOMMENDED 
REPLACEMENT FOR NEW DESIGN REPLACEMENT 

PART NUMBER PART NUMBER PART NUMBER 

- CA4800 CA4800C 
MRF901 CA4800H CA4800CS 
MMBR911LT1 CA4812 CA4812C 
- CA4812H CA4812CS 
- CA4815 CA4815C 
- CA4815H CA4815CS 
- CA5001R MHW5182R 
- CA5100R MHW5182R 
- CA5101R MHW5182R 
- CA5200R MHW5182R 
- CA5201R MHW5182R 
- CA5800 CA5800C 
- CA5800H CA5800CS 
- CA5815 CA5815C 
- CA5815H CA5815CS 
ATV6060 CA7901 -
MMBR911LT1 CR2424 CR2424A 
BFR92ALT1 CR2424H CR2424A 
BFR93ALT1 CR2425 CR2425A 
- CR3424 CR3424A 
- CR3424H CR3424A 
- CR3425 CR3425A 
- CR820 -
- DHP02-36-40 -
- DHP05-18-20 -
- DH P05-36-1 0 -
- DHP10-14-15 -
- DHP10-32-08 -
CA2818C FF124 MFF124B 
CA2810C FF124B MFF124B 
CA2810C FF224 MFF224B 
CA2810C FF224B MFF224B 
CA281BC J02015A 2N6439 
CA2818C J03037 MRF658 
- J03501 MRFB92 
- J03502 MRF894 
CA2830C J04036 MRF1946 
CA2830C J04045 MRF1946/MRF247 
CA2832C LT1001A MRF5812 
CA2832C LT1814 -
CA2833C LT1817 -
CA2842C LT1839 -
CA2842C LT2001 MRF581 
CA2850CR LT3005 MRF581 
CA2851CR LT3014 MRF581 
CA2870C LT3046 MRF5812 
CA2870C LT5817 -
CA2875CR LT5839 -
MHW5182R MD4957 -
MHW5182R MHW10000 -
MHW51B2R MHW10001 -

I 
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Table 1. Not Recommended for New Design Products (continued) 

NOT NOT 
RECOMMENDED RECOMMENDED RECOMMENDED RECOMMENDED 

FOR NEW DESIGN REPLACEMENT FOR NEW DESIGN REPLACEMENT 

PART NUMBER PART NUMBER PART NUMBER PART NUMBER 

MHW10002 - MRA0610-3H -
MHW10003 - MRA0610-40A -
MHW1184 - MRA0610-9 -
MHW1184R - MRA0610-9H -
MHW2001-15 - MRA1000-3.5L -
MHW5141A MHW5142A MRA1014-12 -
MHW5162A MHW5172A MRA1014-12H -
MHW5171A MHW5172A MRA1014-2 -
MHW5181A MHW5182A MRA1014-2H -
MHW5185 MHW5185B MRA1014-35 -
MHW5205R - MRA1014-6 -
MHW5222R - MRA1014-6H -
MHW5225R - MRA1214-55H MRF10120 
MHW5332A MHW5342A MRA1300-10L -
MHW590 - MRA1417-11 -
MHW591 - MRA1417-11H -
MHW592 - MRA1417-2 -
MHW593 - MRA1417-25A -
MHW596 - MRA1417-2H -
MHW597 - MRA1417-6H -
MHW6141 MHW6142 MRA1600-13 -
MHW6171 MHW6172 MRA1600-2 -
MHW6181 MHW6182 MRA1600-30 -
MHW6185 MHW6185B MRA1600-50H -
MHW703 MHW704 MRA1600-6 -
MHW709-1 - MRA1618-35H -
MHW709-2 - MRA1720-2 -
MHW709-3 - MRA1720-20 -
MHW710-1 - MRA1720-5 -
MHW710-2 - MRA1720-9 -
MHW710-3 - MRAL1417-11 -
MHW720-1 MHW720A1 MRAL1417-2 -
MHW720-2 MHW720A2 MRAL1417-25 -
MHW801-1 MHW851-1 MRAL1417-6 -
MHW801-2 MHW851-2 MRAL1720-2 -
MHW801-3 MHW851-3 MRAL1720-5 -
MHW801-4 MHW851-4 MRAL1720-9 -
MHW807-1 - MRAL2023-1.5 -
MHW807-2 - MRAL2023-1.5H -
MHW820-1 - MRAL2023-12 -
MHW820-2 - MRAL2023-12H -
MHW820-3 - MRAL2023-18H -
MM4018 MRF5583 MRAL2023-3H -
MM4049 MMBR536LT1 MRAL2023-6H -
MM8000 MRF5943 MRAL2327-1.3 MRA2023-3 
MM8001 MRF5943 MRAL2327-12H -
MM8002 - MRAL2327-6 -
MM8009 - MRF1001A MRF5812 
MMBR2060L BFS17LT1 MRF10030 MRF10031 
MMBR2857L MMBR5179LT1 MRF1008MA -
MMBR930L MMBR911LT1 MRF1008MB -
MMC4049 - MRF1150M MRF10150 
MPS1983 MPS901 MRF1250M MRF10350 
MRA0500-19L - MRF1325M MRF10350 
MRA0510-50H - MRF172 MRF173 
MRA0610-18A - MRF207 -
MRA0610-18H - MRF208 -
MRA0610-3 - MRF212 MRF2628 

MOTOROLA RF DEVICE DATA 

NOT 
RECOMMENDED 

FOR NEW DESIGN 

PART NUMBER 

MRF216 
MRF220 
MRF221 
MRF226 
MRF227 
MRF229 
MRF232 
MRF233 
MRF234 
MRF2369 
MRF237 
MRF238 
MRF240A 
MRF245 
MRF260 
MRF261 
MRF262 
MRF264 
MRF314A 
MRF315A 
MRF338 
MRF340 
MRF342 
MRF344 
MRF390 
MRF401 
MRF406 
MRF4070 
MRF410 
MRF4217A 
MRF421MP 
MRF422MP 
MRF4239A 
MRF427 
MRF427A 
MRF428 
MRF429MP 
MRF430 
MRF433 
MRF449A 
MRF450 
MRF450A 
MRF455A 
MRF458 
MRF464A 
MRF466 
MRF475 
MRF476 
MRF4n 
MRF479 
MRF485 
MRF486 
MRF492A 
MRF497 
MRF501 
MRF502 
MRF511 
MRF515 

RECOMMENDED 
REPLACEMENT 

PART NUMBER 

MRF247 
-
MRF5015 
MRF5015 
MRF5003 
MRF5003 
MRF2628 
MRF2628 
MRF19461A 
MRF0211L.1 
MRF5003 
MRF19461A 
MRF1946 
MRF247 
-
-
-
-
MRF314 
MRF315 
MRF393 
-
-
-
MRF1n 
MRF426 
-
MRF247 
-
-
-
-
-
MRF138 
MRF138 
MRF429 
-
MRF157 
MRF2628 
MRF19461A 
MRF455 
MRF455 
MRF455 
MRF454 
MRF464 
MRF138 
-
-
-
-
-
-
MRF492 
-
MMBR5179LT1 
MMBR5179LT1 
MRF587 
MRF559 
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Table 1. Not Recommended for New Design Products (continued) 

NOT 
RECOMMENDED 

FOR NEW DESIGN 

PART NUMBER 

MRF5160 
MRF517 
MRF5174 
MRF5175 
MRF522 
MRF524 
MRF525 
MRF531 
MRF532 
MRF534 
MRF536 
MRF542 
MRF543 
MRF544 
MRF545 
MRF546 
MRF547 
MRF548 
MRF549 
MRF572 
MRF580 
MRF580A 
MRF586 
MRF604 
MRF607 
MRF627 
MRF629 
MRF630 
MRF646 
MRF648 
MRF660 
MRF750 
MRF752 
MRF7S4 
MRF838 
MRF838A 
MRF839 
MRF841 
MRF841F 
MRF846 
MRF873 
MRFB73S 
MRF904 
MRF90S 
MRF911 
MRF914 
MRF931 
MRF942 
MRF9S2 
MRF961 
MRF962 
MRF965 
MRF966 
MRFC2369 
MRFCS21 
MRFCS44 
MRFCS4S 
MRFC5S9 
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RECOMMENDED 
REPLACEMENT 

PART NUMBER 

-
-
-
-
MRF521 
MRF521 
MRF5003 
-
-
MPS536 
MPS536 

-
-
-
-
-
-
-
-
MRF571 
MRF581 
MRF581A 
MRF5812 
MRF4427 

-
-
MRF5003 
MRF5003 
MRF650 
MRF650 

-
MRF557 
MRFSOO3 

-
MRFSS7 
MRF557 
MRF840 
-
-
MRF847 

-
-
MRF9011LT1 
MRS812 
MRFS71 
MRFS71 
MRF9331LT1 
MRF941 
MRF9S1 
MRF951 
MRF9S1 
BFR96 

-
-
-
-
-
-

NOT 
RECOMMENDED RECOMMENDED 

FOR NEW DESIGN REPLACEMENT 

PART NUMBER PART NUMBER 

MRFCS72 -
MRFCS81 -
MRFCS81A -
MRFC901 -
MRFC904 -
MRFC941 -
MRFC9S1 -
MRFC966 -
MRFQ19 BFR96 
MRW2001F MRW2001 
MRW2003F MRW2003 
MRW200SF MRW200S 
MRW2010F MRW2010 
MRW201S -
MRW201SF -
MRW2020 -
MRW2020F -
MRW2301 -
MRW2301F -
MRW2304 -
MRW2304F -
MRW2307 -
MRW2307F -
MRW3001F MRW3001 
MRW3003F MRW3003 
MRW3005F MRW300S 
MRWS2001 -
MRWS2101 -
MRW52102 MRWS2602 
MRWS2104 MRWS2604 
MRWS2201 -
MRWS2202 MRWS2602 
MRWS2204 MRWS2604 
MRWS2401 -
MRWS2402 MRW52602 
MRW52S01 -
MRWS2S02 MRW52602 
MRWS2504 -
MRWS2601 -
MRW53001 -
MRWS3101 MRW53601 
MRWS3102 -
MRWS3201 MRFS3601 
MRW53202 -
MRWS3401 MRWS3601 
MRWS3402 MRWS3S02 
MRWS3S01 -
MRWS3S0S -
MRWS3602 -
MRW5360S -
MRWS4101 -
MRWS4201 -
MRW54S01 -
MRWS4602 -
MWA0204 -
MWA0211L -
MWA0270 -
MWA0304 -

NOT 
RECOMMENDED RECOMMENDED 

FOR NEW DESIGN REPLACEMENT 

PART NUMBER PART NUMBER 

MWA0311 -
MWA0311L -
MWA0370 -
MWA11 0 -
MWA120 -
MWA130 -
MWA131 -
MWA210 -
MWA220 -
MWA230 -
MWA31 0 -
MWA320 -
MWA330 -
MX20-1 MHW720A1 
MX20-2 MHW720A2 
PAA010S-29-6L -
PAA010S-4S-2SL -
PAA010S-S0-S0LAS -
PAA0200-34-1.SL -
PAA0200-34-3.1 L -
PAA0450-33-0.4L -
PAAOSOO-17-1.0L -
PAAOSOO-17 -2.0L -
PAA0500-35-1.0L -
PAAOS10-2S-6L -
PAA0810-24-5L -
PAAOB10-31-25L -
PAA081 0-32-1 OL -
PAA081 0-38-1 OOAB -
PAA0810-38-SLAS -
PAA0810-40-S0L -
PAA0810.40-S0LAM -
PAA081 0-S2-1 OOAB -
PAA081 0-S2-1 OOAM -
PAA0810-54-50LAS -
PAA0810-S4-S0LSM -
PAA1000-14-0.6L -
PAA 1 000-14-1.3L -
PAA 1 000-30-0.6L -
PAA 1 000-42-5L -
PAA22S-42-10L -
PAM010S-29-6L -
PAM010S-6-S0L .-
PAM010S-7-2SL -
PAMOS10-2S-6L -
PAM0810-24-3L -
PAM0810-24-SLA -
PAM0810-6-S0L -
PAM081 0-7 -2SL -
PAM081 0-8-1 OL -
PAM22S-42-10LA -
PT4S72A MRFS87 
PT4S79 MRFS812 
PT9701B MRF321 
PT9702 MRF323 
PT9702B MRF321 
PT9703 MRF321 
PT9703B MRF321 
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Table 1. Not Recommended for New Design Products (continued) 

NOT NOT 
RECOMMENDED RECOMMENDED RECOMMENDED RECOMMENDED 

FOR NEW DESIGN REPLACEMENT FOR NEW DESIGN REPLACEMENT 

PART NUMBER PART NUMBER PART NUMBER PART NUMBER 

PT9704 MRF325 TP2330F MRF19461A 
PT9704A MRF325 TP2335 MRF19461A 
PT9704B MRF163 TP2502 MRF652S 
PT9730 MRF161 TP251 -
PT9731 MRF314 TP3004 TP3006 
PT9732 MRF321 TP3007 -
PT9733 - TP3009 MRF557 
PT9734 MRF323 TP3009S MRF557 
PT9790 MRF429 TP301 0 MRF557 
PT9798 MRF429 TP3010S MRF557 
PTE801 MRF890 TP3012 MRF842 
RF1029 MRF1029 TP3015 MRF842 
RF1030 MRF1030 TP3019 -
RF1031 MRF1031 TP3022A TP3022B 
RF1032 MRF1032 TP3024A TP3024B 
SHP02-36·20 - TP3030 -
SHP05-20·10 - TP3031 -
SHP05-22-04 - TP3040 TP3061 
SHP05-34-04 - TP3060 TP3061 
SHP06·18-04 - TP3098 -
SHP10·15.(]8 - TP3400 -
SHP10-15.()8.15 - TP3401 MRF587 
SHP10-17·04 - TP3401S MRF581 
SHP10-17-04-15 - TP3402 -
TP1940 MRF151G TP5002 -
TP2033 MRF19461A TP5025 -
TP2037 MRF19461A TP5040 -
TP2317 MRF19461A TP5050 TP5051 
TP2325 MRF19461A TP5060 -
TP2330 MRF19461A TP62602 -

MOTOROLA RF DEVICE DATA 

NOT 
RECOMMENDED 

FOR NEW DESIGN 

PART NUMBER 

TP63601 

TP63602 

TP84601 

TP84602 

TP9380 
TP9383 

TP9386 
TPM401 

TPM4040 

TPM405 
TPM4100 

TPM4130 

TPM425 
TPV31 00 
TPV384 
TPV375 

TPV376 
TPV385 
TPV387 
TPV394A 

TPV5051 

TPV590 

TPV591 

TPV593 
TPV657 

TPV693 
TPV695B 

TPV698 

RECOMMENDED 
REPLACEMENT 

PART NUMBER 

-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
TPV595A 

-
TPV5055B 

TPV598 
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RF Power MOSFETs 
Motorola RF Power MOSFETs are constructed using a planar process to enhance manufacturing repeatability. They are N-channel 
field effect transistors with an oxide insulated gate which controls vertical current flow. 
Compared with bipolar transistors, RF Power FETs exhibit higher gain, higher input impedance, enhanced thermal stability and 
lower noise. The FETs listed in this section are specified for operation in RF Power Amplifiers and are grouped by frequency range 
of operation and type of application. Arrangement within each group is first by order of voltage then by increasing output power. 

Table 2. To 150 MHz HF/SSB 
For military and commercial HF/SSB fixed, mobile, and marine transmitters. 

TypicallMD 

Pin Gps 
Pout Input Power Typical 

Output Power Typical Gain dB @ d3 
Device Watts Watts 30 MHz dB 

Voo = 50 Volts 

MRF148 30 0.5 18 -35 
MRF150 150 2.9 17 -32 
MRF154 600 12 17 -25 
MRF157 600 6 20 -25 

Table 3. To 225 MHz VHF AMlFM 
For VHF military and commercial aircraft radio transmitters. 

Pin 
Pout Input Power 

Output Power TYpical Gps (Typ)/Freq. 
Device Watts Watts 

Voo = 2" Volts 

MRF134 5 0.2 
MRF136 15 0.38 
MRF166 20 0.5 
MRF136Y 30 1.2 
MRF137 30 0.75 
MRF171 45 1.4 
MRF173 80' 4 
MRF173CQ 80 4 
MRF175LV 100 4 
MRF174 125 8.3 
MRF141 150 10 
MRF175GV 200 8 
MRF141G 300 13 

Voo = 50 Volts 

MRF151 150 7.5 
MRF176GV 200 4 
MRF151G 300 7.5 

Devices listed in bold, italic are Motorola preferred devices. 

SELECTOR GUIDE 
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dBIMHz 

141150 
161150 
161150 
141150 
161150 
15/150 
131150 
131150 
141225 

11.81150 
101175 
141225 
10/175 

131175 
171225 
161175 

d11 
dB 

-60 
-60 

-
-

11 
Eff., TYP 

% 

55 
60 
60 
54 
60 
60 
65 
65 
65 
60 
55 
65 
55 

45 
55 
55 

OJC 
0c/w PackagelStyle 

1.5 211·0712 
0.6 211-1112 
0.13 36812 
0.13 36812 

°JC 
0c/w PackagelStyle 

10 211-07/2 
3.2 211-0712 
3.2 211-0712 
1.8 319811 
1.8 211-0712 
1.5 211-07/2 
0;8 211-1112 
0.8 316-0112 
0.65 33311 
0.65 211-1112 
0.6 211-1112 
0.44 375/2 
0.35 375/2 

0.6 211-1112 
0.44 37512 
0.35 37512 
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RF Power MOSFETs 

Table 4. To 500 MHz UHF AMlFM 
For VHF/UHF military and commercial aircraft radio transmitters. 

Pin 
Pout Input Power 11 

Output Power Typical Gps (Typ)IFreq. Eff., Typ °Je 
Device Watts Watts dBIMHz % °CIW PackagelStyle 

Voo = 28 Volts 

MRF158 2 0.02 20/400 55 13.2 305A12 
MRF158R 2 0.02 20/400 55 22 79-05n 
MRF161 5 0.4 13.51400 45 10 24413 
MRF162 15 0.65 13.61400 50 3.5 24413 
MRF166C 20 0.4 17/400 55 2.5 319/3 
MRF164W 20 0.4 17/400 50 1.5 41211 
MRF163 25 1.6 121400 .50 2 24413 
MRF175LU 100 10 10/400 55 0.65 33311 
MRF175GU 150 9.5 121400 55 0.44 37512 
MRF177 100 6.4 121400 60 0.65 744A12 
MRF177M 100 6.4 121400 60 0.65 390Bl1 

Voo = 50 Volts 

IMRF176GU 150 6 141400 50 0.44 37512 

Table 5. To 520 MHz 
Designed for broadband & UHF commercial and industrial applications. The high gain and broadband performance of these 
devices make them ideal for large-signal, common-source amplifier applications in 12.5 volt mobile and base station 
operation. 

Pout Pin(Max) GpE (Min)IFreq. 
Output Power Input Power Power Gain 

Device 

Vee = 12.5 Volts 

MRF5003* 
MRF5015* 
MRF5035* 

Table 6. To 1.0 GHz 

Watts 

3 
15 
35 

Watts 

0.336 
1.3 
4.7 

dBIMHz 

10.51512 
11.51512 
7.51512 

For HFNHFIUHF military and commercial radio transmitters. 

Device 

Voo = 28 Volts 

MRF182* 
MRF183* 

*New Product 

Pout 
Output Power 

Watts 

30 
45 

Pin 
Input Power 

TYpical 
Watts 

1.5 
2.8 

Devices listed in bold, italic are Motorola preferred devices. 

\/IOTOROLA RF DEVICE DATA 

Gps (TYp)/Freq. 
dBIMHz 

11 
Eff., Typ 

% 

55 
55 

°Je 
0CfW 

14 
3.5 
1.8 

°Je 
0CfW 

PackagelStyle 

43012 
31913 

316-01/1 

PackagelStyle 

360Bl1 
360Bl1 

SELECTOR GUIDE 
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RF Power Bipolar Transistors 
Motorola's broad line of bipolar RF power transistors are characterized for operation in RF power amplifiers. Typical applications 
are in military and commerciallandmobile, avionics and marine radio transmitters. Groupings are by frequency band and type of 
application. Within each group, the arrangement of devices is by major supply voltage rating, then in the order of increasing output 
power. All devices are NPN polarity except where otherwise noted. 

HF Transistors 
Table 7.1.5 - 30 MHz, HF/ssB 

Designed for broadband operation, these devices feature specified Intermodulation Distortion at rated power output. 
Applications include mobile, marine, fixed station, and amateur HF/SSB eqUipment, operating from 12.5,13.6,28, or 50 volt 
supplies. 

Pout 
Output Power 

Device Watts 

Vee = 12.5 or 13.6 Volts 

I MRF421 I 100 PEPlOW 

Vee = 28 Volts I MRF426 
MRF464 
MRF422 

Vee = 50 Volts 

MRF429 
MRF448 

I 
25 PEPlOW 
80PEP/CW 

150PEP/cw 

150PEP/CW 
250 PEPlOW 

Table 8. 14 - 30 MHZ, .eBlAmateur Band 

Pln(Max) 
Input Power 

Watts 

10 

0.16 
2.53 

15 

7.5 
15.7 

GpE(Min) 
Galn@30MHz 

dB 

10 

22 
15 
10 

13 
12 

I 

°Je 
"CIW 

0.6 

2.5 
0.7 
0.6 

0.8 
0.6 

These HF transistors are designed for economical, high-volume use in CW, AM and SSB applications. 

Vee = 12.5 or 13_6 Volts 

MRF455 
MRF454 

60 
80 

Table 9_ 27 - 50 MHz, Low-Band FM Band 

3 
5 

For use in the FM "Low-Band,' for Mobile communications. 

Pout 
Output,,-

Device 

Vee = 12.5 or 13.6 Volts 

I MRF492 I 

VHF Transistors 
Table 10. 30 - 200 MHz Band 

Watts 

70 

Pin(Max) 
Input Power 

Watts 

5.6 

13 
12 

GpE(Min) 
Galn@50MHz 

dB 

11 

0.7 

°Je 
"CIW 

0.7 

PackagelStyle 

211-11/1 

211-0711 
211-11/1 
211-1111 

211-1111 
211-11/1 

211-07/1 
211-1111 

PackagelStyle 

211-1111 

Designed for Military Radio and Commercial Aircraft VHF bands, these 28-volt devices include the all-gold metallized 
MRF314115116117 high-reliability series. 

Pout Pln(Max) GpE (Min)/Freq. 
Output Power Input Power Power Gain °Je 

Device Watts Watts dB/MHz "CIW PackagelStyle 

Vee = 28 Volts 

MRF314 30 3 101150 2.2 211-0711 
MRF315 45 5.7 9/150 1.6 211-0711 
MRF316(2) 80 8 101150 0.8 316-01/1 
MRF317(2) 100 12.5 9/150 0.65 316-01/1 
(2)lntemallmpedance Matched 

Devices listed in bold, italic are Motorola preferred devices. 

I 
I 

SELECTOR GUIDE 
1-8 
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RF Power Bipolar Transistors 

VHF Transistors (continued) 

Table 11. 136 -174 MHz High Band 

The "workhorse" VHF FM High·Band is served by Motorola with the broadest range of devices and package combinations 
in the industry. 

Pout Pin(Max) GpE{Min) 
Output Power Input Power Gain @ 175 MHz 9JC 

Device Watts Watts dB "CJW PackagelStyle 

Vee = 12.5 Volts 

MRF4427 1 0.016 18(19) 125(1) 75111 
MRF553 1.5 0.11 11.5 25 317012 
MRF2628 15 0.95 12 4 24411 
MRF1946 30 3 10 1.6 211·07/1 
MRF1946A 30 3 10 1.8 145A·09/1 
MRF224 40 14.3 4.5 2.2 211·07/1 
MRF240 40 5 9 2.2 145A-09/1 
MRF247(2) 75 15 7 0.7 316-01/1 

UHF Transistors 
Table 12. 100 - 400 MHz Band 

Stringent requirements of the UHF Military band are met by MRF325, 326, 327, 329 and 2N6439 types, with all-gold metal 
systems, specified ruggedness and programmed wirebond construction, to assure consistent input impedances for internally 
matched parts. 

Pout Pin(Max) GpE(Mln) 
Output Power Input Power Gain @ 400 MHz 9JC 

Device Watts Watts dB "CJW PackagelStyle 

Vee = 28 Volts 

MRF325(2) 30 4.3 8.5 2.2 316-01/1 
MRF326(2) 40 8 9 1.6 316-01/1 
2N6439(2) 60 10 7.8 1.2 316-01/1 
MRF327(2) 80 14.9 7.3 0.7 316-0111 
MRF329(2) 100 20 7 0.7 33311 
MRF392(3) 125 19.8 8 0.7 744A11 
2N6985(3) 125 19.8 8 0.7 38211 

Table 13.100 - 500 MHz Band 

Similar to the 100-400 MHz transistors, these devices have bandwidth capabilities allowing their use to 500 MHz. All have 
nitride passivated die, gold metal systems, specified ruggedness and controlled wirebond construction to meet the stringent 
requirements of military space applications. 

Device 

Vee = 28 Volts 

MRF313 
MRF321 
MRF323 
MRF393(3) 
2N6986(3) 

Pout 
Output Power 

Watts 

1 
10 
20 

100 
100 

(1 )ReJA. Thermal Resistance. Junction to Ambient. 
(2)lntemallmpedance Matched 
(3)lntemallmpedance Matched Push-Pull Transistors 

(19)Typlcal 

Pin(Max) 
Input Power 

Watts 

0.03 
0.62 
2 

18 
18 

Devices listed in bold, italic are Motorola preferred devices. 

MOTOROLA RF DEVICE DATA 

GPE (Min)/Freq. 
Power Gain 

dBlMHz 

151400 
121400 
10/400 
7.51500 
7.51500 

28.5 
6.4 
3.2 
0.7 
0.7 

PackagelStyle 

305A11 
24411 
24411 

744A11 
38211 

SELECTOR GUIDE 
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Rf Power Bipolar Transistors 

UHF Transistors (continued) 

Table 14. 400 - 512 MHz Band 

Higher power output devices in this UHF power transistor series feature internally input-matched construction, are designed 
for broadband operation, and have guaranteed ruggedness under output mismatch and RF overdrive conditions. Devices 
are specified for handheld, mobile and base station operation. 

Device 

Vee = 12.5 Volts 

MRF581(4) 
MRF555 
MRF652 
MRF652S 
MRF653 
MRF653S 
MRF641 (2) 
MRF654(2} 
MRF644(2) 
MRF650(2} 
MRF658(2} 

Vee = 24 Volts 

TP5002S 
TP5015 
TP5051 

(2)lnternallmpedance Matched 
(4)8rnall signal gain. Pols Typ .. 

Pout 
Output Power 

Watts 

0.6 
1.5 
5 
5 

10 
10 
15 
15 
25 
50 
65 

1.5 
15 
50 

Pln(MaX) 
Input Power 

Watts 

0.03 
0.15 
0.5 
0.5 
2 
2 
2.5 
2.5 
5.9 

15.8 
25 

0.075 
1.34 
6 

Devices listed in bold. italic are Motorola preferred devices. 

SELECTOR GUIDE 
1-10 

GpE (Min)IFreq. 
Power Gain 9JC 

dB/MHz "C/W PackagelStyle 

131500 40 31712 
10/470 25 317012 
101512 7 24411 
10/512 7 24911 

7/512 4 24411 
71512 4 249/1 

7.91470 4 316-01/1 
7.91512 4 24411 
6.21470 1.7 316-0111 
5.01512 1.3 316-01/1 
4.15/512 1 316-01/1 

131470 21 249-0511 
11/470 7 31912 
9/470 1.2 333AI2 

MOTOROLA RF DEVICE DAT~~' 



RF Power Bipolar Transistors 

900 MHz Transistors 
Table 15. 806 - 960 MHz Band 
Designed specifically for the 900 MHz mobile radio band, types MRF840 through MRF847 offer siJperior gain and 
ruggedness, using the unique CS-12 package, which minimizes common-element impedance, and thus maximizes gain and 
stability. Devices are listed for mobile and base station applications. 

Pout 
Output Power 

Device Watts 

Vee = 12.5 Volts - elass e - Si Bipolar 

MRF559(5) 
MRF581(5) 
MRF837<5) 
MRF8372(5) 
MRF557(5) 
MRF839F(5) 
MRF640(2)(6) 
MRF642(2)(6) 
MRF844(2)(6) 
MRFB47(2X6) 

Device 

0.5 
0.6 
0.75 
0.75 
1.5 
3 

10 
20 
30 
45 

Pout 
Output Power 

Walts 

Vee = 24 Volts - Si Bipolar 

MRF890 2 
MRF890S 2 
TP3019S 2 
TP3007S* 2 
MRFB96 3 
MRFB96S 3 
TP3008* 4 
MRFB91. 5 
MRF891S 5 
TP3021 10 
MRF892(2) 14 
MRF894(2) 30 
MRFB97(3) 30 
TP3034* 35 
MRFB98(2) 60 

Vee = 26 Volts - Si Bipolar 

TP3020A 2.2 
TP3005 4 
TP300S 5 
TP3022B 15 
TP3032 21 
TP3024B(3) 35.5 
TP3061(2) 45 
TP3064 50 
TP3062(3) 60 
MRFBBO(3) 90 
TP3069* 100 
MRFB99(3) 150 

(2)lntemallmpedance Matched 

(3)lntemallmpedance Matched Push-Pu!1 Transistors 

(5lcommon Emitter Configuration 
(6)Common Base Configuration 

(19lTyplcal 

*New Product 

Pin(Max) GpE (Min)/Freq. 
Input Power Power Gain 

Walts 

0.08 
O.OS 
0.11 
0.11 
0.23 
0.46 
2.5 
5 
9 
16 

Class 

C 
C 

ABorA 
AB 

ABorA 
ABorA 

AB 
AB 
C 

ABorA 
c 
c 

AB 
AB 
c 

A 
ABorA 

AB 
AB 
AB 
AB 
AB 
AB 
AB 
AB 
AB 
AB 

Pin(Max) 
Input Power 

Watts 

0.25 
0.25 
0.25 
0.25 
0.3 
0.3 

0.28 
0.63 
0.63 
1 
2 
6 
3 
7 

12 

0.28 
0.57 
0.63 
2.12 
4 
6.35 
7.13 
8.9 

12 
12.7 
18 
24 

dBIMHz 

81870 
10(19)/870 

81870 
81870 
81870 
81870 
61870 
61870 

5.21870 
4.51870 

Gp (Min)/Freq. 
Power Gain 

dBIMHz 

91900 
91900 
91960 
91960 

101900 
101900 

11.51860 
91900 
91900 

101960 
8.51900 

71900 
101900 

71960 
71900 

91960 
8.51960 

91960 
8.51960 
7.51960 
7.51960 

81960 
7.51960 

71960 
8.51900 
7.51960 

81900 

Devices listed in bold, italic are Motorola preferred devices. 
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9JC 
0C/W 

50 
40 
40 
45 
25 
9 
3.1 
1.5 
1.5 
1 

25 
25 
14 
21 

7 
7 
5 
7 
7 
5 
3.5 
1.5 
1.7 
2.3 
1 

20 
7 
7 
6 
3.3 
3 
1.2 
1.2 
1.2 
1.3 
0.7 
0.8 

PackagelStyle 

31712 
31712 
3~711 
751/1 

317012 
31912 
319/1 
319/1 
319/1 
319/1 

PackagelStyle 

30511 
305A11 
305A11 
305c/1 

30511 
3050/1 

319/2 
31912 

319A12 
31912 
319/1 
319/1 

395B11 
319/2 

333A11 

24411 
31912 
31912 
31912 
31912 
39511 

333A12 
333M 

39811 
375A11 
375A11 
375A11 

SELECTOR GUIDE 
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RF Power Bipolar Transistors 

1.5 GHz Transistors 
Table 16. 1400 -1600 MHz Band 

Pout PIn<Max) Gp (Mln)/Fraq. 
OutputP_ Input~ Power GaIn °JC 

Device watts Class watts dB/MHz °CIW PackagelStyle 

MRF15030* 30 A.AB 3.1 9/1490 1.4 395011 
MRF15090* 90 A.AB 10.8 7.511490 0.7 375A11 

Microwave Transistors 
Table 17. L-Band Pulse Power 

These products are designed to operate in short pulse width. 10 115. low duty cycle. 1 %. power amplifiers operating in the 
960-1215 MHz band. All devices have Intemallmpedance matching. The prime application is avionics equipment for 
distance measuring (DME). area navigation (TACAN) and interrogation (IFF). 

Pout Pin(Max) 
Output~ Input Power 

DevIce Watts Watts 

VCC = 18 Volts - Class A & AB Common Emitter I MRF1000MA 
MRF1000MB 

0.2 
0.2 

Vee = 35 Volts - Class B & C Common Base 

MRF1002MA 2 
MRF1002MB 2 
MRF1004MA 4 
MRF1004MB 4 

VCC = 50 Volts - Class C Common Base 

MRF1015MA 15 
MRF1015MB 15 
MRF1035MA 35 
MRF1035MB 35 
MRF1090MA reo 
MRF1090MB 90 
MRF1150MA 150 
MRF1150MB 150 

Table 18. L-Band Long Pulse Power 

0.02 
0.02 

0.2 
0.2 
0.4 
0.4 

1.5 
1.5 
3.5 
3.5 
9 
9 

25 
25 

Gp(Mln) 
Gain 0 1090 MHz 

dB 

10 
10 

10 
10 
10 
10 

10 
10 
10 
10 
10 
10 
7.8 
7.8 

OJC 
OC/W 

25 
25 

25 
25 
25 
25 

10 
10 
5 
5 
0.6 
0.6 
0.3 
0.3 

PackagelStyle 

332·0412 
332AI2 

332-0411 
332A11 

332·0411 
332A11 

332-0411 
332A11 

332-0411 
332A11 

332-0411 
332A11 

332-0411 
332A11 

These products are designed for pulse power amplifier applications in the 960-1215 MHz frequency range. They are 
capable of handling up to 10 115 pulses in long pulse trains resulting in up to a 50% duty cycle over a 3.5 millisecond Interval. 
Overall duty cycle is limiled to 25% maximum. The primary applications for devices of this type are military systems. 
specifically JTIDS and commercial systems. specifically Mode S. Package types are hermetic. . 

Pout Pin(Max) 
Output Power Input Power 

Device Watts watts 

VCC = 28 Volts - Class C Common Base 

I MRF10005 5 0.71 

Vee = 36 Volts - Class C Common Base 

MRF10031 30 3 
MRF10120 120 19 

*New Product 

Devices listed In bold. Italic ~ Motorola preferred devices. 

SELECTOR GUIDE 
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GPB(Mln) 
Gain 0 1215 MHz OJC 

dB OC/W PackagelStyle 

8.5 8 336E11 

10 3 376B11 
8 0.6 355011 
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RF Power Bipolar Transistors 

Microwave Transistors (continued) 

Table 18 L-Band Long Pulse Power (continued) 

Pout 
Output Power 

Device Watts 

Vee = 50 Volts 

MRF10070 70 
MRF10150 150 
MRF10350 350 
MRF10500 500 
MRF1375 375 
MRF1500 500 

Table 19; 2 GHz Narrowband ew 

Pin(Max) 
Input Power 

Watts 

7 
15 
45 
56 
80 

151 

GpB(Min) 
Gain @ 1215 MHz 9JC 

dB "C/W PackagelStyle 

10(7) 0.4 376C11 
10(7) 0.25 376811 
9(7) 0.11 355E/1 
g(7) 0.12 355011 
6.7 0.12 355G11 
5.2 0.1 355G11 

The MRW2000 Series of NPN Silicon microwave power transistors are designed for common base service in amplifier or 
oscillator applications in the 1-2.3 GHz frequency range. 

Pout PJn(Max) GpB(Mln) 
Output Power Inputp_r Galn02GHz oJC 

Device watts watts dB "C/W PackagelStyle 

Vee = 28 Volts - class B" e Common Base 

MRW2001 1 0.13 9 35 328A-()3f1 
MRW2003 3 0.48 8 15 328A-0311 
MRW2005 5 0.8 8 8.5 328A-03l1 
MRW2010 10 2 7 6 328A-03l1 

Table 20. 3 GHz Narrowband CW 
The MRW3000 Series are the industry's first 100% VSWR tolerant 3 GHz devices. They are common-base configured in 
hermetic packages and rated for 28 volt operation. 

Pout Pln(Max) GpB(Mln) 
Output Power InputP_ Gain @ 3.0 GHz 9JC 

DevIce Watts Watts dB "C/W PackagelStyle 

Vee = 28 Volts 

MRW3001 1 0.2 7 35 328A-0311 
MRW3003 3 0.75 6 17 328A-()3f1 
MRW3005 5 1.6 5 8.5 328A-()3f1 

Table 21. 0.6 - 2.7 GHz Broadband Common Base 
The MicRoAmp transistor employs MOS capacitors and other matching elements to transform the input, and in some 
devices, the output impedance, to a more manageable level prior to the point where package parasitics can reduce the 
bandwidth capability (U.S. Patent 3,713,006). These devices are assembled in common-base configuration and include an 
all-gold metal system and diffused ballast resistors for long life. 

Instantanaous Output 
Fraquency Power 

Range Min 
Device FL-FH(MHz) Watts 

Vee = 22 Volts 

MRAL 1720-20 1700-2000 20 

MRAL2023-3 2000-2300 3 
MRAL2023-6 2000-2300 6 
MRAL2023-18 2000-2300 18 

MRAL2327·3 2300-2700 3 
MRAL2327-12 2300-2700 12 

Vee = 28 Volts 

I MRA1417-6 1400-1700 6 

mryplcal @ 1090 MHz 

Devices listed in bold, italic are Motorola preferred devices. 
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Gain 
Min 
dB 

6 

8 
6.8 
6.5 

6.6 
7 

7.4 I 

9JF 
"C/W 

2.5 

16 
8 
2.5 

16 
4.5 

8 

PackagelStyle 

39411 

39411 
39411 
39411 

39411 
39411 

39411 

SELECTOR GUIDE 
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RF Power Bipolar Transistors 

Microwave Transistors (continued) 

Table 22. Power Oscillator 

This oscillator device, a common collector configuration with diffused ballast resistors, gold metallization and hermetic 
package, provides high reliability in severe environmental conditions and is fully characterized for power oscillator 
applications. 

Operating Output Power (Typ) - Watts/@ Freq. - GHz 
Conditions 

VcEilc 
Device VirnA Minimum Po @ Lowf Po@Midf Po@Hlghf PackagelStyJe 

TP62601 201220 1.2512 1.8512 1.3512.5 0.8513 328A-03I5 

Linear Transistors 
The following sections describe a wide variety of devices specifically characterized for linear amplification. Included are medium 
power and high power parts covering frequencies from 100 MHz-4 GHz . 

Table 23. To 1 GHz, elass A 
These devices offer a selection of performance and price for linear amplification to 1 GHz. The ~MRA· prefix parts are input 
matched and feature high overdrive and extreme ruggedness capability. 

Device 

vee = 19 Volts 

MRA1000·7L 
MRA1000-14L 

Vee = 25 Volts 

MRF1029(9) 
MRF1030(9) 
MRFl 031 (9) 
MRF1032(9) 

Table 24. To 2 GHz, elass A 

Po @ 1 dB Gss (Mln)/Freq. 
Comp. Point Small Signal Gain 

Watts dBlMHz 

7 
14 

1.5 
3 
4.5 
6 

9/1000 
811000 

811000 
7.511000 

7/1000 
6.511000 

Bias 
Point 

(VdclA) 

1811.2 
1912.4 

25/0.2 
25/0.4 
25/0.6 

25/0.65 

9JC 
oCJW 

4 
2.1 

12 
6 
3.5 
3.5 

These parts offer low cost alternatives to matched devices used primarily as pre-drivers to 2 GHz. 

Po @ 1 dB GSS (Min)/Fraq. Bias 
Compo Point Small Signal Gain Point 9JC 

Device Watts dBlMHz (VdclA) OCJW 

Vee = 20 Volts 

MRF3094(II) 
MRF3104l9) 
MRF3oss(9) 
MRF3105(9) 
MRF3tJ96{9) 
MRF3106l9) 
MRF2000-5L(10) 

(9)Former Prefix was "RP 
(10)Former prefix was "MRA" 

0.5 
0.5 
0.8 
0.8 
1.6 
1.6 
5 

Devices listed In bold, Italic are Motorola preferred devices. 

10.512000 2010.12 40 
10.512000 20/0.12 40 

912000 20/0.12 35 
912000 2010.12 35 
912000 20/0.24 22 
912000 2010.24 22 
712000 19/0.6 10 

PackagelStyla 

145A-09/1 
145A-09/1 

24411 
24411 
24411 
24411 

PackagelStyJe 

328A-03I1 
305M 

328A-03Il 
305M 

328A-03Il 
305A11 
360M 

SELECTOR GUIDE 
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RF Power Bipolar Transistors 

Linear Transistors (continued) 

Table 25. UHF Ultra Linear For TV Applications 

The following devices have been characterized for ultra-linear applications such as low-power TV transmitters in Band IV and 
Band V. Each features diffused ballast resistors and an all-gold metal system to provide enhanced reliability and ruggedness. 

Gp (Min)/Freq. 3 Tone 
Pref{Min) Small Signal Gain IMD(8) 8JC 

Device Watts dBIMHz dB "C/W PackagelStyle 

Vee = 20 Volts 

TPV596A 
TPV597 
TPV598 

Vee = 25 Volts 

TPV595A 
TPV695A 
TPV7025 
TPV6030 

Vee = 28 Volts 

I TPVSOSSB 
TPVB100B 
TPV8200B I 

0.5 
1 
4 

14 
14 
25 

20135(11) 

50(11) 
100(11) 
150(11) 

Table 26. Microwave Linear For peN Applications 

11.51860 
10.51860 

7/860 

8.51860 
9.51860 
8.51860 
9.51860 

7/860 
8.51860 

8/860 

-58 
-58 
-60 

-47 
-47 
-45 
-511-

20 
9 
5 

2.5 
2.5 
1.5 
1.1 

1.S 
0.7 
0.7 I 

24411 
24411 
24411 

39511 
395B11 

39811 
375A11 

39811 
39811 

37SAll 

The following devices have been developed for linear amplifiers in the 1.5-2 GHz region and have characteristics 
particularly suitable for peN base station applications. 

Bias 

Pout Point Gain (lYp)/Freq 8JC 
Device Watts Class Vdc:ImA dBIMHz 0c/w PackagelStyle 

MRF6401(12)* O.S A 20/80 1011880 30 30SCJl 
MRF6402(13)* 4 AB 28140 1011880 S 319/2 
MRF6406(14)* 12 AB 261100 7.511880 4.S 31912 
MRF6403(lS) * ·25 AB 26/250 6.511660 2.S 39511 
MRF6404(16)* 30 AB 2&'150 911880 1.4 395C/1 

Table Xl. Microwave Unear Power 

Common emitter microwave devices are offered for a wide variety of uses in small and medium Signal, Class A, AB and 
C applications up to 4 GHz. The use of ali-gold metal systems, diffused ballast resistors and hermetic packaging results 
in devices that display excellent reliability even in a military environment. 

Gss (Min) @ Freq. 1 dB 
Small Signal Gain Comp. 

Device dBIGHz Watts 

VDD = 20 Volts 

MRWS2602 6/2 3.6 
MRWS2604 512 7.2 

MRWS3502 513 1.6 
MRW53601 613 0.8 

MRW54001 514 0.5 
MRWS4601 614 O.S 

(8lVision carrier. - 8 dB; Sound carrier. -7 dB; Sideband carrier. -16 dB 
(11 IOutput power at 1 dB compression in Class AS 
(12lFormerly known as "TP4001 S' 
(13lForrnerty known as "TP4004" 
(14lFormerly known as "TP4012" 
(lSIFormerly known as "TP402S' 
(16lFormerty known as "TP4035" 
*New Product 

Devices listed in bold. italic are Motorola preferred devices. 

-30 dB Emitter 
Psat IMD Currant 

Watts Watts mA Package/Style 

S 3 440 326A-03Il 
10 6 880 326A-03Il 

2 1.5 230 401/1 
1 0.8 120 326A-03/1 

0.8 O.S 120 400/1 
0.8 O.S 120 326A-03/1 

I 

iIIOTOROLA RF DEVICE DATA SELECTOR GUIDE 
1-15 



RF Small Signal Bipolar Transistors 

RF Small Signal Transistor 
Gain Characteristics 7 

Curve numbers apply to transistors 
listed in the subsequent tables. 

Selection by Package 

In small-signal RF applications, the package style is often 
determined by the end application or circuit construction 
technique. To aid the circuit designer in device selection, the 
Motorola broad range of RF small-signal amplifier transistors 
is organized by package. Devices for other applications such 
as oscillators or switChes are shown in the appropriate 
preceding tables. These devices are NPN polarity unless 
otherwise designated. 
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Plastic SOE Case 
Table 28. Plastic SOE Case 

Gain-Bandwidth 

@ Curve NF @ f 

i\ No. 
IC Page Typ I 

Device mA 1-16 dB MHz 

Case 29-0412, T0-226AA 

MPS536(17) 5 -20 19 4.5 500 

LP1001 5 10 - 2.7 500 

LP1001A 5 10 - 3.2 1000 

LP1983 4.5 15 - 2.4 900 

MPS901(29) 4.5 15 12 2.4 900 

MPS911 (29) 7 30 13 1.7 500 

MPS571 (29) 8 50 18 2 500 

MPS3866(29) 0.8 50 1 - -
(I7)PNP 

(29)Packaglng Options Available In Tape and Reel and Fan Fold Box 

Devices listed in bold, italic are Motorola preferred devices. 

SELECTOR GUIDE 
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IC, GeLLECTOR CURRENT (mA) 

Maximum Ratings 

Gain @ f 

I MHz 
Typ V{BR!CEO IC Py 
dB Vots mA mW Package 

14 500 -10 -30 625 

12.5 1000 15 - 625 

12.5 1000 15 - 625 

I 12 900 15 30 300 

12 900 15 30 300 

16.5 500 12 40 625 

14 500 10 80 625 

10 400 30 400 625 

MOTOROLA RF DEVICE DATJ1 



RF Small Signal Bipolar Transistors 

Selection by Package (continued) 

Table 28. Plastic SOE Case (continued) 

Gain-Bandwidth 

@ 
Curve 

&1 No. 
IC Page 

Device mA 1-16 

case 31712 - MACRO-X 

MRF521 (17) 4.2 -50 -
MRF901 4.5 15 12 

MRF941 8 15 -
MRF951 7.5 30 -
MRF571 8 50 18 

MRF581 5 75 17 

MRF581A 5 75 17 

MRF837 5 75 17 

MRF559 3 100 16 

case 317A12 - MACRO-T 

BFR90 5 14 12 

BFR98 4.5 50 14 

case 317D12,3 

MRF553 - - -
MRF555 - - -
MRF557 - - -

case 318-07/6 - SOT-23 

MMBR521LT1(17) 3.4 -35 -
MMBR536LT1(17) 5.5 -20 19 

MMBR4957LT1(I7) 1.2 -2 10 

MMBR931LT1 3 1 11 

MMBR5031LT1 1 5 -
MMBR5179LT1 1.4 5 8 

BFR92ALT1 3.4 14 -
MMBR920LT1 4.5 14 -
MMBR901LT1 4 15 12 

MMBR941LT1 8 15 -
MMBR941BLT1 8 15 -
BFSI7LTI 1.3 25 -
BFR93ALTI 3.4 30 -
MMBR911LT1 6 30 13 

MMBR951LT1 8 30 -
MMBR951ALTI 8 30 -
MMBR571LT1 8 50 18 

(17)PNP 

NF @ f 

Typ 1 
dB MHz 

2.8 1000 

2 1000 

2.1 2000 

2.1 2000 

1.5 1000 

2 500 

1.8 500 

- -
- -

2.4 500 

2 500 

- -
- -
- -

1.5 500 

4.5 500 

3 450 

4.3 1000 

2.5 450 

4.5 200 

3.0 500 

2.4 500 

1.9 1000 

2.1 2000 

2.1 2000 

5 30 

2.5 30 

2 500 

2.1 2000 

2.1 2000 

2 500 

Devices listed In bold, italic are Motorola preferred devices. 

AOTOROLA RF DEVICE DATA 

Gain.@ f 

Typ I 
dB MHz 

11 1000 

12 1000 

12.5 2000 

12.5 2000 

12 1000 

15.5 500 

15.5 500 

10 870 

13 512 

18 500 

14.5 500 

13 175 

12.5 470 

9 870 

15 500 

14 500 

17 450 

10 1000 

17 450 

15 200 

15 -
15 500 

12 1000 

8.5 2000 

8.5 2000 

- -
- -

17 500 

7.5 2000 

7.5 2000 

16.5 500 

Maximum Ratings 

V(~EO IC 
mA 

-10 -70 

15 30 

10 50 

10 100 

10 70 

18 200 

15 200 

16 200 

18 150 

15 30 

15 100 

16 500 

16 400 

16 400 

-10 -70 

-10 -30 

-30 -30 

5 5 

10 20 

12 50 

15 25 

15 35 

15 30 

10 50 

10 50 

15 -
12 35 

12 40 

10 100 

10 100 

10 80 

..,. 
mW Package 

750 

375 

400 

1000 

1000 

2500 
X 

2500 

2500 

2000 

180 

~ 500 

3000 

3000 ~ 
3000 

312 

350 

350 

350 

350 

350 

350 

350 

~ 350 

400 

400 

350 

350 

350 

500 

500 

350 

SELECTOR GUIDE 
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RF Small Signal Bipolar Transistors 

Selection by Package (continued) 

Table 28. Plastic SOE Case (continued) 

Gain-Bandwidth 

@ 
Curve 

Tip I No. 
IC Page 

Device GHz mA 1-16 

Case318A11-S0T-143 

MRF5211LT1 (17) 4.2 -50 -
MRF9331LT1 5 1 -
MRF9011LT1 3.8 15 12 

MRF9411LT1 8 15 -
MRF9411BLT1 8 15 -
MRF9511LT1 8 30 -
MRF0211LTl 5.5 40 18 

MRF5711LT1 8 50 18 

Case 41913 - SC-701S0T-323 

MRF947Tl 8 15 -
MRF947BTl 8 15 -
MRF957Tl 8 30 -

Case 751/1 - S0-8 

MRF5583(17)(18) 2.1 -35 5 

MRFS943(1B) 1.5 35 4 

MRF3866(1B) 0.8 50 1 

MRF4427(18) 1.6 50 1 

MRFQ17(18) 2.25 50 5 

MRFSB12(1B) 5.5 75 17 

MRFB372(1B) 5 75 17 

Ceramic SOE Case 
Table 29. Ceramic SOE Case 

Gain-Bandwidth 

@ 
Curve 

T~P IIC 
No. 

Page 
Device GHz mA 1-16 

Case 244A11,3 

NF @ 

TYPI dB 

2.8 

2.5 

2.3 

2.1 

2.1 

2.1 

1.8 

1.6 

2.1 

2.1 

2.0 

-
3.4 

-
-
-
2 

-

N @ 

I TYP 
dB 

Maximum Ratings 

f Gain @ f 

-:r: I MHz 
V(BR)CEO IC PT 

MHz Volts mA mW Package 

1000 11 1000 -10 -70 580 

1000 12.5 1000 8 1 50 

1000 10.2 1000 15 30 300 

2000 9.5 2000 10 50 400 .. 2000 9.5 2000 10 50 400 

2000 9 2000 10 100 500 

1000 9.5 1000 15 70 580 

1000 13.5 1000 10 70 580 

1500 10.5 1500 10 50 175 

1500 10.5 1500 10 50 175 • 1500 9 1500 10 100 175 

- 1.5 250 -30 -500 1000 

200 12 250 30 400 1000 

- 10.5 400 30 400 1000 

- 18 175 20 400 1000 .-
- 12 500 25 300 1000 

500 15.5 500 15 200 1500 

- 10 870 16 200 1500 

Maximum Ratings 

f Gain @ f 

I MHz 
TYP V(BR~EO IC PT 

MHz dB Vots mA mW Package 

1""_ 1"1 ~ 1 " I' 1""1 " 10»1 " 1 ~ I-I~I 
(17)PNP 

(18)Tape and Reel Packaging Oplions Available 

Devices listed In bold. italic are Motorola preferred devices. 

SELECTOR GUIDE 
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RF Small Signal Bipolar Transistors 

Selection by Application 
Table 30. Low Noise 

The Small-Signal devices listed are designed for low noise and high gain amplifier mixer, and multiplier applications. Each 
transistor type is available in various packages. Polarity is NPN unless otherwise noted. 

Case Curve Number (See figure below) 

Package Name 

X MACRO-X 

~ TO-226AA 

~ SOT-23 

• SC-701 
SOT-323 

• SOT-l43 

~ S0-8 

(17)PNP 

(20)Higher Current Version 

Number 1 2(17) 3 

317/2 
MRF941 

MRF521 MRF571 MRF951 (20) 

29-0412 - - MPS571 

318-07/6 
MMBR941LTl 

MMBR521LT1 MMBR571LT1 MMBR951 LTl (20) 

MRF947Tl 
419/3 MRF947BTl - -

MRF957Tl (20) 

318A11 
MRF9411LTl 

MRF5211LTl 
MRF5711LT1 

MRF9511 LTl (20) MRF0211LT1(17) 

751/1 - - -

46253 1 
24 =a, 20 
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~ 16 
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I~ ~ , 
6/ ~3 1 

r~ ./ ...,. 
..... 

0.1 0.2 0.3 0.5 1 2 3 5 

f, FREQUENCY (GHz) 
Gain and Noise Figure versus Frequency 

Devices listed in bold, italic are Motorola preferred devices. 
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MRF581 

-

-

-

-

MRF5812 

61Q 
5:E. w 
4~ 
3~ 

w 
2[!;! 

o 
1~ 
OZ 

10 

5 6 

MRF901 -

MPS901 MPS911 

MMBR901LT1 MMBR911LTl 

- -

MRF9011LTl -

- -
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RF Small Signal Bipolar transistors 

Selection by Application (continued) 

Table 31. CATV, MATV and Class A Linear 
For Class A linear CATV/MATV applications. Listed according to increasing gain bandwidth (IT). 

NoIse Figure Distortion Specifications 

Nominal Test 2nd 3rd 12Ch. 
Conditions tr Order Order Cross- Output 

VceJlc 1YP TypIFreq. IMD IMD Mod. Level V(BRJCEO Package! 
Device VoltsimA MHz dBIMHz dBc dBc dBc dBmV Style 

MMBR5179LT1 615 1500 41450 12 318-07/6 

MRF5943 15150 1500 3.41200 30 751/1 

MRF5583(17) 101-100 1500 -30 751/1 

MMBR4957LT1 (17) 101-2 2000 31450 -30 318.07/6 

MMBR5031 LT1 615 2000 1.9/450 10 318.Q716 

MRFQ17 12.5150 2200 25 751/1 

MMBR920LT1 10114 4500 2.41500 15 318·0716 

BFR96 10150 4500 21500 15 317A12 

BFR90 10114 5000 2.41500 15 317A12 

MRFS81 10fl5 5000 2.71300 -65 +50 18 31712 

MRF581A 10fl5 5000 1.61500 -65 +50 15 31712 

MRF5812 10fl5 5000 1.8/500 -65 +50 15 751/1 

LP1001 5000 2.71500 15 29-0412 

LP1001A 5000 3.211000 15 29.Q412 

MRF587 15190 5500 31500 -52 -72 +50 17 244A11 

Table 32. UHF and Microwave Oscillators 
The transistors listed below are for UHF and microwave oscillator applications as initial signal sources or as output stages of 
limited range transmitters. Devices are listed in order of increasing output power. 

Test Conditions 

f VCC 
Device MHz Volts 

MPS3866 400 15 

MRF3866 400 15 

Devices listed In bold, llallc are Motorola preferred devices. 

SELECTOR GUIDE 
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Pout tr 
Min Typ 
mW MHz PackagelStyle 

1000 800 29.Q412 

1000 800 751/1 
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RF Integrated Circuits 
The MRFIC2001 through MRFIC2006 device series is Motorola's first introduction of an integrated solution for the personal 
communications market. Although designed as a chip set solution for CT2, the partitioning of the functions makes the use of these 
devices ideal in other 900 MHz personal communications systems such as cordless telephone (915 MHz), GSM, and ISM designs. 

To 1.0 GHz 

Device 

Table 33. Down Converter 

I MRFIC2001 *(18) 500-1000 0-250 2.7-5.0 4.7 

Device 

Table 34. Upmixer 

I MRFIC2002*(18) 500-1000 0-250 2.7-5.0 5.5 

Freq. Supply Volt. Supply Recommended 
Range Range Current Input Power 

Device MHz V !1A(Typ) dBm 

Table 35. Antenna Switch 

I MRFIC2003*(18) 100-1000 2.8-6.0 <10 17 

Supply 
Freq. Supply Volt. Current Small Signal 

Range Range TXlRX Gain 
Device MHz V mA(Typ) dB (Typ) 

Table 36. Driver and Ramp 

I MRFIC200H(18) I 800-1000 2.7-4.0 11/0.7 21.5 

Device 

1.8-4.0 46 23 

Devices listed In bold, italic are Motorola preferred devices. 

MOTOROLA RF DEVICE DATA 

23 

10 

Insertion Loss 
Port RF1 to RF2 

IRF1 to RF3 
dB (Typ) 

0.810.5 

Gain 
Control 
dB (Typ) 

34 

15 

-10 751 

-18 751 

Isolation 
Port RF1 to RF2 

IRF1 to RF3 
dB (Typ) Package 

23120 751 

POUb 1 dB 
Compression 

dBm (lYp) Package 

-1 751B 

Poub 1 dB 
Compression 

dBm(Typ) 

15.5 751 

SELECTOR GUIDE 
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RF Amplifiers 

High Power 
Complete amplifiers with 50 ohm in/out impedances are available for a variety of applications including land mobile radios, base 
stations, TV transmitters and other uses requiring large-signal amplification, both linear and Class C. Frequencies covered range 
from 68-950 MHz with power levels extending. to 180 watts. 

Land Mobile/Portable 
The advantages of small size, reproducibility and overall lower cost become more pronounced with increasing frequency of 
operation. These amplifiers· offer a wide range in power levels and gain, with guaranteed performance specifications for bandwidth, 
stability and ruggedness. 

Table 1. VHFIUHF, Class C 

Device 

MHW105 5 
MHW607-1 7 
MHW607-2 7 
MHW607-3 7 
MHW607-4 7 

Pin 
Input Power 

0.001 
0.001 
0.001 
0.001 
0.001 

Frequency 
MHz 

68-88 
136-150 
146-174 
174-195 
184-210 

400-512 MHz, UHF Band - Class C (Silicon Bipolar Die) 
MHW704· 3 0.001 440-470 
MHW707-1 7 0.001 403 -440 
MHW707-2 7 0.001 440-470 
MHW707-3 7 0.001 470-500 
MHW707-4 7(23) 0.001 490-512 
MHW720A1(22) 20 0.15 400 - 440 
MHW720A2(22) 20 0.15 440 -470 
MHW720Aa 20 0.15 450 - 458 

806-960 MHz, UHF Band - Class C (Silicon Bipolar Die) 

MHW851-1 1.6 0.001 
MHW851-2 1.6 0.001 
MHW851-3 2 0.001 
MHW851-4 1.6 0.001 
MHW803-1 2 0.001 
MHW803-2 2 0.0(,1 
MHW803-3 2 0.001 
MHW804-1 4 0.001 
MHW804-2 4 0.001 
MHW80SA 1 (22) 6 0.03 
MHW806A2(22) 6 0.03 
MHW806A3(22) 6 0.04 
MHW806A4(22) 6 0.04 
MHW812A3(22) 12 0.1 

806 - 960 MHz, UHF Band - Class C (GaAs FET Die) 
MHW9002-1(22) 1.4 
MHW9002-2(22) 1.4 
MHW9002-3(22) 1.6 
MHW9002-4(22) 1.4 

(22)Oeslgned for Wide Ranse Pout Level Control 
(23)po @1 =490 MHz. Po= 6.5W@I=512MHz 

0.005 
0.005 
0.005 
0.005 

Devices listed in bold, italic are Motorola preferred devices. 
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820-850 
870-905 
890-915 
915-925 
820-850 
806-870 
870-905 
800-870 
896-940 
820-850 
806-870 
890-915 
870-950 
890-915 

824-849 
870-905 
890-915 
898-925 

Gp 
Power Gain, Min 

dB 

37 
38.4 
38.4 
38.4 
38.4 

34.8 
38.4 
38.4 
38.4 
38.4(23) 
21 
21 
21 

32 
32 
33 
32 
33 
33 
33 
36 
36 
23 
23 
21.7 
21.7 
20.8 

24.5 
24.5 
25 
24.5 

Vee 
Supply Voltage 

Volts 

7.5 
7.5 
7.5 
7.5 
7.5 

7.5 
7.5 
7.5 
7.5 
7.5 

12.5 
12.5 
12.5 

6 
6 
6 
6 
7.5 
7.5 
7.5 
7.5 
7.5 

12.5 
12.5 
12.5 
12.5 
13 

5.8 
5.8 
5.8 
5.8 

301K13 
301K13 
301K13 
301K13 
301K13 

301J/1 
301J/1 
301J/1 
301J/1 
301JI1 

700/1 
70011 
70011 

301N11 
301N11 
301N11 
301N/1 
301E11 
301E11 
301E11 
301F/1 
301FI1 
301H12 
301H12 
301H12 
301H12 
301H12 

420Al1 
420Al1 
420Al1 
420Al1 
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RF Amplifiers 

High Power: Land Mobile/Portable (continued) 

Table 2. UHF, Linear 

Pout Pin 
Output Power Input Power Frequency 

Device Watts Watts MHz 

806-960 MHz, UHF Band - Class AB (Silicon Bipolar Ole) 

MHW927A(22) 6(24) 0.001 824-849 
MHW927B(22) 6(24) 0.001 824-849 

880-915 MHz (for GSM) - Class AB (Silicon Bipolar Die) 
MHW903(22) 3.5 0.001 890-915 
MHW953(22) 3.5 0.001 890-915 
MHW954(22) 3.5 0.1 890-915 
MHW909(22) 9 0.1 890-915 
MHW912(22) 12 0;001 890-915 
MHW914(22) 14 0.001 890-915 
MHW915(22) 14 0.1 890-915 
MHW932(22) 32 0.1 890-915 

TV Transmitters 
Table 3. VHF Ultra Linear for TV Applications 

Gp 
Power Gain, Min 

dB 

37.8 
37.8 

35.4 
35.4 
15.4 
19.5 
40.8 
41.4 
21.4 
26 

Vee 
Supply Voltage 

Volts 

12.5 
12.5 

7.2 
7.2 
7.2 
7.2 

12.5 
12.5 
12.5 
12.5 

These amplifiers are characterized for ultra-linear applications in Band IV and Band V TV transmitters. 

Gp (Mln)/Freq. 
Frequency Pref Power Gain 

Device MHz Watts d8lMHz 

ATV6031 470-860 20 10.51860 
MRFA2600(26)* 470-860 20 10.51860 
A1V6060 470-860 40 9/860 
MRFA2602(28)* 470-860 40 9/860 
RFA8090B* 470-860 95(11) 81860 
RFA8180B* 470-860 180(11) 8/860 

(8)V;slon carrier: - 8 dB; Sound Carrier: -7 dB; Sideband Carrier: - 16 dB 
(11)Output power at 1 dB compression In Class AB 
(22)Designed for Wide Range Pout Level Control 
(24)Average Power, Peak Power Is twice average power 
(25)V;slon Carrier. - 8 dB; Sound carrier. -10 dB; Sideband Carrier: -16 dB 
(26)Formerly known as "RFA6031" 
(28)Formerly known as "RFA6060" 

*New Product 

Devices listed in bold, italic are Motorola preferred devices. 
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3 Tone(8) 3 Tone(25) 
IMOl IM02 Vee 

dB dB Volts 

-50· -53 26.5 
-50 -53 26.5 
-50 -53 25.5 
-50 -53 25.5 

- - 28 

- - 28 

413A11 
301V/l 
301YI1 
301 TIl 
301R11 
301R11 
301T/l 
3018/1 

Package/Style 

389811 
429A11 
389u/l 
429C/l 
429E11 

429/1 
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RF Amplifiers 

Low Power 
The following categories describe a wide range of complete amplifier assemblies both hybrid and monolithic for use in CATV 
distribution systems, instrumentation, communications and military equipment. A liariety of power levels and frequencies of 
operation.is offered for many applications. 

CATV Distribution 
Motorola Hybrids are manufactured using fourth generation technology which has set new standards for CATV system 
performance and reliability. These hybrids have been optimized to provide premium performance in all CATV systems up to 152 
channels. 

Table 4. 5-200 MHz Hybrids 

Maximum Distortion Specifications 

Composite Cross 
Hybrid Channel 2nd Triple Beat Modulation 
Gain Loading Order Output 

(Nominal) Capacity Level Test(3O) dB dB 

Device dB 

MHW1134 13 22 
MHW1224 22 22 
MHW1244 24 22 

Table 5. 40-450 MHz Hybrids 

Hybrid Channel 
Gain loading 

(Nominal) Capacity 

Device dB 

Conventional Hybrids 

MHW5122A 12 60 
MHW5142A 14 60 
MHW5172A 17 60 
MHW51B2A 18 60 
MHW5183 18 60 
MHW5222A 22 60 
MHW5272A 27 60 
MHW5342A 34 60 
MHW5382A 38 60 
CA97901 21.2(44) 30 

Power Doubling Hybrids 

MHW51B5B* 18 60 
MHW5205 20 60 
MHW5225 22 60 

Feedforward Hybrids 

I MFF124B I 24 60 

(19lTyplcal 
(30}Channels 2 and A @ 7 
(31}Channels2 and M13 @ M22 
(32}ComposHe 2nd order; VOUI = +46 dBmVlch 
(33}ComposHe 2nd order IMD, 60 channel flal 
(34}Maximum 

dBmV 

+50 
+50 
+50 

Output 
Level 

dBmV 

+46 
+46 
+46 
+46 
+46 
+46 
+46 
+46 
+46 
+46 

+46 
+46 
+46 

+46 

(44}Hi·Slope Trunk Ampllfler •. The speclfled gain Is a1450 MHz. 
*New Product 

Devices listed In bold, Italic are Motorola preferred devices. 

dB 22CH 26CH 22CH 26CH 

-72 -73 -71(19) -65 -65(19) 

-72 -71 -68(19) -62 -62(19) 
-72 -70 -68(19) -61 -61(19) 

Maximum Distortion Specifications 

Composite Cross 

2nd Order Triple Beat Modulation 

Test 
dB dB 

dB 60CH 60CH 

_72(31) -58 -61 
-74(31) -61 -62 
-74(31) -60 -62 
_72(31) -61 -59 

_62(31 )(32) -58 -57 
_72(31) -60 -59 
-72(31) -59 -60 
_72(31) -59 -59 
-70(31) -59 -59 

-65 -65 -65 

-67(32) -67 -67 
-58(33) -64 -64 
_69(31) -62 -60 

-79 -75 

Noise 
Figure 
@175 
MHz 

Package! 
dB Style 

7 71411 
5.5 71411 
5 71411 

Noise 
Figure 

@450MHz 

dB Package! 

1YP Style 

7 71411 
6 71411 
6 714/1 

5.5 714/1 
4.5 71411 
4.5 71411 
5.5 71411 
5 71411 
4 71411 

5.5 714F/l 

5.5 71411 
5.5 71411 
5 71411 

10(34) 825A11 
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RF AmplHiers 

Low Power: CATV Distribution (continued) 

Table 6. 40-550 MHz Hybrids 

Hybrid Channel 
Gain ~Ing 

(Nom.) Cspaclty 

DavIes dB 

Conventional Hybrids 

MHW6122 12 77 
MHW6142 14 77 
MHW6172 17 77 
MHW6182 18 77 
MHW6183 18 77 
MHW8222 22 77 
MHWfi272 27 77 
MHW6342 34 77 

~ Doubling Hybrids 

MHW6185B* 18 
MHW6185-6* 

Feedforward Hybrids 

IMFF224B 24 77 

Table 7. 40-600 MHz Hybrids 

Hybrid Channel 
Gain ~Ing 

(Nom.) Cspaclty 

Davies dB 

Fsedforward Hybrids 

Conventional Hybrids(37) 

Power Doubling Hybrlds(37) 

MFF324B 24 85 

(34)Maxlmum 
(35)Channels 2 and M30 @ M39 

(36)Composite 2nd order; Vout = +44 dBmVlch 

Output 
Level 

dBmV 

+44 
+44 
+44 
+44 
+44 
+44 
+44 
+44 

Output 
Level 

dBmV 

+44 

Maximum Distortion Specifications 

2nd Composite Cross 
Order Triple Beat Modulation 
Test 

dB dB 

dB 77CH I 87CH 77CH I 87CH 

-74(35) -56 -62 
-72(35) -59 -62 
-70(35) -59 -62 
-72(35) -59 -62 
-sa(36) -58 -58 
-66<35) -57 -57 
-M(35) -57 -57 
-M(35) -57 -57 

-86(35) -75 -70 

Maximum Distortion Specifications 

2nd Composite Cross 
Order Triple Beat Modulation 
Teat 

dB dB 

dB 85CH 85CH 

-86(38) -73 -68 

(37)600 MHz versions of the Conventional and Power Doubling Hybrids are available upon request. Please consufi factory. 
(38)Channels 2 and M39 @ M48 

*New Product 

Devices listed in bold. Italic are Motorola preferred devices. 

MOTOROLA RF DEVICE DATA 

Noise 
Figure 

o 550 MHz 
dB Packagel 
Typ Style 

7 71411 
6.5 71411 
6 71411 
6 71411 
5 71411 
5 71411 
6 71411 

5.5 71411 

825A11 

Noise 
Figure 

o 600 MHz 
dB Package! 
Max Style 

12.5 825A11 

SELECTOR GUIDE 
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RF Amplifiers 

Low Power: CATV Distribution (continued) 

Table 8. 40-750 MHz Hybrids 

Hybrid Channel Output 
Gain loading Lavel 

(Nom.) Capacity 

Device dB dBmV 

Conventional Hybrids 

18 110 

Table 9. 40-860 MHz Hybrids 

Gain Frequency 

Device 

Conventional Hybrids 

CA901 
CA901A 

dB 

Power Doubling Hybrids 

CA902 17 
CA902A 17 
CA922 17 
CA922A 17 
CA912 17 

MHz 

40-860 
40-860 
40-860 
40-860 
40-860 

Table 10. 40-86011000 MHz Hybrids 

Hybrid Channel Output 
Lavel Gain Loading 

(Nom.) Capacity 

Device dB 

Conventional Hybrids 

(39)Composlte 2nd order, You! = +40 dBmVlch 
(4Olcomposlte 2nd Order, VOU! = +38 dBmVlch 
*New Product 

dBmV 

Maximum Distortion Specifications 

2nd Composite Cross 
Order Triple Baat Modulation 
Test 

dB dB 

dB 110CH 110CH 

-62(39) -62 -64 

2ndOrdar DlN45004B 
IMD o f=880 MHz 

VCC 
@Vout= 

Volts 50dBMV/ch dBIIV 

-60 
-64 

28 -63 123 
28 -67 123 
24 -63 123 
24 -67 123 
15 -63 123 

Maximum Distortion Specifications 

2nd Crosa Composite 
Order Modulation TrlplaBaat 
Test 

dB dB 

dB 128 CH 1152 CH 128CH 1 152CH 

Devices listed In bold, italic are Motorola preferred devices. 

SELECTOR GUIDE 
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Noise Figure 
o 750 MHz 

dB 
Package! 

Typ Style 

5.5 71411 

Noise 
Figure 

o 860 MHz 

dB Package! 
Max Style 

9.5 714P12 
9.5 714P12 
9.5 714P12 
9.5 714P12 
9.5 714P13 

Noise Figure 
@860MHz 

dB 
Package! 

Typ Style 
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RF Amplifiers 

Low Power: CATV Distribution (continued) 

Table 11. Standard Linear Hybrids 
The CA series of RF linear hybrid amplifiers consists of a family of medium power, broadband gain blocks in the CATV industry 
standard "CAD package. These amplifiers were designed for multi-purpose RF applications where linearity, dynamic range and 
wide bandwidth are of primary concern. Each amplifier is available in various package options. Eleven parts are available as 
indicated in a low profile package. Arrangement within the group is in order of increasing maximum frequency. 

Gain 
Flatness Gain/Freq. PldB NFJFreq. 

BW lYP Typ Typ lYP 
Device MHz ±dB dBJMHz dBm dBJMHz 

CA2850CR 40-100 0.1 17.51100 25 4.5170 
CA2875CR 40-100 0.1 17.51100 26 4.5170 
CA2830C 5-200 0.5 34.51100 29 4.7/200 
CA2832C 1-200 0.5 35.51100 33 5/200 
CA2833C 5-200 0.5 34.51100 29 4.7/200 
CA2842C 10-400 0.5 221100 32 41100 
CA2810C 10-450 1.5 34150 30 -/300 
CA2818C 1~400 0.5 18.5150 30 5/200 
CA2870C 20-450 - 341100 30 -/300 
CA2851CR 40-100 0.1 17.51100 25 4.5170 
CA4800C(41) 10-1000 1 17.511000 26 7.511000 
CA4812C(41) 10-1000 1 17.511000 26 7.511000 
CA481SC(41) 10-1000 1 17.511000 26 7.511000 
CAS800c(41) 10-1000 1 15.511000 30 8.511000 
CA5801(41) 50-1000 1 17.511000 30 8.511000 
CA581SC(41) 10-1000 1 15.511000 30 8.511000 
CA4900(41) 10-1200 1 17.511000 26 7.511200 
CA4912(41) 10-1200 1 17.511000 26 7.511200 
CA491S(41) 10-1200 1 17.511000 26 7.511200 
CAS900(41) 10-1200 1 15.511000 30 8.511200 
CAS91S(41) 10-1200 1 15.511000 30 8.511200 

(41)Avallable In thin flange package (714T) by adding suffix ·S· after part number. I.e. CA48OOCS. 

Devices listed in bold, italic are Motorola prelerred devices. 

MOTOROLA RF DEVICE DATA 

3rdOrder 
Intercept 

PointlFraq. VSWR 

lYP Max 
dBmlMHz 5001750 

4DnO 1.31-
43170 -11.1 

46/200 2/-
471200 2/-
46/200 21-
441300 1.51-
431300 211.3 
45/200 21-
431300 2/-
4DnO 1.31-

3811000 2.61-
3811000 2.61-
3811000 2.61-

40.511000 2.61-
41.511000 2.61-
40.511000 2.81-
3811000 2.61-
3811000 2.61-
3811000 2.61-

40.511000 2.61-
40.511000 2.81-

VsIIs 
Typ Casel 

VirnA Style 

-191125 714H11 
-19/155 714H11 
241300 714F/1 
281435 714F/l 
241300 714G/l 
241230 714FI1 
241310 714F/l 
241205 714FI1 
241310 714M11 

-19/125 714U1 
241220 714P/2 
121380 714P/3 
15/380 714P/3 
281400 714P/2 
281400 714P/2 
151700 714P/3 
241220 714P/2 
121380 714P/3 
15/380 714P/3 
281400 714P/2 
151700 714P/3 

SELECTOR GUIDE 
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RF AmplHiers 

Low Power (continued) 

CRT Drivers 
Table 12. Video Amplifiers 
These complete hybrid amplifiers are specifically designed for CRT driver applications requiring high frequency response and 
high voltage, such as high resolution color graphics video monitors. Gold metallized die and substrates are used to insure high 
reliability and improved ruggedness. 

Vcc(nom) 

Device Volts 

CR2424A 60 
CR2424R -60 
CR2425A 60 
CR2428* 60 
CR3424A 80 
CR3424R -80 
CR3425A 80 
CR3428* 80 

(42llnsertion Gain; 50 Ohm Source 
(43lcapacitive Load 8.5 pF, VOU! = 40 V pop 
*New Product 

Gain(42) rr::::143) 
VN nsec 

12 2.0 
12 2.0 
12 2.0 
12 2.0 
12 2.2 
12 2.2 
12 2.2 
12 2.2 

Devices listed in bold, italic are Motorola preferred devices. 

3dBBW 
(Typ)(43) Vout(Max) 

MHz Volts Load PackagelStyle 

145 5OP-P 6 t020pF 714G11 
145 50P-P 6 to 20 pF 714H/l 
145 5OP-P 6 to 20 pF 714F/l 
145 50P-P 6 to 20 pF 431 All 
130 70P-P 6 to 20 pF 714G11 
130 70P-P 6 t020pF 714H11 
130 70P-P 6 to 20 pF 714F/l 
130 70 pop 6 t020pF 431 All 

------------------------------------------------------------------------------------------~i: SELECTOR GUIDE 
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Discrete Transistor 
Data Sheets 

DISCRETE TRANSISTOR DATA SHEETS 
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II 

MOTOROLA 
• SEMICONDUCTOR 

TECHNICAL DATA 

The RF Line 
NPN Silicon 
RF Power Transistor 
· •. designed primarily for wideband large-signal output amplifier stages in the 
225 to 400 MHz frequency range. 

• Guaranteed Performance in 225 to 400 MHz Broadband Amplifier @ 28 Vdc 
Output Power = 60 Watts over 225 to 400 MHz Band 
Minimum Gain = 7.8 dB @ 400 MHz 

• Built-In Matching Network for Broadband Operation Using Double 
Match Technique 

• 100% Tested for Load Mismatch at all Phase Angles with 30:1 VSWR 

• Gold Metallization System for High Reliability Applications 

MAXIMUM RATINGS· 

Rating 

Collector-Emitter Voltage 

Collector-Base Voltage 

Emitter-Base Voltage 

Total Device Dissipation @ TC = 25°C (1) 
Derate above 25°C 

Storage Temperature Range 

THERMAL CHARACTERISTICS 

Characteristic 

Thermal Resistance, Junction to Case 

ELECTRICAL CHARACTERISTICS· (T C = 2500 unless otherwise noted.) 

I Characteristic I Symbol 

OFF CHARACTERISTICS 

Collector-Emitter Breakdown Voltage V(BR)CEO 
(IC = 50 mAde, IB = 0) 

Collector-Emitter Breakdown Voltage V(BR)CES 
(IC = 50 mAde, VBE = 0) 

Emitter-Base Breakdown Voltage V(BR)EBO 
(IE = 5.0 mAde, IC = 0) 

Collector Cutoff Current ICBO 
(VCB = 30 Vdc, IE = 0) 

Symbol 

VCEO 

VCBO 

VEBO 

PD 

Tstg 

Min 

33 

60 

4.0 

-

2N6439 

60 W, 225 to 400 MHz 
CONTROLLED "Q" 

BROADBAND RF POWER 
TRANSISTOR 
NPNSILICON 

CASE 316-01, STYLE 1 

Value 

33 

60 

4.0 

146 
0.83 

-65 to +200 

Max 

1.2 

Max 

- -

- -

- -

- 2.0 

Unit 

Vdc 

Vdc 

Vdc 

Watts 
W/"C 

°c 

Unit 

Vdc 

Vdc 

Vdc 

mAde 

NOTE: (continued) 
1. These devices are designed for RF operation. The total device dissipation rating applies only when the devices are operated as RF 

amplifiers. 

* Indicates JEDEC Registered Data. 

2N6439 
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ELECTRICAL CHARACTERISTICS· - continued (Tc = 25°C unless otherwise noted.) 

Characteristic Symbol Min Max 

ON CHARACTERISTICS 

DC Current Gain 
(IC = 1.0 Adc, VCE =5.0Vdc) 

DYNAMIC CHARACTERISTICS 

Output Capacitance 
(VCB= 28 Vdc, IE= 0, 1= 1.0 MHz) 

BROADBAND FUNCTIONAL TESTS (Figure 6) 

Common-Emitter Amplilier Power Gain GpE 7.8 I 8.5 I -
(VCC =28 Vdc, Pout = 60W, 1= 225-400 MHz) 

Electrical Ruggedness 1jI 
(Pout=60W, VCC=28VdC, 1=400 MHz, VSWR30:1 No Degradation In Output Power 
all phase angles) 

NARROW BAND FUNCTIONAL TESTS (Figure 1) 

Common-Emitter Amplilier Power Gain 
(VCC = 28 Vdc, Pout = 60 W, 1=400 MHz) 

Collector Efficiency 
(VCC = 28 Vdc, Pout = 60 W, 1= 400 MHz) 

• Indicates JEDEC Registered Data. 

Cll C2 

C1 to C4, C11 -4.0-40 pF 
CSto C8-33 pF 
C9-l000pF 
C10-S.0J.lF 
R1-1Sll 
L 1, L2 - 3116" xl" Copper Strap 
L3-1.5J.1H 
L4-10J.lH 
L5 -1 Tum #16 AWG, 5/16" 1.0. 

Ll 

GpE 7.8 

TJ 55 

VCC=28V 

Figure 1. 400 MHz Test Amplifier (Narrow Band) 

MOTOROLA RF DEVICE DATA 
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- -

Unit 

dB 

-

dB 

% 
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NARROW BAND DATA 

100 
Vcc· 2BV 

120 
VCC=28V 

Pin=8W 

6W 

4W 

~ 100 

~ 
a: 

~ 
80 

5 60 r= 
::> 
0 

.., ~f.225MHz 
l/ --' . 

h ~ 
400 MHz I--

h' 
.l. r 

// 

2W J 40 )" 

II 
250 300 350 400 

Il 
450 

20 o 2 4 6 8 10 12 14 16 18 20 
t. FREQUENCY (MHz) p.m. INPUT POWER (WAlTS) 

Figure 2. Pout versus Frequency Figure 3. Output Power versus Input Power 

12 I I 100 
I I 

I- Pout=60W 
VCC=28V Ii> 

- f=400MHz 

2N6439 
2-4 

"""'-

80 ~ 
~ 
a: w 60 

~ 

I 

Pin=6W 
~ 

~~ 
5 40 r= 
::> 
0 

J 20 

........... -~ 4W 

..,..". 
"." ....... ~ 

,. i--""': ~ -
~ 

250 300 350 400 450 14 18 22 2B 30 
t. FREQUENCY (MHz) V~SU~YVOcrAGE~OlTS) 

Figure 4. Power Gain versus Frequency Figure 5. Output Power versus Supply Voltage 

100 
I I 

- f- f=225MHz 

~8W 

~ i--""'" 4W 
/" -~ .., "." ,... ~ 

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

14 18 22 26 30 
VCC. SUPPLY VOLTAGE ~OLTS) 

Figure 6. Output Power versus Supply Voltage 
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10 

8 

,-- Pout=60W 
,-- VCC=28V 

200 

C5 
C6 

B 

R1 

C13 
r---T=---++---'"'1R:JFr.;C~1 '----<!i::i""--...... --Q VCC 

L.. __ ---4I ..... c_1_4 ___ +-_--ITC16 

A~E---, 
L3 R2 c17..l 

C1-6SpF 
C2, C4, CS, C10 - 27 pF 
C3,C5,C11-10pF 
C6,C7-51 pF 
C9 - 1.0-10 pF JOHANSON 
C12-100 pF 
C13, C15 - 6S0 pF 
C14, C16-1.0 IlF, 35 V Tanlalum 
C17-0.1IlF, ERIE Red Cap 

RFC1 - Ferrite 8ead Choke, Feroxcube VK200 19/48 
8 - Ferroxcube 56-590-65148 Ferrite 8ead 
T1, T2 - 25 Ohms (UT25) Miniature Coaxial Cable, 1 tum 
R1-110,1.0W 
R2-20 0,1/4 W 
L1 -10 Turns, #22 AWG, 1 IS" 1.0. 
L2 - 4 Turns, #16 AWG, 1/4"1.0. 
L3 - 6 Turns, #24 AWG, 1/S" 1.0. 
L4, L5 - 1" x 0.25" Microstrip Line 
80ard Material 0.031" Thick Teflon-Fiberglass 

Figure 7_ 225 to 400 MHz Broadband Test Circuit Schematic 

BROADBAND DATA (Circuit, Figure 7) 

250 300 350 400 
f, FREQUENCY (MHz) 

100 .---"'"'I·-.--I-.-.---.-.---r-.----r---, 
- Pout = 60W -+--+-+--+--+-+-+---1 

80 - VCC = 28 V -+---j---1I--+--t--t--'--t--j 

~~-t-_+-+-+_-~~-_+-;_-+---; 

0L-~2oo~~-~~~0~~~3~00~~~3~5O~~-~4oo~-J 

f, FREQUENCY (MHz) 

Figure 8, Power Gain versus Frequency Figure 9_ Efficiency versus Frequency 

MOTOROLA RF DEVICE DATA 2N6439 
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6 
I I 

- Pout=60W 
5 :-- VCC .. 28V 

I'... 
r-...... 

2 

......... 
200 250 300 350 400 

f, FREQUENCY (MHz) 

Figure 10. Input VSWR versus Frequency 

2N6439 
2-6 

loL' = Conjugate o!the optimum load impedance 
into which the device output operate. at a 
given output power. voltage and frequency. 

·~~.h.3+-
).>(~rtI I r r'-_-'-_-'-_-'---'-_ __=_--' 

Figure 11. Series Equivalent Input-output Impedance 
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MOTOROLA 
• SEMICONDUCTOR 

TECHNICAL DATA 

The RF Line 
NPN Silicon Push·Pull 
RF Power Transistor 
· .. designed primarily for wideband large-signal output and driver amplifier 
stages in the 30 to 400 MHz frequency range. 

• Specified 28 Volt, 400 MHz Characteristics -
Output Power = 125 W 
Typical Gain = 10 dB (Class C), 11 dB (Class AB) 
Efficiency = 55% (Typ) 

• Hermetic Package to Meet Stringent Environmental Requirements 

• Built-In Input Impedance Matching Networks for Broadband Operation 

• Push-Pull Configuration Reduces Even Numbered Harmonics 

• Gold Metallization System for High Reliability 

• 100% Tested for Load Mismatch 

r---, 
I 

3.>--1---1 
I 
I 

4>--+--1 

+-+-- 5 (FlANGE) 

.......... -i-<2 

The 2N6985 is two transistors in a single package with separate base and collector leads and emitters 
common. This arrangement provides the designer with a space saving device capable of operation in a 
push-pull configuration. 

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 

Junction Temperature TJ 

THERMAL CHARACTERISTICS 

Characteristic 

Thermal Resistance, Junction 10 Case 

NOTE: 

2N6985 

125 W, 30 to 400 MHz 
CONTROLLED "Q" 

BROADBAND PUSH-PULL 
RF POWER TRANSISTOR 

NPNSILICON 

CASE 382, STYLE 1 

Value 

30 

60 

4.0 

16 

Unit 

Vdc 

Vdc 

Vdc 

Adc 

270 Watts 
1.54 wrc 

-6510+150 °C 

200 °c 

Max 

0.65 

1. These devices are designed for RF operation. The total device dissipation rating applies only when the devices are operated as RF 
push-pull amplifiers. 

• Indicates JEDEC Registered Data. 

MOTOROLA RF DEVICE DATA 2N6985 
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ELECTRICAL CHARACTERISTICS· (T C = 2500 unless otherwise noted.) 

I Characteristic I Symbol Min Max Unit 

OFF CHARACTERISTICS (1) 

Collector-Emitter Breakdown Vo/1age (IC = 50 mAdc, IB = 0) 

Collector-Emitter BreakdownVol18ge (IC = 50 mAdc, VBe = 0) 

Emitter-Base Breakdown Voltage (IE = 5.0 mAdc, IC = 0) 

Collector Cutoff Current (VCB = 30 Vdc, IE = 0) 

ON CHARACTERISTICS (1) 

I DC Current GaIn (IC = 1.0 Adc, VCE = 5.0 Vdc) 

DYNAMIC CHARACTERISTICS (1) 

I OutputCapacl1ance (VCB=28 Vdc, IE= 0, f= 1.0 MHz) 

FUNCTIONAL TESTS (2) - See Figure 1 

Common-emitter Amplifier Power Gain 
(VCC= 28Vdc, Pout = 125W, f=4OO MHz) 

Collector Efficiency 
(VCC= 28 Vdc, Pout = 125 W, f=4OO MHz) 

Load Mismatch 
(VCC=28 Vdc, Pout = 125 W, f=4OO MHz, 
VSWR = 30:1, all phase angles) 

NOTES: 
1. Each transistor chip measured separe18ly • 
2. Both transistor chips opereting in push-pull amplifier . 

• Indicates JEDEC Registered Da18. 

81 

Cl 
Zl 

C3 

Zl 
C2 

":' 

Cl, C2 - 240 pF, 100 Mil Chip Cap (ATC) or Equivalent 
C3 - 4.7 pF, 100 Mil Chip Cap (ATC) or Equivalent 
C8 -12 pF, 100 Mil Chip cap (ATC) or Equivalent 
C5 - 27 pF, 100 Mil Chip Cap (ATC) or Equivalent 
C6 - 20 pF, 100 Mil Chip Cap (ATC) or Equivalent 
C7 -12 pF, 100 Mil Chip Cap (ATC) or Equivalent 
09, Cl0 - 270 pF, 100 Mil Chip Cap (ATC) or Equivalent 

OUT 

Cll, C12, C16, C17-470 pF 100 Mil Chip Cap (ATC) or Equivalent 
C13, C18 - 680 pF Feedthru 
C14, C19 - 0.1 J.lF Erie Redcap or Equivalent 
C15-20J.lF,50V 

L 1, L2 - 0.15 J.lH Molded Choke WIth Ferrite Bead 
L3, L4 - 2-112 Tums #20 AWG, 0.200 ID 

'{{B~CEO 30 - - Vdc 

V(BR)CES 60 - - Vdc 

V(BR}EBO 4.0. - - Vdc 

ICBO - - 5.0 mAdc 

20 

Cob 75 115 pF 

Gpe 8.0 10 - dB 

11 50 55 - % 

1(1 
No Degradation in Output Power 

Bl - Balun, 50 Q Semi-Rigid Coaxial Cable 86 Mil OD, 2" L 
B2 - Balun, 50 Q Semi-Rigid Coaxial Cable 86 Mil OD, 2" t 

Zl - Mlcrostrlp Une 650 Mil Lx 125 Mil W 
Z2 - Mlcrostrlp Line 220 Mil Lx 125 Mil W 
Z3 - Microstrip Une 280 Mil Lx 125 Mil W 
Z4 - Microstrip Une 300 Mil Lx 125 Mil W 
Z5 - Microstrip Une 450 Mil Lx 125 Mil W 

Board Materlal- 0.06" Teflon-Fiberglass, £r = 2.55, 
2 oz. Cu. CLAD, Double Sided 

LS, L6-3-1I2Tums#18 AWG, 0.200 ID Figure 1. 400 MHz Test Fixture 

2N6985 
2-8 

MOTOROLA RF DEVICE DATA ' 



CLASSC 
160 

~! f=I00MHz 
/ ~225MHz ",400 MHz 

I )1' / 
V-

I / /"" 

I I )1' 
I V / 
1/ 

1/) 
VCC· 28V -V r I 

o 5 10 15 20 25 
Pin. INPUT POWER (WATIS) 

Figure 2. Output Power versus Input Power 

80 

~ 70 

~ 60 

! 50 

i : 
J 20 

10 

o 

I I fal00MHz 225 MHz 

/' !--""" ,..,., ~MHz 
I ~ V 
I / / '" I / ~ 

,,-

I '{~ ~ 

I. V 
V VCC=13.5V -

T I 
o 2 468 ro ~ u ~ ffi 20 

Pin. INPUT POWER (WATIS) 
Figure 3. Output Power versus Input Power 

CLASSC 

160 

~14O 

~ 120 
a: 
~ 100 

"- 80 

i 60 

J 40 

20 

V 
~ 

./ 

,.,. .".,. 
.".,. 

./ ~ ~ 
!--""" 

Pin.l0~ 
"" . '7W -

./ "...., 

I-'" ..,., ....- 5W ....- --~ -" -
f=225MHz 

~ ~ U ~ ffi 20 ~ ~ 25 25 ~ 
VCC. SUPPLY VOLTAGE (VOlTS) 

Figure 4. Output Power versus Supply Voltage 

Figure 6. Series Equivalent Input/Output 
Impedance 

Input and output impedances are measured from base to base and 
collector to collector raspectlvely. 
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160 

~14O 

!12O 
a: w 100 

~ 
5 80 

!3 60 
0 

; 40 

Pin a14W 

./ """""'-1 
,. V ....).rw 

V V ~ 7W -,. ,. -V V ~ 
....... ..,., -:::...: c::::. .-........ -20 

f=400MHz 

~ ~ U ~ ffi 20 ~ ~ 25 25 ~ 
Vee. SUPPLY VOlTAGE (VOLTS) 

Figure 5. Output Power versus Supply Voltage 

160 

~14O 

!12O 

! 100 

5 80 

.., V 
./ 

/ 
"-
5 60 0 

J 40 

20 

f.400MHz - -
/ VCC=28V 

r---

J 
ica=200mA -

I I 

/ 
00 2 4 6 8 10 12 14 16 18 20 

Pin. INPUT POWER (WATTS) 
Figure 7. Clesa AB Output Power versus 

Input Power 
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~I·-----------------W----------------~·I 

SCALE 0.75:1 

Figure 8. Test Circuit Photomaster 

Figure 9. Test Fixture Photo 
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MOTOROLA 
• SEMICONDUCTOR 

TECHNICAL DATA 

The RF Line 
NPN Silicon Push· Pull 
RF Power Transistor 
• •• designed primarily for wideband large-signal output and driver amplifier 
stages in the 30 to 500 MHz frequency range. 

• Specified 28 Volt. 500 MHz Characteristics -
Output Power = 100 W 
Typical Gain = 10.3 dB (Class AB); 9.0 dB (Class C) 
Efficiency = 55% (Typ) 

• Built-In Input Impedance Matching Networks for Broadband Operation 

• Push-Pull Configuration Reduces Even Numbered Harmonics 

• Gold Metallization System for High ReliabilitY 

• 100"-'> Tested for Load Mismatch 

• Hermetic Package to Meet Stringent Environmental Requirements 

..._--1-<1 
3>--1--1 

+-+-_ 5 (FlANGE) 

4>--+-1 
~--i-<2 

The 2N6986 is two transistors in a single package with separate base and collector leads and emitters 
common. This arrangement provides the designer with a space saving device capable 91 operation In a 
push-pull configuration. 

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"0 (1) Po 
Derate above 25"0 

Storage Temperature Range Tstg 

Junction Temperature TJ 

THERMAL CHARACTERISTICS 

Characteristic 

Thermal Resistance, Junction to case 

NOTE: 

2N6986 

100 W, 30 to 500 MHz 
CONTROLLED "Q" 

BROADBAND PUSH-PULL 
RF POWER TRANSISTOR 

NPNSlUCON 

CASE 382, STYLE 1 

Value 

30 

60 

4.0 

16 

Unit 

Vdc 

Vdc 

Vdc 

Adc 

270 Watts 
1.54 W/"C 

-65 to +150 ·C 

200 ·C 

Max 

0.65 

1. Thesa devices are designed for RF operation. The total device dissipation rating applies only when the devices are operated as RF 
push-pull amplifiers. 

~ Indicates JEDEC Registered Data. 

MOTOROLA RF DEVICE DATA 2N6986 
2-11 

II 



• 

ELECTRICAL CHARACTERI.STICS· (T C = 25°C unless otherwise noted.) 

I Characteristic Symbol Min Typ Max 

OFF CHARACTERISTICS (1) 

Collector-Emitter Breakdown Voltage (IC = 50 mAdc, IB = 0) 

Collector-Emitter Breakdown Voltage (IC = 50 mAdc, VBE = 0) 

Emitter-Base Breakdown Voltage (IE = 5.0 mAdc, IC = 0) 

Collector Cutoff Current (VCB = 30 Vdc, IE = 0) 

ON CHARACTERISTICS (1) 

I DC Current Gain (IC = 1.0 Adc, V CE = 5.0 Vdc) 

DYNAMIC CHARACTERISTICS (1) 

I Output Capacitance (VCB = 28 Vdc, IE = 0, f = 1.0 MHz) 

FUNCTIONAL TESTS (2) - See Figure 1 

Common-Emitter Amplifier Power Gain 
(VCC = 28 Vdc, Pout = 100 W, f = 500 MHz) 

Collector Efficiency 
(VCC = 28 Vdc, Pout = 100 W, f = 500'MHz) 

Load Mismatch 
(VCC = 28 Vdc, Pout = 100 W, f = 500 MHz, 
VSWR = 30:1, all phase angles) 

NOTES: 
1. Each transistor chip measured separately . 
2. Both transistor chips operating in push-pull amplifier . 

• Indicates JEDEC Registered Data. 

C2 

C1, C2, C7, C8 - 240 pF 100 mil Chip Cap 
C3-12 pF 100 mil Chip Cap 
C4-10 pF 100 mil Chip Cap 

D.U.T. 

V(BR1CEO 30 - -
V(BR)CES 60 - -
V(BR)EBO 4.0 - -

ICBO - - 5.0 

20 100 

Cob 75 115 

Gpe 7.5 9.0 -

1"\ 50 55 -

'I' 
No Degradation in Output Power 

L 1, L2 - 0.15 IlH Molded Choke with Ferrite Bead 
L3, L4 - 2-1/2 Tums #20 AWG 0.200n 10 
L4, L5, L6 - 3-1/2 Tums #18 AWG 0.200n ID 

Unit 

Vdc 

Vdc 

Vdc 

mAdc 

pF 

dB 

% 

C5 - 36 pF 100 mil Chip Cap 
C6 -12 pF 100 mil Chip Cap 
C9, C13 - 1000 pF 100 mil Chip Cap 
C10, C14 - 680 pF Feedthru Cap 
C11, C15 -0.1IlF Ceramic Disc Cap 
C12, C16 - 50 IlF 50 V 

B1, B2 - Balun 50 n Semi Rigid Coax, 86 mil 00, 2" Long 

Z1, Z2 - 450 mil Long x 125 mil W. Microstrip 
Z3, Z4 - 340 mil Long x 125 mil W. Microstnp 
Z5, Z6 - 280 mil Long x 125 mil W. Microstrip 
Z7, Z8 - 600 mil Long x 125 mil W. Microstrip 

Board Material - 0.03" Teflon-Fiberglass, Er = 2.55, 
2 oz. Copper Clad both sides. 

Figure 1. 500 MHz Test Fixture 

I 
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INPUT POWER (WATIS) 

Figure 7. Claaa AB Output Power versus 
Input Power 

2N6986 
2-13 

• 



• 

2N6986 
2·14 

~I·-------------------~------------------~·I 

SCALE 0.75:1 

Figure 8. Test Circuit Photomaster 

Figure 9. Test Fixture Photo 
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MOTOROLA 
• SEMICONDUCTOR 

TECHNICAL DATA 

The RF Line 
NPN Silicon 
High-Frequency Transistor 
· .. designed primarily lor use in high-gain, low-noise, small-signal amplifiers. 
Also used in applications requiring last switching times. 

• High Current-Gain - Bandwidth Product-
iT = 5.0 GHz (Typ) @ IC = 14 rnA 

• Low Noise Figure -
NF = 2.4 dB (Typ) @ 1= 0.5 GHz 

= 3.0 dB (Typ) @ 1= 1.0 GHz 

• High Power Gain -
Gmax = 18 dB (Typ) @ 1= 0.5 GHz 

= 12 dB (Typ) @ 1= 1.0 GHz 

MAXIMUM RATINGS 

Rating 

Collector-Emitter Voltage 

Collector-Base Voltage 

Emitter-Base Voltage 

Collector Current - Continuous 

Total Device Dissipation @ TA = 60°C 
Derate above 60°C 

Storage Temperature Range 

THERMAL CHARACTERISTICS 

Characteristic 

Thermal Resistance, Junction to Ambient 

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

Characteristic Symbol 

OFF CHARACTERISTICS 

Collector-Emitter Breakdown Voltage (IC = 1.0 mAde, IB = 0) V(BR)CEO 

Collector-Base Breakdown Voltage (IC = 0.1 mAde, IE = 0) V(BR)CBO 

Emitter-Base Breakdown Voltage (IE = 0.1 mAde, IC = 0) V(BR)EBO 

Collector Cutoff Current (VCB = 10 Vde, IE = 0) ICBO 

ON CHARACTERISTICS 

DC Current Gain (IC = 14 mAde, VCE = 10 Vde) 

MOTOROLA RF DEVICE DATA 

Symbol 

VCEO 

VCBO 

VEBO 

IC 

Po 

Tstg 

Min 

15 

20 

3.0 

-

25 

BFR90 

tr=5.0GHz@14mA 
HIGH·FREQUENCY 

TRANSISTOR 
NPNSILICON 

CASE 317A, STYLE 2 

Value 

15 

20 

3.0 

30 

180 
2.0 

-65 to +150 

Max 

500 

Typ Max 

- -
- -
- -
- 50 

250 

Unit 

Vde 

Vde 

Vde 

. mAde 

mW 
mWf'C 

OC 

Unit 

Vde 

Vde 

Vde 

nAde 

(continued) 
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II 

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

Characteristic Symbol Min Max Unit 

DYNAMIC CHARACTERISTICS 

Current-Gain - Bandwidth Product tr - 5.0 - GHz 
(IC = 14 mAde, VCE = 10 Vde, f = 0.5 GHz) 

Collector-Base Capacitance Ceb - 0.5 1.0 pF 
(VCB= 10 Vde, IE = 0, f= 1.0 MHz) 

FUNCTIONAL TESTS 

Noise Figure NF dB 
(IC =2.0 mAde, VCI: = 10 Vde, f= 0.5 GHz) - 2.4 -
(Ie =2.0 mAde, VCE = 10 Vde, f= 1.0GHz) - 3.0 -

Power Gain at Optimum Noise Figure GNF dB 
(IC = 2.0 mAde, VCE = 10 Vde, f = 0.5 GHz) - 15 -
(IC =2.0 mAde, VCE = 10 Vde, f= 1.0 GHz) - 10 -

Maximum Available Power Gain (1) Gmax dB 
(IC = 14 mAde, VCE = 10 Vde, f = 0.5 GHz) - 18 -
(IC = 14 mAde, VCE = 10 Vde, f= 1.0 GHz) - 12 -
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Frequency (MHz) 200 

VeE Ie 
(Volts) (rnA) 811 LciJ 811 

5.0 2.0 0.77 -45 0.48 
5.0 0.52 -60 0.25 
10 0.33 -75 0.15 
20 0.20 -95 0.12 
30 0.17 -116 0.14 

10 2.0 0.79 -40 0.50 
5.0 0.56 -55 0.27 
10 0.39 -65 0.16 
20 0.25 -75 0.10 
30 0.25 -75 0.10 

Frequency (MHz) 200 

VeE Ie 
(Volts) (rnA) ~ LciJ 822 

5.0 2.0 0.89 -20 0.69 
5.0 0.75 -25 0.55 
10 0.64 -25 0.49 
20 0.57 -25 0.47 
30 0.55 -20 0.47 

10 2.0 0.91 -15 0.74 
5.0 0.79 -20 0.61 
10 0.70 -20 0.56 
20 0.63 -20 0.54 
30 0.63 -15 0.56 

Frequency (MHz) 200 

VeE Ie 
(Volts) (rnA) 821 LciJ 821 

5.0 2.0 5.76 140 3.81 
5.0 9.92 125 5.24 
10 12.33 115 5.82 
20 13.62 105 6.00 
30 13.41 105 5.80 

10 2.0 5.77 145 3.88 
5.0 10.05 130 5.42 
10 12.56 115 6.00 
20 13.77 110 6.13 
30 13.23 105 5.79 

Frequency (MHz) 200 

VeE Ie 
(Volts) (rnA) 812 LciJ 812 

5.0 2.0 0.06 65 0.10 
5.0 0.05 65 0.08 
10 0.04 65 0.08 
20 0.04 75 0.08 
30 0.03 75 0.07 

10 2.0 0.05 70 0.03 
5.0 0.04 65, 0.07 
10 0.04 65 0.07 
20 0.03 70 0.07 
30 0.03 75 0.06 

MOTOROLA RF DEVICE DATA 

SOO 800 

LciJ 811 LciJ 811 

-90 0.33 -125 0.27 
-110 0.18 -150 0.18 
-125 0.13 -175 0.15 
-155 0.14 165 0.17 
-170 0.17 160 0.21 

-80 0.33 -115 0.26 
-95 0.16 -135 0.13 
-105 0.10 -150 0.10 
-120 0.09 -175 0.12 
-120 0.09 -175 0.12 

Table 1. 811 Parameters 

500 800 

LciJ ~ LciJ ~ 
-30 0.61 -35 0.55 
-30 0.50 -30 0.47 
-25 0.45 -25 0.43 
-20 0.44 -25 0.43 
-20 0.46 -20 0.44 

-25 0.66 -30 0.62 
-25 0.56 -25 0.54 
-20 0.53 -25 0.51 
-25 0.53 -20 0.51 
-15 0.55 -20 0.54 

Table 2. 822 Parameters 

SOO 800 

LciJ 821 LciJ 821 
105 2.73 90 2.20 
95 3.50 80 2.80 
90 3.79 75 2.90 
85 3.88 75 2.95 
80 3.74 75 2.85 

110 2.80 90 2.25 
95 3.60 80 2.85 
90 3.90 80 3.05 
85 3.92 75 3.05 
85 3.70 75 2.85 

Table 3. 821 Parameters 

soo 800 

LciJ 812 LciJ 812 

55 0.12 55 0.14 
65 0.12 65 0.15 
70 0.12 70 0.15 
75 0.12 75 0.15 
75 0.11 75 0.15 

55 0.11 55 0.12 
65 0.10 65 0.13 
70 0.10 70 0.13 
75 0.10 75 0.13 
75 0.10 75 0.13 

Table 4. 812 Parameters 

1000 

LciJ 811 

-160 0.28 
170 0.21 
150 0.20 
145 0.22 
145 0.26 

-150 0.25 
-175 0.17 

165 0.15 
150 0.18 
150 0.18 

1000 

LciJ ~ 
-35 0.52 
-30 0.43 
-30 0.40 
-25 0.40 
-25 0.42 

-35 0.59 
-30 0.51 
-25 0.48 
-25 0.49 
-25 0.52 

1000 

LciJ 821 
75 1.70 
70 2.10 
65 2.20 
65 2.25 
65 2.15 

75 1.75 
70 2.10 
70 2.25 
65 2.20 
65 2.15 

1000 

LciJ 812 

55 0.17 
65 0.19 
70 0.20 
70 0.20 
75 0.19 

55 0.15 
65 0.17 
70 0.17 
75 0.17 
75 0.17 

1500 

1500 

1500 

1500 

LciJ 

170 
145 
130 
130 
130 

175 
150 
140 
130 
130 

LciJ 
-45 
-40 
-35 
-35 
-35 

-40 
-35 
-35 
-35 
-35 

LciJ 
60 
60 
55 
55 
55 

60 
60 
55 
55 
55 

LejI 

60 
65 
65 
70 
70 

60 
70 
70 
70 
70 
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MOTOROLA 
- SEMICONDUCTOR 

TECHNICAL DATA 

The RF Line 
NPN Silicon 
High-Frequency Transistors 
... designed primarily for use in high-gain, low-noise, small-signal UHF and 
microwave amplifiers constructed with thick and thin-film circuits using surface 
mount components. 

MAXIMUM RATINGS 

Rating Symbol Value Unit 

Collector-Emitter Voltage VCEO 15 Vdc 

Collector-Base Voltage VCBO 20 Vdc 

Emitter-Base Voltage VEBO 2.0 Vdc 

Collector Current - Continuous IC 25 mAdc 

Operating and Storage Junction TJ, Tstg -55 to +150 °c 
Temperature Range 

THERMAL CHARACTERISTICS 

Characteristic Symbol Max Unit 

Total Device Dissipation; TA = 25OC· PD 350 mW 
Derate above 25°C 2.8 mWFC 

Storage Temperature Tstg 150 °C 

Thermal Resistance Junction to Ambient· RaJA 357 °CIW 

• Package mounted on 99.5% alumina 10 x 8 x 0.6 mm. 

DEVICE MARKING 

I BFR92ALT1 = P2 

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

I Characteristic 

OFF CHARACTERISTICS 

Collactor-Emitter Breakdown Voltage (1) 
(IC=10mA) 

Collactor-Base Breakdown Voltage 
(IC = 100)1A) 

Emitter-Base Breakdown Voltage 
(IC = 100 )1A) 

Collactor Cutoff Current 
(VCB= 10V) 

ON CHARACTERISTICS 

DC Current Gain 
(IC = 14 rnA, VCE = 10 V) 

Collector-Emitter Saturation Voltage (1) 
(IC = 25 rnA, IB = 5.0 rnA) 

Base-Emitter Saturation Voltage (1) 
(lc = 25 rnA, IB = 5.0 mA) 

NOTE: 
1. Pulse Width s; 300 J1S, Duty Cycle s; 2.0%. 

BFR92ALT1 
2·18 

BFR92ALT1 

BFR92ALT1 

Symbol 

V(BR)CEO 

V(BR)CBO 

V(BR)EBO 

ICBO 

hFE 

VCE(sat) 

VBE(sat) 

BFR92ALT1 

RF TRANSISTORS 
NPNSIUCON 

CASE 318-07, STYLE 6 
SOT-23 

LOW PROFILE 

Min Max 

15 -

20 -

2.0 -

- 50 

40 -

- 0.5 

- 1.2 

Unit 

Vdc 

Vdc 

Vdc 

nA 

-

Vdc 

Vdc 

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

Characteristic Symbol 

SMALL-SIGNAL CHARACTERlsnCS 

CUrrent-Gain - Bandwidth Product tr 
(Ie = 14 mA, VCE = 10 V, f = SOO MHz) 

Noise Figure NF 
(VeE = 1.5 V,IC=3.0 mA, As =50 0, f= 500 MHz) 

C8pacitance-Collector to Base Ccb 
(VeB = 10 Vdc, f = 1.0 MHz) 

MOTOROLA RF DEVICE DATA 

Min Max 

4.5 -
(Typ) 

- 3.0 
(Typ) 

- 0.7 
(Typ) 

Unit 

GHz 

dB 

pF 

BFR92ALT1 
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MOTOROLA 
• SEMICONDUCTOR 

TECHNICAL DATA 

The RF Line 
NPN Silicon 
High-Frequency Transistors 
•.. designed primarily for use in high-gain, low-noise, small-signal UHF and 
microwave amplifiers constructed with thick and thin-film circuits using surface 
mount components. 

MAXIMUM RATINGS 

Rating Symbol Value Unit 

Collector-Emitter Voltage VCEO 12 Vdc 

Collector-Base Voltage VCBO 15 Vdc 

Emitter-Base Voltage VEBO 2.0 Vdc 

Collector Current - Continuous IC 35 mAdc 

Operating and Storage Junction TJ, Tstg -55 to +150 °C 
Temperature Range 

THERMAL CHARACTERISTICS 

Characteristic Symbol Max Unit 

Total Device Dissipation, T A = 25°C· Po 350 mW 
Derate above 25°C 2.8 mWrC 

Storage Temperature Tstg 150 °C 

Thermal Resistance Junction to Ambient* RaJA 357 OC/W 

• Package mounted on 99.5% alumina 10 x 8 x 0.6 mm. 

DEVICE MARKING 

I BFR93ALT1 = R2 

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

Characteristic 

OFF CHARACTERISTICS 

Collector-Emitter Breakdown Voltage (1) 
(IC=10mA) 

Collector-Base Breakdown Voltage 
(IC= 10 JIA) 

Emitter-Base Breakdown Voltage 
(IC = 100 JIA) 

Collector Cutoff Current (V CE = 1 0 V) 

Collector Cutoff Current (V CB = 1 0 V) 

ON CHARACTERISTICS 

DC Current Gain (1) 
(IC = 30 rnA, VCE = 5.0 V) 

Collector-Emitter Saturation Voltage (1) 
(IC = 35 rnA, IB = 7.0 rnA) 

Base-Emitter saturation Voltage (1)' 
(IC = 35 rnA, IB = 7.0 rnA) 

NOTE: 
1. Pulse Width s 300 ItS, Duty Cycle S 2.0%. 

BFR93ALT1 
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Symbol 

V(BR)CEO 

V(BR)CBO 

V(BR)EBO 

ICEO 

ICBO 

hFE 

VCE(sat) 

VBE(sat) 

BFR93ALT1 

RF TRANSISTORS 
NPNSlUCON 

CASE 318-07, STYLE 6 
SOT-23 

LOW PROFILE 

Min Max 

12 -

15 -
2.0 -

- 50 

- 50 

40 -

- 0.5 

- 1.2 

Unit 

Vdc 

Vdc 

Vdc 

nA 

nA 

-

Vdc 

Vdc 

(oontinued) 
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ELECTRICAL CHARACTERISTICS - continued (TA = 25°C unless otherwlSl! noted.) 

I Characteristic I Symbol 

SMALL-SIGNAL CHARACTERISTICS 

Current-Gain - Bandwidth Product IT 
(IC = 30 rnA, VCE = 5.0 V, f = 500 MHz) 

Noise Figure NF 
(VCE = 5.0 V, IC = 2.0 rnA, As = 50 n, f = 30 MHz) 

MOTOROLA RF DEVICE DATA 

Min Max 

3.0 -

- 3.0 

Unit 

GHz 

dB 

BFR93ALT1 
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MOTOROLA 
• SEMICONDUCTOR 

TECHNICAL DATA 

The RF Line 
NPN Silicon 
High-Frequency Transistor 

• 

The BFR96 transistor uses the same state-of-the-art microwave transistor 
chip which features fine-line geometry, ion-implanted arsenic emitters and gold 
top metalfization. This transistor is intended for low-to-medium power amplifiers 
requiring high gain, low noise figure, and low Intermodulation distortion. The 
BFR96 is particularly suitable for broadband MATVICATV amplifiers. 

MAXIMUM RATINGS 

Rating Symbol Value Unit 

Collector-Emitter Voltage VCEO 15 Vdc 

Collector-Base Voltage VCBO 20 Vdc 

Emitter-Base Voltage VEBO 3.0 Vdc 

Collector Current - Continuous IC 100 mAde 

Total Device Dissipation @ TC = 100"0 (1) PD 0.5 Watts 
Derate above T C = 100°C 10 mWrC 

Storage Temperature Tstg -65 to +150 °C 

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

Characteristic I Symbol 

OFF CHARACTERISTICS 

Collector-Emitter Breakdown Voltage V(BR)CEO 
(IC = 1.0 mAdc, IB = 0) 

Collector-Base Breakdown Voltage V(BR)CBO 
(IC = 100 !lAdc, IE = 0) 

Emitter-Base Breakdown Voltage V(BR)EBO 
(IE = 100 !lAdc, IC = 0) 

Collector Cutoff Current ICBO 
(VCB = 10 Vdc, IE = 0) 

ON CHARACTERISTICS 

DC Current Gain 
(IC=50 mAdc, VCE= 10Vdc) 

DYNAMIC CHARACTERISTICS 

Current-Gain - Bandwidth Product IT 
(Ie = 50 mAdc, VCE = 10 Vdc, f = 0.5 GHz) 

Collector-Base capacitance Ccb 
(VCB = 10 Vdc, Emitter Guarded) 

NOTE. 

Min 

15 

20 

3.0 

-

-

-

1. case temperature measured on collector lead immediately adjacent to body of package; 

BFR96 
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BFR96 

tr = 4.5 GHz @ 50 mA 
HIGH-FREQUENCY 

TRANSISTOR 
NPNSlLlCON 

CASE 317A, STYLE 2 

Typ Max 

- -

- -

- -

- 100 

4.5 -

1.2 1.5 

Unit 

Vdc 

Vdc 

Vdc 

nAdc 

GHz 

pF 

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

Characteristic 

FUNCTIONAL TESTS 

Noise Figure 
(IC = 10 mAde. VCE = 10 Vde. f = 0.5 GHz) 

Maximum Unilateral Gain/lnsertion Gain (2) 
(IC = 50 mAde. VCE = 10 Vde. f = 0.5 GHz) 
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Figure 1. Maximum Unilateral Gain 
versus Frequency 
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Figure 3. Maximum Unilateral Gain versus 
Collector Current 

80 
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Symbol 

NF 

Gu(max)/ 
1821 12 

28 

24 
iii 
~2O 
~ 
~ 16 

m 12 

N 8 
~ 

4 

6 

........ 

Min lYP Max Unit 

- 2.0 - dB 

---112 14.5113 - dB 

I 
VCE=10V f----
Ic=50mA f----

...... 
.......... 
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Figure 2. 1S21 12 versus Frequency 
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Vee 

Figure 8. Input/Output Reflection 
Coefficients versus Frequency 

(VeE = 10 V, Ie = 50 mAl 

Ie f 
(Volts) (mA) (MHz) 18111 

5,0 10 100 0.51 
300 0.43 
500 0.46 
700 0.48 
1000 0.48 
1500 0.54 

25 100 0.39 
300 0.39 
500 0.42 
700 0.44 
1000 0.44 
1500 0.49 

50 100 0.35 
300 0.38 
500 0.42 
700 0.43 
1000 0.42 
1500 0.47 

10 10 100 0.53 
300 0.38 
500 0.41 
700 0.42 
1000 0.42 
1500 0.49 

25 100 0.38 
300 0.32 
500 0.35 
700 0.37 
1000 0.37 
1500 0.43 

50 100 0.33 
300 0.30 
500 0.34 
700 0.36 
1000 0.36 
1500 0.42 

S11 

L+ ISztI 

-95 15.04 
-163 5.87 

174 3.61 
162 2.65 
146 1.92 
121 1.40 

-122 19.41 
-176 6.81 

168 4.11 
158 3.05 
142 2.20 
118 1.62 

-140 21.10 
176 7.11 
162 4.28 
153 3.16 
140 2.28 
116 1.86 

-63 15.96 
-154 6.44 
-179 3.96 

166 2.94 
151 2.12 
125 1.50 

-104 20.85 
-169 7.54 

170 4.61 
160 3.37 
146 2.43 
121 1.73 

-119 22.59 
-176 7.74 

166 4.70 
158 3.45 
144 2.46 
119 1.75 

Sz1 

180" f-..... +-+.o+--+rl-3111 

L, 
121 
92 
79 
68 
57 
43 

112 
89 
78 
69 
59 
45 

106 
88 
78 
70 
60 
47 

124 
94 
81 
70 
60 
44 

115 
91 
80 
70 
61 
47 

109 
88 
79 
70 
61 
47 

_90" 

Figure 9. ForwardlReverse Transmission 
Coefficients versus Frequency 

(VeE = 10 V, Ie = 50 mAl 

S12 Sz2 
18121 L, ISz2I L, 
0.047 54 0.58 -48 
0.082 58 0.28 -63 
0.120 63 0.19 -63 
0.161 63 0.15 -64 
0.220 63 0.12 -79 
0.320 58 0.13 -118 

0.037 60 0.42 -68 
0.079 68 0.16 -94 
0.129 70 0.10 -103 
0.176 68 0.06 -119 
0.244 64 0.06 -159 
0.348 57 0.10 177 

0.032 64 0.33 -81 
0.061 72 0.13 -116 
0;133 72 0.09 -136 
0.163 69 0.07 -163 
0.252 65 0.08 165 
0.357 57 0.12 155 

0.039 58 0.65 -36 
0.070 59 0.35 -41 
0.102 64 0.30 -39 
0.138 65 0.27 -39 
0.191 66 0.24 -47 
0.278 63 0.22 -72 

0.032 60 0.48 -48 
0.070 68 0.23 -48 
0.109 71 0.19 -43 
0.152 69 0.16 -39 
0.210 67 0.13 -44 
0.304 61 0.10 -74 

0.029 63 0.39 -51 
0.069 72 0.19 -47 
0.113 73 0.16 -40 
0.158 70 0.14 -35 
0.217 66 0.11 -39 
0.310 60 0.08 -72 

Table 1. Common-Emitter S-Parameters 
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MOTOROLA 
• SEMICONDUCTOR 

TECHNICAL DATA 

The RF Line 
NPN Silicon 
High-Frequency Transistor 

Designed primarily for use in high-gain, low-noise amplifier, oscillator and 
mixer applications. Packaged for thick or thin film circuits using surface mount 
components. 

MAXIMUM RATINGS 

Rating Symbol Value Unit 

Collector-Emitter Voltage VCEO 15 Vdc 

Collector-Base Voltage VCBO 25 Vdc 

THERMAL CHARACTERISTICS 

Characteristic Symbol Max Unit 

Total Device Dissipation, TA = 25°C PD 350 mW 
Derate above 25°C (1) 2.8 mW?C 

Storage Temperature Tstg 150 °c 

Thermal Resistance Junction to Ambient (1) RaJA 357 °CIW 

DEVICE MARKING 

I BFS17LT1 = E1 

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

I Characteristic I Symbol 

OFF CHARACTERISTICS 

Collector-Emitter Breakdown Voltage (IC = 10 mAl 

Collector-Base Breakdown Voltage (IC = 100 pA) 

Collector Cutoff Current (V CE = 10 V) 

Collector Cutoff Current (V CB = 1 0 V) 

Emitter Cutoff Current (VEB = 4 V) 

ON CHARACTERISTICS 

DC Current Gain 
(IC =2 mA, VCE= 1 V) 
(IC =25mA, VCE= 1 V) 

Collector-Emitter Saturation Voltage 
(IC= 10mA,IB= 1 mAl 

Base-Emitter Saturation Voltage 
(IC= 10mA,IB= 1 mAl 

SMALL-8IGNAL CHARACTERISTICS 

Current-Gain - Bandwidth Product 
(IC =2mA, VCE=5V, f=500 MHz) 
(lc =25 mA, VCE=5V, f=500 MHz) 

Output Capacitance (VCB = 10 V, f = 1 MHz) 

Noise Figure (IC = 2 mA, VCE = 5 V, RS = 50 Q, f = 30 MHz) 

NOTE: 
1. Package mounted on 99.5% alumina 10 x 8 x 0.6 mm. 

BFR93ALT1 
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V(BR)CEO 

V(BR)CBO 

ICEO 

ICBO 

lEBO 

hFE 

VCE(sat) 

VBE(sat) 

IT 

CCB 

NF 

Min 

15 

25 

-
-
-

20 
20 

-

-

-
-
-
-

BFS17LT1 

RF TRANSISTOR 
NPNSILICON 

CASE 318-07, STYLE 6 
SOT-23 

Typ 

-
-
-
-
-

-
-
-

-

1 
1.3 

1 

5 

LOW PROFILE 
(TO-236AAlAB) 

Max 

-
-
25 

25 

100 

150 
-
0.4 

1 

-
-
-
-

Unit 

Vdc 

Vdc 

nA 

nA 

pA 

-

V 

V 

GHz 

pF 

dB 

MOTOROLA RF DEVICE DATA I. 



MOTOROLA 
• SEMICONDUCTOR 

TECHNICAL DATA 

The RF Line 
NPN Silicon 
High-Frequency Transistors 

The LP1001 is designed for CATV and other Broadband linear applications. 
This Motorola series of small-signal plastic transistors offers superior quality 
and performance at low cost. 

• High Current Gain-Bandwidth Product 
IT = 5 GHz (Typ) @ IC = 10 mAde 

• High Power Gain 
Gpe = 12.5 dB (Typ) @ 1 GHz 

• Low Noise Figure 
NF =3 dB (Typ) @ 1 GHz 

• Low Feedback Capacitance 
Cob = 0.5 pF (Typ) @ VCB = 10 Volts 

MAXIMUM RATINGS 

Rating 

Collector-Base Voltage 

Collector-Base Voltage 

Emitter-Base Voltage 

Total Device Dissipation @ TA = 2500 

THERMAL CHARACTERISTICS 

Characteristic 

Thermal Resistance - Junction to Ambient 
-Junction to Case 

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

I Characteristic I Symbol 

OFF CHARACTERISTICS 

Collector-Emitter Breakdown Voltage V(BR)CEO 
(IC= 1 mA,IB=O) 

Collector-Base Breakdown Voltage V(BR)CBO 
(IC = 0.1 rnA, IE = 0) 

Emitter-Base Breakdown Voltage V(BR)EBO 
(IE = 10 1lA, IC = 0) 

Collector Cutoff Current ICBO 
(VCB = 10 Vde, IE = 0) 

ON CHARACTERISTICS 

DC Current Gain hFE 
(IC = 10 mAde, VCE = 10 Vde) LP1001 

LP1001A 

MOTOROLA RF DEVICE DATA 

I 

Symbol 

VCEO 

VCBO 

VEBO 

PD 

Symbol 

RaJA 
RaJC 

Min 

15 

20 

2 

-

25 
50 

LP1001 
LP1001A 

LOW NOISE 
HIGH-FREQUENCY 

TRANSISTORS 

I 
CASE 29-04, STYLE 2 

TO-226AA 
(TO-92) 

Value 

15 

20 

2 

625 

Max 

200 
83.3 

Typ Max 

- -

- -

- -

- 50 

80 -
- -

Unit 

Vde 

Vde 

Vde 

mW 

Unit 

°CIW 

Unit 

Vde 

Vde 

Vdc 

nA 

-

(continued) 

LP1001.LP1001A 
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• 

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

I Characteristic I Symbol I Min 

DYNAMIC CHARACTERISTICS· 

Ccllector-Base capacitance Cob -
(VCB = 10 Vde, IE = 0, 1=1 MHz) , 

Current Gain-Bandwidth Product IT -
(VCE = 10 Vde, IC = 10 mAde, 1=500 MHz) 

FUNCTIONAL TESTS 

Gain @ Noise Figure GNF 
(IC = 10 mAde, VCE = 10 Vde) 1=500 MHz -

1= 1 GHz -
Noise Figure NF 

(IC= 10 mAde, VCE= 10Vde) 1= 500 MHz -
1= 1 GHz -

VCE IC f 811 821 

(Volts) (rnA) (MHz) 18111 L4> 1~11 L4> 18121 

10 3 100 0.75 -25 8.56 152 0.03 
200 0.61 -47 7.06 132 0.05 
300 0.47 -61 5.79 116 0.07 
400 0.37 -74 4.81 105 0.08 
500 0.30 -84 4.11 96 0.09 
600 0.22 -94 3.51 86 0.10 
700 0.16 -155 3.15 78 0.11 
800 0.16 -128 2.85 72 0.13 
900 0.12 -144 2.60 67 0.14 
1000 0.12 -169 2.41 61 0.15 
1100 0.12 179 2.26 56 0.17 
1200 0.12 155 2.10 54 0.18 

10 10 100 0.48 -36 16.23 137 0.02 
200 0.33 -55 10.98 115 0.04 
300 0.22 -62 8.05 102 0.06 
400 0.16 -70 6.33 93 0.07 
500 0.12 -73 5.21 87 0.09 
600 0.07 -72 4.39 81 0.10 
700 0.04 -117 3.89 74 0.12 
800 0.04 -142 3.45 67 0.13 
900 0.02 -169 3.14 63 0.14 
1000 0.05 127 2.87 58 0.16 
1100 0.06 130 2.68 53 0.18 
1200 0.08 11.2 2.49 52 0.19 

Table 1. Common EmiHer S-Parameters 

LP1 001-LP1 001 A 
2-28 

Typ Max Unit 

- 0.7 pF 

5 - GHz 

dB 
14 -

12.5 -
dB 

2.7 -
3.2 -

812 ~ 

L4> I~I LoIJ 
70 0.94 -12 
62 0.84 -21 
60 0.75 -25 
58 0.70 -28 
58 0.66 -30 
58 0.63 -31 
57 0.59 -34 
55 0.57 -38 
53 0.56 -41 
52 0.53 -44 
51 0.52 -51 
51 0.52 -51 

69 0.82 -18 
68 0.68 -23 
68 0.60 -25 

.67 0.57 -26 
68 0.55 -27 
67 0.53 -27 
64 0.50 -29 
61 0.48 -34 
60 0.47 -37 
58 0.45 -41 
56 0.44 -47 
54 0.44 -47 
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Figure 1. Gain at Noise Figure and Noise Figure 
versus Collector Current 
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Figure 2. Gain at Noise Figure and Noise Figure 
versus Collector Current 

a;-
:!i!- IC=10mA 
w 
a: 
:::> 
52 
LL 
W en 
(5 
z 
u: 
z 

3 

2 -;;;-

o 
500 600 

--~ 
VCE=10V 

700 800 900 1000 

I. FREQUENCY (MHz) 

Figure 3. Noise Figure versus Frequency 
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• 

MOTOROLA 
- SEMICONDUCTOR 

TECHNICAL DATA 

The RF Line 
NPN Silicon 
High-Frequency Transistor 
· .. designed primarily for use in high-gain, low-noise, small-signal amplifiers. 

• High Current-Gain - Bandwidth Product - fT = 4.5 GHz (Typ) 
@ IC= 15mAdc 

• High Power Gain - Gpe = 12 dB (Typ) @ f 0= 900 MHz 

• Low Noise Figure __ NF = 2.4 dB (Typ) @ f = 900 MHz 

• Low Feedback Capacitance - Ccb = 0.5 pF (Typ) @ Vcb = 10 V 

• Die Source Same as MRF901 

MAXIMUM RATINGS 

Rating Symbol Value Unit 

Collector-Emitter Voltage VCEO 15 Vdc 

Collector-Base Voltage VCBO 25 Vdc 

Emitter-Base Voltage VEBO 2.0 Vdc 

Collector Current - Continuous IC 30 mA 

Total Device Dissipation @ T C = 250C Po 300 mW 
Derate above 250C 3.0 mW/"C° 

Operatil'!g Junction Temperature TJ 150 OC 

Storage Temperature Range Tstg -5510+150 OC 

THERMAL CHARACTERISTICS 

Characlerlstic 

Thermal Resistance, Junction to Ambient 

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

I Characteristic I Symbol 

OFF CHARACTERISTICS 

Collector-Emitter Breakdown Voltage 
(IC = 1.0 mAde, IB = 0) 

Collector-Base Breakdown Voltage 
(IC = 0.1 mAde,IE = 0) 

Emitter-Base Breakdown Voltage 
(IE = 0.1 mAde, IC = 0) 

Collector Cutoff Current 
(VCB = 15 Vdc, IE = 0) 

Collector Cutoff Current 
(VCE = 10 Vde) 

ON CHARACTERISTICS 

DC Current Gain 
(IC = 10 mAde, VCE = 10 Vdc) 

Collector-Emitter Sab.uation Voitege 
(IC = 10 mA, IB = 1.0 rnA) 

LP1983 
2-30 

V(BR)CEO 

V(BR)CBO 

V(BR)EBO 

ICBO 

ICEO 

hFE 

VCE(sat) 

Min 

15 

25 

2.0 

-

-

35 

-

LP1983 

IC=30mA 
HIGH-FREQUENCY 

TRANSISTOR 
NPNSILICON 

I 
CASE 29-04, STYLE 2 

TO-226AA 
(TO-92) 

Max 

200 

Typ Max 

- -

- -

- -

- 200 

- 10 

80 250 

- 0.4 

Unit 

Vdc 

Vdc 

Vde 

nAde 

j1A 

-

V 

(continued) 
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ELECTRICAL CHARACTERISTICS - continued (T C = 250C unless otherwise noted.) 

Characteristic Symbol Min Typ Max Unit 

DYNAMIC CHARACTERISTICS 

Current-Gain - Bandwidth Product tr - 4.5 - GHz 
(IC = 15 mAde, VCE= 10 Vde, f= 1.0 GHz) 

ColIsctor-Base Capacitance Ceb - 0.5 1.2 pF 
(VCB= 10 Vdc, IE= 0, f= 1.0 MHz) 

Noise Figure (Figure 1) NF - 2.4 - dB 
(IC = 5.0 mAde, VCE = 10 Vdc, f = 900 MHz) 

FUNCTIONAL TESTS 

Common-Emitter Amplifier Power Gain (Figure 1) Gps - 12 - dB 
(IC= 10 rnA, VCE = 10 Vdc, f=900 MHz) 

Common-Emitter Feedback Capacitance Cre - - 0.7 pF 
(VeB = 10 Vdc, f = 1.0 MHz) 

VCC=10Vdc 
VBE 

RFINPUT>--""1;r--{~~=====:J 
c======r~:::}---er---< RFOUTPUT 

BIAS 
TEE 

MOTOROLA RF DEVICE DATA 

SLUG TUNER 
SLUG TUNER 

Figure 1. 900 MHz Test Circuit Schematic 
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Figure 2. Current Gain-Bandwidth Product 
versus Collector Current 
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Figure 7. Input Capacitance versus 
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Vee Ie I 
(Volts) (mA) (MHz) 

5.0 5.0 100 
200 
500 
1000 
1500 

10 100 
200 
500 
1000 
1500 

15 100 
200 
500 
1000 
1500 

20 100 
200 
500 
1000 
1500 

25 100 
200 
500 
1000 
1500 

30 100 
200 
500 
1000 
1500 

Vee Ie I 
(Volts) (mA) (MHz) 

10 5.0 100 
200 
500 
1000 
1500 

10 100 
200 
500 
1000 
1500 

15 100 
200 
500 
1000 
1500 

20 100 
200 
500 
1000 
1500 

25 100 
200 
500 
1000 
1500 

30 100 
200 
500 
1000 
1500 

MOTOROLA RF DEVICE DATA 

Sll S21 S12 

ISlll .q IS21 I L+ 1Sj21 

0.76 -35 9.42 142 0.03 
0.60 -63 7.98 122 0.05 
0.28 -127 4.79 84 0.09 
0.27 148 2.71 50 0.15 
0.43 113 2.02 23 0.21 

0.57 -51 14.80 131 0.03 
0.36 -87 10.60 108 0.04 
0.18 -151 5.23 77 0.08 
0.25 136 2.86 47 0.15 
0.42 109 2.12 22 0.22 

0.42 -67 17.80 123 0.02 
0.26 -105 11.50 101 0.04 
0.17 -169 5.27 74 0.08 
0.28 131 2.86 48 0.15 
0.43 108 2.12 21 0.22 

0.33 -82 18.86 117 0.02 
0.22 -120 11.54 98 0.03 
0.17 -171 5.16 72 0.08 
0.28 129 2.60 45 0.15 
0.45 107 2.07 19 0.22 

0.28 -103 18.11 113 0.02 
0.22 -136 11.03 95 0.03 
0.20 169 4.94 71 0.08 
0.32 128 2.68 43 0.15 
0.49 108 1.98 17 0.22 

0.31 -127 16.10 109 0.02 
0.28 -156 9.69 93 0.03 
0.28 160 4.32 69 0.07 
0.39 125 2.37 41 0.14 
0.55 104 1.73 15 0.21 

Table 1. Common Emitter S-Parameters, VCE = 5.0 V 

Sll S21 S12 

ISjll L+ I~I L, IS121 

0.79 -33 9.36 144 0.03 
0.63 -58 7.97 124 0.04 
0.28 -117 4.87 86 0.07 
0.23 153 2.80 53 0.13 
0.38 116 2.09 28 0.19 

0.60 -48 14.87 132 0.02 
0.39 -79 11.08 110 0.03 
0.16 -135 5.36 79 0.07 
0.20 138 2.97 50 0.13 
0.37 111 2.21 25 0.20 

0.46 -61 18.20 124 0.02 
0.28 -94 11.94 102 0.03 
0.14 -154 5.45 76 0.07 
0.22 131 2.97 48 0.13 
0.38 109 2.21 24 0.20 

0.37 -72 19.36 119 0.02 
0.23 -105 11.97 99 0.03 
0.14 -172 5.36 74 0.07 
0.23 128 2.91 47 0.13 
0.40 108 2.16 22 0.20 

·0.32 -86 19.40 115 0.02 
0.22 -119 11.87 97 0.03 
0.19 -176 5.28 74 0.08 
0.26 127 2.82 46 0.13 
0.43 107 2.09 21 0.19 

0.29 -103 18.29 112 0.02 
0.22 -135 10.86 95 0.03 
0.20 165 4.82 72 0.08 
0.31 125 2.63 44 0.12 
0.47 108 1.95 19 0.19 

Table 2. Common EmlHer S·Parameters, VCE = 10 V 

L, ISzzI 

67 0.65 
58 0.70 
55 0.53 
51 0.42 
42 0.28 

65 0.75 
62 0.60 
62 0.48 
55 0.39 
42 0.25 

86 0.69 
86 0.56 
66 0.47 
57 0.39 
44 0.25 

87 0.66 
66 0.55 
87 0.48 
58 0.40 
45 0.27 

66 0.84 
70 0.55 
68 0.50 
60 0.42 
47 0.30 

87 0.84 
70 0.57 
70 0.53 
63 0.46 
51 0.34 

L, ISzzI 

68 0.88 
58 0.74 
57 0.60 
56 0.50 
48 0.38 

66 0.79 
63 0.65 
64 0.56 
59 0.47 
49 0.36 

66 0.74 
66 0.62 
67 0.55 
61 0.48 
50 0.36 

87 0.71 
68 0.61 
69 0.56 
62 0.48 
51 0.37 

88 0.70 
69 0.61 
70 0.57 
63 0.50 
53 0.40 

68 0.70 
70 0.62 
72 0.59 
66 0.53 
55 0.43 

Szz 

S22 

L+ 
-18 
-28 
-35 
-51 
-79 

-22 
-26 
-31 
-48 
-75 

-22 
-23 
-28 
-47 
-73 

-21 
-21 
-27 
-45 
-71 

-20 
-19 
-25 
-44 
-71 

-16 
-16 
-25 
-44 
-72 

L+ 
-15 
-22 
-31 
-48 
-69 

-18 
-21 
-28 
-44 
-66 

-18 
-19 
-26 
-42 
-64 

-17 
-18 
-24 
-41 
-64 

-16 
-16 
-23 
-41 
-63 

-14 
-15 
-22 
-41 
-64 
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MOTOROLA 
- SEMICONDUCTOR 

TECHNICAL DATA 

The RF Line 
PNP Silicon 
High-Frequency Transistor 

Designed primarily for use In the high-gain, low-noise small-signal amplifiers 
for operation up to 3.5 GHz. Also usable in applications requiring fast switching 
times. 

• High Current Gain-Bandwidth Product-
tr ='3.4 GHz (Typ) @ IC=-35 mAdc (MMBR521LT1) 
tr = 4.2 GHz (Typ) @ IC =-50 mAdc (MRF521, MRF5211LT1) 

• Low Noise Figure @ f = 1.0 GHz -
NF(matched) = 2.5 dB (Typ) (MMBR521LT1) 
NF(matched) = 2.8 dB (Typ) (MRF521, MRF5211 LT1) 

• High Power Gain - Gpe (matched) = 11 dB (Typ) 

• Guaranteed RF Parameters 

• Surface Mounted SOT-23 (MMBR521LT1) & SOT-143 (MRF5211LT1) 
Offer Improved RF Performance 

Lower Package Parasitics 
Higher Gain 

MAXIMUM RATINGS 

Ratings Symbol Value Unit 

Collector-Emitter Voltage VCEO -10 Vdc 

Collector-Base Voltage VCBO -20 Vdc 

Emitter-Base Voltage VEBO -2.5 Vdc 

Power Dissipation (1) TC = 75·C, MMBR521 LT1 Po 312 mW 
Derate above TC = 75·C ty'IRF5211LT1 315 

Collector Current - Continuous IC -70 rnA 

Maximum Junction Temperature TJrnax 150 ·C 

Storage Temperature Tstg -65 to +150 ·C 

Thermal ReSistance, Junction to Case (1) ROJC OC/W 
MRF521 200 
MMBR521LT1, MRF5211LTl 240 

Thermal Resistance, Junction to Ambient ROJA OC/W 
MRF521 355 
MMBR521LT1, MRF5211LT1 395 

DEVICE MARKING 

I MMBR521 L = 7M MRF5211 =04 

NOTE: 
1. Case Temperature Is measured on the collector lead where itfirstcontacts the printed 

circuit board closest to the package. For case temperetures above + 75OC: 
PDISP(max) = (T Jmax - TC) I ROJC 

PrefemKI devices are Motorola recommended choices forfuture use and best overall value. 

MMBR521 LT1-MRF521-MRF5211 LT1 
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MMBR521LT1* 
MRF521 

MRF5211LT1 ._--
Ic=-70mA 

HIGH-FREQUENCY 
TRANSISTOR 
PNPSIUCON 

CASE 317-01, STYLE 1 
MRF521 

CASE 318A-05, STYLE 1 
SOT-143 

LOW PROFILE 
MRF5211LT1 

CASE 318-07, STYLE 6 
SOT-23 

LOW PROFILE 
(TO-236AAIAS) 
MMBR521LT1 

MOTOROLA RF DEVICE DATA 



ELECTRICAL CHARACTERISTICS (Tc = 25°C unless otherwise noted.) 

I Characteristic I Symbol Nlln 1ft» . I Max 

OFF CHARACTERISTICS 

Collector-Emitter Breakdown Voltage (IC = -1.0 mAde, IB = 0) V(BR)CEO -10 -12 -
Collector-Base Breakdown Voltage (Ie = -0.1 mAde, IE = 0) V(BR)CBO -20 - -
Emitter-Base Breakdown Voltage (IE = -50 p.Aclc, IC = 0) V(BR)EBO -2.5 - -
Collector Cutoff Current (VCB = -B.O Vdc, IE = 0) ICBO - - -10 

ON CHARACTERISTICS 

I DC Current Gain (IC = -30 mAde, VCE = -5.0 Vdc) 25 125 

DYNAMIC CHARACTERISTICS 

Collector-Base capacitance (VCB = -6.0 Vdc, IE = 0, f = 1.0 MHz) Ccb - 1.0 1.5 

Current Gain - Bandwidth Product IT 
(VCE = -B.O V, IC = -35 mA, f = 1.0 GHz) MMBR521LTl - 3.4 -
(VCE = -B.O V, IC = -50 mA, f = 1.0 GHz) MRF5211LTl - 4.2 -

FUNCTIONAL TESTS 

Power Gain at Minimum Noise Figure GNFmln 
(VCE = -6.0 V, IC = -5.0 mA, f = 500 MHz) MMBR521LT1 13 15 -
(VCE = -6.0 V, IC = -5.0 mA, f = 1.0 GHz) MMBR521LTl B.O 10 -
(VCE =-6.0 V, IC=-5.0 mA, f= 1.0GHz) MRF5211LTl 10 11 -

Noise Rgure - Minimum NFmin 
(VCE = -6.0 V, IC = -5.0 mA, f = 500 MHz) MMBR521LTl - 1.5 2.5 
(VCE=-6.0V,IC=-5.0 mA, f= 1.0 GHz) MMBR521LTl - 2.5 3.5 
(VCE =-6.0 V, IC=-5.0 mA, f= 1.0 GHz) MRF5211LTl - 2.B 3.5 

TYPICAL CHARACTERISTICS 
MMBR521LT1, MRF521, MRF5211LT1 

3 
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- r- '=1 MHz Ccb-

I I I 

-1 -2 -3 -4 -5 -6 -7 -8 -9 -10 

Vce, COllECTOR-BASE VOLTAGE (VOLTS) 

~ 
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........... r--
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-3 

Figure 1. Junction Capacitance versus Voltage Figure 2. Input Capacitance versus Voltage 

VCE=-6Vdc 
VeE 

D.U.T. 

'MICROLAB 
HW-XXN 
AS APPLICABLE 

RF INPUT>-~;r-{~~~~~::J 
c::::::::::::r;J.-""fr-< RF OUTPUT 

'"SLUG TUNER 

Figure 3. Functional Circuit Schematic 

MOTOROLA RF DEVICE DATA 

"MICROLABIFXR 
SF-llN<l GHz 
SF-311No::1GHz 

MMBR521 LT1.MRF521.MRF5211 LT1 
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TYPICAL CHARACTERISTICS 
MMBR521LT1 
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Figure 4. Current Gain Bandwidth Product 
versus Collector Current 
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versus Collector Current 
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TYPICAL CHARACTERISTICS 
MRF5211LT1 
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TYPICAL CHARACTERISTICS - continued 
MRF5211LT1 
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Figure 13. GUmax versus Current Figure 14. Insertion Gain versus Frequency 
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VCE IC f 
(Vdc) (mA) (MHz) 

6 5 100 
300 
500 
700 
900 
1000 
1500 
2000 
2500 
3000 
3500 
4000 
4500 
5000 

10 100 
300 
500 
700 
900 
1000 
1500 
2000 
2500 
3000 
3500 
4000 
4500 
5000 

50 100 
300 
500 
700 
900 
1000 
1500 
2000 
2500 
3000 
3500 
4000 
4500 
5000 

10 5 100 
300 
500 
700 
900 
1000 
1500 
2000 
2500 
3000 
3500 
4000 
4500 
5000 

10 10 100 
300 
500 
700 
900 
1000 
1500 
2000 
2500 
3000 
3500 
4000 
4500 
5000 

MOTOROLA RF DEVICE DATA 

511 5:11 512 522 

15111 LIj> 15:111 LIj> 15121 LtI> 15221 LtI> 

0.754 -67 11.453 141 0.040 59 0.818 -24 
0.683 -132 6.106 105 0.065 39 0.549 -37 
0.667 -157 3.954 89 0.071 39 0.472 -40 
0.660 -171 2.890 78 0.078 44 0.452 -44 
0.656 179 2.294 69 0.085 50 0.449 -49 
0.654 175 2.086 65 0.091 53 0.451 -52 
0.641 158 1.442 48 0.130 64 0.480 -66 
0.672 140 1.108 36 0.188 69 0.466 -79 
0.681 124 0.917 26 0.261 66 0.483 -94 
0.681 110 0.793 18 0.343 60 0.493 -110 
0.686 96 0.716 13 0.426 52 0.500 -126 
0.683 84 0.674 9 0.503 43 0.502 -143 
0.678 73 0.653 6 0.568 34 0.503 -160 
0.669 64 0.653 3 0.620 24 0.507 -176 

0.632 -92 16.621 131 0.032 55 0.694 -33 
0.618 -149 7.460 98 0.050 47 0.417 -41 
0.618 -168 4.671 85 0.061 53 0.358 -44 
0.616 -178 3.392 76 0.076 58 0.346 -47 
0.615 173 2.672 68 0.092 62 0.347 -52 
0.613 170 2.429 64 0.100 63 0.352 -55 
0.601 155 1.677 48 0.150 66 0.382 -68 
0.633 138 1.294 36 0.208 66 0.371 -80 
0.642 124 1.078 25 0.273 62 0.391 -94 
0.646 110 0.929 16 0.346 56 0.408 -109 
0.656 98 0.827 10 0.422 49 0.421 -124 
0.662 86 0.756 4 0.494 41 0.431 -141 
0.664 75 0.709 1 0.554 32 0.442 -158 
0.664 66 0.683 -3 0.609 24 0.455 -174 

0.547 -149 21.107 115 0.017 63 0.441 -43 
0.606 -174 7.891 90 0.037 68 0.260 -42 
0.616 177 4.811 80 0.058 73 0.239 -44 
0.616 171 3.480 72 0.080 73 0.242 -48 
0.616 165 2.746 65 0.102 73 0.248 -54 
0.615 163 2.479 61 0.113 72 0.255 -57 
0.606 150 1.717 46 0.169 69 0.293 -71 
0.643 135 1.327 33 0.229 65 0.289 -82 
0.654 122 1.097 22 0.292 60 0.315 -96 
0.662 108 0.940 13 0.359 54 0.337 -110 
0.672 96 0.825 6 0.427 47 0.356 -126 
0.680 84 0.743 1 0.493 39 0.373 -142 
0.682 74 0.688 -2 0.551 31 0.391 -159 
0.679 64 0.658 -5 0.601 22 0.409 -175 

0.792 -59 11.498 144 0.036 62 0.848 -21 
0.681 -123 6.513 108 0.061 41 0.598 -32 
0.652 -150 4.278 91 0.068 40 0.518 -36 
0.639 -166 3.142 80 0.073 44 0.496 -39 
0.631 -177 2.491 71 0.081 49 0.489 -44 
0.628 179 2.264 67 0.086 53 0.492 -46 
0.616 161 1.560 50 0.120 64 0.514 -58 
0.644 142 1.199 37 0.171 69 0.500 -70 
0.654 126 0.985 26 0.238 68 0.516 -83 
0.661 111 0.843 18 0.314 63 0.523 -98 
0.670 98 0.749 12 0.399 56 0.529 -113 
0.672 85 0.690 8 0.479 47 0.528 -129 
0.671 73 0.656 5 0.549 38 0.524 -146 
0.665 63 0.649 3 0.609 28 0.523 -162 

0.666 -80 17.255 135 0.030 58 0.738 -28 
0.596 -141 8.143 101 0.047 48 0.465 -37 
0.587 -162 5.139 87 0.059 53 0.404 -38 
0.581 -174 3.741 78 0.072 58 0.388 -41 
0.578 177 2.947 70 0.086 61 0.387 -45 
0.577 174 2.670 66 0.095 63 0.389 -48 
0.565 158 1.856 50 0.139 66 0.413 -60 
0.596 140 1.431 38 0.191 66 0.402 -70 
0.608 126 1.177 26 0.253 64 0.420 -82 
0.619 112 1.008 17 0.319 59 0.434 -96 
0.632 99 0.886 9 0.393 52 0.444 -110 
0.644 87 0.797 3 0.465 44 0.453 -126 
0.652 75 0.732 -1 0.532 36 0.457 -143 
0.654 65 0.694 -4 0.589 28 0.465 -159 

Table 1. MMBR521LT1 Common Emitter S-Parameters 
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VCE IC f 811 821 812 

(Vdc) (mA) (MHz) 18111 Loll 18211 Loll 18121 

-6.0 -5.0 200 0.62 -114 7.9 118 0.07 
500 0.81 -158 4.0 88 0.08 
1000 0.79 175 2.0 67 0.08 
1500 0.76 158 1.3 50 0.07 
2000 0.74 143 1.0 38 0.08 

-10 200 0.78 -137 10.6 109 0.05 
500 0.79 -168 4.9 84 0.06 
1000 0.77 169 2.5 66 0.06 
1500 0.74 155 1.6 50 0.08 
2000 0.71 140 1.2 39 0.10 

-50 200 0.77 -167 13.1 99 0.02 
500 0.77 176 5.7 80 0.04 
1000 0.76 161 2.8 65 0.06 
1500 0.73 149 1.9 51 0.08 
2000 0.70 136 1.4 40 0.12 

-8.0 -5.0 200 0.82 -109 8.1 119 0.07 
500 0.80 -154 4.2 90 0.08 
1000 0.78 175 2.2 67 0.08 
1500 0.75 159 1.4 50 0.07 
2000 0.72 143 1.0 37 0.09 

-10 200 0.77 -132 11.2 110 0.05 
500 0.77 -167 5.2 86 0.06 
1000 0.76 169 2.6 67 0.06 
1500 0.73 155 1.7 51 0.07 
2000 0.70 140 1.3 39 0.10 

-50 200 0.75 -184 14.2 100 0.02 
500 0.76 178 6.1 82 0.04 

1000 0.75 163 3.1 67 0.06 
1500 0.72 151 2.0 53 0.08 
2000 0.70 139 1.5 42 0.11 

Table 2. MRF5211LT1 Common Emitter S-Parameters 

MMBR521 LT1-MRF521-MRF5211 LT1 
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Su 

Loll ISuI Lt 
35 0.59 -46 
21 0;40 -54 
21 0.37 -68 
30 0.43 -62 
47 0.47 -95 

32 0.43 -63 
28 0.26 -75 
39 0.24 -87 
49 0.29 -97 
55 0.32 -106 

45 0.26 -108 
57 0.18 -132 
65 0.17 -142 
67 0.19 -137 
65 0.20 -137 

36 0.62 -43 
22 0.42 -62 
22 0.38 -65 
31 0.43 -78 
43 0.46 -69 

33 0.45 -61 
29 0.27 -70 
39 0.25 -81 
49 0.29 -90 
54 0.31 -98 

43 0.26 -101 
55 0.17 -121 
64 0.15 -131 
67 0;18 -126 
68 0.19 -127 

MOTOROLA RF DEVICE DATA! ' 



VCE Ic f 
(Vdc) (mA) (MHz) 

-6.0 -5.0 200 
500 
1000 
1500 
2000 

-10 200 
500 
1000 
1500 
2000 

-50 200 
500 
1000 
1500 
2000 

-8.0 -5.0 200 
500 
1000 
1500 
2000 

-10 200 
500 
1000 
1500 
2000 

-50 200 
500 
1000 
1500 
2000 

MOTOROLA RF DEVICE DATA 

511 521 512 522 

1511 1 Loj> 1521 1 Loj> 15121 Loj> 1~21 Loj> 

0.75 -116 7.6 117 0.06 36 0.59 -42 
0.75 -164 3.9 86 0.07 28 0.42 -51 
0.74 165 2.0 63 0.08 37 0.37 -64 
0.75 144 1.3 45 0.09 53 0.39 -85 
0.74 124 1.0 32 0.14 61 0.43 -101 

0.71 -138 10.7 109 0.04 37 0.45 -54 
0.72 -175 4.7 82 0.06 40 0.29 -61 
0.72 148 2.4 63 0.08 55 0.20 -73 
0.72 140 1.6 47 0.11 63 0.28 -94 
0.71 122 1.2 34 0.16 61 0.31 -108 

0.71 -172 12.9 100 0.02 59 0.26 -n 
0.72 170 5.3 78 0.05 68 0.15 -88 
0.72 152 2.7 62 0.09 71 0.13 -99 
0.72 136 1.8 46 0.13 70 0.17 -116 
0.71 118 1.4 63 0.18 63 0.20 -123 

o.n -107 8.3 119 0.06 40 0.64 -38 
0.74 -163 4.1 88 0.07 28 0.45 -46 
0.74 167 2.2 64 0.07 39 0.40 -58 
0.74 146 1.4 47 0.08 54 0.42 -79 
0.73 126 1.1 33 0.13 62 0.45 -95 

0.69 -133 11.5 111 0.04 39 0.49 -49 
0.71 -172 5.1 83 0.05 41 0.32 -55 
0.71 161 2.6 64 0.07 56 0.28 -64 
0.71 142 1.7 48 0.10 64 0.30 -85 
0.70 123 1.3 34 0.15 63 0.33 -98 

0.67 -171 13.2 99 0.02 59 0.25 -70 
0.70 171 5.8 81 0.04 67 0.17 -74 
0.69 151 2.9 62 0.08 72 0.15 -82 
0.70 136 2.0 38 0.12 70 0.17 -100 
0.68 117 1.5 33 0.17 63 0.20 -109 

Table 3. MRF521 Common Emitter S-Parameters 
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MOTOROLA 
• SEMICONDUCTOR 

TECHNICAL DATA 

The RF Line 
NPN Silicon 
High-Frequency Transistor 
• •• designed primarily for use in high-gain, low-noise small-signal amplifiers for 
operation up to 2.5 GHz. Also usable in applications requiring fast switching 
times. 

• High Current-Gain - Bandwidth Product-
tr = 3.8 GHz (Typ) @ Ie = 15 mAde (MRF9011LT1) 

• Low Noise Figure @ f = 1.0 GHz -
NF(matched) = 1.8 dB (Typ) (MRF9011LT1) 

= 1.9 dB (Typ) (MMBR901LT1) 

• High Power Gain -
Gpe(matched) = 13.5 dB (Typ) @ f = 1.0 GHz (MRF9011LT1) 

= 12.0 dB (TYp) @ f= 1.0 GHz (MMBR901LT1) 

• Guaranteed RF Parameters (MRF9011LT1) 

• Surface Mounted SOT-23 & SOT-143 Offer Improved RF Performance 
Lower Package Parasitics 
High Gain 

MAXIMUM RATINGS 

Rating 

Collector-Emitter Voltage 

Collector-Base Voltage 

Emitter-Base Voltage 

Collector Current - Continuous 

Total Device Dissipation @ TC = 250C 
Derate above 25°C 

Storage Temperature Range 

THERMAL CHARACTERISTICS 

Characteristic 

Total Device Dissipation, TA = 250C (1) 
Derate above 250C 

Storage Temperature 

Thermal Resistance, Junction to Ambient 

DEVICE MARKING 

I MRF9011LT1 = 01 MMBR901LT1 =7A 

NOTE: 
1. Package mounted on 99.5% alumina 10 x 8 x 0.6 mm. 

MMBR901 LT1.MRF9011 LT1 
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MMBR901LT1 
MRF9011LT1 

MMBR901LT1 
MRF9011LT1 

Symbol 

VCEO 

VCBO 

VEBO 

IC 

Po 

Tstg 

Symbol 

Po 

Tstg 

RaJA 

MMBR901LT1 
MRF9011LT1 

IC=30mA 
SURFACE MOUNTED 
HIGH-FREQUENCY 

TRANSISTOR 
NPNSILICON 

CASE 318-07, STYLE 6 
SOT-23 

LOW PROFILE 

CASE 318A, STYLE 1 
SOT-143 

LOW PROFILE. 

Value 

15 

25 

2.0 

30 

0.3 
3.3 

-55 to +150 
-65 to +150 

Max 

350 
2.8 

150 

357 
300 

Unit 

Vde 

Vde 

Vde 

mAde 

Watt 
mWFC 

OC 

Unit 

mW 
mWFC 

°C 

°CIW 

MOTOROLA RF DEVICE DATA 



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

I Characteristic I Symbol 

OFF CHARACTERISTICS 

Collector-Emitter Breakdown Voltage 
(IC = 1.0 mAde, IB = 0) 

Collector-Base Breakdown Voltage 
(IC = 0.1 mAde, IE = 0) 

Emitter-Base Breakdown Voltage 
(IE = 0.1 mAde, IC = 0) 

Collector Cutoff Current 
(VCB = 15 Vde, IE = 0) 

ON CHARACTERISTICS 

DC Current Gain 
(IC = 5.0 mAde, VCE = 5.0 Vde) 

DYNAMIC CHARACTERISTICS 

Current-Gain - Bandwidth Product 
(IC = 15 mAde, VCE= 10 Vdc, f= 1.0 GHz) 

Collector-Base Capacitance 
(VCB= 10 Vdc, IE = 0, f= 1.0 MHz) 

FUNCTIONAL TESTS 

Power Gain at Minimum Noise Figure 
(VCE = 10 Vdc, IC = 5.0 mA, f = 1.0 GHz) 

Noise Figure 
(VCE= 10 Vdc, IC =5.0 rnA, f= 1.0 GHz) 

Power Gain in 50 0 System 
(VCE = 10 Vde, IC = 5.0 rnA, f= 1.0 GHz) 

Noise Figure 
(VCE = 6.0 Vde, IC = 5.0 mA, f = 1.0 GHz) 
(VCE= 10 Vde, IC = 5.0 rnA, f= 1.0 GHz) 

SMALL-8IGNAL CHARACTERISTICS 

Output Capacitance 
(VCB= 10 Vde, IC = 5.0 mAde, f= 1.0 GHz) 

Common-Emitter Amplifier Gain 
(VCC = 6.0 Vdc, IC = 5.0 mAde, f = 1.0 GHz) 

MOTOROLA RF DEVICE DATA 

MMBR901LT1 
MRF9011LT1 

MRF9011LT1 

MRF9011LT1 

MRF9011LT1 

MRF9011LT1 

MRF9011LT1 

MMBR901LT1 
MRF9011LT1 

V(BR)CEO 

V(BR)CBO 

V(BR)EBO 

ICBO 

tr 

Ccb 

GNFmin 

NFmln 

GNF 

NF 

Cobo 

Gpe 

Min Typ 

15 -

25 -

2.0 -

- -

- 3.8 

- 0.55 

- 13.5 

- 1.8 

9.0 10.2 

- 1.9 
- 2.3 

- -

- 12 

Max Unit 

- Vdc 

- Vde 

- Vde 

50 nAde 

- GHz 

1.0 pF 

- dB 

- dB 

- dB 

dB 
-
3.0 

1.0 pF 

- dB 

MMBR901LT1.MRF9011LT1 
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Figure 1. Collector-Base Capacitance 
versus Collector-Base Voltage 
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Figure 2. Gain and Noise Figure 
versus Collector Current 
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Figure 3. Functional Circuit Schematic 
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versus Collector Current 
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I. FREQUENCY (GHz) 

Figure 8. Maximum Unilateral Gain 
versus Frequency 
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VCE IC f 
(Vdc) (mA) (MHz) 

5.0 5.0 100 
200 
500 
1000 
2000 

10 100 
200 
500 
1000 
2000 

15 100 
200 
500 
1000 
2000. 

20 100 
200 
500 
1000 
2000 

30 100 
200 
500 
1000 
2000 

10 5.0 100 
200 
500 
1000 
2000 

10 100 
200 
500 
1000 
2000 

15 100 
200 
500 
1000 
2000 

20 100 
200 
500 
1000 
2000 

30 100 
200 
500 
1000 
2000 

MMBR901 LT1.MRF9011 LT1 
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Sll 821 812 

IS111 L+ 18211 L+ 18121 

0.85 -41 13.64 153 0.03 
0.78 -76 10.77 134 0.05 
0.71 -131 6.10 102 0.08 
0.66 -169 3.22 77 0.08 
0.60 152 1.85 47 0.11 

0.72 -59 20.01 145 0.03 
0.70 -100 14.31 123 0.04 
0.66 -150 7.03 94 0.06 
0.63 179 3.57 73 0.07 
0.58 147 1.79 46 0.11 

0.65 -75 23.44 138 0.02 
0.66 -118 15.56 116 0.04 
0.85 -159 7.10 90 0.05 
0.63 174 3.57 71 0.06 
0.59 144 1.77 45 0.11 

0.61 -89 24.32 133 0.02 
0.66 -130 15.11 111 0.03 
0.66 -166 6.68 88 0.04 
0.65 171 3.32 69 0.06 
0.61 143 1.65 43 0.10 

0.63 -132 13.18 118 0.02 
0.68 -157 7.07 104 0.02 
0.69 -177 3.23 90 0.03 
0.70 165 1.78 71 0.05 
0.66 138 0.93 42 0.09 

0.85 -38 13.67 155 0.03 
0.80 -71 10.97 136 0.05 
0.70 -126 6.35 104 0.07 
0.65 -166 3.39 78 0.07 
0.58 154 1.74 48 0.10 

0.75 -55 20.12 147 0.02 
0.71 -94 14.60 125 0.04 
0.65 -145 7.33 96 0.05 
0.62 -177 3.74 74 0.06 
0.57 149 1.88 47 0.10 

0.68 -68 23.53 140 0.02 
0.67 -110 15.90 119 0.03 
0.64 -155 7.45 92 0.04 
0.62 177 3.74 71 0.06 
0.58 146 1.90 45 0.09 

0.64 -79 24.77 135 0.02 
0.64 -122 15.81 114 0.03 
0.64 -161 7.10 89 0.04 
0.62 174 3.53 79 0.05 
0.59 145 1.75 44 0.09 

0.61 -114 16.25 123 0.01 
0.63 -147 9.10 107 0.02 
0.65 -172 4.22 90 0.03 
0.66 168 2.27 71 0.05 
0.63 140 1.15 41 0.08 

Table 1. MRF9011LT1 Common Emitter S-Parameters 

822 

L+ 18221 L+ 
65 0.93 -17 
54 0.80 -29 
35 0.55 -42 
33 0.45 -48 
48 0.47 -63 

.62 0.87 -23 
49 0.67 -36 
36 0.44 -43 
45 0.37 -46 
57 0.41 -60 

57 0.81 -27 
46 0.59 -38 
42 0.40 -40 
52 0.35 -43 
62 0.40 -58 

51 0.77 -28 
43 0.55 -35 
46 0.41 -34 
56 0.39 -39 
65 0.44 -56 

47 0.72 -15 
44 0.66 -16 
55 0.62 -24 
65 0.59 -38 
79 0.62 -62 

70 0.93 -14 
56 0.83 -24 
37 0.60 -35 
36 0.51 -40 
50 0.54 -55 

66 0.88 -19 
50 0.72 -30 
39 0.50 -35 
46 0.45 -38 
60 0.49 -53 

61 0.85 -22 
49 0.85 -31 
42 0.47 -32 
53 0.44 -35 
65 0.50 -51 

56 0.81 -23 
46 0.62 -29 
46 0.48 -28 
56 0.46 -33 
68 0.53 -50 

48 0.79 -15 
49 0.71 -15 
53 0.66 -22 
63 0;63 -33 
79 0.67 -53 

MOTOROLA RF DEVICE DATA 



MOTOROLA 
• SEMICONDUCTOR 

TECHNICAL DATA 

The RF Line 
NPN Silicon 
High-Frequency Transistor 
· .. designed for thick and thin-film circuits using surface mount components 
and requiring low-noise, high-gain signal amplification at frequencies to 1.0 
GHz. 

• High Gain - Gpe = 15 dB Typ @ f = 500 MHz 
• Low Noise - NF = 2.4 dB Typ @ f = 500 MHz 

MAXIMUM RATINGS 

Rating Symbol Value Unit 

Collector-Emitter Voltage VCEO 15 Vde 

Collector-Base Voltage VCBO 20 Vde 

Emitter-Base Voltage VEBO 3.0 Vde 

Collector Current - Continuous IC 35 mAde 

Operating and Storage Junction TJ, Tstg -55 to +150 "C 
Temperature Range 

THERMAL CHARACTERISTICS 

Characteristic Symbol 

Total Device DiSSipation, TA = 25OC' Po 
Derate above 25"C 

Storage Temperature Tstg 

Thermal Resistance Junction RaJA 
to Ambient" 

· Package mounted on 99.5% alumina 10 x 8 x 0.6 mm. 

DEVICE MARKING 

I MMBR920LT1 = 7B 

Max Unit 

350 mW 
2.8 mWrC 

150 "C 

357 "CIW 

ELECTRICAL CHARACTERISTICS (TA = 25"C unless otherwise noted.) 

I Characteristic I Symbol 

OFF CHARACTERISTICS 

Collector-Emitter Breakdown Voltage (IC = 1.0 mAde, IB = 0) V(BR)CEO 

Collector-Base Breakdown Voltage (IC = 0.1 mAde, IE = 0) V(BR)CBO 

Emitter-Base Breakdown Voltage (IE = 0.1 mAde, IC = 0) V(BR)EBO 

Collector Cutoff Current (VCB = 10 Vde,lE = 0) ICBO 

ON CHARACTERISTICS 

I DC Current Gain (IC = 14 mAde, VCE = 10 Vde) hFE 

SMALL-8IGNAL CHARACTERISTICS 

Current-Gain - Bandwidth Product for 
(IC = 14 mAde, VCE = 10 Vde, 1= 0.5 GHz) 

Collector-Base Capacitance (VCB = 10 Vde, IE = 0, 1= 1.0 MHz) Ccb 

Noise Figure NF 
(IC = 2.0 mAde, VCE = 10 Vde, I = 0.5 GHz) 
(IC= 2.0 mAde, VCE= 10Vde, 1= 1.0 GHz) 

Common-Emitter Amplifier Power Gain Gpe 
(IC = 2.0 mAde, VCE = 10 Vde, 1= 0.5 GHz) 
(IC= 2.0 mAde, VCE = 10Vde, 1= 1.0 GHz) 

MOTOROLA RF DEVICE DATA 

Min 

15 

20 

2.0 

-

25 

-

-

-
-

-
-

MMBR920LT1 

RF AMPLIFIER 
TRANSISTOR 
NPNSIUCON 

CASE 318-07, STYLE 6 
SOT-23 

LOW PROFILE 

TYP Max 

- -
- -
- -
- 50 

250 

4.5 -

- 1.0 

2.4 -
3.0 -

15 -
10 -

Unit 

Vde 

Vde 

Vde 

nAde 

GHz 

pF 

dB 

dB 

MMBR920LT1 
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• 

MOTOROLA 
• SEMICONDUCTOR 

TECHNICAL DATA 

The RF Line 
NPN Silicon 
High-Frequency Transistor 
... designed primarily for use in low-power amplifiers to 1.0 GHz. Ideal for 
pagers and other battery operated systems where power consumption is 
critical. 

MAXIMUM RATINGS 

Rating Symbol Value Unit 

Collector-Emitter Voltage VCEO 5.0 Vde 

Collector-Base Voltage VCBO 10 Vde 

Emitter-Base Voltage VEBO 2.0 Vde 

Collector Current - Continuous IC 5.0 mAde 

Operating and Storage Junction TJ, Tstg -55 to +150 °c 
Temperature Range 

THERMAL CHARACTERISTICS 

Characteristic Symbol Max Unit 

Total Device Dissipation, T A = 25"C' Po 50 mW 
Derate above 25"C 0.4 mW/"C 

Storage Temperature Tstg 150 °c 

Thermal Resistance Junction RaJA 2500 °CIW 
to Ambient* 

• Package mounted on 99.5% alumina lOx 8 x 0.6 mm. 

DEVICE MARKING 

1 MMBR931 LTI = 70 

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

1 Characteristic . 1 Symbol I· Min 

OFF CHARACTERISTICS 

Collector-Emitter Breakdown Voltage (IC = 0.1 mAde, IB = 0) 

Collector-Base Breakdown Voltage (IC = 0.01 mAde, IE = 0) 

Emitter-Base Breakdown Voltage (IE = 0.1 mAde, IC = 0) 

Collector Cutoff Current (VCB = 5.0 Vde, IE = 0) 

ON CHARACTERISTICS 

I DC Current Gain 
(IC = 0.25 mAde, VCE = 1.0 Vde) 

SMALL-8IGNAL CHARACTERISTICS 

Collector-Base Capacitance 
(VCB= 1.0 Vde,IE= 0, f= 1.0 MHz) 

Noise Figure 
(IE = 0.25 mAde, VCE = 1.0Vde, f= 1.0 GHz) 

Power Gain at Optimum Noise Figure 
.(IE= 0.25 mAde, VCE = 1.0Vde, f= 1.0 GHz) 

MMBR931LT1 
2-48 

V(BR)CEO 15 

V(BR)CBO 20 

V(BR)EBO 3.5 

ICBO -

50 

Ceb -

NF -

GNF -

MMBR931LT1 

RF AMPLIFIER 
TRANSISTOR 
NPNSlUCON 

CASE 318-07, STYLE 6 
SOT-23 

Typ 

-
-
-
-

-

4.3 

10 

LOW PROFILE 
(TO-236AAIAB) 

Max 

-
-
-
50 

150 

0.5 

-

-

Unit 

Vde 

Vdc 

Vde 

nAdc 

pF 

dB 

-
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MOTOROLA 
• SEMICONDUCTOR 

TECHNICAL DATA 

The RF Line 
PNP Silicon 
High-Frequency Transistor 
· .• designed for high-gain, low-noise amplifier oscillator and mixer applications. 
Specifically packaged for thick and thin-film circuits using surface mount 
components. 

• High Gain - Gpe = 17 dB Typ @ f = 450 MHz 
• Low Noise - NF = 3.0 dB Typ @ f = 450 MHz 

MAXIMUM RATINGS 

Rating Symbol 

Collector-Emitter Voltage VCEO 

Collector-Base Voltage VCBO 

Emitter-Base Voltage VEBO 

Collector Current - Continuous IC 

Operating and Storage Junction 
Temperature Range 

TJ, Tstg 

THERMAL CHARACTERISTICS 

Characteristic Symbol 

Total Device Dissipation, TA = 25°C· Po 
Derate above 25°C 

Storage Temperature Tstg 

Thermal Resistance Junction RaJA 
to Ambient· 

· Package mounted on 99.5% alumina lOx 8 x 0.6 mm. 

DEVICE MARKING 

I MMBR4957LTI = 7F 

Value Unit 

-30 Vdc 

-30 Vdc 

-3.0 Vdc 

-30 mAdc 

-55 to +150 °c 

Max Unit 

350 mW 
2.8 mWfOC 

150 °C 

357 °CIW 

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

I Characteristic 

OFF CHARACTERISTICS 

Collector-Emitter BreakdOwn Voltage (IC = -1.0 mAdc, IB = 0) 

Collector-Base Breakdown Voltage (IC = -1 00 !lAdc, IE = 0) 

Emitter-Base Breakdown Voltage (IE = -1 00 !lAdc, IC = 0) 

Collector Cutoff Current (V CB = -1 0 Vdc, IC = 0) 

ON CHARACTERISTICS 

I DC Current Gain (lc = -2.0 mAdc, VCE = -10 Vdc) 

SMALL-SIGNAL CHARACTERISTICS 

Current-Gain - Bandwidth Product 
(IE =-2.0 mAdc, VCE =-10 Vdc, 1= 100 MHz) 

Collector-Base Capacitance 
(VCB =-10 Vde,IE= 0, 1= 1.0 MHz) 

Common-Emitter Amplifier Power Gain 
(VCE=-10 Vde, IC=-2.0 mAde, 1=450 MHz) 

Noise Figure 
(IC =-2.0 mAde, VCE=-10 Vdc, f= 450 MHz) 

MOTOROLA RF DEVICE DATA 

Symbol 

V(BR)CEO 

V(BR)CBO 

V(BR)EBO 

ICBO 

tr 

Ccb 

Gpe 

NF 

MMBR4957LT1 

IC=-30mA 
HIGH-FREQUENCY 

TRANSISTOR 
PNPSlLlCON 

CASE 318-07, STYLE 6 
SOT-23 

LOW PROFILE 
(TO-236AAlAB) 

Min Max 

-30 -
-30 -
-3.0 -
-. -0.1 

20 150 

1200 (Typ) -

- 0.8 

17 (Typ) -

- 3.0 (Typ) 

Unit 

Vdc 

Vdc 

Vdc 

!lAdc 

MHz 

pF 

dB 

dB 

MMBR4957LT1 
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II 

VCE 
(Volts) 

-5.0 

-10 

MMBR4957LT1 
2-50 

IC 
(mA) 

-5.0 

-10 

-15 

-5.0 

-10 

-15 

f 
MHz 

0.1 
0.3 
0.5 
0.7 
0.9 
1.2 
1.5 
2.0 
2.5 
3.0 

0.1 
0.3 
0.5 
0.7 
0.9 
1.2 
1.5 
2.0 
2.5 
3.0 

0.1 
0.3 
0.5 
0.7 
0.9 
1.2 
1.5 
2.0 
2.5 
3.0 

0.1 
0.3 
0.5 
0.7 
0.9 
1.2 
1.5 
2.0 
2.5 
3.0 

0.1 
0.3 
0.5 
0.7 
0.9 
1.2 
1.5 
2.0 
2.5 
3.0 

0.1 
0.3 
0.5 
0.7 
0.9 
1.2 
1.5 
2.0 
2.5 
3.0 

811 821 812 822 

1811 1 L<I> 18211 L<j> 18121 L<I> 18221 Lei> 
0.61 -37 9.28 148 0.03 72 0.90 -16 
0.39 -83 5.56 112 0.07 62 0.69 -27 
0.30 -107 3.73 95 0.09 62 0.62 -30 
0.26 -125 2.79 84 0.12 62 0.59 -34 
0.24 -140 2.26 76 0.14 61 0.58 -38 
0.24 -158 1.78 65 0.17 60 0.58 -45 
0.23 -172 1.49 55 0.20 60 0.58 -51 
0.23 156 1.17 43 0.24 60 0.56 -61 
0.25 133 0.98 33 0.29 59 0.54 -72 
0.29 105 0.85 26 0.34 58 0.50 -83 

0.42 -55 11.54 138 0.03 71 0.84 -18 
0.28 -108 5.81 104 0.06 66 0.64 -25 
0.25 -132 3.72 90 0.08 67 0.59 -28 
0.25 -148 2.n 81 0.11 66 0.58 -32 
0.25 -162 2.23 73 0.13 66 0.57 -37 
0.26 -177 1.74 62 0.16 65 0.57 -43 
0.26 170 1.46 54 0.19 65 0.57 -50 
0.27 142 1.14 41 0.24 65 0.56 -60 
0.30 122 0.95 32 0.29 64 0.53 -73 
0.34 97 0.82 26 0.35 61 0.50 -83 

0.24 -90 6.83 129 0.02 69 0.80 -12 
0.24 -136 3.17 107 0.05 70 0.72 -19 
0.27 -153 2.23 96 0.08 69 0.69 -26 
0.29 -167 1.75 86 0.10 70 0.66 -32 
0.31 -178 1.47 77 0.12 70 0.65 -38 
0.32 168 1.20 65 0.15 70 0.64 -46 
0.32 155 1.03 56 0.18 72 0.63 -53 
0.34 130 0.83 44 0.24 71 0.60 -65 
0.36 111 0.71 36 0.31 68 0.57 -78 
0.41 89 0.64 31 0.37 64 0.51 -90 

0.65 -33 9.36 149 0.03 74 0.92 -14 
0.42 -73 5.n 114 0.06 64 0.72 -25 
0.31 -95 3.91 98 0.09 63 0.65 -29 
0.26 -111 2.94 87 0.11 63 0.62 -32 
0.24 -126 2.39 78 0.14 62 0.61 -37 
0.23 -144 1.87 67 0.17 60 0.60 -43 
0.21 -159 1.58 58 0.19 60 0.60 -49 
0.20 166 1.24 46 0.23 60 0.58 -58 
0.21 141 1.04 35 0.27 59 0.56 -69 
0.25 109 0.90 28 0.32 59 0.52 -79 

0.49 -46 12.33 141 0.03 71 0.87 -17 
0.30 -91 6.45 107 0.06 67 0.66 -24 
0.25 -114 4.19 93 0.08 67 0.61 -27 
0.23 -132 3.10 83 0.11 66 0.59 -31 
0.22 -147 2.50 75 0.13 65 0.58 -35 
0.23 -164 1.96 65 0.16 64 0.58 -41 
0.23 -178 1.63 57 0.18 65 0.58 -47 
0.23 150 1.27 44 0.23 65 0.57 -57 
0.25 128 1.06 35 0.28 64 0.55 -67 
0.30 101 0.92 27 0.33 62 0.51 -78 

0.38 -57 12.51 135 0.02 71 0.84 -17 
0.25 -107 5.97 103 0.05 69 0.66 -21 
0.23 -130 3.84 90 0.08 69 0.63 -25 
0.23 -147 2.84 81 0.10 68 0.61 -29 
0.24 -161 2.29 74 0.12 67 0.61 -34 
0.26 -In 1.80 64 0.15 68 0.60 -41 
0.26 170 1.50 55 0.18 68 0.61 -47 
0.27 141 1.17 43 0.23 69 0.59 -57 
0.29 120 0.97 34 0.28 67 0.57 -68 
0.34 96 0.84 27 0.34 64 0.53 -79 

Table 1. Common Emitter S-Parameters 
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MOTOROLA 
• SEMICONDUCTOR 

TECHNICAL DATA 

The RF Line 
NPN Silicon 
High-Frequency Transistor 
· .. designed for thick and thin-film circuits using surface mount components 
and requiring low-noise, high-gain signal amplification at frequencies to 1.0 
GHz. 

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

• Low Noise - NF = 2.5 dB Typ @ f = 450 MHz 

MAXIMUM RATINGS 

Rating Symbol Value Unit 

Collector-Emitter Voltage VCEO 10 Vde 

Collector-Base Voltage VCBO 15 Vde 

Emitter-Base Voltage VEBO 3.0 Vde 

Collector Current - Continuous IC 20 mAde 

Operating and Storage Junction TJ, Tstg -55 to +150 °c 
Temperature Range 

THERMAL CHARACTERISTICS 

Characteristic Symbol Max Unit 

Total Device Dissipation, TA = 25°C' Po 300 mW 
Derate above 25°C 2.4 mW/"C 

Storage Temperature Tstg 150 °c 

Thermal Resistance Junction RaJA 417 °CIW 
to Ambient' 

· Package mounted on 99.5% alumina lOx 8 x 0.6 mm. 

DEVICE MARKING 

I MMBR5031LT1 = 7G 

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

Characteristic Symbol 

OFF CHARACTERISTICS 

Collector-Emitter Breakdown Voltage (IC = 1.0 mAde, IB = 0) V(BR)CEO 

Collector-Base Breakdown Voltage (IC = 0.01 mAde, IE = 0) V(BR)CBO 

Emitter-Base Breakdown Voltage (IE = 0.01 mAde, IC = 0) V(BR)EBO 

Collector Cutoff Current (VCB = 6.0 Vde, IE = 0) ICBO 

ON CHARACTERISTICS 

I DC Current Gain (IC = 1.0 mAde, VCE = 6.0 Vde) 

SMALL-SIGNAL CHARACTERISTICS 

Current-Gain - Bandwidth Product IT 
(IC = 5.0 mAde, VCE = 6.0 Vde, f = 100 MHz) 

Collector-Base Capacitance Ceb 
(VCE = 6.0 Vde, IE = 0, f = 0.1 MHz) 

Noise Figure NF 
(IC = 1.0 mAde, VCE = 6.0 Vde, f = 450 MHz) 

Common-Emitter Amplifier Power Gain 
(lc = 1.0 mAde, VCE = 6.0 Vde, f = 450 MHz) 

Gpe 

MOTOROLA RF DEVICE DATA 

MMBR5031LT1 

RF AMPLIFIER 
TRANSISTOR 
NPNSILICON 

CASE 318-07, STYLE 6 
SOT-23 

Min 

10 

15 

3.0 

-

25 

1,000 
(Typ) 

-

-

LOW PROFILE 
(TO-236AA1AB) 

Max 

-
-

-
10 

300 

-

1.5 

2.5 (Typ) 

17 (Typ) 25 

Unit 

Vde 

Vde 

Vde 

nAde 

MHz 

pF 

dB 

dB 

MMBR5031 LT1 
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MOTOROLA 
• SEMICONDUCTOR 

TECHNICAL DATA 

The RF Line 
NPN Silicon 
High"Frequency Transistor .. 
• .. designed for smail-signal amplification at frequencies to 500 MHz. 
Specifically packaged for use in thick and thin-film circuits using surface mount 
components. 

• High Gain - Gpe = 15 dB Typ @ f = 200 MHz 
• Low Noise - NF = 4.5 dB Typ @ f = 200 MHz 

MAXIMUM RATINGS 

Rating Symbol 

Collector-Emitter Voltage VCEO 
Coliector·Base Voltage VCBO 
Emitter-Base Voltage VEBO 
Collector Current - Continuous IC 

Operating and Storage Junction TJ, Tstg 
Temperature Range 

THERMAL CHARACTERISTICS 

Characteristic Symbol 

Total Device Dissipation, T A = 250C" PD 
Derate above 25°e 

Storage Temperature Tsta 
Thermal Resistance Junction RaJA 

to Ambient> 

· Package mounted on 99.5% alumina 10 x 8 x 0.6 mm. 

DEVICE MARKING 

I MMBR5179LT1 = 7H 

Value Unit 

12 Vdc 

20 Vde 

2.5 Vdc 

50 mAde 

-55 to +150 OC 

Max Unit 

350 mW 
2.8 mWrC 

150 OC 

357 "C/W 

ELECTRICAL CHARACTERISTICS (TA = 25°C unless otherwise notad.) 

I Characteristic 

OFF CHARACTERISTICS 

Symbol 

Collector-Emitter Breakdown Voltage (IC = 3.0 mAde, IB = 0) V(BR)CEO 

MMBR5179LT1 

RFAMPUFIER 
TRANSISTOR 
NPNSlUCON 

CASE 318-07, STYLE 6 
SOT-23 

Min 

12 

LOW PROFILE 
(TO-236AAIAB) 

Max 

-

Unit 

Vdc 

Collector-Base Breakdown Voltage (IC = 0.Q1 mAde, IE = 0) V(BR)CBO 20 - Vde 

Emitter-Base Breakdown Voltage (IE = 0.Q1 mAde, IC = 0) V(BR)EBO 2.5 - Vdc 

Collector Cutoff Current (V CB = 15 Yde, IE = 0) ICBO - 0.02 !lAde 

ON CHARACTERISTICS 

DC Current Gain (IC = 3.0 mAde, VCE = 1.0 Vdc) hFE 25 - -
Collector-Emitter Saturation Voltage (IC = 10 mAde, IB = 1.0 mAde) VCE(sat) - 0.4 Vde 

Base·Emitter Saturation Voltage (IC = 10 mAde,lB = 1.0 mAde) VBE(sat) - 1.0 Vdc 

SMALL-SIGNAL CHARACTERISTICS 

Current-Galn - Bandwidth Product tr 1,400 - MHz 
(lc = 5.0 mAde, VCE = 6.0 Vde, f = 100 MHz) (Typ) 

Collector-Base Capacitance (VCB = 10 Vdc,lE = 0, f= 0.1 to 1.0 MHz) Ceb - 1.0 pF 

Small-Slgnal Current Gain (IC = 2.0 mAde, VCE = 6.0 Vde, f = 1.0 kHz) life 25 - -
Noise Figure (Ie = 1.5 mAde, VCE = 6.0 Vde, As = 50 0, f = 200 MHz) NF - 4.5 (Typ) dB 

Common-Emitter Amplifier Power Gain Gpe 15 (Typ) - dB 
(VCE = 6.0 Vde, IC = 5.0 mAde, f = 200 MHz) 

----------------------------------------------------------------~i MMBR5179LT1 
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MOTOROLA 
- SEMICONDUCTOR 

TECHNICAL DATA 

PNP Silicon 
High-Frequency Transistors 
· .• this high current gain-bandwidth transistor makes an excellent RF amplifier 
and oscillator. It is available in the surface mount SOT-23 as well as the popular 
TO-92 low cost plastic packages. 

• High Current Gain-Bandwidth Product 
iT = 5.5 GHz (Typ) @ IC = -20 mA - MMBR536L 
iT = 4.5 GHz (Typ) @ IC = -20 mA - MPS536 

• High Gain 
GNF = 14 dB (Typ) 

• Low Collector-Base Capacitance 
Ccb = 0.8 pF (Typ) @ VCB = -5.0 Vdc 

• Tape and Reel Packaging Options 

MAXIMUM RATINGS 

Rating Symbol 

Collector-Emitter Voltage VCEO 

Collector-Base Voltage VCBO 

Emitter-Base Voltage VEBO 

Collector Current - Continuous IC 

Power Dissipation @ TA = 25°C PD 
Derate above 25°C 

MPS536 

-10 

-15 

-4.5 

-30 

625 
5.0 

Storage Temperature Tstg -65 to +150 
, 

FreeaJr 

DEVICE MARKING 

I MMBR536LT1 = 7R 

MMBR536L Unit 

-10 Vde 

-15 Vdc 

-4.5 Vdc 

-30 rnA 

200' mW 
1.6 mW/"C 

-65 to +150 °c 

MPS536 
MMBR536LT1 

IC =-30mA 
LOW NOISE 

HIGH-FREQUENCY 
TRANSISTORS 

I 
CASE 29-04, STYLE 2 

TO-92 
MPSS36 

CASE 318-07, STYLE 6 
SOT-23 

LOW PROFILE 
MMBR536L 

ELECTRICAL CHARACTERISTICS (TC = 2SoC 'For both package types unless otherwise noted.) 

I Characteristic Symbol Min Typ 

OFF CHARACTERISTICS 

Collector-Emitter Breakdown Voltage (IC = -2.0 rnA, IB = 0) V(BR)CEO -10 -

COllector-Base Breakdown Voltage (IC = -100 /lA, IE = 0) V(BR)CBO -15 -
Emitter-Base Breakdown Voltage (IE = -10 /lA, IC = 0) V(BR)EBO -4.S -

ColiectorCutof! Current(VCB = -10 Vdc, IE = 0) ICBO - -
ON CHARACTERISTICS 

I DC Current Gain (IC = -20 rnA, VCE = -5.0 V) 20 

DYNAMIC CHARACTERISTICS 

Current Gain-Bandwidth Product MPS536 IT - 4.5 
(IC = -20 mAde, VCE = -S.O Vdc, 1 = 1.0 GHz) MMBR536L - 5.5 

Collector-Base Capacitance Ccb - 0.8 
(VCB = -5.0 Vdc, IE = 0, 1 = 1.0 MHz) 

FUNCTIONAL TESTS 

Gain @ Noise Figure 1=500 MHz GNF - 14 
(IC = -1 0 mAde, VCE = -5.0 Vdc) 1= 1.0GHz - 8.0 

Noise Figure 1=500 MHz NF - 4.5 
(IC = -1 0 mAde, VCE = -5.0 Vde) 1=1.0GHz - 6.0 

MOTOROLA RF DEVICE DATA 

Max Unit 

- Vdc 

- Vde 

- Vdc 

-10 nAde 

200 

- GHz 
-
1.2 pF 

- dB 
-

- dB 
-

MPS536.MMBR536LT1 
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MPS536 

+]50 

-]50 

Figure 10. InpuUOutput Reflection CoeffIcient 
versua Frequency 

VeE = -10 V. Ie = -10 mA 

veE Ie f 811 

(Volts) (mA) (MHz) 1811 1 L+ 
-10 -5.0 200 0.60 -43 

500 0.30 -60 
1000 0.17 -103 
1500 0.15 158 
2000 0.28 110 

-10 200 0.48 -52 
500 0.21 -68 
1000 0.12 -122 
1500 0.18 138 
2000 0.32 104 

-20 200 0.38 -59 
500 0.14 -76 
1000 0.11 -144 
1500 0.22 132 
2000 0.35 103 

~1 

1~11 

6.60 
3.64 
2.11 
1.70 
1.29 

8.78 
4.31 
2.40 
1.90 
1.41 

10.21 
4.72 
2.58 
1.99 
1.46 

MPS536 

L+ 
125 
87 
58 
28 
2.0 

118 
84 
54 
29 
4.0 

112 
81 
53 
28 
4.0 

MPS536 

-90° 

Figure 11. ForwardlReverse Tranamlaalon 
CoeffIcients versua Frequency . 

VeE = -10 V. Ie = -10 mA 

812 822 
18121 L+ 18221 L+ 
0.07 68 0.71 -35 
0.14 57 0.47 -43 
0.22 43 0.32 -69 
0.30 28 0.22 -112 
0.33 13 0·25 -174 

0.06 69 0.62 -42 
0.12 60 0.37 -46 
0.20 47 0.24 -73 
0.29 31 0.16 -126 
0.33 16 0.23 170 

0.06 70 0.54 -46 
0.12 63 0.30 -47 
0.20 49 0.19 -74 
0.29 34 0.12 -139 
0.33 19 0.22 161 

Table 1. Common Emitter S-Parametera 

MPS536eMMBR536LT1 
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MMBR536L 

-j50 

Figure 12.lnputlOutput Reflection Coefficient 
versus Frequency 

VCE = -10 V, IC = -10 mA 

VCE IC f 811 

(Volts) (mA) (MHz) 18111 LIj) 

-10 -5.0 200 0.60 -44 
500 0.37 -70 
1000 0.27 -105 
1500 0.24 -138 
2000 0.22 -166 

-10 200 0.48 -54 
500 0.30 -82 
1000 0.24 -122 
1500 0.24 -155 
2000 0.24 178 

-20 200 0.39 -63 
500 0.25 -94 
1000 0.24 -136 
1500 0.24 -167 
2000 0.26 168 

~1 

1521 1 

6.47 
3.57 
2.16 
1.62 
1.38 

8.65 
4.32 
2.52 
1.84 
1.54 

10.10 
4.n 
2.72 
1.96 
1.63 

MMBR536L 

LIj) 

126 
97 
74 
58 
44 

120 
94 
74 
59 
48 

115 
91 
73 
58 
46 

MMBR536L 

-goo 

Figure 13. ForwardlReverse Transmission 
Coefficients versus Frequency 

VCE = -10 V, Ic = -10 mA 

512 ~ 

15121 LIj) I~I LIj) 

0.07 66 0.68 -35 
0.14 60 0.48 -50 
0.22 53 0.40 -69 
0.29 46 0.37 -87 
0.33 42 0.34 -103 

0.06 66 0;58 -40 
0.12 62 0.38 -58 
0.20 57 0.32 -78 
0.27 51 0.30 -96 
0.32 47 0.28 -112 

0.06 67 0.49 -50 
0.11 65 0.32 -65 
0.19 60 0.27 -84 
0.26 54 0.26 -102 
0.32 50 0.25 -119 

Table 2. Common EmiHer S-Parameters 

MOTOROLA RF DEVICE DATA MPS536-MMBR536LT1 
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MOTOROLA 
• SEMICONDUCTOR 

TECHNICAL DATA 

The RF Line 
NPN Silicon 
High-Frequency Transistors 
· .. designed for low noise, wide dynamic range front-end amplifiers and 
low-noise veo's. Available in a surface-mountable plastic package, as well as 
the popular TO-226AA (TO-92) package. This Motorola series of small-signal 
plastic transistors offers superior quality and performance at low cost. 

• High Gain-Bandwidth Product 
fT = 8.0 GHz (Typ) @ 50 rnA (MMBR571LT1) 
fT = 7.5 GHz (Typ) @ 50 rnA (MRF5711LT1) 

• Low Noise Figure 
NF = 2.0 dB (Typ) @ f = 500 MHz (MMBR571LT1) 
NF(matched) = 1.6 dB (Typ) @ f = 1.0 GHz (MRF5711LT1) 

• High Gain 
GNF = 1, dB (Typ) @ 30 mA/500 MHz (MMBR571LT1) 

• High Power Gain 
Gpe (matched) = 13.5 dB (Typ) (MRF5711LT1) 

• State-of-the-Art Technology 
Fine Line Geometry 
lon-Implanted Arsenic Emitters 
Gold Top Metallization and Wires 
Silicon Nitride Passivation 

MAXIMUM RATINGS 

Rating 

Collector-Emitter Voltage 

Collector-Base Voltage 

Emitter-Base Voltage MPS571, MMBR571 LTl 
MRF5711LTl 

Collector Current - Continuous 
MPS571, MMBR571LTl 
MRF5711LTl 

Power Dissipation @ TA = 25°C MPS571 
MMBR571LT1 

Total Device Dissipation @ T A = 25°C 
Derate above 25°C MRF5711LTl 

Total Device Dissipation (1) @ TC = 75°C 
Derate above 75°C MRF5711LTl 

Storage Temperature MPS571, MMBR571LTl 

MRF5711LTl 

THERMAL CHARACTERISTICS 

Rating 

Thermal Resistance, Junction to Ambient 
MRF5711LTl 

Thermal Resistance, Junction to Case 
MRF5711LTl 

DEVICE MARKING 

I MMBR571 LT1 = 7X MRF5711LTl = 02 

MPS571.MMBR571 LT1.MRF5711 LT1 
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Symbol 

VCEO 

VCBO 

VEBO 

IC 

Po 

Po 

Po 

Tstg 

Symbol 

RaJA 

RSJC 

Value 

10 

20 

3.0 
2.5 

80 
70 

625 
200 

(Free Air) 

0.58 
4.64 

0.58 
7.73 

-55 to 
+150 

-65 to 
+150 

Max 

216 

130 

Unit 

Vdc 

Vdc 

Vdc 

mA 

mW 

Watts 
mWf'C 

Watts 
mW/"C 

°C 

Unit 

°C/W 

°C/W 

MPS571 
MMBR571LT1 
MRF5711LT1 

Ic=80mA 
LOW NOISE 

HIGH-FREQUENCY 
TRANSISTORS 

CASE 318A-D5, STYLE 1 
SOT-l43 

LOW PROFILE 
MRF5711LT1 

I 
CASE 29-04, STYLE 2 

TQ-226AA 
(TQ-92) 
MPS571 

CASE 318-07, STYLE 6 
SOT-23 

LOW PROFILE 
MMBR571LT1 

MOTOROLA RF DEVICE DATA i··· 



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

I Characteristic I Symbol Min Typ Max Unit 

OFF CHARACTERISTICS 

Collector-Emitter Breakdown Voltage (IC = 1.0 mA, IB = 0) V(BR)CEO 10 12 - Vde 

Collector-Base Breakdown Voltage (IC = 0.1 mA, IE = 0) V(BR)CBO 20 - - Vde 

Emitter-Base Breakdown Voltage (IE = 50 IlAde, IC = 0) V(BR)EBO 2.5 - - Vdc 

Collector Cutoff Current (VCB = 8.0 Vdc, IE = 0) ICBO - - 10 IlAde 

ON CHARACTERISTICS 

I DC CurrentGaln (lc = 30 mAde, VCE = 5.0 Vde) 50 300 

DYNAMIC CHARACTERISTICS 

Collector-Base capacitance Cob pF 
(VCB= 10 Vde,IE= 0, f= 1.0 MHz) MP5571, MMBR571LTl - 0.7 1.0 
(VCB = 6.0 Vdc, IE = 0, f = 1.0 MHz) MRF5711LTl - 0.75 1.0 

Current Gain-Bandwidth Product MP5571 fT - 6.0 - GHz 
(VCE = 5.0 Vde, IC = 50 mAde, f = 1.0 GHz) MMBR571LTl - 8.0 -
(VCE = 8.0 Vde, IC = 50 mAde, 1 = 1.0 GHz) MRF5711LT1 - 8.0 -

FUNCTIONAL TESTS 

Gain @ Noise Figure GNF dB 
(IC = 10 mAde, VCE = 5.0 Vde) MP5571 f=0.5 GHz - 14 -

1= 1.0 GHz - 9.0 -
MMBR571 LTl f = 0.5 GHz - 16.5 -

f= 1.0 GHz - 10.5 -
(lc = 10 mA, VCE = 6.0 Vdc) MRF5711LTl f= 1.0 GHz - 13.5 -

Noise Figure NF dB 
(IC = 10 mAde, VCE = 5.0 Vde) MPS571 1=0.5 GHz - 2.0 -

1= 1.0 GHz - 2.6 -
MMBRS71 LTl 1 = 0.5 GHz - 2.0 -

1= 1.0 GHz - 2.6 -
(IC = 10 mAde, VCE = 6.0 Vde) MRF5711 LTl f = 1.0 GHz - 2.2 ~ 

Noise Figure NFmin - 1.6 - dB 
(VCE = 6.0 V, IC = 10 mA, f= 1.0 GHz) MRF5711LTl 

Power Galn In 50 n 5ystem 1521 12 9.0 10 - dB 
(VCE = 6.0 V, IC = 10 mA, 1 = 1.0 GHz) 

TYPICAL CHARACTERISTICS 
MPS571, MMBR571 LT1 
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Figure 2. Current Gain-Bandwidth versus 
Collector Current @ 1.0 GHz 
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TYPICAL CHARACTERISTICS 
MPS571, MMBR571LT1 
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Figure 24. InputlOutput Reflection Coefficients 
versus Frequency 

VCE = 5.0 V,IC = 30 mA 

veE Ie f S11 

(Volts) (mA) (MHz) IS111 L+ 
5.0 5.0 200 0.62 -80 

500 0.40 -148 
1000 0.39 155 
1500 0.46 122 
2000 0.59 100 

15 200 0.33 -121 
500 0.28 -175 
1000 0.32 143 
1500 0.40 117 
2000 0.55 95 

30 200 0.23 -143 
500 0.23 169 
1000 0.30 130 
1500 0.41 106 
2000 0.56 85 

50 200 0.21 -158 
500 0.23 162 
1000 0.30 128 
1500 0.41 105 
2000 0.56 84 

MPS571 

IS21 I 

8.22 
4.52 
2.51 
1.86 
1.50 

12.88 
5.62 
2.99 
2.14 
1.74 

13.65 
5.75 
3.05 
2.11 
1.70 

13.96 
5.82 
3.09 
2.11 
1.70 

S21 

L+ 
122 
87 
54 
32 
14 

105 
79 
53 
32 
17 

99 
76 
50 
28 
11 

96 
75 
49 
28 
11 

-90· 

Figure 25. ForwardlReverse Transmission 
Coefficients versus Frequency 

VCE = 5.0 V, IC = 30 rnA 

S12 ~ 

IS121 L+ I~I L+ 
0.07 56 0.63 -44 
0.11 50 0.36 -58 
0.16 48 0.23 -78 
0.23 42 0.15 -114 
0.31 33 0.14 173 

0.05 67 0.37 -59 
0.10 65 0.18 -67 
0.19 55 0.08 -94 
0.27 42 0.07 171 
0.35 30 0.198 117 

0.05 75 0.26 -62 
0.11 70 0.13 -68 
0.21 55 0.04 -136 
0.29 38 0.12 130 
0.36 23 0.26 102 

0.05 79 0.21 -61 
0.11 72 0.11 -66 
0.21 56 0.03 -149 
0.29 39 0.12 127 
0.36 23 0.27 100 

Table 1. MPS571 Common Emitter S-Parameters 

MPS571-MMBR571 LT1eMRF5711 LT1 
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Figure 26. Input/Output Reflection Coefficients 
versus Frequency 

VCE= 5.0 V, Ic=30mA 

VCE IC f S11 

(Volts) (rnA) (MHz) IS111 Lcjl 

5.0 5.0 200 0.68 -82 
500 0.52 -142 
1000 0.50 179 
1500 0.51 161 
2000 0.52 143 

15 200 0.46 -125 
500 0.43 -169 
1000 0.44 168 
1500 0.45 152 
2000 0.46 137 

30 200 0.42 -148 
500 0.41 -177 
1000 0.42 165 
1500 0.44 151 
2000 0.44 135 

50 200 0.41 -159 
500 0.42 179 
1000 0.43 163 
1500 0.44 148 
2000 0.45 134 

MMBR571LT1 

S21 

1~11 

8.41 
4.62 
2.57 
1.82 
1.48 

13.65 
6.03 
3.20 
2.21 
1.80 

14.79 
6.31 
3.35 
2.29 
1.84 

15.14 
6.38 
3.35 
2.32 
1.84 

Lcjl 

126 
93 
72 
57 
45 

108 
86 
72 
58 
48 

102 
84 
71 
59 
48 

98 
83 
70 
58 
48 

Figure Tl. ForwardlReverse Transmisaion 
Coefficients versus Frequency 

VCE =5.0 V, IC=30 rnA 

S12 ~ 

IS121 Lcjl IS221 Lcjl 

0.07 53 0.61 -45 
0.10 46 0.35 -60 
0.14 53 0.26 -71 
0.19 58 0.24 -77 
0.24 59 0.22 -86 

0.05 60 0.35 -73 
0.09 66 0.17 -94 
0.16 67 0.14 -111 
0.22 64 0.11 -118 
0.29 59 0.10 -131 

0.04 68 0.26 -87 
0.09 72 0.14 -115 
0.16 70 0.12 -135 
0.23 65 0.11 -144 
0.30 60 0.10 -157 

0.04 73 0.21 -96 
0.09 75 0.13 -124 
0.16 71 0.12 -143 
0.23 66 0.10 -151 
0.30 60 0.09 -163 

Table 2. MMBR571 LT1 Common Emitter S-Parameters 
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0.2 0.5 

VCE=5V 
IC= lamA 
~ = Area of Instability 

Figure 28. MRF5711LT1 Constant Gain and Noise Figure Contours 
(f = 0.5GHz) 

jl.0 otJrpur 

1.0 2.0 

VCE=5V 
Ic=10mA 
~ = Area of Instability 

Figure 29. MRF5711 LT1 Constant Gain and noise Figure Contours 
(1= 1.0 GHz) 
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VCE IC f 
(Vdc) (mA) (MHz) 

6.0 5.0 200 
500 
1000 
1500 
2000 

10 200 
500 
1000 
1500 
2000 

50 200 
500 
1000 
1500 
2000 

8.0 5.0 200 
500 
1000 
1500 
2000 

10 200 
500 
1000 
1500 
2000 

50 200 
500 

1000 
1500 
2000 

MOTOROLA RF DEVICE DATA 

511 ~1 512 &22 

15111 "'40 1~11 "'40 15121 "'40 1&221 "'40 
0.79 -90 10.9 128 0.06 46 0.70 -45 
0.72 -144 5.7 96 0.08 28 0.42 -66 
0.69 -1n 3.0 75 0.09 28 0.31 -n 
0.66 164 2.0 59 0.10 32 0.34 -89 
0.65 147 1.6 47 0.12 38 0.32 -94 

0.72 -115 15.2 118 0.05 41 0.55 -66 
0.69 -160 6.9 92 0.06 34 0.30 -92 
0.67 174 3.6 74 0.08 42 0.21 -108 
0.64 159 2.4 60 0.10 46 0.23 -114 
0.64 143 1.8 49 0.12 50 0.20 -116 

0.67 -159 20 102 0.02 48 0.33 -111 
0.67 179 8.2 85 0.04 58 0.33 -142 
0.66 174 3.8 72 0.07 65 0.21 -158 
0.63 151 2.7 61 0.10 64 0.22 -158 
0.58 138 2.1 51 0.14 62 0.17 -165 

0.60 -87 11.1 130 0.06 47 0.71 -42 
0.72 -141 5.9 97 0.08 30 0.44 -60 
0.70 -1n 3.1 75 0.09 28 0.33 -68 
0.68 166 2.1 60 0.10 32 0.35 -60 
0.61 149 1.6 47 0.12 39 0.35 -85 

0.72 -113 15.6 119 0.05 42 0.56 -61 
0.68 -159 7.2 92 0.06 34 0.31 -62 
0.68 175 3.7 74 0.08 41 0.21 -92 
0.64 160 2.5 61 0.09 47 0.23 -101 
0.60 144 2.0 49 0.13 50 0.21 -103 

0.68 -158 20.9 103 0.02 48 0.31 -101 
0.65 -179 8.6 85 0.04 58 0.19 -128 
0.64 164 4.3 72 0.07 65 0.16 -144 
0.61 153 2.9 61 0.10 65 0.17 -142 
0.58 137 2.3 51 0.13 64 0.14 -145 

Table 3. MRF5711LT1 Common Emitter S-Parameters 

MPS571.MMBR571 LT1.MRF5711 LT1 
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MOTOROLA 
• SEMICONDUCTOR 

TECHNICAL DATA 

• 

The RF Line 
NPH Silicon 
High-Frequency Transistor 
· .. designed primarily for use in high-gain, low-noise, small-signal amplifiers. 

• High Current-Gain - Bandwidth Product - tr = 4.5 GHz (Typ) 
@ IC = 15 mAde 

• High Power Gain - Gpe = 12 dB (Typ) @ f = 900 MHz 
• Low Noise Figure - NF = 2.4 dB (Typ) @ f = 900 MHz 
• Low Feedback Capacitance - Ccb = 0.5 pF (Typ) @ Vcb = 10 V 
• Die Source Same as MRF901 

MAXIMUM RATINGS 

Rating 

Collector-Emitter Voltage 

Collector-Base Voltage 

Emitter-Base Voltage 

Collector Current - ContInuous 

Total Device Dissipation @ TC = 25"C 
Derate above 25"C 

Operating Junction Temperature 

Storage Temperature Range 

THERMAL CHARACTERISTICS 

Characteristic 

Therinal Resistance, Junction to Ambient 

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

I Characteristic I Symbol 

OFF CHARACTERISTICS 

Collector-Emitter Breakdown Voltage 
(IC = 1.0 mAde, IB = 0) 

Collector-Base Breakdown Voltage 
(IC = 0.1 mAde, IE = 0) 

Emitter-Base Breakdown Voltage 
(IE = 0.1 mAde, IC = 0) 

Collector Cutoff Current 
(VCB = 15 Vdc, IE = 0) 

MPS901 
2-68 

V(BR)CEO 

V(BR)CBO 

V(BR)EBO 

ICBO 

Symbol 

VCEO 

VCBO 

VEBO 

IC 

Po 

TJ 

T!IJl 

Min 

15 

25 

2.0 

-

MPS901 

IC=30mA 
HIGH-FREQUENCY 

TRANSISTOR 
NPNSlLlCON 

I 
CASE 29-04, STYLE 2 

TO-226AA 
(TO-92) 

Value 

15 

25 

2.0 

30 

300 
3.0 

150 

-55 to +150 

Max 

200 

Typ Max 

- -

- -

- -

- 50 

Unh 

Vdc 

Vdc 

Vdc 

rnA 

mW 
mWI"C 

"C 

"C 

Unit 

Vdc 

Vdc 

Vdc 

nAdc 

(continued) 

MOTOROLA RF DEVICE DATA 



ELECTRICAL CHARACTERISTICS - continued (T C = 25"C unless otherwise noted.) 

Characteristic 

ON CHARACTERISTICS 

DC Current Gain 
(IC = 10 mAde, VCE = 10 Vde) 

DYNAMIC CHARACTERISTICS 

Current-Gain - Bandwidth Product' 
(IC = 15 mAde, VCE= 10Vde, f= 1.0 GHz) 

Coliector·Base C8pacitance 
(VCB= 10 Vde, IE= 0, f= 1.0 MHz) 

Noise Figure (Figure 1) 
(IC = 5.0 mAde, VCE = 10 Vde, f = 900 MHz) 

FUNCTIONAL TESTS 

Common-Emitter Amplifier Power Gain (Figure 1) 
(IC = 10 mA, VCE = 10 Vde, f = 900 MHz) 

Symbol Min 

tr -

Ceb -

NF -

Typ Max Unit 

4.5 - GHz 

0.5 1.0 pF 

2.4 - dB 

VCC=10Vdc 

OUT 
RFINPUT >---1~--{~:r=::==::::=:J 

c:======r~~~1;t---~RFOUTPUT 

MOTOROLA RF DEVICE DATA 

SLUG TUNER 
SLUG TUNER 

Figure 1. 900 MHz Test Circuit Schematic 

VCE=10V-

.". 

4 

" - -,.. 

8 12 16 20 

IC, COLLECTOR CURRENT (mA) 

1=1 GHz-

I 
24 

Figure 2. Current Gain-Bandwidth Product 
versus Collector Current 

r--. 

l-

28 

BiAS 
TEE 

MPS901 
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Figure 7. Input Capacitance versus 
Emitter-Base Voltage 
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VeE Ie f 
(Volts) (rnA) (MHz) 

5.0 5.0 100 
200 
500 
1000 
1500 

10 100 
200 
SOO 
1000 
1500 

15 100 
200 
500 
1000 
1500 

20 100 
200 
SOO 
1000 
1500 

25 100 
200 
500 
1000 
1500 

30 100 
200 
500 
1000 
1500 

VeE Ie f 
(Volts) (mA) (MHz) 

10 5.0 100 
200 
500 
1000 
1500 

10 100 
200 
SOO 
1000 
1500 

15 100 
200 
500 
1000 
1500 

20 100 
200 
500 
1000 
1500 

25 100 
200 
500 
1000 
1500 

30 100 
200 
500 
1000 
1500 

MOTOROLA RF DEVICE DATA 

S11 ~1 S12 

IS111 L+ IS21 I L+ IS121 

0.76 -35 9.42 142 0.03 
0.60 -63 7.98 122 0.05 
0.26 -127 4.79 84 0.09 
0.27 148 2.71 SO 0.15 
0.43 113 2.02 23 0.21 

0.57 -51 14.60 131 0.03 
0.36 -87 10.60 lOS 0.04 
0.18 -151 5.23 77 O.OS 
0.25 136 2.86 47 0.15 
0.42 109 2.12 22 0.22 

0.42 -67 17.60 123 0.02 
0.26 -105 11.SO 101 0.04 
0.17 -169 5.27 74 O.OS 
0.26 131 2.86 48 0.15 
0.43 10S 2.12 21 0.22 

0.33 -82 18.66 117 0.02 
0.22 -120 11.54 98 0.03 
0.17 -171 5.16 72 O.OS 
0.28 129 2.80 45 0.15 
0.45 107 2.07 19 0.22 

0.28 -103 18.11 113 0.02 
0.22 -138 11.03 95 0.03 
0.20 169 4.94 71 O.OS 
0.32 128 2.68 43 0.15 
0.49 106 1.98 17 0.22 

0.31 -127 16.10 109 0.02 
0.26 -156 9.69 93 0.03 
0.26 160 4.32 69 0.07 
0.39 125 2.37 41 0.14 
0.55 104 1.73 15 0.21 

Table 1. Common Emitter S-Parameters, VCE = 5.0 V 

S1' ~, S'2 

IS"I L+ IS2,1 L+ IS121 

0.79 -33 9.36 144 0.03 
0.63 -56 7.97 124 0.04 
0.26 -117 4.87 66 0.07 
0.23 153 2.80 53 0.13 
0.38 116 2.09 26 0.19 

0.60 -48 14.87 132 0.02 
0.39 -79 11.06 110 0.03 
0.16 -135 5.38 79 0.07 
0.20 138 2.97 50 0.13 
0.37 111 2.21 25 0.20 

0.48 -61 18.20 124 0.02 
0.28 -94 11.94 102 0.03 
0.14 -154 5.45 76 0.07 
0.22 131 2.97 48 0.13 
0.38 109 2.21 24 0.20 

0.37 -72 19.38 119 0.02 
0.23 -105 11.97 99 0.03 
0.14 -172 5.36 74 0.07 
0.23 126 2.91 47 0.13 
0.40 lOS 2.16 22 0.20 

0.32 -66 19.40 115 0.02 
0.22 -119 11.67 97 0.03 
0.19 -176 5.28 74 0.06 
0.26 127 2.82 46 0.13 
0.43 107 2.09 21 0.19 

0.29 -103 18.29 112 0.02 
0.22 -135 10.86 95 0.03 
0.20 165 4.82 72 0.06 
0.31 125 2.63 44 0.12 
0.47 106 1.95 19 0.19 

Table 2. Common Emitter S-Parameters, VCE = 10 V 

L, I~I 

67 0.65 
58 0.70 
55 0.53 
51 0.42 
42 0.28 

65 0.75 
62 0.60 
62 0.48 
55 0.39 
42 0.25 

66 0.69 
66 0.56 
66 0.47 
57 0.39 
44 0.25 

67 0.66 
66 0.55 
67 0.48 
58 0.40 
45 0.27 

66 0.64 
70 0.55 
66 0.50 
60 0.42 
47 0.30 

67 0.64 
70 0.57 
70 0.53 
63 0.46 
51 0.34 

L, 18221 

66 0.88 
58 0.74 
57 0.60 
56 0.50 
48 0.38 

66 0.79 
63 0.65 
64 0.56 
59 0.47 
49 0.38 

66 0.74 
66 0.62 
67 0.55 
61 0.48 
50 0.36 

67 0.71 
66 0.61 
69 0.56 
62 0.48 
51 0.37 

66 0.70 
69 0.61 
70 0.57 
63 O.SO 
53 0.40 

66 0.70 
70 0.82 
72 0.59 
66 0.53 
55 0.43 

~ 

S22 

L+ 
-18 
-26 
-35 
-51 
-79 

-22 
-26 
-31 
-48 
-75 

-22 
-23 
-28 
-47 
-73 

-21 
-21 
-27 
-45 
-71 

-20 
-19 
-25 
-44 
-71 

-16 
-16 
-25 
-44 
-72 

L, 
-15 
-22 
-31 
-48 
-69 

-18 
-21 
-26 
-44 
-66 

-18 
-19 
-26 
-42 
-64 

-17 
-18 
-24 
-41 
-84 

-16 
-16 
-23 
-41 
-63 

-14 
-15 
-22 
-41 
-64 

MPS901 
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MOTOROLA 
• SEMICONDUCTOR 

TECHNICAL DATA 

The RF Line 
NPN Silicon 
High-Frequency Transistors 
· .. designed for low noise, wide dynamic range front-end amplifiers and 
low-noise veo's. Available in a surface-mountable plastic package, as well as 
the popular TO-226M (TO-92) package. This Motorola series of small-signal 
plastic transistors offers superior quality and performance at low cost. 

• High Gain-Bandwidth Product 
tr = 7.0 GHz (Typ) @ 30 rnA 

• Low Noise Figure 
NF = 1.7 dB (Typ) @ 500 MHz 

• High Gain 
GNF = 17 dB (Typ) @ 10 mA/SOO MHz 

• State-of-the-Art Technology 
Fine Line Geometry 
lon-Implanted Arsenic Emitters 
Gold Top Metallization and Wires 
Silicon Nitride Passivation 

MAXIMUM RATINGS 

Rating 

Collector-Emitter Voltage 

Collector-Base Voltage 

Emitter-Base Voltage 

Collector Current - Continuous 

Power Dissipation @ TA = 25°C 

Storage Temperature 

DEVICE MARKING 

MMBR911LT1 = 7P 

MPS911.MMBR911LT1 
2-72 

Symbol 

VCEO 

VCBO 

VEBO 

IC 

PD , 

Tstg 

MPS911 
MMBR911LT1 

MPS911 

625 

IC=60mA 
LOW NOISE 

HIGH-FREQUENCY 
TRANSISTORS 
NPNSILICON 

, 
CASE 29-04, STYLE 2 

TO-226AA 
(TO-92) 

'MPS911 

CASE 318-07, STYLE 6 
SOT-23 

LOW PROFILE 
MMBR911L 

I MMBR911LT1 

12 

20 

2.0 

60 

I 
200 

(Free Air) 

-55 to +150 

Unit 

Vdc 

Vdc 

Vdc 

rnA 

mW 

°c 

MOTOROLA RF DEVICE DATA 



ELECTRICAL CHARACTERISTICS (T C = 250C unless otherwise noted.) 

I Characteristic I Symbol . Min Typ 

OFF CHARACTERISTICS 

Coliector-EmlUer Breakdown Vollage V(BR)CEO 12 -
(IC = 1.0 rnA, IB = 0) 

Collector-Base Breakdown Voltage V(BR)CBO 20 -
(IC= 0.1 rnA, IE=O) 

Emitter-Base Breakdown Voltage V(BR)EBO 2.0 -
(IE=0.1 mA,IC=O) 

Collector Cutoff Current ICBO - -
(VCB = 15 Vdc, IE = 0) 

ON CHARACTERISTICS 

I DC Current Gain 
(IC = 30 mAde, VCE = 10 Vde) I. 

30 

DYNAMIC CHARACTERISTICS 

Collector-Base Capacitance Ceb - -
(VCB= 10Vdc,IE= 0, f= 1.0 MHz) 

Current Gain-Baildwidth Product MPS911 tr - 7.0 
(VCE'" 10Vdc,IC=30 mAde, f= 1.0 GHz) MMBR911LT1 - 6.0 

FUNCTIONAL TESTS 

Gain @ Noise Figure GNF 
(lC= 10 mAde, VCE= 10Vdc) MPS911 f=0.5GHz - 16.5 

f= 1.0GHz - 11 
MMBR911LT1 f=0.5GHz - 17 

Noise Agure 
(IC = 10 mAde, VCE = 10 Vde) 

MOTOROLA RF DEVICE DATA 

f= 1.0GHz - 11 

NF 
MPS911 f=0.5GHz - 1.7 

f= 1.0 GHz - 2.7 
MMBR911LT1 f=0.5GHz - 2.0 

I. 
" 

f= 1.0GHz - 2.9 

MPS911 

~ - -r-
./ ./ I-""" MMBR911L -r-

II' /' 

VCE=10V -
f=1GHz _ 

I I 
10 20 30 40 50 

IC, COLLECTOR CURRENT (rnA) 

Figure 1. Current Gain-Bandwidth versus 
Collector Current @ 1.0 GHz 

Max . Unit 

- Vde 

- Vde 

- Vdc 

50 nAde 

200 

1.0 pF 

- GHz 
-

dB 
-
-
-
-

dB 
-
-
-
-

MPS911.MMBR911 LT1 
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TO-92 MPS911 
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;' 

..... ~ -----
Cib 

1=1 MHz 
I 

2 

VBE. BASE-EMIITER VOLTAGE (Vdc) 

Figure 2. Input Capacitance versus 
Base-EmlHer Voltage 

TO-92 MPS911 

I 
1=1 MHz 

.......... --r- io- Cob 
........ ...... -~ Ccb 

2345678 

Vcb. COLLECTOR.JlASE VOLTAGE (Vdc) 

Figure 4. Output Capacitances versus 
Collector-Base Voltage 

TO-92 MPS911 
I I 

1=500 MHz -
1GHz --

3 

r---

9 10 

-

VCE=10V-

o o 10 20 30 40 

IC. COLLECTOR CURRENT (rnA) 

Figure 6. Gain at Noise Figure versus 
Collector Current 

MPS911.MMBR911LT1 
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50 

SOT-23 MMBR911LT1 
2.5 

" r-...... 

~ 
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2.5 
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~ 
<.> 
~ 1.5 
<.> 
!:; 

~ 
J 0.5 

j 
o 

:-..... 
" 

o 

20 

~ -- .... Cib 

1=1 MHz 
I 

I 
1 2 

VBE. BASE·EMITTER VOLTAGE (Vdc) 

Figure 3. Input Capacitance versus 
Base-EmiHer Voltage 

SOT-23 MMBR911LT1 

I 
1=1 MHz 

........... 
....... ,......, t-- Cob 

Ccb 

2345678 

Vcb. COLLECTOR.JlASE VOLTAGE (Vdc) 

Figure 5. Output Capacitances versus 
Collector-Base Voltage 

SOT-23 MMBR911LT1 

1=500 MHz 

...- -

-

3 

~ 

9 10 

",'" 

o o 

/ 

1 GHz .--, 

VCE=10V -

10 20 

IC. COLLECTOR CURRENT (rnA) 

Figure 7. Gain at Noise Figure versus 
Collector Current 

30 
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TO-92 MPS911 
5 

--
f~ -~ -- ..-

4 

"- -~ ~~ 

V 
.... ..-s;MHz 

-~ 

VCE=10V-
I 

10 20 30 40 50 

IC, COlLECTOR CURRENT (mA) 

Figure 8. Noise Figure versus Collector Current 

TO-92 MPS911 
25 5 

~ 
f"'. 1'-0.. 

I 4 
iIi" :s 
w ~~ ./ I-"'" ....... V 

3~ 
....... ~ 

w .,.. r-....... 
N!,. ~ ...... r--... 2~ 

o 
0.2 

30 

r-.... 

VCE=10V- 1 

Ic=10mA-
I 

0.3 0.5 1.5 

f, FREQUENCY (GHz) 

Figure 10. Gain at Noise Figure and Noise 
Figure versus Frequency 

TO-92 MPS911 
I 

VCE=10V-
IC=30mA_ 

o 
2 

I'....:: t"'-... 

10 

5 
0.2 

....... 
......... r-... GuMAX 

........ ~ 
152#' l""o ....... 

....... ~r-.. 
~ 

........... ~ 
........ 

0.3 0.5 1.5 2 

f, FREQUENCY (GHz) 

Figure 12. Maximum Unilateral Gain and 
Insertion Gain versus Frequency 
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z 
u: z 

iIi" :s 

4 

I!:! 3 
~ u. 
w 
~ 2 
z 
u: z 

o 

-J-'"' 

o 

SOT-23 MMBR911LT1 

-~ f=l~ -----~ -~ 
VCE=10V-

I I 
10 20 30 

IC, COLLECTOR CURRENT (mA) 

Figure 9. Noise Figure versus Collector Current 
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Figure 11. Gain at Noise Figure and Noise 
Figure versus Frequency 
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Figure 13. Maximum Unilateral Gain and 
Insertion Gain versus Frequency 
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TD-92 MPS911 

-j50 

FIgure 14. Input and Output Reflection Coefficients 
versus Frequency 

VCE=10V,lc=30mA 

veE Ie f 5" 
(Volta) (mA) (MHz) 1~11 ~. 

10 2.0 200 0.78 -46 
500 0.46 -107 
1000 0.30 172 
1500 0.41 118 
2000 0.60 89 

5.0 200 0.72 -55 
500 0.31 -107 
1000 0.18 178 
1500 0.27 122 
2000 0.45 94 

10 200 0.48 -64 
500 0.16 -100 
1000 0.09 165 
1500 0.22 112 
2000 0.41 90 

20 200 0.29 -67 
500 0.08 -92 
1000 0.06 144 
1500 0.20 108 
2000 0.38 89 

30 200 0.20 -70 
500 0.05 -97 
1000 0.07 138 
1500 0.20 109 
2000 0.38 90 

50 200 0.13 -78 
500 0.03 -145 
1000 0.11 126 
1500 0.24 105 
2000 0.43 87 

521 

15211 

4.42 
3.35 
2.23 
1.66 
1.43 

8.75 
5.23 
3.05 
2.22 
1.90 

12.79 
6.19 
3.45 
2.50 
2.14 

15.30 
6.76 
3.71 
2.65 
2.25 

16.04 
6.90 
3.76 
2.68 
2.28 

15.26 
6.48 
3.55 
2.56 
2.17 

-90" 

Figure 15. FolW8rd and Revarae Transmission 
CoeffIcients versus Frequency 

VCE = 10 V, IC = 30 mA 

~2 522 

~. 15,21 ~. 15221 ~. 

134 0.06 69 0.95 -18 
98 0.10 56 0.78 -30 
61 0.14 54 0.66 -48 
34 ·0.20 51 0.57 -70 
11 0.29 45 0.46 -107 

126 0.05 68 0.87 -23 
92 0.09 63 0.68 -31 
61 0.15 60 0.57 . -46 
38 0.22 52 0.50 -66 
17 0.30 43 0.38 -97 

114 0.04 73 0.74 -24 
85 0.09 71 0.60 -29 
59 0;17 63 0.50 -44 
36 '0.25 50 0.41 -65 
16 0.32 38 0.26 -98 

106 0.04 78 0.65 -23 
62 0.09 75 0.55 -27 
58 0.17 64 0.46 -43 
30 0.25 51 0.37 -63 
18 0.32 38 0.23 -94 

103 0.04 60 0.61 -22 
81 0.09 n 0.53 -25 
58 0.17 66 0.46 -41 
38 . 0.25 52 0.37 -61 
20 0.32 40 0.24 -91 

99 0.04 62 0.62 -18 
79 0.09 78 0.56 -23 
56 0.17 67 0.49 -40 
36 0.25 53 0.38 -62 
17 0.32 40 0.25 -95 

Table 1. Common Emitter S-Parametera 

MPS911-MMBR911LT1 
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SOT-23 MMBR911LT1 

-J50 

Figure 16. Input and Output Reflection Coefficients 
versus Frequency 

VCE = 10 V, IC = 30 rnA 

VCE IC f S11 

(Volts) (mA) (MHz) IS111 LejI 

10 2.0 200 0.82 -45 
500 0.60 -96 
1000 0.47 -149 
1500 0.46 -179 
2000 0.47 162 

5.0 200 0.66 -63 
500 0.43 -117 

1000 0.37 -163 
1500 0.38 176 
2000 0.40 160 

10 200 0.49 -83 
500 0.33 -134 
1000 0.32 -171 
1500 0.35 173 
2000 0.37 159 

20 200 0.36 -103 
500 0.28 -149 
1000 0.29 -176 
1500 0.33 172 
2000 0.36 158 

30 200 0.32 -114 
500 0.27 -156 
1000 0.29 -178 
1500 0.34 170 
2000 0.37 156 

18211 

4.14 
3.23 
2.16 
1.59 
1.35 

8.63 
5.29 
3.05 
2.17 
1.81 

12.70 
6.42 
3.53 
2.46 
2.04 

15.25 
6.95 
3.73 
2.60 
2.14 

15.64 
6.92 
3.71 
2.58 
2.13 

S21 

+90" 

-90" 

Figure 17. Forward and Reverse Transmission 
Coefficients versus Frequency 

VCE=10V, IC=30 rnA 

S12 822 

LIj> IS121 LIj> 18221 LIj> 

145 0.06 66 0.88 -16 
112 0.09 49 0.71 -27 
85 0.11 49 0.62 -34 
71 0.13 55 0.58 -43 
57 0.16 62 0.56 -51 

134 0.05 64 0.75 -25 
100 0.07 58 0.55 -31 
82 0.11 63 0.48 -36 
70 0.15 65 0.45 -44 
57 0.19 65 0.43 -51 

124 0.04 65 0.62 -30 
94 0.07 66 0.44 -32 
80 0.12 70 0.41 -36 
69 0.16 69 0.38 -45 
58 0.20 66 0.35 -52 

114 0.03 69 0.52 -32 
90 0.06 72 0.39 -30 
78 0.12 73 0.37 -35 
68 0.17 71 0.34 -43 
58 0.21 67 0.32 -52 

109 0.03 71 0.49 -29 
88 0.06 73 0.38 -27 
78 0.12 74 0.37 -33 
68 0.16 72 0.34 -44 
57 0.21 68 0.32 -51 

Table 2. Common Emitter S-Parameters 
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MOTOROLA 
- SEMICONDUCTOR 

TECHNICAL DATA 

The RF Line 
NPN Silicon 
High-Frequency Transistor 

MAXIMUM RATINGS 

Rating Symbol Value 

Collector-Emitter Voltage VCEO 30 

Collector-Base Voltage VCBO 55 

Emitter-Base Voltage VEBO 3.5 

Collector Current - Continuous IC 0.4 

Total Device Dissipation @ TA = 25°C Po 625 
Derate above 25°C 5.0 

Total Device Dissipation @ Tc = 25°C Po 1.5 
Derata 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 RaJc 83.3 

Thermal Resistance, Junction to Ambient RaJA 200 

Unit 

Vde 

Vde 

Vde 

Ade 

mW 
mW/"C 

Watts 
mW/"C 

°C 

Unit 

0c/w 

0CfW 

ELECTRICAL CHARACTERISTICS (T A = 250C unless otherwise noted.) 

I Characteristic 

OFF CHARACTERISTICS 

Collector-Emitter Breakdown Voltage 
(IC = 5.0 mAde, RBE = 100) 

Collector-Emitter Sustaining Voltage 
(IC = 5.0 mAde, IB = 0) 

Emitter-Base Breakdown Voltage 
(IE = 100 !lAde, IC = 0) 

Collector Cutoff Current 
(VCE = 28 Vde, IB = 0) 

Collector Cutoff Current 
(VCE = 30 Vde, VBE = -1.5 Vde (Rev.), TC = 150°C) 
(VCE = 55 Vde, VBE = -1.5 Vde (Rev.) 

Emitter Cutoff Current 
(VBE = 3.5 Vde, IC = 0) 

ON CHARACTERISTICS 

DC Current Gain 
(IC = 360 mAde, VCE = 5.0 Vde) (1) 
(IC = 50 mAde, VCE = 5.0 Vde) 

Collector-Eml~r Saturation Voltage 
(IC = 100 mAde, IB = 20 mAde) 

MPS3866 
2-78 

Symbol 

V(BR)CER 

VCEO(sus) 

V(BR)EBO 

ICEO 

ICEX 

lEBO 

hFE 

VCE(sat) 

MPS3866 

IC =400 mA 
HIGH-FREQUENCY 

TRANSISTOR 
NPNSILICON 

I 
CASE 29-04, STYLE 1 

TO-226AA 
(TO-92) 

Min Max 

55 -

30 -

3.5 -

- 0.02 

- 5.0 
- 0.1 

- 0.1 

5.0 -
10 200 

- 1.0 

Unit 

Vde 

Vde 

Vde 

mAde 

mAde 

mAde 

-

Vdc 

(continued) 

MOTOROLA RF DEVICE DATA I 



ELECTRICAL CHARACTERISTICS - continued (T A = 25"C unless otherwise noted.) 

I CharacIarI8IIc I Symbol 

SMALL-8IGNAL CHARACTERISTICS 

Current·Gain - Bendwldth Product tr 
(IC = 50 mAde, VCE" 15 Vdc, f= 200 MHz) 

Output CepacItance Cabo 
(VCB=28Vdc,IE= 0, f= 1.0 MHz) 

FUNCTIONAL TEST 

Amplifier Power Gain Gpe 
(VCC=28Vde, Pout = 1.0 W, f=4OO MHz) 

Collector Efficiency 1\ 
(Vcc = 28 Vdc, Pout = 1.0 W, f .. 400 MHz) 

NOTE: 
1. Pulse Test Pulse Width :s; 300 JUI, Duty Cycle :s; 2.0%. 

MOTOROLA RF DEVICE DATA 

Min Max 

500 -

- 3.0 

10 -

4S -

Unit 

MHz 

pF 

dB 

% 

MPS3866 
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II 

MOTOROLA 
• SEMICONDUCTOR 

TECHNICAL DATA 

The RF Line 
UHF Power Transistor 
• •• designed primarily for wideband, large-signal output and driver amplifier 
sta~ to 1000 MHz. 
• Designed for Class A Unear Power Amplifiers 
• Specified 19 Volt, 1000 MHz Characteristics: 

Output Power - 7.0 Watts 
Power Gain - 9.0 dB Min, Small-Signal 

• Built-In Matching Network for Broadband Operation 
• Gold Metallization for Improved Reliability 
• Diffused Ballast Resistors 

MAXIMUM RATINGS 

RatIng Symbol value Unit 

Collector-Emitter Vollage VCEO 28 Vdc 

Collector-Base Voltage VCBO 50 Vdc 

Emitter-Base Voltage VEBO 3.5 Vile 

Total Device Dissipation @ t C = 25"0 Po 42 watts 
Derate above 25"0 0.25 W/"C 

Operating Junction Temperature TJ 200 "0 

Storage Temperature Range Tstg -65 to +150 "0 

THERMAL CHARACTERISTICS 

Characterietic 

Thermal Resistance, Junction to Cese (T C = 70"0) 

ELECTRICAL CHARACTERISTICS 

Characteristic Symbol 

OFF CHARACTERISTICS 

Collector-Emitter Breakdown Voltalle (lc = 20 rnA, IB = 0) V(BR)CEO 

Collector-Emitter Breakdown Voltage (IC = 20 rnA, VBE = 0) V(BR)CES 

Collector-Base Breakdown Voltege (IC = 20 rnA, IE = 0) V(BR)CBO 

Emitter-Base Breakdown Voltage (IE = 5.0 rnA, IC = 0) V(BR)EBO 

CoIlectorCutofl Current (VCB= 19V, IE = 0) ICBO 

ON CHARACTERISTICS 

Min 

28 

50 

50 

3.5 

-

I DC Current Gain (IC = 1.0 A, VCE = 5.0 V) hFE I 20 

DYNAMIC CHARACTERISTICS 

I Output Capacitance (VCB = 24 V, IE = 0, f = 1.0 MHz) 

FUNCTIONAL TESTS 

Common-Emiller Amplifier Small-Slgnai GaIn 
(Vce= 19 V, f= 1.0 GHz,lC = 1.2 A) 

Load Mismatch 
(VCE= 19V,IC= 1.2 A, Pout = 7.0W, f= 1.0 GHz, 
Load VSWR = 00:1, All Phese Angles) 

Overdrive (VCE= 19 V,IC= 1.2A, f= 1.0GHz) 
(No degradation) 

Output Power, 1.0 dB Compression Point 
(VCE= 19 V, f= 1.0 GHz,IC= 1.2 A) 

MRA1fJOO..7L 
2-80 

Cob 

GSS 9.0 

11' 

PJllover -
Poi dB 7.0 

MRA1000-7L 

9.,0 dB, TO 1000 MHz 
7.0 WATTS BROADBAND 
UHFPOW£R~~R 

CASE 1450, STYLE 1 
(.380SOE) 

Max 

4.0 

Max Unit 

- - Vdc 

- - Vdc 

- - Vdc 

- - Vdc 

- 15 mAde 

90 

22 pF 

10 - dB 

No Degradation in Oulput Power 

- 3.5 W 

- - W 

MOTOROLA RF DEVICE DATA 



VCE 
(Volta) 

19 

10 

9 
8 

7 
6 

5 
4 

3 
2 

IC 
(mA) 

1200 

Freq. 
(MHz) 

500 
600 
700 
800 
900 

1000 

,/ 

V 
/ 

f 
(GHz) 

0.5 
0.6 
0.7 
0.8 
0.9 
1.0 

/" 
~ 

/' 

TYPICAL CHARACTERISTICS 

811 821 812 ~ 

Mag L+ Mag L+ Mag L+ Mag L+ 
0.95 174 1.08 56 0.02 48 0.70 -179 
0.94 173 1.01 48 0.03 47 0.70 -In 
092 171 0.97 38 0.03 45 0.71 -176 
0.90 169 0.97 26 0.03 40 0.72 -175 
0.87 168 0.99 11 0.03 32 0.76 -174 
0.83 168 0.99 -9.0 0.03 30 0.82 -174 

Table 1. Common Emitter &-Parameters 

ZOOL(Ohms) ZiN(OhmB) 
He 1m He 1m 

8.69 -0.51 1.30 2.53 
8.69 -1.14 1.59 3.01 
8.39 -1.74 2.05 3.88 
8.01 -2.21 2.67 4.63 
7.00 -2.74 3.40 5.19 
4.95 -2.64 4.61 5.17 

Vee = 19V. Po=7.0W 

Table 2. liN and ZoL * versus Frequency 

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

V 
0.2 0.4 0.6 0.8 1 1.2 1.4 

Pin. INPUT POWER (WATTS) 

Figure 3. Power Output versus Power Input 

MOTOROLA RF DEVICE DATA 

-48 -1 
Vee = 19 V. Po = 7.0 W. Zo = 50 Ohms 

Figure 4. Series Equivalent InputlOutput 
Impedance 

MRA100G-7L 
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RF 
IN 

_L_l_ 

MRA10D0-7L 
2-82 

L2 

ZI 
ca 

C9 

L 1 - 7T, 20 Gauge on 200 Mil Ferrite TOROId 
L2 - 7T, 20 Gauge, 100 Mil Dia. 
L.3 - ST, 20 Gauge, 100 Mil Dia. 
L4 - BT, 20 Gauge, on 200 Mil Ferrite Torroid 
R1, R2-150hm, 1/4 Watt 
C1, C2-500 pFATC 
C3 - 25 F, EJectroIyUc 
C4 - 3.3 pF ATC 
C5 - 5.6 pF ATC 
C6-1.6pFATC 

1.3 

ca-33 pF ATC 

L4 

~~:, 

C13 1l1JJ 

09, C13 - 0.3-1.3 pF Johanson 
C10-6.2pFATC 
C11-1~0-16pFJohanson 
C12-3.0pFATC 
C14-33 pF ATC 
C15-18pFATC 
T1, T2 - 50 Ohm, t = 2000 Mils 
Z1 -12.5 Ohm, t = 914 Mils, 32 Mil, Teflon (Er = 2.55) 
Z2 -12.5 Ohm, t = 2392 Mils, 32 Mil, Teflon (Er = 2.55) 

C7 -1.2 pF ATC 
Figure 5. 1.0 GHz Teat Circuit 

r---------------~------------_1----_1----_4r_-------~u~~ 

3xll0 
5W 

t----~----~---__eV~ 

TlP41 

4.70 
t---------'\Mt------__e VBIAS 

Figure 6. Bias Circuit 
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Board Material =.1132", Glass Teflon, K = 2.55 

Figure 7. Test Circuit Mask 
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(Not to Scale) 
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II 

MOTOROLA 
• SEMICONDUCTOR 

TECHNICAL DATA 

The RF Line 
UHF Power Transistor 
• .. designed primarily lor wideband, large-signal output and driver amplifier 
stages to 1000 MHz. 

• Designed lor Class A Unear Power Amplifiers 
• Specified 19 Volt, 1000 MHz Characteristics: 

Output Power-14 Watts 
Power Gain - 8.0 dB, Small-Signal 

• Built-In Matching Network lor Broadband Operation 

• Gold Metallization lor Improved Reliability 

• Diffused Ballast Resistors 

MAXIMUM RATINGS 

Rating 

CoIlector-Emltter Voltage 

COllector-Base Voltage 

Emitter-Base Voltage 

Total Device Dissipation @ T C = 250C 
Derate above 25°C 

Operating Junction Temperature 

Storage Temperature Range 

THERMAL CHARACTERISTICS 

Characteristic 

Thermal Resistance, Junction to Case (T C = 70OC) 

ELECTRICAL CHARACTERISTICS 

Characteristic 

OFF CHARACTERISTICS 

Collector-Emitter Breakdown Voltage (IC = 25 mA, IB = 0) 

Collector-Emitter Breakdown Voltage (IC = 25 mA, VBE = 0) 

Collector-Base Breakdown Voltage (IC = 25 mA, IE = 0) 

Emitter-Base Breakdown Voltage (IE = 5.0 mA, IC:= 0) 

Collector Cutoff Current (VCB = 19 V, IE = 0) 

ON CHARACTERISTICS 

DC Current Gain (IC = 1.0 A, VCE = 5.0 V) 

MRA100o-14L 
2-84 

Symbol 

V(BR)CEO 

V(BR)CES 

V(BR)CBO 

V(BR}EBO 

ICBO 

Symbol 

VCEO 

VCBO 

VEBO 

Po 

TJ 

Tstg 

Min 

28 

50 

50 

3.5 

-

20 

MRA1000·14L 

8.0 dB, TO 1000 MHz 
14 WATTS BROADBAND 

UHF POWER TRANSISTOR 

CASE 145D, STYLE 1 
(.380SOE) 

Value 

28 

50 

3.5 

83 
0.48 

200 

-65 to +150 

Max 

2.1 

Typ Max 

- -
- -
- -
- -
- 20 

90 

Unit 

Vdc 

Vdc 

Vdc 

Watts 
wrc 

OC 

OC 

Unit 

Vdc 

Vdc 

Vdc 

. Vdc 

mAde 

(continued) 
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ELECTRICAL CHARACTERISTICS - continued 

Characteristic Symbol Min Unit 

DYNAMIC CHARACTERISTICS 

I Output Capaci1ance (VCB = 24 V, Ie = 0, f = 1.0 MHz) Cob 40 pF 

FUNCTIONAL TESTS 

Convnon-Emltter Amplifier Sma11-8ignal Gain GSS 8.0 - - dB 
(Vce= 19V, Pin = 1.0 mW, f= 1.0GHz,IC=2.4A) 

Load Mismatch 'II 
(Vce = 19 V, IC = 2.4 A, Pout = 14 W, f = 1.0 GHz, No Degradalion In Output Power 
Load VSWR = 00:1, All Phase Angles) 

Overdrive (VeE = 19V,le= 2.4 A, f= 1.0GHz) Pinover - - 7.0 W 
(No degradation) 

Output Power, 1.0 dB Compression Point Pol dB 14 - - W 
(Vee = 19V, f= 1.0GHz,le = 2.4 A) 

TYPICAL CHARACTERISTICS 

.-""'" JX 

V VCC~19V 
Po~14W 

VCC=19V 
~ Po=14W -

-""" R 

..... R_ -
°800 850 900 850 1000 °800 850 900 850 1000 

f, FREQUENCY (MHz) f, FREQUENCY (MHz) 

Figure 1. Input Impedance versus Frequency Figure 2. Output Impedance versus Frequency 

Vce IC f S" 521 512 Sz2 
(Volts) (mA) (GHz) Mag L+ Mag L+ Mag L+ Mag L+ 

19 2400 0.5 0.98 175 0.56 57 0.02 69 0.84 In 
0.6 0.97 174 0.53 50 0.02 69 0.83 In 
0.7 0.96 173 0.50 41 0.03 66 0.83 176 
0.8 0.96 172 0.52 39 0.03 64 0.83 176 
0.9 0.94 168 0.50 18 0.03 58 0.83 176 
1.0 0.91 165 0.52 1.0 0.03 60 0.65 175 

Table 1. Common Emitter 8-Paremeters 

MOTOROLA RF DEVICE DATA MRA10G0-14L 
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MOTOROLA 
• SEMICONDUCTOR 

TECHNICAL DATA 

The RF Line 
Microwave Power Transistor 
• .• designed primarily for wideband, large-signal output and driver amplifier 
stages in the 1.4 to 1.7 GHz frequency range. . 

• Designed for Class C, Common Base Power Amplifiers 

• Specified 28 Volt, 1.7 GHz Characteristics: 
Output Power - 2.0 to 25 Watts 
Power Gain - 7.0 to 8.0 dB Min 
Collector Efficiency - 40 to 45% Min 

• Built-In Matching Network for Broadband Operation 

• Gold Metallization for Improved Reliability 

• Diffused Ballast Resistors 

MAXIMUM RATINGS 

Rating Symbol 

Collector-Base Voltage VCES 

Emitter-Base Voltage VEBO 

Collector Current - Continuous IC 

Operating Junction Temperature TJ 

Storage Temperature Range Tstg 

THERMAL CHARACTERISTICS 

Characteristic 

Thermal Resistance, RF, Junction to Case 

ELECTRICAL CHARACTERISTICS 

Characteristic 

OFF CHARACTERISTICS 

Collector-Emitter Breakdown Voltage 
(IC = 40 mA, VBE = 0) 

Emitter-Base Breakdown Voltage 
(IE = O.S mA, IC=O) 

Collector Cutoff Current 
(VCB=28 V, IE =0) 

ON CHARACTERISTICS 

I DC Current GaIn 
(IC = 0.2 A, VCE = S.O V) 

DYNAMIC CHARACTERISTICS 

output capacitance 
(VCB=28 V, IE = 0, f=1.0 MHz) 

FUNCTIONAL TESTS 

Common-Base Amplifier Power Gain 
(VCE=28 V, Pout = 6.0W, f= 1.4& 1.7 GHz) 

Collector Efficiency 
(VCE=28V, Pout = 6.0 W, f= 1.4& 1.7GHz) 

MRA1417-6 
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Value Unit 

SO Vdc 

3.S Vdc 

1.0 Ado 

200 "C 

-65 to +150 OC 

Symbol 

V(BR)CES 

V(BR)EBO 

ICBO 

GpB 

tic 

Min 

50 

3.S 

-

10 

7.4 

40 

MRA1417-& 

7.0 to 8.0 dB 
1.4 to 1.7 GHz 

2.0 TO 25 WATTS BROADBAND 
MICROWAVE POWER TRANSISTOR 

CASE 394, STYLE 1 
(MRA.2S) 

Max 

8.0 

Max 

- -

- -

- 1.0 

100 

- -

- -

Unit 

Vdc 

Vdc 

mAdc 

dB 

% 

MOTOROLA RF DEVICE DATA 
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0.8 
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0.1 
1.4 
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TYPICAL CHARACTERISTICS 

MRA1417-6 - 6.0 WATTS BROADBAND 

W P;n=1.lW-~.0.9 .- 58 

/' 
0.7W r--

r-- 0.5W 

O.4W 

O.3W 

~ 
56 

~ 
z 
w 
Q 54 
u.. 
u.. 
w 

/ 
/ 

/ 
II 

" , 
Pin =0.9 W 

/ 
.:; 
I=" 

52 \ L 

1.45 1.5 1.55 1.6 
t, FREQUENCY (GHz) 

1.65 1.7 
50 

1.4 

"- / 
1.45 1.5 1.55 1.6 1.65 

t, FREQUENCY (GHz) 

Figure 1. Power Output versus Frequency Figure 2. Efficiency versus Frequency 

Figure 3. Series Equivalent InpuUOutput Impedance 
VCC=28V 

1.7 
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100 

<[" 
~ 10 
x 
r:@ 
:J: 

'@, 
::::. 
a: 

~ 0.1 
u; 

~ 0.01 

The graph shown below displays MTTF In hours x ampere2 
emitter current for each of the devices. Ute tests at elevated 
temperatures have correlated to better than ±10% to the 
theoretical prediction for metal failure. Sample MTTF calcula
Hons based on operating conditions are included below. 

....... 

....... 

......... 
~ 

......... 

.......... 

90 110 130 tSO 170 190 

T J. JUNCTION TEMPERATURE (OC) . 

Figure 4. MTTF Factor 
(Normalized to 1.0 Ampere2 Continuous Duty) 

210 

MRA1417-6 
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Board material: 18 mil dielectric thickness teflon fiberglass. 
"Ground through to backside ground plane. 
(1) Bypass 100 pF chip capacitor. 
(2) Vee bypassed by 0.1 I1f' chip and 5.0 I1f' electrolytic. 

Figure 5. Test Circuit Boards (Not to Scale) 
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MOTOROLA 
• SEMICONDUCTOR 

TECHNICAL DATA 

The RF Line 
Microwave Power Transistor 
· .. designed primarily for wideband, large-signal output and driver amplifier 
stages in the 1.7 to 2.0 GHz frequency range. 

• Designed for Class C, Common Base Power Amplifiers 

• Specified 22 Volt, 2.0 GHz Characteristics: 
Output Power - 2.0 to 20 Watts 
Power Gain - 6.0 to 7.5 dB Min 
Collector Efficiency - 35 to 40%, Min 

• Built-In Matching Network for Broadband Operation 

• Gold Metallization for Improved Reliability 

• Diffused Ballast Resistors 

MAXIMUM RATINGS 

Rating Symbol 

COllector-Base Voltage VCES 

Emitter-Base Voltage VEBO 

Collector Current - Continuous IC 

Operating Junction Temperature TJ 

Storage Temperature Range Tstg 

THERMAL CHARACTERISTICS 

Characteristic 

Thermal Resistance, RF, Junction to Case 

ELECTRICAL CHARACTERISTICS 

Characteristic 

OFF CHARACTERISTICS 

Collector-Emitter Breakdown Voltage 
(IC = 160 rnA, VBE = 0) 

Emitter-Base Breakdown Voltage 
(iE= 2.0 rnA, IC=O) 

Collector Cutoff Current 
(VCB = 22 V, IE = 0) 

ON CHARACTERISTICS 

DC Current Gain 
(IC = O.B A, VCE = 5.0 V) 

DYNAMIC CHARACTERISTICS 

Output Capacitance 
(VCB= 2B V, IE = 0, f= 1.0 MHz) 

FUNCTIONAL TESTS 

Common-Base Amplifier Power Gain 
(VCE = 22 V, Pout = 20 W, f = 1.7 & 2.0 GHz) 

Collector Efficiency 
(VCE=22 V, Pout = 20 W, f = 1.7 &2.0 GHz) 

NOTE: 
1. Not measurable because of output matching network. 

MOTOROLA RF DEVICE DATA 

Value Unit 

42 Vdc 

3.5 Vdc 

B.O Adc 

200 DC 

-65 to +150 DC 

Symbol 

V(BR)CES 

V(BR)EBO 

ICBO 

GpB 

TIc 

Min 

42 

3.5 

-

6.0 

40 

MRAL 1720·20 

6.0 to 7.5 dB 
1.7to 2.0 GHz 

2.0 TO 20 WATTS BROADBAND 
MICROWAVE POWER TRANSISTOR 

CASE 394, STYLE 1 

Max 

2.5 

Typ Max 

- -

- -

- 4.0 

- -

- -

Unit 

Vdc 

Vdc 

mAdc 

dB 

% 

MRAL 1720-20 
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TYPICAL CHARACTERISTICS 

Pin=5W 

4W -
3W -2W 

1~ 1~ 2 
t, FREQUENCY (GHz) 

Figure 1. Power Output versus Frequency Figure 2. Series Equivalent Input/Output Impedance 
VCC=22V 

MRAL 1720-20 
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z 
!!l 
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1~ 1~ 

t, FREQUENCY (GHz) 

Figure 3. EffIciency versus Frequency 
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100 

The graph shown below displays MTTF In hours x ampere2 
emitter current for each of the devices. life tests at elevated 
temperatures have correlated to better than ±10% to the 
theoretical prediction for metal failure. Sample MTTF calcula
tions based on operating conditions are included below. 

........ 

~ 

90 110 130 150 170 190 210 

T J, JUNCTION TEMPERATURE (OC) 

Figure 4. MTTF Factor versus Junction Temperature 

'Foil wrap or plate around to ground plane. 1) Cl, C5 '" 0.1 J.lF chip capacitor 
(1) Bypass capacitor to ground (100 pF ceramic chip). 
(2) Use VCC bypass of 100 pF chip, 0.1 J.lF chip and 5.0 J.lF. 
Board material 0.020 inch glass teflon Er '" 2.55. 

2) C2, ca, C4 '" 120 pF 
3) C6", 100 pF (ATC) 
4) C7 '" 50 J.lF 50 WV Electrolytic 
5) , '" 1.0 mil Shim thru ground plane 
6) Material", GlasslTeflon 

Er",2.55 
Thickness", .020 in. 
1.0 oz copper 

Figure 5. Test Circuit Board Photomaster (Not to Scale) 
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• 

MOTOROLA 
• SEMICONDUCTOR 

TECHNICAL DATA 

The RF Line 
Microwave Power Transistors 
· .. designed primarily for wideband, large-signal output and driver amplifier 
stages in the 2.0 - 2.3 GHz frequency range. 
• Designed for Class C, Common Base Power Amplifiers 
• Specified 22 Volt, 2.3 GHz Characteristics: 

Output Power -1.5 to 12 Watts 
Power Gain - 6.8 to 8.0 dB Min 
Collector Efficiency - 35 to 40% Min 

• Built-In Matching Network for Broadband Operation 
• Gold Metallization for Improved Reliability 
• Diffused Ballast Resistors 

MAXIMUM RATINGS 

Rating Symbol 

Collector-Base Voltage VCES 

Emltter-Bese Voltage VEBO 

-3 I -6 Unit 

42 Vdc 

3.5 Vdc 

Collector Current - Continuous IC 0.5 J 1.25 Adc 

Operating Junction Temperature TJ 200 ·C 

Storage Temperature Range Tstg -65 to +150 ·C 

THERMAL CHARACTERISTICS 

Characteristic 

Thermal Resistance, Junction to Case 

ELECTRICAL CHARACTERISTICS 

Characteristic 

OFF CHARACTERISTICS 

Collector-Emitter Breakdown Voltage 
(IC = 20 rnA, VBE = 0) 
(IC = 50 rnA, VBE = 0) 

Emitter-Base Breakdown Voltage 
(IE = 0.4 mA, IC = 0) 
(IE = 1.0 mA, IC = 0) 

Collector Cutoff Current 
(VCB = 22 V, IE = 0) 

ON CHARACTERISTICS 

DC Current Gain 
(Ie = 0.2 A, VCE = 5.0 V) 
(IC = 0.5 A, VCE = 5.0 V) 

DYNAMIC CHARACTERISTICS 

Output Capacltanes 
(VCB = 22 V, IE = 0, f = 1.0 MHz) 

FUNCTIONAL TESTS 

Common-Base Amplifier Power Gain 
(VeE = 22 V, Pout = 3.0 W, , = 2.0 & 2.3 GHz) 
(VeE = 22 V, Pout = 6.0 W, , = 2.0 & 2.3 GHz) 

Collector Efficiency 
(VCE = 22 V, Pout = 3.0 W, , = 2.0 & 2.3 GHz) 
(VCE = 22 V, Pout = 6.0 W. , = 2.0 & 2.3 GHz) 

MRAL2023-3.MRAL2023-6 
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Symbol 

MRAL2023-3 
V(BR)CES 

MRAL2023-6 

MRAL2023-3 
V(BR)EBO 

MRAL2023-6 

MRAL2023-3 ICBO 
MRAL2023-6 

I 
hFE 

MRAL2023-3· 
MRAL2023-6 

MRAL2023-3 
MRAL2023-6 

GpB 
MRAL2023-3 
MRAL2023-6 

11c 
MRAL2023-3 
MRAL2023-6 

I 

Min 

42 
42 

3.5 
3.5 

-
-

10 
10 

8.0 
6.8 

40 
40 

MRAL2023·3 
MRAL2023·6 

6.S10 S.OdB 
2.0-2.3GHz 

1.5 TO 12 WAITS BROADBAND 
MICROWAVE POWER TRANSISTORS 

I 

CASE 394, STYLE 1 
(MRA.25) 

Typ Max 

- -
- -

- -
- -
- 0.5 

- 1.25 

I I , 90 
90 

- -
- -

- -
- -

Unit 

Vdc 

Vdc 

mAde 

dB 

% 

MOTOROLA RF DEVICE DATA 



I 

O.3W O.4W 

J 

O.25W 

O.2W 

2.05 2.1 2.15 2.2 
t. FREQUENCY (GHz) 

TYPICAl- CHARACTERISTICS 
MRAL2023-3 

I 
I'in=O.5W -

2.25 2.3 

Figure 1. Power Output versus Frequency Figure 2. Series Equivalent Input/Output Impedance 
VCC=22V 
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<3 
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~ 
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45 

44 

43 

42 

/' 
/ 

41 / 
'I 

40 
2 2.05 

............. 

~ I1n=O.5W 

2.1 2.15 2.2 2.25 

t, FREQUENCY (GHz) 

Figure 3. Efficiency versus Frequency 
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13 
6 

fi) 4 
~ 
~ 2 

~ 1 
0.8 

~ 0.6 
4. 0.4 

~ 
a: 0.2 

2.05 

P;n=1.2W 
O.95W 

O.76W 

I 
O.6W 

2.1 2.15 22 
f. FREQUENCY (GHz) 

TYPICAL CHARACTERISTICS 
MRAL2023-6 

.-"" 

2.25 2.3 

Figure 4. Power Output versus Frequency Figure 5. SerIes Equivalent InputlOutput Impedance 
VCC=22V 
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Figure 6. EffIciency versus Frequency 
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The graph shown below displays MTTF in hours x ampere2 
emitter current for each of the devices. Life tests at elevated 
temperatures have correlated to better than ±10% to the 
theoretical prediction for metal failure. Sample MTTF calcula
tions based on operating conditions are included below. 

<[" 
~ 1,000,000 ..... .....-"""1<---1----1---+---+---1---1 
x 
~ 
:r 
co g 
a: 
f2 
~ 

~ 

140 160 180 200 

TJ, JUNCTION TEMPERATURE (0C) 

Figure 7. MTTF Factor versus Junction Temperature 
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~ MRAL2023-3 "'lIt 

CERAMIC CHIP 

1+--1 6 -+I 

~ MRAL2023-6 "'IIt .. === 

Figure 8. Test Circuit Boards (Not to Scale) 
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• 

MOTOROLA 
• SEMICONDUCTOR 

TECHNICAL DATA 

The RF Line 
Microwave Power Transistor 
· •• designed primarily for wideband, large-signal output and driver amplifier 
stages in the 2.0 - 2.3 GHz frequency range. 

• Designed for Class C, Common Base Power Amplifiers 

• Specified 22 Volt, 2.3 GHz Characteristics: 
Output Power - 18 Walls 
Power Gain - 7.0 dB Min 
Collector Efficiency - 35%, Min 

• Built-In Matching Network for Broadband Operation 

• Gold Metallization for Improved Reliability 

• Diffused Ballast Resistors 

MAXIMUM RATINGS 

Rating Symbol 

Collector-Base Voltage VCES 

Emitter-Base Voltage VEBO 

Collector Current - Continuous IC 

Operating Junction Temperature TJ 

Storage Temperature Range Tstg 

THERMAL CHARACTERISTICS 

Rating 

Thermal Resistance, Junction to Case 

Value Unit 

42 Vdc 

3.5 Vdc 

4.0 Adc 

200 ·C 

-65 to +150 ·C 

ELECTRICAL CHARACTERISTICS (TC = 2500 unless otherwise noted.) 

Characteristic Symbol 

OFF CHARACTERISTICS 

Collector-Emitter Breakdown Voltage 
(lc = 160 mA, VBE = 0) 

Emitter-Base Breakdown Voltage 
(IE = 2.0 mA, IC = 0) 

Collector Cutoff Current 
(VCB= 22 V, IE = 0) 

ON CHARACTERISTICS 

DC Current Gain 
(IC = SOO mA, VCE = 5.0 V) 

FUNCTIONAL TESTS 

Common-Base Amplifier Power Gain 
(VCE= 22 V, Pout = 18 W, 1=2.0 &2.3 GHz) 

Collector Efficiency 
(VCE =22V, Pout = 1SW, f= 2.0 & 2.3 GHz) 

MRAL2023-18 
2-96 

V(BR)CES 

V(BR)EBO 

ICBO 

GpB 

TIc 

Min 

42 

3.5 

-

7.0 

35 

MRAL2023-18 

7.0 dB 
2.0-2.3GHz 

18 WATTS BROADBAND 
MICROWAVE POWER TRANSISTOR 

CASE 394, STYLE 1 
(MRA.25) 

Value 

2.5 

Typ Max 

- -

- -

- 4.0 

- -

- -

Unit 

Vdc 

Vdc 

mAdc 

dB 

% 

MOTOROLA RF DEVICE DATA 



TYPICAL CHARACTERISTICS 

The graph shown below displays MTTF In hours x ampere2 
emitter current for each of the devices. Life tests at elevated 
temperatures have correlated to better than ±10% to the 
theoretical prediction for metel failure. Divide MTTF by IC2 for 
MTTF in a particular application. 

O.OO17!"O--90~--1,1,10::--.,I:130""""-"!150:-O--~17!:::O'-----:11::90:-----=!210 
T J. JUNCTION TEMPERATURE (OC) 

MOTOROLA RF DEVICE DATA 

Figure 1. MTTF Factor versus Junction 
Temperature 

(Not to Scale) 

Board material - 0.018" dielectric thickness teflon fiberglass • 
• - Ground area to backside of board. 
C1. C2. C3 -100 pF porcelain ceramic chip. 
C4 - 0.1 I1F ceramic chip. 
C5 - 50 I1F. 50 V electrolytic. 
RFC1 - 5 tums #28 AWG. -0.125" dia. 

Figure 2. Test Circuit Boards 

MRAL2023-18 
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II 

MOTOROLA 
• SEMICONDUCTOR 

TECHNICAL DATA 

The RF Line 
Microwave Power Transistors 
· .. designed primarily for wideband, large-signal output and driver amplifier 
stages in the 2.3 - 2.7 GHz frequency range. 

• Designed for Class C, Common Base Power Amplifiers 

• Specified 22 Volt, 2.7 GHz Characteristics: 
Output Power - 1.3 to 12 Watts 
Power Gain - 5.5 to 6.8 dB Min, Common Base 
Collector Efficiency - 30 to 40% Min 

• Built-In Matching Network for Broadband Operation 

• Gold Metallization for Improved Reliability 

• Diffused Ballast Resistors 

MAXIMUM RATINGS 

Rating Symbol 

Collector-Base Voltage VCES 

Emitter-Base Voltage VEBO 

Operating Junction Temperature TJ 

Max Unit 

44 Vdc 

3.5 Vde 

200 ·C 

Storage Temperature Range Tstg -65 to +150 ·C 

THERMAL CHARACTERISTICS 

Characteristic 

Thermal Resistance, Junction to Case 

ELECTRICAL CHARACTERISTICS 

Characteristic 

OFF CHARACTERISTICS 

Collector-Emitter Breakdown Voltage 
(Ie = 20 rnA, VBE = 0) 
(Ie = 80 rnA, VBE = 0) 

Collector-Base Breakdown Voltage 
(IC= 1.0mA,IE= 0) 
(IC = 8.0 rnA, IE = 0) 

Emitter-Base Breakdown Voltage 
(IE = 0.4 rnA, IE = 0) 
(IE = 2.0 rnA, IE = 0) 

Collector Cutoff Current 
(VCB= 22 V,IE = 0) 

ON CHARACTERISTICS 

DC Current Gain 
(IC = 200 rnA, VCE = 5.0 V) 
(Ie = 800 rnA, VCE = 5.0 V) 

FUNCTIONAL TESTS 

Common-Base Amplifier Power Gain 
(VCE = 22 V, Pout = 3.0 W. f = 2.7 GHz) 
(VCE =22 V, Pout = 12 W, f= 2.7 GHz) 

Collector Efficiency 
(VCE = 22 V, Pout = 3.0W, f= 2.7 GHz) 
(VCE = 22 V, Pout = 12 W, f = 2.7 GHz) 

MRAL2327-3eMRAL2327-12 
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Symbol 

MRAl2327-3 
V(BR)CES 

MRAl2327-12 

MRAl2327-3 
V(BR)CBO 

MRAl2327-12 

MRAl2327-3 
V(BR)EBO 

MRAl2327-12 

MRAl2327-3 ICBO 
MRAL2327-12 

I 
hFE 

MRAl2327-3 
MRAl2327-12 

GPB 
MRAl2327-3 
MRAl2327-12 

TIc 
MRAL2327-3 
MRAl2327-12 

Min 

42 
42 

38 
38 

3.5 
3.5 

-
-

10 
10 

6.6 
6.8 

35 
40 

MRAL2327·3 
MRAL2327·12 

5.5 to 6.8 dB 
2.3-2.7GHz 

1.3 TO 12 WAlTS BROADBAND 
MICROWAVE POWER TRANSISTORS 

CASE 394, STYLE 1 
(MRA.25) 

Typ Max 

- -
- -

- -
- -

- -
- -
- 0.5 

- 2.0 

- 100 

- 100 

- -
- -

- -
- -

Unit 

Vdc 

Vde 

Vdc 

mAde 

-

dB 

% 
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TYPICAL CHARACTERISTICS 

MRAL2327-3 

9 50 
8 
6 

~ 4 
Pin = 0.81 W+- 0;5 W-

48 

!;;: 
~ 2 l-
=> 
1= 
=> 
0 
a: w 0.6 ;;:: 
~ 0.4 

~ 
a.: 0.2 

0.1 
2.3 

--- O.SlW 

--- 0.41W 

-............. I 
0.32W 

2.4 2.5 2.6 
i. FREQUENCY (GHz) 

Figure 1. Power Output versus Frequency 
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60 

55 

5 
~ 
Q. 4 -.......... --S 
o? 

2 

1 
2.2 

-I--. .....-
Pin=1.5W 

I 
2.3 2.4 2.5 2.6 

f. FREQUENCY (GHz) 

Figure 3. Power Output versus Frequency 
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4 0 

2.7 

'" "-~ ~ -
VCC=22V 
Pout=3W 

2.4 2.5 2.6 2.7 
f. FREQUENCY (GHz) 

Fig",re 2. Collector Efficiency versus Frequency 
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Vcc=22V._ 
Pout=12W 
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Figure 4. Collector EfflciencY'versus Frequency 
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• 

MRAL2327-12 ~ 
~ 

Board material - 0.018* dielectric thickness Teflon fiberglass ~ 
• Ground through tc back side of board 
Cl. C3 - 100 pF porcelain ceramic chip 
C4 - 0.1 I1F ceramic chip 
C5 - 50 !1F. 50 V electrolytic 
RFCl - 5 tums #22 AWG. -0.125 dia . 

Figure 5. Circuit Boards (Not to Scale) 

MRAL2327-3eMRAL2327·12 
2·100 

The graph shown below displays MTIF In hours x ampere2 
emitter current for each of the devices. Ufe tests at elevated 
temperatures have correlated tc better than ±10% tc the 
theoretical prediction for metal failure. Divide MTTF by Ic2for 
MTIF In a particular applications .. 

120 140 160 180 200 220 

TJ. JUNCTION TEMPERATURE (OC) 

Figure 6. MTTF Factor versus Junction 
Temperature 
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MOTOROLA 
- SEMICONDUCTOR 

TECHNICAL DATA 

The RF MOSFET Line 
RF Power Field-Effect Transistor 
N-Channel Enhancement-Mode 
· .. designed for wideband large-signal amplifier and oscillator applications up 
to 400 MHz range. 

• Guaranteed 28 Volt, 150 MHz Performance 
Output Power = 5.0 Watts 
Minimum Gain = 11 dB 
Efficiency - 55% (Typical) 

• Small-Signal and Large-Signal Characterization 

• Typical Performance at 400 MHz, 28 Vdc, 5.0 W 
Output = 10.6 dB Gain 

• 100% Tested For Load Mismatch At All Phase Angles 
With 30:1 VSWR 

• Low Noise Figure - 2.0 dB (Typ) at 200 mA, 150 MHz 

• Excellent Thermal Stability, Ideally Suited For Class A 
Operation 

Go--~ 

MAXIMUM RATINGS 

Rating 

Drain-Source Voltage 

Drain-Gate Voltage 
(RGS = 1.0 MOl 

Gate-Source Voltage 

Drain Current - Continuous 

Total Device Dissipation @ TC = 25°C 
Derate above 25°C 

Storage Temperature Range 

THERMAL CHARACTERISTICS 

Rating 

Thermal Resistance, Junction to Case 

s 

Symbol 

VOSS 

VDGR 

VGS 

ID 

PD 

Tstg 

MRF134 

5.0 W, to 400 MHz 
N-CHANNEL MOS 

BROADBAND RF POWER 
FET 

CASE 211-()7, STYLE 2 

Value 

65 

65 

±40 

0.9 

Unit 

Vdc 

Vdc 

Vdc 

Adc 

17.5 Watts 
0.1 W/"C 

-65 to +150 °C 

Value 

10 

Handling and Packaging - MOS devices are susceptible to damage from electrostatic charge. Reasonable precautions in handling and 
packaging MOS devices should be observed. 

MOTOROLA RF DEVICE DATA MRF134 
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ELECTRICAL CHARACTERISTICS (T C = 250C unless otherwise noted.) 

I Characteristic I Symbol Min Typ Max Unh 

OFF CHARACTERISTICS 

Drain-Source Breakdown Voltage (VGS = 0, 10 = 5.0 mAl 

Zero Gate Voltage Drain Current (VOS = 28 V, VGS = 0) 

Gate·Scurce Leakage Current (VGS = 20 V, VOS = 0) 

ON CHARACTERISTICS 

Gate Threshold Voltage (10 = 10 mA, VOS = 10 V) 

Forward Transconductance (VOS = 10 V, 10 = 100 mAl 

DYNAMIC CHARACTERISTICS 

Input Capacitance 
(VOS= 28 V, VGS =0, f= 1.0 MHz) 

Output Capacitance 
(VOS=28 V, VGS = 0, f= 1.0 MHz) 

Reverse Transfer Capacitance 
(VOS =28 V, VGS = 0, f= 1.0 MHz) 

FUNCTIONAL CHARACTERISTICS 

Noise Figure 
(VOS = 28 Vdc, 10 = 200 mA, f = 150 MHz) 

Common Source Power Gain 
(VOO = 28 Vdc, Pout = 5.0 W, loa = 50 mAl 

f= 150 MHz (Fig. 1) 
f = 400 MHz (Fig. 14) 

Drain Efficiency (Fig. 1) 
(VOO = 28Vdc, Pout = 5.0 W, f= 150 MHz,IDQ=50 mAl 

Elecbicai Ruggedness (Fig. 1) 
(VOO = 28 Vdc, Pout = 5.0 W. f = 150 MHz. loa = 50 rnA, 
VSWR 30:1 at all Phase Angles) 

R3' 

R2 

L1 

'Bias Adjust 

Cl, C4-Arco406, 15-115 pF 
C2 - Arco 403, 3.0-35 pF 
C3-Arco402,l.5-2OpF 
C5, C6, C7, C8, C12 - 0.1 IlF Erie Redcap 
C9-101lF,50V 
Cl0, Cll -680 pF Feedthru 
01 - 1 N5925A Motorola Zener 
L 1 - 3 Tums, 0.310" 10, #18 AWG Enamel, 0.2" Long 
L2-3-1I2Turns, 0.310" 10, #18AWG Enamel, 0.25~Long 

V(BR)OSS 65 - - Vdc 

lOSS - - 1.0 mAde 

IGSS - - 1.0 IIAdc 

Ciss - 7.0 - pF 

Coss - 9.7 - pF 

Crss - 2.3 - pF 

NF - 2.0 - dB 

Gps dB 

11 14 -
- 10.6 -

11 50 55 - % 

1jI 
No Degradation In Output Power 

T"-..,.,,.-__ -< + VOO=28V 

Cl0 Cll 
C12 

"--~--~-~--~RFO~P~ 

C3 

L3 - 20 Turns, #20 AWG Enamel Wound on R5 
L4 - Ferroxcube VK·200 -'19/4B 
Rl-68n,1.0WThin Film 
R2 -10 k.Q, 1/4 W 
R3 - 10 Tums, 10 kO Beckman Instruments 8108 
R4-1.8kO, 1/2 W 
R5 - 1.0 Mn, 2.0 W Carbon 
Board-Gl0, 62 mils 

Figure 1. 150 MHz Test Circuit 
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Figure 2. Output Power versus Input Power 
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Voo. SUPPLY VOLTAGE (VOLTS) 

Figure 4. Output Power versus Supply Voltage 
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Figure 6. Output Power versus Supply Voltage 
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Figure 3. Output Power versus Input Power 
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Figure 5. Output Power versus Supply Voltage 
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Figure 7. Output Power versus Supply Voltage 
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I I I I 
- VDD=28V I I I -IDQ=50mA I I I 

" _ Pin = CONSTANT _ I-- ~ 1=400MHz .... J 

L I 
/ 150 MHz 

I 
/ '/ 

'/ 
I' 

TYPICAL DEVICE SHOWN, -.... 
o 
-2 

,., ...... VGS(th) = 3.5 V 

-1 0 1 2 3 4 

VGS, GATE-80URCE VOLTAGE (VOLTS) 

-
5 

Figure 8. Output Power versus Gate Voltage 
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............. VOO=28V --- ...... ~ loa =200 mA 
"'II: ~ 

""" ....... 
loomA-....... r-~I , .,....... 

i'.. I 

,50mA-

""" 

o 25 50 75 100 125 
TC, CASE TEMPERATURE (OC) 

Figure 10. Gate-Source Voltage versus 
Case Temperature 
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Figure 12. Capacitance versus Voltage 
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Figure 9. Drain Current versus Gate Voltage 
(Transfer Characteristics) 
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Figure 11. Maximum Available Gain 
versus Frequency 
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Figure 13. Maximum Rated Forward Biased 
Safe Operating Area 
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R3' R4 

C:::~]-~~-r-<RFO~P~ 

Cl 
RFINP~~ 

'Bias Adjust 

Cl, C6 - ZTO pF, ATC 100 mils 
C2, ca, C4, C5 - 0-20 pF Johanson 
C7, ce, Cl0, C14 - O.lILF Erie Redcap, 50 V 
C8-0.001ILF 
Cll- 10 ILF,50V 
C12, C13-680 pF Feedthru 
Dl - 1 N5925A Motorola Zener 
L 1 - 6 Tums, 1/4" ID, #20 AWG Enamel 
L2 - Ferroxcube VK-200 - 19/48 
Rl-68 n, 1.0 W Thin Film 

C5 

R2 -10 k.O, 1/4 W 
R3 - 10 Tums, 10 kn Beckman Instruments 8108 
R4-1.8 k.O, 112 W 
Zl -1.4" x 0.166" Mlcrostrip 
Z2 - 1.1" x 0.166" Microstrip 
Z3 - 0.95" x 0.166" Microslrip 
Z4 - 2.2" x' 0.166" Microstrip 
Z5 - 0.85" x 0.166" Microstrip 
Board - Glass Tefton, 62 mils 

Figure 14. 400 MHz Test Circuit 

MOTOROLA RF DEVICE DATA 

100 21.2 - j25.4 
150 14.6-j22.1 
225 9.1 - jlB.B 
400 6.4- jl0.B 

iiii t6B .n Shunt Resistor Gate-ta-Ground 
ZoL' = Conjugate olthe optimum load imped

~~d;Jt ance into which tha device operates at a given 
power, voHage, and frequency. 
/~\X>Q(X~tf \ .. '_<------', 

Figure 15. Large-Signal Series Equivalent 
Input/Output Impedances, Zlnt, ZoL* 

p p .. 
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II 

f 811 8:11 812 

(MHz) 18111 Lei> 18:111 Lei> 18121 Lei> 

1.0 0.989 -1.0 11.27 179 0.0014 89 

2.0 0.989 -2.0 11.27 179 0.0028 89 

5.0 0.988 -5.0 11.26 176 0.0069 86 

10 0.985 -10 11.20 173 0.014 83 

20 0.977 -20 10.99 166 0.027 76 

30 0.965 -30 10.66 159 0.039 69 

40 0.950 -39 10.25 153 0.051 63 

50 0.931 -47 9.777 147 0.060 57 

60 0.912 -53 9.359 142 0.069 53 

70 0.892 -58 8.960 138 0.077 49 

80 0.874 -62 8.583 135 0.085 46 

90 0.855 -66 8.190 131 0.091 43 

100 0.833 -70 7.808 128 0.096 40 

110 0.827 "':73 7.661 125 0.101 38 

120 0.821 -76 7.515 122 0.107 36 

130 0.814 -79 7.368 119 0.113 34 

140 0.808 -82 7.222 116 0.119 32 

150 0.802 -86 7.075 114 0.125 31 

160 0.788 -89 6.810 112 0.127 30 

170 0.774 -92 6.540 110 0.128 28 

180 0.763 -94 6.220 108 0.130 26 

190 0.751 -97 5:903 106 0.132 24 

200 0.740 -100 5.784 104 0.134 23 

225 0.719 -104 5.334 100 0.136 20 

250 0.704 -108 4.904 97 0.139 19 

275 0.687 -113 4.551 92 0.141 16 

300 0.673 -117 4.219 89 0.141 14 

325 0.668 -120 3.978 86 0.142 12 

350 0.669 -123 3.737 83 0.142 10 

375 0.662 -125 3.519 80 0.143 9.0 

400 0.654 -127 3.325 77 0.142 8.0 

425 0.650 -129 3.170 75 0.140 7.0 

450 0.638 -131 3.048 72 0.141 6.0 

475 0.614 -132 2.898 71 0.136 6.0 

500 0.641 -133 2.833 68 0.136 5.0 

525 0.638 -135 2.709 66 0.135 5.0 

550 0.633 -137 2.574 64 0.133 4.0 

575 0.628 -138 2.481 62 0.131 5.0 

600 0.625 -140 2.408 60 0.129 5.0 

The Power RF characterization data were measured with a 68 ohm resistor shunting the MRF134 input port. 
The scattering parameters were measured on the MRFl34 device alone with no extemal components. 

Table 1. Common Source Scattering Parameters 
VOS=28V,lo=100mA 

8:12 

18:2:11 Lei> 

0.954 -1.0 

0.954 -2.0 

0.954 -4.0 

0.951 -9.0 

0.938 -18 

0.918 -26 

0.895 -34 

0.867 -42 

0.846 -49 

0.828 -56 

0.815 -62 

0.801 -68 

0.785 -74 

0.784 -77 

0.784 -82 

0.784 -85 

0.783 -88 

0.783 -90 

0.780 -92 

0.774 -94 

0.762 -98 

0.760 -100 

0.758 -103 

0.757 -107 

0.758 -110 

0.757 -114 

0.750 -117 

0.757 -120 

0.766 -121 

0.768 -123 

0.772 -124 

0.772 -125 

0.783 -125 

0.786 -126 

0.795 -127 

0.801 -127 

0.802 -128 

0.805 -128 

0.814 -128 

(continued) 

MRF134 
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·f S11 Sa1 S12 Sa2 

(MHz) IS111 L, IS21 I L, IS121 L, 1Sa21 L, 
625 0.619 -142 2.334 58 0.128 5.0 0.818 -129 

650 0.617 -144 2.259 56 0.125 6.0 0.824 -130 

675 0.618 -146 2.192 55 0.123 7.0 0.834 -130 

700 0.619 -147 2.124 53 0.122 8.0 0.851 -131 

725 0.618 -150 2.061 51 0.120 9.0 0.859 -132 

750 0.614 -152 1.983 49 0.118 11 0.857 -133 

n5 0.609 -154 1.908 48 0.119 13 0.865 -133 

800 0.562 -155 1.877 49 0.118 15 0.872 -133 

825 0.587 -156 1.869 46 0.119 16 0.869 -134 

850 0.593 -158 1.794 44 0.118 18 0.875 -135 

875 0.597 -160 1.749 43 0.119 18 0.881 -135 

900 0.598 -162 1.700 41 0.118 18 0.889 .-136 

925 0.592 -164 1.641 40 0.115 18 0.888 . -138 

950 0.588 -166 1.590 39 0.112 20 0.8n -138 

975 0.586 -168 1.572 39 0.108 23 0.864 -137 

1000 0.590 -171 1.551 37 0.107 28 0.863 -137 

The Power RF charactenzaUon data were measured with a 68 ohm resistor shunting the MRF134 Input port. The scattenng parameters were 
measurd on the MRF134 device alone with no external components. 

Table 1. Common Source Scattering Parameters (continued) 
VDS=28V, ID = 100 mA 
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Figure 16. S11. Input Reflection Coefficient 
versus Frequency 

VOS=28V 10=100mA 

+900 

Figure 18. S21. Forward Transmission Coefficient 
versus Frequency 

MRF134 
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VOS = 28 V 10 = 100 mA 

Figure 17. S12. Reverse Transmission Coefficient 
versus Frequency 

VOS=28V ·10=100mA 

-j50 

Figure 19. S22. Output Reflection Coefficient 
versus Frequency 

VOS=28V 10=100mA 

MOTOROLA RF DEVICE DATA 



DESIGN CONSIDERATIONS 
The MRF134 is a RF power N-Channel enhancement mode 

field-effect transistor (FET) designed especially for VHF 
power amplHier and oscillator applications. Motorola RF MOS 
FETs feature a vertical structure with a planar design, thus 
avoiding the processing difficulties associated with V-groove 
vertical power FETs. 

Motorola Application Note AN-211A, FETs in Theory and 
Practice, is suggested reading for those not familiar with the 
construction and characteristics of FETs. 

The major advantages of RF power FETs include high gain, 
low noise, simple bias systems, relative immunity from 
thennal runaway, and the ability to withstand severely 
mismatched loads without suffering damage. Power output 
can be varied over a wide range with a low power de control 
signal, thus facilitating manual gain control, ALC and modula
tion. 

DC BIAS 
The MRF134 Is an enhancement mode FET and, therefore, 

does not conduct when drain voltage Is applied. Drain current 
fiows when a positive voltage is applied to the gate. See Figure 
9 for a typical plot of drain current versus gate voitage. RF 
power FETs require forward bias for optimum perlonnance. 
The value of quiescent drain current (loa) is not critical for 
many applications. The MRF134 was characterized at loa = 
50 mA, which is the suggested minimum value of loa. For 
special applications such as linear amplification, loa may 
have to be selected to optimize the critical parameters. 

The gate is a dc open circuit and draws no current. 
Therefore, the gate bias circuit may generally be just a simple 
resistive divider network. Some special appiications may 
require a more elaborate bias system. 

GAIN CONTROL 
Power output of the MRF134 may be controlled from its 

rated value down to zero (negative gain) by varying the de gate 
voltage. This feature facilitates the design of manual gain 
contrOl, AGClALC and modulation systems. (See Figure 8.) 

AMPUFIER DESIGN 
Impedance matching networks similar to those used with 

bipolar VHF transistors are suitable for MRF134. See 
Motorola Application Note AN721 , Impedance Matching 
Networks Applied to RF Power Transistors. The higher input 
impedance of RF MOS FETs helps ease the task of broadband 
network design. Both small Signal scattering parameters and 
large signal impedances are provided. While the s-parame
ters will not produce an exact design solution for high power 
operation, they do yield a good first approximation. This is an 
additional advantage of RF MOS power FETs. 

RF power FETs are triode devices and, therefore, not 
unilateral. This, coupled with the very high gain of the 
MRF134, yields a device capable of self oscillation. Stability 
may be achieved by techniques such as drain loading, input 
shunt resistive loading, or output to input feedback. The 
MRF134 was characterized with a 58-ohm Input shunt loading 
resistor. Two port parameter stability analysis with the 
MRF134 s-parameters provides a useful-tool for selection of 
loading or feedback circuitry to assure stable operation. See 
Motorola Applicalion Note AN215A for a discussion of two port 
network theory and stability. 

Input resistive loading is not feasible in low nois!' applica
tions. The MRF134 noise figure data was generated in a circuit 
with drain loading and a low loss Input network. 

Figure 20. 150 MHz Test Circuit 
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MOTOROLA 
• SEMICONDUCTOR 

TECHNICAL DATA 

• 

The RF MOSFET Line 
RF Power 
Field-Effect Transistors 
N·Channel Enhancement·Mode MOSFETs 
· .. designed for wideband large-signal amplifier and oscillator applications up 
to 400 MHz range, in either single ended or push-pull configuration. 

• Guaranteed 28 Volt, 150 MHz Performance 
MRF136 MRF136Y 
Output Power = 15 Watts Output Power = 30 Watts 
Narrowband Gain = 16 dB (Typ) Broadband Gain = 14 dB (Typ) 
Efficiency = 60% (Typical) Efficiency = 54% (Typical) 

• Small-Signal and Large-Signal 
Characterization 

• 100% Tested For Load 
Mismatch At All Phase 

Angles With 30:1 VSWR 

• Space Saving Package For 
Push-Pull Circuit 
Applications - MRF136Y 

• Excellent Thermal Stability, 
Ideally Suited For Class A 
Operation 

MRF136 

Go---'t-...... 

• Facilitates Manual Gain 
Control, ALC and 
Modulation Techniques 

G 

G 
S 

(FLANGE) 

MAXIMUM RATINGS 

Rating Symbol 

Drain-Source Voltage VOSS 

Drain-Gate Voltage (RGS = 1.0 MO) VOGR 

Gate-Source Voltage VGS 

Drain Current - Continuous 10 

Total Device Dissipation @ TC = 25°C Po 
Derate above 25°C 

Storage Temperature Range Tstg 

Operating Junction Temperature TJ 

THERMAL CHARACTERISTICS 

Characteristic Symbol 

Thermal ReSistance, Junction to Case RWC 

MRF136 
MRF136Y 

15 W, 30 W, to 400 MHz 
N-CHANNEL 

MOS BROADBAND 
RF POWER FETs 

CASE 211-07, STYLE 2 
MRF136 

CASE 319B, STYLE 1 
MRF136Y 

Value 

MRF136 MRF136Y 

65 65 

65 65 

±40 

2.5 5.0 

55 100 
0.314 0.571 

-65 to +150 

200 

Max 

MRF136 I MRF136Y 

3.2 I 1.75 

Unit 

Vdc 

Vdc 

Vdc 

Adc 

Watts 
W/"C 

°c 

°c 

Unit 

°CIW 

Handling and Packaging - MOS deVices are susceptible to damage from electrostatic charge. Reasonable precautions In handling and 
packaging MOS devices should be observed. 

MRF136.MRF136Y 
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ELECTRICAL CHARACTERISTICS (TC = 25°C unless.otherwise noted.) 

Characteristic Symbol 

OFF CHARACTERISTICS (1) 

Orain-Source Breakdown Voltage 
(VGS = 0, 10 = 5.0 mAl 

V(BR)OSS 

Zero-Gate Voltage Orain Current lOSS 
(VOS = 28 V, VGS = 0) 

Gate-Source Leakage Current IGSS 
(VGS = 40 V, VOS = 0) 

ON CHARACTERISTICS (1) 

Gate Threshold Voltage VGS(th) 
(VOS = 10 V, 10 = 25 mAl 

Forward Transconductance 9fs 
(VOS = 10 V, 10 = 250 mAl 

DYNAMIC CHARACTERISTICS (1) 

Input Capacitance Ciss 
(lios = 28 V, VGS = 0, f = 1.0 MHz) 

Output Capacitance Coss 
(VOS= 28 V, VGS = 0, f= 1.0 MHz) 

Reverse Transfer Capacitance Crss 
(VOS = 28 V, VGS = 0, f= 1.0 MHz) 

FUNCTIONAL CHARACTERISTICS (2) 

Noise Figure MRF136 NF 
(VOS = 28 Vdc, 10 = 500 mA, f = 150 MHz) 

Common Source Power Gain (Figure 1) MRF136 Gps 
(VOO = 28 Vdc, Pout = 15 W, f = 150 MHz, 100 = 25 mAl 

Common Source Power Gain (Figure 2) MRF136Y Gps 
(VOO = 28 Vdc, Pout = 30 W, f= 150 MHz, 100 = 100 mAl 

Orain Efficiency (Figure 1) MRF136 11 
(VOO = 28 Vdc, Pout = 15 W, f = 150 MHz, 100 = 25 mAl 

Orain Efficiency (Figure 2) MRF136Y 11 
(VOO = 28 Vdc, Pout = 30 W, f = 150 MHz, 100;' 100 mAl 

Electrical Ruggedness (Figure 1) MRF136 Ij1 

(V00=28Vdc, Pout = 15W, f= 150MHz.loa=25mA, 
VSWR 30:1 at all Phase Angles) 

Electrical Ruggedness (Figure 2) MRF136Y Ij1 

(VOO = 28 Vdc, Pout = 30 W, f = 150 MHz, 100 = 100 mA, 
VSWR 30:1 at all Phase Angles) 

NOTES: 
1. For MRF136Y, each side measured separately. 
2. For MRF136Y measured in push-pull configuration. 

MOTOROLA RF DEVICE DATA 

Min 

65 

-

-

1.0 

250 

-

-

-

-

13 

12 

50 

50 

Typ Max Unit 

- - Vdc 

- 2.0 mAdc 

- 1.0 IlAdc 

3.0 6.0 Vdc 

400 - mmhos 

24 - pF 

27 - pF 

5.5 - pF 

1.0 - dB 

16 - dB 

14 - dB 

60 - % 

54 - % 

No Oegradation in Output Power 

No Oegradation in Output Power 

MRF136.MRF136Y 
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R4 RFC2 

~------------'-----~~---1---.----~----~--JY~~~~-----------<VOO=+28V 

BIAS 
ADJUST 

R3 
R2 

01 

Rl 

RF INPUT >-,,* ___ rr~'--_ .... _~ 
OUT 

Cl, C2-Arco406, 15-115pF or Equivalent 
C3 - Arco 404, 8-60 pF or Equivalent 
C4 - 43 pF Mini·Unelco or Equivalent 
05 - 24 pF Mini·Unelco or Equivalent 
C6 - 680 pF, 100 Mils Chip 
C7 - 0.01 j.LF Ceramic 
C8-100j.LF,40V 
C9-0.1 j.LFCeramic 
Cl0, Cll - 680 pF Feedthru 
01 - 1 N5925A Motorola Zener 

RFCI 

L2 

C9 

C4 C3 

L3 C6 

I I (RFOUTPUT 

c5l 
L 1 - 2 Turns, 0.29" 10, #18 AWG, 0.10" Long 
l2 - 2 Turns, 0.23" 10, #18 AWG, 0.10" Long 
L3-2·1/4 Turns, 0.29"10, #18 AWG, 0.125" Long 
RFCI - 20 Turns, 0.30" 10, #20 AWG Enamel Closewound 
RFC2 - Ferroxcube VK·200 - 1914B 
Rl -27 n, 1 WThin Film 
R2-10 kO, 1/4 W 
R3-10Tums,10kO 
R4 -1.8 kO, 1/2 W 
Board Material- 0.062" Gl0, 1 oz. Cu Clad, Double Sided 

Figure 1.150 MHz Test Circuit (MRF136) 

RF INPUT >-_----. 

R4 

BIAS 
ADJUST 01 

R2 C3 

R6 

R5 C5 
RFC2 

T2 < 
II~'-----IP----------< RFOUTPUT 

OI-UT--...".'-C4=-----+ 11'1: C10 I 1 
R3 

CI-5.0pF 
C2, C3, C4, C6, C7, C9, Cll - 0.1 j.LF Ceramic 
05, C8 - 680 pF Feedthru 
Cl0-15 pF 
01 - 1 N4740 Motorola Zener 
RFCI - 17 Turns, #24 AWG Wound on AS 
RFC2 - Ferroxcube VK·200·19/4B or Equivalent 
Rl-10kO, 1/4W 
R2, R3 - 5600, 112 W 
R4-10Turns,10kO 

R5-56kO,1W 
R6-1.6kO, 1/4W 
Tl - Primary Winding - 3 Turns #28 Enameled Wire. 

- Secondary Winding - 2 Turns #28 Enameled Wire. 
Both windings wound through a FairlRlte Balun 65 core. 
Part #2865002402. 

T2 - 1:1 Transformer Wound Bifilar - 2 Turns Twisted Pair 
#24 Enameled Wire through a Indiana General Balun 01 
core. Part #18006-1·01. Primary winding center tapped. 

Board Material-0.062" Gl0, 1 oz. Cu Clad, Double Sided 

Figure 2. 30-150 MHz Test Circuit (MRF136Y) 
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Figure 7. Output Power versus Supply Voltage 

MOTOROLA RF DEVICE DATA 

10 

9 

~ 8 cc 
~ 7 
a: 
~ 
2 5 
'3 
13 4 
o 3 
S 

o? 2 

24 

24 

fii 21 

~ 18 
l!:. 
ffi 15 
~ 
a:. 12 

~ 9 
o 
S 6 
o? 

-~ '=100MH~ --l.---~ 

V.A ", ~ I'"'"" 
..... V- VV "'150MHz 

V l/: V 200MHz 

L h V-
II"/ V 

I. ~ VOO =13.5V 

1# IOQ=25mA -

" 200 400 600 800 1000 
Pin. INPUT POWER (MILL WAITS) 
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Figure 6. Output Power versus Supply Voltage 
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Figure 8. Output Power versus Supply Voltage 
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I- TYPICAL OEVICE " SHOWN. VGS(1h} = 3 V J 

\ 

" 1/ 
VOS=10Vj 

.) 

~ 

V 
/ 

2 3 4 5 6 

VOS. GATE·SOURCE VOLTAGE (VOLTS} 

Figure 11. Drain Current versus Gate Voltage 
(Transfer Characteristics)" 
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Figure 13. Cepacitsnce versus Draln-5ource Voltage" 
MRF1361MRF136Y 

"Data shown applies 10 MRF136 and each half of MRFI36Y. 
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Figure 10. Output Power versus Gate Voltage 
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Case Temperature" 
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Figure 14. DC Sate Operating Area 
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Figure 16. Power Gain versus Frequency 
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Figure 21. Large-Slgnal Series Equivalent 

Input Impedance, Zint 
MRF136 

Figure 22. Large-Slgnal Series Equivalent 
Output Impedance, ZoL* 

MRF136 

Figure 23. Input and Outut Impedance 
MRF136Y 
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f 5" 
(MHz) 15111 

2.0 0.988 

5.0 0.970 

10 0.923 

20 0.637 

30 0.784 

40 0.751 

50 0.733 

60 0.720 

70 0.709 

80 0.707 

90 0.706 

100 0.708 

110 0.711 

120 0.714 

130 0.717 

140 0.720 

150 0.723 

160 0.727 

170 0.732 

180 0.735 

190 0.738 

200 0.740 

225 0.746 

250 0.742 

275 0.744 

300 0.751 

325 0.757 

350 0.760 

375 0.762 

400 0.774 

425 0.775 

450 0.781 

475 0.787 

500 0.792 

525 0.797 

550 0.801 

575 0.Bl0 

600 0.816 

625 0.818 

650 0.825 

675 0.834 

700 0.637 

725 0.636' 

750 0.841 

775 0.844 

600 0.846 

MOTOROLA RF DEVICE DATA 

MRF136 

521 5,2 L, 15211 L, 15,21 
-11 41.19 173 0.006 

-27 40.07 164 0.014 

-52 35.94 149 0.026 

-88 27.23 129 0.040 

-111 20.75 117 0.046 

-125 16.49 108 0.048 

-135 13.41 103 0.050 

-142 11.43 99 0.050 
-147 9.871 96 0.050 

-152 8.663 93 0.OS1 

-155 7.784 91 0.051 

-157 7.008 88 0.OS1 

-159 6.435 86 0.OS1 

-161 5.899 85 O.OSl 

-163 5.439 82 0.052 

-164 5.068 80 0.052 

-165 4.709 80 0.052 

-166 4.455 78 0.052 

-167 4.200 77 0.052 
-168 3.967 75 0.OS2 

-169 3.756 74 0.OS2 

-170 3.545 73 0.052 

-171 3.140 69 0.053 

-172 2.783 67 0.053 

-173 2.540 64 0.054 

-174 2.323 60 0.055 

-175 2.140 58 0.OS8 

-176 1.963 54 0.059 
-177 1.838 52 0.062 

-179 1.696 50 0.065 

-179 1.590 48 0.06B 

+179 1.493 46 0.071 

+177 1.415 43 0.074 

+176 1.332 40 0.079 

+175 1.259 38 0.063 

+175 1.185 37 0.088 

+174 1.145 36 0.094 

+173 1.091 34 0.101 

+171 1.041 32 0.106 

+170 0.994 30 0.112 

+169 0.962 29 0.119 

+168 0.922 27 0.127 

+167 0.879 25 0.133 

+166 0.638 25 0.140 

+165 0.824 24 0.148 

+163 0.785 21 0.154 

Table 1. Common Source Scattering Parameters 
VOS=28 V, IO=O.5A 

L, 
67 

62 

54 

36 

27 

22 

19 

16 

14 

13 

13 

13 

14 
15 

16 

17 

18 

18 

18 

19 

19 

20 

22 

25 

27 

29 

32 

35 

38 

41 

43 

46 

47 

48 

50 

51 

52 

52 

53 

53 

53 

53 

52 

53 

52 

50 

~ 
I~I L, 
0.729 -12 

0.720 -31 

0.714 -58 

0.690 -96 

0.684 -118 

0.680 -131 

0.679 -139 

0.678 -145 

0.679 -149 

0.663 -153 

0.682 -155 

0.680 -157 

0.681 -158 

0.682 -159 

0.684 -160 

0.684 -161 

0.686 -161 

0.690 -161 

0.694 -162 

0.699 -162 

0.703 -163 

0.706 -163 

0.717 -163 

0.724 -163 

0.724 -163 

0.736 -163 

0.749 -163 

0.758 -163 

0.768 -163 

0.783 -163 

0.793 -163 

0.805 -163 

0.813 -164 

0.825 -164 

0.831 -164 

0.843 -164 

0.855 -164 

0.869 -165 

0.871 -165 

0.884 -165 

0.890 -165 

0.906 -168 

0.909 -167 

0.917 -167 

0.933 -167 

0.941 -168 
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Figure 24. S11. Input Reflection Coefficient 
versus Frequency 

VOS=28V 10=0.5A 

_90° 

Figure 26. 821, Forward Transmission Coefficient 
versus Frequency 

VOS=28V 10=0.5A 

MRF136.MRF136Y 
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a!T!-T-++-I-+-H 0° 

-900 

Figure 25. S12. Reverse Transmission Coefficient 
versus Frequency 

VOS=28 V 10=0.5A 

Figure 27. S22. Output Reflection Coefficient 
versus Frequency 

VOS = 28 V 10 = 0.5 A 
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DESIGN CONSIDERATIONS 
The MRF136 and MRF136Y are RF power N-Channel 

enhancement mode field-effect transistors (FETs) designed 
especially for HF and VHF power amplifier applications. 
Motorola RF MOS FETs feature planar design for optimum 
manufacturability. 

Motorola Application Note AN211A, FETs in Theory and 
Practice, is suggested reading for those not familiar with the 
construction and characteristics of FETs. 

The major advantages of RF power FETs include high gain, 
low noise, simple bias systems, relative immunity from ther
mal runaway, and the ability to withstand severely mis
matched loads without suffering damage. Power output can 
be varied over a wide range with a low powerdc control signal, 
thus facilitating manual gain control, ALC and modulation. 

DC BIAS 
The MRF136 and MRF136Y are enhancement mode FETs 

and, therefore, do not conduct when drain voltage is applied 
without gate bias. A positive gate voltage causes drain current 
to flow (see Figure 11). RF power FETs require forward bias 
for optimum gain and power output. A Class AS condition with 
quiescent drain current (loa) in the 25-100 rnA range is 
sufficient for many applications. For special requirements 
such as linear amplification, loa may have to be adjusted to 
optimize the critical parameters. 

The MOS gate is a dc open circuit. Since the gate bias circuit 
does not have to deliver any current to the FET, a simple 
resistive divider arrangement may sometimes suffice for this 
function. Special applications may require more elaborate 
gate bias systems. 

GAIN CONTROL 
Power output of the MRF136 and MRF136Y may be 

controlled from rated values down to the milliwatt region (>20 
dB reduction in power output with constant input power) by 
varying the de gate voltage. This feature, not available in 

bipolar RF power devices, facilitates the incorporation of 
manual gain control, AGC/ALC and modulation schemes into 
system designs. A full range of power output control may 
require dc gate voltage excursions into the negative region. 

AMPLIFIER DESIGN 
Impedance matching networks similar to those used with 

bipolar transistors are suitable for MRF136 and MRF136Y. 
See Motorola Application Note AN721 , Impedance Matching 
Networks Applied to RF Power Transistors. Both small signal 
scattering parameters (MRF136 only) and large signal 
impedance parameters are provided. Large signal imped
ances should be used for network designs wherever possible. 
While the s parameters will not produce an exact design 
solution for high power operation, they do yield a good first 
approximation. This is particularly useful at frequencies 
outside those presented in the large signal impedance plots. 

RF power FETs are triode devices and are therefore not 
unilateral. This, coupled with the very high gain, yields a 
device capable of self oscillation. Stability may be achieved 
using techniques such as drain loading, input shunt resistive 
loading, or feedback. S parameter stability analysis can 
provide useful information in the selection of loading and/or 
feedback to insure stable operation. The MRF136 was 
characterized with a 27 ohm input shunt loading resistor, while 
the MRF136Y was characterized with a resistive feedback 
loop around each of its two active devices. 

For further discussion of RF amplifier stability and the use 
of two port parameters in RF amplifier design, see Motorola 
Application Note AN215A on page 6-204 in the RF Device 
Data (0L110 Rev 1). 

LOW NOISE OPERATION 
Input resistive loading will degrade noise performance, and 

noise figure may vary significantly with gate driving imped
ance. A low loss input matching network with its gate 
impedance optimized for lowest noise is recommended. 

Figure 28. MRF136 Test Circuit 
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MOTOROLA 
• SEMICONDUCTOR 

TECHNICAL DATA 

The RF MOSFET Line 
RF Power Field-Effect Transistor 
N-Channel Enhancement-Mode 
· .. designed for wideband large-signal output and driver stages up to 
400 MHz range. 

• Guaranteed 28 Volt, 150 MHz Performance 
Output Power = 30 Watts 
Minimum Gain = 13 dB 
Efficiency - 60% (Typical) 

• Small-Signal and Large-Signal Characterization 

• Typical Performance at 400 MHz, 28 Vdc, 30 W 
Output = 7.7 dB Gain 

• 100% Tested For Load Mismatch At All Phase Angles 
With 30:1 VSWR 

• Low Noise Figure - 1.5 dB (Typ) at 1.0 A, 150 MHz 

• Excellent Thermal Stability, Ideally Suited For Class A 
Operation 

• Facilitates Manual Gain Control, ALC and Modulation 
Techniques 

MAXIMUM RATINGS 

Rating 

Drain-Source Voltage 

Drain-Gate Voltage 
(Ras = 1.0 MO) 

Gate-Source Voltage 

Drain Current - Continuous 

Total Device Dissipation @ TC = 25°C 
Derate above 25°C 

Siorage Temperature Range 

Operating Junction Temperature 

THERMAL CHARACTERISTICS 

Characteristic 

Thermal Resistance, Junction to Case 

Go--............ 

s 

Symbol 

VOSS 

VDGR 

Vm~ 

10 

Po 

Tslg 

TJ 

MRF137 

30 W, to 400 MHz 
N-CHANNEL MOS 

BROADBAND RF POWER 
FET 

CASE 211-07, STYLE 2 

Value 

65 

65 

±40 

5.0 

100 
0.571 

-6510+150 

200 

Max 

1.75 

Unit 

Vdc 

Vdc 

Vdc 

Adc 

Watts 
Wf'C 

°C 

°C 

Handling and Packaging - MOS devices are susceptible to damage from electrostatic charge. Reasonable precautions in handling and 
packaging MOS devices shOUld be observed. 

MRF137 
2·120 

MOTOROLA RF DEVICE DATA 



ELECTRICAL CHARACTERISTICS (T C = 25"C unless otherwise noted.) 

Characteristic Symbol Min Typ Max Unit 

OFF CHARACTERISTICS 

Oraln·Source Breakdown Voltage (VGS = 0,10 = 10 rnA) 

Zero Gate Voltage Drain Current (VOS = 28 V, VGS = 0) 

Gate-Source Leakage Current (VGS = 20 V, VOS = 0) 

ON CHARACTERISTICS 

Gate Threshold Voltage (VOS = 10 V, 10 = 25 mAl 

Forward Transconductance (VOS = 10 V, 10 = 500 rnA) 

DYNAMIC CHARACTERISTICS 

Input CapacItance (VOS = 28 V, VGS = 0, f = 1.0 MHz) 

Output CapacItance (VOS= 28 V, VGS =0, f= 1.0 MHz) 

Reverse TransferC8pacitance (VOS= 28 V, VGS = 0, f= 1.0 MHz) 

FUNCTIONAL CHARACTERISTICS 

Noise Rgure 
(VOS = 28 Vdc, 10 = 1.0 A, f = 150 MHz) 

Common Source Power Gain 
(VOO = 28 Vdc, Pout = 30 W, f = 150 MHz (Figure" 1) 
IOO=25mA) f = 400 MHz (Figure 14) 

Drain Efficiency (Figure 1) 
(VOO = 28 Vdc, Pout = 30 W, f = 150 MHz, loa = 25 rnA) 

Electrical Ruggedness (Figure 1) 
(VOO = 28 Vdc, Pout = 30 W, f = 150 MHz, 100 = 25 rnA, 
VSWR 30:1 at All Phase Angles) 

BIAS 
ADJUST 
r---~A3 

R2 

01 + 
C7 

V(BR)OSS 65 - - Vdc 

lOSS - - 4.0 mAde 

IGSS - - 1.0 !lAdc 

Ciss - 48 - pF 

Coss - 54 - pF 

Crss - 11 - pF 

NF - 1.5 - dB 

Gps dB 
13 16 -
- 7.7 -

T\ 50 60 - % 

IJI 
No Degradation in Output Power 

AFC2 

A1 C5 < AF 1---T ..... ..r-,r:'Il2~_-----J~L3Y'--...... ---.:jII-----< OUTPUT L1 AF 
INPUT >----::;I't--..... -.J'I .... ""'--_--~ 

C2 

C1 - Arco 403, 3.0-35 pF, or equivalent 
C2-Arco 406,15-115 pF, or equivalent 
C3 - 56 pF Minl·Unelco, or equivalent 
C4 - Arco 404, 8.0-60 pF, or equivalent 
C5 - 680 pF, 100 Mils Chip 
C6-0.01 J.lF, 100 V, Disc Ceramic 
C7-100J.lF,40V 
C8 - 0.1 J.lF, 50 V, Disc Ceramic 
C9, C10 - 680 pF Feedthru 
01 -1 N5925A Motorola Zener 

OUT 
C3 C4 

L 1 - 2 Turns, 0.29" 10, #18 AWG Enamel, Closewound 
L2 -1·1/4 Turns, 0.2" 10, #18 AWG Enamel, Closewound 
L3 - 2 Turns, 0.2" 10, #18 AWG Enamel, Closewound 
RFC1 - 20 Turns, 0.30" 10, #20 AWG Enamel, Closewound 
RFC2 - Ferroxcube VK·200 - 19/4B 
R1 - 10 k.Q, 112 W Thin Rim 
R2-10 k.Q, 1/4 W 
R3-10Turns,10kn 
R4 -1.8 k.Q, 112 W 
Board - G10, 62 Mils 

Figure 1.150 MHz Test Circuit 
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Figure 4. Output Power versus Input Power 
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Figure 6. Output Power versus Supply Voltage 
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Figure 5. Output Power versus Supply Voltage 
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Figure 7. Output Power versus Supply Voltage 
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RF >-t 
INPUT C5 

1 
C1, 02, ca, C4 - 0-20 pF Johanson, or equivalent 
05, C8 - 270 pF, 100 Mil Chip 
06, C7 - 24 pF Mini-Unelco, or equivalent 
C9 - 0.01 1lF, 100 V, Disc Ceramic 
C10-100F,40V 
C11 - 0.1 J1F, 50 V, Disc Ceramic 
C12, C13 - 680 pF Feedthru 
01 -1N5925A Motorola zener 
R1, R2-10 kn, 1/4 W 
R3-10Turns,10kn 

R4 
RFC2 

Cl0 Cll 

R4-1.8 kn, 112W 
Z1 - 2.9" x 0.166* Microstrip 
Z2, Z4 - 0.35' x 0.166* Microsbip 
Z3 - 0.40' x 0.166' Mlcrostrip 
Z5 - 1.05" x 0.166* Mlcrostrip 
Z6 - 1.9" x 0.166* Mlcrostrip 

1 

RFC1 - 6 Turns, 0.300" 10, #20 AWG Enamel, C10sew0und 
RFC2 - Ferroxcube VK-200 - 19148 
Board - Glass Teflon, 62 Mils 

Figure 14. 400 MHz Test Circuit 

Figure 15. Larg.Slgnal Series Equivalent Input and Output Impedance, Zin, ZoL* 

f 
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f &t1 

(MHz) 15111 

2.0 0.9n 
5.0 0.919 

10 0.852 

20 0.817 

30 0.814 

40 0.811 

50 0.812 

60 0.813 

70 0.815 

80 0.816 

90 0.817 

100 0.817 

110 0.818 

120 0.820 

130 0.821 

140 0.822 

150 0.823 

160 0.824 

170 0.825 

180 0.827 

190 0.829 

200 0.831 

225 0.836 

250 0.846 

275 0.853 

300 0.853 

325 0.856 

350 0.857 

375 0.861 

400 0.865 

425 0.875 

450 0.881 

475 0.886 

500 0.887 

525 0.888 

550 0.896 
575 0.907 

600 0.910 

625 0.910 

650 0.920 

675 0.938 

700 0.943 

725 0.934 

750 0.940 

n5 0.953 

800 0.959 

MOTOROLA RF DEVICE DATA 

~1 5,2 

L, 1~11 L, 15121 

-32 59.48 163 0.011 

-70 48.67 142 0.024 

-109 33.50 122 0.032 

-140 19.05 106 0.037 

-153 13.11 99 0.038 

-159 9.88 95 0.038 

-164 7.98 92 0.038 

-166 6.66 89 0.038 

-168 5.708 86 0.038 

-170 5.003 64 0.038 

-171 4.560 83 0.038 

-172 4.170 81 0.039 

-173 3.670 80 0.039 

-173 3.420 79 0.039 

-173 3.170 79 0.039 

-174 2.980 78 0.039 

-175 2.826 n 0.039 

-175 2.650 76 0.039 

-176 2.438 75 0.039 

-176 2.325 73 0.039 

-1n 2.175 72 0.039 

-1n 2.084 71 0.Q39 

-178 1.824 69 0.039 

-178 1.621 66 0.039 

-179 1.462 64 0.039 
-179 1.319 61 0.040 

-179 1.194 59 0.040 

+179 1.089 56 0.040 

+179 1.014 54 0.042 

+178 0.927 51 0.043 

+178 0.876 49 0.045 

+178 0.810 46 0.048 

+1n 0.755 44 0.048 

+1n 0.694 41 0.051 

+176 0.6n 39 0.052 

+176 0.625 36 0.055 

+175 0.603 34 0.058 

+175 0.585 32 0.061 

+174 0.563 30 0.065 

+174 0.543 28 0.069 

+173 0.533 26 0.074 

+171 0.515 24 0.078 

+170 0.491 22 0.079 

+170 0.475 22 0.084 

+189 0.4n 21 0.090 

-1:168 0.467 17 0.093 

Table 1. Common Source Scattering Parameters 
50 0 System 

VOS = 28 V, 10 = 0.75 A 

L, 15221 

67 0.661 

44 0.692 

29 0.747 

16 0.768 

14 0.774 

13 0.782 

12 0.787 

12 0.787 

11 0.787 

11 0.787 

12 0.787 

13 0.787 

13 0.788 

13 0.788 

13 0.788 

13 0.788 

14 0.788 

14 0.790 

14 0.792 

15 0.793 

16 0.796 

16 0.799 

18 0.805 

21 0.816 

23 0.822 

25 0.833 

27 0.828 

30 0.842 

32 0.849 

35 0.856 

37 0.866 

40 0.870 

43 0.875 

43 O.BBB 

43 0.890 

45 0.898 

45 0.913 

45 0.918 

45 0.945 

46 0.952 

47 0.974 

47 0.958 

46 0.953 

48 0.943 

48 0.957 

48 0.957 

522 L, 
-36 
-78 

-117 

-146 

-157 

-162 

-165 

-168 

-169 

-170 

-171 

-172 

-172 

-173 

-173 

-173 

-173 

-174 

-174 

-174 

-174 

-174 

-174 

-174 

-174 

-174 

-174 

-174 

-174 

-174 

-174 

-174 

-174 

-174 

-174 

-174 

-174 

-174 

-174 

-174 

-174 

-176 

-1n 
-1n 
-1n 
-179 
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Figure 16. S11.lnput Reflection CoeffIcient 
versus Frequency 

Vos = 28 V ID = 0.75 A 

-90" 

F"lgure 18.121. Forward Transmission CoeffIcient 
versus Frequency 

MRF137 
2-126 

VOS=28V ID=0.75A 

Figure 17. 812. Reverse Transmission Coefficient 
versus Frequency 

VOS=28V ID=0.75A 

-]50 

Figure 19. 822, Output Reflection CoeffIcient 
versus Frequency 

VD8=28V ID=0.75A 
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DESIGN CONSIDERATIONS 
The MRF137 is a RF power N-Channel enhancement mode 

field-effect transistor (FET) designed especially for VHF 
power amplifier applications. Motorola RF MOS FETs feature 
a vertical structure with a planar design, thus avoiding the 
processing difficulties associated with V-groove vertical 
powerFETs. 

Motorola Application Note AN211A, FETs in Theory and 
Practice, is suggested reading for those not familiar with the 
construction and characteristics of FETs. 

The major advantages of RF power FETs include high gain, 
low noise, simple bias systems, relative immunity from ther
mal. runaway, and the ability to withstand severely mis
matched loads without suffering damage. Power output can 
be varied over a wide range with a low power de control signal, 
thus facilitating manual gain control, ALC and modulation. 

DC BIAS 
The MRF137 is an enhancement mode FET and, therefore, 

does not conduct when drain voltage is applied. Drain current 
flows when a positive voltage Is applied to the gate. See Rgure 
10 for a typical plot of drain current versus gate voltage. RF 
power FETs require forward bias for optimum performance. 
The value of quiescent drain current (100) is not critical for 
many applications. The MRF137 was characterized at 100 = 
25 mA, which is the suggested minimum value of 100. For 
special applications such as linear amplifICation, 100 may 
have to be selected to optimize the critical parameters. 

The gate is a dc open circuit and draws no current. 
Therefore, the gate bias circuit may generally be just a simple 

resistive divider network. Some special applications may 
require a more elaborate bias system. 

GAIN CONTROL 
Power output of the MRF137 may be controlled from its 

rated value down to zero (negative gain) by varying the de gate 
voltage. This feature facilitates the design of manual gain 
control, AGClALC and modulation systems. (See Figure 9.) 

AMPUFIER DESIGN 
Impedance matching networks similar to those used with bi

polar VHF transistors are suitable for MRF137. See Motorola 
Application Note AN721 , Impedance Matching Networks 
Applied to RF Power Transistors. The higher input impedance 
of RF MOS FETs helps ease the task of broadband network 
design. Both small signal scattering parameters and large sig
nal impedances are provided. While the s-parameters will not 
produce an exact design solution for high power operation, 
they do yield a good first approximation. This is an additional 
advantage of RF MOS power FETs. 

RF power FET~ are triode devices and, therefore, not 
unilateral. This, coupled with the very high gain of the 
MRF137, yields a"device capable of sell oscillation. Stability 
may be achieved by techniques such as drain loading, input 
shunt resistive loading, or output to input feedback. Two port 
parameter stability analysis with the MRF137 s-parameters 
provides a useful tool for selection of loading or feedback 
circuitry to assure stable operation. See Motorola Application 
Note AN215A for a discussion of two port network theory and 
stability. 

Figure 20. 150 MHz Test Circuit 
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MOTOROLA 
• SEMICONDUCTOR 

TECHNICAL DATA 

The RF MOSFET Line 
RF Power Field-Effect Transistor 
N-Channel Enhancement-Mode 
• •• designed for power amplifier applications in industrial, commercial and 
amateur radio equipment to 175 MHz. 

• Superior High Order IMD 

• Specified 28 Volts, 30 MHz Characteristics 
Output Power = 30 Watts 
Power Gain = 17 dB (Typ) 
Efficiency = 40% (Typ) 

• IMD(d3) (30 W PEP) - -30 dB (Typ) 

• IMD(d11) (30 W PEP) --60 dB (Typ) 
• 100% Tested For Load Mismatch At All Phase Angles With 

30:1 VSWR 

Go--~ 

MAXIMUM RAnNGS 

Rating 

Draln·Source Voltage 

Oraln·Gate Voltage (RGS = 1.0 MO) 

Gate-Source Voltage 

Drain Current - Continuous 

Total Device ~issipation @ T C = 2500 
Derate above 25°C 

Storage Temperature Range 

Operating Junction Temperature 

THERMAL CHARACTERlsnCS 

Characteristic 

Thermal·Resistance, Junction to Case 

ELECTRICAL CHARACTERISTICS (Tc = 25°C unless otherwise noted.) 

I Characteristic I Symbol 

OFF CHARACTERISTICS 

Drain-Source Breakdown Voltage (VGS = 0, 10 = lOrnA) V(BR)OSS 

Zero Gate Voltage Drain Current (VOS = 28 V, VGS = 0) lOSS 

Gate-Source Leakage Current (VGS = 20 V, VOS = 0) IGSS 

ON CHARACTERISTICS 

Gate Threshold Voltage (VOS = 10 V, 10 = 10 mAl VGS(th) 

~rain-Source On-Voltage (VGS = 10 V,IO = 2.5 A) VOS(on) 

Forward Transconductance (VOS = 10 V, 10 = 2.5 A) !lis 

s 

Symbol 

VOSS 

VOGR 

VGS 

10 

Po 

Tstg 

TJ 

Min 

65 

-
-

1.0 

-
0.8 

Handling and Packaging - MOS devices are susceptible to damage from electrostatiC charge. 
Reasonable precautions in handling and packaging MOS devices should be observed. 

MRF138 
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MRF138 

3OW,l75 MHz 
N-CHANNEL MOS 

UNEAR RF POWER 

CASE 211-m', STYLE 2 

Value 

65 

65 

±40 

6.0 

115 
0.66 

-65 to +150 

200 

Max 

1.52 

- -
- 5.0 

- 100 

3.0 6.0 

- 2.5 

1.2 -

Unit 

Vdc 

Vdc 

Vdc 

Adc 

WaIlS 
wrc 

00 

00 

Unit 

Vdc 

mAde 

nAdc 

Vde 

Vdc 

mhos 

(continued) 
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ELECTRICAL CHARACTERISTICS - continued (Tc = 25°C unless otherwise noted.) . 

I Characteristic I Symbol I Min Typ Max Unit 

DYNAMIC CHARACTERISTICS 

Input capacitance (VDS = 28 V. VGS = O. f = 1.0 MHz) Ciss - 55 - pF 

Output Cspacitance (VDS = 28 V. VGS = O. f = 1.0 MHz) Coss - 70 - pF 

Reverse Transfsr Cspacltance (VDS =28V. VGS = O. f= 1.0 MHz) Crss - 14 - pF 

FUNCTIONAL TESTS (SSB) 

Common Source Amplifier Power Gain Gps dB 
(VDD = 28 V. Pout = 30 W (PEP). (30 MHz) (Figure 1) - 17 -
loa=1oornA) (150 MHz) (Figure 6) - 14 -

Drain Efficiency (Figure 1) (30WPEP) 1'\ - 40 - % 
(VDD = 28 V. f = 30 MHz. loa = 100 rnA) (30WCW) - 50 -

Intermodulation Distortion (Figure 1) dB 
(VDD = 28 V. Pout = 30 W (PEP). f = 30; 30.001 MHz. IMD(d3) - -30 -
loa =·100 rnA) IMD(d11) - -60 -

Load Mismatch (Figure 1) 'II 
(VDD=28 V. Pout = 30 W (PEP). f= 30; 30.001 MHz. No Degradation In Output Power 
loa = 100 rnA. VSWR 30:1 at all Phase Angles) 

CLASS A PERFORMANCE 

Intermodulatlon Distortion (1) and Power Gain 
(VDD=28V. Pout = 10W (PEP). f1 =30 MHz. 
f2 = 30.001 MHz. loa = 1.0 A) 

NOTE: 
1. To MIL-5TD-1311 Version A. Test Method 2204B. Two Tone. Reference Each Tone. 

+ Ll r--'---4~-------<+ 
81AS 

-~ C1~ C4l 

~fD r a 

INPUT Tl 
C8 I 

I 
R2 

':" 

C3 R4 
':" 

C1. C2. ca. C4. C5. C6 - 0.1 jlF Ceramic Chip or Equivalent 
C7 - 10 jlF. 100 V Electrolytic 
C8 - 10 pF Dipped Mica 
C9 - 68 pF Dipped Mica 
C10. C11-47 pF Dipped Mica 

C12 - Area 406 Variable 
L 1 - VK200 20/4B Ferrite Choke 

or Equivalent (3.0 jlH) 
L2 - Ferrite Bead(s). 2.0 jlH 
R1. R2 - 200 n. 112 W Carbon 

R3 - 2.2 n. 112 W Carbon 
R4 - 330 n. 1.0 W Carbon 
T1 - 4:1 Impedance Transformer 
T2 - 1:4 Impedance Transformer 

Figure 1. 2.0 to 50 MHz Broadband Test Circuit 
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25 

20 I :oUlfEFII t~~ 
~ 

VOS=28 V -10Q= 100 mA :"'" 

Iltfi7fTn l ~ 
200 00 0.5 1 1.5 2 2.5 

Pout = 30 W (PEP) 

5 7 10 20 50 70' 100 

t, FREQUENCY (MHz) 

Figure 2. Power Gain versus Frequency 

Pin, INPUT POWER (WAITS) 

Figure 3. Output Power versus Input Power 

",.- --J. 

2000 

~ 1800 

Ei. 1600 
> 
~ 1400 

/ VOS=2OV r---
1L~ 1200 

1000 

~ 800 

~ 600 

~4OO 
200 
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~ 

I 
I V 
II 
'/ 

,,"' ........... 
..... i'.... 

10V I'... 
~ 

2 3 4 
Poul, OUTPUT POWER (WAITS PEP) 

Figure 4. IMD versus Pout 

10, DRAIN CURRENT (AMPS) 

Figure 5. Common Source Unity Current Gain 
Frequency versus Drain Current 

+ BIAS 

1C2 
RFINPUT 

Rl 

Cl - 91 pF UneJco Type MCM 011010 
C2, C4 - 0.1 IlF Erie Red Cap 
C3 - Allen Bradley 680 pF Feed Thru 
C5 - 1.0 IlF, 50 Vdc Electrolytic 
C6 - Areo 402 Variable 
C7 - Arco 404 Variable 
Ll-2Tums#18AWG,5116"'10 

R2 ,......,.-..... -.....J"!RF:!C":!l""'---1~---o + 28 Vdc 

Cl 

L2 - 4 Turns #18 AWG, 5116'" 10 
Rl - 1.0 Ohm, 1/4 W Carbon 
R2 - 2000 Ohm, 1/4 W Carbon 
RFCl - VK200 21/4B 
T1 - 4:1 Transformer, 1.75N Subminiature 

Coaxial Cable 

Ll 

Figure 6. 150 MHz Test Circuit 

500 

L....--"'12.5 0 

T1 - 4:1 Impedance Ratio 
Transformer, Une 
Impedance = 25 0 

5 
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1.8 

Ie" 1.6 

~ 1A 
!z 1.2 w a: a: 1 a 
:z 0.8 
~ 
c 0.6 

~ 0.4 

2 3 4 5 6 7' 8 9 10 
VGS, GATE-SOURCE VOLTAGE (VOLTS) 

Figure 7. Gate Voltage versus Drain Current 
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:z 0.7 
~ 0.5 
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Figure 8. DC Safe Operating Area 

lint ZoL* 
Ohms Ohms 

2 55.0 - jl1.0 9.6 - j4.0 
30 18.0 - j10.8 6.2 - j3.2 
150 4.5-j4.0 4.7 - j2.8 ~

~ \~ 

.. ~~ 

ZoL* = Conjugate of the optimum load impedance ~ 
into which the device output operates at ~ • 
a given output power, voltage and I 

frequency. e p 

tGate Shunted By 100 a 

Figure 9. Large-Slgnel SerIes Equivalent 
InputlOutput Impedance, Zin t, ZoL' 
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RF POWER MOSFET CONSIDERATIONS 

MOSFET CAPACITANCES 
The physical structure of a MOSFET results in capacitors 

between the terminals. The metal oxide gate structure 
determines the capacitors from gate-to-drain (Cgd), and 
gate-ta-source (Cgs). The PN junction formed during the 
fabrication of the RF MOSFET results in a junction capaci
tance from drain-to-source (Cds). 

These capacitances are characterized as input (Ciss), 
output (Coss) and reversetransfer(Crss)capacitanceson data 
sheets. The relationships between the inter-terminal capaci
tances and those given on data sheets are shown below. The 
Ciss can be specified in two ways: 

1. Drain shorted to source and positive voltage at the gate. 
2. Positive voltage olthe drain in respect to source and zero 

volts at the gate. In the latter case the numbers are lower. 
However, neither method represents the actual' operat
ing conditions in RF applications. 

LINEARITY AND GAIN CHARACTERISTICS 
In addition to the typical IMO and power gain data 

presented, Figure 5 may give the designer additional informa
tion on the capabilities of this device. The graph represents the 
small signal unity current gain frequency at a given drain 
current level. This is equivalent to tr for bipoiar transistors. 

Since this test is performed at a fast sweep speed, heating of 
the device does not occur. Thus, iri normal use, the higher 
temperatures may degrade these characteristics to some 
extent. . 

DRAIN CHARACTERISTICS 
One figure of merit fora FET is its static resistance in the 

full-on condition. This on-resistance, VOS(on), occurs in the 
linear region of the output characteristic and is specified under 
specific test conditions for gate-source voltage and drain 
current. For MOSFETs, VOS(on) has a positive temperature 
coefficient and constitutes an important design consideration 
at high temperatures, because it contributes to the power 
dissipation within the device. 

GATE CHARACTERISTICS 
The gate of the RF MOSFET is a polysilicon material, and 

is electrically isolated from the source by a layer of oxide. The 
input resistance is very high - on the order of 109 ohms -
resulting in a leakage current of a few nanoamperes. 

Gate control is achieved by applying a positive voltage 
slightiy in excess of the gate-ta-source threshold voltage, 
VGS(th)· 

Gate Voltage Rating - Never exceed the gate voltage 
rating. Exceeding the rated VGS can result in permanent 
damage to the oxide layer in the gate region. 

Gate Tennination - The gates of these devices are 
essentially capacitors. Circuits that leave the gate open
circuited or floating should be avoided. These conditions can 
result in turn-on of the devices due to voltage build-up on the 
input capacitor due to leakage currents or pickup. 

Gate Protection - These devices do not have an internal 
monolithic zener diode from gate-to-source. If gate protection 
is required, an external zener diode is recommended. 

EQUIVALENT TRANSISTOR PARAMETER TERMINOLOGY 

MRF138 
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ColleC1Or ............................... Drain 
Emitter .•.• " .......................... Source 

Base ,,, ............................. Gate 

V(BR)CES .... · ...... · ...... · .... ······ .. V(BR)OSS 
VCBO ............................... VOGO 

IC ............ ; ................... 10 
ICES ............................... lOSS 
lEBO ............................... IGSS 

VBE(on) •••••••.•.••••••••.•.•.•.•••.•. VGS(th) 
VCE(sat) .•••.•..••.•.•.••.••.......•.•. VOS(on) 

Cib ............................... Ciss 
Cob ............................... COBS 
lite ............................... Ofs 

RCE(sat) = vc~~sat) ............................... .rOS(on) = VO~Jon) 
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MOTOROLA 
• SEMICONDUCTOR 

TECHNICAL DATA 

The RF MOSFET Line 
RF Power Field-Effect Transistor 
N-Channel Enhancement-Mode 
• •. designed primarily for linear large-signal output stages up to 150 MHz 
frequency range. 

• Specified 28 Volts, 30 MHz Characteristics 
Output Power = 150 Watts 
Power Gain = 15 dB (Typ) 
Efficiency = 40% (Typ) 

• Superior High Order IMD 

• IMD(d3) (150 W PEP) - -30 dB (Typ) 

• IMD(d11) (150 W PEP) --60 dB (Typ) 
• 100% Tested For Load Mismatch At All Phase Angles With 

30:1 VSWR 

Go--~ 

MAXIMUM RATINGS 

Rating 

Drain·Source Voltage 

Drain·Gate Voltage 

Gate-Source Voltage 

Drain Current - Continuous 

Total Device Dissipation @ TC = 2500 
Derate above 2500 

Storage Temperature Range 

Operating Junction Temperature 

THERMAL CHARACTERISTICS 

Characteristic 

Thermal Resistance, Junction to Case 

s 

Symbol 

VOSS 

VDGO 

VGS 

10 

Po 

Tstg 

TJ 

MRF140 

150W,1D150 MHz 
N-CHANNEL MOS 

UNEAR RF POWER 
FET 

CASE 211-11, STYLE 2 

Value 

65 

65 

±40 

16 

300 
1.7 

-6510+150 

200 

Max 

0.6 

Unit 

Vdc 

Vdc 

Vdc 

Adc 

Watts 
wrc 

00 

00 

Handling and Packaging - MOS devices are susceptible to damage from electroStatic charge. Reasonable precautions in handling and 
packaging MOS devices should be observed. 
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ELECTRICAL CHARACTERISTICS (T C = 25°C unless otherwise noted.) 

Characteristic I· Symbol Min Typ Max Unit 

OFF CHARACTERISTICS 

~rain-Source Breakdown Voltage (VGS = 0, 10 = 100 mAl V(BR)OSS 65 - - Vdc 

Zero Gate Voltage Drain Current (VOS = 28 Vdc, VGS = 0) lOSS - - 5.0 mAdc 

Gate-Body Leakage Current (VGS = 20 Vdc, VOS = 0) IGSS - - 1.0 JIAdc 
ON CHARACTERISTICS 

Gate Threshold Voltage (VOS = 10 V, 10 = 100 mAl VGS(th) 1.0 3.0 5.0 Vdc 

Drain-Source On-Voltage (VGS = 10 V, 10 = 10 Ado) VOS(on) - - 1.5 Vdc 

Forward Transconductance (VOS = 10 V, 10 = 5.0 A) 9fs 4.0 - - mhos 

DYNAMIC CHARACTERISTICS 

Input Capacitance (VOS = 28 V, VGS = 0, f = 1.0 MHz) Ciss - 450 - pF 

Output Capacitance (VOS= 28 V, VGS =0, f= 1.0 MHz) Coss - 450 - pF 

Reverse Transfer capaCitance (VOS = 28 V, VGS = 0, f = 1.0 MHz) Crss - 100 - pF 

FUNCTIONAL TESTS (SSB) 

Common Sourca Amplifier Power Gain (30 MHz) Gps - 15 - dB 
(VOO = 28 V, Pout = 150 W (PEP), IDQ = 250 rnA) (150 MHz) - 6.0 -

Drain Efficiency 1\ - 40 - % 
(V00=28 V, Pout = 150W (PEP), f= 30; 30.001 MHz, 
10 (Max) = 6.5 A) 

Intermodulation Distortion (1) dB 
(VOO = 28 V, Pout = 150 W (PEP), f1 = 30 MHz, IMO(d3) - -30 -
f2 = 30.001 MHz, loa = 250 mAl IMO(d11) - -60 -

Load Mismatch 'I' 
(VOO = 28 V, Pout = 150 W (PEP), f = 30; 30.001 MHz, No Degradation In Output Power 
IDQ = 250 rnA, VSWR 30:1 at all Phase Angles) 

NOTE: 
1. To MIL-STO-1311 Version A, Test Method 2204B, Two Tone, Reference Each Tone. 

BIAS + 

0-12 V ->---:l 
C5~ ~C7 

R1 

~~~p 1i-~ C3 

-= 

-= 

C1 - 820 pF Dipped Mica 
C2, CS, C6, C7, C8, C9 - 0.111F Ceramic Chip or 

Monolythic with Short Leads 
C3-Arco469 
C4 - 560 pF Unencapsulated Mica or Dipped Mica 

with Short Leads 
C10 - 10 I1F/100 V Electrolytic 

L1 

if 
-= 

+ 
+ 28V 

C8~ ¥C10 r-
1~ ~~ 

L 1 - VK200/4B Ferrite Choke or Equivalent, 3.0 I1H 
l2 - Ferrite Bead(s), 2.0 I1H 
R1, R2-51 nt1.0Wcarbon 
R3 - 1.0 nt1.0 W Carbon 
T1 - 16: 1 Broadband Transformer 
T2 - 1 :25 Broadband Transformer 

Figure 1. 300 MHz Test Circuit (Class AB) 
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~ 00 10 20 30 e: VOO = 28 V. loa = 250 rnA 

r- ... 
........... 

........ 
'i'. 

_ VOO=28V i'o.. 
IOQ=250rnA 

- Pout = 150 W (PEP) 
I I I I I II 

II I ! ~1]44fHitfI11~ 
200 00 1 2 3 4 5 6 10 20 50 5 100 

f. FREQUENCY (MHz) 

Figure 2. Power Gain.versus Frequency 

IllkWd~ 
VOO = 28 V. loa = 250 rnA. 
TONE SEPARATION = 1 kHz 

11111tH~ 
20 40 60 80 100 120 140 160 

Pout. OUTPUT POWER (WATTS PEP) 

Figure 4. IMD versus Pout 

10 

fi) 8 0-
:::;: 
$ 
I-:z 6 w 
a: 
a: 
::J 
0 
:z 4 :;;: 
a: c 
en 
E 2 

1000 

Pin. INPUT POWER (WATTS) 

Figure 3. Output Power versus Input Power 

~ ~ 

/ VOS=20V 

I 
J/ --r-... 

/. 10V .............. .... 
U .... 

5 10 15 20 

10. ORAIN CURRENT (AMPS) 

Figure 5. Common Source Unity Gain Frequency 
versus Drain Current 

2 6 8 10 
VGS. GATE-SOURCE VOLTAGE (VOLTS) 

Figure 6. Gate Voltage versus Drain Current 
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BIAS 

0-12V 

RFINPUT 

MRF140 
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ZoL" = Conjugate of the optimum load impedance 
in10 which the device outpu1 operates at a 
given outpu1 power, voltage and frequency. 

NOTE: Gate Shunted by 25 Ohms. 

Figure 7. Series Equivalent Impedance 

Rl 

C2 

Cl, C2, CS.- Arco 463 or equivalent 
C3 - 25 pF Unelco 
C4 - 0.1 IlF Ceramic 
C5 - 1.0 jlF, 15 WV Tantalum 
CS-I50 pF UnelcoJl0l 
C7-25IlF UnelcoJl0l 
C9 - Arcc 262 or equivalent 
Cl0 - 0.05 IlF Ceramic 
Cll -15IlF, 35 WV Electrolytic 

L2 L3 

C6 

L 1 - 3W #18 AWG Into Hairpin 
L2 - Printed Line, 0.200" x O.SOO
L3-7/8- #16 AWG Into Hairpin 
L4-2 Tums #16 AWG, 511610 
RFCI - 5.6 jlH Molded Choke 
RFC2 - VK200-4B 
Rl, R2-150n, 1.0 W Carbon 

Figure 8. 150 MHz Test Circuit (Class AB) 

RF 
OUTPUT 
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RF POWER MOSFET CONSIDERATIONS 

MOSFET CAPACITANCES 
The physical structure of a MOSFET results in capacitors 

between the terminals. The metal oxide gate structure 
determines the capacitors from gate-to-drain (Cgcil, and 
gate-te-source (Cgs)' The PN junction formed during the 
fabrication of the RF MOSFET results in a junction capaci
tance from drain-to-source (Cds). 

These capacitances are characterized as input (Ciss), 
output (Coss) and reverse transfer (Crss) capacitances on data 
sheets. The relationships between the inter-terminal capaci
tances and those given on data sheets are shown below. The 
Ciss can be specified in two ways: 

1. Orain shorted to source and positive voltage at the gate. 

2. Positive voltage of the drain in respect to source and zero 
volts atthe gate. In the iatter case the numbers are lower. 
However, neither method represents the actual operat
ing conditions in RF applications. 

LINEARITY AND GAIN CHARACTERISTICS 
In addition to the typical IMO and power gain data 

presented, Figure 5 may give the deSigner additional informa
tion on the capabilities ofthis device. The graph represents the 
small signal unity current gain frequency at a given drain 
current level. This is equivalent to iT for bipolar transistors. 

Since this test is performed at a fast sweep speed, heating of 
the device does not occur. Thus, in normal use, the higher 
temperatures may degrade these characteristics to some 
extent. 

DRAIN CHARACTERISTICS 
One figure of merit for a FET is its static resistance in the 

full-on condition. This on-resistance, VOS(on), occurs in the 
linear region of the output characteristic and is specified under 
specific test conditions for gate-source voltage and drain 
current. For MOSFETs, VOS(on) has a positive temperature 
coefficient and constitutes an important deSign consideration 
at high temperatures, because it contributes to the power 
dissipation within the device. 

GATE CHARACTERISTICS 
The gate of the RF MOSFET is a polysilicon material, and 

is electrically isolated from the source by a layer of oxide. The 
input resistance is very high - on the order of log ohms -
resulting in a leakage current of a few nanoamperes. 

Gate control is achieved by applying a positive voltage 
slightly in excess of the gate-to-source threshold voltage, 
VGS(th). 

Gate Voltage Rating - Never exceed· the gate voltage 
rating. Exceeding the rated VGS can result in permanent 
damage to the oxide layer in the gate region. 

Gate Termination - The gates of these devices are 
essentially capacitors. Circuits that leave the gate open
circuited or floating should be avoided. These conditions can 
result in turn-on of the devices due to voltage build-Up on the 
input capacitor due to leakage currents or pickup. 

Gate Protection - These devices do not have an internal 
monolithic zener diode from gate-to-source. If gate protection 
is required, an external zener diode is recommended. 

EQUIVALENT TRANSISTOR PARAMETER TERMINOLOGY 

Collector ............................... Orain 
Emitter ............................... Source 

Base ............................... Gate 
V(BR)CES···················· .•..•.•••.• V(BR)OSS 

VCBO ............................... VOGO 
IC ............................... 10 

ICES ............................... lOSS 
lEBO ............................... IGSS 

VBE(on) .....•......•.....•.........•.. VGS(th) 
VCE(sat) ............................... VOS(on) 

Cib ............................... Ciss 
Cob ............................... Cess 
hfe ............................... 9fs 

RCE(sat) = vc~gat) ................................ roS(on) = Vo~~on) 
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MOTOROLA . 
• SEMICONDUCTOR 

TECHNICAL DATA 

The RF MOSFET Line 
RF Power Field-Effect Transistor 
N-Channel Enhancement-Mode MOSFET 
• •. designed for broadband commercial and military applications at frequencies 
to 175 MHz. The high power, high gain and broadband performance of this 
device makes possible solid state transmitters for FM broadcast or TV channel 
frequency bands. 

• Guaranteed Performance at 30 MHz, 28 V: 
Output Power - 150 W 
Gain - 18 dB (22 dB Typ) 
Efficiency - 40% 

• Typical Performance at 175 MHz, 50 V: 
Output Power - 150 W 
Gain-13dB 

• Low Thermal Resistance 

• Ruggedness Tested at Rated Output Power 

• Nitride Passivated Die for Enhanced Reliability 

MAXIMUM RATINGS 

RatIng 

Drain-Source Vollage 

Drain-Gate Voltage 

Gate-Source Voltage 

Drain Current - Continuous 

Total Device Dissipation @ T C = 25"C 
Derate above 25°C 

Storage Temperature Range 

Operating Junction Temperature 

THERMAL CHARACTERISTICS 

Characteristic 

Thermal Resistance, Junction to Cese 

Go--lir-I 

S 

Symbol 

VOSS 

VOGO 

VGS 

10 

Po 

Tstg 

TJ 

MRF141 

150W, 28 V,175 MHz 
N-CHANNEL 

BROADBAND 
RF POWER MOSFET 

CASE 211-11, STYLE 2 

Value 

65 

65 

±40 

16 

300 
1.71 

-65 to +150 

200 

Max 

0.6 

Unit 

Vdc 

Vdc 

Vdc 

Adc 

Watts 
wrc 

°c 

"C 

NOTE - CAUTION - MOS devices are susceptible to damage from electrostatic charge. Reasonable precautions in handling and 
packaging MOS devices should be observed. 
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ELECTRICAL CHARACTERISTICS (TC = 250C unless otherwise noted.) 

I Characteristic I Symbol 

OFF CHARACTERISTICS (1) 

~rain-Source Breakdown Voltege (VGS = 0, 10 = 100 rnA) 

Zero Gate Voltage Drain Current (VOS = 28 V, VGS = 0) 

Gate-Body Leakage Current (VGS = 20 V, VOS = 0) 

ON CHARACTERISTICS (1) 

Gate Thrashold Voltage (VOS = 10 V, 10 = 100 mAl 

Drain-Source On-Voltage (VGS = 10 V, 10 = 10 A)' 

Forward Transconductance (VOS = 10 V, 10 = 5.0 A) 

DYNAMIC CHARACTERISTICS (1) 

Input Capacitance (VOS = 28 V, VGS = 0, 1= 1.0 MHz) 

Output Capacitance (VOS = 28 V, VGS = 0, 1= 1.0 MHz) 

Reverse Transler Capacitance (VOS = 28 V, VGS = 0, 1= 1.0 MHz) 

FUNCTIONAL TESTS 

Common Source Amplilier Power Gain, 1= 30; 30.001 MHz 
(Voo= 28 V, Pout = 150 W (PEP), loa =250 rnA) 1= 175 MHz 

Drain Efficiency 
(VOO = 28 V, Pout = 150 W (PEP), I = 30; 30.001 MHz, 
loa = 250 rnA, 10 (Max) = 5.95 A) 

Intermodulatlon Distortion (1) 
(VOO=28 V, Pout = 150 W (PEP), 1=30 MHz, 
f2 = 30.001 MHz, loa = 250 rnA) 

Load Mismatch 
(VOO = 28 V, Pout = 150 W (PEP), 11 = 30; 30.001 MHz, 
loa = 250 mA, VSWR 30:1 at all Phase Angles) 

CLASS A PERFORMANCE 

Intermodulation Distortion (1) and Power Gain 
(VOO = 28 V, Pout = 50 W (PEP), fl = 30 MHz, 
f2 = 30.001 MHz, loa = 4.0 A) 

NOTE: 

V(BR)OSS 

lOSS 

IGSS 

VGS(th) 

VOS(on) 

gls 

Ciss 

Coss 

Crss 

Gps 

T] 

IMO(d3) 
IMO(dl1) 

IjI 

1. To MIL-STD-1311 Version A, Test Method 2204B, Two Tone, Reference Each Tone. 

BIAS +;>----------...... -, L1 
0-12V_~ 

Rl 

RFINPUT T; ~ ~ 
R3 C2 

I pel 
- -- -

Min Typ Max Unit 

65 - - Vdc 

- - 5.0 mAdc 

- - 1.0 jlAdc 

1.0 3.0 5.0 Vdc 

- - 1.5 . Vdc 

5.0 7.0 - mhos 

- 350 - pF 

- 420 - pF 

- 40 - pF 

16 20 - dB 
- 10 -
40 45 - % 

dB 
- -30 -28 
- -60 -

No Degradation in Output Power 

Cl - 820 pF Dipped Mica 
L 1 - VK200/4B Ferrite Choke or Equivalent, 3.0 I1H 
L2 - Ferrite Bead(s), 2.0 I1H 

C2, C5, C6, C7, C8, C9 - 0.1 I1F Ceramic Chip or 
Monolythic with Short Leads 

C3-Arco469 
C4 - 560 pF Unencapsulated Mica or Dipped Mica 

with Short Leads 
Cl0 -10 I1F/l00 V Electrolytic 

Rl, R2-51 0/1.0 W Carbon 
R3 - 1.0 0/1.0 W Carbon 
Tl - 16:1 Broadband Transformer 
T2 - 1:25 Broadband Transformer 
Board Material- 0.062" Fiberglass (Gl0), 
1 oz. Copper Clad, 2 Sides, sr = 5 

Figure 1. 30 MHz Test Circuit 
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II 

TYPICAL CHARACTERISTICS 

rf' 
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10 i".... 

TC=25°C 
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Figure 2. DC Safe OperaUng Area 
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Figure 4. Common Source Unity Gain Frequency 
versus Drain Current 
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Figure 6. Power Gain versus Frequency 
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Figure 3. Gate-Source Voltage versus 
Case Temperature 
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Figure 5. Capacitance versus 
Drain-Source Voltage 
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Figure 7. Output Power versus Input Power 
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TYPICAL CHARACTERISTICS 

320 

Ii) 280 

i 240 

.1 .1 
I-- f=30MHz 

IDQ=250mA 
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IOO=250mA 
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!5 
Il. 120 !5 
0 
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40 

~ , ---~ --1"""""'2W 
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Figure 8. Output Power versus Supply Voltage Figure 9. Output Power versus Supply Voltage 

Figure 10. Input and Output Impedances 
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Figure 11.IMD versus Pout (PEP) 
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RF POWER MOSFET CONSIDERATIONS 

MOSFET CAPACITANCES 
The physical structure of a MOSFET results in capacitors 

between the terminals. The metal anode gate structure de
termines the capacitors from gate-to-drain (Cgd), and gate
to-source (Cgs). The PN junction formed during the 
fabrication of the MOSFET results in a junction capacitance 
from drain-to-source (Cds). 

These capacitances are characterized as input (Ciss), out
put (Coss) and reverse transfer (Crss) capacitances on data 
sheets. The relationships between the inter-terminal capaci
tances and those given on data sheets are shown below. The 
Ciss can be specified in two ways: 

1. Drain shorted to source and positive voltage at the gate. 

2. Positive voltage of the drain in respect to source and zero 
volts at the gate. In the latter case the numbers are lower. 
However, neither method represents the actual operat
ing conditions in RF applications. 

LINEARITY AND GAIN CHARACTERISTICS 
In addition to the typical IMO and power gain data pres

ented, Figure 4 may give the designer additional information 
on the capabilities of this device. The graph represents the 
small Signal unity current gain frequency at a given drain cur
rent level. This is equivalent to tr for bipolar transistors. 
Since this test is performed at a fast sweep speed, heating of 
the device does not occur. Thus, in normal use, the higher 
temperatures may degrade these characteristics to some ex
tent. 

DRAIN CHARACTERISTICS 
One figure of merit for a FET is its static resistance in the 

full-on condition. This on-resistance, VOS(on), occurs in the 
linear region of the output characteristic and is specified un
der specific test conditions for gate-source voltage and drain 
current. For MOSFETs, VOS(on) has a positive temperature 
coefficient and constitutes an important design consideration 
at high temperatures, because it contributes to the power 
dissipation within the device. 

GATE CHARACTERISTICS 
The gate of the MOSFET is a polysilicon material, and is 

electrically isolated from the source by a layer of oxide. The 
input resistance is very high - on the order of 109 ohms -
resulting in a leakage current of a few nanoamperes. 

Gate control is achieved by applying a positive voltage 
slightly in excess of the gate-to-source threshold voltage, 

VGS(th)· 
Gate Voltage Rating - Never exceed the gate voltage 

rating. Exceeding the rated VGS can result in permanent 
damage"to the oxide layer in the gate region. 

Gate Termination - The gate of this device is essentially 
capacitor. Circuits that leave the gate open-circuited or float-
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ing should be avoided. These conditions can result in turn-on 
of the device due to voltage build-up on the input capaCitor 
due to leakage currents or pickup. 

Gate Protection - This device does not have an internal 
monolithic zener diode from gate-to-source. If gate protec
tion is required, an external zener diode is recommended. 

Using a resistor to keep the gate-to-source impedance low 
also helps damp transients and serves another important 
function. Voltage transients on the drain can be coupled to 
the gate through the parasitiC gate-drain capacitance. If the 
gate-to-source impedance and the rate of voltage change on 
the drain are both high, then the Signal coupled to the gate 
may be large enough to exceed the gate-threshold voltage 
and turn the device on. 

HANDLING CONSIDERATIONS 
When shipping, the devices should be transported only in 

antistatic bags or conductive foam. Upon removal from the 
packaging, careful handling procedures should be adhered 
to. Those handling the devices should wear grounding straps 
and devices not in the antistatic packaging should be kept in 
metal tote bins. MOSFETs should be handled by the case 
and not by the leads, and when testing the device, all leads 
should make good electrical contact before voltage is ap
plied. As a final note, when placing the FET into the system it 
is designed for, soldering should be done with a grounded 
iron. 

DESIGN CONSIDERATIONS 
The MRF141 is an RF Power, MOS, N-channel enhance

ment mode field-effect transistor (FET) designed for HF and 
VHF power amplifier applications. 

Motorola Application Note AN211 A, FETs in Theory and 
Practice, is suggested reading for those not familiar with the 
construction and characteristics of FETs. 

The major advantages of RF power MOSFETs include 
high gain, low noise, simple bias systems, relative immunity 
from thermal runaway, and the ability to withstand severely 
mismatched loads without suffering damage. Power output 
can be varied over a wide range with a low power dc control 
signal. 

DC BIAS 
The MRF141 is an enhancement mode FET and, there

fore, does not conduct when drain voltage is applied. Drain 
current flows when a positive voltage is applied to the gate. 
RF power" FETs require forward bias for optimum perfor
mance. The value of quiescent drain current (loa) is not criti
cal for many applications. The MRF141 was characterized at 
loa = 250 mA, each side, which is the suggested minimum 
value of loa. For special applications such as linear amplifi
cation, loa may have to be selected to optimize the critical 
parameters. 

The gate is a dc open circuit and draws no current. There
fore, the gate bias circuit may be just a simple resistive divid
er network. Some applications may require a more elaborate 
biassytem. 

GAIN CONTROL 
Power output of the MRF141 may be controlled from its 

rated value down to zero (negative gain) by varying the de 
gate voltage. This feature facilitates the deSign of manual 
gain control, AGC/ALC and modulation systems. 
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MOTOROLA 
• SEMICONDUCTOR 

TECHNICAL DATA 

The RF MOSFET Line 
RF Power Field-Effect Transistor 
N-Channel Enhancement-Mode MOSFET 
• •• designed for broadband commercial and military applications at frequencies 
to 175 MHz. The high power, high gain and broadband performance of this 
device makes possible solid state· transmitters for FM broadcast or TV channel 
frequency bands. 

• Guaranteed Performance at 175 MHz, 28 V: 
Output Power - 300 W 
Gain -12 dB (14 dB Typ) 
Efficiency - 50% 

• Low Thermal Resistance - 0.35°CIW 

• Ruggedness Tested at Rated Output Power 

• Nitride Passivated Die for Enhanced Reliability 

MAXIMUM RATINGS 

G 

G 
t+---oS 

(FLANGE) 

Rating Symbol 

Drain-Source Voltage VOSS 

Drain-Gate Voltage VDGO 

Gate-Source Voltage VGS 

Drain Current - Continuous 10 

Total Device Dissipation @ :r C = 25°C Po 
Derate above 250C 

Storage Temperature Range Tstg 

Operating Junction Temperature TJ 

THERMAL CHARACTERISTICS 

Characteristic 

Thermal Resistance, Junction to Case 

MRF141G 

300 W, 28 V, 175 MHz 
N-CHANNEL 
BROADBAND 

RF POWER MOSFET 

CASE 375, STYLE 2 

Value 

65 

65 

±40 

32 

500 
2.85 

-65 to +150 

200 

Max 

0.35 

Unit 

Vile 

Vdc 

Vile 

Adc 

Watts 
W/"C 

OC 

°C 

NOTE - CAUTION - MOS devices are susceptible to damage from electrostatic charge. Reasonable precautions In handling and 
packaging MOS devices should be observed. 

MOTOROLA RF DEVICE DATA MRF141G 
2-143 

• 



• 

ELECTRICAL CHARACTERISTICS (T C = 25°C unless otherwise noted.)' 

Characteristic 

OFF CHARACTERISTICS (1) 

~rain-Source Breakdown Voltage 
(VGS = 0, 10 = 100 rnA) 

Zero Gate Voltage Drain Current 
(VOS = 28 V, VGS = 0) 

Gate-Body Leakage Current 
(VGS = 20 V, VOS = 0) 

ON CHARACTERISTICS (1) 

Gata Threshold Voltage 
(VOS = 10 V, 10 = 100 rnA) 

~rain-Source On-Voltage 
(VGS=10V,10=10A) 

Forward Transconductance 
(VOS = 10 V, 10 = 5.0 A) 

DYNAMIC CHARACTERISTICS (1) 

Input Capacitance 
(VOS= 28 V, VGS =0, f= 1.0 MHz) 

Output Capacitance 
(VOS = 28 V, VGS =0, f= 1.0 MHz) 

Reverse Transfer Capacitance 
(VOS= 28 V, VGS =0, f= 1.0 MHz) 

FUNCTIONAL TESTS (2) 

Common Source Amplifier Power Gain 
(VOO = 28 V, Pout = 300 W, loa = 500 rnA, f = 175 MHz) 

Drain Efficiency 
(VOO= 28 V, Pout = 300 W, f= 175 MHz, 10 (Max) = 21.4 A) 

Load Mismatch 
(VOO = 28 V, Pout = 300 W, loa = 500 rnA, f = 175 MHz, 
VSWR 5:1 at all Phase Angles) 

NOTES: 
1. Each side measured separately. 
2. Measured in push-pull configuration. 

MRF141G 
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Symbol 

V(BR)OSS 

lOSS 

IGSS 

VGS(th) 

VOS(on) 

9fs 

Ciss 

Coss 

Crss 

Gps 

11 

'If 

Min Typ Max Unit 

65 - - Vdc 

- - 5.0 mAdc 

- - 1.0 JlAde 

1.0 3.0 5.0 Vdc 

- - 1.5 Vde 

5.0 7.0 - mhos 

- 350 - pF 

- 420 - pF 

- 40 - pF 

12 14 - dB 

45 55 - % 

No Degradation In Output Power 
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Cl - Arco 402. 1.5-20 pF 
C2-Arco406.15-115pF 
C3. C4. ca. ce. Cl0 - 1000 pF Chip 
C5. Cl1 - 0.1 JLF Chip 
C6 - 330 pF Chip 
C7 - 200 pF and 180 pF Chips in Parallel 
C12 - 0.4711F Ceramic Chip. Kemet 1215 or Equivalent 
C13 - Arco 403. 3.0-35 pF 
L 1 -10 Turns AWG #16 Enameled Wire. 

Close Wound. 1/4" 1.0. 
L2 - Ferrite Beads of Suitable Material for 

1.5-2.0!1H Total Inductance 
Rl-l000hrns.1/2W 
R2 - 1.0 kOhm. 112 W 

HIGH IMPEDANCE_ 
WINDINGS ",,", 

CENTER 

TAP "-.... 

RATiO 

T1 -9:1 RFTransfonner. Can be made of 15-18 Ohms 
Semirigid Co-Ax. 62-90 Mils 0.0. 

T2 -1:9 RF Transfonner. Can be made of 15-18 Ohms 
Semirigid Co·Ax. 70-90 Mils 0.0. 

Board Material- 0.062" Fiberglass (Gl0). 
1 oz. Copper Clad. 2 Sides. Er = 5 

NOTE: For stability. the input transfonner Tl must be loaded 
with ferrite toroids or beads to increase the common 
mode inductence. For operation below 100 MHz. The 
same is required for the output transfonner. 

See pictures for construction details. 

Unless Otherwise Noted. All Chip Capacitors are ATC Type 100 or Equivalent 
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Figure 1.175 MHz Test Circuit 

TYPICAL CHARACTERISTICS 
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TYPICAL CHARACTERISTICS 
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NOTE: Data shown applies to each half of MRF141 G. 

Figure 4. Common Source Unity Gain Frequency 
versus Drain Current 
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Figure 6. Power Gain versus Frequency 
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Figure 5. Capacitance versus 
Drain-5ource Voltage 
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Figure 7. Output Power versus Supply Voltage 

ZOL' = optimum load impedance 
into which the device output operates at a 
given output power. voltage and frequency. 

Figure 8. Input and Output Impedances 

MRF141G 
2-146 

MOTOROLA RF DEVICE DATA 



RF POWER MOSFET CONSIDERATIONS 

MOSFET CAPACITANCES 
The physical structure of a MOSFET results in capaCitors 

between the terminals. The metal anode gate structure de
termines the capacitors from gate-to-drain (Cgd), and gate
to-source (Cgs). The PN junction formed during the 
fabrication of the MOSFET results in a junction capacitance 
from drain-to-source (Cds). 

These capacitances are characterized as input (Ciss), out
put (Coss) and reverse transfer (Crss) capacitances on data 
sheets. The relationships between the inter-terminal capaci
tances and those given on data sheets are shown below. The 
Ciss can be specified in two ways: 

1. Drain shorted to source and positive voltage at the gate. 

2. Positive voltage olthe drain in respectto source and zero 
volts at the gate. In the latter case the numbers are lower. 
However, neither method represents the actual operat
ing conditions in RF applications. 

yfDRAIN 

GAlE> 
~,<... TCdS 

cgs "i SOURCE 

LINEARITY AND GAIN CHARACTERISTICS 
In addition to the typical IMO and power gain data pres

ented, Figure 4 may give the designer additional information 
on the capabilities of this device. The graph represents the 
small signal unity current gain frequency at a given drain cur
rent level. This is equivalent to iT for bipolar transistors. 
Since this test is performed at a fast sweep speed, heating of 
the device does not occur. Thus, in normal use, the higher 
temperatures may degrade these characteristics to some ex
tent. 

DRAIN CHARACTERISTICS 
One figure of merit for a FET is its static resistance in the 

full-on condition. This on-resistance, VOS(on), occurs in the 
linear region of the output characteristic and is specified un
der specific test conditions for gate-source voltage and drain 
current. For MOSFETs, VOS(on) has a positive temperature 
coefficient and constitutes an important design consideration 
at high temperatures, because it contributes to the power 
dissipation within the device. 

GATE CHARACTERISTICS 
The gate of the MOSFET is a polysilicon material, and is 

electrically isolated from the source by a layer of oxide. The 
input resistance is very high - on the order of 109 ohms
resulting in a leakage current of a few nanoamperes. 

Gate control is achieved by applying a positive voltage 
slightly in excess of the gate-to-source threshold voltage, 
VGS(th)· 

Gate Voltage Rating - Never exceed the gate voltage 
rating. Exceeding the rated VGS can result in permanent 
damage to the oxide layer in the gate region. 

Gate Termination - The gate of this device is essentially 
capacitor. Circuits that leave the gate open-circuited or float-

MOTOROLA RF DEVICE DATA 

ing should be avoided. These conditions can result in turn-on 
of the device due to voltage build-up on the input capacitor 
due to leakage currents or pickup. 

Gate Protection - This device does not have an internal 
monolithic zener diode from gate-to-source. If gate protec
tion is required, an external zener diode is recommended. 

Using a resistor to keep the gate-to-source impedance low 
also helps. damp transients and serves another important 
function. Voltage transients on the drain can be coupled to 
the gate through the parasitic gate-drain capacitance. If the 
gate-ta-source impedance and the rate of voltage change on 
the drain are both high, then the signal coupled to the gate 
may be large enough to exceed the gate-threshold voltage 
and turn the device on. 

HANDLING CONSIDERATIONS 
When shipping, the devices should be transported only in 

antistatic bags or conductive foam. Upon removal from the 
packaging, careful handling procedures should be adhered 
to. Those handling the devices should wear grounding straps 
and devices not in the antistatic packaging should be kept in 
metal tote bins. MOSFETs should be handled by the case 
and not by the leads, and when testing the device, all leads 
should make good electrical contact before voltage is ap
plied. As a final note, when placing the FET into the system it 
is designed for, soldering should be done with a grounded 
iron. 

DESIGN CONSIDERATIONS 
The MRF141G is an RF Power, MOS, N-channel en

hancement mode field-effect transistor (FET) designed for 
HF and VHF power amplifier applications. 

Motorola Application Note AN211A, FETs in Theory and 
Practice, is suggested reading for those not familiar with the 
construction and characteristics of FETs. 

The major advantages of RF power MOSFETs include 
high gain, low noise, simple bias systems, relative immunity 
from thermal runaway, and the ability to withstand severely 
mismatched loads without suffering damage. Power output 
can be varied over a wide range with a low power dc control 
signal. 

DC BIAS 
The MRF141G is an enhancement mode FET and, there

fore, does not conduct when drain voltage is applied. Drain 
current flows when a positive voltage is applied to the gate. 
RF power FETs require forward bias for optimum perfor
mance. The value of quiescent drain current (loa) is not criti
cal for many applications. The MRF141G was characterized 
at loa = 250 mA, each side, which is the suggested minimum 
value of loa. For special applications such as linear amplifi
cation, loa may have to be selected to optimize the critical 
parameters. 

The gate is a dc open circuit and draws no current. There
fore, the gate bias circuit may be just a simple resistive divid
er network. Some applications may require a more elaborate 
biassytem. 

GAIN CONTROL 
Power output of the MRF141G may be controlled from its 

rated value down to zero (negative gain) by varying the dc 
gate voltage. This feature facilitates the design of manual 
gain control, AGC/ALC and modulation systems. 
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MOTOROLA 
• SEMICONDUCTOR 

TECHNICAL DATA 

The RF MOSFET Line 
RF Power Field-Effect Transistor 
N-Channel Enhancement-Mode 
• .. designed for power amplifier applications in industrial, commercial and 
amateur radio equipment to 175 MHz. 

• Superior High Order IMD 
• Specified 50 Volts, 30 MHz Characteristics 

Output Power = 30 Watts 
Power Gain = 18 dB (Typ) 
Efficiency = 40% (Typ) 

• IMD(d3) (30 W PEP) - -35 dB (Typ) 

• IMD(d11)(30 W PEP) --60!;IB (Typ) 
• 100% Tested For Load Mismatch At All Phase Angles With 

30:1 VSWR 

Go--~ 

MAXiMUM RATINGS 

Rating 

Drain-Source Voltage 

~rain-Gate Voltege 

Gate-Source Voltage 

Drain Current - Continuous 

Total Device Dissipation @ TC = 250C 
Derate above 250C 

Storage Temperature Range 

Operating Junction Temperatura 

THERMAL CHARACTERISTICS 

Charilcteriatic 

s 

Symbol 

VOSS 

VOGO 

VGS 

10 

Po 

Tstg 

TJ 

MRF148 

30 W, to 175 MHz 
N-CHANNEL MOS 

UNEAR RF POWER 
FET 

CASE 211.07, STYLE 2 

Value 

120 

120 

±40 

6.0 

115 
0.66 

-65 to +150 

200 

Max 

Unit 

Vdc 

Vdc 

Vdc 

Adc 

Watts 
WI"C 

OC 

·C 

Thermal Resistance, Junction to Case 1.52 

Handling and Packaging - MOS devices are susceptible to damage from electrostatic charge. Reasonable precautions In handling and 
packaging MOS devices should be observed. 

MRF148 
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ELECTRICAL CHARACTERISTICS (Tc w 25°C unless otherwise noted.) 

Characteristic 

OFF CHARACTERISTICS 

Drain-Source Breakdown Voltage (VGS w 0, ID w 10 mAl 

Zero Gate Voltage Drain Current (VDS = 50 V, VGS = 0) 

Gate-Body Leakage Current (VGS = 20 V, VDS = 0) 

ON CHARACTERISTICS 

Gate Threshold Voltage (VDS = 10 V, ID = 10 mAl 

Drain-Source On-Voltage (VGS = 10 V,ID = 2.5 A) 

Forward Transconductance (VDS = 10 V, ID = 2.5 A) 

DYNAMIC CHARACTERISTICS 

Input Capacitance (VDS = 50 V, VGS = 0, 1= 1.0 MHz) 

Output Capacitance (VDS = 50 V, VGS = 0, 1= 1.0 MHz) 

Reverse Transler Capacitance (VDS = 50 V, VGS = 0, I = 1.0 MHz) 

FUNCTIONAL TESTS (SSB) 

Common Source Amplilier Power Gain (30 MHz) 
(VDD = 50 V, Pout = 30 W (PEP), IDa = 100 mAl (175 MHz) 

Drain Efficiency (30W PEP) 
(VDD = 50 V, 1=30 MHz, IDa = 100 mAl (30WCW) 

Intermodulation Distortion 
(VDD = 50 V, Pout = 30 W (PEP), 
1=30;30.001 MHz,IDa= 100mA) 

Load Mismatch 
(VDD = 50 V, Pout = 30 W (PEP), 1= 30; 30.001 MHz, 
IDa = 100 mA, VSWR 30:1 at all Phase Angles) 

CLASS A PERFORMANCE 

Intermodulation Distortion (1) and Power Gain 
(VDD w 50 V, Pout = 10 W (PEP), 11 = 30 MHz, 
f2 = 30.001 MHz, IDa = 1.0 A) 

NOTE: 

Symbol 

V(BR)DSS 

IDSS 

IGSS 

VGS(th) 

VDS(on) 

9fg 

Ciss 

Coss 

Crss 

Gps 

11 

IMD(d3) 
IMD(dll) 

IJf 

1. To MIL-STD-1311 Version A, Test MethOd 2204B, Two Tone, Relerence Each Tone. 

BIAS 
0-10V 

+~------------~~--, 

-~ 

Min Typ Max Unit 

125 - - Vdc 

- - 1.0 mAdc 

- - 100 nAdc 

1.0 3.0 5.0 Vdc 

- - 5.0 Vdc 

0.8 1.2 - mhos 

- 50 - pF 

- 35 - pF 

- 8.0 - pF 

- 18 - dB 
- 15 -
- 40 - % 
- 50 -

dB 
- -35 -
- -60 -

No Degradation in Output Power 

IN~~TnlW.2 r'r R2 

T2 ~ RF 

I~""'------------l""= Olm'UT 

":' -= -= C3 R4 

Cl, C2, C3, C4, C5, C6 - 0.1 I1F CeramiC Chip or Equivalent 
C7 - 10 I1F, 100 V Electrolytic 
C8 -100 pF Dipped Mica 
L 1 - VK200 20/4B Ferrite Choke or Equivalent (3.0 I1H) 
L2 - Ferrite Bead(s), 2.0 I1H 

Rl, R2 - 200 Q, 112 W Carbon 
R3 - 4.7 Q, 112 W Carbon 
R4-470Q, 1.0WCarbon 
Tl - 4:1 Impedance Transformer 
T2 - 1:2 Impedance Translormer 

Figure 1. 2.0 to 50 MHz Broadband Test Circuit 
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Figure 4. IMD versus Pout Figure 5. Common Source Unity Gain Frequency 
versus Drain Current 

+ BIAS 

0-6V 

I~ :tC2 

RFINPUT 
Rl 

Cl - 91 pF UneJco Type MCM 011010 
C2, C4 - 0.1 )IF Erie Red Cap 
C3 - Allen Bradley 6BO pF Feed Thru 
C5 - 1.0 ).IF, 50 Vdc Electrolytic 
C6-15 pF UneJco Type J101 
C7 - 24 pF Unelco Type MCM 011010 
Ll-2Tums#18AWG,5/16"10 

MRF148 
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R2 r--~-.....J!RF~C'Jl"'----1~---O+ SO Vdc 

Cl 

L2 - 4 Tums #18 AWG, 5116" 10 
.Rl -1.0 Ohm, 1/4 W Carbon 
R2-20000hm,1/4WCarbon 
RFC1 - VK200 21/4B 
T1-4:1 Transformer, 1.75" Subminiature 

Coaxial Cable 

Figure 6.150 MHz Test Circuit 

L1 

SOQ 

'-----12.5'1 

T1 - 4:1 Impedance RatIo 
Transformer, Une 
Impedance = 25 '1 
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Figure 7. Gate Voltage versus Drain Current Figure 8. DC Safe Operating Area (SOA) 

ZoL* = Conjugale of the optimum load impedance 
into which the device output operates at a 
given output power, voltage and frequency. 

Figure 9. Impedance Coordinates - 50 Ohm 
Characteristic Impedance 
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RF POWER MOSFET CONSIDERATIONS 

MOSFET CAPACITANCES 
The physical structure of a MOSFET results In capacitors 

between the terminals. The metal oxide gate structure 
determines the capacitorS from gate-ta-drain (Cgd>, and 
gate-ta-source (Cgs)' The PN junction formed during the 
fabrication of the RF MOSFET results in a junction capaci
tance from drain-ta-source (Cds). 

These capacitances are characterized as input (Ciss), 
output(Coss) and reverse transfer (Crss) capacitances on data 
sheets. The relationships between the inter-terminal capaci
tances and those given on data sheets are shown below. The 
Ciss can be specified in two ways: 

1. Drain shorted to source and positive voltage at the gate. 
2. Positive voltage ofthe drain In respect to source and zero 

volts at the gate. In the latter case the numbers are lower. 
However, neither method represents the actual operat
ing conditions in RF applications. 

~DRAIN 

GA!E> 
~"" TCdS 

Cgs "i SOURCE 

LINEARITY AND GAIN CHARACTERISTICS 
In addition to the typical IMO and power gain data 

presented, Rgure 5 may give the designer additional informa
tion on the capabilities of this device. The graph represents the 
small signal unity current gain frequency at a given drain 
current level. This is equivalent to fr for bipolar transistors. 

Since this test is performed at a fast sweep speed, heating of 
the device does not occur. Thus, in normal use, the higher 
temperatures may degrade these characteristics to some 
extent. 

DRAIN CHARACTERISTICS 
One figure of merit for a FET is its static resistance in the 

full-on condition. This on-resistance, VOS(on), occurs in the 
linear region of the output characteristic and is specified under 
specific test conditions for gate-source voltage and drain 
current. For MOSFETs, VDS(on) has a positive temperature 
coefficient and constitutes an important design consideration 
at high temperatures, because it contributes to the power 
dissipation within the device. 

GATE CHARACTERISTICS 
The gate of the RF MOSFET is a polysilicon material, and 

is electrically isolated from the source by a layer of oxide. The 
input resistance is very high - on the order of 109 ohms -
resulting in a leakage current of a few nanoamperes. 

Gate control is achieved by applying a positive voltage 
slightly in excess of the gate-to-source threshold voltage, 
VGS(th)· 

Gate Voltage Rating - Never exceed the gate voltage 
rating. Exceeding the rated VGS can result in permanent 
damage to the oxide layer in the gate region. 

Gate Termination - The gates of these devices are 
essentially capacitors. Circuits that leave the gate open
circuited or floating should be avoided. These conditions can 
result in tum-on of the devices due to voltage build-up on the 
input capecitor due to leakage currents or pickup. 

Gate Protection - These devices do not have an internal 
monolithic zener diode from gate-to-source. If gate protection 
is required, an external zener diode is recommended. 

EQUIVALENT TRANSISTOR PARAMETER TERMINOLOGY 

MRF148 
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Collector ............................... Oraln 
Emitter ............................... Source 

Base ............................... Gale 
V (BR)CES ............................... V (BR)OSS 

VCBO ............................... VOGO 
IC ............................... 10 

ICES ............................... lOSS 
lEBO ............................... IGSS 

VBE(on) ............................... VGS(Ih) 
VCE(sal) ............................... VOS(on) 

Clb ............................... Ciss 
Cob ............................... Coss 
lite ............................... 9fs 

RcE(sat) = VC~sal) ...............................• rOS(on) = Vo~~on) 
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MOTOROLA 
• SEMICONDUCTOR 

TECHNICAL DATA 

The RF MOSFET Line 
RF Power Field·Effect Transistor 
N-Channel Enhancement-Mode 
.•. designed primarily for. linear large-signal output stages up to150 MHz 
frequency range. 

• Specified 50 Volts, 30 MHz Characteristics 
Output Power = 150 Watts 
Power Gain = 17 dB (Typ) 
Efficiency = 45% (Typ) 

• Superior High Order IMD 

• IMD(d3) (150 W PEP) --32 dB (Typ) 

• IMD(d11) (150 W PEP) - -60 dB (Typ) 

• 100% Tested For Load Mismatch At All Phase Angles With 
30:1 VSWR 

Go--T-' 

MAXIMUM RATINGS 

Rating 

Drain-Source Voltage 

Drain-Gate Voltage 

Gate-Source Voltage 

Drain Current - Continuous 

Total Device Dissipation @ TC = 25°C 
Derate above 25°C 

Storage Temperature Range 

Operating Junction Temperature 

THERMAL CHARACTERISTICS 

Characteristic 

Thermal ReSistance, Junction to Case 

5 

Symbol 

VDSS 

VDGO 

VGS 

ID 

PD 

Tstg 

TJ 

MRF150 

150W, to 150MHz 
N-CHANNEL MOS 

LINEAR RF POWER 
FET 

CASE 211-11, STYLE 2 

Value 

125 

125 

±40 

16 

300 
1.71 

-65 to +150 

200 

Max 

0.6 

Unit 

Vdc 

Vdc 

Vdc 

Adc 

Watts 
Wf'C 

OC 

OC 

Handling and Packaging - MOS devices are susceptible to damage from electrostatic charge. Reasonable precautions in handling and 
packaging MOS devices should be observed. 
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ELECTRICAL CHARACTERISTICS (TC = 25DC unless otherwise noted.), 

I Characteristic I Symbol Min Typ Max Unit 

OFF CHARACTERISTICS 

Drain-Source Breakdown Voltage (VGS = 0,10 = 100 mAl 

Zero Gate Voltage Drain Current (VOS = 50 V, VGS = 0) 

Gate-Body Leakage Current (VGS = 20 V, VOS = 0) 

ON CHARACTERISTICS 

Gate Threshold Voltage (VOS = 10 V, 10 = 100 mAl 

Drain-Source On-Voltage (VGS = 10 V, 10 = IDA) 

Forward Transconductance (VOS = 10 V, 10 = 5.0 A) 

DYNAMIC CHARACTERISTICS 

Input Capacitance (VOS = 50 V, VGS = 0, I = 1.0 MHz) 

Output Capacitence (VOS = 50 V, VGS = 0, I = 1.0 MHz) 

Reverse Transler Capacitance (VOS = 50 V, VGS = 0, 1= 1.0 MHz) 

FUNCTIONAL TESTS (SSB) 

Common Source Amplifier Power Gain 1=30MHz 
(VOO = 50 V, Pout = 150 W (PEP), loa = 250 mAl 1= 150 MHz 

Drain Efficiency 
(VOO = 50 V, Pout = 150 W (PEP), 1= 30; 30.001 MHz, 
10 (Max) = 3.75 A) 

Intermodulation Distortion (1) 
(liDO = 50 V, Pout = 150 W (PEP), 
11 = 30 MHz, f2 = 30.001 MHz, loa = 250 rnA) 

Load Mismatch 
(VOO = 50 V, Pout = 150 W (PEP), 1= 30; 30.001 MHz, 
loa = 250 mA, VSWR 30:1 at all Phase Angles) 

CLASS A PERFORMANCE 

Intermodulation Distortion (1) and Power Gain 
(VOO = 50 V, Pout = 50 W (PEP), 11 = 30 MHz, 
f2 = 30.001 MHz, loa = 3.0 A) 

NOTE: 

V(BR)OSS 

lOSS 

IGSS 

VGS(th) 

VOS(on) 

9ls 

Ciss 

Coss 

Crss 

Gps 

11 

IMO(d3) 
IMO(dll) 

'" 

125 - - Vdc 

- - 5.0 mAdc 

- - 1.0 iiAdc 

1.0 3.0 5.0 Vdc 

- - 5.0 Vdc 

4.0 5.0 - mhos 

- 350 - pF 

- 250 - pF 

- 50 - pF 

- 17 - dB 

- B.O -
- 45 - % 

dB 
- -32 -
- -60 -

No Degradation in Output Power 

1. To MIL-STO-1311 Version A, Test Method 2204B, Two Tone, Reference Each Tone. 

MRF150 
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BIAS 
0-12V 

+~------------~---, 

-~ 
Rl 

Cl - 470 pF Dipped Mica 
C2, CS, C6, C7, CB, C9 - 0.1 !IF Ceramic Chip or 

Monolythic with Short Leads 
C3 - 200 pF Unencapsulated Mica or Dipped Mica 

with Short Leads 
C4 - 15 pF Unencapsulated Mica or Dipped Mica 

with Short Leads 

lL L2 

r-~---1------~+ 
+ r< 50V Cl0 -:J; _ 

T2;..-___ --------------"-E) RF IGf10UTPUT 

CIC -10 !IF/I 00 V Electrolytic 
L 1 - VK200/4B Ferrite Choke or Equivalent, 3.0 !lH 
L2 - Ferrite Bead(s), 2.0 !lH 
Rl, R2 - 51 Q/l.0 W Carbon 
R3 - 3.3 Q/l.0 W Carbon (or 2.0 x 6.B Q/112 W in Parallel 
Tl - 9:1 Broadband Translormer 
T2 - 1:9 Broadband Transformer 

Figure 1_ 30 MHz Test Circuit (Class AB) 
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So 
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20 

~ 15 

~ 10 

5 
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""r-, 
VOO=50V 
10Q = 250 mA 

"-POUI = 150 W (PEP) 

~ 

5 10 20 50 100 200 

f. FREQUENCY (MHz) 

Figure 2. Power Gain versus Frequency 

i~H1Eftt11~ 
~ !5 VOO = 50 V. 10Q = 250 rnA. TONE SEPARATION = 1 kHz 

!]rrtt I I: l:tta 
o 20 40 60 80 100 120 140 160 

Pout. OUTPUT POWER (WATTS PEp) 

Figure 4. IMD versus Pout 

Ii) 8 1--1---1--11-
D.. 

! 
~ 61--I--+--
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~ 41--I--+--

~ 
.2 2 1---1---1-

250 
200 
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! 100 
a: 50 

-
1 1 
I I ---VOO=50.:!,.. -
~ 10Q~250mA-

~ :;;;'--1 1 4r V 
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! ;t1iHtll U~~g~ 
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1000 

¥ 
~ 800 
~ 
i1i 
::::> 600 

~ 
~ 400 

~ 
~ 200 

Pin. INPUT POWER (WATTS) 

Figure 3. Output Power versus Input Power 

....- ~ 

L VOS=30V .......... ....... 
I ", .......... 

i"-... 
// 15V ~ 

'1 " J ~ 
U " I 

5 10 15 20 

10. ORAINCURRENT (AMPS) 

Figure 5. Common Source Unity Gain Frequency 
versus Drain Current 
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VGS. GATE-SOURCE VOLTAGE (VOLTS) 

Figure 6. Gate Voltage versus 
Drain Current 
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BIAS 
0-12V 

RFINPUT 

':' 

NOTE: Gate Shunted By 25 Ohms. 

Figure 7. Series Equivalent Impedance 

R1 

C2 

':' ':' 

C1, C2, CB - Arco 463 or equivalent 
C3 - 25 pF Unelco 
C4 - 0.1 flF Ceramic 
C5 - 1.0 flF, 15 WV Tantalum 
C6-250 pF UnelcoJl01 
C7-25 pF Unelco,Jl0l 
C9 - Arco 262 or equivalent 
Cl0 - 0.05 flF Ceramic 
Cll -15 flF, 60 WV Electrolytic 

01 -1 N5347 Zener Diode 
Ll -314"#18 AWG Into Hairpin 
1.2 - Printed Line, 0.200" x 0.500· 
L3 - 1" #16 AWG into Hairpin 
L4-2Turns #16 AWG, 5/1610 
RFC1 - 5.6 flH Choke 
RFC2 - VK2004B 
R1, R2-150n, 1.0 W carbon 

Figure 8. 150 MHz Test Circuit (Class AB) 

RFOUTPUT 
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RF POWER MOSFET CONSIDERATIONS 

MOSFET CAPACITANCES 
The physical structure of a MOSFET results in capacitors 

between the terminals. The metal oxide gate structure 
determines the capacitors from gate-to-drain (Cgd), and 
gate-ta-source (Cgs). The PN junction formed during the 
fabrication of the RF MOSFET results in a junction capaci
tance from drain-ta-source (Cds). 

These capacitances are characterized as input (Ciss), 
output (Coss) and reversetransfer(Crss)capacitancesondata 
sheets. The relationships between the inter-terminal capaci
tances and those given on data sheets are shown below. The 
Ciss can be specified in two ways: 

1. Drain shorted to source and positive voltage at the gate. 
2. Positive voltage of the drain in respect to source and zero 

volts at the gate. In the latter case the numbers are lower. 
However, neither method represents the actual operat
ing conditions in RF applications. 

Ciss = C!Id + Cgs 
Coss = C"gd + Cds 
Crss = Cgd 

LINEARITY AND GAIN CHARACTERISTICS 
In addition to the typical IMO and power gain data 

presented, Figure 5 may give the designer additional informa
tion on the capabilities of this device. The graph represents the 
small Signal unity current gain frequency at a given drain 
current level. This is equivalent to IT for bipolar transistors. 

Since this test is performed at a fast sweep speed, heating of 
the device does not occur. Thus, in normal use, the higher 
temperatures may degrade these characteristics to some 
extent. 

DRAIN CHARACTERISTICS 
One figure of merit for a FET is its static resistance in the 

full-on condition. This on-resistance, VOS(on), occurs in the 
linear region of the output characteristic and is specified under 
specific test conditions for gate-source voltage and drain 
current. For MOSFETs, VOS(on) has a positive temperature 
coefficient and constitutes an important deSign consideration 
at high temperatures, because it contributes to the power 
dissipation within the device. 

GATE CHARACTERISTICS 
The gate of the RF MOSFET is a polysilicon material, and 

is electrically isolated from the source by a layer of oxide. The 
input resistance is very high - on the order of 109 ohms -
resulting in a leakage current of a few nanoamperes. 

Gate control is achieved by applying a positive voltage 
slightly in excess of the gate-to-source threshold voltage, 
VGS(th). 

Gate Voltage Rating - Never exceed the gate voltage 
rating. Exceeding ·the rated VGS can result in permanent 
damage to the oxide layer in the gate region. 

Gate Termination - The gates of these devices are 
essentially capacitors. Circuits that leave the gate open
circuited or floating should be avoided. These conditions can 
result in tum-on of the devices due to voltage build-up on the 
input capacitor due to leakage currents or pickup. . 

Gate Protection - These devices do not have an internal 
monolithic zener diode from gate-ta-source. If gate protection 
is required, an external zener diode is recommended. 

EQUIVALENT TRANSISTOR PARAMETER TERMINOLOGY 

Collector ............................... Drain 
Emitter ............................•.. Source 

Base .......•........................ Gate 
V(BR)CES ........... · ..•.... ·.· ..• ·.··.· V(BR)OSS 

VCBO ............................... VOGO 
IC ..............•................ 10 

ICES .......•.......•............•... IOSS 
lEBO ...............•............... IGSS 

VBE(on) ............................•.. VGS(th) 
VCE(sat) ............................... VOS(on) 

Clb ............................... Clss 
Cob ............................... Cose 
hfe ............................... 9fs 

RCE(sat) = VcT6satl ................................ rOS(on) = VO~Jonl 
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II 

MOTOROLA 
• SEMICONDUCTOR 

TECHNICAL DATA 

The RF MOSFET Line 
RF Power Field-Effect Transistor 
N-Channel Enhancement-Mode MOSFET 
· .. designed for broadband commercial and military applications at frequencies 
to 175 MHz. The high power, high gain and broadband performance of this 
device makes possible solid state transmitters for FM broadcast or TV channel 
frequency bands. 

• Guaranteed Performance at 30 MHz, 50 V: 
Output Power-150 W 
Gain -18 dB (22 dB Typ) 
Efficiency - 40% 

• Typical Performance at 175 MHz, 50 V: 
Output Power - 150 W 
Gain-13dB 

• Low Thermal Resistance 

• Ruggedness Tested at Rated Output Power 

• N~ride Passivated Die for Enhanced Reliability 

MAXIMUM RATINGS 

Rating 

Drain-Source Voltage 

Drain·Gate Voltage 

Gate-Source Voltage 

Drain Current - Continuous 

Total Device Dissipation @ T C = 25°C 
Derate above 25°C 

Storage Temperature Range 

Operating Junction Temperature 

THERMAL CHARACTERISTICS 

Characteristic 

Thermal Resistance, Junction to Case 

Go--......... -' 

s 

Symbol 

VOSS 

VDGO 

VGS 

10 

Po 

Tstg 

TJ 

MRF151 

150 W, 50 V, 175 MHz 
N-CHANNEL 

BROADBAND 
RF POWER MOSFET 

CASE 211-11, STYLE 2 

Value 

125 

125 

±40 

16 

300 
1.71 

-65 to +150 

200 

Max 

0.6 

Unit 

Vdc 

Vdc 

Vdc 

Adc 

Watts 
W/"C 

°c 

°c 

NOTE - CAUTION - MOS devices are susceptible to damage from electrostatic charge. Reasonable precautions in handling and 
packaging MOS devices should be observed. 

MRF151 
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ELECTRICAL CHARACTERISTICS (TC = 25°C unless otherwise noted.) 

Characteristic 

OFF CHARACTERISTICS 

Orain-Source Breakdown Voltage (VGS = 0,10 = 100 rnA) 

Zero Gate Voltage Orain Current (VOS = 50 V, VGS = 0) 

Gate-BodY Leakage Current (VGS = 20 V, VOS = 0) 

ON CHARACTERISTICS 

Gate Threshold Voltage (VOS = 10 V, 10 = 100 rnA) 

Orain-Source On-Voltage (VGS = 10 V, 10 = 10 A) 

Forward Transconductance (VOS = 10 V, 10 = 5.0 A) 

DYNAMIC CHARACTERISTICS 

Input Capacitance (VOS = 50 V, VGS = 0, f = 1.0 MHz) 

Output Capacitance (VOS = 50 V, VGS = 0, f = 1.0 MHz) 

Reverse Transfer Capacitance (VOS = 50 V, VGS = 0, f = 1.0 MHz) 

FUNCTIONAL TESTS 

Common Source Amplifier Power Gain, f = 30; 30.001 MHz 
(VOO =50 V, Pout = 150 W (PEP), IDQ = 250 rnA) f= 175 MHz 

Orain Efficiency 
(VOO = 50 V, Pout = 150 W (PEP), f = 30; 30.001 MHz, 
10 (Max) = 3.75 A) 

Intermodulation Oistortion (1) 
(VOO = 50 V, Pout = 150 W (PEP), f = 30 MHz, 
f2 = 30.001 MHz, loa = 250 rnA) 

Load Mismatch 
(VOO = 50 V, Pout = 150 W (PEP), fl = 30; 30.001 MHz, 
loa = 250 rnA, VSWR 30:1 at all Phase Angles) 

CLASS A PERFORMANCE 

Intermodulation Oistortion (1) and Power Gain 
(VOO = 50 V, Pout = 50 W (PEP), 11 = 30 MHz, 
f2 = 30.001 MHz, loa = 3.0 A) 

Symbol 

V(BR)OSS 

lOSS 

IGSS 

VGS(th) 

VOS(on) 

9fs 

Ciss 

Coss 

Crss 

Gps 

11 

IMO(d3) 
IMO(d11) 

1jf 

Min Typ Max Unit 

125 - - Vdc 

- - 5.0 mAdc 

- - 1.0 !lAdc 

1.0 3.0 5.0 Vdc 

- - 5.0 Vdc 

5.0 7.0 - mhos 

- 350 - pF 

- 225 - pF 

- 20 - pF 

lB 22 - dB 
- 13 -
40 45 - % 

dB 
- -32 -30 
- -60 -

No Oegradation In Output Power 

1. To MIL-STO-1311 Version A, Test Method 2204B, Two Tone, Reference Each Tone. 

BIAS +>----------..., 
0-12V ->----J.. 

A1 

IN~UTPTI1 ~2 
I r~C1 

-= ":' -= 
Cl - 470 pF Oipped Mica 
C2, C5, C6, C7, CB, C9 - 0.1 IlF Ceramic Chip or 

Monolythic with Short Leads 
C3 - 200 pF Unencapsulated Mica or Oipped Mica 

with Short Leads 
C4 - 15 pF Unencapsulated Mica or Oipped Mica 

with Short Leads 
Cl0 -10 IlF/l00 V Electrolytic 

L1 + 
+ 
~C10 .r- SOV 

T2 

I~ r ~~ I~r------~-----------------

L 1 - VK200/4B Ferrite Choke or Equivalent, 3.0 IlH 
L2 - Ferrite Bead(s), 2.0 IlH 
Rl, R2-51 nt1.0 W Carbon 
R3 - 3.3 nt1.0 W Carbon (or 2.0 x 6.B nt1l2 W in Parallel) 
T1 - 9:1 Broadband Transformer 
T2 -1:9 Broadband Transformer 
Board Material- 0.062" Fiberglass (Gl0), 
1 oz. Copper Clad, 2 Sides, Er = 5 

Figure 1. 30 MHz Test Circuit 
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BIAS Rl 
0-12V 

1000 

500 

u:-
.s. 200 w 
0 

~ 100 

\ 

~ 

~ 
0 50 
cS 

20 
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R2 

Cl. C2. CB - Area 463 or equivalent 
C3 - 25 pF Unelco 
C4 - 0.1 IlF Ceramic 
C5 -1.0 IlF. 15 WV Tantalum 
C6-250 pF UnelcoJl01 
C7 - 25IlF Unelco Jl0l 
C9 - Area 262 or equivalent 
Cl0-0.05!1F Ceramic 
Cll - 15 IlF. 60 WV Electrolytic 

01 

Dl-1N5347 Zener Diode 
L 1 - 314" #18 AWG into Hairpin 
L2 - Printed Line. 0.200" x 0.500" 
La-I" #16 AWG into Hairpin 
L4-2 Turns #16 AWG. 511610 
RFCI - 5.6 IlH Choke 
RFC2 - VK200-4B 
Rl. R2-150 O,I.0W Cerbon 
Board Material- 0.062" Fiberglass (G10). 
1 oz. Copper Clad. 2 Sides. 2r = 5.0 

Figure 2. 175 MHz Test Circuit 

TYPICAL CHARACTERISTICS 

Ciss - Coss 

--- Crss 

10 20 " 30 ,40 
Ves. ORAIN-SOURCE VOLTAGE (VOLTS) 

Figure 3. Capacitance versus 
Drain-80urce Voltage 
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Figure 4. Gate-Source Voltage versus 
Case Temperature 
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TYPICAL CHARACTERISTICS 
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Figure 5. DC Safe Operating Area 
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Figure 6. Common Source Unity Gain Frequency 
versus Drain Current 
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Figure 7. Power Gain versus Frequency Figure 8. Output Power versus Input Power 
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Figure 9. IMD versus Pout 
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TYPICAL CHARACTERISTICS 

ZoL' = Conjugate of the optimum load impedance 
into which the device output operates at a 
given output power, voltage and frequency. 

~ l<'Y\X\XI ~ /'f.. 1/ 
. Gate Shunted By 25 Ohms. H-L f--.I.,.Z 

Figure 10. SerIes Equivalent Impedance 

RF POWER MOSFET CONSIDERATIONS 

MOSFET CAPACITANCES 
The physical structure of a MOSFET results In capacitors 

between the terminals. The metal anode gate structure de
termines the capacitors from gate-tCHIraln (Cgd), and gate
to-source (Cgs). The PN Junction formeCi during the 
fabrication of the MOSFET results In a Junction capacitance 
from drain-to-source (Cds). 

These capacitances are c~erized as input (CIss), out
put (Coss) and reverse transfer (Cras) capacitances on data 
sheets. The relationships between the inter-terminal capaci
tances and those given on data sheets are shown below. The 
Clss can be specified In two ways: 

1. Drain shorted to source and positive voltage at the gate. 

2. Positive voltage of the drain in respect to source and zero 
volts at the gate. In the latter case the numbers are lower. 
However, neither method represents the actual operat
Ing conditions In RF applications. 

~~ 
NSOURCE 

LINEARITY AND GAIN CHARACTERISTICS 
In addition to the typical IMO and power gain data pres

ented, Figure 6 may give the designer additional information 
on the capabilities of this device. The graph represents the 
small signal unity current gain frequency at a given drain cur-

MRF151 
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rent level. This is equivalent to IT for bipolar transistors. 
Since this test is performed at a fast sweep speed, heating of 
the device does not occur. Thus, in normal use, the higher 
temperatures may degrade these characteristics to some ex
tent. 

DRAIN CHARACTERISTICS 
One figure of merit for a FET is its static resistance in the 

full-on condition. This on-resistance, VOS(on), occurs in the 
linear region of the output characteristic and is specified un
der specific test conditions for gate-source voltage and drain 
current. For MOSFETs, VOS(on) has a positive temperature 
coefficient and constitutes an important design consideration 
at high temperatures, because it contributes to the power 
dissipation within the device. 

GATE CHARACTERISTICS 
The gate of the MOSFET is a polysilicon material, and is 

electrically Isolated from the source by a layer of oxide. The 
Input resistance is very high - on the order of 109 ohms -
resulting in a leakage current of a few nanoamperes. 

Gate control is achieved by applying a positive voltage 
slightly in excess of the gate-ta-source threshold voltage, 
VGS(th). 

Gate Voltage Rating - Never exceed the gate voltage 
rating. Exceeding the rated VGS can result in permanent 
damage to the oxide layer in the gate region. 

Gate Termination - The gate of this device is essentially 
capacitor. Circuits that leave the gate open-circulted or float
ing should be avoided. These conditions can result in tum-on 
of the device due to voltage build-up on the input capacitor 
due to leakage currents or pickup. 
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Gate Protection - This device does not have an internal 
monolithic zener diode from gate-ta-source. If gate protec
tion is required, an extemal zener diode is recommended. 

Using a resistor to keep the gate-to-source impedance low 
also helps damp transients and serves another important 
function. Voltage transients on the drain can be coupled to 
the gate through the parasitic gate-drain capacitance. If the 
gate-to-source impedance and the rate of voltage change on 
the drain are both high, then the ,signal coupled to the gate 
may be large enough to exceed the gate-threshold voltage 
and turn the device on. 

HANDUNG CONSIDERATIONS 
When shipping, the devices should be transported only in 

antistatic bags or conductive foam. Upon removal from the 
packaging, careful handling procedures should be adhered 
to. Those handling the devices should wear grounding straps 
and devices not in the antistatic packaging should be kept in 
metal tote bins. MOSFETs should be handled by the case 
and not by the leads, and when testing the device, all leads 
should make good electrical contact before voHage is ap
plied. As a final note, when placing the FET into the system it 
is designed for, soldering should be done with a grounded 
iron. 

DESIGN CONSIDERATIONS 
The MRF151 is an RF Power, MOS, N-channel enhance

ment mode field-effect transistor (FET) designed for HF and 
VHF power amplifier applications. 

MOTOROLA RF DEVICE DATA 

Motorola Application Note AN211A, FETs in Theory and 
Practice, is suggested reading for those not familiar with the 
construction and characteristics of FETs. 

The major advantages of RF power MOSFETs include 
high gain, low noise, simple bias systems, relative immunity 
from thermal runaway, and the ability to withstand severely 
mismatched loads without suffering damage. Power output 
can be varied over a wide range with a low power de control 
signal. 

DC BIAS 
The MRF151 is an enhancement mode FET and, there

fore, does not conduct when drain voltage is applied. Drain 
current flows when a positive voltage is applied to the gate. 
RF power FETs require forward bias for optimum perfor
mance. The value of quiescent drain current (loa) is not criti
cal for many applications. The MRF151 was characterized at 
IDQ = 250 mA, each side, which is the suggested minimum 
value of loa. For special applications such as linear amplifi
cation, IDQ may have to be selected to optimize the critical 
parameters. 

The gate is a dc open circuit and draws no current. there
fore, the gate bias circuit may be just a simple resistive divid
er network. Some applications may require a more elaborate 
biassytem. 

GAIN CONTROL 
Power output of the MRF151 may be controlled from its 

rated value down to zero (negative gain) by varying the de 
gate voHage. This feature facilitates the design of manual 
gain control, AGC/ALC and modulation systems. 
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MOTOROLA 
• SEMICONDUCTOR 

TECHNICAL DATA 

The RF MOSFET Line 
RF Power Field-Effect Transistor 
N-Channel Enhancement-Mode MOSFET 
• •. designed for broadband.commercial and military applications at frequencies 
to 175 MHz. The high power. high gain and broadband performance of this 
device makes possible solid state transmitters for FM broadcast or TV channel 
frequency bands. 

• Guaranteed Performance at 175 MHz. 50 V: 
Output Power - 300 W 
Gain -14 dB (16 dB Typ) 
Efficiency - 50% 

• Low Thermal Resistance - 0.35°CIW 

• Ruggedness Tested at Rated Output Power 
• Nitride Passivated Die for Enhanced Reliability 

MAXIMUM RATINGS 

G 

G 
++---05 

(FlANGE) 

Rating Symbol 

~rain-Source Voltage VOSS 

~rain-Gate Voltage VDGO 

Gate-Source Voltage VGS 

Drain Current - Continuous 10 

Total Device Dissipation @ T C = 25°C Po 
Derate above 25°C 

Storage Temperature Range Tstg 

Operating Junction Temperature TJ 

THERMAL CHARACTERISTICS 

Characteristic 

Thermal Resistance, Junction to Case 

MRF151G 

300 W. 50 V, 175 MHz 
N-CHANNEL 

BROADBAND 
RF POWER MOSFET 

CASE 375, STYLE 2 

Value 

125 

125 

±40 

40 

500 
2.85 

-65 to +150 

200 

Max 

0.35 

Unit 

Vde 

Vdc 

Vde 

Ade 

Watts 
Wf'C 

°c 

°c 

NOTE - CAUTION - MaS devices are susceptible to damage from electrostatic charge. Reasonable precautions in handling and 
packaging MaS devices should be observed. 
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ELECTRICAL CHARACTERISTICS (T C = 25"C unless otherwise noted.) 

I Characteristic Symbol Min Typ Max Unit 

OFF CHARACTERISTICS (Each Side) 

Drain-Source Breakdown Voltage (VGS = 0,10 = 100 mAl 

Zero Gete Voltage Drain Current (Vos = 50 V, VGS = 0) 

Gate-Body Leakage Current (VGS = 20 V, VOS = 0) 

ON CHARACTERISTICS (Each Side) 

Gate Threshold Voltage (VOS = 10 V, 10 = 100 mAl 

~rain-Source On-Voltage (VGS = 10 V, 10 = 10 A) 

Forward Transconductance (VOS = 10 V, 10 = 5.0 A) 

DYNAMIC CHARACTERISTICS (Each Side) 

Input Capacitance (VOS = 50 V, VGS = 0, f = 1.0 MHz) 

Output Capacitance (VOS = 50 V, VGS = 0, f = 1.0 MHz) 

Reverse Transfer Capacitance (VOS = 50 V, VGS = 0, f = 1.0 MHz) 

FUNCTIONAL TESTS 

Common Source Amplifier Power Gain 
(VOO= 50 V, Pout = 300 W, 100=500 mA, f= 175 MHz) 

Drain Efficiency 
(VOO = 50 V, Pout = 300 W, f= 175 MHz, 10 (Max) = 11 A) 

Load Mismatch 
(VOO = 50 V, Pout = 300 W, loa = 500 rnA, 
VSWR 5:1 at all Phase Angles) 

R1 

Rl-l00 Ohms, 112 W 
R2 - 1.0 kOhm, 1/2 W 
Cl-Area406, 15-115 pF 
C2 - Area 402, 1.5-20 pF 

R2 

ca, C4, C7, ce, C9 -1000 pF Chip 
CS, Cl0-0.1I1FChip 
C6 - 330 pF Chip 
Cl1 -0.47I1F Ceramic Chip, Keme! 1215 or 

Equivalent (100 V) 
C12 - Area 403,3.0-35 pF 
Ll -10 Turns AWG #16 Enameled Wire, 

Close Wound, 1/4" 1.0. 
L2 - Ferrite Beads of Suitable Material for 

1.5-2.0 I1H Total Inductance 

V(BR)OSS 125 - - Vdc 

lOSS - - 5.0 mAdc 

IGSS - - 1.0 !lAdc 

VGS(th) 1.0 3.0 5.0 Vdc 

VOS(on) - - 5.0 Vdc 

9fs 

Ciss 

Coss 

Crss 

Gps 

11 

IJI 

5.0 7.0 - mhos 

- 350 - pF 

- 225 - pF 

- 20 - pF 

14 16 - dB 

50 55 - % 

No Degradation in Output Power 

.--~I----_--£<O)OUTPUT 

Tl - 9:1 RF Transformer. Can be made of 15-18 Ohms 
Semirigid Co-Ax, 62-90 Mils 0.0. 

T2-1:4 RFTransformer. Can be made of 15-18 Ohms 
Semirigid Co-Ax, 70-90 Mils 0.0. 

Board Material- 0.062" Fiberglass (Gl0), 
1 oz. Copper Clad, 2 Sides, £r = 5.0 

NOTE: For stability, the input transformer Tl must be loaded 
with ferrite toroids or beads to increase the common 
mode inductance. For operation below 100 MHz. The 
same is required for the output transformer. 

Unless Otherwise Noted, All Chip Capacitors are ATC Type 100 or Equivalent. See Figure 6 for construction details of Tl and T2. 

Figure 1. 175 MHz Test Circuit 
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TYPICAL CHARACTERISTICS 
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Figure 2. Capacitance versus 
Drain-5ource VoHage· 

·Data shown applies to each tialf of MRF151G. 
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Figure 5. DC Safe Operating Area 

Figure 6. RF Transformer 
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TYPICAL CHARACTERISTICS 
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Figure 7. Output Power versus Input Power Figure 8. Power Gain versus Frequency 
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ZOL' = Conjugate of the optimum load impedance 
into which the device output operates at a 
given output power, voltage and frequency. 

Figure 9. Input and Output Impedance 
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RF POWER MOSFET CONSIDERATIO~S 

MOSFET CAPACITANCES 
The physical structure of a MOSFET results in capacjtors 

between the terminals.· The metal anode gate structure de
termines the capacitors from gate-ta-drain (Cgd), and gate
to-source (Cgs)' The PN junction formed during the 
fabrication of the RF MOSFET results in a junction capaci
tance from drain-to-source (Cds). 

These capacitances are characterized as input (Ciss), out
put (Coss) and reverse transfer (Crss) capacitances on data 
sheets. The relationships between the inter-terminal capaci
tances and those given on data sheets are shown below. The 
Ciss can be specified in two ways: 

1. Drain shorted to source and positive voltage at the gate. 

2. Positive voltage ofthe drain in respectto source and zero 
volts atthe gate. In the latter case the numbers are lower. 
However, neither method represents the actual operat
ing conditions in RF applications. 

yfDRAIN 

GA!E> 
~). Cds 

CNSOURCE 

Cjss = Cgd = Cgs 
Coss = Cgd = Cds 
Crss = Cgd 

LINEARITY AND GAIN CHARACTERISTICS 
In addition to the typical IMD and power gain data pres

ented, Figure 3 may give the designer additional information 
on the capabilities of this device. The graph represents the 
small signal unity current gain frequency at a given drain cur
rent level. This is equivalent to fT for bipolar transistors. 
Since this test is performed at a fast sweep speed, heating of 
the device does not occur. Thus, in normal use, the higher 
temperatures may degrade these characteristics to some ex
tent. 

DRAIN CHARACTERISTICS 
One figure of merit for a FET is its static resistance in the 

full-on condition. This on-resistance, VOS(on), occur.s in the 
linear region of the output characteristic and IS specified un
der specific test conditions for gate-source voltage and drain 
current. For MOSFETs, VOS(on) !las a positive temperature 
coefficient and constitutes an important design consideration 
at high temperatures, because it contributes to the power 
diSSipation within the device. 

GATE CHARACTERISTICS 
The gate of the MOSFET is a polysilicon material, and is 

electrically isolated from the source by a layer of oxide. The 
input resistance is very high - on the order of 109 ohms
resulting in a leakage current of a few nanoamperes. 

Gate control is achieved by applying a positive voltage 
slightly in excess of the gate-to-source threshold voltage, 

VGS(th)' 
Gate Voltage Rating - Never exceed the gate voltage 

rating. Exceeding the rated VGS can result in permanent 
damage to the oxide layer in the gate region. 

Gate Termination - The gates of these devices are es
sentially capacitors. Circuits that leave the gate open-cir-
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cuited or floating should be avoided. These conditions can 
result in turn-on of the devices due to voltage build-up on the 
input capacitor due to leakage currents or pickup. 

Gate Protection - These devices do not have an internal 
monolithic zener diode from gate-ta-source. If gate protec
tion is required, an extemal zener diode is recommended. 

Using a resistor to keep the gate-to-source impedance low 
also helps damp transients and serves another important 
function. Voltage transients on the drain can be coupled to 
the gate through the parasitiC gate-drain capacitance. If the 
gate-to-source impedance and the rate of voltage change on 
the drain are both high, then the signal coupled to the gate 
may be large enough to exceed the gate-threshold voltage 
and turn the device on. 

HANDLING CONSIDERATIONS 
When shipping, the devices should be transported only in 

antistatic bags or conductive foam. Upon removal from the 
packaging, careful handling procedures should be adhered 
to. Those handling the devices should wear grounding straps 
and devices not in the antistatic packaging should be kept in 
metal tote bins. MOSFETs should be handled by the case 
and not by the leads, and when testing the device, all leads 
should make good electrical contact before voltage is ap
plied. As a final note, when placing the FET into the system it 
is designed for, soldering should be done with a grounded 
iron. 

DESIGN CONSIDERATIONS 
The MRF151G is an RF Power, MOS, N-channel en

hancement mode field-effect transistor (FET) designed for 
HF and VHF power amplifier applications. 

Motorola Application Note AN211A, FETs in Theory and 
Practice, is suggested reading for those not familiar with the 
construction and characteristics of FETs. 

The major advantages of RF power MOSFETs include 
high gain, low noise, simple bias systems, relative immunity 
from thermal runaway, and the ability to withstand severely 
mismatched loads without suffering damage. Power output 
can be varied over a wide range with a low power dc control 
signal. 

DC BIAS 
The MRF151G is an enhancement mode FET and, there

fore, does not conduct when drain voltage is applied. Drain 
current flows when a positive voltage is applied to the gate. 
RF power FETs require forward bias for optimum perfor
mance. The value of quiescent drain current (100) is not criti
cal for many applications. The MRF151G was characterized 
at 100 = 250 mA, each side, which is the suggested minimum 
value of 100. For special applications such as linear amplifi
cation, 100 may have to be selected to optimize the critical 
parameters. -

The gate is a dc open circuit and draws no current. There
fore, the gate bias circuit may be just a simple resistive divid
er network. Some applications may require a more elaborate 
biassytem. 

GAIN CONTROL 
Power output of the MRF151G may be controlled from its 

rated value down to zero (negative gain) by varying the dc 
gate voltage. This feature facilitates the design of manual 
gain control, AGC/ALC and modulation systems. 
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MOTOROLA 
• SEMICONDUCTOR 

TECHNICAL DATA 

The RF MOSFET Line 
RF Power Field Effect· Transistor 
N-Channel Enhancement-Mode MOSFET 
•.. designed primarily for linear large-signal output stages in the 2.0-100 MHz 
frequency range. 

• Specified 50 Volts, 30 MHz Characteristics 
Output Power = 600 Watts 
Power Gain = 17 dB (Typ) 
Efficiency = 45% (Typ) 

MAXIMUM RATINGS 

Go--f----1 

s 

Rating . Symbol 

Draln-Source Voltage VOSS 

Drain-Gate Voltage VDGO 

Gate-Source Voltage VGS 

Drain Current - Continuous 10 

Total Device Dissipation @ T C = 25°C Po 
Derate above 250C 

Storage Temperature Range Tstg 

Operating Junction Temperature TJ 

THERMAL CHARACTERISTICS 

Characteristic 

MRF154 

600 W, 50 V, 80 MHz 
N-CHANNEL 

BROADBAND 
RF POWER MOSFET 

CASE 368, STYLE 2 
(HOG PAC) 

Value 

125 

125 

±40 

60 

1350 
7.7 

-6510+150 

200 

Max 

Thermal Resistance, Junction 10 case 0.13 

Unit 

Vdc 

Vdc 

Vdc 

Ade 

Watts 
W/"C 

OC 

°c 

Handling and Packaging - MaS devices are susceptible 10 damage from electrostatic charge. Reasonable precautions In handling and 
packaging MOS devices should be observed. 
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ELECTRICAL CHARACTERISTICS (Tc = 25°C unless otherwise noted.)' 

Characteristic 

OFF CHARACTERISTICS 

Orain-Source Breakdown Voltage (VGS = 0, 10 = 100 rnA) 

Zero Gate Voltage Orain Current (VOS = 50 V, VGS = 0) 

Gate-Body Leakage Current (VGS = 20 V, VOS = 0) 

ON CHARACTERISTICS 

Gate Threshold Voltage (VOS = 10 V, 10 = 100 rnA) 

Orain-Source On-Voltege (VGS = 10 V, 10 = 40 A) 

Forward Transconductance (VOS = 10 V, 10 = 20 A) 

DYNAMIC CHARACTERISTICS 

Input Capacitance (VOS = 50 V, VGS = 0, 1 = 1.0 MHz) 

Output Capacitance (VOS= 50 V, VGS = 0, f= 1.0 MHz) 

Reverse Transfer Capacitance (VOS = 50 V, VGS = 0, 1 = 1.0 MHz) 

FUNCTIONAL TESTS 

Common Source Amplifier Power Gain 
(V00=50 V, Pout = 600 W, loa = 800 rnA, f= 30 MHz) 

Orain Efficiency 
(VOO = 50 V, Pout = 600 W, loa = 800 rnA, f = 30 MHz) 

Intermodulatlon Oistortlon 
(VOO = 50 V, Pout = 600 W (PEP), 
11 = 30 MHz, f2 = 30.001 MHz, loa = 800 rnA) 

RF
INPUT 

R1 

C5~ ~C6 

C1, ca, C8 - Arco 469 
C2-330 pF 
C4-680pF 
C5, C19, C20 - 0.47I1F, RMC Type 2225C 
C6, C7, C14, C15, C16-0.1I1F 
C9, C10, C11 -470pF 
C12-1000pF 

Symbol 

V(BR)OSS 

lOSS 

IGSS 

VGS(th) 

VOS(on) 

g15 

Ciss 

Coss 

Crss 

Gps 

1'\ 

IMO(d3) 

Min Typ 

125 -
....,. -
- -

1.0 3.0 

- -
16 20 

- 1600 

- 1000 

- 200 

- 17 

- 45 

- -25 

Max Unit 

- Vdc 

20 mAdc 

5.0 pAdc 

5.0 Vdc 

5.0 Vdc 

- mhos 

- pF 

- pF 

- pF 

- dB 

- 0/0 

- dB 

HP"--.--Q+ 

RF 
OUTPUT 

C13 - Two Unencapsulated 1000 pF Mica, in Series 
C17, C18 - O.039I1F 

R1, R2 -10 OhmS/2.0 W Carbon 

MRF154 
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C21 -10 I1F/100 V ElectrolytiC 
L1-2 Turns #16 AWG, 1/2" 10, 318" Long 
L2, L3 - Ferrite Beads, Fair-Rite Products Corp. #2673000801 

T1 - RF Transformer, 1 :25 Impedance Ratio. See Motorola 
Application Note AN749, Figure 4 for details. 
Ferrite Material: 2 Each, Fair-Rite Products 
Corp. #2667540001 

Ali capacitors ATC type 1001200 chips or"equivalent unless otherwise noted. 

Figure 1. 30 MHz Test Circuit 
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FIgure 8. Series equivalent Impedance 

8~01 
3O-40V -

':' TEMP. TRACKING 

. C1 -1000 pF Ceramic 
C2. ca. C4. ca. ca. C10. C11 - 0.1 JIF Ceramic 
CS - 10 "F/100 V Electrolytic 
ca. C7 - 0.1 "F Ceramic. (ATC 2001823 or Equivalent) 
01 - 28 V Zener. 1N5362 or Equivalent 
D3-1N4148 
IC1-MC1723 
L 1. L2 - Fair-RIte Products Corp. Ferrite Beads #2673000801 
R1. R2, R3-10 kTr1mpot 
R4-1.0kl1.0W 
R5-10Ohms 
R6-2.0k 

R7-10k 
R8 - Thermistor. 10k (25OC), 2.5 k (75OC) 
R9. R10-100Ohms 
R11.R12-1.0k 
R13. R14-50-100 Ohms. 4.0 x 2.0 W Cerbon In Parallel 
T1 - 9:1 Transformer. TrHilar and Balun Wound on Seperate 

Fair-RIte Products Corp. Balun Cores 11266100012. 5 Tums Each. 
T2 - 1:9 Transformer. Balun 50 Ohm CO-AX Cable RG-188. 

Low Impedance Unes W.L Gore 16 Ohms CO-AX Type CXN 1837. 
Each Winding Threaded Through Two Fair-RIte Products Corp. 
112661540001 Ferrite Sleeves (6 Each). 

XTR-MRF154 

Figure 9. 20-80 MHz 1.0 kW Broadband Amplifier 
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RF POWER MOSFET CONSIDERATIONS 

MOSFET CAPACITANCES 
The physical structure of a MOSFET results in capacitors 

between the terminals. The metal oxide gate structure deter
mines the capacitors from gate-to-drain (Cgd), and gate-to
source (Cgs). The PN junction formed during the fabrication 
of the RF MOSFET results in a junction capacitance from 
drain-to-source (Cds). 

These capacitances are characterized as input (Ciss), out
put (Coss) and reverse transfer (Crss) capacitances on data 
sheets. The relationships between the inter-terminal capaci
tances and those given on data sheets are shown below. The 
Ciss can be specified in two ways: 

1. Drain shorted to source and positive voltage at the gate. 
2. Positive voltage of the drain in respect to source and zero 

volts atthe gate. In the latter case the numbers are lower. 
However, neither method represents the actual operat
ing conditions in RF applications. 

LINEARITY AND GAIN CHARACTERISTICS 
In addition to the typicallMO and power gain data pres

ented, Figure 5 may give the designer additional information 
on the capabilities of this device. The graph represents the 
small signal unity current gain frequency at a given drain cur
rent level; This is equivalent to tr for bipolar transistors. 
Since this test is performed at a fast sweep speed, heating of 
the device does not occur. Thus, in normal use, the higher 
temperatures may degrade these characteristics to some ex
tent. 

DRAIN CHARACTERISTICS 
One figure of merit for a FET is its static resistance in the 

full-on condition. This on-resistance, VOS(on), occurs in the 
linear region of the output characteristic and IS specified un
der specific test conditions for gate-source voltage and drain 
current. For MOSFETs, VOS(on) has a positive temperature 
coefficient and constitutes an important design consideration 
at high temperatures, because it contributes to the power 
dissipation within the device. 

MOTOROLA RF DEVICE DATA 

GATE CHARACTERISTICS 
The gate of the RF MOSFET is a polysilicon material, and 

is electrically isolated from the source by a layer of oxide. 
The input resistance is very high - on the order of 109 ohms 
- resulting in a leakage current of a few nanoamperes. 

Gate control is achieved by applying a positive voltage 
slightly in excess of the gate-to-source threshold voltage, 
VGS(th)· 

Gate Voltage Rating - Never exceed the gate voltage 
rating. Exceeding the rated VGS can result in permanent 
damage to the oxide layer in the gate region. 

Gate Termination - The gates of these devices are es
sentially capacitors. Circuits that leave the gate open-cir
cuited or floating should be avoided. These conditions can 
result in tum-on of the devices due to voltage build-up on the 
input capacitor due to leakage currents or pickup. 

Gate Protection - These devices do not have an internal 
monolithic zener diode from gate-to-source. If gate protec
tion is required, an extemal zener diode is recommended. 

MOUNTING OF HIGH POWER RF 
POWER TRANSISTORS 

The package of this device is designed for conduction 
cooling. It is extremely important to minimize the thermal re
sistance between the device flange and the heat dissipator. 

Since the device mounting flange is made of soft copper, it 
may be deformed during various stages of handling or during 
transportation. It is recommended that the user makes a final 
inspection on this before the device installation. ±O.0005" is 
considered sufficient for the flange bottom. 

The same applies to the heat dissipator in the device 
mounting area. If copper heatsink is not used, a copper head 
spreader is strongly recommended between the device 
mounting surfaces and the main heatsink. It should be at 
least 1/4" thick and extend at least one inch from the flange 
edges. A thin layer of thermal compound in all interfaces is, 
of course, essential. The recommended torque on the 4-40 
mounting screws should be in the area of 4-5 Ibs.-inch, and 
spring type lock washers along with flat washers are recom
mended. 

For die temperature calculations, the A temperature from a 
corner mounting screw area to the bottom center of the 
flange is approximately 5°C and 100C under normal operat
ing conditions (dissipation 150 W and 300 W respectively). 

The main heat dissipator must be sufficiently large and 
have low Ra for moderate air velocity, unless liquid cooling is 
employed. 
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CIRCUIT CONSIDERATIONS specifications on capacitor ratings should be consulted on 
these aspects prior to design. At high power levels (500 W and up), the circuit layout be

comes critical due to the low Impedance levels and high RF 
currents associated with the output matching. Some of the 
components, such as capacitors and inductors must also 
withstand these currents. The component losses are directly 
proportional.to the operating frequency. The manufacturers 

Push-pull circuits are less critical in general, since the 
ground referenced RF loops are practically eliminated, and 
the impedance levels are higher for a given power output. 
High power broadband transformers are also easier to de
sign than compai-able LC matching networks. 
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EQUIVALENT TRANSISTOR PARAMETER TERMINOLOGY 

Collector .................................. Drain 
Emitter .................................. Source 

Base .................................. Gate 
V(BR)CES ........ · ......................... V(BR)OSS 

VCBO .................................. VDGO 
IC ............................. ; .... 10 

ICES .................................. lOSS 
lEBO .................................. IGSS 

VBE(on) .................................. VGS(th) 
VCE(sat) .................................. VOS(on) 

Cib .................................. Cjss 
Cob ......................... : ........ Cess 
life .................................. Ills 

RCE(sat) = VC~Csat) ............... " .................... roS(on) = vo~~on) 
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MOTOROLA 
• SEMICONDUCTOR 

TECHNICAL DATA 

The RF Power MOS Line 
Power Field Effect Transistor 
N-Channel Enhancement Mode 

Designed primarily for linear large-signal output stages to 80 MHz. 
• Specified 50 Volts, 30 MHz Characteristics 

Output Power = 600 Watts 
Power Gain = 21 dB (Typ) 
Efficiency = 45% (Typ) 

MAXIMUM RAnNGS 

Rating 

Oraln-80urce Voltage 

Drain-Gate Voltage 

Gate-80urce Voltage 

Drain Current - Continuous 

Total Device DiSSipation @ TC = 25°C 
Derate above 25°C 

Storage Temperature Range 

Operating Junction Temperature 

THERMAL CHARACTERISTICS 

Characteristic 

Thermal Resistance, Junction 10 case 

o 

Go--+---' 

s 

Symbol 

VOSS 

VOGO 

VGS 

10 

Po 

Tstg 

TJ 

Symbol 

Rruc 

MRF157 
__ IftdDavlce 

600 W, to 80 MHz ,', 

MOSLINEAR 
RFPOWERFET 

CASE 368, STYLE 2 

Value 

125 
< 

125 

±40 

60 

1350 
7.7 

-6510+150 

200 

Max 

0.13 

Unit 

Vdc 

Vdc 

Vdc 

Ado 

Walls 
W/"C 

°c 

°C 

NOTE -~ - MOS devices are susceptible 10 damage from electrostatic charge. Reasonable precautions in handling and 
packaging MOS devices should be observed. 

Preferred devices are Motorola recommended choices for future use and best overall value. 

MOTOROLA RF DEVICE DATA MRF157 
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ELECTRICAL CHARACTERISTICS (Tc = 25"C unless oiherwise noted.) 

I Characteristic Symbol Min Typ Max 

OFF CHARACTERISTICS 

~rain-Source Breakdown Voliage (VGS = 0, 10 = 100 rnA) V(BR)OSS 125 - -
Zero Gate Vollage Drain Current (VOS = 50 V, VGS = 0) lOSS - - 20 

Gate-Body Leakage Current (VGS = 20 V, VOS = 0) IGSS - - 5.0 

ON CHARACTERISTICS 

Gate Threshold Voltage (VOS = 10 V, 10 = 100 rnA) VGS(th) 1.0 3.0 5.0 

Drain-Source On-Voltage (VGS = 10 V, 10 = 40 A) VOS(on) - - 5.0 

Forward TransconduC\anCe (VOS = 10 V, 10" 20 A) 9fs 16 24 -
DYNAMIC CHARACTERISTICS 

Input CapacItance Ciss - 1800 -
(VOS=50V, VGS =OV, f= 1.0 MHz) 

OUtput Capacitance Coss - 750 -
(VOS =50V, VGS = 0, f= 1.0 MHz) 

Reverse Transfer Capaci\ance Cm - 75 -
(VOS =50 V, VGS= 0, f= 1.0 MHz) 

FUNCTIONAL TESTS 

Common Source Ampliller Power Gain Gps 15 21 -
(VOO = 50 V, Pout = 600 W, loa = 600 rnA, f = 30 MHz) 

Drain Efficiency h 40 45 -
(VOO = 50 V, Pout = 600 W, f = 30 MHz, loa = 800 rnA) 

Intermodulation Oistcrtion IMO(d3) - -25 -
(VOO = 50 V, Pout = 600 W(PEP), fl = 30 MHz, 
12 = 30.001 MHz, 100 = 800 mAl 

rl,",,+~~C13 

ll~ /::\ RF 

Cl, C3, C8 - Area 469 
C2-330pF 
C4-680pF 
CS, C19, C20 - 0.47 I1F, RMC Type 2225C 
C6, C7, C14,C15, C16-0.1I1F 
ca, Cl0, C11-470 pF 
C12-1000pF 

T1---YOUTPUT 

C8 ~ 

R1, R2 - 10 Ohmsl2W Carbon 

Unit 

Vdc 

mAdc 

flAdc 

Vdc 

Vdc 

mhos 

pF 

pF 

pF 

dB 

% 

dB 

C13 - Two Unencapsulated 1000 pF Mica, in Series 
C17, C18 - 0.039 j1F 
C21 - 10 I1F/1OO V Electrolytic 
L1-2Tums#16AWG, 112."10, 3/8" Long 

T1 - RF Transformer, 1 :25 Impedance Ratio. See Motorola 
Application Note AN749, Figure 4 for details. 
Ferrite Material: 2 Each, Fair-Rite Products 

L2, L3 - Ferrite Beads, Fair-Rite Products Corp. #2673000801 Corp. #2667540001 

All capacitors ATC type 100/200 chips or equivalent unless otherwise noted. 

Figure 1. 30 MHz Test Circuit 
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30 

25 

~2O 
z 
~ 15 
IX: 

~ 10 

5 

o 

100 

......... 

" '" 
f-- I- VOO=50V 

r- IDQ=800mA 
I- Pout=600W 

I I I 

1 2 5 10 20 50 
f. FREQUENCY (MHz) 

Figure 2. Power Gain versus Frequency 

TC = 25°C 

.... 

20 

VOS.O~URCEVOLTAGE~T~ 

Figure 4. DC Safe Operating A .... 

r 
TYPICAL OEVICE SHOWN I r- VOS=10V 

1 VGS(tlr3.5V 
I-- 1IIs=2 mhos 1 

II 

/ 
..,./ 

246 
VGS. GATE-50URCE VOlTAGE (VOLTS) 

.... 

Figure 6. Gate Voltage versus Drsln Current . 
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100 

-

200 

a 

i ~tJfPft tv II~ ! 0 4 a 12 16 

!5 IOQ = 800 rnA 

~~tJJ41J 

~ .s 
~ 

~ 
!i 
~ 
cS 

5000 

2000 

1000 

500 

200 

100 

1.03 
1.02 
1'.01 

1 
0.99 
0.98 
0.97 
0.96 
0.95 
0.94 
0.93 
0.92 

o ~ 80 
Pin. INPUT POWER (WATTS) 

Figure 3. Output Power versus Input Power 

I 
i""-oo Ciss 

-... Cuss 

..... 
r.... 

~ 
VGS=OV ~ Crss 
f=lMHz 

2 5 10 20 50 100 
VOS. ORAIN-SOURCE VOLTAGE (VOLTS) 

Figure 5. Cspacitance versus Drain Voltage 

......... • '- I IO=~A -+= ......... """",'I.. 

~ --r 

~ - 16A _ - ;:-... I 
~ ..... ~ 

........ a'A -"- "-~ 
........ I .......... 1"""-.... 

" " ........ 4A_ 
~ 

. '\. ............... 
0.4A ~ $ 0.91 

0.9-25 
~1~ 

02550 ~ 100 
Tc. CASE TEMPERATURE (OC) 

Figure 7. Gate-Source Voltage versus 
case Temperature 
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4 
VOO=60V 

- loa=2x800mA 
f= 30 MHz -- 11 = 1 ms (See FIg. 9) 

..... ~ I--
_ 12= 10 ms (See Rg.9) 

.,/ 
L'f' 

/ 
~ 

/ 

/ o o 20 40 60 80 100 

Pin. POWER INPUT (WATTS) 

Figure 8. Output Power versus Input Power 
Under Pulse Conditions (2 x MRF157) 

Note: Pulse data for this graph was taken In a push·pun circuil similar 
10 the one shown. However, the OU1put matching network was 
modified for the higher level of peek power. 

0=0.5 

0.2 ReJc(I).r(t)~ 

rlJ ~.O.13 
D RYES APPLY FOR POWER 

~~ PULSE TRAIN SHOWN 
READ TIME ATtI 

O.os TJ(pk)-Te· P(pk) Re.Jcn) 
L-
P(pk)nfi 

~ ':::IIIrt-~ SINGLE PULS DUTY CYClE. D .11-'2 

1 10 102 

PULSE WIDTH. I (ms) 

Figure 9. Thermal Response versus 
Pulse Width 

(Vee -VsatJ2 
Note: To determine ZOL', use formula 2 Po = ZOL' 
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_r-::t-
BIAS 3&-60 V 

R5 

R7 

01 

Cl -1000 pF Ceramic DIsc Cepacltor 
C2. CS. C4 - 0.1 pF Cetamlc Disc CepacItor 
C5 - 0.01 pF Ceramic Chip CepacItor 
ce. C12 - 0.1 pF Ceramic ChIp CepacItor 
C7. C8 - Two 2200 pF Ceramic Chip Cepacltors In Petallel Each 
C9 - 920 pF Ceramic Chip Cepacltar 
Cl0. C11 -1000 pF Cetamlc Chip C8pacItor 
C13 - 0.47 pF Ceramic ChIp CepacItor or Two Smaller Values 

In Parallel 
C14 - Unencapsula1ed Mica. !500 V. Two 1000 pF Un .. 

In Sari ... Moun1ed ~r 1"2 
01 -1 N5357A or equivalent 
D2. D3-1N414B or EquiYaJenl 
ICI - MCI723 (723) Voltage Regulator 
Ll.L2-15~H.c-lng_toRI4andRI5. 

2.6 em Each 120 AWG 

l3 -10 pH. 10 Tuma .,2 AWG Enameled Wire on 
FaI~RIte ProducIa Corp. F ..... Toroid f5981000401 or Equivalent 

Rl • R2 -1.OK Single Tum Trimpo1s 
R3 -10K Single TuniTrimpol 
R4 - 470 Ohm .. 2.0 watts 
RS-l00llm0 
R8, RI2, R13 - 2.OK 0IIm0 
R7 -10K Ohms 
AS - Elcact \/aIuo Depends on Thonnlstor R9 usod 

(TypIcally 5.0-101<1 
R3-_. Keystone RL10Q90S820.97-1)1 or 

Equivalent 
RIO. Rll-loo Ohm .. I.OW Cerbon 
RI4, R15 - EMC Technology MocIoI5308 or KDI 

PyroIIIm PPR 87QolS1H1Powor Resistors. 
25Ohmo 

n. 1"2 - 9:1 end 1:91mpoclonos RatIo RF Transform ... 

U".. -so noIOd. all realstors are 1/2 watt molal film typo. All chip copacItars ._pI C13 ore ATe typo 100I2008 or ~ ~ typo C17. 

Figure 11. 2.0 to 50 MHz, 1.0 kW W1deband Amplifier 

RF POWER MOSFET CONSIDERATIONS 

MOSFET CAPACITANCES 
The physical structure of a MOSFET results in capacitors 

between the terminals. The metal oxide gate structure deter
mines the capacHors from gate-to-drain (Cgd), and gate-to
source (Cgs). The PN junction formed during the fabrication 
of the TMOS® FET resuHs. in a junction capacitance from 
drain-to-source (Cds). 

These capacitances are characterized as input (Ciss), out
put (Coss) and reverse transfer (Crss) capacHances on data 
sheets. The relationships between the interterminal capaci
tances and those given on data sheets are shown below. The 
Ciss can be specified in two ways: 

1. Drain shorted to source and poSitive voltage at the gate. 
2. Positive voHage of the drain in respect to source and zero 

volts at the gate. In the latter case the numbers are lower. 
However, neither method represents the actual operat
ing conditions in RF applications. 

l.ADRAIN 
Cgd~ 1 

GATE~A.. T c", 

s '1S0URCE 

MOTOROLA RF DEVICE DATA 

Ciss = Cad + Cgs 
Coss = C"gd + Cds 
Crss =CQd 

UNEARITY AND GAIN CHARACTERISTICS 
In addition to the typicallMD and power gain data pres

ented, Figure 5 may give the designer additional information 
on the capabilities of this device. The graph represents the 
small signal unHy current gain frequency at a given drain cur
rent level. This is equivalent to fy for bipolar transistors. 
Since this test is performed at a fast sweep speed, heating of 
the device does not occur. Thus, in normal use, the higher 
temperatures may degrade these characteristics to some ex
tent. 

DRAIN CHARACTERISTICS 
One figure of merit for a FET is Hs static resistance in the 

full-on condition. This on-resistance, VDS(on), occurs in the 
linear region of the output characteristic and IS specified un
der specific test conditions for gate-source voHage and drain 
current. For MOSFETs, VDS(on) has a posHive temperature 
coefficient and constitutes an important design consideration 
at high temperatures, because it contributes to the power 
dissipation within the device. 

GATE CHARACTERISTICS 
The gate of the TMOS FET is a polysilicon material, and is 

electrically isolated from the source by a layer of oxide. The 
input resistance is very high - on the order of 1 ()9 ohms -
resulting in a leakage current of a few nanoamperes. 

Gate control is achieved by applying a posHive voltage 
slightly in excess of the gate-to-source threshold voltage, 
VGS(th)· 

MRF157 
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Gate Voltage Rating - Never exceed the gate voltage 
rating. Exceeding the rated VGS can result in permanent 
damage to the oxide layer in the gate region. 

Gate Termination - The gates of these devices are es
sentially capacitors. Circuits that leave the gate open-cir
cuiled or floating should be avoided. These conditions can 
result in tum-on of the devices due to voltage build-up on the 
input capacilor due to leakage currents or pickup. 

Gate Protection - These devices do not have an internal 
monolithic zener diode from gate-ta-source. The addition of 
an internal zener diode may result in detrimental effects on 
the reliability of a power MOSFET. If gate protection is re
quired, an external zener diode is recommended. 

IMPEDANCE CHARACTERISTICS 
Device input and output impedances are normaUy obtained 

by measuring their conjugates in an optimized narrow band test 
clrcuit These test circuits are designed and constructed for a 
number of frequency points depending on the frequency cover
age of characterization. For low frequencies the circuits consist 
of standard LC matching networks including variable capacitors 
for peak tuning. At increasing power levels the output imped
ance decreases, resulting in higher RF currents in the matching 
netwOlk. This makes the practicality of output impedance mea
surements in the manner described questionable at power lev
els higher than 200-300 W for devices operated at 50 V and 
1 ~ W for devices operated at 28 V. The physical sizes 
and values required for the components to withstand the RF 
currents increase to a point where physical construction of the 
output matching network gets difficult if not impossible. For this 
reason the output impedances are not given for high power de
vices such as the MRF154 and MRF157. However. formulas 

like (VOS - VsaV2 for a single ended design 
2Pout 

or 2«(VOS - VsaV2) for a push-pull design can be used to 
Pout 

obtain reasonably close approximations to actual values. 

MOUNTING OF HIGH POWER RF 
POWER TRANSISTORS 

The package of this device is designed for conduction 
cooling. It is extremely important to minimize the thermal re
sistance between the device flange and the heat dissipator. 

If a copper heatsink is not used, a copper head spreader is 
strongly recommended between the device mounting sur
faces and the main heatsink. It should be at least 1/4" thick 
and extend at least one inch· from the flange edges. A thin 
layer of thermal compound in all interfaces Is, of course, es
sential. . The recommended torque on the 4-40 mounting 
screws should be in the area of 4-5 Ibs.-inch, and spring 
type lock washers along with flat washers are recommended. 

For die temperature calculations, the A temperature from a 
corner mounting screw area to the bottom center of the 
f\enge is approximately 5·C and 10·C under normal operat
ing conditions (dissipation 150 Wand 300 W respectively). 

The main heat dissipator must be sufficiently large and 
have low Re for moderate air velocity, unless liquid cooling is 
employed. 

CIRCUIT CONSIDERATIONS 
At high power levels (500 Wand up), the circuit layout be

comes critical due to the low impedance levels and high RF 
currents associated with the output matching. Some of the 
components, such as capaCitors and inductors must also 
withstand these currents. The component losses are directly 
proportional to the operating frequency. The manufacturers 
specifications on capacitor ratings should be consulted on 
these aspects prior to design. 

Push-pull circuits are less critical in general, since the 
ground referenced RF loops are practically eliminated, and 
the impedance levels are higher for a given power output. 
High power broadband transformers are also easier to de
sign than comparable LC matching networks. 

EQUIVALENT TRANSISTOR PARAMETER TERMINOLOGY 

MRF157 
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Collector .. .. .. .. .. .. .. ... Orain 
Emitter .. .. .. .. .. .. .. ... Source 

Base ................. Gate 
V(BR)CES ................. V(BR)OSS 

VCBO ................. VOGO 
IC ................. 10 

ICES ................. lOSS 
lEBO ................. IGSS 

VBE(on) ................. VGS(th) 
VCE(sat) ................. VOS(on) 

Cib ................. Ciss 
Cob ................. Coss 
hfe ................. 9fs 

R VCE(sat) ................. 'R VOS(on) 
CE(sat) = IC OS(on) = 10 
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MOTOROLA 
• SEMICONDUCTOR 

TECHNICAL DATA 

The RF TMOS® Line 
Power Field Effect Transistor 
N-Channel Enhancement Mode 

Designed for wldeband large-signal amplifier and oscillator applications to 
500 MHz. 
• Guaranteed 28 Volt, 400 MHz Performance 

Output Power = 2.0 Watts 
Minimum Gain = 16 dB 
Efficiency = 55% (Typical) 

• Grounded Source Package for High Gain and Excellent Heat 
Dissipation (MRF158R) 

• Facilitates Manual Gain Control, ALC and Modulation 
Techniques 

• 100% Tested for Load Mismatch at All Phase Angles with 
30:1 VSWR 

• Excellent Thermal Stability, Ideally Suited for Class A 
Operation 

Gu--..... 

MAXIMUM RAnNGS 

Rating 

Oraln-Source VoHage 

DraIn·Gate VoHage (RGS = 1.0 MO) 

Gate-Source Voltage 

Drain Current - Continuous 

Total DevIce Dissipation @ T C = 25"C 
Derate above 25"C 

Storage Temperature Range MRF158 
MRF158R 

Operating Junction Temperature 

THERMAL CHARACTERlsnCS 

Characteriatic 

Thermal Resistance, Junction to case MRF1$8 
MRF158R 

Symbol 

VOSS 

VOGR 

VGS 

10 

Po 

Tstg 

TJ 

Symbol 

ReJc 

MRF158 
MRF158R ---

2.0 W, to 500 MHz 
TMOS 

BROADBAND 
RF.POWER FET 

CASE 305A, STYLE 2 

I 
CASE 79-05, STYLE 7 

Value 

65 

65 

±40 

0.5 

8.0 
45 

-65 to +150 
-65 to +200 

200 

Max 

13.2 
22 

Unit 

Vdc 

Vdc 

Vdc 

Adc 

wat1s 
mW/"C 

"C 

'C 

Unit 

"C/W 

NOTE -~ - MOS devices are susceptible to damage from electrostatic charge. Reasonable precautions in handling and 
packaging MOS devices should be observed. 

PrefarnId devices are Motorola recommended choices for future use and best overall value. 

MOTOROLA RF DEVICE DATA MRF158eMRF158R 
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ELECTRICAL CHARACTERISTICS (T C = 25°C unless otherwise noted.) 

I Characteristic Symbol 

OFF CHARACTERISTICS 

~rain-Source Breakdown Voltage (VGS = 0, 10 = 5.0 rnA) 

Zero Gate Voltage Drain Current (VOS = 28 V, VGS = 0) 

Gate-Source Leakage Current (VGS = 40 V, VOS = 0) 

ON CHARACTERISTICS 

Gate Threshold Voltage (10 = 10 rnA, VOS = 10 V) 

Forward Transconductance (VOS = 10 V, 10 = 100 rnA) 

DYNAMIC CHARACTERISTICS 

Input Capacitance (VOS= 28 V, VGS = 0, 1= 1.0 MHz) 

OulputCapacltance (VOS = 28 V, VGS =0, 1= 1.0 MHz) 

Reverse Transfer Capacitance (VOS = 28 V, VGS = 0, 1 = 1.0 MHz) 

FUNCTIONAL CHARACTERISTICS (Figure 1) 

Common Source Power Gain 
(VOO = 28 Vdc, Pout = 2.0 W, 1 = 400 MHz, iDa = 100 rnA) 

Drain Efficiency (Figure 1) 
(V00=28 Vdc, Pout = 2.0 W, 1=400 MHz, loa = 100 rnA) 

Electrical Ruggedness (Figure 1) 
(V00=28 Vdc, Pout = 2.0 W, 1=400 MHz, loa= 100 rnA, 
VSWR 30:1 at aU Phase Angles) 

MRF158 
Series Equivalent Input Impedance 

(VOO =28 V, Pout = 2.0 W, 1= 400 MHz, loa= 100 rnA) 

Series Equivalent Output Impedance 
(VOO = 28 V, Pout = 2.0 W, 1 = 400 MHz, IDQ = 100 rnA) 

MRF158.MRF158R 
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V(BR)OSS 

lOSS 

IGSS 

Ciss 

Coss 

Crss 

Gps 

11 

'II 

Zin 

lout 

Min Max . Unit 

65 - - Vdc 

- - 0.5 mAde 

- - 1.0 jlAdc 

- 3.0 - pF 

- 4.2 - pF 

- 0.45 - pF 

16 20 - dB 

45 55 - % 

No Degradation in Outout Power 

- 8.8-j27.37 - Ohms 

- 16.96-)62 - Ohms 

MOTOROLA RF DEVICE DATA 



B~S~------------~~,-~ ["'"""+_ ... rl'TT'--_ ....... __ -< 28 V 

Cl, C3, CS-0.8-10 pF Piston Trimmer Capacitor 
02, C6 - 270 pF Chip Capacitor 
C4 - 8.0 pF Mini-Unelco Capacitor 
C7, C8 - 0.01 IlF Ceramic Capacitor 
C9 - 2S IlF SO V Tantalum Capacitor .300-1 I-....t. 
L 1 - Hairpin Inductor #20 W _____ ........ ~~Jl .320 

.300-1 1-1 
______ ~ Jl .22S 

L2 - Hairpin Inductor #20 W t 
l3-Two Turns #18 W 1/4'10 

.300-1 I-....t. 
L4 - Hairpin Inductor #18 W------~ Jl t .420 
15 - 8 Turns #18 W .380" 10 
L6 - VK200/1 0/3B Ferroxcube Choke 
Rl - 1.0 k!.! 1/4 W Resistor 
R2 - 10k!.! 114 W Resistor 
Board Material- 0.060" Teflon Fiberglass e r = 2.SS 

Copper Clad both sides 2 oz. copper 

Figure 1. 400 MHz Test Circuit, MRF158R 

R3 

... 
car 

R2 

RF~2 

1 TC1 
':" ":' 

Z2 

01, C4, CS-Johanson Trimmer Capacitor, 2-20 pF 
C2, C6 - 270 pF Chip Capacitor 
C3-Arco404 
C7, C8, C9-0.1IlF 

01 R4 

... 

Cl0, Cll-680 pF Feed Through Ll 
C12-S0IlF,SOV .11-' 
01-lNS92SAMotorolaZener 0.24S·..., ~....t. 
L 1 - #18 AWG, Hairpin 0.825" long, bend Jl 0.330" 
into hairpin ------------.....;'.# t 
L2 - #18 AWG, Hairpin 0.875' long, bend 
into hairpin 
l3 - #18 AWG, Hairpin 0.965" long, bend 
into hairpin 

Board Material - 0.062", Teflon Fiberglass, 2 oz., 
Copper clad both sides, e r = 2.55 

~.24;11-....t. Jl 0.390" 

~ L2t 

0.23;11-....t. Jl 0.47S" 
l3t 

O.U.t 

Cl0 
.J... 

RFCl ~ V0028V + 

RFOUTPUT 

Jl 
Rl - 91 {} 1/2 Watt 
R2 -10 k!.! 1/2 Watt 
R3 - 10 kO, 10 Turns Bourns 
R4-1.B k 1.4 Watt 
RFCl - Ferroxcube VK200-19/4B 
RFC2 -10 Turns #20 AWG Enameled, 0.2S0·10 
Zl - Microstrip Une 0.150' wide, 0.420' long 
Z2 - Microstrip Une 0.150" wide, 0.420" long 
Z3- Microstrip Line 0.150' wide, 0.475" long 
Z4 _ Microstrip Line 0.150' wide, 0.825" long 
Z5 - Microstrip Une 0.1 SO" wide, 0.750" long 
Z6 - Microstrip Une 0.150' wide, 0.500' long 
Z7 - Microstrip Une 0.1 SO" wide, 0.500' long 
Z8 - Microstrip Une O.lSO" wide, 0.450" long 

Figure 2. 400 MHz Test Circuit, MRF158 
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TYPICAL CHARACTERISTICS 
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Figure 3. Capacitance versus Drain-Source Voltage 
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Figure 4. DC Safe Operating Area 
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~ / ", ~mW -
./ 

~ " ~ 1=4ObMHz ./ 

V ,100 -100 mA,-

100 
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f ZtN ZOL 
MHz OHMS OHMS 

400 6.5 - j49 31 - j47 
500 5.4 - j42 16 - j32 

'----""'-.:f"!: 'ZOL = ConjugaIeoftheoptimum load 
impedance into which the device 

, output ope!8Ies at a given output 
. power, voltage, and frequency. 

Figure 7. Series Equivalent Input and 
Output Impedances 
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Table 1. Typical Common Emitter S-Parameters (MRF158R) 

VD5 ID f 511 521 512 
(Volts) (mA) (MHz) 15111 L<I> 18211 L<I> 15121 

28 100 5 1.00 -3.0 6.47 178 0.003 
10 1.00 -3.0 5.95 176 0.003 
20 1.00 -5.0 5.87 174 0.006 
30 0.99 -8.0 5.86 171 0.009 
40 0.99 -10 5.77 168 0.011 
50 0.98 -12 5.71 165 0.014 
100 0.95 -24 5.42 153 0.026 
150 0.89 -34 5.07 141 0.034 
200 0.83 -43 4.64 131 0.039 
250 0.78 -51 4.26 121 0.040 
300 0.73 -59 3.87 112 0.039 
350 0.68 -65 3.55 104 0.036 
400 0.64 -71 3.22 97 0.033 
500 0.58 -82 2.77 84 0.037 
600 0.54 -94 2.42 72 0.064 
700 0.54 -107 2.19 63 0.100 
BOO 0.54 -118 1.99 53 0.147 
900 0.55 -129 1.81 45 0.209 

1000 0.56 -138 1.66 37 0.283 

Figure 8. Test Circuit, Top View (MRF158R) 

Figure 9. Test Circuit, Bottom View (MRF158R) 

MOTOROLA RF DEVICE DATA 

L<I> 
54 
83 
76 
82 
81 
77 
68 
61 
55 
51 
50 
53 
63 
96 
115 
117 
117 
112 
105 

~ 
I~I L<I> 
0.95 -3.0 
0.95 -2.0 
0.95 -4.0 
0.95 -6.0 
0.95 -8.0 
0.95 -10 
0.92 -20 
0.89 -28 
0.85 -36 
0.80 -43 
0.77 -48 
0.73 -53 
0.70 -58 
0.64 -69 
0.62 -79 
0.62 -91 
0.64 -101 
0.64 -112 
0.64 -120 

MRF158.MRF158R 
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Vos ID 
(Volts) (mA) 

28 100 

MRF158.MRF158R 
2-186 

f 
(MHz) 

5 
10 
30 
50 
100 
200 
300 
400 
500 
600 
700 
800 
900 
1000 

MRF158 ONLY 

Table 2. Typical Common Emitter S-Parameters (MRF158) 

I 

811 821 812 

18111 L+ 1~11 L+ 18121 

1.00 -2.0 3.84 -179 0.003 
1.00 -2.0 3.81 179 0.004 
1.00 -7.0 3.74 174 0.011 
1.00 -11 3.72 170 0.018 
0.98 -21 3.62 159 0.034 
0.93 -41 3.28 137 0.061 
0.88 -58 2.88 120 0.077 
0.83 -75 2.57 104 0.088 
0.79 -87 2.24 91 0.090 
0.75 -99 1.94 78 0.084 
0.73 -110 1.72 68 0.077 
0.72 -120 1.52 58 0.067 
0.71 -130 1.35 48 0.055 
0.71 -139 1.18 40 0.043 

Figure 10. Test Circuit (MRF158) 

~ 0 

(Not to Scale) 

Figure 11. PC Board Photomaster (MRF158) 

822 
L+ 18221 L+ 
73 0.97 -2.0 
83 0.97 -2.0 
81 0.97 -6.0 
78 0.96 -9.0 
70 0.95 -19 
52 0.90 -35 
39 0.86 -50 
27 0.81 -63 
17 0.78 -74 
8.0 0.75 -84 
2.0 0.75 -93 

-3.0 0.75 -99 
-6.0 0.74 -108 
-4.0 0.73 -114 
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MOTOROLA 
• SEMICONDUCTOR 

TECHNICAL DATA 

The RF MOSFET Line 
RF Power Field Effect Transistor 
N-Channel Enhancement-Mode 
• .. designed for wideband large-signal amplifier and oscillator applications up 
to 400 MHz range. 

• Guaranteed 28 Volt, 400 MHz Performance 
Output Power = 5.0 Watts 
Minimum Gain = 11 dB 
Efficiency - 50% (Typical) 

• Small-Signal and Large-Signal'Characterization 

• 100% Tested For Load Mismatch At All Phase Angles 
With 30:1 VSWR 

• Low Noise Figure - 3.0 dB (Typ) atl 00 mA, 400 MHz 

• Excellent Thermal Stability, Ideally Suited For Class A 
Operation 

• Facilitates Manual Gain Control, ALC and Modulation 
Techniques 

MAXIMUM RATINGS 

Rating 

Orain-50urce Voltage 

Oraln-~ate Voltage 
(RGs = 1.0 MO) 

Gate-Source Voltage 

Drain Current - Continuous 

Total Device Dissipation @ TC = 25°C 
Derate above 250C 

Storage Temperature Range 

Operating Junction Temperature 

THERMAL CHARACTERISTICS 

Characteristic 

Thermal Resistance, Junction to Case 

Go--~ 

s 

Symbol 

VOSS 

VOGR 

VGS 

10 

Po 

Tstg 

TJ 

MRF161 

5.0 W, to 400 MHz 
N-CHANNEL MOS 

BROADBANDRFPOWER 
FET 

CASE 244, STYLE 3 

Value 

65 

65 

±40 

0.9 

Unit 

Vdc 

Vdc 

Vdc 

Adc 

17.5 Watts 
0.1 W/"C 

-6510+150 OC 

200 °c 

Max 

10 

Handling and Packaging - MOS devices are susceptible to damage from electrostatic charge. Reasonable precautions in handling and 
packaging MOS devices should be observed. 

MOTOROLA RF DEVICE DATA MRF161 
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ELECTRICAL CHARACTERISTICS (Tt:: = 25°C unless otherwise noted.) 

I Characteristic I Symbol Min Typ Max Unit 

OFFCHARACTER~TICS 

Oraln-Source Breakdown Voltage (VGS = 0,10 = 5.0 rnA) 

Zero Gate Voltage Orain Current (VOS = 28 V, VGS = 0) 

Gate-Source Leakage Current (VGS = 40 V, VOS = 0) 

ON CHARACTERISTICS 

Gate Threshold Voltege (VOS = 10 V, 10 = 10mA) 

Forward Transconductanca(VOS = 10 V, 10 =100 mAl 

DYNAMIC CHARACTERISTICS 

Input Capacltanca (VOS = 28 V, VGS - 0, f - 1.0 MHz) 

Output Capacitanca (VOS=28 V, VGS=O, f= 1.0. MHz) 

Reverse TransierCapacltanca (VOS =28V, VGS = 0, f= 1.0 MHz) 

FUNCTIONAL CHARACTERISTICS (Figure 1) 

Noise Figure 
(VOS = 28 Vde, 10 = 100 rnA, f = 400 MHz, 
Zs= 67.6 + j14.1, ZL= 14.5 + ]25.7) 

Common Source Power Gain 
(VOO = 28 Vdc, Pout = 5.0 W, f = 400 MHz, IDQ = 50 mAl 

Orain Efficiency 
(VOO = 28 Vde, Pout = 5.0 W, f = 400 MHz, IDQ = 50 mAl 

Electlical Ruggedness 
(VOO = 28 Vde, Pout = 5.0 W, f = 400 MHz, 10Q = 50 mA, 
VSWR 30:1 at all Phase Angles) 

RF 
INPUT 

C1, C2, C13-0.1 J.lF, 50 V OlscCeramic 
C3 - 0.01 J.lF, 100 V Oisc Ceramic 
C4, C10-220 pF, 100 Mil Chip Cap 
C5 - 1.0-10 pF Johanson or Equivalent 
C6 - 5.0 pF Mini-Unelco or Equivalent 
C7 - 1.0-20 pF Johanson or Equivalent 
C8 - 15 pF, 100 Mil ATC Chip Cap or Equivalent 
C9, C11 -2.2, 100 Mil ATC Chip Cap or Equivalent 
C12, C14 - 680 pF Feedthru 
C15-50J.lF,35V 
01 - 1 N5347B Motorola Zener or Equivalent 
L 1 -1-314 Turns, 0.185" 10 0.08" ,Long #20 AWG Enarnel- (25 nH) 
L2 - #20 AWG Enamel, Hairpi~b~.:-(10.5 nH) 

V(BR)OSS 65 

lOSS -
IGSS -

Ciss -
Coss -
Crss -

NF -

Gps 11 

11 45 

'JI 

- -
- 1.0 

- 1.0 

7.0 -
9.7 -
2.3 -

3.0 -

13.5 -

50 -

No Oegradation in Output Power 

Vdc 

mAdc 

).lAde 

pF 

pF 

pF 

dB 

dB 

% 

RF 
OUTPUT 

L3-1-314 Turns, 0.128" 10 0.11" Long #18AWG Enamel-(15 nH) 
L4-#18 AWG Enamel, Hairpi~.41cr-(12.5nH) 
R1-1.6 kn, 1/4 W 0.185" 
R2-10Tums10kn 
R3-10k,112W 
RFC1 -10 Turns, 0.300"10 #20 AWG Enamel Closewound 
RFC2 - Ferroxcube VK-2oo 
Z1 - 0.82" x 0.164" Microstrip - (Zo = 50 0) 
Z2, Z3 - 0.60" X 0.25" Microstrip 
Z4 - 0.76" x 0.164" Mlcrostrip - (Zo = 50 0) 
Board-Glass Teflon, 62 Mils, Er = 2.56 

Figure 1_ 400 MHz Test Circuit 

MRF161 
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Figure 2. Output Power versus Input Power 
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Figure 6. Output Power versus Supply Voltage 
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Figure 8. Output Power versus Gate Voltage 
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Figure 10. Gate-Source Voltage versus 
Case Temperature 

MRF161 
2-190 

-

5 

ISO 

500 

28 

24 

§;2O 
w 
(> 16 
~ 
(> 

~ 12 
(> 

cS 8 

4 

I 
II 

/ 
TYPICAl OEVICE SHOWN. / r- VGS(th) = 3 V 

J 

\ 

" 
"' 

/ VOS=10V -
V I _I 

/ 
V 

2 3 4 5 6 7 8 
VGS. GATE-50URCE VOLTAGE (VOLTS) 

Figure 9. Drain Current versus Gate Voltage 
(Transfer Characteristics) 

". " VGS=OV _ 
"- f=1 MHz _ 

" ....... I 

I'.. ....... 
~ I--....... -I'.. ...... !:iss r--"-

r-
Crss r--

I 
4 8 12 16 20 24 28 

VOS. ORAlN-50URCE VOLTAGE (VOLTS) 

Figure 11. Capacitance versus Voltage 

MOTOROLA RF DEVICE DATA 



1 
0.7 
0.5 

Ie 
0.3 ! .... 0.2 

Tcl=~·C 
~ 

ijj 
a: a: 0.1 ::> 

" 0.07 :z 
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Figure 12. Maximum Rated Forward Biased 
Safe Operating Area 

f Zin ZOL* 
MHz Ohms Ohms 

100 8.00 - j40.5 41.0 - j36.0 
225 4.76 - j26.1 34.5 - j36.1 
300 4.23 - j18.2 22.1 - j33.4 
400 3.34 - j13.7 14.5 - j25.7 

Figure 13. Large-Signal Series Equivalent Input and Output Impedance, Zin, ZoL* 
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f 
(MHz) 

2.0 

5.0 

10 

20 

30 

40 

50 

60 

70 

80 

90 

100 

110 

120 

130 

140 

150 

160 

170 

180 

190 

200 

225 

250 

275 

300 

325 

350 

375 

400 

425 

450 

475 

500 

525 

550 

575 

600 

625 

650 

675 

700 

725 

750 

n5 
BOO 

MRF161 
2-192 

511 

15111 

1.000 

1.000 

0.997 

0.989 

0.9n 
0.968 

0.949 

0.930 

0.913 

0.897 

0.885 

0.867 

0.853 

0.838 

0.819 

0.812 

0.800 

0.785 

0.n5 
.0.765 

0.755 

0.740 

0.735 

0.723 

0.720 

0.716 

0.715 

0.715 

0.715 

0.711 

0.714 

0.717 

0.719 

0.722 

0.723 

0.727 

0.729 

0.733 

0.734 

0.740 

0.749 

0.758 

0.761 

0.763 

0.765 

o.no 

~1 5:12 L, 1521 1 L, 15121 L, 
-1.69 13.64 178 0.002 62 

-4.63 13.60 176 0.005 69 

-8.95 13.70 173 0.010 80 

-17.49 13.36 167 0.022 73 

-26 13.07 162 0.032' 71 

-34 12.76 156 0.042 67 

-'42 12.31 151 0.050 61 

-49 11.88 146 0.058 57 

-56 11.45 141 0.066 53 

-62 10.96 137 0.072 50 

-68 10.50 133 0.078 46 

-74 10.00 129 0.081 43 

-78 9.54 125 0.085 40 

-84 B.92 122 0.090 37 

-88 8.75 119 0.093 35 

-92 8.30 116 0.096 31 

-96 7.95 113 0.098 28 

-99 7.54 111 0.100 26 

-103 7.25 109 0.102 24 

-105 6.85 106 0.103 23 

-108 6.60 104 0.104 21 

-111 6.20 100 0.106 18 

-116 5.71 96 0.110 16 

-121 5.17 92 0.112 12 

-124 4.80 89 0.113 10 

-128 4.43 85 0.112 7.0 

-130 4.17 83 0.111 4.0 

-133 3.87 79 0.111 3.0 

-135 3.67 76 0.111 1.0 

-137 3.43 74 0.109 0 

-139 3.25 71 0.104 0 

-140 3.11 69 0.104 -2.0 

-141 2.95 67 0.103 -3.0 

-142 2.81 65 0.102 -4.0 

-144 2.69 62 0.099 -6.0 

-144 2.55 61 0.097 -6.0 

-145 2.46 59 0.097 -7.0 

-146 2.37 57 0.094 -7.0 

-147 2.29 55 0.090 -8.0 

-148 2.19 54 0.087 -8.0 

-149 2.12 53 0.085 -6.0 

-149 2.07 51 0.084 -6.0 

-150 1.99 49 0.082 -5.0 

-151 1.93 48 0.081 -4.0 

-151 1.90 48 0.079 -3.0 

-152 1.83 46 0.076 -1.0 

Table 1. Common Source Scattering Parameters 
50 Ohm System 

VOS = 28 V, 10 = 250 mA 

~2 

1~21 LcjI 

0.947 -1.84 

0.945 -4.00 

0.941 -7.92 

0.929 -15.B 

0.915 -23 

0.902 -30 

0.885 -37 

0.866 -43 

0.846 -49 

0.831 -55 

0.817 -60 

0.800 -65 

0.787 -69 

0.n5 -74 

0.762 -78 

0.755 -81 

0.742 -B6 

0.735 -89 
0.728 -93 

0.725 -96 

0.720 -98 

0.719 -99 

0.715 -103 

0.708 -107 

0.706 -110 

0.706 -113 

0.717 -115 

0.720 -117 

0.728 -118 

0.729 -119 

0.738 -120 

0.743 -121 

0.757 -122 

o.no -122 

0.7n -123 

0.787 -123 

0.802 -124 

0.814 -124 

0.824 -126 

0.830 -127 

0.849 -127 

0.879 -127 

0.886 -127 

0.905 -127 

0.919 -128 

0.921 -128 
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Figure 14. S11,lnput Reflection Coefficient 
versus Frequency 

VOS = 28 V, 10 = 250 mA 

Figure 16. 521, Forward Transmission Coefficient 
versus Frequency 

VOS = 28 V, 10 = 250 mA 

MOTOROLA RF DEVICE DATA 

Figure 15. S12, Reverse Transmission Coefficient 
versus Frequency 

VOS=28 V,10=250 mA 

Figure 17. S22, Output Reflection Coefficient 
versus Frequency 

VOS = 28 V, 10 = 250 mA 

MRF161 
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DESIGN CONSIDERATIONS 
The MRF161 is a RF power N-Channel enhancement 

mode field-effect transistor (FET) designed especially for 
UHF power amplifier and oscillator applications. Motorola RF 
MOSFETs feature a vertical structure with a planar design, 
thus avoiding the processing difficulties associated with V
groove vertical power FETs. 

Motorola Application Note AN211A, FETs in Theory and 
Practice, is suggested reading for those not familiar with the 
construction and characteristics of FETs. 

The major advantages of RF power FETs include high 
gain, low noise, simple bias systems, relative immunity from 
thermal runaway, and the ability to withstand severely mls
matched loads without suffering damage. Power output can 
be varied over a wide range with a low power dc control sig
nal, thus facilitating manual gain control, ALC and modula
tion. 

DC BIAS 
The MRF161 is an enhancement mode FET and, there

fore, does not conduct when drain voltage is applied. Drain 
current flows when a positive voltage is applied to the gate. 
See Figure 9 for a typical plot of· drain current versus gate 
voltage. RF power FETs require forward bias for optimum 
performance. The value of quiescent drain current (100) is 
not critical for many applications. The MRF161 was charac
terized at 100 = 50 mA, which is the suggested minimum val
ue of 100. For special applications such as linear 
amplification, 100 may have to be selected to optimize the 
critical parameters. 

The gate is a de open circuit and draws no current. There
fore, the gate bias circuit may generally be just a simple re-

sistive divider network. Some special applications may 
require a more elaborate bias system. 

GAIN CONTROL 
Power output of the MRF161 may be controlled from its 

rated. value down to zero (negative gain) by varying the 
dc gate voltage. This feature facilitates the design of manual 
gain control, AGC/ALC and modulation systems. (See 
Figure 8.) 

AMPUFIER DESIGN 
Impedance matching networks similar to those used with 

bipolar UHF transistors are suitable for MRF161. See 
Motorola Application Note AN721 , Impedance Matching Net
works Applied to RF Power Transistors. The higher input 
impedance 6f RF MOSFETs helps ease the task of broad
band network design. Both small signal scattering parame
ters and large signal impedances are provided. While the 
s-parameters will not produce an exact design solution for 
high power operation, they do yield a good first approxima
tion. This is an additional advantage of RF MOS power FETs. 

RF power FETs are triode devices and, therefore, not uni
lateral. This, coupled with the very high gain of the MRF161, 
yields a device capable of self oscillation. Stability may be 
achieved by techniques such as drain loading, input shunt 
resistive loading, or output to input feedback. Two port pa
rameter stability analysis with the MRF161 s-parameters 
provides a useful tool for selection of loading or feedback cir
cuitry to assure stable operation. See Motorola Application 
Note AN215A for a discussion of two port network theory and 
stability. 

Figure 18. 400 MHz Test Circuit 
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MOTOROLA 
• SEMICONDUCTOR 

TECHNICAL DATA 

The RF MOSFET Line 
RF Power Field Effect Transistor 
N-Channel Enhancement-Mode 
· •. designed for wideband large-signal output and driver applications up to 
400 MHz range. 

• Guaranteed 28 Volt, 400 MHz Performance 
Output Power = 15 Watts 
Minimum Gain = 11 dB 
Efficiency ~ 50% (Typical) 

• Small-Signal and Large-Signal Characterization 

• 100% Tested For Load Mismatch At All Phase Angles 
With 30:1 VSWR 

• Low Noise Figure - 2.0 dB (Typ) at 300 mA, 400 MHz 

• Excellent Thermal Stability, Ideally Suited For Class A 
Operation 

• Facilitates Manual Gain Control, ALC and Modulation 
Techniques 

MAXIMUM RATINGS 

Rating 

Drain-Source Voltage 

Drain-Gate Voltage 
(RGS = 1.0 MOl 

Gate-Source Voltage 

Drain Current - Continuous 

Total Device Dissipation @ TC = 25°C 
Derate above 25°C 

Storage Temperature Range 

Operating Junction Temperature 

THERMAL CHARACTERISTICS 

Characteristic 

Thermal Resistance, Junction to Case 

Go---T-' 

s 

Symbol 

VOSS 

VDGR 

VGS 

10 

Po 

Tstg 

TJ 

MRF162 

15 W, to 400 MHz 
N-CHANNEL MOS 

BROADBAND RF POWER 
FET 

CASE 244. STYLE 3 

Value 

65 

65 

±40 

2.5 

Unit 

Vdc 

Vdc 

Vdc 

Adc 

50 Watts 
0.286 W/"C 

-65 to +150 °c 

200 °c 

Max 

3.5 

Handling and Packaging - MOS devices are susceptible to damage from electrostatic charge. Reasonable precautions in handling and 
packaging MOS devices should be observed. 
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ELECTRICAL CHARACTERISTICS (T C = 25°C unless ,otherwise noted.) 

I Characteristic I Symbol Min Typ Max 

OFF CHARACTERISTICS 

~rain-Source Breakdown Voltage (VGS = 0, 10 = 5.0 rnA) 

Zero Gate Voltage Drain Current (VOS = 28 V, VGS = 0) , 

Gate-Source Leakage Current (VGS = 40 V, VOS = 0) 

ON CHARACTERISTICS 

Gate Threshold Voltage (VOS = 10 V, 10 = 25 mAl 
Forward Transconductance (VOS = 10 V, 10 = 250 mAl 

DYNAMIC CHARACTERISTICS 

Input Capacitance (VOS = 28 V, VGS = 0, f = 1.0 MHz) 

Output Capacitance (VOS = 28 V, VGS = 0, f = 1.0 MHz) 

Reverse Transfer Capacitance (VOS=28V, VGS = 0, f= 1.0 MHz) 

FUNCTIONAL CHARACTERISTICS (Figure 1) 

Noise Figure 
(VOS = 28 Vdc, 10 = 300 rnA, f = 400 MHz, 
Zs = 5.9 + J7.8 n. ZL = 3.78 + 15.750) 

Common Source Power Gain 
(VOO=28 Vdc, Pout = 15 W, 1=400 MHz,loa= 50 rnA) 

Drain Efftclency 
(VOO = 28 Vdc, Pout = 15 W, f = 400 MHz, loa = 50 rnA) 

Electrical Ruggedness 
(VOO = 28 Vdc, Pout = 15 W, 1 = 400 MHz, 100 = 50 rnA, 
VSWR 30:1 at all Phase Angles) 

1 Cl C5 

OUT 

Cl, 02, C3-1.0-2O pF Johanson or Equivalent 
C4, C7 - 270 pF, 100 Mil Chip Cap 
C5 -18 pF Mini-Unelco or Equivalent 
C6 -12 pF, 100 Mil Chip Cap 
C8 - 0.01 JlF, 50 V Disc Ceramic 
C9, Cl0, C12-0.1 JlF,50 V Disc Ceramic 
C11, C14-680 pF Feedthru 
C13-20JlF,50V 
01 - 1 N5925A Motorola Zener 
R1-10 kn, 1/4 W 

V(BR)OSS 65 - -
lOSS - - 2.0 

IGSS - - 1.0 

Ciss - 24 -
Coss - 27 -
Crss - 5.5 -

NF - 2.0 -

Gps 11 13.6 -

11 45 50 -

IjI 
No Degradation In Output Power 

C3 

R2-10Turns 10 kn 
R3-1.6 kn, 1/4 W 
RFC1 -10 Turns, 0.300" 10 #20 AWG 

Enamel Closewound 
RFC2 - Ferroxcube VK-200 - 19/4B 
Z1 - 1.5" x 0.250" Microstrip 
Z2 - 0.6" x 0.250" Mlcrostrip 
Z3 - 1.3" X 0.250" Mlcrostrlp 
Z4 - 0.85" x 0.250" Microstrlp 
Board - Glass Teflon, 62 Mils, Er = 2.56 

Figure 1. 400 MHz Test Circuit 

Unit 

Vdc 

mAdc 

pAdc 

pF 

pF 

pF 

dB 

dB 

% 
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Figure 12. DC Safe Operating Area 

ZoL' 
MHz Ohms 

100 14.5 - j15.5 
225 10.6 - j12.80 
300 6.75 - j9.51 
400 3.78 - j5.75 

ZOl' = Conjugale olthe optimum 
load impedance into which the 
device operates at a given output 
power, voltage and frequency. 

Figure 13. Large-Signal Series Equivalent 
Input Impedance, Zin 

Figure 14. Large-Signal Series Equivalent 
Output Impedance, ZOL • 
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15111 
0.996 

0.983 

0.943 

0.871 

0.833 

0.811 

0.796 

0.788 

0.782 

0.779 

0.777 

0.776 

0.775 

0.775 

0.775 

0.775 

0.775 

0.777 

0.777 

0.778 

0.780 

0.781 

0.784 

0.788 

0.790 

0.792 

0.794 

0.794 

0.799 

0.805 

0.815 

0.825 

0.834 

0.837 

0.838 

0.843 

0.845 

0.855 

0.856 

0.875 

0.885 

0.888 

0.892 

0.900 

0.910 

0.918 

511 521 512 

Lcp ISa11 Lcp 15121 Lcp 
-11 34.29 171 0.007 80 

-27 33.00 159 0.016 73 

-51 31.76 147 0.030 60 

-86 24.38 130 0.047 41 

-109 18.82 118 0.054 30 

-123 14.93 110 0.058 23 

-133 12.42 105 0.060 18 

-140 10.45 101 0.061 14 

-145 9.13 97 0.061 11 

-149 8.01 94 0.062 8.9 

-152 7.12 92 0.062 7.1 

-155 6.48 89 0.062 5.3· 

-157 5.92 87 0.062 3.9 

-158 5.45 85 0.062 2.4 

-160 5.03 83 0.062 1.5 

-161 4.69 81 0.062 0.4 

-162 4.37 80 0.061 -0.6 

-163 4.10 78 0.062 -1.3 

-163 3.87 77 0.061 -2.2 

-164 3.65 75 0.061 -2.8 

-165 3.46 74 0.061 -3.7 

-165 3.29 72 0.060 -4.2 

-166 2.87 69 0.060 -5.8 

-166 2.57 66 0.059 -7.7 

-167 2.30 64 0.059 -:9.0 

-167 2.20 62 0.059 -11 

-168 1.94 57 0.059 -12 

-169 1.78 56 0.058 -15 

-169 1.67 54 0.057 -16 

-169 1.56 51 0.055 -17 

-169 1.45 50 0.054 -17 

-169 1.39 47 0.053 -17 

-170 1.32 45 0.052 -17 

-170 1.23 42 0.051 -16 

-171 1.16 41 0.050 -14 

-171 1.11 39 0.048 -13 

-172 1.07 37 0.048 -12 

-172 1.03 35 0.046 -10 

-173 0.977 33 0.045 -9.0 

-173 0.947 32 0.044 -7.0 

-173 0.914 30 0.044 -5.0 

-174 0.873 27 0.043 -4.0 

-174 0.841 27 0.042 -1.0 

-174 0.821 26 0.043 2.0 

-175 0.814 24 0.044 4.0 

-176 0.775 22 0.045 8.0 

Table 1. Common Source Scattering Parameters 50 Ohm System 
Vos = 28 V, IO=0.5A 

Saa 

ISaaI Lcp 
0.730 -12 

0.729 -30 

0.728 -57 

0.726 -94 

0.727 -116 

0.728 -129 

0.729 -138 

0.729 -143 

0.729 -148 

0.731 -151 

0.733 -153 

0.735 -155 

0.737 -156 

0.739 -158 

0.741 -159 

0.743 -159 

0.744 -160 

0.746 -161 

0.748 -161 

0.750 -161 

0.753 -162 

0.755 -162 

0.765 -163 

0.770 -163 

0.780 -163 

0.795 -163 

0.812 -163 

0.815 -163 

0.826 -163 

0.836 -163 

0.862 -163 

0.860 -162 

0.871 -162 

0.871 -162 

0.872 -162 

0.883 -162 

0.894 -162 

0.901 -163 

0.905 -163 

0.921 -163 

0.938 -163 

0.949 -164 

0.947 -164 

0.970 -164 

0.978 -164 

0.978 -164 
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Figure 15. S11, Input Reflection Coefficient 
versus Frequency 

VOS = 28 V, 10 = 0.5 A 

Figure 17. S21, Forward Transmission Coefficient 
versus Frequency 

VOS =28 V, 10=0.5A 

MOTOROLA RF DEVICE DATA 

+90" 

Figure 16. S12, Reverse Transmission Coefficient 
versus Frequency· 

VOS = 28 V, 10 = 0.5 A 

Figure 18. S22, Output Reflection Coefficient 
versus Frequency 

VOS = 28 V, 10 = 0.5 A 
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DESIGN CONSIDERATIONS 
The MRF162 is a RF power N-Channel enhancement 

mode field-effect transistor (FET) designed especially for 
UHF power amplifier and oscillator applications. Motorola RF 
MOSFETs feature a vertical structure with a planar design, 
thus avoiding the processing difficulties associated with V
groove vertical power FETs. 

Motorola Application Note AN211A, FETs in Theory and 
Practice, is suggested reading for those not familiar with the 
construction and characteristics of FETs. 

The major advantages of RF power FETsinclude high 
gain, low noise, simple bias systems, relative immunity from 
thermal runaway, and the ability to withstand severely 
mismatched loads without suffering damage. Power output 
can be varied over a wide range with a low power dc control 
signal, thus facilitating manual gain control, ALC and modu
lation. 

DC BIAS 
The MRF162 is an enhancement mode FET and, there

fore, does not conduct when drain voltage is applied. Drain 
current flows when a positive voltage is applied to the gate. 
See Figure 9 for a typical plot of drain current versus gate 
voltage. RF power FETs require forward bias for optimum 
performance. The value of quiescent drain current (100) is 
not critical for many applications. The MRF162 was charac
terized at 100 = 50 mA, which is the suggested minimum val
ue of 100. For special applications such as linear 
amplification, 100 may have to be selected to optimize the 
critical parameters. 

The gate Is a de open circuit and draws no current. There
fore, the gate bias circuit may generally be just a simple 

resistive divider' network. Some special applications may 
require a more elaborate bias system. 

GAIN CONTROL 
Power output of the MRF162 may be controlled from its 

rated value down to zero (negative gain) by varying the de 
gate voltage. This feature facilitates the design of manual 
gain control, AGC/ALC and modulation systems. (See 
Figure 8.) 

AMPUFIER DESIGN 
Impedance matching networks similar to those used with 

bipolar UHF transistors are suitable for MRF162. See 
Motorola Application Note AN721, Impedance Matching 
Networks Applied to RF Power Transistors. The higher input 
impedance of RF MOSFETs helps ease the task of broad
band network design. Both small signal scattering parame
ters and large signal impedances are provided. While the 
s-parametEilrs will not produce an exact design solution for 
high power operation, they do yield a good first approxima
tion. This is an additional advantage of RF MOS power FETs. 

RF power FETs are triode devices and, therefore, not uni
lateral. This, coupled with the very high gain of the MRF162, 
yields a device capable of self oscillation. Stability may be 
achieved by techniques such as drain loading, input shunt 
resistive loading, or output to input feedback. Two port 
parameter stability analysis with the MRF162 s-parameters 
provides a useful tool for selection of loading or feedback 
circuitry to assure stable operation. See Motorola Application 
Note AN215A for a discussion of two port network theory and 
stability. 

Figure 19. 400 MHz Test Circuit 
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MOTOROLA 
• SEMICONDUCTOR 

TECHNICAL DATA 

The RF MOSFET Line 
RF Power Field Effect Transistor 
N-Channel Enhancement-Mode 
· •• designed for wideband large-signal output and driver applications up to 
400 MHz range. 

• Guaranteed 28 Volt, 400 MHz Performance 
Output Power = 25 Watts 
Minimum Gain = 10 dB 
Efficiency - 50% (Typical) 

• Small-Signal and Large-Signal Characterization 

• 100% Tested For Load Mismatch At All Phase Angles 
With 30:1 VSWR 

• Low NOise Figure - 2.5 dB (Typ) at 500 rnA, 400 MHz 

• Excellent Thermal Stability, Ideally Suited For Class A 
Operation 

• Facilitates Manual Gain Control, ALC and Modulation 
Techniques 

MAXIMUM RATINGS 

Rating 

Drain-Source Voltage 

Orain-Gata Voltage 
(RGS = 1.0 MO) 

Gate-Source Voltage 

Drain Current - Continuous 

Total Device Dissipation @ TC = 25°C 
Derate above 25°C 

Storage Temperature Range 

Operating Junction Temperature 

THERMAL CHARACTERISTICS 

Characteristic 

Thermal Resistance, Junction to case 

Go--~ 

s 

Symbol 

VOSS 

VDGR 

VGS 

10 

Po 

Tstg 

TJ 

MRF163 

25 W, to 400 MHz 
N-CHANNEL MOS 

BROADBAND RF POWER 
FET 

CASE 244, STYLE 3 

Value 

65 

65 

±40 

5.0 

Unit 

Vdc 

Vdc 

Vdc 

Adc 

87.5 Watts 
0.5 W/"C 

-65 to +150 °c 

200 OC 

Max 

2.0 

Handling and Packaging - MaS devices are susceptible to damage from electrostatic charge. Reasonable precautions in handling and 
packaging MaS devices should be observed. 

MOTOROLA RF DEVICE DATA MRF163 
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II 

ELECTRICAL CHARACTERISTICS (TC = 25Q C unless otherwise noted.) 

I Characteristic I Symbol Min Typ Max Unit 

OFF CHARACTERISTICS 

Drain-Source Breakdown Voltage (VGS = 0,10 = 10 rnA) V(BR)OSS 65 - - Vdc 

Zero Gate Voltage Drain Current (VOS = 28 V, VGS = 0) lOSS - - 4.0 mAdc 

Gate-Source leakage Current (VGS = 40 V, VOS = 0) IGSS - - 1.0 !lAdc 

ON CHARACTERISTICS 

Gate Threshold Voltage (VOS = 10 V, 10 = 25 rnA) 

Forward Transconductance (VOS = 10 V, 10 = 500 rnA) 

DYNAMIC CHARACTERISTICS 

Input Capacitance (VOS = 28 V, VGS = 0, f = 1.0 MHz) Ciss - 48 - pF 

Output Capacitance (VOS = 28 V, VGS = 0, f = 1.0 MHz) Coss - 54 - pF 

Reverse Transfer Capacitance (VOS = 28 V, VGS = 0, f = 1.0 MHz) Crss - 11 - pF 

FUNCTIONAL CHARACTERISTICS (Figure 1) 

Noise Figure NF - 2.5 - dB 
(VOS = 28 Vdc, 10 = 500 rnA, f = 400 MHz, 
Zs = 3.23 + j2.57 Q, Zl = 2.11 + j2.9Hl) 

Common Source Power Gain Gps 10 12 - dB 
(VOO = 28 Vdc, Pout = 25 W, f = 400 MHz, loa = 25 rnA) 

Drain Efficiency 11 45 50 - % 
(VOO = 28 Vdc, Pout = 25 W, f = 400 MHz, loa = 25 rnA)' 

Electrical Ruggedness 'I' 
(VOO = 28 Vdc, Pout = 25 W, f = 400 MHz, loa = 25 rnA, No Degradation in Output Power 
VSWR 30:1 at all Phase Angles) 

R3 RFC2 
~----~--~----~~r---~~~~-JYY~~~~--~----~VDD=~V 

MRF163 
2-204 

Cl, C2, C3 -1.0-20 pF Johanson or Equivalent 
C4, C8 - 270 pF, 100 Mil Chip Cap 
C5, C6 - 18 pF Mini-Unelco or Equivalent 
C7 -12 pF Mini-Unelco or Equivalent 
C9 - 0.01 IlF, 50 V Disc Ceramic 
Cl0, Cll, C13-0.1IlF, 50V Disc Ceramic 
C12, C15 - 680 pF Feedthru 
C14-20 IlF, 50 V 
01 - 1 N5925A Motorola Zener 
Rl -10 kQ, 1/4 W 

C13 + C14 C15 r 

C8 C3 

R2-10Tums10kO 
R3-1.6kO,l/4W 

Z4 

RFC1 - 10 Turns, 0.300" 10 #20 AWG 
Enamel Closewound 

RFC2 - Ferroxcube VK-200 - 19/4B 
Zl - 1.350" x 0.250· Microstrip 
Z2 - 0.600" x 0.250" Microstrip 
Z3 - 0.710" x 0.250" Microstrip 
Z4 - 1.300" x 0.250" Microstrip 
Board - Glass Teflon, 62 Mils, €r = 2.56 

Figure 1. 400 MHz Test Circuit 
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Tc, CASE TEMPERATURE (OC) 

Figure 10. Gate-Source Voltage versus 
Case Temperature 
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VDS, DRAlN·SOURCE VOLTAGE (VOLTS) 

Figure 12. DC Safe Operating Area 

1 Zin ZOL* 
MHz Ohms Ohms 

100 1.35 - j10.48 9.94 - j3.68 
225 0.58 - j3.06 4.41 - j5.00 
300 0.72 - j1.75 3.41 - j4.00 
400 0.86 - jO.35 2.11 - j2.97 

ZOL * = Conjugate 01 the optimum load Impedance Into 
which the device operates at a given output power, voltage 

Figure 13. Input and Output Impedance 
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1811 1 

0,985 

0.875 

0.841 

0.833 

0.836 

0.838 

0.838 

0.840 

0.844 

0.849 

0.851 

0.857 

0.862 

0.866 

0.872 

0.875 

0.879 

0.882 

M88 

0.891 

0.893 

0.901 

0.906 

0.911 

0.912 

0.913 

0.919 

0.921 

0.927 

0.927 

0.927 

0.933 

0.937 

0.942 

811 821 812 

:1 

/: 
j 

I 
! 

' LIj> 18211 " LIj> 18121 LIj> 

-30 56.97 166 0.010 63.9 

-105 34.12 125 0.032 30.6 

-145 16.17 104, 0.038 9.2 

-162 8.201 92.7 0.038 1.6 

-167 5.496 86.8 0.037 -2.5 

-170 4.121 " 82.3 0.039 -3.0 

-171 3.255 78.6 0.039 -5.8 

-172 2.718 74.3 0.037 -8.5 

-173 2.326 70.8 0.037 -9.6 

-173 2.027 67.2 0.036 -10.4 

-173 1.782 64.0 0.036 -10.3 

-173 1.593 60.9 0.034 -11.7 

-173 1.438 58.9 0,035 -11.1 

-173 1.319 ' 55.6 0.033 -12.1 

-173 1.209 52.3 0.032 -12.7 

-173 1.110 49.0 0,031 -13.4 

-173 1.030 46.7 0.031 -12.2 

-173 0.966 44.1 0.030 -14.6 

-173 0.904 41.3 0,029 -13.4 

-173 0.836 39.4 0.028 -11.7 

-173 0.792 37.1 0.027 -8.8 

-173 0.748 35.2 0.027 -6.1 

-173 0.715 32.4 0.025 -6.0 

-173 0.679 30.2 0.024 -6.0 

-173 0.637 28.7 0.024 -3.9 

-173 0.605 26.9 0.024 -1.0 

-174 0.579 25.3 0.024 1.0 

-174 0.566 23.0 0.025 10.1 

-174 0.540 22.6 0.025 12.1 

-174 0.510 19,9 0.025 16.5 

-173 0.485 19.5 0.025 23.1 

-174 0.481 17.4 0.026 25.3 

-174 0.453 17.2 0.028 28.0 

-174 0.448 16.8 0.030 33.8 

Table 1. Common Source ScaHering Parameters 50 Ohm System 
VOS=28 V, 10 =0.5A 

8:12 

18:121 LIj> 

0.611 -36 

0.736 -116 

0.798 -152 

0.800 -165 

0.802 -168 

0.804 -170 

0.809 -170 

0.815 -171 

0.819 -171 

0.824 ' -171 

0.833 -171 

0.839 -171 

0.844 -171 

0.846 -170 

0.881 -170 

0.873 -170 

0.876 -170 

0.883 -170 

0,888 -170 

0.895 -170 

0.902 -170 

0.911 -170 

0.921 -170 

0,928 -170 

0.934 -170 

0.939 -170 

0.947 -170 

0.961 -170 

0.963 -170 

0.968 -170 

0.967 -170 

0.967 -170 

0.976 -170 

0.976 -170 
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Figure 14. S11,Input Reflection Coefficient 
versus Frequency 

VOS=28 V,IO =0.5A 

+900 

Figure 16. S21, Forward Transmission Coefficient 
versus Frequency 

VOS=28 V,IO =0.5A 

MOTOROLARF DEVICE DATA 

Figure 15. S12, Reverse Transmission Coefficient 
versus Frequency 

VOS = 28 V, 10 = 0.5 A 

Figure 17. S22, Output Reflection Coefficient 
versus Frequency 

VOS=28 V,IO =0.5A 
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DESIGN CONSIDERATIONS 
The MRF163 is a RF power N-Channel enhancement 

mode field-effect transistor (FET) designed especially for 
UHF power ampliller and oscillator applications. Motorola RF 
MOSFETs feature a vertical structure with a planar design, 
thus avoiding the processing difficulties associated with V
groove vertical power FETs. 

Motorola Application Note AN211A, FETs in Theory and 
Practice, is suggested reading for those not familiar with the 
construction and charactertstlcs of FETs. 

The major advantages of RF power FETs include high 
gain, low noise, simple bias systems, relative immunity from 
thermal runaway, and the ability to withstand severely mis
matched loads without suffering damage. Power output can 
be varied over a wide range with a low power de control sig
nal, thus facilitating manual gain control, AlC and modula
tion. 

DC BIAS 
The MRF163 is an enhancement mode FET and, there

fore, does not conduct when drain voltage is applied. Drain 
current 1I0ws when a positive voltage is applied to the gate. 
See Figure 9 for a typical plot of drain current versus gate 
voltage. RF power FETs require forward bias for optimum 
performance. The value of quiescent drain current (loa) is 
not critical for many applications. The MRF163 was charac
terized at loa = 25 mA, which is the suggested minimum val
ue of loa. For special applications such as linear 
amplification, loa may have to be selected to optimize the 
critical parameters. 

The gate is a de open circuit and draws no current. There
fore, the gate bias circuit may generally be just a simple re-

sistive divider network. Some special applications may 
require a more elaborate bias system. 

GAIN CONTROL 
Power output of the MRF163 may be. controlled from its 

rated value down to zero (negative gain) by varying the dc 
gate voltage. This feature facilitates the design of manual 
gain control, AGC/ALC and modulation systems. (See 
Figure 8.) 

AMPUFIER DESIGN 
Impedance matching networks similar to those used with 

bipolar UHF transistors are suitable for MRF163. See 
Motorola Application Note AN721 , Impedance Matching Net
works Applied to RF Power Transistors. The higher input 
impedance of RF MOSFETs helps ease the task of broad
band network design. Both small signal scattering parame
ters and large signal impedances are provided. While the 
s-parameters will not produce an exact design solution for 
high power operation, they do yield a good IIrst approxima
tion. This is an additional advantage of RF MOS power FETs. 

RF power FETs are triode devices and, therefore, not uni
lateral. This, coupled with the very high gain of the MRF163, 
yields a device capable of self oscillation. Stability may be 
achieved by techniques such as drain loading, input shunt 
resistive loading, or output to input feedback. Two port pa
rameter stability analysis with the MRF163 s-parameters 
provides a useful tool for selection of loading or feedback cir
cuitry to assure stable operation. See Motorola Application 
Note AN215A for a discussion of two port network theory and 
stability. 

Figure 18_ 400 MHz Test Circuit 
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MOTOROLA 
- SEMICONDUCTOR 

TECHNICAL DATA 

The RF TMOS Line 
Power Field Effect Transistor 
N-Channel Enhancement Mode 

Designed primarily for wideband large-signal output and driver stages to 
500 MHz. 

• Guaranteed Performance at 400 MHz, 28 Vdc 

• Output Power = 20 W 

• Minimum Gain = 15 dB 
• Push-Pull Configuration Reduces Even Numbered Harmonics 

• Excellent Thermal Stability, Ideally Suited for Class A 
Operation 

• Facilitates Manual Gain Control, ALC and Modulation 
Techniques 

• 100% Tested for Load Mismatch at All Phase Angles 
with 30:1 VSWR 

MAXIMUM RATINGS 

Rating 

Drain-Source Voltage 

Drain-Gate Voltage (RGS = 1.0 MO) 

Gate-Source Voltage 

Drain Current - Continuous 

Total Device Dissipation @ TC = 25°C 
Derate above 2500 

Storage Temperature Range 

Operating Junction Temperature 

THERMAL CHARACTERISTICS 

Characteristic 

Thennal Resistance, Junction to case 

t+---o S 
(FLANGE) 

Symbol 

VOSS 

VDGR 

VGS 

10 

Po 

Tstg 

TJ 

Symbol 

ROJC 

MRF164W 
UaIaIOla __ 

20 W, to 500 MHz 
TMOS 

BROADBAND 
RFPOWERFET 

CASE 412-111, STYLE 1 

Value 

65 

65 

±40 

5.0 

116 
0.67 

-65 to +150 

200 

Max 

1.5 

Unit 

Vdc 

Vdc 

Vdc 

Adc 

Watts 
WfOC 

°c 

°c 

NOTE -~ - MOS devices are susceptible to damage from electrostatic charge. Reasonable precautions in handling and 
packaging MOS devices should be observed. 

Preferred devices are Motorola recommended choices for future use and best overall value. 

MOTOROLA RF DEVICE DATA MRF164W 
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ELECTRICAL CHARACTERISTICS (TC = 250C unless otherwise noted.) 

I Characteristic I Symbol Min Typ Max Unit 

OFF CHARACTERISTICS (1) 

Orain-Source Breakdown Voltage (VGS = O. 10 = 5.0 mAl 
Zero Gate Voltage Orain Current (VOS = 28 V. VGS = 0) 

Gate-Source Leakage Current (VGS = 40 V. VOS = 0) 

ON CHARACTERISTICS (1) 

Gate Threshold Voltage (VOS= 10 V.IO = 10 mAl 
Forward Transconductance (VOS = 10 V. 10 = 0.75 A) 

DYNAMIC CHARACTERISTICS (1) 

Input Capacitance (VOS = 28 V. VGS = O. f = 1.0 MHz) 

Output Capacitance (VOS = 28 V. VGS = O. f = 1.0 MHz) 

Reverse Transfer Capacitance (VOS = 28 V. VGS = O. f = 1.0 MHz) 

FUNCTIONAL CHARACTERISTICS (Figure 1) (2) 

Common Source Power Galn 
(VOO = 28 Vdc. Pout = 20 W. f = 400 MHz. loa = 50 mAl 

Orain Efficiency 
(VOO = 28 Vdc. Pout = 20 W. f = 400 MHz. loa = 50 mAl 

Electrical Ruggedness 
(VOO = 28 Vdc. Pout = 20 W. f = 400 MHz. loa = 50 mAo 
Load VSWR 30:1 at all Phase Angles) 

NOTES: 
1. Each Side of device measured separately. 
2. Measured in push-pull configuration. 

R3 

TO POINT A __ ---+ 
Cl. C2. C16. C17 - 270 pF Chip Cap 
C3 - 6.8 pF Chip Cap 
C4. C6. C15 -1.0-20 pF Variable Cap 
C5-18 pF Chip Cap 
C7. ca. Cll. CI2-0.1I1F Ceremic Cap 
C9. Cl0 - 0.01 I1F CeramiC Cap 
C13 - 6.8 pF Chip Cap 
CI4-4.7pFChipCap 
C18. C19 - 620 pF feedthru Cap .200 
C20 - 10 I1F 50 V Tantalum Cap -j I"I .15 

Ll.L2-Halrpinlnductor#18Wire -J\.f -j I"I 
L3. L4 - Halrpin Inductor #18 Wire ------. 1'lf 
L5. L6 -10 Tums #18 W .300 10 
L7 - VK-200/19-4B 

R5 

V(BRIOSS 65 - - Vdc 

lOSS - - 1.0 mAdc 

IGSS - - 1.0 jlAdc 

Ciss - 18 - pF 

Coss - 20 - pF 

Crss - 2.5 - pF 

Gps 15 17 - dB 

11 45 50 - % 

'II No Oegradation In Output Power 
Before and After Test 

B 

C18 -- C19 

L7 

1 

CI2f 

Rl-l.0K 1/4 W Resistor 
R2. R3 - 10K 1/4 W Resistor 
R4. R5 - 470 n 1/4 W Resistor 

+ 
C201 

Tl. T2 - BalUI) 2" 50 n Semi Rldgid Coax 
ZI. Z2 - Microstrip Element.850 long x .125 W 
Z3. Z4 - Mlcrostrip Element .525 long x .125 W 

VOO 

RF 
OlfrPlfr 

Board Material- Teflon Fiberglass. Er = 2.55 Copper Clad. 2 oz. Copper 
.060" Olelectric Thickness 

Figure 1. 400 MHz Test Circuit 
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TYPICAL CHARACTERISTICS 
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Figure 2. Capacitance versus Voltage 
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Figure 4. Output Power versus Gate Voltage 
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Figure 3. Output Power versus Input Power 

I 
Iin=0.5W 

.1... .............. ~ 
~J.....--"'" 

." V =0.3W 
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, 
~ / :;.....-" -- I---V --~ f=400MHz I 

~ IDQ=50mA J 
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Figure 5. Output Power versus Voltage 

Figure 6. Series Equivalent Input/Output Impedances 
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Figure 7. Test Amplifier 

Figure 8. Circuit Board Photomaster 

SCALE 0.75:1 

MOTOROLA RF DEVICE DATA 



MOTOROLA 
• SEMICONDUCTOR 

TECHNICAL DATA 

The RF MOSFET Line 
RF Power 
Field Effect Transistors 
N-Channel Enhancement Mode MOSFETs 

Designed primarily for wideband large-signal output and driver from 
30-500 MHz. 

• LowCrss -4.5pF@ V05",28V 

• MRFl66C - Typical Performance at 400 MHz, 28 Vdc 
Output Power = 20 W 
Gain = 17 dB 
Efficiency = 55% 

• Optional4-Lead Flange Package (MRF166) 

• Replacement for Industry Standards such as MRF136, OV2820, BLF244, 
501902, and ST1001 

• 100% Tested for Load Mismatch at all Phase Angles with 30:1 VSWR 

• Facilitates Manual Gain Control, ALC and Modulation Techniques 

• Exce"ent Thermal Stability, Ideally Suited for Class A Operation 
o 

G 

s 

MAXIMUM RATINGS 

Rating Symbol 

Drain-Gate Voltage VOSS 

Orain-Gate Voltage VOGR 
(RGS'" 1.0 MD) 

Ga~ource Voltage VGS 

Drain Current - Continuous 10 

Total Device Dissipation @ TC = 25·C Po 
Derate Above 250C 

Storage Temperature Range Tstg 

Operating Junction Temperature TJ 

THERMAL CHARACTERISTICS 

Characteristic Symbol 

Thermal Resistance, Junction to Case R9JC 

MRF166 
MRF166C 

20W, 500 MHz 
MOSFET 

BROADBAND 
RF POWER FETs 

CASE 211.(17, STYLE 2 

CASE 319, STYLE 3 

Value 

65 

65 

±40 

4.0 

70 
0.4 

-65 to 150 

200 

Max 

2.5 

Unit 

Vdc 

Vdc 

Adc 

Adc 

Watts 
WfOC 

·C 

·C 

NOTE -~ - MOS devices are susceptible to damage from electrostatic charge. Reasonable precautions in handling and 
packaging MOS devices should be observed. 
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ELECTRICAL CHARACTERISTICS (T C = 25°C unless otherwise noted.) 

I Characteristic I Symbol 

OFF CHARACTERISTICS 

Oraln-Source Breakdown Voltage 
(VGS = 0 V, 10 = 5.0 rnA) 

Zero Gate Voltage Drain Current 
(VOS = 28 V, VGS= OV) 

Gate-source Leakage Current 
(VGS=40V, VOS=OV) 

ON CHARACTERISTICS 

Gate Threshold Voltage 
(VOS = 10 V, 10 = 25 rnA) 

ForWard Transconductance 
(VOS= 10 V, 10 = 1.5A) 

DYNAMIC CHARACTERISTICS 

Input Capacitance 
(VOS=28V, VGS=OV, f= 1.0 MHz) 

Output Capacitance 
(VOS = 28 V, VGS = 0 V, f = 1.0 MHz) 

Reverse Transfer Capacitance 
(VOS=28V, VGS=OV, f= 1.0 MHz) 

FUNCTIONAL CHARACTERISTICS 

Noise Figure 
(VOO = 28 V, f = 30 MHz, loa = 50 rnA) 

MRF166C 

Common Source Power Gain 
(VOO = 28 V, Pout = 20W, f= 400 MHz,loa= 100 rnA) 

Drain Efficiency 
(VOO = 28 V, Pout = 20 W, 1 = 400 MHz, iDa = 100 rnA) 

Electrical Ruggedness 
(VOO= 28 V, Pout = 20W, 1=400 MHz,Ioa = 100 rnA, 
Load VSWR 30:1 at All Phase Angles) 

MRF166 

Common Source Power Gain 
(VOO = 28 V, Pout = 20 W, 1 = 150 MHz, loa = 25 rnA) 

Drain Efficiency 
(VOO = 28 V, Pout = 20 W, f = 150 MHz, 100 = 25 rnA) 

Electrical Ruggedness 
(VOO = 28 V, Pout = 20 W, 1= 150 MHz,loa =25 rnA, 
Load VSWR 30:1 at All Phase Angles) 

Series Equivalent Input Impedance 
(VOO = 28 V, Pout = 20 W, 1 = 150 MHz, loa = 25 rnA) 

Series Equivalent Output Impedance 
(VOO = 28 V, Pout = 20 W, 1 = 150 MHz, loa = 25 rnA) 

MRF166.MRF166C 
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V(BR)OSS 

lOSS 

IGSS 

VGS(th) 

9fs 

Ciss 

Coss 

Crss 

NF 

Gps 

1\ 

1(f 

Gps 

1\ 

1(f 

Zin 

Zoot 

Min Typ Max Unit 

65 - - V 

- - 1.0 rnA 

- - 1.0 (1A 

1.0 3.0 6.0 V 

600 800 - mhos . 
- 30 - pF 

- 35 - pF 

- 4.5 - pF 

- 2.5 - dB 

14 17 - dB 

50 55 - % 

No Degradation in Output Power 

15 19 - dB 

55 65 - % 

No Degradation in Output Power 

- 3.99-j12.2 - Ohms 

- 14.15-j6.51 - Ohms 
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Cl, C7 - 270 pF Chip Capacitor 
C2, C6 - Johanson Trimmer Capacitor, 2-20 pF 
C3 ___ 21 pF Mini Unelco 
C4, C8, C9 - 0.01 IIF 
C5 - 18 pF Mini Unelco 
Cl0, Cll - 680 pF Feed Through 
C12, C13-50 IIF, 50V 
01 -1 N5925A Motorola Zener 

Board Material- Teflon flberglass 
2 oz. Copper clad both sides, £r = 2.55 
0.060* Olelectrlc Thickness 

Ll-#18AWG,2Turns,O.25N I0 j:;1 0.15N Wlde 
L2 - #18 AWG Hairpin 0.7" long, bend into hairplnl--~ •• J"\. 
RFCI - Ferroxcube VK200-19/4B 
RFC2 -18 Turns #18 AWG Enameled, 0.3* 10 
RI-220g 112Wstt 
R2-1.8 W 1/4 Watt 
R3-10 k!l, 10 Turns Bourns 
R4-10 k 1/4 Watt 
ZI - Mlcroslrlp Une 0.150* wide, 0.420" long 
Z2 - Mlcroslrlp Une 0.150* wide, 0.350* long 
Z3 - Mlcroslrlp Une 0.150* wide, 0.350"lon9 
Z4 - Microstrip Une 0.150* wide, 0.450* long 
Z5 - Microstrip LIne 0.150* wide, 1.1 * long 
Z6 - Mlcroslrlp LIne 0.150* wide, 0.650* long 
ZT - Microslrlp Une 0.150* wide, 0.200* long 

Figure 1. MRF166C 400 MHz Test Circuit 

Cl, C2 - 406 ARCO 
C3 - 39 pF ATC 100 Mil Chip cap 
C4-403ARCO 
C5 - 470 pF ATC 100 Mil Chip cap 
C6, C7, C9, CI3-0.01I1F 
C8, C12-50 IIF, 50 V 
Cl0, Cll - 680 pF Feed Through 
01 - 1 N5925A Motorola Zener 

MOTOROLA RF DEVICE DATA 

RFCI 

-= ,.,j:;1 
Ll-#20AWG2Turns, 0.235"10, 0.10"00 .~ 

L2 - #18 AWG 2 Turns, 0.225* 10,0.22* oo-rrt 
L3 - #18 AWG 2 Turns, 0.325"10, 0.13* 00_j:;1 

RFCI - Ferroxcube VK200-19/4B 
RFC2 - 18 Turns #18 AWG Enameled, 0.3* 10 
Rl -10 k!l, 10 Turn Bourns 
R2-1.8 kg 1/4 Watt 
R3-120 g 112 Watt 
R4 -10 kg 1/4 Watt 
Board Material - 0.062* Gl0, 2 oz Cu Clad Double Sided 

Figure 2. MRF166150 MHz Test Circuit 
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TYPICAL CHARACTERISTICS 
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Figure 3. Capacitance versus Drain-Source Voltage Figure 4. DC Safe Operating Area 
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Figure 6. Output Power versus Input Power Figure 6. Output Power versus Voltage 

16 

I 
l=l50MHz = ~ -~r--...... .".-

./ ~ 

V 
VOS=13.5V -/ IOQ=25mA _ 

" I I 
0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 

~n. INPUT POWER (WAITS) 

Figure 7. Output Power versus Input Power 

MRF166.NiRF166C 
2-218 

MOTOROLA RF DEVICE DATA 



35 

" 

MRF166C 

I I I 16 

~I 
". fi40~MHf -..... 1' 

".. 11.! 
...... to- 500MHz ._ 

~ I I I 
". 

I'" VOS=28V -
"/ 

IDQ=l00mA -

~ 

----..,.,. ~ f=400MHz 

.", V 
/ " V VOS=13.5V -

/ IDQ=l00mA _ 

lI'" I I 

14 
fij" 

~ 12 
~ 
a: 10 w 

~ 8 a. 
I-
::;) 

6 a. 
5 
0 4 .e 

2 

0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 
Pin. INPUT POWER (WATTS) Pin. INPUT POWER (WATTS) 
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Figure 10. Output Power versus Voltage 

ZOL* 
OHMS 

11.0 - j21.0 8.50 - jl0.0 
4.20 - j12.6 6.00 - j9.00 
1.90 - j5.aO 4.50 - j6.70 . 

~IIMIII 1.50-j4.10 4.2O-j5.40 \0 .. \" 
ZOL* = Conjugate of the optimum load 0\ 
impedance into which the device output ~ 0\ 0 
operates at a given output power. voltage and , ily 
frequency. . 0' 0 

~:>X" ,,,,",,,,-;\v, .~: '<:---\;;;If \ "I" 

Figure 11. Series Equivalent Input and Output Impedance 
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Figure 12. Test Fixture MRF166 

(Not to Scale) 

Figure 13. Photomaster for MRF166 Test Fixture 
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Figure 14. Test Fixture MRF166C 

Figure 15. Photomaster for MRF166C Test Fixture 

MOTOROLA RF DEVICE DATA 

(Not to Scale) 

MRF166-MRF166C 
2-221 

• 



• 

MOTOROLA 

• SEMICONDUCTOR -----------TECHNICAL DATA 

The RF MOSFET Line 
RF Power Field Effect Transistor 
N-Channel Enhancement-Mode 
· .• designed primarily for wideband large-signal output and driver stages up to 
200 MHz frequency range. 

• Guaranteed Performance at 150 MHz, 28 Vdc 
Output Power = 45 Watts 
Minimum Gain = 1-2 dB· 
Efficiency = 50% (Min) 

• Facilitates Manual Gain Control, ALC and Modulation 
Techniques 

• 100% Tested For Load Mismatch At All PhaSe Angles 
With 30:1 VSWR 

• Excellent Thermal StabUity, Ideally Suited For Class A 
Operation 

• Low Noise Rgure - 1.5 dB Typ at 1.0 A, 150 MHz 

MAXIMUM RAnNGS 

Rating 

Oraln-Sourca Voltage 

Oraln-Gata Voltage (FIGs = 1.0 MO) 

Gate-Sourca Voltage 

Drain Currant - Continuous 

Total Device Dissipation @ TC = 250C 
Derate above 250C 

Storage Temperature Range 

Operating Junction Temperature 

THERMAL CHARACTERISTICS I C~~c 

Go--~ 

s 

Symbol 

VOSS 

VOGR 

VGS 

10 

Po 

Tstg 

TJ 

Symbol 

R9JC 

MRF171 

45 W, to 200 MHz 
N-CHANNEL MOS 

BROADBAND RF POWER 
FET 

CASE 211..(17, STYLE 2 

Value 

65 

65 

±40 

4.5 

Unit 

Vdc 

Vdc 

Vdc 

Ado 

115 Watts 
0.66 W/"C 

-65 to +150 OC 

200 OC 

Max Unit 

1.52 

Handling and Packaging - MOS devices are susceptible to damage from electrostatic charge. Reasonable precauticns in handling and 
packaging MOS devices should be observed. 

MRF171 
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ELECTRICAL CHARACTERISTICS (Tc = 250C unless otherwise noted.) 

I Characteristic Symbol 

OFF CHARACTERISTICS 

Oraln-Source Breakdown Voltage (VGS = 0, 10 = 10 rnA) 

Zero Gata Voltage Orain Current (VOS = 28 V, VGS = 0) 

Geta-Source Leakage Current (VGS = 20 V, VOS = 0) 

ON CHARACTERISTICS 

Gate Threshold Voltage (VOS = 10 V, 10 = 25 mAl 

Forward Transconductance (VOS = 10 V, 10 = 1.0 A) 

DYNAMIC CHARACTERISTICS 

Input Cepacitance (VOS = 28 V, VGS = 0, f = 1.0 MHz) 

OulputCapacitance (VOS = 28 V, VGS= 0, f= 1.0 MHz) 

Reverse Transfer Capacitance (VOS = 28 V, VGS = 0, f = 1.0 MHz) 

FUNCTIONAL CHARACTERISTICS 

Noise Figure 
(VOS=28Vdc,IO = 1.0 A, f= 150 MHz) 

Common Source Power Gain (Figure 1) 
(VOO = 28 Vde, Pout = 45 W, f = 150 MHz, loa = 25 mAl 

Oraln Efficiency (Figure 1) 
(VOO = 28 Vde, Pout = 45 W, f = 150 MHz, loa = 25 mAl 

Electrical Ruggedness (Figure 1) 
(VOO= 28Vde, Pout = 45 W, f= 150 MHz, loa=25 mA, 
VSWR 30:1 at aU Phase Angles) 

BIAS 
ADJUST 

Rl 

R3 

01 

V(BR)OSS 

lOSS 

IGSS 

Ciss 

Coss 

Crss 

NF 

Gps 

11 

'" 

Min Max 

65 - -
- - 5.0 

- - 1.0 

- 55 -
- 70 -
- 14 -

- 1.5 -

12 15 -

50 60 -

No Degradation In Output Power 

RFC2 

C14T 
C13 

~~--~--~~~ 

Cl0 

Unit 

Vdc 

mAde 

jiAde 

pF 

pF 

pF 

dB 

dB 

% 

I--t- RF 

R2 

l 
C3 RF 

INPUT >--t-~It--TTr.L1T'---t--P-.rT;"';L2:r'-~ 

C4 

Cl, CS, C7-1.0-20 pFJohanson 
C2, C4, CS, C8 - 63 pF ATC Chip (100 mils) 
C3, Cl0, C18 - 680 pF ATC Chip (100 mils) 
C9 -12 pF ATC Chip (100 mils) 
Cll, C13, C14, C17-0.1ILFErie Redcap, 50V 
C12-251LF,50V 
C15, Ct6 -680 pF Feedthru 
01 - 1 N5925A Motorola Zener 
L 1 - 2 Turns, #18 AWG, 0.3'" 10,0.3'" Long 
L2 -1-1/4 Turns, #18 AWG, 0.21" 10 

1.3 l4 r-r-0UTPUT 

C1S 

C7 C9 

l3-1-1/4 Turns, #lBAWG, 0.21"10 
L4 - 2 Turns, #18 AWG, 0.23'" 10, 0.15" Long 
RFCl - 20 Turns, #20 AWG Enameled, 0.3" 10, 

Close Wound 
RFC2 - 15 Turns, #20 AWG Enameled on 2.0 W, 

109 Resistor 
Rl-l0 kn, 10 Turns Helipot7216-Rl0K-L.25 
R2-10 kQ, 1/4 W 
R3-1.8 kn, 112W 
R4-47Q. 112W 

Figure 1_150 MHz Test Circuit 
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IOQ=25mA J 

'- VOO=28V I 
,..- TYP'ICAL OE~ICE I 
r- SHOWN. VGS(1h) = 3 V l 
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811 

18111 

0.966 

0.891 

0.841 

0.821 

0.817 

0.816 

0.816 

0.816 

0.816 

0.816 

0.816 

0.816 

0.816 

0.816 

0.817 

0.817 

0.820 

0.823 

0.825 

0.826 

0.829 

0.832 

0.844 

0.855 

0.862 

0.868 

0.873 

0.907 

821 812 

L9 18211 L9 18121 
-50 72.4 153 0.014 

-97 50.8 128 0.025 

-132 30.1 110 0.030 

-155 15.9 99 0.032 

-:162 10.7 93 0.032 

-167 8.06 90 0.032 

-169 6.45 88 0.032 

-171 5.37 85 0.032 

-172 4.60 84 0.032 

-172 4.01 82 0.032 

-173 3.56 80 0.033 

-173 3.15 n 0.034 

-173 2.85 76 0.035 

-173 2.59 75 0.036 

-174 2.40 74 0.036 

-174 2.23 72 0.037 

-174 2.09 71 0.037 

-174 1.97 70 0.037 

-175 1.85 69 0.037 

-175 1.75 68 0.037 

-175 1.66 67 0.037 

-175 1.59 66 0.036 

-176 1.24 61 0.039 

-176 1.02 55 0.042 

-1n 0.88 51 0.047 

-178 0.76 48 0.052 

-179 0.67 45 0.059 

179 0.63 42 0.067 

Table 1. ~mmon Source Scattering Parameters 
VDS=28 V,ID=O.5A 

822 
L9 IS221 L9 
63 0.674 -59 

39 0.757 -109 

23 0.801 -141 

14 0.818 -160 

11 0.822 -166 

10 0.823 -169 

11 0.825 -171 

11 0.826 -172 

12 0.828 -173 

13 0.829 -174 

14 0.830 -174 

15 0.832 -174 

16 0.832 -175 

18 0.832 -175 

19 0.832 -175 

20 0.834 -175 

21 0.835 -175 

22 0.836 -175 

23 0.839 -175 

25 0.840 -175 

26 0.843 -175 

27 0.845 -175 

37 0.856 -175 

45 0.867 -174 

53 0.878 -174 

59 0.885 . -174 

84 0.897 -174 

67 0.892 -175 
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Figure 13. S11, Input Reflection CoeffIcient 
versus Frequency 

VOS=28V,IO=0.5A 

+900 

iEFH-+-+-+-+-+-+-IOO 

Figure 15. S21, Forward Transmission Coefficient 
versus Frequency 

VOS = 28 V, 10 = 0.5 A 
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Figure 14. S120 Reverse Transmission CoeffIcient 
versus Frequency 

VOS=28V, 10=0.5 A 

Figure 16. 822, Output Reflection Coefficient 
versus Frequency 

VOS=28V,10=0.5A 
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Figure 17. Large-Slgnal Series Equivalent 
InpuUOutput Impedance 
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DESIGN CONSIDERATIONS 
The MRF171 is a RF power N-Channel enhancement 

mode field-effect transistor (FET) designed especially for 
UHF power amplifier and oscillator applications. Motorola RF 
MOSFETs feature a vertical structure with a planar design, 
thus avoiding the processing difficulties associated with V
groove vertical power FETs. 

Motorola Application Note AN211A, FETs in Theory and 
Practice, is suggested reading for those not familiar with the 
construction and characteristics of FETs. 

The major advantages of RF power FETs include high 
gain, low nOise, simple bias systems, relative immunity from 
thennal runaway, and the ability to withstand severely mis
matched loads without suffering damage. Power output can 
be varied over a wide range with a low power de control sig
nal, thus facilitating manual gain control, ALC and modula
tion. 

DC BIAS 
The MRF171 is an enhancement mode FET and, there

fore, does not conduct when drain voltage is applied. Drain 
current flows when a positive voltage is applied to the gate. 
See Figure 9 for a typical plot of drain current versus gate 
voltage. RF power FETs require forward bias for optimum 
perionnance. The value of quiescent drain current (loa) is 
not critical for many applications. The MRF171 was charac
terized at 100 = 25 rnA, which is the suggested minimum val
ue of loa. For special applications such as linear 
amplification, loa may have to be selected to optimize the 
critical parameters. 

The gate is a dc open circuit and draws no current. There
fore, the gate bias circuit may generally be just a simple re-

sistive divider network. Some special applications may 
require a more elaborate bias system. 

GAIN CONTROL 
Power output of the MRF171 may be controlled from its 

rated value down to zero (negative gain) by varying the de 
gate voltage. This feature facilitates the design of manual 
gain control, AGC/ALC and modulation systems. (See 
Figure 8.) 

AMPUFIER DESIGN 
Impedance matching networks similar to those used with 

bipolar UHF transistors are suitable for MRF171. See 
Motorola Application Note AN721 , Impedance Matching Net
works Applied to RF Power Transistors. The higher input 
impedance of RF MOSFETs helps ease the task of broad
band network design. Both small signal scattering parame
ters and large signal impedances are provided. While the 
s-parameters will not produce an exact design solution for 
high power operation, they do yield a good first approxima
tion. This is an additional advantage of RF MOS power FETs. 

RF power FETs are triode devices and, therefore, not uni
lateral. This, coupled with the very high gain of the MRF171, 
yields a device capable of self oscillation. Stability may be 
achieved by techniques such as drain loading, input shunt 
resistive loading, or output to input feedback. Two port pa
rameter stability analysis with the MRF171 s-parameters 
provides a useful tool for selection of loading or feedback cir
cuitry to assure stable operation. See Motorola Application 
Note AN215A for a discussion of two port network theory and 
stability. 

Figure 18. 150 MHz Test Circuit 
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II 

MOTOROLA 
- SEMICONDUCTOR 

TECHNICAL DATA 

The RF MOSFET Line 
RF Power 
Field Effect Transistors 
N-Channel Enhancement Mode MOSFETs 

Designed for broadband commercial and military applications up to 200 MHz 
freqllency range. The high-power. high-gain and broadband performance of 
these devices make possible solid state transmitters for .FM broadcast or TV 
channel frequency bands. 

• Guaranteed Performance at 150 MHz. 28 V: 
Output Power = 80 W 
Gain = 11 dB (13 dB Typ) 
Efficiency = 55% Min. (60% Typ) 

• Low Thermal Resistance 

• Ruggedness Tested .at Rated Output Power 

• Nitride Passivated Die for Enhanced Reliability 

• Low Noise Figure - 1.5 dB Typ at 2.0 A •. 150 MHz 

• Excellent Thermal Stability; Suited for Class A Operation 

MAXIMUM RATINGS 

Rating Symbol Value 

~rain-Source Voltage VOSS 65 

Drain-Gate Voltage VOGO 65 

Gate-Source Voltage VGS :1:40 

Drain Current - Continuous 10 9.0 

T018l Device Dissipation @ TC = 25°C Po 220 
Derate above 25°C 1.26 

Storage Temperature Range Tstg -65 to +150 

Operating Temperature Range TJ 200 

THERMAL CHARACTERISTICS 

Characteristic 

Thermal Resistance. Junction to Case 

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

Unit 

Vdc 

Vdc 

Vdc 

Adc 

Watts 
wrc 

°c 

°c 

I Characteristic I Symbol 

OFF CHARACTERISTICS 

~rain-Source Breakdown Voltage (VOS = 0 V. VGS = 0 V) IO=50mA V(BR)OSS 

Zero Gate Voltage Drain Current (VOS = 28 V. VGS = 0 V) lOSS 

Gate-Source Leakage Current (VGS = 40 V. VOS = 0 V) IGSS 

ON CHARACTERISTICS 

Gate Threshold Voltage (VOS = 10 V. 10 = 50 mAl VGS(th) 

Orain-Source On-Voltage (VOS(on). VGS = 10 V. 10 = 3.0 Ai VOS(on) 

Forward Transconductance (VOS = 10 V. 10 = 2.0 A) 9fs 

Min 

65 

-
-

1.0 

-
1.8 

MRF173* 
MRF173CQ 

'Motorola PntlerNd _100 

80 W. 28 V. 175 MHz 
N-CHANNEL 

BROADBAND 
RF POWER MOSFETs 

CASE 211-11, STYLE 2 
MRF173 

CASE 316-01, STYLE 3 
MRF173CQ 

Max 

0.8 

Typ Max 

- -
- 2.0 

- 1.0 

3.0 6.0 

- 1.4 

2.2 -

Unit 

V 

rnA 

j1A 

V 

V 

mhos 
(continued) 

NOTE -~ - MaS devices are susceptible to damage from electrostatic charge. Reasonable precautions in handling and 
packaging MaS devices should be observed. 

Preferred devices are Motorola recommended choices for future use and best overall value. 

MRF173-MRF173CQ 
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ELECTRICAL CHARACTERISTICS - continued (T C = 25°C unless otherwise noted.) 

Characteristic Symbol Min Typ Max Unit 

DYNAMIC CHARACTERISTICS 

Input Capacitance (VOS = 28 V, VGS = 0 V, f = 1.0 MHz) Clss - 110 - pF 

Output Capaci1ance (VOS = 28 V, VGS = 0 V, f = 1.0 MHz) Cess - 105 - pF 

Reverse TransferCapaci1ance (VOS = 28 V, VGS = OV, f= 1.0 MHz) Crss - 10 - pF 

FUNCTIONAL CHARACTERISTICS 

Noise Figure (VOO = 28 V, f = 150 MHz, 10Q = 50 rnA) NF - 1.5 - dB 

Common Source Power Gain Gps 11 13 - dB 
(VOO = 28 V, PoU1 = 80 W, f = 150 MHz, 10Q = 50 rnA) 

Orain Efficiency (VOO = 28 V, Pout = 80 W, f = 150 MHz,lOQ = 50 mAl 'II 55 60 - % 

Electrical Ruggedness 1jf No Oegradation in Output Power 
(VOO= 28 V, Pout = 80W, f= 150 MHz, 10Q =50 rnA) 
Load VSWR 30:1 at all phase angles 

Series Equivalent Input Impedance 
(VOO = 28 V, Pout = 80 W, f = 150 MHz, 10Q = 50 rnA) 

Series Equivalent Output Impedance 
(VOO = 28 V, Pout = 80 W, f = 150 MHz, 10Q = 50 rnA) 

Series Equivalent Input Impedance 
(VOO = 28 V, Pout = 80 W, f = 150 MHz, 10Q = 50 rnA) 

Series Equivalent Output Impedance 
(VOO= 28 V, Pout=80W, f= 150 MHz,IOQ=50mA) 

RF 

f 
R3 

L2 

C3 

Cl, C15 - 470 pF Unelco 
C2, C3, C5-Arco463, 9-180 pF 
C4, C6 - 15 pF Unelco 

MRF173 Zin - 2.99-j4.5 

MRF173 Zout - 2.68-jl.3 

MRF173CQ Zin - 1.35-j5.15 

MRF173CQ ZoU1 - 2.72-jl49 

RFCI 

L3 - 1114 AWG Hairpin 0.8" long - f\ 
L4-1114AWGHairpinl.l"long- / I 
RFCl - Ferroxcube VK200-19/4B 

-

-

-

-

Ohms 

Ohms 

Ohms 

Ohms 

RF 
OUTPUT 

"c~ ! 

C7 - Arco 462 5-80 pF 
C8, Cl0, C14, C16-0.1/LF 

RFC2 -18 Turns 1118 AWG Enameled, 0.3* 10 
Rl -10 kg, 10 Turns Bourns 

C9, C13 - 50 /LF, 50 V Electrolytic 
Cll, C12-680 pF Feed Through 
Ll-1116AWG,l-1/4 Turns, 0.3"10 f\ 
l2-1116AWGHairpinl"long-/ I 

R2 - 1.8 kn, 1/4 Watt 
R3-10 kg, 1/2 Watt 
Zl - 1 N5925A Motorola Zener 

Figure 1. 150 MHz Test Circuit 
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TYPICAL CHARACTERISTICS 
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DESIGN CONSIDERATIONS 
The MRF1731CO is a RF MOSFET power N-channel en

hancement mode field-effect transistor (FET) designed for 
VHF power amplifier applications. Motorola's RF MOSFETs 
feature a vertical structure with a planar design, thus avoid
ing the processing difficulties associated with V-groove pow
erFETs. 

Motorola Application Note AN211A, FETs in TheorY and 
Practice, is suggested reading for those not familiar with the 
construction and characteristics of FETs. 

The major advantages of RF power FETs include high 
gain, low nOise, simple bias systems, relative immunity from 
thermal runaway, and the ability to withstand severely mis
matched loads without suffering damage. Power output can 
be varied over a wide range with a low power dc control sig
nal, thus facilitating manual gain control, ALC and modula-
tion. . 

DC BIAS 
The MRF173/CO is an enhancement mode FET and, 

therefore, does not conduct when drain voltage is applied. 
Drain current flows when a positive voltage is applied to the 
gate. See Figure 9 for a typical plot of drain current versus 
gate voltage. RF power FETs require forward bias for opti
mum performance. The value of quiescent drain current (loa) 
Is not critical for many applications. The MRF1731CO was 

characterized at loa = 50 mA, which is the suggested mini
mum value of loa. For special applications such as linear 
amplification, loa may have to be selected to optimize the 
critical parameters. 

The gate is a dc open circuit and draws no current. There
fore, the gate bias circuit may generally be just a simple re
sistive divider network. Some special applications may 
require a more elaborate bias system. 

GAIN CONTROL 
Power output of the MRF1731CO may be controlled from 

its rated value down to zero (negative gain) by varying the de 
gate voltage. This feature facilitates the design of manual 
gain control, AGClALC and modulation systems. (see Figure 
8.) 

AMPUFIER DESIGN 
Impedance matching networks similar to those used with 

bipolar VHF transistors are suitable for MRF1731CO. See 
Motorola Application Note AN721, Impedance Matching 
Networks Applied to RF Power Transistors. The higher input 
impedance of RF MOSFETs helps ease the task of broad
band network design. Both small-signal scattering parame
ters and large-signal impedances are provided. While the 
s-parameters will not produce an exact design solution for 
high power operation, they do yield a good first approxima
tion. This Is an additional advantage of RF MOS power FETs. 

Figure 13. Test Circuit - MRF173 

MRF173.MRF173CQ 
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• SEMICONDUCTOR 

TECHNICAL DATA 

The RF MOSFET Line 
RF Power Field Effect Transistor 
N-Channel Enhancement-Mode 
· .• designed primarily for wideband large-signal output and driver stages up to 
200 MHz frequency range. 

• Guaranteed Performance at 150 MHz, 28 Vdc 
Output Power = 125 Watts 
Minimum Gain = g.o dB 
Efficiency = 50% (Min) 

• Excellent Thermal Stability, Ideally Suited For Class A 
Operation 

• Facilitates Manual Gain Control, ALC and Modulation 
Techniques 

• 100% Tested For Load Mismatch At All Phase Angles 
With 30:1 VSWR 

• Low Noise Figure - 3.0 dB Typ at 2.0 A, 150 MHz 

MAXIMUM RATINGS 

Rating 

Drain-Source Voltage 

Drain-Gate Voltage 
(RGS = 1.0 Mo) 

Gale-Source Voltage 

Drain Current - Continuous 

Total Device Dissipation @ TC = 25°C 
Derate above 25°C 

Storage Temperature Range 

Operating Junction Temperature 

THERMAL CHARACTERISTICS 

Characteristic 

Thermal Resistance, Junction to Case 

Go--~ 

s 

Symbol 

VDSS 

VDGR 

VGS 

ID 

PD 

Tstg 

TJ 

MRF174 

125 W, to 200 MHz 
N-CHANNEL MOS 

BROADBAND RF POWER 
FET 

CASE 211-11, STYLE 2 

Value 

65 

65 

±40 

13 

Unit 

Vdc 

Vdc 

Vdc 

Adc 

270 Watts 
1.54 WfOC 

-65 to +150 °C 

200 °C 

Max 

0.65 

Handling and Packaging - MOS devices are susceptible to damage from electrostatic charge. Reasonable precautions In handling and 
packaging MOS devices should be observed. 
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ELECTRICAL CHARACTERISTICS (Tc = 25°C unless otherwise noted.)' 

I Characteristic Symbol Min Typ I Max 

OFF CHARACTERISTICS 

~rain-Source Breakdown Voltage (VGS = 0, 10 = 50 mAl 

Zero Gate Voltage Drain Current (VOS = 28 V, VGS = 0) 

Gate-Source Leakage Current (VGS = 20 V, VOS = 0) 

ON CHARACTERISTICS 

Gate Threshold Voltage (VOS = 10 V, 10 = 100 mAl 

Forward Transconductance (VOS = 10 V, 10 = 3.0 A) 

DYNAMIC CHARACTERISTICS 

Input Capacitance (VOS = 28 v, VGS = 0, f = 1.0 MHz) 

Output Capacitance (VOS = 28 V, VGS = 0, f = 1.0 MHz) 

Reverse Transfer Capacitance (VOS = 28 V, VGS;' 0, f = 1.0 MHz) 

FUNCTIONAL CHARACTERISTICS (Figure 1) 

Noise Figure 
(VOO= 28 Vdc,IO= 2.0 A, f= 150 MHz) 

Common Source Power Gain 
(VOO = 28Vde, Pout = 125 W, f= 150 MHz, loa = l00mA) 

Drain Efficiency 
(VOO =28 Vde, Pout = 125 W, f= 150 MHz, loa = 100 mAl 

Electrical Ruggedness 
(Voo= 28 Vde, Pout = 125 W, f= 150 MHz,IOQ= 100 rnA, 
VSWR30:1 atall Phase Angles) 

C1 -15 pF Unelco 
C2 - Areo 462, 5.0-80 pF 
C3 - 100 pF Unelco 
C4 - 25 pF Unelco 
C6 - 40 pF Unelco 
C7 - Area 461, 2.7 -30 pF 
CS, C8-Arco463, 9.0-180 pF 
ce, Cll, C14-0.1I1F Erie Redcap 
Cl0- 50 11F,50V 
C12, C13-680 pF Feedthru 
01 - 1 N5925A Motorola Zener 

V(BR)OSS 65 - -
lOSS - - 10 

IGSS - - 1.0 

Clss - 175 -
Coss - 230 -
Crss - 40 -

NF - 3.0 -

Gps 9.0 11.8 -

11 50 60 -

'II 
No Degradation in Output Power 

Ll-#16AWG,l-1/4 Tums, 0.213" 10 

L2 - #16 AWG, Hairpin A I O.25N 

~ j;.. 0.062" 
L3-#14AWG Hairpin ...1\..10.47" , .... ~ 0.2" 
L4 -1 0 Tums #16 AWG Enameled Wire on Rl 
RFCl -18 Turns #16 AWG Enameled Wire, 0.3" 10 
Rl-l0n,2.0W 
R2-1.8 kQ, 112 W 
R3 - 10 kQ, 10 Tum Bourns 
R4-10 kQ, 1/4 W 

Figure 1. 150 MHz Test Circuit 

Unit 

Vde 

mAde 

IlAOO 

pF 

pF 

pF 

dB 

dB 

% 
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f 511 
(MHz) 15111 

2.0 0.932 

5.0 0.923 

10 0.921 

20 0.921 

30 0.921 

40 0.921 

50 0.922 

60 0.923 

70 0.924 

80 0.925 

90 0.927 

100 0.930 

110 0.930 

120 0.931 

130 0.942 

140 0.936 

150 0.938 

160 0.938 

170 0.940 

180 0.942 

190 0.942 

200 0.952 

210 0.950 

220 0.942 

230 0.943 

240 0.946 

250 0.952 

260 0.958 

270 0.956 

280 0.960 

290 0.956 

300 0.955 

MOTOROLA RF DEVICE DATA 

5:11 512 

LC!> 1521 1 LC!> 15121 

-133 74.0 112 0.011 

-160 31.6 98 0.011 

-170 16.0 93 0.011 

-175 8.00 88 0.011 

-In 5.32 86 0.011 

-In 3.98 83 0.012 

-178 3.17 81 0.012 

-178 2.63 79 0.012 

-178 2.24 77 0.013 

-178 1.95 75 0.013 

-178 1.72 73 0.014 

-178 1.50 71 0.016 

-178 1.31 70 0.018 

-178 1.19 68 0.019 

-178 1.10 67 0.019 

-178 1.01 66 0.021 

-178 0.936 65 0.021 

-178 0.879 64 0.022 

-178 0.830 63 0.023 

-178 0.780 61 0.024 

-178 0.737 60 0.026 

-178 0.705 59 0.027 

-178 0.668 57 0.029 

-178 0.626 56 0.030 

-178 0.592 56 0.032 

-177 0.566 55 0.033 

-177 0.545 54 0.035 

-In 0.523 53 0.038 

~ln 0.500 52 0.038 

-177 0.461 52 0.039 

-178 0.460 51 0.042 

-178 0.443 50 0.043 

Table 1. Common Source ScaHering Parameters 
VOS= 28 V,IO=3.0A 

LC!> 15:121 

23 0.835 

12 0.886 

10 0.896 

12 0.899 

16 0.900 

21 0.901 

26 0.902 

30 0.903 

34 0.904 

39 0.906 

43 0.907 

45 0.910 

46 0.912 

47 0.914 

49 0.919 

50 0.921 

53 0.922 

53 0.923 

54 0.923 

56 0.924 

59 0.928 

58 0.929 

61 0.934 

61 0.933 

62 0.939 

64 0.941 

64 0.943 

65 0.946 

67 0.943 

68 0.946 

68 0.944 

68 0.947 

5:12 
LIjI 

-151 

-168 

-174 

-In 
-178 

-178 

-178 

-178 

-178 

-178 

-178 

-178 

-178 

-178 

-178 

-178 

-178 

-178 

-177 

-177 

-177 

-In 
-177 

-177 

-1n 
-177 

-177 

-177 

-177 

-177 

-177 

-177 
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Figure 13. S11, Input Reflection Coefficient 

versus Frequency 
VOS = 28 V, 10 = 3.0 A 

Figure 15. S21, Forward Transmission Coefficient 
versus Frequency 

MRF174 
2-240 

VOS=28 V, 10=3.0A 

Figure 14. S12, Reverse Transmission CoeffIcient 
versus Frequency 

VOS = 28 V, 10 = 3.0 A 

Figure 16. S22, Output Reflection Coefficient 
versus Frequency 

VOS =28V, 10=3.0A 
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f lin ZoL' 
MHz Ohms Ohms 

30 2.90 - j3.95 2.95 - j3.90 
100 1.25 - j2.90 1.85 - j1.05 
150 1.18 - j1.40 1.72 - jO.05 
200 1.30 - jO.90 1.70 + jO.25 

Figure 17. Series Equivalent Input/Output Impedance, Zin, ZoL* 
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DESIGN CONSIDERATIONS 
The MRF174 is a RF power N-Channel enhancement 

mode field-effect transistor (FET) designed especially for 
UHF power amplifier and oscillator applications. Motorola RF 
MOSFETs feature a vertical structure with a planar design, 
thus avoiding the processing difficulties associated with V
groove vertical power FETs. 

Motorola Application Note AN211A, FETs in Theory and 
Practice, is suggested reading for those not familiar with the 
construction and characteristics of FETs. 

The major advantages of RF power FETs include high 
gain, low noise, simple bias systems, relative immunity from 
thermal runaway, and the ability to withstand severely mis
matched loads without suffering damage. Power output can 
be varied over a wide range with a low power de control sig
nal, thus faCilitating manual gain control, ALC and modula
tion. 

DC BIAS 
The MRF174 is an enhancement mode FET and, there

fore, does not conduct when drain voltage is applied. Drain 
current flows when a positive voltage is applied to the gate. 
See Figure 9 for a typical plot of drain current versus gate 
voltage. RF power FETs require forward bias for optimum 
performance. The value of quiescent drain current (loa), is 
not critical for many applications. The MRF174 was charac-

terized at loa = 100 mA, which is the suggested minimum 
value of loa. For special applications such as linear amplifi
cation, loa may have to be selected to optimize the critical 
parameters. 

The gate is a dc open circuit and draws no curren!. There
fore, the gate bias circuit may generally be just a simple re
sistive divider network. Some special applications may 
require a more elaborate bias system. 

GAIN CONTROL 
Power output of the MRF174 may be controlled from its 

rated value down to zero (negative gain) by varying the dc 
gate voltage. This feature facilitates the design of manual 
gain control, AGC/ALC and modulation systems. (See 
Figure 8.) 

AMPLIFIER DESIGN 
impedance matching networks similar to those used with 

bipolar UHF transistors are suitable for MRF174. See 
Motorola Application Note AN721 , Impedance Matching Net
works Applied to RF Power Transistors. The higher input 
impedance of RF MOSFETs helps ease the task of broad
band network design. Both small signal scattering parame
ters and large signal impedances are provided. While the 
s-parameters will not produce an exact design solution for 
high power operation, they do yield a good first approxima
tion. This is an additional advantage of RF MOS power FETs. 

Figure 18. Test Fixture 

MRF174 
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MOTOROLA 
• SEMICONDUCTOR 

TECHNICAL DATA 

The RF MOSFET Line 
RF Power 
Field-Effect Transistors 
N-Channel Enhancement-Mode 
· .. designed for broadband commercial and military applications using push 
pull circuits at frequencies to 500 MHz. The high power, high gain and 
broadband performance of these 'devices makes possible solid state transmit
ters for FM broadcast or TV channel frequency bands. 

• Guaranteed Performance 
MRF175GV @ 28 V, 225 MHz ("V" Suffix) 

Output Power - 200 Watts 
Power Gain -14 dB Typ 
Efficiency - 65% Typ 

MRF175GU @ 28 V, 400 MHz ("U" Suffix) 
Output Power - 150 Watts 
PowerGain-12 dB Typ 
Efficiency - 55% Typ G 

• 100% Ruggedness Tested At Rated Output Power 

• Low Thermal Resistance G 

t+--oS 
(FLANGE) 

• Low Crss - 20 pF Typ @ VDS = 28 V 

MAXIMUM RATINGS 

Rating Symbol 

Drain-Source Voltage VOSS 

Drain-Gate Voltage VDGR 
(RGS = 1.0 MO) 

Gate-Source Voltage VGS 

Drain Current - Continuous 10 

Total Device Dissipation @ TC = 25°C Po 
Derate above 25°C 

Storage Temperature Range Tstg 

Operating Junction Temperature TJ 

THERMAL CHARACTERISTICS 

Characteristic 

Thermal Resistance, Junction to Case 

MRF175GV 
MRF175GU 

200/150 WATTS, 28 V, 500 MHz 
N-CHANNEL MOS 

BROADBAND 
RF POWER FETs 

CASE 375, STYLE 2 

Value Unit 

65 Vdc 

65 Vdc 

±40 Vdc 

26 Adc 

400 Watts 
2.27 wrc 

-65 to +150 °C 

200 °C 

Max 

0.44 

Handling and Packaging - MaS devices are susceptible to damage from electrostatic charge. Reasonable precautions in handling and 
packaging MaS devices should be observed. 

ELECTRICAL CHARACTERISTICS (Tc = 25°C unless otherwise noted.) 

I Characteristic I Symbol Min 

OFF CHARACTERISTICS (1) 

Drain-Source Breakdown Voltage V(BR)DSS 65 
(VGS = 0, 10 = 50 rnA) 

Zero Gate Voltage Drain Current loSS -
(VDS = 28 V, VGS = 0) 

Gate-Source Leakage Current IGSS -
(VGS = 20 V, VDS = 0) 

MOTOROLA RF DEVICE DATA 

Typ 

-

-

-

Max Unit 

- Vdc 

2.5 mAdc 

1.0 IlAdc 

(continued) 
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ELECTRICAL CHARACTERISTICS - continued (T e = 25"C unless otherwise noted.) 

I Characteristic I Symbol I Min Max Unit 

ON CHARACTERISTICS (1) 

Gate Threshold Voliage (VOS = 10 V, 10 = 100 rnA) VGS(th) 1.0 3.0 6.0 Vdc 

~rain-Source On-Voliage (VGS = 10 V,IO = 5.0 A) VOS(on) - - 1.5 Vdc 

Forward Transconductance (VOS = 10 V,IO = 2.5 A) 9fs 2.0. 3.0 - mhos 

DYNAMIC CHARACTERISTICS (1) 

Input Capacitance (VOS = 28 V, VGS = 0, f = 1.0 MHz) elss - 180 - pF 

Output Capacitance (VOS=28 V, VGS=O, f= 1.0 MHz) Coss - 200 - pF 

Reverse Transfer Cepacltance (VOS = 28 V, VGS 7' 0, f = 1.0 MHz) Crss - 20 - pF 

FUNcnONAL CHARACTERlsnCS - MRF175GV (2) (Rgure 1) 

Common SOurce Power" Gain Gps 12 14 - dB 
(VOO = 28 Vdc, Pout = 200 W, f = 225 MHz, IDQ = 2.0 x 100 mAl 

Orain Efficiency 11 55 65 - % 
(VOO= 28Vdc, Pout = 200 W, f=225MHz,IOO=2.0 x 100 rnA) 

Electrical Ruggedness '" (VOO = 28 Vdc, Pout = 200 W, f = 225 MHz, loa = 2.0 x 100 rnA, Na Oegradatlon In Output Power 
VSWR 10:1 at all Phase Angles) 

NOTES: 
1. Each side of device measured separately. 
2. Measured in push-pull configuration • 

R1 .---...... -..,..-.".:::.--.... ---0+ 

BIASO-6V 

~ 
R2 

C1 -=- C21 

C1 - Arco 404, 8.0-60 pF 
C2, C3, C7, C8 -1000 pF Chip 
04, C9 - 0.1 I1F Chip 
C5 -180 pF Chip 
C6 - 100 pF and 130 pF Chips In Parallel 
C10 - 0.47 I1F Chip, Kemet 1215 or Equivalent 
L1 -10 Tums AWG #16 Enamel Wire, Close 

Wound, 1/4"1.0. 
L2 - Ferrite Beads of Suitable Material for 

1.5-2.0I1H Totailnductance 

Board material- .062" fiberglass (G1 0), 
Two sided, 1 oz. copper, Er IE 5 

Unless otherwise noted, all chip capacitors 
are ATC Type 100 or Equivalent. 

28V 
t---O-

R1 -100 Ohms, 1/2 W 
R2 - 1.0 k Ohm, 112 W 
T1 - 4:1 Impedance Ratio RF Transfonner. 

Can Be Made of 25 Ohm Semirigid Coax, 
47-52 Mils 0.0. 

T2 - 1:9 Impedance RatIo RF Trensfonner. 
Can Be Made of 15-18 Ohms Semirigid 
Coax, 62-90 Mils 0.0. 

NOTE: For stability, the Input transfonner T1 should be loaded 
with ferrita torolds or beads to Increase the common 
mode inductance. For operation below 100 MHz. The 
same Is required for the output transformer. 

Figure 1. 225 MHz Test Circuit 

MRF175GV-MRF175GU 
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ELECTRICAL CHARACTERISTICS (TC = 25°C unless otherwise noted.) 

Characteristic 

FUNCTIONAL CHARACTERISTICS - MRF175GU (1) (Figure 2) 

Common Source Power Gain 
(VOO = 28 Vdc, Pout = 150 W, f = 400 MHz, loa = 2.0 x 100 rnA) 

Drain Efficiency 
(VOO = 28 Vdc, Pout = 150 W, f = 400 MHz, loa = 2.0 x 100 rnA) 

Electrical Ruggedness 
(VOO = 28 Vdc, Pout = 150 W, f = 400 MHz, loa = 2.0 x 100 rnA, 
VSWR 10:1 at all Phase Angles) 

NOTE: 
1. Measured in push-pull configuration. 

A 

R2 

Bl - Balun 50 n Semi Rigid Coax 0.086" 0.0. 2" Long 
B2 - Balun 50 n Semi Rigid Coax 0.141" 0.0. 2" Long 
Cl, C2, C8, C9 - 270 pF ATC Chip Cap 
C3, C5, C7 -1.0-20 pF Trimmer Cap 
C4-15 pF ATC Chip Cap 
C6 - 33 pF ATC Chip Cap 
C10, C12, C13, C16, C17 - O.OII1F Ceramic Cap 
Cll - 1.0 I1F 50 V Tantalum 
C14, CIS - 680 pF Feedthru Cap 
C18 - 20 I1F 50 V Tantalum 

Symbol Min Typ Max Unit 

Gps 10 12 - dB 

T] 50 55 - % 

IV 
No Degradation in Output Power 

B 

L5 C15 L6 

I cI8I 28V 

< 
C8 

C9 

0.180"-, r
~-.l 

t 
L I, L2 - Hairpin Inductor #18 Wire 
La, L4 - 12 Turns #18 Enameled Wire 0.340" 1.0. 
L5 - Ferroxcube VK200 20/4B 
L6 - 3 Turns #16 Enameled Wire 0.340" 1.0. 
Rl - 1.0 kn 1/4 W Resistor 
R2, R3 - 10 kn 1/4 W Resistor 
ZI, Z2 - Microstrip Line 0.400" x 0.250" 
Z3, Z4 - Microstrip Line 0.870" x 0.250" 
ZS, Z6 - Microstrip Line 0.500" x 0.250" 

Board material - 0.060" Teflon-fiberglass, 
Er = 2.55, copper clad both sides, 2 oz. copper. 

0.200" 

Figure 2. 400 MHz Test Circuit 
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Figure 3. Common Source Unity Current Gain 
. Frequency versus Drain Current 
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Figure 4. DC Safe Operating Area 
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Figure 5. Drain Current versus Gate Voltage 
(Transfer Characteristics) 

Figure 6. Gate-Source Voltage versus 
Case Temperature 
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Figure 7. Capacitance versus Drain-Source Voltage· 
• Data shown applies to each half of MRFI75GV/GU. 
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TYPICAL CHARACTERISTICS 
MRF175GV 
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Figure 8. Power Input versus Power Output Figure 9. Output Power versus Supply Voltage 
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Figure 10. Output Power versus Supply Voltage Figure 11. Output Power versus Input Power 
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INPUT AND OUTPUT IMPEDANCE 

Voo = 28 V IOQ =2x loomA 

I MHz 

225 
300 
400 
500 

30 
50 
100 
150 
225 

ZIN 
OHMS 

ZoL· 
OHMS 

(Pout = 150W) 

1.95- j2.30 3.10- jO.25 
1.75 - jO.20 2.80+ jO.20 
1.80 + j2.20 2.oo+jl.20 
1.35 + j4.00 1.70 + j2.70 

(Pout = 200 W) 

6.50 - j5.10 6.30 - j2.50 
5.00 - j4.80 5.75 - j2.75 
3.60 - j4.20 4.60 - j2.65 
2.80 - j3.80 2.80 - j2.20 
1.95- j2.30 2.80- jO.80 

NOTE: Input and output impedance values given are measured from gate to gate and drain to drain respectively. 

Figure 13. Series equivalent Input/Output Impedance 

RF POWER MOSFET CONSIDERATIONS 

MOSFET CAPACITANCES 
The physical structure of a MOSFET results in capacitors 

between the terminals. The metal oxide gate structure deter
mines the capacitors from gate-to-drain (Cgd>; and gate-to
source (Cgs)' The PN junction formed during the fabrication 
of the MOSFET results in a junction capacitance from drain
to-source (Cds). 

These capacitances are characterized as input (Ciss), out
put (Coes) and reverse transfer (Crss) capacitances on data 
sheets. The relationships between the inter-terminal capaci
tances and those given on data sheets are shown below. The 
Clss can be specified in two ways: 

1. Drain shorted to source and positive voltage at the gate. 
2. POsitive voltage olthe drain in respectto source and zero 

volts at the gate. In the latter case the numbers are lower. 
However, neither method represents the actual operat
ing conditions in RF applications. 

Cgd. ~ORAIN 

GA!E~'(' 1 
~,<... TGls 

ega 'i SOURCE 

The Clss given In the electrical characteristics table was 
measured using method 2 above. It should be noted that 
Clss, Coss, Crss are measured at zero drain current and are 

MRF175GV-MRF175GU 
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provided for general information about the device. They are 
not RF design parameters and no attempt should be made to 
use them as such. 

LINEARITY AND GAIN CHARACTERISTICS 
In addition to the typical IMO and power gain, data pres

ented In Figure 3 may give the designer additional informa
tion on the capabilities of this device. The graph represents 
the small signal unity current gain frequency at a given drain 
current level. This Is equivalent to IT for bipolar transistors. 
Since this test is performed at a fast sweep speed, heating of 
the device does not occur. Thus, in normal use, the higher 
temperatures may degrade these characteristics to some ex
tent. 

DRAIN CHARACTERISTICS 
One figure of merit for a FET is its static resistance in the 

full-on condition. This on-resistance, VOS(on), occurs in the 
linear region of the output characteristic and IS specified un
der specific test conditions for gate-source voltage and drain 
current. For MOSFETs, VOS(on) has a positive temperature 
coefficient and constitutes an important design consideration 
at high temperatlires, because it contributes to the power 
dissipation within the device. 

GATE CHARACTERISTICS 
The gate of the MOSFET is a polysilicon material, and is 

electrically isolated from the source by a layer of oxide. The 
input resistance is very high - on the order of 109 ohms -
resulting in a leakage current of a few nanoamperes. 

MOTOROLA RF DEVICE DATA 



Gate control is achieved by applying a positive voltage 
slightly in· excess of the gate-to-source threshold voltage, 
VGS(th)· 

Gate Voltage Rating - Never exceed the gate voltage 
rating (or any of the maximum ratings on the front page). Ex
ceeding the rated VGS can result in permanent damage to 
the oxide layer in the gate region. 

Gate Termination - The gates of this device are essen
tially capacitors. Circuits that leave the gate open-circuited or 
floating should be avoided. These conditions can result in 
turn-on of the devices due to voltage build-up on the input 
capacitor due to leakage currents or pickup. 

Gate Protection - These devices do not have an internal 
monolithic zener diode from gate-to-source. If gate protec
tion is required, an external zener diode is recommended. 

Using a resistor to keep the gate-ta-source impedance low 
also helps damp transients and serves another important 
function. Voltage transients on the drain can be coupled to 
the gate through the parasitic gate-drain capacitance. If the 
gate-ta-source impedance and the rate of voltage change on 
the drain are both high, then the signal coupled to the gate 
may be large enough to exceed the gate-threshold voltage 
and turn the device on. 

HANDUNG CONSIDERATIONS 
When shipping, the devices should be transported only in 

antistatic bags or conductive foam. Upon removal from the 
packaging, careful handling procedures should be adhered 
to. Those handling the devices should wear grounding straps 
and devices not in the antistatic packaging should be kept in 
metal tote bins. MOSFETs should be handled by the case 
and not by the leads, and when testing the device, all leads 
should make good electrical contact before voltage is ap
plied. As a final note, when placing the FET into the system it 
is designed for, soldering should be done with grounded 
equipment. 

MOTOROLA RF DEVICE DATA 

DESIGN CONSIDeRATIONS 
The MRF175G is a RF power N-channel enhancement 

mode field-effect transistor (FETs) designed for HF, VHF and 
UHF power amplifier applications. Motorola RF MOSFETs 
feature a vertical structure with a planar design. 

Motorola Application Note AN211A, FETs in Theory and 
Practice, is suggested reading for those not familiar with the 
construction and characteristics of FETs. 

The major advantages of RF power FETs include high 
gain, low noise, simple bias systems, relative immunity from 
thermal runaway, and the ability to withstand severely mis
matched loads without suffering damage. Power output can 
be varied over a wide range with a low power dc control sig
nal. 

DC BIAS 
The MRF175G is an enhancement mode FET and, there

fore, does not conduct when drain voltage is applied. Drain 
current flows when a positive voltage is applied to the gate. 
RF power FETs require forward bias for optimum perfor
mance. The value of quiescent drain current (loa) is not criti
cal for many applications. The MRF175G was characterized 
at loa = 100 mA, each side, which is the suggested minimum 
value of 100. For special applications such as linear amplifi
cation, loa may have to be selected to optimize the critical 
parameters. 

The gate is a dc open circuit and draws no current. There
fore, the gate bias circuit may be just a simple resistive divid
er network. Some applications may require a more elaborate 
biassytem. 

GAIN CONTROL 
Power output of the MRF176 may be controlled from its 

rated value down to zero (negative gain) by varying the de 
gate voltage. This feature facilitates the design of manual 
gain control, AGClALC and modulation systems. 

MRF175GV.MRF175GU 
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MOTOROLA 
- SEMICONDUCTOR 

TECHNICAL DATA 

The RF MOSFET Line 
RF Power 
Field-Effect Transistors 
N-Channel Enhancement-Mode 
· .. designed for broadband commercial and military applications using single 
ended circuits at frequencies to 400 MHz. The high power, high gain and 
broadband performance of each device makes possible solid state transmillers 
for FM broadcast or TV channel frequency bands. 

• Guaranteed Performance 
MRF175LV @ 28 V, 225 MHz ("Y' Suffix) 

Output Power - 100 Walls 
Power Gain - 14 dB Typ 
Efficiency - 65% Typ 

MRF175LU @ 28 V, 400 MHz ("un Suffix) 
Output Power - 100 Walls 
Power Gain - 10 dB Typ 
Efficiency - 55% Typ 

• 100% Ruggedness Tested At Rated Output Power 

• Low Thermal Resistance 

• Low Crss - 20 pF Typ @ VOS = 28 V 

MAXIMUM RATINGS 

Rating 

Drain-Source Voltage 

Gate-Source Voltage 

Drain Current - Continuous 

Total Device Dissipation @ TC = 25°C 
Derate above 25°C 

Storage Temperature Range 

Operating Junction Temperature 

THERMAL CHARACTERISTICS 

Characteristic 

Thermal Resistance, Junction to case 

Go--T-i 

s 

Symbol 

VOSS 

VGS 

10 

Po 

Tstg 

TJ 

MRF175LV 
MRF175LU 

100 W, 28 V, 400 MHz 
N-CHANNEL 

BROADBAND 
RF POWER FETs 

CASE 333, STYLE 1 

Value 

65 

±40 

13 

270 
1.54 

-65 to +150 

200 

Max 

0.65 

Unit 

. Vdc 

Vdc 

Adc 

Watts 
W/"C 

°c 

°c 

Handling and Packaging - MOS devices are susceptible to damage from electrostatic charge. Reasonable precautions in handling and 
packaging MOS devices should be observed. 

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

Characteristic 

OFF CHARACTERISTICS 

Drain-Source Breakdown Voltage 
(VGS = 0, 10 = 50 mAl 

Zero Gate Voltage Drain Current 
(VDS = 28 V, VGS = 0) 

Gate-Body Leakage Current 
(VGS = 20 V, VOS = 0) 

MRF175LV.MRF175LU 
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Symbol 

V(BR)OSS 

lOSS 

IGSS 

Min 

65 

-

-

Typ Max Unit 

- - Vdc 

- 2.5 mAdc 

- 1.0 !lAdc 

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

Characteristic Symbol Min Typ Max Unit 

ON CHARACTERISTICS 

Gate Threshold Voltage (VOS = 10 V, 10 = 100 mAl VGS(th) 1.0 3.0 6.0 Vdc 

~rain-Source On-Voltage (VGS = 10 V, 10 = 5.0 A) VOS(on) - - 1.5 Vdc 

Forward Transconductance (VOS = 10 V, 10 = 2.5 A) 9fs 2.0 3.0 - mhos 

DYNAMIC CHARACTERISTICS 

Input Capacitance (VOS = 28 V, VGS = 0, 1 = 1.0 MHz) Ciss - 180 - pF 

Output Capacitance (VOS = 28 V, VGS = 0, 1 = 1.0 MHz) Coss - 200 - pF 

Reverse Transfer Capacitance (VOS = 28 V, VGS = 0, 1 = 1.0 MHz) Crss - 20 - pF 

FUNCTIONAL CHARACTERISTICS - MRF175LV (Figure 1) 

Common Source Power Gain Gps 12 14 - dB 
(VOO =28 Vdc, Pout = 100W, 1= 225 MHz,loa= 100 mAl 

Drain Efficiency 11 55 65 - % 
(Voo = 28 Vdc, Pout = 100W, 1=225 MHz,loa = 100 rnA) 

Electrical Ruggedness IjI 
(VOO=28Vdc, Pout = 100 W, 1= 225 MHz,loa= 100 mA, No Degradation In Output Power 
VSWR 30:1 at all Phase Angles) 

FUNCTIONAL CHARACTERISTICS - MRF175LU (Figure 2) 

Common Source Power Gain Gps 8.0 10 - dB 
(VOO = 28 Vdc, Pout = 100W, 1=400 MHz,loa= 100 rnA) 

Drain Efficiency 11 50 55 - % 
(VOO=28Vdc, Pout = 100W, 1=400 MHz, loa = 100 mAl 

Electrical Ruggedness IjI 

(VOO=28 Vdc, Pout = 100W, 1=400 MHz, loa = 100 mA, No Oegradation in Output Power 
VSWR 30:1 at all Phase Angles) 

RFC1 
R1 

81AS )--..JIIV'v---t---t-----, 
r-_____ ...rrYY"\.~_------_< +28 Vdc 

RFINPUT 

C3 

C1, C2, C8 - Arco 463 or Equivalent 
C3, C7 - 25 pF Unelco cap 
C4 - 1000 pF Chip Cap 
C5 - 0.D1 I1F Chip cap 
C6 - 250 pF Unelco Cap 
C9 - Arco 462 or Equivalent 
C10 -1000 pF ATC Chip Cap 
C11 -10 I1F 100 V Electrolytic 

MOTOROLA RF DEVICE DATA 

L1 

L1 - Hairpin Inductor #18 Wire 

L2 - Stripline Inductor 0.200" x 0.500" 

Figure 1. 225 MHz Test Circuit 

RFOUTPUT 

L3 - Hairpin Inductor #16 Wire 

---+-JL 0.45" 

o.2"-I~T 
L4-2 Tums #16 Wire 5116"10 
RFC1 - VK200-4B 
R1-1.0 k 1/4 W Resistor 
R2 - 100 Q Resistor 

MRF175LV.MRF175LU 
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R2 

01 

C9 ':' 

Cl Ll 
IN )-----1l--_--'Yr'n................t 

C2 C3 

Cl, C8 - 270 pF ATC Chip Cap 
C2, C4, C6, C7 - 1.0-20 pF Trimmer Cap 
C3 -15 pF Mini Unelco Cap 

¥ 
:::;; 

C5 - 33 pF Mini Unelco Cap 
C9, C1O, C12 - 0.1 JJ.F Ceramic Cap 
Cll, C14-680 pF Feed Thru Cap 
C13 - 50 JJ.F Tantalum Cap 

4000 

I I 
;::- 3000 
<..> 
:z 

VOS=20V 
w 
::::> 

~ 
fE2000 
z 
~ 
~ 
:z 1000 
::::> 

£- f 

/. 
~ /' 10 V""""'" 

~ 

Rl 

R2 Cll 

Cl0 

01 - 1 N5352 Zener Diode 
L 1 - Hairpin Inductor #18 Wire 

~~ 
0.25" --I I-r 

0.4" 

C12 

L2 -12 Turns #18 Wire 0.450'10 
L3 - Ferroxcube VK200 20/4B 

Figure 2. 400 MHz Test Circuit 

TYPICAL CHARACTERISTICS 

100 
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c 
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10, ORAIN CURRENT (AMPS) 

Figure 3. Common Source Unity Current Gain 
Freq\lency versus Drain Current 
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C13 C13 C14 
+v 

I < GNO 

C8 
E---(OUT 

Rl-l0 k 1/4 W Resistor 
R2 - 10k Variable Resistor 
R3 - 1.5 k 1/4 W Resistor 
Zl - Microstrip Line 0.950' x 0.250" 
Z2 - Microstrip Line l' x 0.250' 
Z3 - Microstrip Line 0.550" x 0.250" 

Board Material- 0.062" Teflon -
fiberglass, £r = 2.56, 1 oz. copper 
clad both sides 

....... 

TC = 25°C 

10 

10, DRAIN CURRENT (AMPS) 

Figure 4. DC Sate Operating Area 

100 
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TYPICAL CHARACTERISTICS 
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Figure 5. Drain Current versus Gate.Voltage 
(Transfer Characteristics) 

Figure 6. Gate-Source Voltage versus 
Case Temperature 
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Figure 7. Capacitance versus Drain-Source Voltage 
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TYPICAL CHARACTERISTICS 

MRF175LV 
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Figure 8. Output Power versus Supply Voltage 
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Figure 10. Power Gain versus Frequency 
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Figure 9. Output Power versus Supply Voltage 
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Figure 11. Output Power versus Input Power 
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INPUT AND OUTPUT IMPEDANCE 

VDD = 28 V IDO = 100 mA 
IP out = 100 WI 

f liN lOL' 
MHz Ohms Ohms 

30 2.80 - j4.oo 3.65 - j1.30 
100 1.40 - j2.80 2.60 - j1.50 
150 1.10 - j1.90 2.10 - j1.4O 
175 1.00 - j1.25 1.80 - j1.20 
225 0.95 - jO.65 1.50 - jO.80 
300 0.95 + jO.20 1.35 - jO.30 
400 1.05 + j1.15 1.45 + jO.55 

lOL' = CONJUGATE OF THE OPTIMUM 
LOAD IMPEDANCE INTO WHICH THE 
DEVICE OPERATES AT A GIVEN OUTPUT 
POWER, VOLTAGE, AND FREOUENCY. 

RF POWER MOSFET CONSIDERATIONS 

MOSFET CAPACITANCES 
The physical structure of a MOSFET results in capacitors 

between the tenninals. The metal oxide gate structure deter
mines the capacitors from gate-ta-drain (Cgd), and gate-to
source (Cgs)' The PN junction fonned during the fabrication 
of the FET results in a junction capacitance from drain-to
source (Cds). 

These capaCitances are characterized as input (Ciss), out
put (Coss) and reverse transfer (Crss) capacitances on data 
sheets. The relationships between the inter-tenninal capaci
tances and those given on data sheets are shown below. The 
Ciss can be specified in two ways: 

1. Orain shorted to source and positive voltage at the gate. 

2. Positive voHageof the drain in respect to source and zero 
volts at the gate. In the latter case the numbers are lower. 
However, neither method represents the actual operat
ing conditions in RF applications. 

~DRAIN 

GA!E> . 
~,<.... TCdS 

Cgs "'i SOURCE 

Cjss = Cgd + CjIS 
Coss = C'gd + \icls 
Crss = Cgd 

. LINEARITY AND GAIN CHARACTERISTICS 
In addition to the typical IMO and power gain data pres

ented, Figure 3 may give the designer additional information 
on the capabilities of this device. The graph represents the 
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small signal unity current gain frequency at a given drain cur
rent level. This is equivalent to fT for bipolar transistors. 
Since this test is perfonned at a fast sweep speed, heating of 
the device does not occur. Thus, in normal use, the higher 
temperatures may degrade these characteristics to some ex
tent. 

DRAIN CHARACTERISTICS 
One figure of merit for a FET is its static resistance in the 

full-on condition. This on-resistance, VOS(on), occurs in the 
linear region of the output characteristic and IS specified un
der specific test conditions for gate-source voHage and drain 
current. For MOSFETs, VOS(on) has a positive temperature 
coefficient and constitutes an important design consideration 
at high temperatures, because it contributes to the power 
dissipation within the device. 

GATE CHARACTERISTICS 
The gate of the FET is a polysilicon material, and is electri

cally isolated from the source by a layer of oxide. The input 
resistance is very high - on the order of 109 ohms - result
ing in a leakage current of a few nanoamperes. 

Gate control is achieved by applying a positive voHage 
slightly in excess of the gate-to-source threshold voltage, 
VGS(th)· 

Gate Voltage Rating - Never exceed the gate voltage 
rating. Exceeding the rated VGS can result in permanent 
damage to the oxide layer in the gate region. 

Gate Termination - The gates of these devices are 
essentially capacitors. Circuits that leave the gate open
circuited or floating should be avoided. These conditions can 
result in tum-on of the devices due to voltage build-up on the 
input capacitor due to leakage currents or pickup. 

MRF175LV.MRF175LU 
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Gate Protection - These devices do not have an internal 
monolithic zener diode from gate-ta-source. If gate protec
tion is required, an external zener diode is recommended. 

Using a resistor to keep the gate-ta-source impedance low 
also helps damp transients and selVes another important 
function. Voltage transients on the drain can be coupled to 
the gate through the paraSitic gate-drain capacitance. If the 
gate-ta-source impedance and the rate of voltage change on 
the drain are both high, then the signal coupled to the gate 
may be large enough to exceed the gate-threshold voltage 
and tum the device on. 

HANDUNG CONSIDERATIONS 
When shipping, the devices should be transported only in 

antistatic bags or conductive foam. Upon removal from the 
packaging, careful handling procedures should be adhered 
to. Those handling the devices should wear grounding straps 
and devices not in the antistatic packaging should be kept in 
metal tote bins. MOSFETs should be handled by the case 
and not by the leads, and when testing the device, all leads 
should make good electrical contact before voltage is ap
plied. As a final note, when placing the FET into the system it 
is designed for, soldering should be done with a grounded 
iron. 

DESIGN CONSIDERATIONS 
The MRF175L is a RF power N-channel enhancement 

mode field-effect transistor (FETs) designed for HF, VHF and 
UHF power ampiifier applications. Motorola FETs feature a 
vertical structure with a pianar design. 

MRF175LY.MRF175LU 
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Motorola Application Note AN211A, FETs in Theory and 
Practice, is suggested reading for those not· familiar with the 
construction and characteristics of FETs. . 

The major advantages of RF power FETs include high 
gain, low noise, simple bias systems, relative immunity from 
thermal runaway, and the ability to withstand severely mis
matched loads without suffering damage. Power output can 
be varied over a wide range with a low power de control sig
nal. 

DC BIAS 
The MRF175L is an enhancement mode FET and, there

fore, does not conduct when drain voltage is applied. Drain 
current nows when a positive voltage is applied to the gate. 
RF power FETs require forward bias for optimum perfor
mance. The value of quiescent drain current (loa) is not criti
cal for many applications. The MRF175L was characterized 
at loa '" 1 00 mA, each side, which is the suggested minimum 
value of loa. For special applications such as linear amplifi
cation, loa may have to be selected to optimize the critical 
parameters. 

The gate is a de open circuit and draws no current. There
fore, the gate bias circuit may be just a simple resistive divid
er network. Some applications may require a more elaborate 
biassytem . 

GAIN CONTROL 
Power output of the MRF175L may be controlled from its 

rated value down to zero (negative gain) by varying the dc 
gate voltage. This feature facilitates the design of manual 
gain control, AGClALC and modulation systems. 
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MOTOROLA 
• SEMICONDUCTOR 

TECHNICAL DATA 

The RF MOSFET Line 
RF Power 
Field-Effect Transistors 
N-Channel Enhancement-Mode 
· .. designed for broadband commercial and military applications using push 
pull circuits at frequencies to 500 MHz. The high power, high gain and 
broadband perfonnance of these devices makes possible solid state transmit
ters for FM broadcast or TV channel frequency bands. 

• Electrical Perfonnance 
MRF176GV @ 50 V, 225 MHz ("V" Suffix) 

Output Power - 200 Watts 
Power Gain - 17 dB Typ 
Efficiency - 55% Typ 

MRF176GU @ 50 V, 400 MHz ("U· Suffix) 
Output Power - 150 Watts 
Power Gain - 14 dB Typ 
Efficiency - 50% Typ G 

• 100% Ruggedness Tested At Rated Output Power 
H--oS 

(FLANGE) 
• Low Thennal Resistance 

• Low Crss - 7.0 pF Typ @ VOS = 50 V 

MAXIMUM RATINGS 

Rsting Symbol 

Drain-Source Voltage VOSS 

Gale-Source Voltage VGS 

Drain Current - Continuous 10 

Total Device Dissipation @ TC = 25°C Po 
Derate above 25°C 

storage Temperature Range Tstg 

Operating Junction Temperature TJ 

THERMAL CHARACTERISTICS 

Characteristic 

Thermal Resistance, Junction to Case 

MRF176GV 
MRF176GU 

2001150 W, 50 V, 500 MHz 
N-CHANNEL MOS 

BROADBAND 
RF POWER FETs 

CASE 375, STYLE 2 

Value 

125 

±40 

16 

400 
2.27 

-65 to +150 

200 

Max 

0.44 

Unit 

Vdc 

Vdc 

Adc 

Watts 
wrc 

OC 

OC 

Handling and Packaging - MOS devices are susceptible to damage from electrostatic charge. Reasonable precautions in handling and 
packaging MOS devices should be observed. 

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

I Characteristic I Symbol 

OFF CHARACTERISTICS (1) 

Drain-Source Breakdown Voltage V(BR)OSS 
(VGS = 0,10 = 100 mAl 

Zero Gate Voltage Drain Current loSS 
(VOS = 50 V, vGS = 0) 

Gate-Body Leakage Current IGSS 
(VGS = 20 V, VOS = 0) 

NOTE: 
1. Each side of device measured separately. 

MOTOROLA RF DEVICE DATA 

Min Typ 

125 -

- -

- -

Max Unit 

- Vde 

2.5 mAde 

1.0 !lAdc 

(continued) 
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ELECTRICAL CHARACTERISTICS - COIiUnued (Tc = 25"0 unless otherwise noted.) 

Characterietic Symbol I Min 'Typ Max Unit 

ON CHARACTERISTICS (1) 

Gate Threshold Voltage (VOS = 10 V, 10 = 100 rnA) VGS(th) 1.0 3.0 6.0 Vdc 

Drain-Source On-Voltage (VGS = 10 V, 10 = 5.0 A) VOS(on) - - 5.0 Vdc 

FOIWard Transconductance (VOS = 10 V, 10 = 2.5 A) 9fs 2.0 3.0 - mhos 

DYNAMIC CHARACTERISTICS (1) 

Input Capacitance (VOS = 50 V, VGS = 0, I = 1.0 MHz) Ciss - 160 - pF 

OUIputCspacitance (VOS=50V, VGS =0, 1= 1.0 MHz) Coss - 110 - pF 

Revillse Transfer Cspacitance (VOS = 50 V, VGS = 0, 1= 1.0 MHz) Crss - 7.0 - pF 

FUNCTIONAL CHARACTERISTICS - MRF176GV (2) (FlQure 1) 

Common Source Power Gain 
(VOO = 50 Vdc, Pout = 200 W, 1 = 225 MHz, loa" 2.0 x 100 rnA) 

Drain Efficiency 
(VOO = 50 Vdc, Pout = 200 W, I .. 225 MHz. loa = 2.0 x 100 rnA) 

Electrical Ruggadness 
(VOO = 50 Vdc, Pout = 200 W, 1 = 225 MHz, 100 = 2.0 x 100 rnA, 
VSWR 10:1 at all Phase Angles) 

NOTES: 
1. Each side of device measured separately. 
2. Measured In push-pull configuration. 

Rl 

BIAS 0-6 V 

! 

Cl - Arco 404, 8.0-60 pF 
02, 03, C6, C8 - 1000 pF Chip 
0:4, C9 - 0.1 I1F ChIp 
C5 -180 pF Chip 
C7 - Arco 403, 3.0-35 pF 
Cl0 - 0.4711F Chip, Kemet 1215 or Equivalent 
L 1 - 10 Tums AWG #16 Enameled Wire, 

Close Wound, 1/4'1.0. 

Board meterial- .062" fiberglass (Gl0), 
Two sided, 1 oz. copper, Er '" 5 

Unless otherwise noted, all chip capacitors 
are ATC Type 100 or Equivalent 

Gps 15 17 - dB 

t\ 50 55 - % 

ljI 
No Degradation In Output Power 

L2 - Ferrite Beads of Suitable Material 
for 1.5-2.0 1lH, Total Inductance 

Rl -100 Ohms, 112 W 
R2 - 1.0 kOhms, 112 W 
T1 - 4:1 Impedance Ratio RF Transformer. 

Can Be Made 01 25 Ohm Semirigid 
Co-Ax, 47-62 Mils 0.0. 

T2 -1 :4 Impedance Ratio RF Transformer. 
Can Be Made of 25 Ohm Semirigid 
Co-Ax, 62-90 Mils 0.0. 

sov 
+---0-

NOTE: For stability, the input transformer Tl should be loaded 
with ferrite Iorolds or beads to Increase the common 
mode Inductance. For operation below 100 MHz. The 
serne is required for the output transformer. 

FIgure 1. 225 MHz Test Circuit 

MRF176GV.MRF176GU 
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ELECTRICAL CHARACTERISTICS (TC = 25°C unless otherwise noted.) 

Characteristic Symbol 

FUNCTIONAL CHARACTERISTICS - MRF176GU (1) (Figure 2) 

Common Source Power Gain 
(VOO =50Vdc, Pout = 150W, f= 400 MHz, loa = 2.0 x 100 mAl 

Drain Efficiency 
(Voo = 50 Vdc, Pout = 150 W, f = 400 MHz, IDQ = 2.0 x 100 mAl 

Electrical Ruggedness 
(Voo = 50 Vdc, Pout = 150 W, f = 400 MHz, IDQ = 2.0 x 100 mA, 
VSWR 10:1 at all Phase Angles) 

NOTE: 
1. Measured in push-pull configuration. 

B1 - Balun, 50 n Semirigid Coax .086 00 2" Long 
B2 - Balun, 50 n Semirigid Coax .141 00 2" Long 
C1, C2, ce, C10 - 270 pF ATC Chip capacitor 
C3 - 15 pF ATC Chip cap 
C4, C8 -1.0-20 pF Piston Trimmer Cap 
C5 - 27 pF ATC Chip cap 

A 

C6, C7 -22 pF Mini Unelco Capacitor ~ 
C11, C13, C14, C15, C16 - 0.01 IlF Ceramic Capacitor (\ - 400" 
C12-1'0IlF50VTantaiUmcap~:.J L . 
C17, C18 - 680 pF Feedthru Capacitor .200 -001 k-t 
C19-10 IlF 100 V Tantalum cap I 
L1, L2-Halrpln Induclor#18 W ---1. 
L3, L4 - Hairpin Inductor #18 W .200" ~ t .20a" 

Gps 

11 

'II 

Ck! Board Material- .060" teflon-fiberglass, copper clad both sides, 2 oz. copper, 
e,-=2.55 

B 

Min Typ Max 

12 14 -

45 50 -

No Degradation in Output Power 

L5, L6-13T #18 W .250 10 
L7 - Ferroxcube VK-200 20/49 
L8-3T#18W.34O 10 
R1 -1.0 kn 1/4 W Resistor 
R2, R3 -10 kn 1/4 W Resistor 
Z1, Z2 - Microstrip Line .400L x .250W 
Z3, Z4 - Microstrip Line .450L x .250W 

Unit 

dB 

% 

Figure 2. 400 MHz Test Circuit 
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TYPICAL CHARACTERISTICS 
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~ 
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I I 
VDS-30V -

-r-..k -... 
I'.... 
15~ 
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FIgure 3. Common Source Unity Current Gain" 
Gain-Frequency versus Drain Current 

• Data shown applies to each half of MRF176GV/GU 

100 

1 
2 

'" 

TC=25"C 

10 50 
VDS. DRAIN-sotJRCE VOLTAGE (VOLTS) 

Figure 4. ~ Safe Operating Area 

INPUT AND OUTPUT IMPEDANCE 
MRFl76GU/GV 

VOO = 50V 100 =2 x l00mA 

I ZIN ZoL* 
MHz OHMS OHMS 

(Pout = 150 W) 

225 2.05 - j2.50 6.50 - j3.50 
300 2.00 - jl.l0 4.80 - j3.10 
400 1.85 + jO.75 3.00 - jl.90 
500 1.80 + j2.70 2.60 + jO.l0 

(Pout = 200 W) 

30 
50 
100 
150 
225 

7.50 - j6.50 
5.50- j7.00 
3.20 - j6.00 
2.50 - j4.80 
2.05 - j2.50 

17.00 - )4.00 
14.00 - )5.00 
11.00 - j5.20 
8.20 - j5.00 
5.00 -j4.2O 

ZOL* = Conjugate of the optimum load 
impedance into which the device output 
operates at a given output power. voltage 
and frequency. 
-.\~. 

NOTE: Input and output impedance values given are measured from gate to gate and drain to drain respectively. 

Figure 5. Series Equivalent Input/Output Impedance 

I' 

200 
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TYPICAL CHARACTERISTICS 

\ 

'" r-... ~ Ciss 
~ 

Coss 

'\ VGS=OV= 
'\ f=lMHz -

" ....... 
........... to-. Crss 

10 ~ 30 40 50 
VOS, ORAlN-80URCE VOLTAGE (VOLTS) 

Figure 6. Capacitance versus Oraln-Source Voltage· 
• Data shown applies to each half of MRF176GV/GU 

30 

25 

iii 
:5!.20 
z 
~ 
a: 
~ 15 

10 

Pout s2OOW 

'" 1\ "'-. 
I' 

150W I\.. 
VOS=50V 
IOQ = 2 x 100 mA 

-; I I 

10 20 50 100 200 500 
f, FREQUENCY (MHz) 

Figure 7. Power Gain versus Frequency 

MRF176GV 

I 320 I I I 

VOO=50V 
~-

V 
V 

40V ./ ----
r- IDQ=2xloomA 

f=225MHz "I I 
Pin=6W~ 
~ 

-~ 
~ ~ -- 4W -V- I 

/ / I 
'/ I 

" 
IOQ=2x loomA-
f= 225 MHz 

1 -, 
1 1 

~ ::::: ~ I-"""'" -
~ ~I"" 

2W 

~ 

40 

If I I 
6 12 ~ ~ ~ ~ $ 40 ~ ~ ~ ~ 50 

Pin, POWER INPUT (WAITS) VOS, SUPPLY VOLTAGE (VOLTS) 

Figure 8. Power Input versus Power Output Figure 9. Output Power versus Supply Voltage 
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TYPICAL CHARACTERISTICS 
MRF176GU 
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Figure 10. Output Power versus Input Power Figure 11. Output Power versus Input Power 
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Figure 12. Output Power versus Supply Voltage 
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RF POWER MOSFET CONSIDERATIONS 

MOSFET CAPACITANCES 
The physical structure of a MOSFET results in capacitors 

between the terminals. The metal oxide gate structure deter
mines the capacitors from gate-to-drain (Cgd), and gate-to
source (Cgs)' The PN junction formed during the fabrication 
of the MOSFET results in a junction capacitance from drain
to-source (Cds). 

These capacitances are characterized as input (Ciss), out
put (Coss) and reverse transfer (Crss) capacitances on data 
sheets. The relationships between the inter-terminal capaci
tances and those given on data sheets are shown below. The 
Ciss can be specified in two ways: 

1. Drain shorted to source and positive voltage at the gate. 

2. Positive voltage ofthe drain in respectto source and zero 
volts at the gate. In the latter case the numbers are lower. 
However, neither method represents the actual operat
ing conditions in RF applications. 

~DRAIN 
Cgd 

GA!E~ 
~,<... TCdS 

Cgs "i SOURCE 

The Ciss given in the electrical characteristics table was 
measured using method 2 above. It should be noted that 
Ciss, Coss, Crss are measured at zero drain current and are 
provided for general information about the device. They are 
not RF design parameters and no attempt should be made to 
use them as such. 

LINEARITY AND GAIN CHARACTERISTICS 
In addition to the typical IMD and power gain, data pres

ented in Figure 3 may give the deSigner additional informa
tion on the capabilities of this device. The graph represents 
the small signal unity current gain frequency at a given drain 
current level. This is equivalent to tr for bipolar transistors. 
Since this. test is performed at a fast sweep speed, heating of 
the device does not occur. Thus, in normal use, the higher 
temperatures may degrade these characteristics to some ex
tent. 

DRAIN CHARACTERISTICS 
One figure of merit for a FET is its static resistance in the 

full-on condition. This on-resistance, VDS(on), occurs in the 
linear region of the output characteristic and is specified un
der specific test conditions for gate-source voltage and drain 
current. For MOSFETs, VDS(on) has a positive temperature 
coefficient and constitutes an important design consideration 
at high temperatures, because it contributes to the power 
dissipation within the device. 

GATE CHARACTERISTICS 
The gate of the MOSFET is a polysilicon material, and is 

electrically isolated from the source by a layer of oxide. The 
input resistance is very high - on the order of 109 ohms -
resulting in a leakage current of a few nanoamperes. 

MOTOROLA RF DEVICE DATA 

Gate control is achieved by applying a positive voltage 
slightly in excess of the gate-to-source threshold voltage, 
VGS(th). 

Gate Voltage Rating - Never exceed the gate voltage 
rating (or any of the maximum ratings on the front page). Ex
ceeding the rated VGS can result in permanent damage to 
the oxide layer in the gate region. 

Gate Termination - The gates of this device are essen
tially capacitors. Circuits that leave the gate open-circuited or 
floating should be avoided. These conditions can result in 
tum-on of the devices due to voltage build-up on the input 
capacitor due to leakage currents or pickup. 

Gate Protection - This device does not have an Intemal 
monolithic zener diode from gate-to-source. The addition of 
an intemal zener diode may result in detrimental effects on 
the reliability of a power MOSFET. If gate protection is re
quired, an extemal zener diode is recommended. 

HANDLING CONSIDERATIONS 
The gate of the MOSFET, which is electrically isolated 

from the rest of the die by a very thin layer of Si02, may be 
damaged if the power MOSFET is handled or. installed 
improperly. Exceeding the. 40 V maximum gate-to-source 
voltage rating, VGS(max), can rupture the gate insulation and 
destroy the FET. Rr= Power MOSFETs are not nearly as sus
ceptible as CMOS devices to damage due to static discharge 
because the input capacitances of power MOSFETs are 
much larger and absorb more energy before being charged 
to the· gate breakdown voltage. However, once breakdown 
begins, there is enough energy stored in the gate-source ca
pacitance to ensure the complete perforation of the gate ox
ide. To avoid the possibility of device failure caused by static 
discharge, precautions similar to those taken with smail-sig
nal MOSFET and CMOS devices apply to power MOSFETs. 

When shipping, the devices should be transported only in 
antistatic bags or conductive foam. Upon removal from the 
packaging, careful handling procedures should be adhered 
to. Those handling the devices should wear grounding straps 
and devices not in the antistatic packaging should be kept in 
metal tote bins. MOSFETs should be handled by the case 
and not by the leads, and when testing the device, aU leads 
should make good electrical contact before voltage is ap
plied. As a final note, when placing the FET into the system it 
is designed for, soldering should be done with grounded 
equipment. 

The gate of the power MOSFET could still be in danger af
ter the device is placed in the intended circuit. If the gate may 
see voltage transients which exceed VGS(max), the circuit de
signer should place a 40 V zener across the gate and source 
terminals to clamp any potentially destructive spikes. USing a 
resistor to keep the gate-to-source impedance low also helps 
damp transients and serves another important function. Volt
age transients on the drain can be coupled to the gate 
through the parasitic gate-drain capaCitance. If the gate-to
source impedance and the rate of voltage change on the 
drain are both high, then the signal coupled to the gate may 
be large enough to exceed the gate-threshold voltage and 
turn the device on. 

DESIGN CONSIDERATIONS 
The MRF176G is a RF power N-channel enhancement 

mode field-effect transistor (FETs) designed for VHF and 

MRF176GV.MRF176GU 
2-263 

II 



II 

UHF power amplifier applications. Motorola RF MOSFETs 
feature a vertical structure with a planar design, thus avoid
ing the processing difficulties associated with V-groove MOS 
power FETs. 

Motorola Application Note AN211A, FETs in Theory and 
Practice, is suggested reading for those not familiar with the 
construction and characteristics of FETs. 

The major advantages of RF power FETs include high 
gain, low nOise, simple bias systems, relative immunity from 
thermal runaway, and the ability to withstand severely mis
matched loads without suffering damage. Power output can 
be varied over a wide range with a low power dc control sig
nal, thus facilitating manual gain control, ALC and modula
tion. 

DC BIAS 
The MRF176G is an enhancement mode FET and, there

fore, does not conduct when drain voltage is applied. Drain 
current flows when a positive voltage is applied to the gate. 

MRF176GV.MRF176GU 
2-264 

RF power FETs require forward bias for optimum perfor
mance. The value of quiescent drain current (loa) is not criti
cal for many applications. The MRF176G was characterized 
at loa = 100 rnA, each side, which is the suggested minimum 
value of loa. For special applications such as linear amplifi
cation, loa may have to be selected to optimize the critical 
parameters. 

The gate is a dc open circuit and draws no current. There
fore, the gate bias circuit may be just a simple resistive divid
er network. Some applications may require a more elaborate 
biassytem. 

GAIN CONTROL 
Power output of the MRF176 may be controlled from its 

rated value down to zero (negative gain) by varying the dc 
gate voltage. This feature facilitates the design of manual 
gain control, AGC/ALC and modulation systems. 
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MOTOROLA 

• SEMICONDUCTOR -----------TECHNICAL DATA 

The RF MOSFET Line 
RF Power 
Field Effect Transistors 
N-Channel Enhancement Mode MOSFETs 

Designed for broadband commercial and military applications up to 400 MHz 
frequency range. Primarily used as drivers or output amplifiers in push-pull 
configurations. Can be used in manual gain control, ALC and modulation 

circuits. CASE 744A-G1 
• Typical Performance at 400 MHz, 28 V: ,----, 

Output Power - 100 W 1 1 
Gain-12dB 1 ~2 
Efficiency - 60% ! I I 

• Low Thermal Resistance 6 >---f--! ~ I. 
• LowCrss -10pFTyp@VOS=28Volts 5,8> I 1(1,4 

• Ruggedness Tested at Rated Output Power 7 iI I 
• Nitride Passivated Die for Enhanced Reliability I W 
• Excellent Thermal Stability; Suited for Class All 3 

Operation L ____ -1 . 

MAXIMUM RATINGS 

Rating 

~rain-Source Voltage 

Orain-Gate Voltage (Res = 1.0 MO) 

Gate-Source Voltage 

Drain Current - Continuous 

Total Device Dissipation @ TC = 25"0 (1) 
Derate above 25·C 

Storage Temperature Range 

Operating Temperature Range 

THERMAL CHARACTERISTICS 

CASE 390B-G1 ,----, 
r--k1 

3 >>---+---,1 f-l i 
4 >>---;----'1 d-+ ~ 

42 L ____ -1 

Symbol 

VOSS 

VOGR 

VGS 

10 

Po 

Tstg 

TJ 

MRF177 
MRF177M* 

100 W, 28 V, 400 MIb: 
N-CHANNEL 

BROADBAND 
RF POWER MOSFETs 

CASE 744A-G1, STYLE 2 
MRF177 

CASE 390B-G1, STYLE 1 
MRF177M 

Value 

65 

65 

±40 

16 

Unit 

Vdc 

Vdc 

Vdc 

Adc 

270 Watts 
1.54 W/"C 

-65to+1S0 ·C 

200 ·C 

Charactarlstic Symbol Max 

Thermal Resistance, Junctlon-to-c8se R9JC 0.65 

NOTE: 
1. Total device dissipation rating applies only when the device is operated as an RF push-pull amplifier. 

NOTE -~ - MOS devices are susceptible to damage from electrostatic charge. Reasonable precautions in handling and 
packaging MOS devices should be observed. 

Preferrad devices are Motorola recommended choices for future use and best overall value. 
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II 

ELECTRICAL CHARACTERISTICS (Tc = 25°C unless otherwise noted.)' 

I Characteristic (2) I Symbol 

OFF CHARACTERISTICS 

~rain-Source Breakdown Voltage 
(VGS = 0, 10 = 50 rnA) 

Zero Gate Voltage Orain Current 
(VOS = 28 V, VGS = 0) 

Gate-Source Leakage Current 
(VGS = 20 V, VOS = 0) 

ON CHARACTERISTICS (2) 

Gate Threshold Voltage 
(VOS = 10 V, 10= 50 mAl 

Orain-Source On-Voltage 
(VGS= 10V, 10=3.0A) 

Forward Transconductance 
(VOS = 10 V, 10 = 2.0 A) 

DYNAMIC CHARACTERISTICS (2) 

Input Capacitance 
(VOS =28 V, VGS= 0, f= 1.0 MHz) 

Output Capacitance 
(VOS= 28 V, VGS=O, 1= 1.0 MHz) 

Reverse Transfer Capacitance 
(VOS = 28 V, VGS = 0, I = 1.0 MHz) 

FUNCTIONAL CHARACTERISTICS (Figures 7 & 8) (4) 

Common Source Power Gain (3) 
(VOO = 28 Vdc, Pout = 100 W, 1=400 MHz, 100 = 200 rnA) 

Orain Efficiency (3) 
(VOO= 28 Vdc, Pout = 100W, 1=400 MHz, 100=200 mAl 

Electrical Ruggedness (3) 
(VOO = 28 Vdc, Pout = 100 W, 1=400 MHz, loa = 200 rnA, 
Load VSWR = 30:1, All Phase Angles At Frequency 01 Test) 

TYPICAL.INPUT/OUTPUT DEVICE IMPEDANCES 
MRF177 

Series Equivalent Input Impedance 
(VOO= 28 V, 100=200 rnA, Pout = 100W, 1=400 MHz) 

Series Equivalent Output Impedance 
(VOO = 28 V, 100=200 mA, Pout = 100W, f=400 MHz) 

MRF177M 

Series Equivalent Input Impedance 
(VOO = 28 V, 100 = 200 mA, Pout = 100 W, 1=400 MHz) 

Series Equivalent Output Impedance 
(VOO= 28 V, 100 =200 rnA, Pout = 100 W, 1=400 MHz) 

NOTES: 
1. Note each transistor chip measured separately 
2. Both transistor chips operating in push-pull amplifier 
3. RF functional specification is the same for MRFI77 & MRFI77M 

MRF177-MRF177M 
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V(BR)OSS 

lOSS 

IGSS 

VGS(th) 

VOS(on) 

9fs 

Cfss 

Coss 

Crss 

Gps 

11 

1JI 

Zin 

Zoot 

Zin 

Zout 

Min Typ Max Unit 

65 - - Vdc 

- - 2.0 rnAde 

- - 1.0 !lAdc 

1.0 3.0 6.0 Vdc 

- - 1.4 Vdc 

1.8 2.2 - mhos 

- 110 - pF 

- 105 - pF 

- 10 - pF 

10 12 - dB 

55 60 - % 

No Oegradation 
In Output Power 

Belore & After Test 

- 2.35+10.4 - Ohms 

- 3.2-11.38 - Ohms 

- 2.64+11.64 - Ohms 

- 3.15+jO.05 - Ohms 
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TYPICAL CHARACTERISTICS 
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VOO=28V 

Ll 
= 

C13~ 
12 

8. RF r:r INPUT T1 
Cl C3 ce 

':' R5 

~C:=::::::Jrn-< RF 
T4 OUTPUT 

C12 

MICROSTRIP DETAR. ~0.325" 
O.W .10" 

OAS-

0.325" 

~0.15" 
0.1cr. 

OAS-

OAS*:tLt ~ 0.45-
0.10" 

~5" ~O" ~5" 

0.325" 0.325" 

Cl.C12 1-10pFJOHANSONOREQUIVAlENT Dl lN5347B, 20 Vdc 
C2, C3, CS. ca. Cl0. C11 270 pF ATC 100 MIL CHIP CAP Ll l·TURN NO. 18, 0.25-. 2-liOl.E FERRITE BEAD 

C4.C9 1-20pF l2 8-112 TURNS NO. 18, CLOSE WOUND .375" DIA. 
r:r 36 pF CHIP CAP Rl.R4.R5 10kO@112WRESISTOR 
CB 10 pF CHIP CAP R2 10 kQ, 10 TURN RESISTOR 

CIS, C14 0.1 pFD @ 50 Vdc R3 2.0 1In@ 112 W RESISTOR 
Cl5,C1S 10pFD@50Vdc T1 1·112 T. 50 n COAX. .034* DIA. ON DUAl 0.5* FERRITE CORE 

C16 5OOpFBUTTON 12 2.0" 25 Q COAX • .075* DIA. 
C17 l000pFUNCASEDMICA T3 2.1-10 n COAX. .075* DIA. 

T4 4.0" 50 Q COAX • .D865" DIA. 
BOARD .0625". Cu-CIad. Teflon Fibelglass. Er = 2.55 

figure 7. Test Circuit Electrical Schematic - MRF177 

MRF177-MRF177M 
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Rl -= -= 
R4 

C13 + T2 

~ 3 RF 
INPUT T1 

Cl -= ca C6 

-= R5 

MICROSTRIP DETAIL 

+0.300" 
+0.300" 

0.225" 

+0.300" 

+0.300" 

0.225" 0.225" 

Cl,C12 
C2, ca, CS, C6, Cl0, Cl1 

C4,C9 
C7 
C8 

C13,C14 
C15,C18 

C16 
C17 

1-10 pF JOHANSON OR EQUIVALENT 
270 pF ATC 100 MIL CHIP CAP 
HOpF 
36 pF CHIP CAP 
1 ° pF CHIP CAP 
0.1 p.FD@50Vdc 
10 p.FD@50Vdc 
soil pF BUlTON 
1000 pF UNCASED MICA 

VDD=28V 

01 
L1 
L2 

Rl, R4,R5 
R2 
R3 
T1 
T2 
T3 
T4 

BOARD 

Ll 

~~ C12 

lN5347B, 20 Vdc MOTOROLA ZENER 
l-TURN NO. 18, 0.25", 2-HOLE FERRITE BEAD 
8-112 TURNS NO. 18, CLOSE WOUND .375" DIA. 
10 kO@lI2WRESISTOR 
10 k!l, 10 TURN RESISTOR 
2.0 kQ@ 112 W RESISTOR 
1-112 T, 50 Q COAX, .034" DlA. ON DUAL 0.5" FERRITE CORE 
2.0" 25 Q COAX, .075" DIA. 
2.1"10 Q COAX, .075" DIA. 
4.0" 50 Q COAX, .0865" DIA. 
.0625", Gu-Clad, Teflon Fiberglass, £r = 2.55 

Figure 8. Test Fixture Electrical Schematic - MRF177M 
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VOO=28V 
Ll 

=== 

R4 

.C13~ 
12 

*' 
RF 

INPUT T1 
03 C6 

~C:=::::::Jh-< RF 
T4 OUTPUT 

012 
':' R5 ':' 

MICROSTRIP DETAl 
0.4" 

~ 
0.2" 

~ 0.25" 
0.2" 0.15' 

+0.275' 
0.2" 

~~ .r~ +0.275' 0.2" 0.15" 

0.2" 0.15' 
0.25" 

0.35' OA' 

01. C12 1-10 pF JOHANSON OR EQUIVALENT Dl lN5347B.2O Vdc MOTOROLA ZENER 
02.03.05. C6.Cl0.Cll 270 pFATC 100 ML CHIP CAP L1 l-TURN NO. 18. 0.25'. 2-HOLE FERRITE BEAD 

C4.C9 l~pF L2 8-112 TURNS NO. 18, CLOSE WOUND .375" DIA. 
(;f 43 pF CHIP CAP L3 4-TURNS NO. 22. 118" DIA.. 0.25' LONG 
C8 10 pF CHIP CAP Rl. R4. R5 10 1eO@ 112 W RESISTOR 

C13. C14 O.lIlFD@ 50 Vdc R2 10 leO, 10 TURN RESISTOR 
C15 SOOpFBUTTON R3 2.0 1In@ 112 W RESISTOR 
C16 1000 pF UNCASED MICA T1 1-112 T. 50 n COAX. .034' DIA. ON DUAl. 0.5· FERRITE CORE 
C17 10IlFD@50Vdc 12 2.0" 25 n COAX. Jl75" DIA. 

T3 2.1"10 n COAX. .075' DIA. 
T4 4.0" 50 n COAX. .0865' DIA. 

BOARD .D825". Cu-CIad. Teflon Rberglass. Er" 2.55 

FIgure 9. Broadband Amplifier Schematic - MRF177M 

MRF177.MRF177M 
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Figure 10. Test Fixture - MRF177 

r . .I. ... 

(Not to Scale) 

Figure 11. Photomasterfor MRFl77 Test Fixture 
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MRF177-MRF177M 
2-272 

Figure 12. Test Fixture - MRF177M 

r--. L--' 

(Notto Scale) 

Figure 13 - Photo master for MRF177M Test Fixture 

MOTOROLA RF DEVICE DATA 



MOTOROLA 
• SEMICONDUCTOR 

TECHNICAL DATA 

Advance Information 
The RF MOSFET Line 
RF Power 
Field Effect Transistors 
N-Channel Enhancement-Mode Lateral MOSFETs 

• High gain, rugged device 

• Broadband peJformance from HF to 1 GHz. 
• Bottom side source eliminates DC isolators, reducing common 

mode inductances. 

Go-+-.... 

MAXIMUM RAnNGS 

RatIng 

Oraln-5ource Voltage 

Gate-Source Voltage 

StolJllle Temperature Range 

Operating Junction Temperature 

ELECTRICAL CHARACTERISTICS (T C = 250C unless otherwise noted.) 

o 

s 

I Characteristic I Symbol 

OFF CHARACTERISnCS 

~rain-Source Breakdown Voltage V(BR)OSS 
(VGS=O, 10=1 mAl 

Zero Gate Voltage Drain Current lOSS 
(VOS = 28 V, VGS = 0) 

Gate-Source Leakage CUrrent IGSS 
(VGS = 20 V, VOS = 0) 

Symbol 

VOSS 

VGS 

Tstg 

TJ 

Min 

65 

-

-

MRF182 

30 W, 1.0 GHz, 28 VOLTS 
LATERALN-CHANNEL 

BROADBANDRFPOWER 
MOSFET 

CASE 380B, STYLE 1 

Value 

65 

±20 

-65to+150 

200 

Typ Max 

- -

- 1 

- 1 

Unit 

Vdc 

Vdc 

OC 

OC 

Unit 

Vdc 

mAdc 

iIAdc 

(continued) 

NOTE - S<AUIIQl!l - MOS devices are susceptible to damage from electrostatic charge. Reasonable preceutJons in handling and 
packaging MOS devices should be observed. 

ThIs document contains InIonnatIon on • now product. Speclllcations and infonnation herein are subject to change without notice. 

_ devices ere Motorola recommended choices for Mure use and best overall value. 
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ELECTRICAL CHARACTERISTICS - continued (T C = 2S0C unless otherwise noted.) 

Characteristic Symbol Min 

ON CHARACTERISTICS 

Gate Threshold Voltage 
(VOS = 10 V, 10 = 50 rnA) 

Drain-Source On-Vollage 
(VGS = 10 V, 10 = 1 A) 

Forward Transconductance 
(VOS= 10 V,10=3A) 

DYNAMIC CHARACTERISTICS 

Input Capacllance 
(VOS=28 V, VGS = 0, f= 1 MHz) 

Output Capacitance 
(VOS=28 V, VGS = 0, f= 1 MHz) 

Reverse Transfer Capacitance 
(VOS= 28 V, VGS = 0, f= 1 MHz) 

FUNCTIONAL CHARACTERISTICS 

Common Source Power Gain 
(VOO = 28 Vdc, Pout = 30 W,loa = 50 rnA, f= 1 GHz) 

Drain Efficiency 
(VOO = 28 Vdc, Pout = 30 W, loa = 50 rnA, f = 1 GHz) 

Series Equivalent Input Impedance 
(VOO = 28 Vdc, Pout = 30 W, loa = 50 rnA. f = 1 GHz) 

Series Equivalent Output Impedance 
(VOO = 28 Ydc. Pout = 30 W. loa = 50 rnA. f = 1 GHz) 

MRF182 
2-274 

VGS(th) 1 

VOS(on) -

gls -

Ciss -

Coss -

Crss -

Gps -

11 -

Zln -

lout -

Typ Mail Unit 

3 5 Vdc 

0.34 - Vdc 

1.8 - S 

53 - pF 

26 - pF 

2.6 - pF 

13 - dB 

55 - % 

0.63+ ]1.1 - ohms 

1.70-j2.3 - ohms 
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Figure 1. Output Power versus 
Input Power at 1 GHz 

figure 2. Powa' GaIn versus 
Output Powa' at 1 GHz 
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Figure 3. Drain Efftclency versus 
Output Power at 1 GHz 

MOTOROLA RF DEVICE DATA MRF182 
2-275 



• 

MOTOROLA 
• SEMICONDUCTOR 

TECHNICAL DATA 

Advance Information 
The RF MOSFET Line 
RF Power 
Field Effect Transistors 
N-Channel Enhancement-Mode Lateral MOSFETs 

• High gain, rugged device 
• Broadband performance from HF to 1 GHz. 
• Bottom side source eliminates DC isolators, reducing common 

mode inductances. 

MAXIMUM RATINGS 

RatIng 

~rain-Source Vollage 

Gate-Source Voltage 

Slolllge Temperature Range 

Operating Junction Temperature 

D 

s 

ELECTRICAL CHARACTERISTICS (TC = 250C unless otherwise noted.) 

I Characteristic I Symbol 

OFF CHARACTERISTICS 

Drain-Source Breakdown Vollage V(BR)OSS 
(VGS=O, 10= 1 mAl 

Zero Gate Voltage Drain Current lOSS 
(VOS = 28 V, VGS = 0) 

Gate-Source Leakage Current IGSS 
(VGS = 20 V, VOS = 0) 

Symbol 

VOSS 

VGS 

Tstg 

TJ 

Min 

65 

-

-

MRF183 
Motorola _ DevIce 

45 W, 1.0 GHz, 28 VOLTS 
LATERAL N-CHANNEL , 

BROADBAND RF POWER 
MOSFET 

CASE 360B, STYLE 1 

Value 

65 

±20 

-6510+150 

200 

Typ Max 

- -

- 1 

- 1 

Unit 

Vdc 

Vdc 

OC 

OC 

Unit 

Vdc 

mAdc 

jlAdc 

(continued) 

NOTE -~ - MOS devices are susceptible to damage from electroslatic charge. Reasonable precautions in handling and 
packaging MOS devices should be observed. 

This documenl _ns Infonnalion on a new product, Specificallons and inIonnation herein are subjecl to change wilhoul notice. 

Prefarr8d devices are Motorola recommended choices for future use and best overall value. 

MRF183 
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ELECTRICAL CHARACTERISTICS - conllnued (TC" 250C unless otherwise noted.) 

I Characteristic I Symbol I IIln I 
ON CHARACTERISTICS 

Gate Threshold Voltage VGS(th) 1 
(Vos - 10 V, 10" 75 rnA) 

DraIn-Source On-Voltage VOS(on) -
(VGS" 10V,IO= 1 A) 

FOIW8J'd Transconductence 9fs -
(VOS" 10V,10-3A) 

DYNAMIC CHARACTERISTICS 
Input capacitance Cjss -

(VOS=28V, VGS=O, f .. 1 MHz) 

Output C8pacItance Coss -
(VOS=28 V, VGS = 0, f= 1 MHz) 

Reverse Transfer Cepacitance Crss -
(VOS-28 V, VGS=O, f .. 1 MHz) 

FUNCTIONAL CHARACTERISTICS 

Common Source Power Gain Gps -
(VOO .. 28 Vdc, Pout,. 45 W, 100 .. 75 rnA, f .. 1 GHz) 

DraIn Efliciency 11 -
(VOO = 28 Vdc, Pout,. 45 W, 100 = 75 rnA. f = 1. GHz) 

Series Equivalent Input Impedance lin -
(VOO = 28 Vdc, Pout .. 45 W, 100 .. 75 rnA. f = 1 GHz) 

Series Equivalent Output Impedance Zoot -
(VOO .. 28 Vdc, Pout,. 45 W, 100 .. 75 rnA. f = 1 GHz) 

MOTOROLA RF DEVICE DATA 

Max 

3 5 

0.23 -

2.6 -

B2 -

36 -
3.8 -

12 -

55 -
0.65+10.24 -

1.36-j1.88 -

Unit 

Vdc 

Vdc 

S 

pF 

pF 

pF 

dB 

% 

ohms 

ohms 

MRF183 
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TYPICAL CHARACTERISTICS 
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Figure 1. Output Power versus 
Input Power at 1 GHz 

5.0 

60 

Voo=I28VdC 
50 

~ 
t 

I-- loa = 75 rnA 
1=1 GHz 

!. 
Cl 
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Figure 2. Power Gain versus 
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MOTOROLA 
• SEMICONDUCTOR 

TECHNICAL DATA 

The RF Line 
NPN Silicon 
High-Frequency Transistor 
• .• designed primarily for use in the high-gain, low-noise small-signal amplifiers 
for operation up to 3.5 GHz. Also usable in applications requiring fast switching 
times. 

• High Current-Gain-Bandwidth Product
IT = 5.5 GHz (Typ) @ Ie = 40 mAdc 

• Low Noise Figure @ f = 1.0 GHz -
NF(matched) = 1.8 dB (Typ) 

• High Power Gain -
Gpe (matched) = 13 dB (Typ) 

• Surface Mount SOT-143 Offers Improved RF Performance 
Lower Package Parasitics 
Higher Gain 

• Higher Voltage Version of MRF5711LTl 

• Electrically Similar to NEC NE 02133 

MAXIMUM RATINGS 

Rating 

Collector-Emitter Voltage 

Collector-Base Voltage 

Emitter-Base Voltage 

Collector Current - Continuous 

Total Device Dissipation @ TA = 25°C 
Derate above 25°C 

Total Device Dissipation @ TC = 75°C (1) 
Derate above 75°C 

Maximum Junction Temperature 

Storage Temperature Range 

THERMAL CHARACTERISTICS 

Characteristic 

Thermal Resistance, Junction to Ambient 

Thermal Resistance, Junction to case 

DEVICE MARKING 

I MRF0211LT1 = 15 

NOTE: 

Symbol 

VCEO 

VCBO 

VEBO 

IC 

Po 

Po 

TJmax 

Tstg 

Symbol 

RaJA 

ReJC 

MRF0211LT1 

SURFACE MOUNT 
HIGH-FREQUENCY 

TRANSISTOR 
NPNSILICON 

CASE 318A, STYLE 1 
LOW PROFILE 

Value 

15 

30 

2.5 

70 

0.58 
4.64 

0.58 
7.73 

150 

-65 to +150 

Max 

216 

' 130 

Unit 

Vdc 

Vdc 

Vdc 

mAdc 

Watts 
mWf'C 

Watts 
mWf'C 

OC 

OC 

Unit 

°elW 

°CIW 

1. Case Temperature is measured on the collector lead where it first contects the printed circuit board closest to the package. 
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ELECTRICAL CHARACTERISTICS (T C = 25°C unless otherwise noted.) 

I Ctiaracteristlc Symbol Min Typ Max Unit 

OFF CHARACTERISTICS 

Collector-Emitter Breakdown Voltage (IC = 1.0 mAde, IB = 0) V(BR)CEO 15 - - Vde 

Collector-Base Breakdown Voltage (IC = 0.1 mAde, IE = 0) V(BR)CBO 30 - - Vde 

Emitter-Base Breakdown Voltage (IE = 50 jiAde, IC = 0) V(BR)EBO 2.5 - - Vde 

Collector Cutoff Current (V CB = 15 Vde, IE = 0) ICBO - - 10 jiAdc 

ON CHARACTERISTICS 

I DC Current Gain (IC = 30 mAde, VCE = 5.0 Vde) 50 300 

DYNAMIC CHARACTERISTICS 

Collector-Base Capacitance Figure 1 Ceb - 0.7 1.0 pF 
(VCB= 10Vdc,IE= 0, f= 1.0 MHz) 

Current Gain - Bandwidth Product Rgure7 tr - 5.5 - GHz 
(VCE = 10 Vde, IC = 40 mA, f = 1.0 GHz) 

FUNCTIONAL TESTS 

Gain at Noise Figure (Tuned) Figure 4 GNFmln dB 
(VCE = 10 Vde, IC = 5.0 mAde) f=0.5GHz - 19 -

f=I.0GHz - 13 -
NOise Figure (Tuned) Rgure4 NFmin dB 

(VCE = 10 Vdc, IC = 5.0 mAde) f=0.5GHz - 0.9 -
f= 1.0 GHz - 1.8 -
f=2.0GHz - 3.0 

Power Galn In 50 n System Figure 2 GNF - 9.5 - dB 
(VCE = 10 Vde, IC = 5.0 mA, f = 1.0 GHz) 

NOise Figure in 50 n System Rgure2 NF - 2.7 3.0 dB 
(VCE= 10 Vde,lc= 5.0 mA, f= 1.0 GHz) 

Insertion Galn 5212 11 13.5 - dB 
(VCE = 10 Vde,IC = 25 mA, f = 1.0 GHz) 

Maximum Unilateral Galn GUmax - 15.5 - dB 
(VCE = 10 Vde, IC = 25 mA, f = 1.0 GHz) 

TYPICAL CHARACTERISTICS 
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Figure 3. Functional Circuit Schematic 

30 

27 

i 24 
ll! 
~ 21 

"" .......... ,GNF 

............ 

5 
VCE=10V _ 
Ic=5mA 

4 
iii' 

....... :2-r-.... 
l"""'- V 

S1 
::; 18 3M! 

~ 

I"--!!! 15 
~ 

~ u:: 
w ./ 

"" 
!;;: 12 2!!! 

0 :z 

"" 
NF 

i.;"~ .......... 1 
~ 9 

~ 6 
~ 

3 

o 
0.1 0.2 0.5 

I. FREQUENCY (GHz) 

Figure 4. Gain at Noise Figure and Noise Figure 
versus Frequency 

40 

36 

32 

28 

i l24 
z20 

r-.... 
r-........: j'....., 

........... ~i'o.. ........ 
~ 

I I I I I I 2 I 

18211 
GUmax = (1-181112)(1 -182212) 

......... 
........ 

2 

....... r--" 
I-- VCE=10V 

I'~ ~max-
~ 16 

12 
~ ~ I-- IC=25mA 182112 

I I 
8 

4 

o 
0.1 0.2 0.5 

I. FREQUENCY (GHz) 

Figure 6. Unilateral-Gain and Insertion Gain 
versus Frequency 

MOTOROLA RF DEVICE DATA 

2 

:z 
u: 
:z 

25 

i20 
w cc 
~ 

S1 
::; 15 
!!! 
0 :z 
!;;: 10 
:z ;;;: 
~ 

~ 5 
~ 

o 
o 

8 

o 
o 

I I 
GNF@500MHz 

./ 
,.- I I 

4 

, GNF@1 GHz 

, r NF~1 G~Z )( . 
NF@500MHz -I--, I--~ - 1 

VCE=10V -
I I 

10 20 30 40 

IC. COLLECTOR CURRENT (rnA) 

Figure 5. Gain at Noise Figure and Noise Figure 
versus Collector Current 

I 

1=1 MHz 
VCE=10V -

./ I"" -..... 
/ ...... 

~ 
/ ""-. 

10 20 30 40 50 60 70 80 

IC. COLLECTOR CURRENT (rnA) 

Figure 7. Gain-Bandwidth Product versus 
Collector Current 

MRF0211LT1 
2-281 

• 



II 

VCE 
(Volts) 
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IC 
(mA) 
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100 
200 
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1500 
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100 
200 
500 
1000 
1500 
2000 

100 
200 
500 
1000 
1500 
2000 

811 ~1 812 ~ 

18111 Lei> 18211 Lei> 18121 Lei> I~I Lei> 
0.84 -50 13.2 151 0.04 84 0.90 -22 
0.81 -87 10.4 130 0.06 49 0.74 -35 
0.74 -139 5.6 100 0.07 32 0.50 -48 
0.68 -175 2.9 77 0.09 32 0.42 -58 
0.66 167 2.0 61 0.09 40 0.44 -67 
0.65 149 1.5 51 0.11 51 0.44 -73 

0.76 -66 20.6 144 0.03 60 0.83 -32 
0.73 -106 14.8 122 0.05 44 0.62 -49 
0.69 -153 7.1 96 0.06 37 0.36 -63 
0.65 178 3.7 76 0.08 44 0.28 -71 
0.62 162 2.5 63 0.09 51 0.30 -77 
0.61 145 1.9 54 0.12 59 0.20 -78 

0.65 -89 28.8 134 0.03 55 0.71 -44 
0.67 -126 18.2 114 0.04 45 0.48 -64 
0.65 -163 8.3 92 0.05 45 0.27 -80 
0.63 172 4.2 76 0.07 55 0.20 '-90 
0.60 158 2.8 64 0.10 60 0.22 -92 
0.59 142 2.2 55 0.13 63 0.20 -90 

0.62 -110 30.4 126 0.02 51 0.62 -49 
0.66 -142 18.0 109 0.03 45 0.41 -65 
0.66 -171 7.9 90 0.04 52 0.25 -79 
0.64 168 4.1 75 0.06 62 0.20 -91 
0.62 155 2.7 62 0.10 65 0.20 -93 
0.60 140 2.1 55 0.13 67 0.14 -90 

0.86 -46 13.2 153 0.03 69 0.92 -18 
0.82 -81 10.6 132 0.05 51 0.80 -28 
0.72 -134 5.9 102 0.07 36 0.57 -38 
0.65 -171 3.2 78 0.08 38 0.49 -46 
0.63 169 2.1 62 0.08 47 0.52 -55 
0.61 149 1.6 51 0.10 60 0.53 -61 

0.77 -60 20.7 145 0.03 62 0.65 -26 
0.72 -98 15.2 124 0.04 48 0.66 -38 
0.65 -147 7.5 91 0.06 42 0.44 -46 
0.59 -177 3.9 77 0.07 48 0.37 -51 
0.58 165 2.6 64 0.09 56 0.39 -59 
0.56 145 2.0 54 0.13 65 0.40 -62 

0.67 -80 29.4 136 0.02 57 0.75 -35 
0.66 -118 19.3 116 0.03 47 0.53 -48 
0.63 -158 8.9 94 0.05 47 0.33 -55 
0.61 175 4.6 77 0.07 57 0.26 -60 
0.58 161 3.1 64 0.09 61 0.29 -65 
0.57 144 2.3 55 0.12 66 0.30 -65 

0.65 -99 32.2 129 0.02 54 0.67 -38 
0.65 -135 19.5 110 0.03 44 0.45 -48 
0.64 -167 8.5 91 0.04 53 0.31 -51 
0.61 170 4.2 75 0.06 62 0.26 -55 
0.59 157 2.9 63 0.09 58 0.30 -61 
0.58 141 2.3 54 0.11 71 0.31 -63 

Table 1. Common Emitter S-Parameters 
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MOTOROLA 
• SEMICONDUCTOR 

TECHNICAL DATA 

The RF Line 
NPN Silicon 
RF Power Transistor 
... designed for 12.5 Volt VHF large-signal power amplifier applications 
required in commercial and industrial equipment operating to VHF frequencies. 

• Specified 12.5 Volt, 175 MHz Characteristics -
Output Power = 40 W 
Power Gain = 4.5 dB Min 
Efficiency = 70% Min 

MAXIMUM RATINGS 

Rating 

Collector-Emitter Voltage 

Collector-Base Voltage 

Emitter-Base Voltage 

Collector Current - Continuous 

Total Device Dissipation @ TC = 25°C (2) 
Derate above 25°C 

Storage Temperature Range 

Stud Torque (1) 

Symbol 

VCEO 

VCBO 

VEBO 

IC 

PD 

Tstg 

-

Value Unit 

18 Vdc 

36 Vdc 

4.0 Vdc 

7.0 Adc 

80 Watts 
0.46 W/oC 

-65 to +200 °C 

6.5 in. lb. 

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

I Characteristic I Symbol 

OFF CHARACTERISTICS 

Collector-Emitter Breakdown Voltage (IC = 100 mAdc, IB = 0) 

Collector-Emitter Breakdown Voltage (IC = 20 mAdc, VBE = 0) 

Emitter-Base Breakdown Voltage (IE = 10 mAdc, IC = 0) 

Collector Cutoff Current (VCE = 15 Vdc, VBE = 0, TC = +55°C) 

Collector Cutoff Current (VCB = 15 Vdc, IE = 0) 

ON CHARACTERISTICS 

DC Current Gain 
(IC = 1.0 Adc, VCE = 5.0 Vdc) 

DYNAMIC CHARACTERISTICS 

Output Capacitance 
(VCB=15Vdc,IE=O,f=0.1 MHz) 

FUNCTIONAL TESTS 

Common-Emitter Amplifier Power Gain 
(Pout = 40 W, VCC = 12.5 Vdc, f= 175 MHz) 

Collector Efficiency 
(Pout = 40 W, VCC = 12.5 Vdc, f = 175 MHz) 

NOTES: 
1. For repeated assembly use 5 In. lb. 

V(BR)CEO 

V(BR)CES 

V(BR)EBO 

ICES 

ICBO 

Cob 

GpE 

'IJ 

Min 

18 

36 

4.0 

-
-

4.5 

70 

MRF224 

4OW,175MHz 
RFPOWER 

TRANSISTOR 
NPNSILICON 

CASE 211-07, STYLE 1 

Typ Max 

- -
- -

- -
- 10 

- 2.5 

- -

- -

Unit 

Vdc 

Vdc 

Vdc 

mAdc 

mAde 

dB 

% 

2. These devices are designed for RF operation. The total device dissipation rating applies only when the devices are operated as RF 
amplifiers. 

MOTOROLA RF DEVICE DATA MRF224 
2-283 

II 



II 

RF 
INPUT 

50 
150 MHz 

/' 

/ /. 
/ /. /' 

/ / V 
'1'/ V 

V,J '1'/ 

10 / V.I 

L1 

'1 
-!-

C2 RFC 100pF 

C1, 02, 03, C4 - 5.0-80 pF ARCO 462 
L 1 - Straight Wire, #14 AWG, 1-318" Long 

RFC 

L2 

100pF 

1.2-1 Tum,#14AWG,3I8" 10, Length Plus Leads = l' 
RFC - VK200-2OI4B, FERROXCUBE 

Figure 1.175 MHz Test Clrcuh 

/' 175 MHz .. 
:/ ~HZ-
/' 

70 
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~ 
~50 
a: 

~40 

f--
I J 

Pin=14 W 
f.175MHz 

VCC .12.5 Vdc 
~30 
C!.20 
} 

~ -".. ..-
10 

+12.5Vdc 

RF 
OUTPUT 

C3 

-" 

."." 
....-

~ ~ 
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MRF224 
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Pin, INPUT POWER (WATTS) 

Figure 2. Output Power versus Input Power 

VCC, SUPPLY VOLTAGE (VOLTS) 

Figure 3. Output PoWer versus Supply Vohage 
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, ZOL' = Conjugate of the optimum load impedance into which the device output 
operates at a given output power, voltage and frequency. 

Figure 4. Series Equivalent Impedance 
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MOTOROLA 
• SEMICONDUCTOR 

TECHNICAL DATA 

The RF Line 
NPN Silicon 
RF Power Transistors 
••• designed for 13.6 volt VHF large-signal class C and class AB linear power 
amplifier applications in commercial and industrial equipment. 
• High Common Emitter Power Gain 
• Specified 13.6 V, 160 MHz Performance: 

Output Power = 40 Watts 
Power Gain = 9.0 dB Min 
Efficiency = 55% Min 

• Load Mismatch Capability at Rated Voltage and RF Drive 
• Silicon Nitride Passivated 
• Low Intermodulation Distortion, d3 = -30 dB Typ 

MAXIMUM RATINGS 

Rating Symbol Value Unit 

Collector-Emitter Voltage VCEO 16 Vde 

Collector-Base Voltage VCBO 36 Vdc 

Emitter-Base Voltage VEBO 4.0 Vde 

Collector Current - Continuous IC 8.0 Ade 

Total Device Dissipation @ TC = 25°C (1) Po 100 Watts 
Dera1e above 250C 0.57 WI"C 

Storage Temperature Range Ts1g -65 to +150 OC 

THERMAL CHARACTERISTICS 

Charac1erlstic 

Thermal Resistance, Junction to case (2) 

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

I Charac1eristic I Symbol 

OFF CHARACTERISTICS 

Collector-Emitter Breakdown Voltage V(BR)CEO 
(IC = 20 mAde, IB = 0) 

Collector-Emitter Breakdown Voltage V(BR)CES 
(IC = 20 mAde, VBE = 0) 

Emitter-Base Braakdown Voltage V(BR)EBO 
(IE = 5.0 mAdc, IC = 0) 

Collector Cutoff Current ICBO 
(VCB = 15 Vde, IE = 0) 

ON CHARACTERISTICS 

DC Current Gain 
(IC = 4.0 Adc, VCE = 5.0 Vdc) 

DYNAMIC CHARACTERISTICS 

Output Capacitance 
(VCB = 12.5 Vdc, IE = 0, 1= 1.0 MHz) 

Min 

16 

36 

4.0 

-

MRF240 

40 W, 145-175 MHz 
RFPOWER 

TRANSISTORS 
NPNSIUCON 

CASE 145A-G9, STYLE 1 

Max 

1.75 

Typ Max 

- -

- -

- -

- 10 

Unit 

Vdc 

Vdc 

Vdc 

mAde 

NOTES: (continued) 
1. This device Is designed lor RF operation. The total device dissipation rating applies only when the device is operated as an RF amplifier. 
2. Thermal Resistance Is determined under specified RF operating conditions by infrared measurement 1echniques. 
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ELECTRICAL CHARACTERISTICS - continued (T C = 2500 unless otherwise noted.) 

I Characteristic I Symbol I Min 

FUNCTIONAL TESTS 

Common-Emitter Amplifier Power Gain 
(VCC= 13.6Vdc, Pout = 40 W, f= 160 MHz) 

Collector Efficiency 
(VCC= 13.6Vdc, Pout = 40 W, f= 160 MHz) 

TYPICAL SSB PERFORMANCE 

Inlllrmodulation Distortion (3) 
(VCC = 13.6 Vdc, Pout = 35 W (PEP), f1 = 146 MHz, 
f2 = 146.002 MHz, lea = 50 mAde) 

NOTE: 

GpE 

11 

3. To MIL-sTD-1311 Version A, Test Melhod 2204B, Two Tone, Reference Esch Tone. 

Cl0 

L4 

RF Cl Ll L2 L3 

INPUT OUT 

C2 C3 C4 

9.0 

55 

Cl - 200 pF, 350 Vdc, UNELCO 
C2 -100 pF, 350 Vdc, UNELCO 
C3 - 40 pF, 350 Vdc, UNELCO 

Cl0, C11-680 pF ALLEN BRADLEY Feedthru 
RFC1-0.15!1H Molded Choke 

04, C5 - 80 pF, 350 Vdc, UNELCO 
C6 -1.0-20 pF, ARCO Trimmer 
C7 -100 pF 350 Vdc, UNELCO 
C8 - 0.1 I1F ERIE Disc Ceramic 
C9-1.0I1F TANTALUM 

MOTOROLA RF DEVICE DATA 

RFC2 - 10 Tums, #18 AWG on 470 Ohm, 
1.0 Watt Resistor 

Bead - FERROXCUBE Bead 
RFC3 - FERROXCUBE Choke, VK200-4B 
L 1 - 3.3 x 0.2 em AIRLINE Inductor 
L2 - 1.0 x 0.2 em AIRLINE inductor 

Figure 1. 160 MHz Test Circuit Schematic 

1.5 

C5 

Typ Max Unit 

10 - dB 

- - % 

dB 

.Jilll!... 
Cll 

+ 

I +13.6 V 

0-

C7 
RFOUTPUT 

C6 

L3 -1.2 x 0.6 em Brass Pad 
L4 - 1.2 x 0.6 em Bress Pad and 

2.0 x 0.2 em AIRLINE Inductor 

Board - Gl0, Er = 5, t = 62 mils 
2 sided, 2 oz. Clad 

Connectors: Type N 
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1 lin ZOL' 
MHz Ohms Ohms 
145 1.0+ iO.5 2.8+ iO.3 
1611 0.98 + iO.6 2.7 + jO.4 
175 0.98 + iO.7 2.6 + iO.5 
-ZoL *- ConJugate 01 the optimum load 

impedance into which tit,e.device 
operates at a given output power, 
voltage, and frequency. 

Figure 7, Series equivalent InputlOutput Impedances 

IIRF240 
2·289 

• 



II 

MOTOROLA 
• SEMICONDUCTOR 

TECHNICAL DATA 

The RF Line 
NPN Silicon 
RF Power Transistor 
· .. designed for 12.5 Volt VHF large-signal amplifier applications in industrial 
and commercial FM equipment operating to 175 MHz. 

• Specified 12.5 Volt, 175 MHz Characteristics -
Output Power = 75 Watts 
Power Gain = 7.0 dB Min 
Efficiency = 55% Min 

• Characterized With Series Equivalent Large-Signal Impedance Parameters 

• Internal Matching Network Optimized for Minimum Gain Frequency Slope 
Response Over the Range 136 to 175 MHz ' 

• Load Mismatch Capability at Rated Pout and Supply Voltage 

MAXIMUM RATINGS 

Rating 

Collector-Emitter Voltage 

Collector-Base Voltage 

Emitter-Base Voltage 

Collector Current - Peak 

Total Device Dissipation @ TC = 25°C (1) 
Derate above 25°C 

Storage Temperature Range 

THERMAL CHARACTERISTICS 

Characteristic 

Thermal Resistance, Junction to Case (2) 

ELECTRICAL CHARACTERISTICS (TC = 250C unless otherwise noted.) 

I Characteristic I Symbol 

OFF CHARACTERISTICS 

Collector-Emitter Breakdown Voltage V(BR)CEO 
(IC = 100 mAdc, IB = 0) 

Collector-Emitter Breakdown Voltage V(BR)CES 
(IC = 50 mAdc, VBE = 0) 

Emittar-Base Breakdown Voltage V(BR)EBO 
(IE = 10 mAde, IC = 0) 

Symbol 

VCEO 

VCBO 

VEBO 

IC 

Po 

Tstg 

Min 

18 

36 

4.0 

MRF247 

75W, 175 MHz 
CONTROLLED Q 

RFPOWER 
TRANSISTOR 
NPNSILICON 

CASE 316-01, STYLE 1 

Value 

18 

36 

4.0 

20 

250 
1.43 

-65 to +150 

Max 

0.7 

Typ Max 

- -

- -

- -

Unit 

Vdc 

Vdc 

Vdc 

Adc 

Watts 
'w/"c 

°c 

Unit 

Vdc 

Vdc 

Vdc 

NOTES: (continued) 
1. This device is designed for RF operation. The total device dissipation rating applies only when the device Is operated as an RF amplifier. 
2. Thermal Resistance is determined under specified RF operating conditions by Infrared measurement techniques. 
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ELECTRICAL CHARACTERISTICS - continued (TC = 25°C unless otherwise noted.) 

Characteristic 

ON CHARACTERISTICS 

DC Current Gain 
(IC = 5.0 Adc, VCE = 5.0 Vdc) 

DYNAMIC CHARACTERISTICS 

Output Capacitance 
(VCB= 15 Vdc,IE = 0, f= 1.0 MHz) 

FUNCTIONAL TESTS 

Common-Emitter Amplifier Power Gain 
(VCC = 12.5 Vdc, Pout = 75 Watts, f = 175 MHz) 

. Collector Efficiency 
(VCC = 12.5 Vdc, Pout = 75 Watts, f = 175 MHz) 

Load Mismatch 
(VCC = 12.5 Vdc, Pout = 75 Watts, f = 175 MHz, 
VSWR = 30:1 All Phase Angles) 

I I 
100 150 MHz 

rn 

~ 
~ 
a: 80 w 
;;: 
0 a. 
I-
:::> 
a. 60 !3 
0 
S 

rB 
40 

..........-: :::- -::::: 
./ "/ ::/' ..-

/ ~ ~175MHZ 
~ / 

!J Vf= 136 MHz 

V// VCC= 12.5V 

V 
4 6 8 10 12 14 16 18 20 22 24 

Pin, INPUT POWER (WATTS) 

Figure 1. Output Power versus Input Power. 
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Symbol 

GpE 

T\ 

'V 

16 

14 

iD 12 
:8-
:z 10 <C 
<!l 
a: 8 w 

~ 
w 

<3- 4 

2 

Min Max Unit 

7.0 8.5 - dB 

55 60 - % 

No Degradation in Output Power 

--....- -r-

Pout=75W 
VCC=12.5V -

I I 
140 150 160 170 180 

f, FREQUENCY (MHz) 

Figure 2. Power Gain versus Frequency 
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Figure 4. Output Power versus Supply Voltage 

o 

Zin 
MHz Ohms 
136 0.57+j 1.07 
150 0.55 + j 1.13 
175 0.57 + j 1.92 

lol' • Conjugate of the optimum load 
impedanC9 into which the device 
operates at 8 given output power, 
voltage, and frequency. 

I'f....../ ~ 'X 

Figure 6. Series Equivalent Impedances 
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MOTOROLA 
• SEMICONDUCTOR 

TECHNICAL DATA . 

The RF Line 
NPN Silicon 
High-Frequency Transistor 
· .. designed for wideband amplifier, driver or oscillator applications in military, 
mobile, and aircraft radio. 

• Specified 28 Volt, 400 MHz Characteristics
Output Power = 1.0 Watt 
Power Gain = 15 dB Min 
Efficiency = 45% Typ 

• Emitter Ballast and Low Current Density for improved MTBF 

• Common Emitter for Improved Stability 

MAXIMUM RATINGS 

Rating 

Collector-Emitter Voltage 

Collector-Base Voltage 

Emitter-Base Voltage 

Collector Current - Conijnuous 

Total Device Dissipation @ T C = 25°C 
Derate above 25°C 

Storage Temperature Range 

THERMAL CHARACTERISTICS 

Characteristic 

Thermal ReSistance, Junction to Case 

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

Characteristic Symbol 

OFF CHARACTERISTICS 

Collector-Emitter Breakdown Voltage (IC = 10 mAdc, IB = 0) V(BR)CEO 

Collector-Emitter Breakdown Voltage (IC = 5.0 mAde, VBE = 0) V(BR)CES 

Collector-Base Breakdown Voltage (lc = 0.1 mAde, IE = 0) V(BR)CBO 

Emitter-Base Breakdown Voltage (IE = 1.0 mAde, IC = 0) V(BR)EBO 

Collector Cutoff Current (VCE = 20 Vde, IB = 0) ICEO 

ON CHARACTERISTICS 

DC Current Gain (IC = 100 mAde, VCE = 10 Vde) 

MOTOROLA RF DEVICE DATA 

Symbol 

VCEO 

VCBO 

VEBO 

IC 

Po 

Tstg 

Min 

30 

35 

35 

3.0 

-

20 

MRF313 

1.0 W, 400 MHz 
HIGH-FREQUENCY 

TRANSISTOR 
NPNSIUCON 

CASE 305A, STYLE 1 

Value 

30 

40 

3.0 

150 

6.1 
35 

-65 to +150 

Max 

28.5 

Typ Max 

- -
- -
- -

- -

- 1.0 

60 150 

Unit 

Vdc 

Vdc 

Vdc 

mAdc 

Watts 
mW/"C 

°c 

Unit 

Vdc 

Vde 

Vdc 

Vdc 

mAde 

(continued) 
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ELECTRICAL CHARACTERISTICS - continued (Tc = 25°C unless otherwise noted.) 

Characteristic Symbol Min Typ Max Unit 

DYNAMIC CHARACTERISTICS 

Current-Gain - Bandwidth Product 
(IC = 100 mAdc, VCE = 20 Vdc, f = 200 MHz) 

Output Capacitance 
(VCB= 28 Vdc, IE= 0, f= 1.0 MHz) 

FUNCTIONAL TESTS 

Common-Emitter Amplifier Power Gain (1) 
(VCC=28Vdc, Pout = 1.0 W, f=400 MHz) 

Collector Efficiency 
(VCC=28Vdc, Pout = 1.0 W, f=400 MHz) 

Series Equivalent Input Impedance 
(VCC = 28 Vdc, Pout = 1.0 W, f = 400 MHz) 

Series Equivalent Output Impedance 
(VCC = 28 Vdc, Pout = 1.0 W, f = 400 MHz) 

NOTE: 
1. Class C 

RF INPUT >-f'-T----..-::IIf--I 

C1, C2, C4 - 1.0-20 pF JOHANSON 9063 
C3 - 1.0-10 pF JOHANSON 
C5 -150 pF Chip 
C6-0.1I1F 
C7, C8 - 680 pF Feedthru 
C9 - 1.0 I1F TANTALUM 

IT - 2.5 - GHz 

Cob - 3.5 5.0 pF 

Gpe 15 16 - dB 

11 - 45 - "10 

Zin - 6.4-j4.8 - Ohms 

Zout - 75-j45 - Ohms 

L4 
C7 C8 

r-1---~'-JTTT·'-~'---~+----~+ 

'1' C9 +28V 
~-+------~--+~~<-

L 1, L3 - 5 Turns, AWG #20, 1/40 1.0. 
L2 - Ferrite Bead, FERROXCUBE 

No. 56-590-65I4B 
L4 - FERROXCUBE VK200-20/4B 

Input/Output Connectors - Type N 
Board - Glass Teflon, £ = 2.56, t = 0.06~ 

C5 
r-~~--~r---f~--<RFO~P~ 

C4 

R-4.70hms,1/4W 
Z1 - 2.00 x 0.10 MICROSTRIP LINE 
Z2, Z3 - 2.SO x 0.10 MICROSTRIP LINE 

Figure 1. 400 MHz Power Gain Test Circuit 

MRF313 
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MOTOROLA 
• SEMICONDUCTOR 

TECHNICAL DATA 

The RF Line 
NPN Silicon 
RF Power Transistors 
• .. designed primarily for wideband large-signal driver and output amplifier 
stages in the 30-200 MHz frequency range. . 

• Guaranteed Performance at 150 MHz, 28 Vdc 
Output Power = 30 Watts 
Minimum Gain = 10 dB 

• 100% Tested for Load Mismatch at All Phase Angles with 30: 1 VSWR 

• Gold Metallization System for High Reliability Applications 

MAXIMUM RATINGS 

Rating Symbol Value Unit 

Collector-Emitter Voltage VCEO 35 Vdc 

Collector-Base Voltage VCBO 65 Vdc 

Emitter-Base Voltage VEBO 4.0 Vdc 

Collector Current - Continuous IC 3.4 Adc 

Total Device Dissipation @ T C = 25°C (1) PD 82 Watts 
Derate above 25°C 0.47 W/"C 

Storage Temperature Range Tstg -65 to +150 °c 

THERMAL CHARACTERISTICS 

Characteristic 

Thermal Resistance, Junction to Case 

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

Characteristic Symbol 

OFF CHARACTERISTICS 

Collector-Emitter Breakdown Voltage V(BR)CEO 
(IC = 30 mAdc, IB = 0) 

Collector-Emitter Breakdown Voltage V(BR)CES 
(IC = 30 mAdc, VBE = 0) 

Collector-Base Breakdown Voltage V(BR)CBO 
(IC = 30 mAdc, IE = 0) 

Emitter-Base Breakdown Voltage V(BR)EBO 
(IE = 3.0 mAdc, IC = 0) 

Collector Cutoff Current ICBO 
(VCB = 30 Vdc, IE = 0) 

ON CHARACTERISTICS 

DC Current Gain 
(IC = 1.5 ~dc, VCE = 5.0 Vdc) 

Min 

35 

65 

65 

4.0 

-

MRF314 

30 W, 30-200 MHz 
RFPOWER 

TRANSISTORS 
NPNSIUCON 

CASE 211-07, STYLE 1 

Max 

2.13 

Typ Max 

- -

- -

- -

- -

- 3.0 

Unit 

Vdc 

Vdc 

Vdc 

Vdc 

mAdc 

NOTE: (continued) 
1. These devices are designed for RF operation. The total device dissipation rating applies only when the devices are operated as RF 

amplifiers. 
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ELECTRICAL CHARACTERISTICS - continued (T C = 2SOC unless otherwise noted.) 

CharaC1eristic I Symbol I Min Typ Max . Unit 

DYNAMIC CHARACTERISTICS 

Output Capacitance 
(VCB=3O Vdc,IE=O, f= 1.0 MHz) 

FUNCTIONAL TESTS (Figure 1) 

Common-Emitter Amplifier Power Gain 
(Vce = 28 Vdc, Pout = 30 W, f = 150 MHz) 

Collector Efficiency 
(VCC = 28 Vdc, Pout = 30 W, f = 150 MHz) 

Load Mismatch 
(VCC=28 Vdc, Pout = 30W, f= 150 MHz, 
VSWR = 30:1 all phase angles) 

Cl 
RFINPUT)---i ...... _-H 

r~ 
Cl,C7-18pF,l00 mllATC 
C2 - 68 pF, 100 mil ATC 
ca, C6 - Johanson #JMC 5501 
C4 - 270 pF, 100 mil ATC 
C5 - 240 pF, 100 mil ATC 
ca, ca -100 pF Unde!W9Od 
Cl0 -1.0 I1F Tantalum 

L 1 - 2 Tums, 2.5" #20 Wire, ID = 0.275" 

GPE 

11 

'II 

10 13.5 - dB 

50 - - % 

No Degradation in Power Output 

R2 

Rl 

r----+-..nrT1'"'--+---T--< DC + 28 Vdc 

II C7 
1-JY"YY'1'--_--If---(RFOUTPUT 

Rl, R2-10C,1.0W 

RFCl -lsl1H Molded Coil 

C6 

RFC2 - 2 Turns, 2.5" #20 Wire, ID = o.r 
RFC3 - Ferroxcube VK200-19/4B 

Zl - Mlcrostrip, 0.168" W x 1.6" l 
Z2 - Mlcrostrip, 0.168" W x 1.r l 
Board - Glass Teflon Er = 2.55 

Figura 1_150 MHz Test Circuit 
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TYPICAL PERFORMANCE CURVES 

55 

V II ~ ~ ",'" 
,/50 MHz ~ V '" 200 MHz 

MHzL / I / / f- 1=30 
/1, f' ~ 

l.I' 5 
0.03 

iii" 
:5!. 

~ 24 

ffi22 

~2O 
cc 
~ 18 

iii 16 
i!5 
~ 14 
8 
W 12 
& 

10 

lr '- II 1/ 150 MHz 

/ ~V ~ 100 MHz 

I'. ~V II 70 MHz 

~ ;' II VCC=28V 

0.1 1 

p.m. INPUT POWER (WAITS) 

Figure 2. Output Power versus Input Power 

\ 
'\. 

" " ....... 
.......... !'...... Vee=28V - Pout=30W 

""'-J. I 
"'1 

10 

20 40 60 80 100 120 140 160 180 200 220 
f. FREQUENCY (MHz) 

Figure 4. Power Gain versus Frequency 
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30 

I 5 
0.04 

it" 70 

~ 
!!! 60 

~ 
~50 

I I 
50 MHz 7QMHz 

i.o' ..... ..... 1-"'"1..1-
1=30 MHz Y V i--""'"looMHz 

I' ~ V I~ 
~ / ~ L 

V"150.!: 

V V' ./ ~ V V 200MHz 

V ,/ '/ /'f' I I 
V' II' 10-'" I I 
~ '" " 

Vee = 13.5 V 

0.1 6 
Pin. INPUT POWER (WATTS) 

Figure 3. Output Power versus Input Power 

, 

VCC=28V 
Pout=30W 

20 40 60 80 100 120 140 160 180 200 220 

f. FREQUENCY (MHz) 

Figure 5. Efficiency versus Frequency 
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70 
100 
150 
200 

2.4 -j3.4 
1.6 -j2.6 
0.8 -jO.8 
0.7 -jO.5 
0.9+jO.9 
1.3+j1.2 

i'ilTT-rH--l-..L 
loll;; Conjugate of the optimum load impedance into which the device output operates at a given output power, voltage and frequent'!. 

Figure 6. Series Equivalent Input/Output Impedance 

Figure 7. Test Fixture 

MOTOROLA RF DEVICE DATA 



MOTOROLA 
• SEMICONDUCTOR 

TECHNICAL DATA 

The RF Line 
NPN Silicon 
RF Power Transistors 
· .. designed primarily for wideband large-signal output amplifier stages in the 
30 to 200 MHz frequency range. 

• Guaranteed Performance at 150 MHz, 28 Vdc 
Output Power = 45 Watts 
Minimum Gain = 9.0 dB 

• 100% Tested for Load Mismatch at All Phase Angles with 30:1 VSWR 

• Gold Metallization System for High Reliability Applications 

MAXIMUM RATINGS 

Rating Symbol Value Unit 

Collector-Emitter Voltage VCEO 35 Vdc 

Collectcr-Base Voltage VCBO 65 Vdc 

Emitter-Base Voltage VEBO 4.0 Vdc 

Collector Current - Continuous IC 4.0 Adc 

Total DeVice Dissipation @ TC = 25°C (1) PD 110 Watts 
Derate above 25°C 0.63 Wf'C 

Storage Temperature Range Tstg -6510+150 °c 

THERMAL CHARACTERISTICS 

Characteristic Max 

Thermal Resistance, Junction 10 Case 1.59 

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

Characteristic Symbol 

OFF CHARACTERISTICS 

Collector-Emitter Breakdown Voltage V(BR)CEO 
(IC = 40 mAdc, IB = 0) 

Collector-Emitter Breakdown Voltage V(BR)CES 
(IC = 40 mAdc, VBE = 0) 

Collector-Base Breakdown Voltage V(BR)CBO 
(IC = 40 mAdc, IE = 0) 

Emitter-Bese Breakdown Voltage V(BR)EBO 
(IE = 4.0 mAdc, IC = 0) 

Collector Cutoff Current ICBO 
(VCB = 30 Vdc, IE = 0) 

ON CHARACTERISTICS 

DC Current Gain 
(IC = 2.0 Adc, VCE = 5.0 Vdc) 

Min 

35 

65 

65 

4.0 

-

MRF315 

45 W, 30 to 200 MHz 
RFPOWER 

TRANStSTORS 
NPNSILICON 

CASE 211.07, STYLE 1 

Typ Max 

- -

- -

- -

- -

- 4.0 

Unit 

Vdc 

Vdc 

Vdc 

Vdc 

mAdc 

NOTE: (continued) 
1. These deVices ere designed for RF operation. The total device dissipation rating applies only when the deVices are operated as RF 

amplifiers. 
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ELECTRICAL CHARACTERISTICS - continued (T C = 25°C unless otherwise noted.) 

Characteristic Symbol Min Typ Unit 

DYNAMIC CHARACTERISTICS 

Output Capacitance 
(VCB = 30 Vdc, IE= 0, f= 1.0 MHz) 

FUNCTIONAL TESTS (Figure 1) 

Common-Emitter Amplifier Power Gain GpE 9.0 11 - dB 
(VCC = 28 Vdc, Pout = 45 W, f = 150 MHz) 

Collector Efficiency Tl 50 - - % 
(VCC = 28 Vdc, Pout = 45 W, f = 150 MHz) 

Load Mismatch -
(VCC = 28 Vdc, Pout = 45 W, f = 150 MHz, No Degradation in Power Output 
VSWR = 30:1 all phase angles) 

R2 

R1 

RFC3 

r Cg JC10 

L2 
C1 

RF INPUT~I-t---,--T'I'T 

~I 
C3 rr ~ r -= 

C1 - 30 pF, 100 mil ATC 
C2 - 47 pF, 100 mil ATC 
C3, C7 - Johanson #JMC 5501 
C4, C5 - 200 pF, 100 mil ATC 
C6 - 24 pF, 100 mil ATC 
C8 - 27 pF, 100 mil ATC 
C9, C10 - 100 pF Underwood 
C11 - 1.0 IlF Tantalum 

L1-0.5"#18Wire 
L2 - 2 Turns, 1.5" #20 Wire, ID = 0.15" 

R1, R2-10 0, 1.0 W 

RFC1 -151lH Molded Coil 
RFC2 -2 Turns, 2.5" #18 Wire, ID= 0.2" 
RFC3 - Ferroxcube VK200-19/4B 

Z1, Z2 - Microstrip 0.168" W x 1.25" L 

Board - Glass Teflon Er ~ 2.55 

Figure 1. 150 MHz Test Circuit 

+28Vdc 

C8 
E--(RF OUTPUT 

C7 

MRF315 
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TYPICAL PERFORMANCE CURVES 

H-+t+iH+-+-+--+-+-H-tttt-t--1- Vee = 28 V 

~60 " L.oo" 
~ 50 ,/ vr 
e r,/ 
a: H-+-ImH--I-- 70 ~"",-7o''F-bol''ftI-7HIYIr9--hl-+I-H 
~ 40 1--+-1-++1+1- 50 ",!-,JF"'~~~/~~t..j,-7G ....f-hf4++++1 
IL f-f-t.30M -..... ~ '" " 
5 30 "'.. /~ 1/ 
g: ./ r--J 
~ 20 1/ V' 1/ r--... 100 

J "V ~ /~'150 
10 H-bl£bloofb,04-+V~,'+:.Io4+I:L,jL-..p.. 2OO+--11H-t+++t 

O~~~~~~~~~~~~~I~~ 
0.03 0.05 0.1 0.3 0.5 1 3 5 10 

Pin, INPUT POWER (WATIS) 

Figure 2. Output Power versus Input Power 

I .!. 
Pout=45W _ 
Vee=28V 

" 

" 
""'" ...... r-... --.... 

..... 

60 100 140 180 220 
f, FREQUENCY (MHz) 

Figure 4. Power Gain versus Frequency 
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35 
Vee = 13.5 V 

" 70 

"" 50 ..... ~..-: 

fa30MHz" ~ ~. 
....." ~ IC./I/ 
,/ V ./":J. 

V '/ /' ..... 100 
1/ ......... 1 

.".. ..;' L " 
150-

~~ '" 200 I I 
o I I 
0.03 0.05 0.1 0.3 0.5 1 3 5 10 

90 

80 

50 

Pin, INPUT POWER (WATTS) 

Figure 3. Output Power versus Input Power 

..... 

.1 _I. 
Pout=45W _ 
Vee=28V 

60 100 140 180 220 
t, FREQUENCY (MHz) 

Figure 5. EffIciency versus Frequency 
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MRF315 
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lol- = Conjugate of tile optimum load impedance Into which the device output operates at a given output power, voltage Bnd frequency. 

Figure 6. Series Equivalent InputlOutput Impedance 

Figure 7. Test Fixture 
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MOTOROLA 
• SEMICONDUCTOR 

TECHNICAL DATA 

The RF Line 
NPN Silicon 
RF Power Transistor 
· •• designed primarily for wideband large-signal output amplifier stages in the 
30-200 MHz frequency range. 

• Guaranteed Performance at 150 MHz, 28 Vdc 
Output Power = 80 Watts 
Minimum Gain = 10 dB 

• Built-In Matching Network for Broadband Operation 

• 100% Tested for Load Mismatch at all Phase Angles with 30:1 VSWR 

• Gold Metallization System for High Reliability Applications 

MAXIMUM-RATINGS 

Rating Symbol Value Unit 

Collector-Emitter Voltage VCEO 35 Vdc 

Collector-Base Voltage VCBO 65 Vdc 

Emitter-Base Voltage VEBO 4.0 Vdc 

Collector Current - Continuous IC 9.0 Adc 
Peak 13.5 

Total Device Dissipation @ TC = 25°C (1) Po 220 Watts 
Derate above 25°C 1.26 wrc 

Storage Temperature Range Tstg -65 to +150 °c 

THERMAL CHARACTERISTICS 

Characteristic 

Thermal Resistance, Junction to Case 

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

I Characteristic I Symbol 

OFF CHARACTERISTICS 

Collector-Emitter Breakdown Voltage V(BR)CEO 
(IC = 50 mAdc, IB = 0) 

Coliector·Emitter Breakdown Voltage V(BR)CES 
(IC = 50 mAdc, VBE = 0) 

Collector-Base Breakdown Voltage 
(IC = 50 mAdc, IE = 0) 

V(BR)CBO 

Emitter-Base Breakdown Voltage V(BR)EBO 
(IE = 5.0 mAdc, IC = 0) 

Collector Cutoff Current 
(VCB';' 30 Vdc, IE = 0) 

ICBO 

ON CHARACTERISTICS 

DC Current Gain 
(lc = 4.0 Adc, VCE = 5.0 Vdc) 

DYNAMIC CHARACTERISTICS 

Output Capacitance 
(VCB = 28 Vdc, IE = 0, f = 1.0 MHz) 

Min 

35 

65 

65 

4.0 

-

MRF316 

80 W, 3.0-200 MHz 
CONTROLLED "Q" 

BROADBAND RF POWER 
TRANSISTOR 
NPNSILICON 

CASE 316-01, STYLE 1 

Max 

0.8 

Typ Max 

- -

- -

- -

- -

- 5.0 

Unit 

Vdc 

Vdc 

Vdc 

Vdc 

mAdc 

NOTE: (continued) 
1. This device is designed for RF operation. The total device dissipation rating applies only when the device is operated as an RF amplifier. 
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ELECTRICAL CHARACTERISTICS - continued (T c = 250C unless otherwise noted.) 

I Characteristic I Symbol I Min Max Unit 

NARROW BAND FUNCTIONAL TESTS (Figure 1) 

Common-Emitter Amplifier Power Gain 
(Vce = 28 Vdc, Pout = 80 W, f = 150 MHz) 

Collector Efficiency 
(Vee = 28 Vdc, Pout = 80 W, f = 150 MHz) 

Load Mismatch 
(Vee = 28Vdc, Pout=80W CW, f= 150 MHz, 
VSWR = 30:1 all phase angles) 

Ll C1 
~~~~--~~~~--~~~ 
RF 

INPUT 

RFC2 

RFCS 

Cl - 22 pF 100 mil ATC 
C2, C3 -24 pF 100 mil ATe 
C4, Cll - 0.8-20 pF JMC #5501 Johanson 
C5 - 200 pF 100 mil ATC 
C6 - 240 pF 100 mil ATC 
C7 - Dipped Mica 1000 pF 
C8 - 0.1 IlF Erie Red Cap 
C9, Cl0, C12 - 30 pF 100 mil ATC 
C13 - 1.0 (1F Tantalum 

GpE 10 13 - dB 

'1\ 55 - - % 

l(f 
No Degradation in Output Power 

R2 

R3 

t----'" T T'---""+---o +28Vdc 

:J: C13 

C12 
,--.,.---t"--..,---;f--< 

L 1 - 0.8", #20 Wire 
L2 - 1.0", #20 Wire 

RFC1, RFC4 - 0.15 IlH Molded Coli 

Cll 

RFC2, RFC3 - Ferroxcube Bead 56-59Cl-65-3B 
RFCS - 2.5", #20 Wire, 1.5 Tums 
RFCS - Ferroxcube VK200-19J4B 

Rl-l0o.ll2W 
R2, R3-10o.1.0W 

RF 
OUTPUT 

Figure 1. 150 MHz Test AmplHier 
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Figure 7. Series Equivalent Input-Output Impedance 

Figure 8. Test Fixture 
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MOTOROLA 
- SEMICONDUCTOR 

TECHNICAL DATA 

The RF Line 
NPN Silicon 
RF Power Transistor 
· •• designed primarily for wideband large-signal output amplifier stages in 
30-200 MHz frequency range. 

• Guaranteed Performance at 150 MHz, 28 Vdc 
Output Power = 100 W 
Minimum Gain = 9.0 dB 

• Built-In Matching Networ!< for Broadband Operation 

• 100% Tested for Load Mismatch at all Phase Angles with 30:1 VSWR 

• Gold Metallization System for High Reliability 

• High Output Saturation Power - Ideally Suited for 30 W Carrier/120 W 
Peak AM Amplifier Service 

• Guaranteed Performance in Broadband Test Fixture 

MAXIMUM RATINGS 

Rating Symbol Value Unit 

Collector-Emitter Voltage VCEO 35 Vde 

Collector-Base Voltage VCBO 65 Vde 

Emitter-Base Voltage VEBO 4.0 Vde 

Collector Current - Continuous IC 12 Ade 
- Peak (10 seconds) 18 

Totel Device Dissipation @ TC = 25"C (1) ·PO 270 Walls 
Derate above 25°C 1.54 W/"C 

Storage Temperature Range Tstg -65 to +150 °C 

THERMAL CHARACTERISTICS 

Characteristic 

Thermal Resistance, Junction to Case 

ELECTRICAL CHARACTERISTICS (T C = 25"C unless otherwise noted.) 

I Characteristic I Symbol 

OFF CHARACTERISTICS 

Collector-Emitter Breakdown Voltage V(BR)CEO 
(IC = 100 mAde, IB = 0) 

Collector-Emitter Breakdown Voltage V(BR)CES 
(IC = 100 mAde, VBE = 0) 

Collector-Base Breakdown Voltage V(BR)CBO 
(IC = 100 mAde, IE = 0) 

Emitter-Base Breakdown Voltage V(BR)EBO 
(IE = 10 mAde, IC = 0) 

Collector Cutoff Current ICBO 
(VCB = 30 Vdc, IE = 0) 

ON CHARACTERISTICS 

I DC Current Gain 
(IC = 5.0 Ade, VCE = 5.0 Vde) 

Min 

35 

65 

65 

4.0 

-

10 

MRF317 

100 W, 30-200 MHz 
CONTROLLED Q 

BROADBANDRFPOWER 
TRANSISTOR 
NPNSILICON 

CASE 316-01, STYLE 1 

Max 

0.65 

Typ Max 

- -

- -

- -

- -

- 5.0 

25 80 

Unit 

Vde 

Vde 

Vde 

Vde 

mAde 

NOTE: (continued) 
1. This device is designed for RF operation. The total device dissipation rating applies only when the device is operated as an RF amplifier. 
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ELECTRICAL CHARACTERISTICS - continued (Tc = 2500 unless otherwise noted.) 

I Characlerl8tlc I Symbol I Min lYP Max Unh 

DYNAMIC CHARACTERISTICS 

I Output C8pacitance 
~CB= 28 Vdc.IE = O. f= 1.0 MHz) 

Cob 200 250 pF 

FUNCTIONAL TESTS (Figure 2) 

Common-Emitter Amplilier Power GaIn GpE 9.0 10 - dB 
(VCC=28 Vdc. Pout= 100W. 1= 150 MHz. Ie (Max) = 6.5 Adc) 

COllector Efficiency 11 55 60 - % 
(Vec=28Vdc. Pout = 100W. 1= 150 MHz.IC (Max) = 6.5Adc) 

Load Mismatch 1)1 
(Vcc =28 Vdc. Pout = 100WCW. 1= 150 MHz. No Degradation in Output Power 
VSWR = 30:1 all phase angles) 

..... t---------------6Ineh ... ------------__ ..-.. 
15.24 em 

Figure 1. Broadband (110-160 MHz) Test Fixture 
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R2 

R3 

RFC5 C13 

~Cll 

Cl 
RF INPUT~I--t-rrrr'-4f-_t-+-I 

Ll1 
Cl, C9-39 pF, 100 mil ATC 
C2 -120 pF, 100 mil ATC 
ca, C4 - 360 pF, 100 mil ATC 
C5 -1 000 pF Dipped Mica 
C6, C7-100 pF, 100 mil ATC· 
CB-1B pF, 100 mil ATC· 
Cl0-43pF,100mIIATC 

Cll -60 pF, Underwood 
C12 - 0.1 JlF Erie Redcap 
C13-1000 pF, UnderwoodJl02 
Ll-50nH 
L2-6.0nH 
l3-8.0nH 
L4-32nH 

DC +28 Vdc 

1: C12 I 
Cl0 

"'--_--I~RFOUTPUT 

RFCl - 0.15 JlH Molded Coil 
RFC2, RFca - Ferroxcube 6ead 56-590-65136 
RFC4 -1 Tum, #18 Wire, 2.0* L 
RFC5 - Ferroxcube VK200 19/46 
RFC6 - 7 Turns, #18 Wire, 0.3* 10 
Rl-l0f.lll2W 
R2,R3-10f.ll.0W 
·Comblnatlon of C6, C7, CB equals 220 pF. 

Figure 2.110-160 MHz Broadband AmplHler - Teat Fixture Schematic 
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Figure 3. Power Gain versus Frequency 
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Figure 7. Power Gain versus Frequency Figure 8. Power Output versus Supply Voltage 
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= 28 V, Pout = lOOW
ZOl * = Conjugate of the optimum load impedance into which the device output ~perates 

at a given output power, voltage, and frequency, 

Figure 11. Series Equivalent Input-Output Impedance 
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MOTOROLA 
• SEMICONDUCTOR 

TECHNICAL DATA 

The RF Line 
NPN Silicon 
RF Power Transistor 
· .. designed primarily for wideband large-signal driver and predriver amplifier 
stages in 200-500 MHz frequency range. 

• Guaranteed Performance at 400 MHz, 28 Vdc 
Output Power = 10 Watts 
Power Gain = 12 dB Min 
Efficiency = 50% Min 

• 1 OO"k Tested for Load Mismatch at all Phase Angles with 30:1 VSWR 

• Gold Metallization System for High Reliability 

• Computer-Controlled Wirebonding Gives Consistent Input Impedance 

MAXIMUM RATINGS 

Rating Symbol Value Unit 

Collector-Emitter Voltage VCEO 33 Vdc 

Collector-Base Voltage VCBO 60 Vdc 

Emitter-Base Voltage VEBO 4.0 Vde 

Collector Current - Continuous IC 1.1 Ade 
-Peak 1.5 

Total Device Dissipation @ TA = 25°C (1) Po 27 Watts 
Derate above 25°C 160 mW/"C 

Storage Temperature Range Tstg -65 to +150 °c 

THERMAL CHARACTERISTICS 

Characteristic 

Thermal ReSistance, Junction to Case 

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

I Characteristic I Symbol 

OFF CHARACTERISTICS 

Collector-Emitter Breakdown Voltage V(BR)CEO 
(IC = 20 mAde, IB = 0) 

Collector-Emitter Breakdown Voltage V(BR)CES 
(IC = 20 mAde, VBE = 0) 

Collector-Base Breakdown Voltage V(BR)CBO 
(IC = 20 mAde, IE = 0) 

Emitter-Base Breakdown Voltage V(BR)EBO 
(IE = 2.0 mAde, IC = 0) 

Collector Cutoff Current ICBO 
(VCB = 30 Vde, IE = 0) 

ON CHARACTERISTICS 

DC Current Gain 
(Ie = 500 mA, VCE = 5.0 Vde) 

Min 

33 

60 

60 

4.0 

-

MRF321 

10W, 400 MHz 
RFPOWER 

TRANSISTOR 
NPNSlUCON 

CASE 244, STYLE 1 

Max 

6.4 

Typ Max 

- -

- -

- -

- -

- 1.0 

Unit 

Vde 

Vdc 

Vdc 

Vdc 

mAde 

NOTE: (continued) 
1. This device is designed for RF operation. The total device dissipation rating applies only when the device is operated as an RF amplifier. 
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ELECTRICAL CHARACTERISTICS - continued (T C = 25°C unless otherwise notad.) 

Characteristic Symbol Min Typ Max Unit 

DYNAMIC CHARACTERISTICS 

Output Capacitance 
(VCB=28 Vdc, IE=O, f= 1.0 MHz) 

FUNCTIONAL TESTS (Figure 1) 

Common-Emitter Amplilier Power Gain 
(VCC = 28 Vdc, Pout = 10 W, 1=400 MHz) 

Collector Efficiency 
(VCC=28 Vdc, Pout = 10W, 1= 400 MHz) 

Load Mismatch 
(VCC = 28 Vdc, Pout = 10 W, 1= 400 MHz, 
VSWR = 30:1 all phase angles) 

R2 

RF 
INPUT >-A,....-...,...-I 

C1 ~I I~ 

C1, C2, 03 - 1.0-20 pF Johanson Trimmer (JMC 5501) 
03, C4 - 47 pF ATC Chip Capacitor 
05, C10-0.1IlF Erie Redcap 
C7 - 0.5-10 pF Johanson Trimmer (JMC 5201) 
C8 - 0.0181lF Vitramon Chip Capacitor 
C9 - 200 pF UNELCO Capacitor 
C11, C12-880 pF Feedthru 
C13 - 1.0 IlF, 50 Volt Tantalum Capacitor 

D1-1N4001 

L 1 - O.33IlH Molded Choke with Ferroxcube Bead 
(Ferroxcube 56-590-65I4B) on Ground End of Coil 

L2 - 4 Turns #20 Enamel, 1/8° ID 

GpE 12 13 - dB 

11 50 60 - % 

IJI 
No Degradation in Output Power 

r---1---~~-JTY~-<HO----1---~+ 
28V + 

JiC13 1-
RF 

t-t-fHr-t~ OUTPUT 

L3 - 6 Turns #20 Enamel, 114° ID. 
L4 - Ferroxcube VK200-19/4B 

R1-5.1 0, 1/4 Watt 
R2-120o,1.OWatt 
R3-20Q,1/2Watt 
R4-47Q,1/2Watt 

Z1 -Mlcrostrip 0.1°W x 1.35° L 
Z2 - Microstrip 0.1°W x 0.55° L 
Z3 - Microstrip 0.1" W x O.S" L 
Z4-Microstrip 0.1"Wx 1.75' L 

Board - Glass Tellon, ER = 2.56, t = 0.062" 

Input/Output Connectors - Type N 

Figure 1. 400 MHz Test Circuit Schematic 
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MOTOROLA 
• SEMICONDUCTOR 

TECHNICAL DATA 

The RF Line 
NPN Silicon 
RF Power Transistor 
· •. designed primarily for wideband large-signal driver and predriver amplifier 
stages in the 200-500 MHz frequency range. 

• Guaranteed Performance at 400 MHz, 28 V 
Output Power = 20 Watts 
Power Gain = 10 dB Min 
Efficiency = 50% Min 

• 100% Tested for Load Mismatch at all Phase Angles with 30:1 VSWR 

• Gold Metallization System for High Reliability 

• Computer-Controlled Wirebonding Gives Consistent Input Impedance 

MAXIMUM RATINGS 

Rating Symbol Value Unit 

Collector-Emitter Voltage VCEO 33 Vdc 

Collector-Base Voltage VCBO 60 Vdc 

Emitter-Base Voltage VEBO 4.0 Vdc 

Collector Current - Continuous IC 2.2 Adc 
-Peak 3.0 

Total Device Dissipation @ TC = 25°C (1) PD 55 Watts 
Derate above 25°C 310 mWrC 

S10rage Temperature Range Tstg -65 to +150 °c 

THERMAL CHARACTERISTICS 

Characteristic 

Thermal Resistance, Junction to Case 

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

I . Characteristic I Symbol 

OFF CHARACTERISTICS 

Collector-Emitter Breakdown Voltage V(BR)CEO 
(IC = 20 mAdc, IB = 0) 

Collector-Emitter Breakdown Voltage V(BR)CES 
(lc = 20 mAdc, VBE = 0) 

Collector-Base Breakdown Voltage V(BR)CBO 
(IC = 20 mAdc, IE = 0) 

Emitter-Base Breakdown Voltage V(BR)EBO 
(IE = 2.0 mAdc, Ie = 0) 

Collector Cutoff Current ICBO 
(VCB = 30 Vdc, IE = 0) 

ON CHARACTERISTICS 

DC Current Gain 
(Ie = 1.0 Adc, VCE = 5.0 Vdc) 

Min 

33 

60 

60 

4.0 

-

MRF323 

20W, 400 MHz 
RFPOWER 

TRANSISTOR 
NPNSIUCON 

CASE 244, STYLE 1 

Max 

3.2 

Typ Max 

- -

- -

- -

- -

- 2.0 

Unit 

Vdc 

Vdc 

Vdc 

Vdc 

mAdc 

NOTE: (continued) 
1. This device is designed for RF operation. The total device dissipation rating applies only when the device is operated as an RF amplifier. 
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ELECTRICAL CHARACTERISTICS - continued (TO" 25"0 unless otherwise noted.) 

I Characteristic I Symbol I Min Max Unit 

DYNAMIC CHARACTERISTICS 

20 24 pF 

FUNCTIONAL TESTS (Figure 1) 

Common-EmItter AmpUlier Power GaIn GpE 10 11 - dB 
(Vee - 28 Vdc, Pout = 20 W, f == 400 MHz) 

Coilector Elliclancy 11 50 60 - % 
(Vee" 28 Vdc, Pout .. 20 W, f .. 400 MHz) 

Load Mismatch lJI 
(Vee. 28 VcIc, Pout==2O W, f= 400 MHz, No Degradation in OUtput Power 
VSWR .. 30:1 all phase angles) 

IA 

1-_~hR--<RFOU1Pl1T 

RF INPUT >-A--1>-1 

rr 
01,02, C6 -1.0-20 pF Johanson Trimmer (JMC 5501) 
03, C4 - 47 pF ATO Chip Capacitor 
05, OS - 0.1 JlF Erie Redcap 
C7 - 0.5-10 pF Johanson Trimmer (JMO 5201) 
09,010-680 pF Feedthru 
011 - 1.0 JlF 50 Volt Tantalwn 
012 - 0.018 JlF Vrtramon Chip CapacItor 
L 1 - 0.33 JlH Molded Choke with Ferroxcube Bead 

(Ferroxcube 56-58O-6514B) on Ground End 

L2 - 6 Turns #20 Enamel, 1W iD, C1osewound 
La - 4 Turns #20 Enamel, 118"10, Olosewound 
L4 - Ferroxcube VK2DO-1914B 
R1-5.1 n 1/4 Walt 
Z1 - Microstrlp 0.1- W x 1.35· L 
Z2 - MicrostrIp 0.1· W x 0.55· L 
Z3 - Microstrip 0.1" W x O.a- L 
Z4- Microstrlp 0.1- W x 1.75- L 
Board - Glass Telion Er = 2.56, t = 0.062" 
InpulfOutput Connectors - Type N 

Figure 1. 400 MHz Test Circuit Schematic 
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MOTOROLA 
• SEMICONDUCTOR 

TECHNICAL DATA 

The RF Line 
NPN Silicon 
RF Power Transistor 
· .. designed primarily for wideband large-signal output and driver amplHier 
stages in 100 to 500 MHz frequency range. 

• SpecHied 28 VoH, 400 MHz Characteristics -
Output Power = 30 Watts 
Minimum Gain = 8.5 dB 
Efficiency = 54% (Min) 

• BuiH-ln Matching Network for Broadband Operation Using Intemal Match
ing Techniques 

• 100% Tested for Load Mismatch at all Phase Angles with 30:1 VSWR 

• Gold Metallization for High Reliability Applications 

MAXIMUM RATINGS 

Rating Symbol Value Unit 

Collector-Emitter Voltage VCEO 33 Vdc 

CoIlector·Base Voltage VCBO 60 Vdc 

Emitter-Base Voltage VEBO 4.0 Vdc 

Collector CUrrent - ContInuous IC 3.4 Adc 
-Peak 4.5 

Total Device DissIpation @ TC = 25"0 (1) Po 82 Walls 
Derate above 25"0 0.47 WI"C 

Storage Temperature Range Tstg -65 to +150 "0 

THERMAL CHARACTERISTICS 

Characteristic 

Thermal Resistance, Junction to Case 

ELECTRICAL CHARACTERISTICS (Tc = 25"0 unless otherwise noted.) 

I Characteristic I SymbOl 

OFF CHARACTERISTICS 

Collector-Emitter Breakdown Voltage V(BR)CEO 
(IC = 30 mAde, IB = 0) 

Collector-Emitter Breakdown Voltage V(BR)CES 
(IC = 30 mAde, VBE = 0) 

Emltter·Base Breakdown Voltage V(BR)EBO 
(IE = 3.0 mAde, IC = 0) 

CoIIector·Base Breakdown Voltage V(BR)CBO 
(IC = 30 mAde, IE = 0) 

Collector Cutoff CUrrent ICBO 
(VCB ~ 30 Vde, IE = 0) 

ON CHARACTERISTICS 

I DC Current Gain 
(IC = 1.5 Ade, VCE = 5.0 Vdc) 

Min 

33 

60 

4.0 

60 

-

20 

MRF325 

30 W, 225 to 400 MHz 
CONTROLLED "Q" 

BROADBANDRFPOWER 
TRANSISTOR 
NPNSlUCON 

CASE 316-01, STYLE 1 

Max 

2.13 

Typ Max 

- -

- -

- -

- -

- 3.0 

80 

Unit 

Vdc 

Vdc 

Vdc 

Vdc 

mAde 

NOTE: (continued) 
1. This device is designed for RF operation. The total device dissipation rating applies only when the device is operated as an RF amplifier. 
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ELECTRICAL CHARACTERISTICS - continued (TC '" 2500 unless Otherwise noted.) . 

I Characteristic I Symbol I Min TYPI Max Unit 

DYNAMIC CHARACTERISTICS 

I Oulput Capacitance 
(VCB",28Vdc, iE '" 0, f",1.0 MHz) 

FUNCTIONAL TESTS (Figure 1) 

Common-Emitter ArnpUfier Power Gain 
(VCC'" 28 Vdc, Pout = 30 W, f '" 400 MHz) 

Collector Efficiency 
(VCC '" 28 Vdc, Pout = 30 W, f = 400 MHz) 

Load Mismatch 
(VCC = 28 Vdc, Poul'" 30 W, f = 400 MHz, 
VSWR = 30:1 all angles) 

RF 
INPUT 

'::" 

Cl, CO - 1.0-10 pF Johanson CapacItor (JMC 5201) 
C2, 03, C8, C7 -1.0-20 pF Johanson CapacItor (JMC 5501) 
04, C5 - 36 pF ATC 100-mll Chip capacitor 
C8 -100 pF UNELCO 
Cl0, C13 - 1.0 p.F 50 V Tantalum 
Cll, C14-680 pF Feedthru 
C12 - 0.1 p.F Erie Redcap 
L 1 - 8 Turns #26 AWG Ensrneled, 1116" 10 Closewound 

with Ferroxcube Bead (#56-590-6514B) on Ground End 

I Cob 30 40 pF 

GpE 8.5 9.5 - dB 

1'1 50 60 - % 

'I' 
No Degradation In Output Power 

Cl1 
.J:L 

C14 

I ~l I 
+Vcc 

r"" 
RF 

OUTPUT 

L2 -14 Turns, #22 AWG Enameled, C1osewound on a 470 n. 
2.0 Wall Resistor with Ferroxcube Bead (#56-590-6514B) 
on COld End of L2 

l3 - Ferroxcube VK200-1914B Fernie Choke 
Zl - Microstrip 0.19" W x 0.88' L 
Z2 - M1crostrip 0.28' W x 1.0' L 
Z3 - Microstrip 0.31' W x 1.25' L 
Bosrd - Glass Tefton Er = 2.56, I = 0.062' 
InputlOutput Connectors - Type N 

OUT Socket Lead Frame Etched 1rom aD-mil-ThIck Copper 

Figure 1. 400 MHz Test Circuit 
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MOTOROLA 

• SEMICONDUCTOR -----------TECHNICAL DATA 

The RF Line 
NPN Silicon 
RF Power Transistor 
• •• designed primarily for wideband large-signal output amplifier stages in the 
1 ()() to 500 MHz frequency range. 
• Guaranteed Performance @ 400 MHz, 28 Vdc 

Output Power = 40 Watts 
Minimum Gain = 9.0 dB 

• Built-In Matching Network for Broadband Operation 
• 100% Tested for Load Mismatch at ali Phase Angles with 30:1 VSWR 
• Gold Metallization System for High Reliability Applications 

MAXIMUM RATINGS 

Rating Symbol Value Unit 

Collector-Emitter VoHage VCEO 33 Vdc 

CoIlector-Base VoIIage VCBO 60 Vdc 

Emitter-Base Voltage VEBO 4.0 Vdc 

Collector Current - Continuous IC 4.5 Adc 
-Peak 6.0 

Total Device DIssipation @ T C = 25"0 (1) Po 110 Walls 
Derate above 25"0 0.63 WI"C 

Storage Temperature Range Tstg -6510+150 "0 

THERMAL CHARACTERISTICS I Characteristic 

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

I Chsrscteristic I Symbol 

OFF CHARACTERISTICS 

Collector-Emitter Breakdown Voltage V(BR)CEO 
(Ie = 40 mAde, IB = 0) 

Collector-Emitter Breakdown Voltage V(BR)CES 
(IC = 40 mAdc, VBE = 0) 

Emitter-Base Breakdown Voltage V(BR)EBO 
(IE = 4.0 mAde, IC = 0) 

Collector-Base Breakdown Voltage V(BR)CBO 
(Ie = 40 mAde, IE = 0) 

CoUector Cutoff Current ICBO 
(VCB = 30 Vdc, IE = 0) 

ON CHARACTERISTICS 

I DC Current Gain 
(Ie = 2.0 Adc, VCE = 5.0 Vdc) 

DYNAMIC CHARACTERISTICS 

I Output capacitance 
(VCB = 26 Vdc, IE = 0, f = 1.0 MHz) 

ReJe 

Min 

33 

60 

4.0 

60 

-

20 

MRF326 

40 W, 225 to 400 MHz 
CONTROLLED ''0" 

BROADBANDRFPOWER 
TRANSISlOR 
NPNSlUCON 

CASE 318-01, STYLE 1 

1.6 

Max 

- -

- -

- -
- -

- 4.0 

50 60 

45 60 

Unit 

Unit 

Vdc 

Vdc 

Vdc 

Vdc 

mAde 

pF I 
NOTE: (continued) 

1. This device is designed for RF operation. The total device dissipation rating applies only when the device is operatad as an RF amplifier. 

MOTOROLA RF DEVICE DATA MRF326 
2-323 

II 



II 

ELECTRICAL CHARACTERISTICS - continued (Tc = 25'C unless otherwise noted.) 

Characteristic Symbol Min ~p Max 

FUNCTIONAL TESTS (Figure 1) 

Common-Emitter Amplifier Power Gain 
(VCC = 28 Vdc, Pout = 40 W, f = 400 MHz,lC Max = 2.85 Ado) 

Collector Efficiency 
(VCC = 28 Vdc, Pout = 40 W, f = 400 MHz, IC Max = 2.85 Adc) 

Load Mismatch 
(VCC = 28 Vdc, Pout = 40 W CW, f = 400 MHz, 
VSWR = 30:1 All Phase Angles) 

RF 
INPUT 

rf 
C1 - 1.0-10 pF Johanson, Capacitor (JMC 5201) 
C2, ca, ca, ca - 1.0-20 pF Johanson Capacitor 
C4, C5 - 36 pF ATC "8" Style Chip CBpacitor 
C7, ce, C13-100 pF UNELCO CBpacitor 
C11 - 680 pF Feedthru 
C10 - 1.0 IlF 50 V Tantalum 
C12-0.1IlF Erie Redcap 
L1 -8 Turns #26AWG Enameled,1/16"10 Closewound 
L2, L5 - Ferroxcube VK20Q-19/4B Ferrite Choke 

GpE 9.0 11 -

11 50 - -

'" No Degradation in Output Power 

R1 

La - 8 Turns #20 AWG Enameled, 1/4* 10 C10sew0und 
L4 - 4 Turns #26 AWG 0.1* 10 
R1 -10 Ohm 2.0 W Carbon 
R2, R3 - 10 Ohm 1.0 W Carbon 
Z1 - Microstrip 0.19*W x 1.28* L 
Z2 - Microstrlp 0.26* W x 1.0* L 
Z3 - Microstrip 0.31 * W x 1.0* L 
Z4 - Microstrlp 0.31* W x 0.9" L 
Board - Glass Teflon Er = 2.56 t = 0.062" 
InputlOutput Connectors - Type N UG58 AlU 

Figure 1. 400 MHz Test Amplifier 

Unit 

dB 

% 

RF 
OUTPUT 

MRF326 
2-324 
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Figure 5. Series Equivalent Input-Output Impedance 
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MOTOROLA 
• SEMICONDUCTOR 

TECHNICAL DATA 

The RF Line 
NPN Silicon 
RF Power Transistor 
· .. designed primarily for wideband large-signal output amplifier stages in the 
100 to 500 MHz frequency range. 

• Guaranteed Performance @ 400 MHz, 28 Vdc 
Output Power = 80 Watts over 225 to 400 MHz Band 
Minimum Gain = 7.3 dB @ 400 MHz 

• Built-In Matching Network for Broadband Operation Using Double Match 
Technique 

• 100% Tested for Load Mismatch at all Phase Angles with 30:1 VSWR 

• Gold Metallization System for High Reliability Applications 

• Characterized for 100 to 500 MHz 

MAXIMUM RATINGS 

Rating Symbol Value Unit 

Collector-Emittar Voltage VCEO 33 Vdc 

Collector-Base Voltage VCBO 60 Vdc 

Emitter-Base Voltage VEBO 4.0 Vde 

Collector Current - Continuous IC 9.0 Ade 
-Peak 12 

Total Device Dissipation @ TC = 25°C (1) Po 250 Watts 
Derate above 250C 1.43 W/"C 

Storage Temperature Range Tsm -65 to +150 °c 

THERMAL CHARACTERISTICS 

Characteristic 

Thennal Resistance, Junction to Case 

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

Characteristic Symbol 

OFF CHARACTERISTICS 

Collector-Emitter Breakdown Voltage V(BR)CEO 
(IC = 80 mAde, IB = 0) 

Collector-Emitter Breakdown Voltage V(BR)CES 
(IC = 80 mAde, VBE = 0) 

Emitter-Base Breakdown Voltage V(BR)EBO 
(IE = 8.0 mAde, IC = 0) 

Collector-Base Breakdown Voltage V(BR)CBO 
(IC = 80 mAde, IC = 0) 

Collector Cutoff Current ICBO 
(VCB = 30 Vde, IE = 0) 

ON CHARACTERISTICS 

I DC Current Gain (IC = 4.0 Ade, VCE = 5.0 Vde) 

DYNAMIC CHARACTERISTICS 

Output Capacitance 
(VCB = 28 Vde, IE = 0, I = 1.0 MHz) 

Min 

33 

60 

4.0 

60 

-

20 

MRF327 

80 W, 100 to 500 MHz 
CONTROLLED "Q" 

BROADBAND RF POWER 
TRANSISTOR 
NPNSIUCON 

CASE 316-01, STYLE 1 

Max 

0.7 

Typ Max 

- -

- -

- -

- -

- 5.0 

80 

Unit 

Vdc 

Vde 

Vde 

Vde 

mAde 

NOTE: (continued) 
1. This device is designed lor RF operation. The total device dissipation rating applies only when the device is operated as an RF amplifier. 
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ELECTRICAL CHARACTERISTICS - continued (T C = 250C unless otherwise noted.) 

Charactarlstic Symbol Min Typ Max Unit 

FUNCTIONAL TESTS (Figure 1) 

Common-Emitter Amplifier Power Gain 
(VCC = 28 Vdc, Pout = 80 W, f = 400 MHz) 

Collector Efficiency 
(VCC = 28 Vdc, Pout = 80 W, f = 400 MHz) 

Load Mismatch 

RF 
INPUT 

(VCC = 28 Vdc, Pout = 80 W, f = 400 MHz, 
VSWR = 30:1 All Phase Angles) 

C1, C2, C7, C8, C9 - 1.0-20 pF Piston Trimmer (Johanson JMC 5501) 
C3, C4 - 36 pF ATC 100 mil Chip Capacitor 
05, C6 - 43 pF ATC 100 mil Chip Capacitor 
Cl0 -100 pF UNELCO 
C11, C15 - 0.1 jLF Erie Redcap 
C12, C13 - 680 pF Feedlhru 
C14 - 1.0 jLF 50 V Tantalum 
L 1 - 4 Tums #22 AWG Enameled, 3116" 10 CIosewound with Ferroxcube 

Beed (#56-590-6514B) on Ground End of Coli 
L2 - Ferroxcube VK20o-19/4B Ferrite Choke 

GpE 

1\ 

'I' 

R2 

1.5 

L3 -7 Tums #18 AWG, 11/16" Long, Wound on a 100 kn 2.0 Watt Resistor 

7.3 9.0 - dB 

50 60 - % 

No Degradation In Output Power 

Rl 

RF 

rii3Hih_-A--<OUTPUT 

L4 - 6 Tums #20 AWG Enameled, 3116" 10 Closewound 
L5 - 4 Tums #22 AWG Enameled, 118" 10 Closewound 
Z1 - Mlcrostrip 0.2" W x 1.5" L 
Z2- Microstrip 0.17"W x 1.16" L 
Z3 - Mlcrostrip 0.17" W x 0.63" L 
Rl, R2-10 02.0Watt 
Board - Glass Teflon Er = 2.56, t = 0.062" 
Input/Output Connectors Type N 

OUT Socket Lead Frame Etched from ao-mll-Thlck Copper 

.Flgure 1. 400 MHz Test Circuit. 

MRF327 
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MOTOROLA 
• SEMICONDUCTOR 

TECHNICAL DATA 

The RF Line 
NPN Silicon 
RF Power Transistor 
· •. designed primarily for wideband large-signal output and driver amplifier 
stages in the 100 to 500 MHz frequency range. 

• Specified 28 Volt, 400 MHz Characteristics -
Output Power = 100 Watts 
Minimum Gain = 7.0 dB 
Efficiency = 50% (Min) 

• Built-In Matching Network for Broadband Operation Using Double Match 
Technique 

• 100% Tested for Load Mismatch at all Phase Angles with 3:1 VSWR 

• Gold Metallization System for High Reliability 

MAXIMUM RATINGS 

Rating 

Collector-Emitter Voltage 

Collector-Base Voltage 

Emitter-Base Voltage 

Collector Current - Continuous 
-Peak 

Total Device Dissipation @ TC = 25°C (1) 
Derate above 25°C 

Storage Temperature Range 

THERMAL CHARACTERISTICS 

Characteristic 

Thermal Resistance, Junction to Case (2) 

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

I Characteristic I Symbol 

OFF CHARACTERISTICS 

Collector-Emitter Breakdown Voltage V(BR)CEO 
(IC = 80 mAdc, IB = 0) 

Collector-Emitter Breakdown Voltage V(BR)CES 
(IC = 80 mAdc, VBE = 0) 

Emitter-Base Breakdown Voltage 
(IE = 8.0 mAdc, IC = 0) 

V(BR)EBO 

Symbol 

VCEO 

VCBO 

VEBO 

IC 

Po 

Tstg 

Min 

30 

60 

4.0 

MRF329 

100 W, 100 to 500 MHz 
CONTROLLED "Q" 

BROADBAND RF POWER 
TRANSISTOR 
NPNSILICON 

CASE 333, STYLE 1 

Value 

30 

60 

4.0 

9.0 
12 

270 
1.54 

-65 to +150 

Max 

0.65 

Typ Max 

- -

- -

- -

Unit 

Vdc 

Vdc 

Vdc 

Adc 

Watts 
W/"C 

°C 

Unit 

Vdc 

Vdc 

Vdc 

NOTES: (continued) 
1. This device Is designed for RF operation. The total device dissipation rating applies only when the device is operated as an RF amplifier. 
2. Thermal Resistance is determined under specified RF operating conditions by infrared measurement techniques. 
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ELECTRICAL CHARACTERISTICS - continued (T C = 25"0 unless otherwise noted.) 

I Characteristic I Symbol I Min Typ Max 

OFF CHARACTERISTICS (continued) 

Collector-Base Breakdown Voltage V(BR)CBO 60 - -
(IC = 80 mAdc, IE = 0) 

Collector Cutoff Current ICBO - - 5.0 
(VCB = 30 Vdc, IE = 0) 

ON CHARACTERISTICS 

I DC Current Gain . 
(IC = 4.0 Adc, VCE = 5.0 Vdc) 

20 80 

DYNAMIC CHARACTERISTICS 

I Output Cspacltance 
(VCB = 28 Vdc, IE = 0, f = 1.0 MHz) 

Cob 95 125 

FUNCTIONAL TESTS (Figure 1) 

Common-Emitter Amplifier Power Gain GpE 7.0 9.7 -
(VCC = 28Vdc, Pout = 1OOW, f=400 MHz) 

Collector Efficiency 11 50 60 -
(VCC = 28Vdc, Pout = 100 W, f=4oo MHz) 

Load Mismatch 'II 
(VCC = 28 Vdc, Pout = 100 W, f = 400 MHz, No Degradation in Output Power 
VSWR = 3:1 all angles) 

l3 

I I +28Vdc 

~ .. ' ~"'rl 

Unit 

Vdc 

mAde 

pF 

dB 

% 

...... ---1t-...... --1'-T-< RF OUTPUT 
RF INPUT >-R,.......-I 

C1, C2, C7, 09-1.0-20 pFJohanson (JMC 5501) 
ca, C4-36 pF 100 mil Chip cap (ATC) 
C5, C6 - 50 pF 100 mil Chip Cap (ATC) 
C8 - 30 pF 100 mil Chip Cap (ATC) 
C10-2.0-150 pF 100 mll Chip Caps in Parallel (ATC) 
C11-1.0-10 pF Johanson (JMC 5201) 
C12, C13 - 1000 pF UNELCO Feedthru 
C14 - 0.1 IlF Erie Redcap 

e11 

L 1 - 0.15 IlH Molded Choke with Ferrite Bead 
(Ferroxcube '56-590-65I4B) on Ground End 

L2-4 Turns'18 AWG, 1W 10 
La - Ferroxcube VK2oo-1914B 

Z1 - Microstrip Une 2300 mils Lx 210 mils W 
Z2 - Microstrip Une 2300 mils Lx 280 mlls W 

Board - Glass Teflon, t = 0.082", Er = 2.56 

Figure 1. 400 MHz Test Circuit 
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MRF329 
2-334 

ZOL* = Conjugate ofthe optimum load impedance into which the device 
operates at a given output power, voltage, and. frequency . 

0.55 + jO.40 
0.60 + jl.4O 
1.00 + j2.15 
1.50 +j2.2O 
1.85 + j1.70 

Figure 7. Series Equivalent InputlOutput Impedance 

Figure 8. Test Fixture 
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MOTOROLA 
- SEMICONDUCTOR 

TECHNICAL DATA 

The RF Line 
NPN Silicon Push·Pull 
RF Power Transistor 
· .. designed primarily for wideband large-signal output and driver amplifier 
stages in the 30 to 500 MHz frequency range. 
• SpecHied 28 Volt, 400 MHz Characteristics -

Output Power = 125 W 
Typical Gain = 10 dB 
Efficiency = 55% (Typ) 

• Bl.liH-ln Input Impedance Matching Networks for Broadband Operation 

• Push-Pull Configuration Reduces Even Numbered Harmonics 

• Gold Metallization System for High Reliability 

• 100% Tested for Load Mismatch 

~-+-C2 

6'>--+--I 

5, 8>--+-..;.....~-+--< 1,4 

7>--+-1 
'--;-<3 

The MRF3921s two transistors in a single paCkage with separate base and collector leads 
and emitters common. This arrangement provides the designer with a space saving 
device capable of operation in a push-pull configuration. 

PUSH-PULL TRANSISTORS 

MAXIMUM ilAnNGS 

Rating 

Collector-Emitter VoHage 

Collector-Base Voltage 

Emitter-Base VoHage 

Collector Current - Continuous 

Total DevIce Dissipation @ TC = 25°C (1) 
Derate above 250C 

Storage Temperature Range 

Junction Temperature 

THERMAL CHARACTERISTICS 

Characteristic 

Thermal Resistance, Junction to case 

NOTE: 

Symbol 

VCEO 

VCBO 

VEBO 

IC 

Po 

Tstg 

TJ 

MRF392 

125 W, 30 to 500 MHz 
CONTROLLED "0" 

BROADBANDPUS~ULL 

RF POWER TRANSISTOR 
NPNSIUCON 

CASE 744A, STYLE 1 

Value 

30 

60 

4.0 

16 

Unit 

Vdc 

Vdc 

Vdc 

Adc 

270 Watts 
1.54 WIOC 

-65 to +150 °c 

200 OC 

Max 

0.65 

1. This device Is designed for RF operation. The total device dissipation rating applies only when the device Is operated as an RF push-pull 
amplifier. 
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ELECTRICAL CHARACTERISTICS (T C = 25°C unless othelWise noted.)' 

Characteristic I Symbol Min Max 

OFF CHARACTERISTICS (1) 

Collector-Emitter Breakdown Voltage (IC = 50 mAde, IB = 0) 

Collector-Emitter Breakdown Voltage (IC = 50 mAde, VBE = 0) 

Emitter-Base Breakdown Voltage (IE = 5.0 mAdc, IC = 0) 

Collector Cutoff Current (VCB = 30 Vdc, IE = 0) 

ON CHARACTERISTICS (1) 

I DC Curr~t Gain (IC = 1.0 Adc, VCE = 5.0 Vdc) 

DYNAMIC CHARACTERISTICS (1) 

I Output capacitance (VCB = 28 Vdc, IE = 0, f = 1.0 MHz) 

FUNCTIONAL TESTS (2) - See Figure 1 

Common-Emitter Amplifier Power Gain 
(VCC=28 Vdc, Pout = 125 W, f= 400 MHz) 

Collector Efficiency 
(VCC= 28 Vdc, Pout = 125 W, f= 400 MHz) 

Load Mismatch 
(VCC = 28 Vdc, Pout = 125 W, f = 400 MHz, 
VSWR = 30:1, all phase angles) 

NOTES: 
1. Each transistor chip measured separately. 
2. Both transistor chips operating in push-pull amplifier. 

C1, C2 - 240 pF, 100 Mil Chip Cap (ATC) or Equivalent 
C3 - 3.6 pF, 100 Mil Chip Cap (ATC) or Equivalent 
C4, CB - 8.2 pF, 100 Mil Chip Cap (ATC) or Equivalent 
CS, CB-20 pF, 100 Mil Chip cap (ATe) or Equivalent 
C7 - 18 pF, Mini Unelco or Equivalent 
C9, C10 - 270 pF, 100 Mil Chip Cap (ATC) or Equivalent 
C11, C12, C16, C17-470 pF 100 Mil Chip cap (ATC) or Equivalent 
C13, C18 - 680 pF Feedthru 

V(BR)CEO 30 - -
V(BR)CES 60 - -
V(BR)EBO 4.0 - -

ICBO - - 5.0 

20 100 

Cob 75 115 

Gpe 8.0 10 -

1\ 50 55 -

IJI 
No Degradation in Output Power 

L5 

B1 - Balun, 50 n Semi-Rigid Coaxial Cable 86 Mil 00, 2" L 
B2 - Balun, 50 n Semi-Rigid Coaxial cable 86 Mil 00, 2" L 

Z1 - Microstrlp Line 270 Mil Lx 125 Mil W 
Z2 - Microstrip Line 375 Mil Lx 125 Mil W 
Z3 - Microstrip Line 280 Mil Lx 125 Mil W 
Z4 - Microstrip Une 300 Mil L x 125 Mil W 
Z5 - Microstrip Une 350 Mil Lx 125 Mil W 
Z6 - Mlcrostrlp Une 365 Mil Lx 125 Mil W 

Unit 

Vdc 

Vdc 

Vdc 

mAdc 

pF 

dB 

% 

C14, C19 - 0.1 IlF Erie Redcap or Equivalent 
C15-20IlF,50V Board MaterJal- 0.0625" Teflon Fiberglass Er = 2.5 ± 0.05 1 oz. Cu. 

L 1, L2 - 0.15 IlH Molded Choke With Ferrite Bead 
L3, L4-2-1I2Tums #20 AWG, 0.200 10 
LS, L6-3-112 Tums #18 AWG, 0.200 10 

MRF392 
2-336 

CLAD, Double Sided 

Figure 1. 400 MHz Test Fixture 
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Figure 7. Test Circuit Photomaster 

Figure 8. 400 MHz Test Circuit 
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MOTOROLA 
• SEMICONDUCTOR 

TECHNICAL DATA 

The RF Line 
NPN Silicon Push·Pull 
RF Power Transistor 
.... designed primarily for wideband large-signal output and driver amplifier 
stages in the 30 to 500 MHz frequency range. 

• Specified 28 Volt, 500 MHz Characteristics -
Output Power = 100 W 
Typical Gain = 9.5 dB (Class AB); 8.5 dB (Class C) 
Efficiency = 55% (Typ) 

• Built-In Input Impedance Matching Networks for Broadband Operation 

• Push-Pull Configuration Reduces Even Numbered Harmonics 

• Gold Metallization System for High Reliability 

• 100% Tested for Load Mismatch 

6>---1---1 

5,8 >---t--t-+--< 1,4 

7>---+--1 
'--;-<3 

The MRF393 is two transistors in a single package with separate base and collector leads 
and emitters common. This arrangement provides the designer with a space saving 
device capable of operation in a push-pull configuration. 

PUSH-PULL TRANSISTORS 

MAXIMUM RATINGS 

Rating 

Collector-Emitter Voltage 

Collector-Base Voltage 

Emitter-Base Voltage 

Collector Current - Continuous 

Total Device Dissipation @ TC = 25·C (1) 
Derate above 25·C 

Storage Temperature Range 

Junction Temperature 

THERMAL CHARACTERISTICS 

Characteristic 

Thermal Resistance, Junction to Case 

NOTE: 

Symbol 

VCEO 

VCBO 

VEBO 

IC 

Po 

Tstg 

TJ 

MRF393 

100 W, 30 to 500 MHz 
CONTROLLED "Q" 

BROADBAND PUSH-PULL 
RF POWER TRANSISTOR 

NPNSILICON 

CASE 744A, STYLE 1 

Value 

30 

60 

4.0 

16 

Unit 

Vdc 

Vdc 

Vdc 

Adc 

270 Watts 
1.54 WI"C 

-65 to +150 ·C 

200 ·C 

Max 

0.65 

1. This device is designed for RF operation. The total device dissipation rating applies only when the device is operated as an RF push·pull 
amplifier. 
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ELECTRICAL CHARActERISTICS (T C = 25"C unless otherwise noted.) 

I Characteristic I Symbol Min Typ Max Unit 

OFF CHARACTERISTICS (1) 

Collector-Emitter Breakdown Voltage (IC = 50 mAde, IB = 0) V(BR)CEO 30 - - Vdc 

Collector-Emitter Breakdown Voltage (IC = 50 mAde, VBE = 0) V(BR)CES 60 - - Vdc 

Emltter-Bese Breakdown Voltage (IE = 5.0 mAde, IC = 0) V(BR)EBO 4.0 - - Vdc 

Collector Cutoff Current (VCB = 30 Vdc, IE = 0) ICBO - - 5.0 mAde 

ON CHARACTERISTICS (1) 

I DC Current Gain (IC = 1.0 Adc, VCE = 5.0 Vdc) 20 100 

DYNAMIC CHARACTERISTICS (1) 

I OUtput C8pacitance (VCB = 28 Vdc, IE = 0, 1= 1.0 MHz) 75 115 pF 

FUNCTIONAL TESTS (2) - See Figure 1 

Common-Emitter Amplifier Power Gain Gpe 7.5 8.5 - dB 
(VCC = 28 Vdc, Pout = 100 W, f = 500 MHz) 

Collector Efficiency 1'\ 50 55 - % 
(Vcc = 28 Vdc, Pout = 100 W, f = 500 MHz) 

Load Mismatch '" (VCC=28 Vdc, Pout = 100 W, f=500 MHz, No Degradation In Output Power 
VSWR = 30:1, all phase angles) 

NOTES: 
1. Each transistor chip measured separately. 
2. Both transistor chips operating In pUSh-pull amplifier. 

Cl, 02, C7, C8-240 pF 100 mil Chip Cap 
C3-15 pF 100 mil Chip Cap 
C4 - 24 pF 100 mil Chip Cap 
C5 - 33 pF 100 mil Chip Cap 
C6-12 pF 100 mil Chip Cap 
09, C13-1000 pF 100 mil Chip Cap 
Cl0, C14-680pF Feedthru Cap 
Cll, C15 - 0.1 ILF Ceramic Disc Cap 
C12, C16 -50 ILF,50 V 

L 1, L2 - 0.15 ILH Molded Choke with Ferrite Beed 
L3, L4 - 2-112 Turns #20 AWG 0.200" ID 
L5, L6 - 3-112 Turns #18 AWG 0.200" 10 

Bl, B2 - Balun 50 n Semi Rigid Coax, 86 mil AD, 2" Long 

Zl, Z2 - 850 mil Long x 125 mil W. Mlcros1rip 
Z3, Z4 - 200 mil Long x 125 mil W. Micros1rip 
Z5, Z6 - 800 mil Long x 125 mil W. Micros1rip 

Board Material- 0.0325" Teflon-Fiberglass, er = 2.56, 
1 oz. Copper Clad both sides. 

~+28V 

Figure 1. 500 MHz Test Fixture 
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Figure 8. Test Circuit Ph9tomaster 

Figure 9. 500 MHz Test Circuit 
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MOTOROLA 
• SEMICONDUCTOR 

TECHNICAL DATA 

The RF Line 
NPN Silicon 
RF Power Transistor 
· .. designed primarily for application as a high-power linear amplifier from 2.0 
to 30 MHz. 

• Specified 12.5 Volt, 30 MHz Characteristics
Output Power = 100 W (PEP) 
Minimum Gain = 10 dB 
Efficiency = 40% 

• Intermodulation Distortion @ 100 W (PEP) -
IMD = -30 dB (Min) 

• 100% Tested for Load Mismatch at all Phase Angles with 30:1 VSWR 

MAXIMUM RATINGS 

Rating 

Collector-Emitter Voltage 

COllector-Base Voltage 

Emitter-Base Voltage 

Collector Current - Continuous 

Withstand Current - lOs 

Total Device Dissipation @ T C = 25°C 
Derate above 25°C 

Storage Temperature Range 

THERMAL CHARACTERISTICS 

Characteristic 

Thermal Resistance, Junction to Case 

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

I Characteristic I Symbol 

OFF CHARACTERISTICS 

Collector-Emitter Breakdown Voltage (lc = 50 mAde, IB = 0) V(BR)CEO 

Collector-Emitter Breakdown Voltage (IC = 200 mAde, VBE = 0) V(BR)CES 

Collector-Base Breakdown Voltage (IC = 200 mAde, IE = 0) V(BR)CBO 

Emitter-Base Breakdown Voltage (IE = 10 mAde, IC = 0) V(BR)EBO 

Collector Cutoff Current (VCE = 16 Vde, VBE = 0, TC = 25°C) ICES 

MOTOROLA RF DEVICE DATA 

Symbol 

VCEO 

VCBO 

VEBO 

IC 

-
Po 

Tstg 

Min 

20 

45 

45 

3.0 

-

MRF421 

100 W (PEP), 30 MHz 
RFPOWER 

TRANSISTORS 
NPNSILICON 

CASE 211-11, STYLE 1 

Value 

20 

45 

3.0 

20 

30 

290 
1.66 

-65 10+150 

Max 

0.6 

Max 

- -
- -
- -
- -
- 10 

Unit 

Vde 

Vde 

Vde 

Ade 

Ade 

Watts 
wrc 
°c 

Unit 

Vde 

Vde 

Vde 

Vdc 

mAde 

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

Characteristic I Symbol I Min 

ON CHARACTERISTICS 

I DC Current Gain 
(IC = 5.0 Ado, VCE = 5.0 Vdc) 

10 

DYNAMIC CHARACTERISTICS 

Output Capacitance 
(VCB= 12.5 Vdc, IE = 0, f= 1.0 MHz) 

FUNCTIONAL TESTS 

Common-Emitter AmpUfier Power Gain GpE 10 
(VCC = 12.5 Vdc, Pout = 100 W, I~mex) = 10 Ado, 
100 = 150 mAdc, f = 30, 30.001 M z) 

Collector Efficiency 11 40 
(VCC = 12.5 Vdc, Pout = 100 W, IC(max) = 10 Ado, 
100 = 150 rnA, f = 30, 30.001 MHz) 

Intermodulation Distortion (1) IMD -
(VCE = 12.5 Vdc, Pout = 100 W,IC = 10 Ado, 
100 = 150 rnA, f = 30, 30.001 MHz) 

NOTE: 
1. To proposed EIA method of measurement Reference peak envelope power. 

RF 
INPUT 

Cl, 02, 04-170-780 pF, ARC0469 
C3 - 80-480 pF, ARCO 486 

R2 - 10 n. 1.0 Watt Carbon 
CR1-1N4997 

Typ 

30 

12 

-

-33 

05,07, C10..,...ERIE O.lI1F, 100 V Ll -3 Turns, #16 Wire, 5116'" 1.0., 5116'" Long 

Max 

-

-

-30 

C6 - MALLORY 500 IIF @ 15 V Electrolytic 
C9 - 100 IIF, 15 V Electrolytic 
C8 - 1000 pF, 350 V UNDERWOOD 
Rl - 10 n. 25 Watt W1rewound 

L2 -12 Turns, #16 Enameled Wire Closewound, 1/4"1.0. 
L3 -1-314 Tums, 1/8" Tubing, 318"1.0., 318" Long 
L4 -10 IIH Molded Choke 
L5 - 10 Ferrite Beads - FERROXCUBE #56-590-6513B 

Figure 1. 30 MHz Test Circuit Schematic 

Unit 

dB 

"10 

dB 

RF 
OUTPUT 

MRF421 
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MOTOROLA 
• SEMICONDUCTOR 

TECHNICAL DATA 

The RF Line 
NPN Silicon 
RF Power Transistor 
· .. designed primarily for applications as a high-power linear amplifier from 2.0 
to 30 MHz. 

• Specified 28 Volt, 30 MHz Characteristics -
Output Power = 150 W (PEP) 
Minimum Gain = 10 dB 
Efficiency = 40% 

• Intermodulation Distortion @ 150 W (PEP)
IMD = -30 dB (Min) 

• 100% Tested for Load Mismatch at aU Phase Angles with 30:1 VSWR 

MAXIMUM RATINGS 

Rating 

Collector-Emitter Voltage 

Collector-Base Voltage 

Emitter-Base Voltage 

Collector Current - Continuous 

Withstanding Current - 10 s 

Total Device Dissipation @ T C = 25°C 
Derate above 25°C 

Storage Temperature Range 

THERMAL CHARACTERISTICS 

Characteristic 

Thermal Resistance, Junction to Case 

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

I Characteristic I Symbol 

OFF CHARACTERISTICS 

Collector-Emitter Breakdown Voltage (IC = 200 mAde, IB = 0) V(BR)CEO 

Collector-Emitter Breakdown Voltage (IC = 100 mAde, VBE = 0) V(BR)CES 

Collector-Base Breakdown Voltage (IC = 100 mAdc, IE = 0) V(BR)CBO 

Emitter-Base Breakdown Voltage (IE = 10 mAdc,lc = 0) V(BR)EBO 

ColiectorCutoffCurrent(VCE=28 Vde, VBE = 0, TC= 25°C) ICES 

MOTOROLA RF DEVICE DATA 

Symbol 

VCEO 

VCBO 

VEBO 

IC 

-
PD 

Tstg 

Min 

35 

65 

85 

3.0 

-

MRF422 

150 W (PEP), 30 MHz 
RFPOWER 

TRANSISTORS 
NPNSIUCON 

CASE 211-11, STYLE 1 

Value 

40 

85 

3.0 

20 

30 

290 
1.66 

-65 to +150 

Max 

0.6 

Typ Max 

- -
- -
- -
- -
- 20 

Unit 

Vdc 

Vdc 

Vde 

Adc 

Adc 

Watts 
Wf'C 

°c 

Unit 

Vdc 

Vdc 

Vdc 

Vdc 

mAde 

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

Characteristic Symbol Min Typ Max Unit 

ON CHARACTERISTICS 

DC Current Gain 
(IC = 5.0 Adc, VCE = 5.0 Vdc) 

DYNAMIC CHARACTERISTICS 

Output Capacitance 
(VCB = 28 Vdc, IE = 0, f =: 1.0 MHz) 

FUNCTIONAL TESTS 

Common-Emitter Amplifier Power Gain GpE 10 13 - dB 
(VCC = 28 Vdc, Pout = 150 W (PEP), IC(max) = 6.7 Adc, 
Ica = 150 mAdc, f = 30, 30.001 MHz) 

Collector Efficiency T] - 45 - % 
(VCC = 2B Vdc, Pout = 150 W (PEP), IC(max) = 6.7 Adc, 
Ica = 150 mAde, f = 30,30.001 MHz) " 

Intermodulation Distortion (1) IMD - -33 -30 dB 
(VCE =: 28 Vdc, Pout = 150 W (PEP), IC = 6.7 Adc, 
ICQ = 150 mAdc, f = 30, 30.001 MHz) 

Output Power Pout 150 - - Watts 
(VOE = 2B Vdc, f= 30 MHz) (PEP) 

NOTE: 
1. To Mil-Std-1311 Version A, Test Method 2204, Two Tone, Reference each Tone . 

H~~-----'------<+ 

BIAS 

MRF422 
2·348 

C1 R2 

01, C2, 03, C5 - 170-680 pF, ARCO 469 
C4-BO-4BO pF, ARCO 466 
C6, CB, C11 -ERIE 0.1 j.lF, 100V 
C7 - MALLORY 500 j.lF, 15 V Electrolytic 
C9 - UNDERWOOD 1000 pF, 350 V 
C10 - 10 j.lF. 50 V Electrolytic 
R1 - 100, 25 Watt Wire Wound 
R2-10 0. 1.0 Watt Carbon 
CR1-1N4997 

C3 C5 

L1-3 Turns, #16 Wire, 5116"1.0., 5/16" Long 
L2 -10 j.lH Molded Choke 
L3 -12 Turns, #16 Enameled Wire, Close Wound, 1/4" Dia. 
L4 - 5 Turns, 1/B" Copper Tubing 
L5 - 10 Ferrite Beads - FERROXOUBE #56-590-65/3B 

Figure 1. 30 MHz Test Circuit Schematic 
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MOTOROLA 
• SEMICONDUCTOR 

TECHNICAL DATA 

The RF Line 
NPN Silicon 
RF Power Transistor 
· .. designed for high gain driver and output linear amplifier stages in 1.5 to 
30 MHz HF/SSB equipment. 

• Specified 28 Volt, 30 MHz Characteristics -
Output Power = 25 W (PEP) 
Minimum Gain = 22 dB 
Efficiency = 35% 

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

• 100% Tested for Load Mismatch at all Phase Angles with 30:1 VSWR 

• Class A and AB Characterization 

• BLX 13 Equivalent 

MAXIMUM RATINGS 

RatIng 

Collector-Emitter Voltage 

Collector-Base Voltage 

Emitter-Base Voltage 

Collector Current - Continuous 

Withstand Current - 5 s 

Total Device Dissipation @ TC = 25"(; (1) 
Derate above 25°C 

Storage Temperature Range· 

THERMAL CHARACTERISTICS 

Characlarlstlc 

Thermal Resistance, Junction to Case 

ELECTRICAL CHARACTERISTICS (Tc = 25°C unless otherwise noted.) 

I Characlarlstlc I Symbol 

OFF CHARACTERISTICS 

Collector-Emitter Breakdown Voltage (IC = 50 mAde, IS = 0) V(BR)CEO 

Collector-Base Breakdown Voltage (IC = 50 mAde, IE = 0) V(BR)CBO 

Emitter-Base Breakdown Voltage (IE = 10 mAde, IC = 0) V(BR)EBO 

Collector Cutoff Current (VCE = 28 Vdc, VBE = 0) ICES 

Symbol 

VCEO 

VCBO 

VEBO 

IC 

-
PD 

Tstg 

Min 

35 

65 

4.0 

-

MRF426 

25 W (PEP), 30 MHz 
RFPOWER 

TRANSISTOR 
NPNSILICON 

CASE 211-07, STYLE 1 

Value 

35 

65 

4.0 

3.0 

6.0 

70 
0.4 

-65 to +150 

Max 

2.5 

Typ Max 

- -

- -
- -

- 10 

Unit 

Vde 

Vde 

Vde 

Ade 

Ade 

Watts 
wrc 
°c 

Unit 

Vde 

Vde 

Vde 

mAde 

NOTE: (continued) 
1. This device is designed for RF operation. The total device dissipation rating applies only when the device is operated as an RF amplHier. 
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ELECTRICAL CHARACTERISTICS - continued (T C = 25"C unless otherwise noted.) 

I Characteristic I Symbol I Min Max Unit 

ON CHARACTERISTICS 

DC Current Gain 
(IC = 1.0 Adc, VCE =5.0 Vdc) 

DYNAMIC CHARACTERISTICS 

Output Capacitance 
(VCB = 30 Vdc, IE = 0, f = 1.0 MHz) 

FUNCTIONAL TESTS (SSB) 

Ccmmon-Emitter Amplifier Gain GpE 22 25 - dB 
(VCC = 28 Vdc, Pout = 25 W (PEP), fl = 30 MHz, 
f2 = 30.001 MHz, Ica = 25 mAl 

Collector Efficiency 11 35 - - % 
(VCC = 28 Vdc, Pout = 25 W (PEP), fl = 30 MHz, 
f2 = 30.001 MHz, lea = 25 mAl 

Intermodulation Distortion (2) IMD(d3) - -35 -30 dB 
(VCC = 28 Vdc, Pout = 25 W (PEP), fl = 30 MHz, 
f2 = 30.001 MHz, lea = 25 mAl 

Load Mismatch 'I' 
(VCC = 28 Vdc, Pout = 25 W (PEP), fl = 30 MHz, No Degradation in Output Power 
f2 = 30.001 MHz, Ica = 25 mA, VSWR 30:1 at All Phase Angles) 

CLASS A PERFORMANCE 

Intermodulation Distortion (2) and Power Gain 
(VCC = 28 Vdc, Pout = 8.0 W (PEP), fl = 30 MHz, 
f2 = 30.001 MHz, Ica = 1.2 Adc) 

NOTE: 
2. To MiI-Sld-1311 Version A, Test Method 2204B, Two Tone, Reference each Tone. 

C8 

BIAS 
INPUT >-....nry-,n...._-_-_---. I 

l2 

RFC2 
+ 

28Vdc r-
t--~~L--1--~-1--1--~r--<RFOUTPUT 

RF 
INPUT 

MRF426 
2-352 

C2 Rl 

Cl,C2-ARC0469,190-780pF 
C3, C4 - ARCO 464, 25-280 pF 
C5 -120 pF Dipped Mica 
C6, C7 -100 I1F, 15 Vdc 
C8 - 680 pF F.T. Allen Bradley 
C9 - 1.0 I1F 35 V Tantalum 

CR1-1N4997 

OUT 

L1 - 3 Turns #16 O.25n 10 
L2 - 6 Turns #16 0.5n 10 
L3 - 7 Turns #20 0.38n 10 
L4 - 10 I1H Molded Choke Delevan 

RFCI - Ferroxcube VK200/20-4B 
RFC2 - 3-Ferroxcube 5653065-3B 
RF - Input/Output Connectors UG53 AlI1 
Rl -10 Q 1/2 Watt 10% 

Adjust Bias (Base) for Ica = 20 rnA with No RF Applied 

Figure 1. 30 MHz Linear Test Circuit 
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I. FREQUENCY (MHz) I. FREQUENCY (MHz) 

Figure 7. Output capacitance veraua Frequency Agure 8. Output Resiatance versus Frequency 

Figure 9. Series equivalent Input Impedance 
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MOTOROLA 
- SEMICONDUCTOR 

TECHNICAL DATA 

The RF Line 
NPN Silicon 
RF Power Transistor 
· .. designed primarily for high-voltage applications· as a high-power linear 
amplifier from 2.0 to 30 MHz. Ideal for marine and base station equipment. 

• Specified 50 Volt, 30 MHz Characteristics -
Output Power = 150 W (PEP) 
Minimum Gain = 13 dB 
Efficiency = 45% 

• Intermodulation Distortion @ ·150 W (PEP) -
IMD = -32 dB (Max) 

• Diffused Emitter Resistors for Superior Ruggedness 

• 100% Tested for Load Mismatch at all Phase Angles with 30:1 VSWR 
@ 150WCW 

MAXIMUM RATINGS 

. Rating 

Collector-Emitter Voltage 

Collector-Base Voltage 

Emitter-Base Voltage 

Collector Current - Continuous 

Withstand Current - 10 s 

Total Device DiSSipation @ TC = 25°C 
Derate above 25°C 

Storage Temperature Range 

THERMAL CHARACTERISTICS 

Characteristic 

Thermal Resistance, Junction to Case 

ELECTRICAL CHARACTERISTICS (Tc = 25°C unless otherwise noted.) 

Characteristic Symbol 

OFF CHARACTERISTICS 

Collector-Emitter Breakdown Voltage (lc = 200 mAde, IB = 0) V(BR)CEO 

Collector-Emitter Breakdown Voltage (lc = 100 mAde, VBE = 0) V(BR)CES 

Collector-Base Breakdown Voltage (IC = 100 mAde, IE = 0) V(BR)CBO 

Emitter-Base Breakdown Voltage (IE = 10 mAde, IC = 0) V(BR)EBO 

MOTOROLA RF DEVICE DATA 

Symbol 

VCEO 

VCBO 

VEBO 

IC 

-
Po 

Tstg 

Min 

50 

100 

100 

4.0 

MRF429 

150 W (LINEAR), 30 MHz 
RFPOWER. 

TRANSISTOR 
NPNSlUCON 

CASE 211-11, STYLE 1 

Value 

50 

100 

4.0 

16 

20 

233 
1.33 

-65 to +150 

Max 

0.75 

Typ Max 

- -
- -
- -
- -

Unit 

Vde 

Vde 

Vde 

Ade 

Adc 

Watts 
WI"C 

°c 

Unit 

Vde 

Vde 

Vde 

Vde 

(continued) 

MRF429 
2-355 
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ELECTRICAL CHARACTERISTICS - continued (Tc = 25°C unless otherwise noted.) 

I Characteristic Symbol I Min Typ Max Unit 

ON CHARACTERISTICS 

DC Current Gain 
(IC = 5.0 Adc, VCE = 5.0 Vdc) 

DYNAMIC CHARACTERISTICS 

Output Capacitance 
(VCB = 50 Vdc, IE = 0, I = 1.0 MHz) 

FUNCTIONAL TESTS 

Common-Emitter Ampliller Gain GPE 13 15 - dB 
(VCC = 50 Vdc, Pout = 150 W (PEP), IC(max) = 3.32 Adc, 
1= 30; 30.001 MHz) 

Output Power Pout 150 - - W(PEP) 
(VCE = 50 Vdc, 1= 30; 30.001 MHz) 

Collector Efficiency TI 45 - - % 
(VCC = 50 Vdc, Pout = 150 W (PEP), Ic(max) = 3.32 Adc, 
1= 30, 30.001 MHz) 

Intermodulatlon Distortion (1) IMD - -35 -32 dB 
(VCE = 50 Vdc, Pout = 150 W (PEP), IC = 3.32 Adc) 

Electrical Ruggedness Ij1 
(VCC = 50 Vdc, Pout = 150 W CW, 1=30 MHz, No Degradation in Output Power 
VSWR 30:1 at all Phase Angles) 

NOTE: 
1. To MII-Sld-1311 Version A, Test Method 2204, Two Tone, Relerence each Tone. 

+ 

BIAS 

RF 
INPUT 

MRF429 
2-356 

Rl 

+ CRI C3 C4 

L2 

-= 
L1 

R3 

Cl R2 

Cl, C2, C7-170-780 pF, Arco469 
ca, C8, C9 - 0.1 IlF, 100 V Erie 
C4- 500 IlF@6.0V 
C5-9.0-180 pF, Arco463 
C6 - 80-480 pF, Arco 466 
Cl0-3O IlF,100 V 
Rl-l0o,l0Watt 

1.5 

r-~----'------<+ 

C5 C7 

R2-10O,I.0Watt 
R3 - 5.0 - 3.3 n 112 Watt carbon Resistors in Parallel 
CR1-1N4997 
Ll - 3 Turns, #16 Wire, 5/16" 1.0., 5116" Long 
L2 - 10 IlH Molded Choke 
L3-12Tums, #16 Enameled Wire Closewound, 1/4" 1.0. 
L4 - 5 Tums, 118" Copper Tubing, 9/16" 1.0., 314" Long 
L5 - 10 Ferrite Beads - Ferroxcube #56-59O-6513B 

50Vdc 

RF 
OUTPUT 

Figure 1. 30 MHz Test Circuit Schematic 
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o 
1 

MRF429 
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VCC=50V 
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Figure 8. Output capacitance versus Frequency 
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Figure 9. Output Resistance versus Frequency 

Vcc = 50V 
ICO = 150 rnA 
Pout = 150 W PEP 

lin 
MHz Ohms 

7.15 - j2.40 
4.20-12.25 
2.55 - jl.75 
1.60- jl.15 
1.10- jO.70 
0.78 - jO.30 
0.67 - jO.l0 

Figure 10. Series Equivalent Impedance 
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MOTOROLA 
• SEMICONDUCTOR 

TECHNICAL DATA 

The RF Line 
NPN Silicon 
RF Power Transistor 
• •• designed primarily for high-voltage applications as a high-power linear 
amplifier from 2.0 to 30 MHz. Ideal for marine and base station equipment. 

• Specified 50 Volt, 30 MHz Characteristics 
Output Power = 250 W 
Minimum Gain = 12 dB 
Efficiency = 45% 

• Intermodulation Distortion @ 250 W (PEP) -
IMD = -30 dB (Max) 

• 100% Tested for Load Mismatch at all Phase Angles with 3: 1 VSWR 

MAXIMUM RATINGS 

Rating 

Collector-Emitter Voltage 

Collector-Base Voltage 

Emitter-Base Voltage 

Collector Current - Continuous 

Withstand Current - 10 s 

Total Device Dissipation @ TC = 25°C (1) 
Derate above 25°C 

Storage Temperature Range 

THERMAL CHARACTERISTICS 

Characteristic 

Thermal Resistance, Junction to Case 

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

I Characteristic Symbol 

OFF CHARACTERISTICS 

Collector-Emitter Breakdcwn Voltage (IC = 200 mAdc, IB = 0) V{BR)CEO 

Collector-Emitter Breakdown Voltage (IC = 100 mAdc, VBE = 0) V{BR)CES 

Collector-Base Breakdown Voltage (IC = 100 mAdc, IE = 0) V{BR)CBO 

Emitter-Base Breakdown Voltage (IE = 10 mAdc, IC = 0) V{BR)EBO 

NOTE: 

Symbol 

VCEO 

VCBO 

VEBO 

IC 

-
Po 

Tstg 

Min 

50 

100 

100 

4.0 

MRF448 

250W. 30 MHz 
RFPOWER 

TRANSISTOR 
NPNSILICON 

CASE 211-11, STYLE 1 

Value 

50 

100 

4.0 

16 

20 

290 
1.67 

-65 to +150 

Max 

0.6 

Typ Max 

- -
- -
- -
- -

1. Po is a measurement reflecting short term maximum condition. See SOAR curve for operating conditions. 

MOTOROLA RF DEVICE DATA 

Unit 

Vdc 

Vdc 

Vdc 

Adc 

Adc 

Watts 
wrc 

°c 

Unit 

Vdc 

Vdc 

Vdc 

Vdc 

(continued) 

MRF448 
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ELECTRICAL CHARACTERISTICS -:- continued (T C = 250C unless otherwise noted.) 

I Characteristic I Symbol I Min Typ Max 

ON CHARACTERISTICS 

DC Current Gain 
(IC = 5.0 Adc, VCE = 10 Vdc) 

DYNAMIC CHARACTERISTICS 

Output Cepacilance 
(VCB = 50 Vdc, IE = 0, 1 = 1.0 MHz) 

FUNCTIONAL TESTS 

Common-Emitter Amplifier Power Gain 
(VCC = 50 Vdc, Pout = 250 W CW, 1 = 30 MHz, Ica = 250 rnA) 

GPE 12 14 -

Collector Efficiency 11 - 45 -
(VCC = 50 Vdc, Pout = 250 W, 1 = 30 MHz, lea = 250 rnA) - 65 -

Intermodulatlon Distortion (2) IMD - -33 -30 
(VCE = 50 Vdc, Pout = 250 W (PEP), lea = 250 rnA, 1 = 30 MHz) 

Electrical Ruggedness 'V 
(VCC= 50Vdc, Pout = 250WCW, 1=30 MHz, No Degradation in Output Power 
VSWR 3:1 at all Phase Angles) 

NOTE: 
2. To'MiI-Std-1311 Version A, Test Method 2204, Two Tone, Relerence each Tone • 

RF 
INPUT 

Cl, C2, C5, C7 - 170-780 pF, Area 469 
C3, C8, C9-0.1I1F, 100V Erie 
C4-500IlF@6.0V 
C6 - 360 pF, 3 x 120 pF 3.0 kV in parallel 
C10- 10 IlF,l00V 

1.5 

CRl -1 N4997 or equivalent 
Ll -3 Turns, #16 Wire, 0.4N 1.0., 0.3N Long 
L2 - 0.8 !!H, Ohmlte Z-235 or equivalent 

16 

L3 -12 Turns, #16 Enameled Wire Closewound O.25N 1.0. 
L4 - 4 Turns, 118N Copper Tubing, 0.6H 1.0., 1.OW Long 

Unit 

dB 

% (PEP) 
% (CW) 

dB 

+ 

50Vdc 

RF 
OUTPUT 

Rl-l0o, 10 Watt L5, L6 - 2.0 IIH, Fair-Rite 2643021801 Ferrite bead each or equivalent 
R2-10O, 1.0 Watt 

MRF448 
2-360 

Figure 1. 30 MHz Test Circuit Schematic 

MOTOROLA RF DEVICE DATA 



400 I I 
t-f:30MHz 

'co-250mA I I 
VCC=50V 

~ ~ 

V ~ ....... 40V 

V V 
/ V 

~ '" 
lP' 

4 8 12 16 20 
Pin. INPUT POWER (WATTS) 

Figure 2. Output Power versus Input Power 

25 

20 
iii' 

-.... r-... 
:e. 

~ 15 ~ 
...... 

I 10 VCC=50V - -
W 
D. 

(!J 5 

ICQ =250 mA- i--
Pout=250W _ -

I I 
0 

2 4 7 10 15 30 
f. FREQUENCY (MHz) 

Figure 4. Power Gain versus Frequency 

250 
VCC=30V 

.....--
,;' 

200 

/ ;I' 15V ---
100 

50 

o o 

1/ 
fl 

5 10 15 
Ie. COLLECTOR CURRENT (AMPS) 

Figure 6. tr versus Collector Current 

MOTOROLA RF DEVICE DATA 

20 

400 

400 

~ 350 
en 

, I:::; 

! 300 

I I 
I- f = 30. 30.001 MHz 

IMD=-30dB ............. ICQ=250mA 
r-IMD=d3 ~ ~ 

~ ~35dB 
./ ~ I>"" 

~ ~ 

0 r;;-

30 40 50 60 
VCC. SUPPLY VOLTAGE (VOLTS) 

Figure 3. Output Power versus Supply Voltage 

I I I I I 
f=30MHz 
'co=250mA 
VCC=50V 

['0. 

,r-."-. 

............. 

d5 

!'-.. TC=50"C 

loo·C 
I I 

3 5 10 30 50 

..... 

OUTPUTVSWR 

Figure 5. RF SOAR (Class AB) 
Pout versus Output VSWR 

I I T_ 
VCC= 50 V 
f = 30. 30.001 MHz -

............. d3 
....... ....... ~ 

75 125 175 225 

Pout. OUTPUT POWER (WATTS PEP) 

Figure 7. IMD versus Pout 

-., 

7 
'-, 

275 

MRF448 
2-361 

• 



• 

MRF448 
2"362 
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Figure 9. Series Equivalent Impedance 

Vee = 50 V 
lea = 150 rnA 

Pout = 250 W PEP 

t Zin 
MHz Ohms 

2.0 4.50 - jl.40 
4.0 3.10 - jl.80 
7.0 1.70-jl.75 
15 0.80- jl.25 
30 0.60 - jO.75 

MOTOROLA RF DEVICE DATA 



MOTOROLA 

- SEMICONDUCTOR ------------TECHNICAL DATA 

The RF Line 
NPN Silicon 
RF Power Transistor 
..• designed for power amplifier applications in industrial, commercial and 
amateur radio equipment to 30 MHz. 

• Specified 12.5 Volt, 30 MHz Characteristics
Output Power = 80 Watts 
Minimum Gain = 12 dB 
Efficiency = 50% 

MAXIMUM RATINGS 

Rating Symbol 

Collector-Emitter Voltage VCEO 

Collector-Base Voltage Vceo 

Emitter-Base Voltage VEeo 

Ccllector Current - Ccntinuous IC 

Total Device Dissipation @ TC = 250C Po 
Derate above 25°C 

Value Unit 

25 Vdc 

45 Vdc 

4.0 Vdc 

20 Adc 

250 Walts 
1.43 W/"C 

Storage Temperature Range Tstg -65 to +150 °C 

THERMAL CHARACTERISTICS 

Characteristic 

Thermal Resistance, Junction to Case 

ELECTRICAL CHARACTERISTICS (Tc = 250C unless otherwise noted.) 

I Characteristic I Symbol 

OFF CHARACTERISTICS 

Ccllector-Emitter Breakdown Voltage (IC = 100 mAde, IB = 0) V(BR)CEO 

Ccllector-Emitter Breakdown Voitege (IC = 50 mAde, VBE = 0) V(BR)CES 

emitter-ease Breakdown Voitege (Ie = 10 mAde, IC = 0) V(BR)Eeo 

ON CHARACTERISTICS 

I DC Current Gain (IC = 5.0 Adc, Vce = 5.0 Vdc) hFE 

DYNAMIC CHARACTERISTICS 

I Output capacitance (VCB = 15 Vdc,le = 0, f = 1.0 MHz) Cob 

FUNCTIONAL TESTS (Figure 1) 

Common-Emitter Amplifier Power Gain Gpe 
(VCC = 12.5 Vdc, Pout = 80 W; f = 30 MHz) 

Collector Efficiency 1'1 
(VCC = 12.5 Vdc, Pout = 80 W, f .. 30 MHz) 

Series Equivalent Input Impedance Zin 
(VCC = 12.5 Vdc, Pout = 80 W, f = 30 MHz) 

Series Equivalent Output Impedance Zoot 
(VCC = 12.5 Vdc, Pout = 80 W, f = 30 MHz) 

Parallel Equivalent Input Impedance -
(VCC = 12.5 Vdc, Pout = 80 W, f = 30 MHz) 

Parallel Equivalent Output Impedance -
(VCC = 12.5 Vdc, Pout = 80 W, f = 30 MHz) 

MOTOROLA RF DEVICE DATA 

Min 

18 

36 

4.0 

10 

12 

50 

-

-

-

-

MRF454 

8OW,30MHz 
RFPOWER 

TRANSISTOR 
NPNSILICON 

CASE 211-11, STYLE 1 

Max 

- -
- -
- -

150 

250 

- -

- -

.938-j.341 -

1.16-j.201 -

1.0S0 -
1817 pF 

1.190 -
7npF 

Unit 

Vdc 

Vdc 

Vdc 

pF 

dB 

% 

Ohms 

Ohms 

-

-

MRF454 
2-363 
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15 

01, 02, C4 - AROO 469 
03-ARC0466 
OS -1 000 pF, UNELCO 
06, 07 - 0.1 p.F Disc Ceramic 
08 - 1000 I1F/15 V Electrolytic 
Rl -10 Ohm/l.0 Watt, Oarbon 

LI-3Tums, #18 AWG, 5116" 1.0., 5116* Long 
L2 - VK200-20/4B, FERROXOUBE 
l3 -12 Turns, #18 AWG Enameled Wire, 1/4' 1.0., Olose Wound 
L4 - 3 Turns 118' 0.0. Copper Tubing, 318* 1.0., 314' Long 
L5 - 7 FERRITE Beads, FERROXOUBE #56-590-6513B 

Figure 1. 30 MHz Test Circuit Schematic 
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Figure 2. Output Power versus Input Power 
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Figure 3. Output Power versus Supply Voltage 
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MOTOROLA 
• SEMICONDUCTOR 

TECHNICAL DATA 

The RF Line 
NPN Silicon 
RF Power Transistor 
... designed for power amplifier applications in industrial, commercial and 
amateur radio equipment to 30 MHz. 

• Specified 12.5 Volt, 30 MHz Characteristics
Output Power = 60 Watts 
Minimum Gain = 13 dB 
Efficiency = 55% 

MATCHING PROCEDURE 
In the push-pull circuit configuration it is preferred that the transistors are 

used as matched pairs to obtain optimum performance. 
The matching procedure used by Motorola consists of measuring hFE at the 

data sheet conditions and color coding the device to predetermined hFE ranges 
within the normal hFE limits. A color dot is added to the marking on top of the 
cap. Any two devices with the same color dot can be paired together to form a 
matched set of units. 

MAXIMUM RATINGS 

Rating Symbol Value Unit 

Collector-Emitter Voltage VCEO 18 Vdc 

Collector-Emitter Voltage VCES 36 Vde 

Emitter-Base Voltage VEBO 4.0 Vdc 

Collector Current - Continuous IC 15 Ade 

Total Device Dissipation @ TC = 25°C PD 175 Watts 
Derate above 25°C 1.0 wrc 

Storage Temperature Range Tstg -65 to +150 °c 

THERMAL CHARACTERISTICS 

Characteristic 

Thermal Resistance, Junction to Case 

ELECTRICAL CHARACTERISTICS (T C = 2500 unless otherwise noted.) 

I Characteristic I Symbol 

OFF CHARACTERISTICS 

Collector-Emitter Breakdown Voltage V(BR)CEO 
(IC = 100 mAde,lB = 0) 

Collector-Emitter Breakdown Voltage 
(IC = 50 mAde, VBE = 0) 

V(BR)CES 

Emitter-Base Breakdown Voltage V(BR)EBO 
(IE = 10 mAde, IC = 0) 

ON CHARACTERISTICS 

DC Current Gain 
(IC = 5.0 Adc, VCE = 5.0 Vdc) 

DYNAMIC CHARACTERISTICS 

Output Capacitance 
(VCB = 12.5 Vde, IE = 0, f= 1.0 MHz) 

MOTOROLA RF DEVICE DATA 

Min 

18 

36 

4.0 

MRF455 

6OW,30MHz 
RFPOWER 

TRANSISTOR 
NPNSILICON 

CASE 211-07, STYLE 1 

Max 

1.0 

lYP Max 

- -

- -

- -

Unit 

Vdc 

Vdc 

Vde 
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ELECTRICAL CHARACTERISTICS - continued (Tc = 25°C unless otherwise noted.) 

I Charaoteristtc I Symbol I Min Typ Max Unit 

FUNCTIONAL TESTS (Figure 1) 

Common-Emitter Amplifier Power Gain Gpe 13 - - dB 
(VCC = 12.5 Vdc, Pout = 60 W, f = 30 MHz) 

Collector Efficiency 11 55 - - % 
(VCC = 12.5 Vdc, Pout = 60 W, f = 30 MHz) 

Series Equivalent Input Impedance Zin - 1.66-j.844 - Ohms 
(VCC = 12.5 Vdc, Pout = 60 W, f = 30 MHz) 

Series Equivalent Output Impedance Zout - 1.73-j.1SS - Ohms 
(VCC = 12.5 Vdc, Pout = 60 W, f = 30 MHz) 

Parallel Equivalent Input Impedance Zin - 2.09/1030 - OIpF 
(VCC= 12.5 Vdc, Pout = 6OW, f=3O MHz) 

Parallel Equivalent Output Impedance Zout - 1.751330 - OIpF 
(VCC = 12.5 Vdc, Pout = 60 W, f = 30 MHz) 

L5 

~.-----.------<+ 

12.5Vdc 

t---...,..-----:;tf----....----19----< RF OUTPUT 

RF INPUT >-~~ __ -,H~.JY'YY"-__ -_-+-I 

Cl, C2, C4 - ARCO 469 
C3-ARC0466 
C5-1000 pF, UNELCO 
C6, C7 - 0.1 ",F Disc Ceramic 
CS - 1000 ",F/15 V Electrolytic 
Rl - 10 Ohm/l.0 Watt, Carbon 

Ll -3 Tums, illS AWG, 5116" 1.0., 5116" Long 
L2 - VK2OD-2014B, FERROXCUBE 
L3 - 12 Tums, illS AWG Enameled Wire, 114'1.0., Close Wound 
L4 - 3 Turns liS" 0.0. Copper Tubing, 31S"1.0., 314" Long 
L5 - 7 FERRITE Beads, FERROXCUBE 1156-590-6513B 

Figure 1. 30 MHz Test Circuit Schematic 
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70 
.11 

- f=30MHz 
VCC=13.~ !::::= f:=-
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o 
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c? 
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o 
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o 0.5 1.522.533.544.55 

Pin, INPUT POWER (WAITS) 

MRF455 
2-366 

Figure 2. Output Power versus Input Power 
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MOTOROLA 
• SEMICONDUCTOR 

TECHNICAL DATA 

The RF Line 
NPN Silicon 
RF Power Transistor 
... designed primarily for applications as a high-power linear amplifier from 2.0 
to 30 MHz, In single sideband mobile, marine and base station equipment. 

• Specified 28 Volt, 30 MHz Characteristics -
Output Power = 80 W (PEP) 
Minimum Gain = 15 dB 
Efficiency = 40% 
Intermodulation Distortion = -32 dB (Max) 

MATCHING PROCEDURE 
In the push-pull circuit configuration it is preferred that the transistors are 

used as matched pairs to obtain optimum performance. 
The matching procedure used by Motorola consists of measuring hFE at the 

data sheet conditions and color coding the device to predetermined hFE ranges 
within the normal hFE limits. A color dot is added to the marking on top of the 
cap. Any two devices with the same color dot can be paired together to form a 
matched set of units. 

MAXIMUM RATINGS 

Rating Symbol Value Unit 

Collector-Emitter Voltage VCEO 35 Vde 

Collector-Base Voltage VCBO 65 Vde 

Emitter-Base Voltage VEBO 4.0 Vde 

Collector Current - Continuous IC 10 Ade 

Total Device Dissipation @ T C = 25°C PD 250 Watts 
Derate above 25°C 1.4 wrc 

Storage Temperature Range Tsto -65 to +150 °C 

THERMAL CHARACTERISTICS 

Characteristic Symbol 

Thermal Resistance, Junction to Case RaJC 

Stud Torque (1) -
ELECTRICAL CHARACTERISTICS (TC = 25°C unless otherwise noted.) 

I Characteristic Symbol 

OFF CHARACTERISTICS 

Collector-Emitter Breakdown Voltage V(BR)CEO 
(IC = 100 mAde, IB = 0) 

Collector-Emitter Breakdown Voltage V(BR)CES 
(IC = 100 mAde, VBE = 0) 

Emitter-Base Breakdown Voltage V(BR)EBO 
(IE = 1.0 mAde, IC = 0) 

Collector Cutoff Current ICES 
(VCE = 28 Vde, VBE = 0, TC = +55°C) 

ON CHARACTERISTICS 

DC Current Gain 
(IC = 0.5 Ade, VCE = 5.0 Vde) 

NOTE: 
1. Case 145A-10-For Repeated Assembly Use 11 In. Lb. 

MOTOROLA RF DEVICE DATA 

MRF464 

80 W (PEP), 30 MHz 
RFPOWER 

TRANSISTOR 
NPNSILICON 

CASE 211-11, STYLE 1 

Max 

0.7 

8.5 

Min Max 

35 -

65 -
4.0 -

- 10 

Unit 

°CIW 

In. Lb. 

Unit 

Vde 

Vde 

Vde 

mAde 

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

1 Characteristic 1 Symbol Min Max I· Unit 

DYNAMIC CHARACTERISTICS 

output Capacitance 
(VCB = 28 Vdc. IE = O. f = 1.0 MHz) 

FUNCTIONAL TESTS 

Common-Emitter Amplifier Power Gain (Figure 1) GPE 15 - dB 
(Pout = 80 W (PEP). IC = 3.6 Adc (Max). Vee = 28 Vdc. 
f1 = 30 MHz. f2 = 30.001 MHz) 

Intermodulation Distortion Ratio (Figure 1) (2) IMD - -32 dB 
(Pout = 80 W (PEP). IC = 3.6Adc (Max). Vce = 28 Vdc. 
f1 = 30 MHz. f2 = 30.001 MHz) 

Collector Efficiency 1'\ 40 - % 
(Pout = 80 W (PEP). IC = 3.6 Adc (Max). VCC = 28 Vdc. 
f1 = 30 MHz. f2 = 30.001 MHz) 

NOTE: 
2. To MII-Std-1311 Version A. Test Method 2204B. Two Tone. Reference each Tone. 

VBB 

RFBEADS 
~~----~------~+ 

500lLF 1N248B 28Vdc 

~--~----~--~----~<-

ARC0489 
(170-780 pF) II 

10 
112W 

RFC - 20 Tums @12AWG Enameled Wire Close Wound in 2 Layers. 1/4* 1.0. 
T1 - 20 Tums #24 AWG Wire Wound on Micro-Metals T37-7 Toroid Core 

Center Tapped. 
T2 - 1:9 XFMR; 6 Turns of 2 Twisted Pairs of #28 AWG Enameled Wire. 

(8 Crests Per Inch) Bifilar Wound on Each of 2 Separate Balun Cores. 
(Stackpole #57-1503. No. 14 Material) Interconnected as shown 
Ri=' Beads - Ferroxcube #56-590-65/3B 

C2 

~--~~~--~"L~.Lr~~ 

_.TV'onnL- (1:9) 

C1 

VBB adjusted for ICQ - 40 mAdc (lea = Quiescent 
Collector Current) 

C1 -170-180 pFARCO 469 or Equivalent 
C2-330 pF 

Figure 1. 30 MHz Test Circuit 
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Figure 3. Power Gain versus Frequency 
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Figure 8. DC Safe Operating Area 

Figure 9_ Series Input Impedance 
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MOTOROLA 
• SEMICONDUCTOR 

TECHNICAL DATA 

The RFLine 
NPN Silicon 
RF Power Transistor 
, .. designed for 12.5 volt low band VHF large-signal power amplifier 
applications in commercial and industrial FM equipment. 

• Specified 12.5 V, 50 MHz Characteristics -
Output Power = 70 W 
Minimum Gain = 11 dB 
Efficiency = 50% 

• Load Mismatch Capability at High Une and RF Overdrive 

MAXIMUM RATINGS 

Rating Symbol Value 

Collector-Emitter Vollage VCEO 18 

ColleClor-Base Voltage VCBO 36 

Emitter-ease Voltage VEBO 4.0 

Collector Current - Continuous IC 20 

Total Device Dissipation @ TC = 25°C (1) PD 250 
Derate above 25°C 1.43 

Unit 

Vdc 

Vdc 

Vdc 

AIle 

Watts 
wrc 

Storage Temperature Range Tstg -65 to +150 °C 

THERMAL CHARACTERISTICS 

Characteristic 

Thermal Resistance, Junction to Case (2) 

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

I Characteristic I Symbol 

OFF CHARACTERISTICS 

ColleCIor-Emitter Breakdown Voltage (IC = 100 mAde, IB = 0) V(BR)CEO 

ColleCIor-Emitter Breakdown Voltage (IC = 50 mAde, VBE = 0) V(BR)CES 

Emitter-Base Breakdown Voltage (IE = 10 mAde, IC = 0) V(BR)EBO 

Collector Cutoff Current (VCE = 13.6 Vdc, VBE = 0) ICES 

ON CHARACTERISTICS 

I DC Current Gain (IC = 5.0 Adc, VCE = 5.0 Vdc) hFE 

DYNAMIC CHARACTERISTICS 

I Output Capacitance (VCB = 15 Vdc, IE = 0, f = 1.0 MHz) Cob 

FUNCTIONAL TESTS 

Common-Emitter Amplifier Power Gain GpE 
(Vee = 12.5 Vdc, Pout = 70 W, f = 50 MHz) 

Collector Efficiency 11 
(Vec = 12.5 Vdc, Pout = 70 W, f = 50 MHz) 

NOTES: 

Min 

18 

36 

4.0 

-

10 

11 

50 

MRF492 

7OW,50MHz 
RFPOWER 

TRANSISTOR 
NPNSIUCON 

CASE 211-11, STYLE 1 

Max 

0.7 

Typ Max 

- -
- -
- -
- 20 

150 

275 450 

13 -

- -

Unit 

Vdc 

Vdc 

Vdc 

mAde 

pF 

dB 

% 

1. These devices are designed for RF operation. The total device dissipation rating applies only when the devices are operated as RF 
amplifiers. 

2. Thermal Resistance is determined under specified RF operating conditions by infrared measurement techniques. 
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!5 
0 
f; 

r1? 

r-----t----r-----(+12.5Vdc 

+----J"--r---J"Y"I-...... ~:If____1A-<RF OUTPUT 

Ll 
RF INPUT >--A-""'*;....-_....r1rY1n..._---_-4--I 

100 

80 

60 

40 

20 

C2 

Cl, C8-9.0-180 pF, Arco463 
C2, C3, C4 - 80-480 pF, Area 466 
CS - 1000 pF, 350 V, Unelco 
C6 - 10 IiF, 25 Vdc, 
C7 - 0.01 IiF, Ceramic 
RFCl -10!1H Molded Choke 

-V~=12L ,,--'- f=50MHz 

/' 
/ 

/ 

RFC2 - 12 Tums, #16 AWG, Enameled Wire Closewound 
on a 2.0 W Carbon Resistor 

L 1 - 2 Turns, #18 AWG Enameled Wire, 0.4" ID, 0.1S" Long 
L2 - Loop; #12 AWG Wir .. , 0.6" High, 0.4" Wide 
La - 2 Turns, #12 AWG Wire, ID 0.4", 0.2S" Long 
Bead - Ferrite Bead Ferroxcube #S6-590-65139 

Figure 1. 50 MHz Test Circuit 
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Figure 2. Output Power versus Input Power Figure 3. Power Gain versus Frequency 
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Figure 4. Output Power versus Supply VoHage 

,liE] 
o 0 

COEFFICIENT 

o 

Vcc = 12.5 V. Pout = 70 W 

I lin ZoL' 
MHz Ohms Ohms 

25 1.12-jl.28 0.85 - jl.46 
30 0.93 - jl.24 0.76-jl.3 
50 0.7 - jl.17 0.58 - jl.0 ~~~~ili~II~1 ZOL*= Conjugate of the optimum load impedance 

MOTOROLA RF DEVICE DATA 

into which the device output operate. at a 
given output power. voltage and frequency. 

Figure 5. Series Equivalent InpuUOutput Impedances 
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MOTOROLA 
• SEMICONDUCTOR 

TECHNICAL DATA 

The RF Line 
NPN Silicon 
RF Low Power Transistor 
· .. designed primarily for wideband large signal predriver stages in the VHF 
frequency range. 

• 

• Specified @ 12.5 V, ·175 MHz Characteristics 
Output Power = 1.5 W 
Minimum Gain = 11.5 dB 
Efficiency 60% (Typ) . 

• Cost Effective PowerMacro Package 

• Electroless lin Plated Leads for Improved Solderability 

MAXIMUM RATINGS 

Rating SymbOl Value Unit 

Collector-Emitter Voltage VCEO 16 Vdc 

Collector-Base Voltage VCBO 36 Vdc 

Emitter-Base Voltage VEBO 4.0 Vdc 

Collector Current - Continuous IC 500 mAde 

Total Device Dissipation @ TC = 75°C (1, 2) Po 3.0 Watts 
Derate above 75°C 40 mW/"C 

Storage Temperature Range Tstg -65 to +150 °c 

THERMAL CHARACTERISTICS 

Characteristic 

Thermal Resistance Junction to Case 

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

I Charactsristic I Symbol 

OFF CHARACTERISTICS 

Collector-Emitter Breakdown Voltage V(BR)CEO 
(IC = 10 mAde. IB = 0) 

Collector-Emitter Breakdown Voltage V(BR)CES 
(IC = 5.0 mAde. VBE = 0) 

Collector-Base Breakdown Voltage V(BR)CBO 
(IC = 5.0 mAde. IE = 0) 

Emitter-Base Breakdown Voltage V(BR)EBO 
(IE = 1.0 mAde. IC = 0) 

Collector Cutoff Current ICES 
(VCE = 15 Vde. VBE = 0, TC = 25°C) 

ON CHARACTERISTICS 

DC Current Gain 
(IC = 250 mAde, VCE = 5.0 Vde) 

NOTES: 

Min 

16 

36 

36 

4.0 

-

1. T C. Case temperature measured on collector lead immediately adjacent to body of package. 

MRF553 

1.5 W, 175 MHz 
RF LOW POWER 

TRANSISTOR 
NPNSIUCON 

CASE 317D, STYLE 2 

Max 

25 

Max 

- -

- -

- -

- -

- 5.0 

Unit 

Vdc 

Vde 

Vde 

Vde 

mAde 

2. The MRF553 PowerMacro must be property mounted tor reliable operation. AN938, "Mounting Techniques in PowerMacro Transistor," 
discusses methods of mounting and heatsinldng. 

MRF553 
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ELECTRICAL CHARACTERISTICS - continued (T C = 25°C unless otherwise noted.) 

Characteristic Symbol Min Typ Max Unit 

DYNAMIC CHARACTERISTICS 

Output Capacitance 
(VCB = 10 Vdc, IE = 0, f = 1.0 MHz) 

FUNCTIONAL TESTS 

Common-Emitter Amplifier Power Gain 
(VCC = 12.5 Vdc, Pout = 1.5 W, f= 175 MHz) 

Collector Efficiency 
(VCC = 12.5 Vdc, Pout = 1.5 W, f = 175 MHz) 

Load Mismatch Stress 
(VCC = 12.5 Vdc, Pout = 1.5 W, f = 175 MHz, 
VSWR;;: 10:1 All Phase Angles) 

Vss= Rl 

12.5 V 

C5 C6 
+ 

RF Ll 

INPUT 

Cl 

Cl - 36 pF Mini Underwood 
02-47 pF Mini Underwood 
C3 - 91 pF Mini Underwood 
C4 - 68 pF Mini Underwood 
05, C9 - 1.0 I1F Erie Red Cap Capacitor 
C6, Cl0 - 0.1 J1F, 35 V Tantulum 
C7 - 470 pF Chip CapaCitor 
C8 - 2200 pF Chip capacitor 
Rl-4.7 ko, 1/4 W 
R2-100 0.1/4 W 
01 -lN4148 Diode 

Figures 1,2 Gpe 11.5 13 - dB 

Figures I, 2 1'\ 50 60 - % 

'I' -
No Degradation in Output Power 

5xS 
VCC= 

L9 12.5V 

+ 
C9 Cl0 

lcs 
LB 

L7 C7 
RF 

OUTPUT 

LI-3Turns, #18 AWG, 0.210"10, 3116" Length 
L2, L4, L7 - 0.62", #18 AWG Wire Bent into "V" 
L3, L6 - SO x 125 x 250 Mils Copper Pad on 27 Mils Thick Alumina Substrate 
L5 -1211H Molded Choke 
L8-7Turns, #18 AWG, 0.170" 10, 7/1S" length 
L9 - 1.0", #18 AWG Wire with 5 Ferrite Beads 
B - Ferrite Bead 
Board Material- Glass Teflon, Er = 2.56, t = 0.0625" (See Photomaster, Figure 3) 

Figure 1.140-175 MHz Broadband Circuit Schematic 
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Figure 2.140-175 MHz Broadband Circuit 

SCALE 0.75:1 

Rgure 3.140-175 MHz Test Circuit Photomaster 
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f 
Frequency 

MHz 

140 
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f 
Frequency 

MHz 

90 
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16 
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~ 12 

ffi 10 

~ 8 

8. 6 
Cl 

4 

2 

140 

Gpe -
l1c 

Pout = 1.5 W, Vee = 12.5 Vdc 

""'-

Zin 

-V IRL .............. 
r'--V ""' 

150 160 170 
I, FREQUENCY (MHz) 

Figure 4. TYpical Performance in 
Broadband Circuit 

ig-
"l-§ 
z-a: 
:::> 

5 I:i:i a: 
5 10 
0.. 

15 ;;!; 

g20 

1 00 

90 

80 ~ 

70 ~ 
60 ~ 
50 ~ 

40 12 

30 ~ 
20 .:; 

t=" 
10 

1a8 

ZoL* 
Ohms Ohms 

Vee = 7.5 V; ,Pin Vee = 12.5 V; Pin Vee = 7.5 V; Pout Vce = 12.5 V; Pout 

100mW 200mW 300mW 50mW 100mW 150mW 1.0W 1.6W 2.2W 1.1W 2,OW 2.6W 

1.65-j3.6 2.0-j2.6 2.3-j1.2 1.7-j4.1 1.8-13,1 1.&-12.7 9.9-]11.1 10.6-:15.1 1()-j4.9 28.3-j21.5 16-:120.5 16.3-j16.5 

2.5-j5.6 2.3-j5.9 2.8-j4.0 2.3-j4.6 2.4-j1.2 2.4-j5.7 12.1-j14.9 7.2-j9.8 8.1-j5.4 3O.8-j23.3 11.4-j20.9 11.1-j14.3 

lin ZOL" 
Ohms Ohms 

Vee = 7.5 V; Pin Vee = 12.5 V; Pin Vee = 7.5 V; Pout Vec = 12.5 V; Pout 

50mW !100mw 1200mW 25mW I 50mW 1100mW 1.25W I 1.5W I 2.0W 1.5W I 2.25W ! 3,OW 

2.5-j9.3 I 2.5-j6.4 I 2.5-j4.4 1.6-j10.7 I 2.5-j7.1 1 2.2-j1.3 31.8-j9.2 1 32-j8.9 130·2-j1o.7 45.8-j7.2 1 45.2-j3.9 ! 4O-j4.5 

ZOL * = Conjugate of the optimum Iced impedance Into which the deVice output operates at a given output power, voltage and frequency. 

Table 1. Zin and ZoL versus Collector Voltage, Input Power, and Output Power 

MOTOROLA RF DEVICE DATA MRF553 
2-377 



• 

2.S 

----V" 
-" ~ 

"" /' 
/ f=17SMHz 

VCC=7.SVdc 
/ I I 

/ 
V 
o 100 200 300 400 

Pin. POWER INPUT (mW) 

Figure 5. Power Output versus Power Input 

4 

-- Pin =300 mW --i------i-- -r-~mW ---r-- --.!.oomW 

"-VCC=7.SVdc 

I I 
140 lS0 160 170. 180 

f. FREQUENCY (MHz) 

Figure 7. Power Output versus Frequency 

4 
Pin = 150 m'Y V 

f= 140 MHz ~' ~ -, 

---
,-- ..-V ,- 'd __ .......... ,... 

----
6 

MRF553 
2-378 

.......... 

.......... 
.......... ..----i-"""' 

8 10 12 14 
Vcc. COLLECTOR VOlTAGE (Vdc) 

Figure 9. Power Output versus 
Collector Voltage 
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Figure 6. Power Output versus Power Input 
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MOTOROLA 
• SEMICONDUCTOR 

TECHNICAL DATA 

The RF Line 
NPN Silicon 
RF Low Power Transistor 
· .. designed primarily for wideband large signal predriver stages in the UHF 
frequency range. 

• Specified @ 12.5 V, 470 MHz Characteristics @ Pout = 1.5 W 
Common Emitter Power Gain = 12.5 dB (Typ) 
Efficiency 60% (Typ) 

• Cost Effective PowerMacro Package 

• Electroless Tin Plated Leads for Improved Solderability 

MAXIMUM RATINGS 

Rating Symbol Value 

Collector-Emitter Voltage VCEO 16 

Collector-Base Voltage VCBO 36 

Emitter-Base Vollage VEeo 4.0 

Collector Current - Continuous IC 400 

Operating Junction Temperature TJ 150 

Total Device Dissipation @ TC = 75°C (1, 2) Po 3.0 
Derate above 7500 40 

Unit 

Vdc 

Vde 

Vde 

mAde 

°C 

Watts 
mWfOC 

Storage Temperature Range Tstg -65 to +150 00 

THERMAL CHARACTERISTICS 

Characteristic 

Thermal Resislance, Junction to case 

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

I Characteristic I Symbol 

OFF CHARACTERISTICS 

Collector-Emillar Breakdown Vollage V(BR)CEO 
(IC = 5.0 mAde, IB = 0) 

Collector-Emillar Breakdown Vollage V(BR)CES 
(IC = 5.0 mAde, VBE = 0) 

Emitter-Base Breakdown Vollage V(BR)EBO 
(Ie = 0.1 mAde, IC = 0) 

Collector Cutoff Current ICES 
(VCE = 15 Vdc, VBE = 0, TC = 25°C) 

ON CHARACTERISTICS 

DC Current Gain 
(IC = 100 mAde, VCE = 5.0 Vde) 

DYNAMIC CHARACTERISTICS 

Oulput Capaeilance 
(VCB= 15 Vde,IE= 0, f= 1.0 MHz) 

NOTES: 

Min 

16 

36 

4.0 

-

1. TC, Case temperature measured on collector lead Immediately adjacent to body of package. 

MRF555 

1.5 W, 470 MHz 
RF LOW POWER 

TRANSISTOR 
NPNSILICON 

CASE 317D, STYLE 2 

Max 

25 

Typ Max 

- -

- -

- -

- 0.1 

Unit 

Vde 

Vdc 

Vde 

mAde 

2. The MRF555 PowerMacrc must be prcperly mounted for reliable operation. AN938, "Mounting Techniques in PowerMaerc TranSistor," 
discusses methods of mounting and heatsinking. 
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ELECTRICAL CHARACTERISTICS - continued (T C = 25°C unless otherwise noted.) 

Characteristic 

FUNCTIONAL TESTS (f = 470 MHz) 

Common-Emitter Power Gain 
(VCC= 12.5 Vdc, Pout = 1.5 W) 

Collector Efficiency 
(VCC= 12.5 Vdc, Pout = 1.5 W) 

Load Mismatch Stress 
(VCC = 15.5 Vdc, Pin = 125 mW, 
VSWR ~ 10:1 all phase angles) 

RF 
POWER >--FI-.-I 
INPUT 

"C1, ca, C6 - 0.8-11 pF Johanson 
C2 - 15 pF Clamped Mica, Mini-Underwood 
C4 - 36 pF Clamped Mica, Mini-Underwood 
C5 - 470 pF Ceramic Chip Capacitor 
C7 - 91 pF Clamped Mica, Mini-Underwood 
C8 - 68 pF Clamped Mica, Mini-Underwood 
C9 - 1.0 I1F, 25 V Tantalum 
B - Bead, Ferroxcube 56-590-6513B 

"Fixed tuned for broadband response 

Symbol Min Typ Max Unit 

Gpe 11 12.5 - dB 

11c 50 60 - % 

'I' 
No Degradation in Output Power 

L5 

RF 
~~I--~--~~<POWER 

L 1 - 5 Turns #21 AWG, 5132* 1.0. 
L2, L3 - 60 x 125 x 250 Mils Copper Pad on 27 Mil Thick 

Alumina Substrate 
L4, L5 - 7 Turns #21 AWG 5132* 1.0. 
Z1 - 1.29" x 0.16" Microstrip 
Z2 - 0.70" x 0.16" Microstrip 
Z3 - 2.18" x 0.16" Microstrip 

PCB - 1/16" Glass Teflon, 1 oz. cu. clad, 
double sided, Er = 2.5 

(See Figure 5 - Photornaster) 

OUTPUT 

Figure 1. 400-512 MHz Broadband Circuit 

MRF555 
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Zin ZOL* 
Ohms Ohms 

Vee = 7.5 V Vee = 12.5 V Vee = 7.5 V Vee = 12.5 V 
f Pout 400 MHz = 1.5 W Pout 400 MHz = 1.9W 

Frequency Pout 450 MHz = 1.35 W Pout 450 MHz = 1.45 W 
MHz Pin=l00mW Pin=5OmW Pout 512 MHz = 1.05 W Pout 512 MHz = 0.9 W 

400 2.9-j2.7 1.9-j3.1 18.0-j13.4 12.2-j19.7 

450 2.2-jO.8 2.6-j4.0 21.6=j9.9 2O.2-j18.6 

512 3.5-]1.2 2.6-]2.6 20.1-j1.0 23.4-j23.0 

ZoL* = Conjugate of the optimum load impedance into which the device output operates at a given output power, voltage and frequency. 

Table 1. Zin and ZOL versus Collector Voltage, Input Power and Output Power 

Figure 3. 400-512 MHz Broadband Circuit 

SCALE 0.75:1 

Figure 4. 400-512 MHz Broadband Circuit Photomaster 
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MOTOROLA 
• SEMICONDUCTOR 

TECHNICAL DATA 

The RF Line 
NPN Silicon 
RF Low Power Transistor 
· .. designed primarily for wideband large signal predriver stages in the 
800 MHz frequency range. 

• Specified @ 12.5 V, 870 MHz Characteristics 
Output Power = 1.5 W 
Minimum Gain = 8.0 dB 
Efficiency 60% (Typ) 

• Cost Effective PowerMacro Package 

• Electroless Tin Plated Leads for Improved Solderability 

MAXIMUM RATINGS 

Rating Symbol Value Unit 

Collector-Emitter Voltage VCEO 16 Vdc 

Collector-Base Voltage VCBO 36 Vdc 

Emitter-Base Voltage VEBO 4.0 Vdc 

Collector Current - Continuous IC 400 mAde 

Total Device Dissipation @ T C = 75°C (1, 2) PD 3.0 Watts 
Derate above 75°C 40 mWrc 

Storage Temperature Range Tstg -65 to +150 °c 

THERMAL CHARACTERISTICS 

Characteristic 

Thermal Resistance, Junction to Case 

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

Characteristic Symbol 

OFF CHARACTERISTICS 

Collector-Emitter Breakdown Voltage V(BR)CEO 
(IC = 5.0 mAde, IB = 0) 

Collector-Emitter Breakdown Voltage V(BR)CES 
(IC = 5.0 mAde, VBE = 0) 

Emitter:Base Breakdown Voltage V(BR)EBO 
(IE = 0.1 mAde, IC = 0) 

Collector Cutoff Current ICES 
(VCE = 15 Vdc, VBE = 0, TC = 25°C) 

ON CHARACTERISTICS 

DC Current Gain 
(IC = 100 mAde, VCE = 5.0 Vdc) 

DYNAMIC CHARACTERISTICS 

Output Capacitance 
(VCB = 15 Vdc, IE = 0, I = 1.0 MHz) 

NOTES: 

Min 

16 

36 

4.0 

-

1. TC, Case temperature measured on collector lead immediately adjacent to body 01 package. 

MRF557 

1.5 W, 870 MHz 
RF LOW POWER 

TRANSISTOR 
NPNSIUCON 

CASE 317D, STYLE 2 

Max 

25 

Typ Max 

- -

- -

- -

- 0.1 

Unit 

Vdc 

Vdc 

Vdc 

mAde 

2. The MRF557 PowerMacro must be properly mounted lor reliable operation. AN938, "Mounting Techniques in PowerMacro Transistor," 
discusses methods 01 mounting and heatsinking. 
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ELECTRICAL CHARACTERISTICS - continued (T C = 25°C unless otherwise noted;) 

Characteristic 

FUNCTIONAL TESTS 

Common-Emitter Amplifier Power Gain Figures 1, 2 
01cc = 12.5 Vdc, Pout = 1.5 W, f= 870 MHz) 

Collector Efficiency Figures 1, 2 
(VCC = 12.5 Vdc, Pout = 1.5 W, f = 870 MHz) 

Load Mismatch Stress Figures 1, 2 
(VCC = 15.5 Vdc, Pin = 225 mW, f = 870 MHz, 
VSWR ~ 10:1 all phase angles) 

RF 
POWER 
INPUT 

B 

r------, 
I L2 I 

I 
I C4 
I C3 

I 
L_ --'--+_--+ ..... 

C1, C2, C5, C7 - 0.8-8.0 pF Johanson Gigatrim" 
C3, C4 - 15 pF Clamped Mica, Mini-Underwood 
C6 - 27 pF Clamped Mica, Mini-Underwood 
C8 - 91 pF Clamped Mica, Mini-Underwood 
C9 - 68 pF Clamped Mica, Mini-Underwood 
C10-1.0 I1F, 25 V Tantalum 
B - Bead, Ferroxcube 56-590-6513B 
PCB -1/16" Glass Teflon, 8r = 2.56 

(See Photomaster Figure 3) 

"Fixed tuned for broadband response. 

Symbol Min Typ Max Unit 

Gpe 8.0 9.0 - dB 

Tic 55 60 - % 

IjI 
No Degradation in Output Power 

RF 
HI4--1-:::.r-< POWER 

L1, L4-5 Turns #21 AWG, 5/32"10 
L2, l3 - 60 x 125 x 250 Mils Copper Tab on 

27 Mil Thick Alumina Substrate 
15 - j Turns #21 AWG, 5132" 10 
Z1 - 1.65 x 0.163" Microstrip, Zo = 50 Q 

Z2 - 0.85 x 0.163" Microstrip, Zo = 50 Q 

Z3-0.625 x 0.163" Microstrip, Zo = 50 Q 
Z4 - 1.35 x 0.163" Microstrip, Zo = 50 Q 

OUTPUT 

Figure 1. 800-880 MHz Broadband Circuit 

MRF557 
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Figure 2. 800-880 MHz Broadband Circuit 

Figure 3. 800-880 MHz Test Circuit Photomaster 

SCALE 0.75:1 
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Figure 4. Performance In Broadband Circuit 

Zin ZOL* 
Ohms Ohms 

Vee = 7.5 V Vee = 12.5V Vee = 7.5 V Vee = 12.5 V 

Pout 806 MHz = 1.7W Pout 806 MHz = 2.1 W 
Pout 870 MHz = 1.4 W Pout 870 MHz = 1.8 W 

Pin = 300 mW Pin =200 mW Pout 980 MHz = 1.0W Pout 960 MHz= 1.1 W 

2.4+j3.9 2.4 + j3.1 14.7-j4.4 13.6-]12.8 

2.5+j4.6 2.7 + j3.7 17.2-j8.6 16-]13.2 

6.1 +j7.4 6.8+j8.3 40-]8.3 38-j10.5 

ZoL * = ConJuga1e of the optimum load Impedance Into which the deVice output operates at a given output power, voltage and frequency. 

MRF557 
2-386 

Table 1. Zin and ZoL versus Collector Voltage. Input Pow. and Output Power 
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MOTOROLA 
• SEMICONDUCTOR 

TECHNICAL DATA 

TheRFLine 
NPN Silicon 
High-Frequency Transistor 
• .• designed for UHF linear and large-signal amplifier applications. 

• Specified 12.5 Volt, 870 MHz Characteristics-
Output Power = 0.5 Watts 
Minimum Gain = 8.0 dB 
Efficiency 50% 

• S Parameter Data From .250 MHz to 1.5 GHz 

• 1.0 dB Compression> +20 dBm Typ 
• Ideally Suited for Broadband, Class A, Low-Noise Applications 

• Recommended As Driver for MHW808 

MAXIMUM RATINGS 

Rating Symbol Value 

Collector-Emitter Voltage VCEO 16 

Collector-Base Voltage VCBO 36 

Emltter-Base Voltage VEBO 3.0 

Collector Current - Continuous IC 150 

Total Device Dissipation @ T C = 50°C Po 2.0 
Dereta above 50°C 20 

Storage Temperature Range Tstg -65 to +150 

Unit 

Vde 

Vde 

Vde 

mAde 

Watts 
mW/"C 

00 

ELECTRICAL CHARACTERISTICS (T C = 2500 unless otherwise noted.) 

I Characteristic I Symbol 

OFF CHARACTERISTICS 

Collector-Emitter Breakdown Voltage 
(IC = 5.0 mAde, IB = 0) 

CoIlector·Base Breakdown Voltage 
(IC= 100 !IAde,IE= 0) 

Emltter·Base Breakdown Voltage 
(IE = 100 JlAde, IC = 0) 

Collector Cutoff Current 
(VCE = 15 Vdc, VBE = 0) 

ON CHARACTERISTICS 

DC Current GaIn 
(IC = 50 mAde, VCE = 10 Vdc) 

DYNAMIC CHARACTERISTICS 

Current-Gain - Bandwidth Product 
(IC = 100 mAde, VCE = 10 Vde, f = 200 MHz) 

Output Capacitance 
(VCB = 12.5 Vde, IE = 0, f = 1.0 MHz) 

MRF559 
2-388 

V(BR)CEO 

V(BR)CBO 

V(BR)EBO 

ICES 

IT 

Cob 

Min 

16 

36 

3.0 

-

-

-

MRF559 

0.5 W, 870 MHz 
HIGH-FREQUENCY 

TRANSISTOR 
NPNSlUCON 

CASE 317, STYLE 2 

Max 

- -

- -

- -

- 1.0 

3000 -

2.0 2.& 

Unit 

Vdc 

Vdc 

Vdc 

mAde 

MHz 

pF 

(continued) 
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ELECTRICAL CHARACTERISTICS - continued (Tc = 2S0C unless otherwise noted.) 

Characteristic Symbol Min Typ 

FUNCTIONAL TESTS 

Common-Emitter Amplifier Power Gain f=870MHz GpE 8.0 9.S 
(VCC = 12.S Vdc, Pout = O.S W) f=S12MHz - 13 

Collector Efficiency f= 870 MHz 11 SO 65 
(VCC = 12.S Vdc, Pout = O.S W) f= S12 MHz - 60 

TYPICAL PERFORMANCE @ Vee = 7.5 V 

Common-Emitter Amplifier Power Gain f=870MHz GpE - 6.S 
(VCC = 7.5 Vdc, Pout = O.S W) f=512MHz - 10 

Collector Efficiency f=870MHz 11 - 70 
(VCC = 7.S Vdc, Pout = O.S W) f=S12MHz - 65 

2.5 

" " I'\.. 
" " " '-

o " o 50 100 150 200 
TC, CASE TEMPERATURE (OC) 

Figure 1. Power Dissipation 

VCC>-__ -T .... C6 

-) -

C1, C2, C4, CS - 1.0-10 pF Johanson 
C3, C6 - 0.001 I1F Chip Capacitor 
C7 - 1.0 I1F Tantalum 
L 1, L4 - 4 Tums #26 AWG, 0.3 em ID, 0.4 cm Long 
L2, L3 - Ferrite Bead 
Microstrip Elements - Er = 2.SS 

Z1-S0 0 1.S cm 
Z2-30 02.S em 
Z3-S002.0cm 
Z4-50 Q 1.2cm 
Z5, Z6-S0Q 1.2Scm 

Figure 2. 870 MHz Test Fixture 
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Unit 

dB 

% 

dB 
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Zin ZoL* 
Ohms Ohms 

f 
Vee = 7.5-12.5 V Vee=7.5V Vee=12.5V Frequency 

MHz 15mW 25mW SOmW O.25W O.5W O.75W O.25W O.5W O.75W 

400 4.3-]13.3 4.9-j11.0 5.7-j8.7 31 -j49 44-j34 42-j4.9 20-j68 42-j60 52-j54 

440 3.9-]8.8 4.5-j8.7 5.4-]6.9 27-j42 39-j3O 40-j6.9 19-j62 37-j54 49-j50 

480 3.5-14·4 4.1-j6. 5.0-j4.3 24-]36 36-j25 39-j9.0 18-j56 33-j48 47-j46 

520 3.2-j2.2 3.8-j4. 4.7-j1.7 22-j3O 34-J20 37-J12 17-J52 31-j44 47-j42 

* = Con'u ate of the 0 timum load im edance Into which the device 0 ZoL I g p I P ut 0 erates at a iven 0 utp P g ut ower. voltage and frequen utp P cy 

MRF559 
2-390 

Table 1. Zin and ZoL versus Collector Voltage, Input Power, and Output Power 
I 
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Zin 
Ohms 

f 
Vee = 7.S-12.S V Frequency 

MHz 2SmW SOmW 100mW O.2SW 

800 2.9+ j2.2 3.8+j4.4 4.7 + j6.5 15.0-j36.8 

850 3.2+j3.5 3.8+j5.2 4.8 + j7.4 15.7- j35.3 

900 3.8 + ]5.7 4.4 + ]7.0 5.4+]8.7 16.4-j33.7 

950 4.1 +j7.4 4.5+j8.8 5.5 + jl0.l 17.0-j32.2 
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800 
r--r--.... 11.-
..... 

o 
800 

Vee = 7.S V 

O.SW 

22.7-j30.6 

23.9-j28.7 

25.1- j27.0 

26.3-j25.2 

Pin =75mW 

I I 
50mW -

I I 

~mwl-
I I 

VCC= 12.5 V -
l I 

830 860 890 920 950 
f. FREQUENCY (MHz) 

Figure 10. Output Power versus Frequency 

ZoL* 
Ohms 

Vee = 12.SV 

O.7SW O.2SW O.SW O.7SW 

27.1-j22.6 14.6-j43.6 17.2-j39.7 23.4- j37.7 

27.3-j21.5 16.3-j40.8 17.8-j39.5 23.7-j36.8 

27.5-j20.5 17.3-j38.2 18.3-j39.3 23.9-j36.0 

27.6-jI9.4 17.2-j36.1 20.1- j38.5 24.5-j35.6 

ZoL * = Conjugate of the optimum load Impedance Into which the deVice output operates at a given output power. voltage and frequency. 

Table 2. Zin and ZoL versus Collector Voltage, Input Power, and Output Power 
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Figure 11. Gain versus Frequency 
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I VCE=10V-
T I 

30 60 90 120 150 
IC. COLLECTOR CURRENT (mA) 

Figure 12. Gain versus Collector Current 

/' ~ --r-...... 
............. " 

r-.... 

VCE=10V-

r I 
30 60 90 120 

IC. COLLECTOR CURRENT (mA) 

Figure 14. Current Gain Bandwidth Product 
versus Collector Current 

150 

o 
o 

4 

-r--

VCE=10V-
r I 

20 40 60 80 
Ic. COLLECTOR CURRENT (rnA) 

Figure 13. Noise Figure and Associated Gain 
versus Collector Current 

100 

~ 

o 

\ 
\ ['.. 
\ ...... r-r-. - Cob 

.......... ........ 
r--- Cob 

o 2 4 6 8 10 12 14 16 18 20 
VCB. COLLECTOR BASE VOLTAGE (VOLTS) 

Figure 15. Output capacitance versus 
Collector Base Voltage 
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VCE IC f S11 ~1 
(Volta) (mA) (MHz) IS111 LcjI 18211 LcjI IS121 

5.0 10 250 0.72 -161 6.20 93 0.057 
500 0.73 179 3.16 76 0.069 
1000 0.76 158 1.62 55 0.105 
1500 0.82 142 1.08 41 0.155 

25 250 0.70 -173 7.17 89 0.045 
500 0.70 172 3.63 75 0.073 
1000 0.74 152 1.90 54 0.134 
1500 0.79 136 1.32 39 0.196 

50 250 0.72 -178 7.63 89 0.038 
500 0.72 170 3.85 77 0.068 
1000 0.75 153 . 2.01 59 0.129 
1500 0.81 137 1.40 46 0.188 

100 250 0.73 179 7.34 88 0.036 
500 0.74 169 3.70 77 0.067 
1000 0.76 153 1.94 59 0.130 
1500 0.81 1~ 1.36 46 0.191 

150 250 0.78 176 5.19 92 0.033 
500 0.78 167 2.76 78 0.065 
1000 0.80 151 1.49 58 0.129 
1500 0.85 135 1.05 45 0.191 

10 10 250 0.69 -157 7.03 94 0.050 
500 0.70 -178 3.59 77 0.060 
1000 0.74 160 1.84 55 0.094 
1500 0.81 142 1.20 41 0.148 

25 250 0.67 -168 8.30 91 0.039 
500 0.68 176 4.25 77 0.060 
1000 0.72 158 2.19 57 0.109 
1500 0.78 142 1.47 44 0.165 

50 250 0.68 -174 B.B8 90 O.OSs 
500 0.68 172 4.49 77 0.060 
1000 0.72 155 2.31 59 0.113 
1500 0.77 139 1.58 46 0.169 

100 250 0.68 -178 B.49 89 0.030 
500 0.69 170 4.32 76 0.060 
1000 0.72 153 2.25 58 0.120 
1500 0.78 137 1.53 44 0.180 

150 250 0.72 178 6.53 91 0.029 
500 0.73 169 3.37 77 0.056 
1000 0.76 152 1.79 57 0.112 
1500 0.83 137 1.22 43 0.175 

Table 3. Common Emitter Scattering Parameters 

MOTOROLA RF DEVICE DATA 

S12 

LcjI I~I 

30 0.30 
43 0.27 
63 0.27 
70 0.41 

47 0.26 
60 0.20 
67 0.21 
66 0.32 

56 0.27 
67 0.23 
72 0.23 
70 0.32 

61 0.26 
71 0.22 
74 0.24 
71 0.32 

84 0.22 
74 0.21 
77 0.24 
73 0.35 

33 0.34 
46 0.32 
67 0.29 
76 0.42 

46 0.24 
60 0.21 
71 0.19 
74 0.31 

55 0.21 
67 0.18 
74 0.17 
74 0.28 

61 0.19 
71 0.17 
76 0.17 
75 0.28 

84 0.22 
75 0.24 
80 0.22 
79 0.34 

~ 
LcjI 

-91 
-94 
-119 
-137 

-123 
-128 
-157 
-167 

-139 
-141 
-182 
-184 

-143 
-144 
-166 
-167 

-131 
-131 
-155 
-161 

-67 
-69 
-94 
-121 

-93 
-89 
-114 
-134 

-110 
':'104 
-128 
":140 

-104 
-97 
-123 
-137 

-71 
-75 
-105 
-129 

MRF559 
2-393 

• 



II 

MRF559 
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leM 

INPUT 

Figure 16. Tunable Test Fixture 

.. 

Figure 17. Printed Circuit Board Layout 

OUTPUT 
SCALE 0.75:1 
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MOTOROLA 
• SEMICONDUCTOR 

TECHNICAL DATA 

The RF Line 
NPN Silicon 
High-Frequency Transistors 
· .. designed for low-noise, wide dynamic range front end amplifiers, low-noise 
VCO's, and microwave power multipliers. 

• Low Noise 

• High Gain 

• Available in Low Cost Plastic, High Reliability Ceramic or Die 

• State-of-the-Art Technology 
Fine Line Geometry 
Ion Implanted Arsenic Emitters 
Gold Top Metallization and Wires 
Silicon Nitride Passivation 

• Fully Characterized 

MAXIMUM RATINGS 

Rating 

Collector-Emitter Voltage 

Collector-Base Voltage 

Emitter-Base Voltage 

Collector Current - Continuous 

Total Device Dissipation 
@ TC = 5000 (1) 
Derate above 50°C 

Storage Temperature 

Symbol Value 

VCEO 10 

VCBO 20 

VEBO 2.5 

IC 70 

PD 1.0 
10 

Tstg -65 to +150 

Unit 

Vde 

Vde 

Vde 

mAde 

Watts 
mW/"C 

°c 

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

Characteristic Symbol 

OFF CHARACTERISTICS 

Collector-Emitter Breakdown Voltage (IC = 1.0 mAde, IE = 0) V(BR)CEO 

Collector-Base Breakdown Voltage (IC = 0.1 mAde, IB = 0) V(BRICBO 

Emitter-Base Breakdown Voltage (IE = 50 !lAde, IC = 0) V(BRIEBO 
Collector Cutoff Current (VCB = 8.0 Vde, IE = 0) ICBO 

ON CHARACTERISTICS 

I DC Current Gain (IC = 30 mAde, VCE = 5.0 Vde) 

DYNAMIC CHARACTERISTICS 

Collector-Base Capacitance (VeB = 6.0 Vde. IE = O. I", 1.0 MHz) Ceb 

Current-Gain - Bandwidth Product fr 
(VeE = 8.0 Vde, IC =50 mA, 1= 1.0 GHz) 

FUNCTIONAL TESTS 

Gain @ Noise Figure f=0.5GHz GNF 
(lc = 10 mAde, VCE = 6.0 Vde) 1=1.0GHz 

Noise Figure 1=0.5 GHz NF 
(IC = 10 mAde, veE = 6.0Vde) 1=-1.0 GHz 

1=2.0GHz 
NOTE: 

Min 

10 

20 

2.5 

-

50 

-
-

-
10 

-
-
-

1. Case temperature measured on collector lead Immediately adjacent to body 01 package. 

MOTOROLA RF DEVICE DATA 

MRF571 

fT = 8.0 GHz @ 50 mA 
NF = 1.0 dB @ 500 MHz 
NF = 1~5 dB @ 1.0 GHz 
NF = 2.5 dB @ 2.0 GHz 

HIGIf-FREQUENCY 
TRANSISTORS 
NPNSILICON 

.CASE 317, STYLE 2 
MACRO-X 

Typ Max 

12 -
- -
- -
- 10 

300 

0.7 1.0 

8.0 -

16.5 - I 
12 -
1.0 -
1.5 2.0 
2.8 -

Unit 

Vde 

Vdc 

Vde 

!lAde 

pF 

GHz 

dB 

dB 

MRF571 
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Vcb. COLLECTOR-BASE VOLTAGE (Vdc) 

Figure 1. Ccb. Collector-Base Capacitance 
versus Voltage 

VCE=6V _ 
,~ IC=5mA 

'" GNF 

"- / 
,~ /NF 

.......... /" 
L,..o .... ......... 

............ 

0.15 0.2 0.3 0.6 1 1.5 2 
I. FREQUENCY (GHz) 

Figure 3. Gain at Noise Figure and Noise Figure 
versus Frequency 
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Figure 2. Cib. Input capacitance 
versus Emitter Base Voltage 
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Figure 4. Gain at Noise Figure and Noise Figure 
versus Collector Current 
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II 
-VCE-5Vdc -

~ -~ 
# 8Vdc~ ~ 
~ ~ , 

if 

1=1 GHz 

w ~ ~ ~ ~ m ~ ~ 00 ~ 
Ic, COLLECTOR CURRENT (mA) 

Figure 5. fT. Current GaIn-Bandwidth Product 
versus Collector Current 

.' 11 3RO ORDER INljERCEf-

"," I I 
.~: =: ~2 ~ 1 VCC=8Vdc -

'C=SOmA _ I COMP.+'i;) 

j +10 

+5 

o 

/' '" ~ "." J 
~ "'1=500MHz/ 

I' 1000 MHz .11 

II I 
r"- I 

370 OR~ER PRPDUCF - r--

-10 -5 0 +5 +10 +15 +~ +25 +~ +35 +40 
Pin, INPUT POWER (dBm) 

Figure 7. 1.0 dB Compression Point 
and Third Order Intercept 
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versus Frequency 
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II 

+j500 

-j50 

Figure 9. Input/Output Reflection Coefficients 
versus Frequency (GHz) 
VCE = 6.0 V, IC = 5.0 mA 

VCE IC f 511 

(Volts) (rnA) (MHz) 1511 1 LIj> 

6.0 5 200 0.74 -86 
500 0.62 -143 
1000 0.61 178 
1500 0.65 158 
2000 0.70 140 

10 200 0.64 -111 
500 0.58 -160 
1000 0.59 168 
1500 0.63 151 
2000 0.67 134 

50 200 0.56 -160 
500 0.57 176 
1000 0.60 156 
1500 0.62 152 
2000 0.66 127 

8.0 5 200 0.75 -83 
500 0.62 -140 
1000 0.60 -179 
1500 0.64 159 
2000 0.69 141 

10 200 0.64 -99 
500 0.52 -152 
1000 0.52 170 
1500 0.52 150 
2000 0.57 133 

50 200 0.52 -153 
500 0.52 178 
1000 0.56 157 
1500 0.54 139 
2000 0.59 126 

1~11 

10.5 
5.5 
3.0 
2.0 
1.6 

15 
6.9 
3.7 
2.5 
2.0 

20.4 
8.4 
4.4 
2.9 
2.4 

10.7 
5.1 
3.7 
2.1 
1.7 

15.1 
7.1 
3.7 
2.5 
2.0 

19.6 
8.1 
4.1 
2.8 
2.2 

521 

LIj> 

129 
97 
78 
62 
51 

118 
93 
77 
64 
53 

102 
86 
75 
64 
53 

129 
98 
78 
62 
52 

120 
94 
76 
62 
51 

102 
86 
73 
62 
52 

Figure 10. Forward/Reverse Transmission 
Coefficients versus Frequency (GHz) 

VCE = 6.0 V, IC = 5.0 mA 

512 522 

15,21 LIj> 15221 LIj> 

0.06 48 0.69 -42 
0.08 33 0.41 -59 
0.09 37 0.28 -69 
0.11 44 0.26 -88 
0.14 51 0.27 -99 

0.04 44 0.53 -59 
0.06 42 0.27 -77 
0.09 52 0.16 -91 
0.12 56 0.16 -113 
0.16 57 0.16 -118 

0.02 57 0.27 -98 
0.05 67 0.14 -130 
0.09 70 0.11 -164 
0.13 68 0.13 -175 
0.18 62 0.11 -178 

0.06 49 0.71 -39 
0.08 34 0.43 -54 
0.09 38 0.31 -62 
0.10 45 0.29 -80 
0.13 52 0.29 -91 

0.05 46 0.54 -60 
0.07 45 0.32 -75 
0.10 54 0.15 -82 
0.13 56 0.16 -108 
0.18 55 0.16 -107 

0.03 56 0.28 -92 
0.05 67 0.16 -98 
0.10 70 0.06 -130 
0.13 68 0.11 -146 
0.19 63 0.10 -137 

Table 1. Common Emitter S-Parameters 

MRF571 
2-398 
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veE = 6.0 V. Ie = 5.0 rnA 
1=500 MHz 
~ - REGION OF INSTABILITY 

veE = 6.0 V. Ie = 5.0 mA 
1= 1.0 GHz 

Figure 11. Constant Gain and Noise Figure Contours 
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RF 
INPUT 

MRF571 
2-400 

RFC 

Rl Tl9 

C1, C4, CS, C6, CS, C9 -100 pF Chip Capacitor 
C2, C3 - O.S-S.O pF Johanson Capacitor 
C7, C10 -10 IlF Tantalum Capacitor 
R1-1.0 kOhms Res. 
RFC - VK-200, Ferroxcube 
FB - Ferrite Bead, Ferroxcube 56-590-6513B 
Board Material- 0.0625" Glass Teflon, tr = 2.55 

VCC 

TL 1, TL7, TL8 - Microstrip 0.162" x 0.600" 
TL2 - Microstrip 0.162" x 1.060" 
TL3 - Microstrip 0.162" x 0.700" 
TL4, TL5 - Microstrip 0.162" x 0.440" 
TL6- Microstrip 0.162" x 1.140" 
TLS, TL9 - Mlcrostrip 0.020" x 2.130" 

RF 
OUTPUT 

Figure 12. Test Circuit Schematic 
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MOTOROLA 
• SEMICONDUCTOR 

TECHNICAL DATA 

The RF Line 
NPN Silicon 
High-Frequency Transistors 
· •. designed for high current low power amplifiers up to 1.0 GHz. 

• Low Noise (2.0 dB @ 500 MHz) 

• Low Intermodulation Distortion 

• HighGain 

• State-of-the-Art Technology 
Fine Line Geometry 
Arsenic Emitters 
Gold Top Metallization 
Nichrome Thin-Film Ballasting Resistors 

• Excellent Dynamic Range 

• Fully Characterized 

• High Current-Gain Bandwidth Product 
(f't = 5.0 GHz @ IC = 75 mAl 

MAXIMUM RATINGS 

Rating 

Collector-Emitter Voltage 

Collector-Base Voltage 

Emitter-Base Voltage 

Collector Current - Continuous 

Thermal Resistance 9JC (1) 

Thermal Resistance 9JC (2) 

Total Device Dissipation @ TC = SO·C 
Derate above TC = SO·C 

Total Device Dissipation @ TC = 25·C (1) 
Derate above TC = 25°C 

Operating and Storage Junction Temperature Range 

NOTES: 

Symbol 

VCEO 

VCBO 

VEBO 

IC 

R9JC 

R9JC 

PD 

PD 

TJ. Tstg 

1. Case temperature measured on collector lead immediately adjacenllo body of package. 
2. Part mounted on 0.062" Gl 0 board material. collector pad area 110 x 700 mils. 

MOTOROLA RF DEVICE DATA 

MRF581 

18 

36 

MRF581 
MRF581A 

IC=200mA 
LOW NOISE 

HIGH-FREQUENCY 
TRANSISTORS 
NPNSILICON 

CASE 317, STYLE 2 
MRF581,A 

MRF581A 

IS 

30 

2.5 

200 

40 

100 

2.S 
25 

1.25 
10 

Unit 

Vdc 

Vdc 

Vdc 

mAdc 

·C/W 

·C/W 

Watts 
mW/"C 

Watts 
mW/"C 

-6510+150 °c 

MRF581.MRF581A 
2-401 
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ELECTRICAL CHARACTERISTICS (Tc = 25°C unless otherwise noted.) 

Characteristic Symbol 

OFF CHARACTERISTICS 

Collector-Emitter Breakdown Voltage MRF581 
(IC = 1.0 mAde, IB = 0) MRF581A 

Collector-Base Breakdown Voltage MRF581 
(IC = 1.0 mAde, IE = 0) MRF581 A 

Emitter-Base Breakdown Voltage (IE = 0.1 mAde, IC = 0) 

Emitter Cutoff Current (VEB = 2.0 Vdc, VBE = 0) 

Collector Cutoff Current (VCB = 15 Vdc,lE = 0) 

ON CHARACTERISTICS 

DC Current Gain (1) 
(IC = 50 mAde, VCE = 5.0 Vde) 

DYNAMIC CHARACTERISTICS 

MRF581 
MRF581A 

Collector-Bese Capacitance (VCB = 10 Vde, IE = 0, f = 1.0 MHz) 

Current-Gain Bandwidth Product (2) 
(IC = 75 mAde, VCE = 10Vde, f = 1.0 GHz) 

FUNCTIONAL TESTS 

NOise Figure MRF581 
(IC = 50 mAde, VCE = 10 Vde, f = 0.5 GHz) MRF581A 

Power Gain at Optimum Noise Figure MRF581,A 
(IC = 50 mAde, VCE = 10 Vde, f = 0.5 GHz) 

Maximum Unilateral Gain MRF581,A (2) 
(IC = 75 mAde, VCE = 10 Vde, f = 0.5 GHz) 

Intermodulation Distortion MRF581,A (3) 
(VCE= 10 V,IC =75 mA, Vou!= +50 dBmV) 

NOTES: 
1. 300 I1S pulse on Tektronix 576 or equivalent. 
2. Characterized on HP8542 Automatic Network Analyzer. 

V(BR)CEO 

V(BR)CBO 

V(BR)EBO 

lEBO 

ICBO 

Cob 

IT 

NF 

GNF 

GUmax 

IMD(d3) 

3. 2 Tones, f1 = 497 MHz, f2 = 503 MHz, 3rd Order Single Tone reference. 

MRF581-MRF581A 
2-402 

Min Typ Max Unit 

18 - - Vdc 
15 - -
36 - - Vde 
30 - -
2.5 - - Vde 

- - 100 )lAde 

- - 100 !lAde 

- 1.4 2.0 pF 

- 5.0 - GHz 

- 2.0 3.0 dB 
- 1.8 2.5 

13 15.5 - dB 

- 17 - dB 

- -65 - dB 
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Figure 2. Ccb. Cob Collector-Base Capacitance 
versus Voltage 
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MRF581,A TYPICAL PERFORMANCE 
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Figure 5. GU max - Maximum Unilateral Gain, 
IS21 12 versus Frequency 
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Figure 7. Noise Figure and Gain Associated 
with Noise Figure versus Frequency 
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Figure 10. Noise Figure and Gain Associated 
with Noise Figure versus Collector Current 
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VCE 

-j50 

Figure 11. Input/Output Reflection 
Coefficient versus Frequency 

IC f 
(Volts) (mA) (MHz) 18,,1 

5.0 25 300 0.69 
500 0.72 
1000 0.73 
1500 0.76 

50 300 0.70 
500 0.72 
1000 0.72 
1500 0.76 

75 300 0.70 
500 0.72 

1000 0.72 
1500 0.76 

100 300 0.70 
500 0.72 

1000 0.72 
1500 0.75 

10 25 300 0.66 
500 0.69 
1000 0.70 
1500 0.74 

50 300 0.65 
500 0.68 
1000 0.69 
1500 0.72 

75 300 0.66 
500 0.68 
1000 0.69 
1500 0.72 

100 300 0.66 
500 0.68 
1000 0.68 
1500 0.72 

15 25 300 0.65 
500 0.67 
1000 0.68 
1500 0.72 

50 300 0.64 
500 0.66 
1000 0.67 
1500 0.71 

75 300 0.64 
500 0.66 
1000 0.89 
1500 0.70 

100 300 0.64 
500 0.66 
1000 0.67 
1500 0.70 

VCE=10V Ic=50mA 

8" 821 

L+ 18211 L+ 
-169 6.57 93 

176 3.95 62 
157 2.10 62 
139 1.47 50 

-173 7.14 93 
173 4.27 62 
157 2.24 65 
138 1.61 53 

-175 7.26 92 
172 4.33 62 
155 2.28 65 
136 1.64 53 

-176 7.30 92 
172 4.34 62 
155 2.28 65 
137 1.64 53 

-165 7.58 95 
178 4.56 62 
159 2.39 64 
141 1.65 50 

-169 8.25 94 
175 4.96 62 
157 2.60 65 
139 1.62 52 

-171 8.49 93 
175 5.06 62 
157 2.64 65 
139 1.86 53 

-172 8.46 93 
174 5.06 62 
157 2.64 65 
139 1.86 52 

-163 7.96 95 
179 4.62 62 
160 2.51 63 
141 1.73 49 

-167 8.76 94 
177 5.37 62 
159 2.75 65 
141 1.91 51 

-168 8.93 93 
176 5.34 62 
156 2.78 65 
140 1.93 51 

-169 8.91 93 
176 5.33 62 
158 2.78 64 
140 1.93 51 

+90" 

_90° 

Figure 12. ForwardlReverse Transmission 
Coefficients versus Frequency 

$,2 ~ 

18,21 L+ 18221 L, 
0.06 39 0.34 -129 
0.07 47 0.29 -142 
0.12 60 0.27 -165 
0.17 61 0.33 -172 

0.05 45 0.36 -144 
0.07 53 0.34 -157 
0.13 62 0.33 179 
0.18 61 0.37 173 

0.05 48 0.40 -148 
0.07 55 0.37 -161 
0.13 63 0.30 176 
0.19 .61 0.39 170 

0.05 48 0.40 -151 
0.07 56 0.37 -163 
0.13 63 0.36 175 
0.19 61 0.39 168 

0.05 40 0.29 -106 
0.07 48 0.23 -116 
0.11 61 0.19 -141 
0.16 64 0.26 -153 

0.05 48 0.30 -126 
0.07 54 0.24 -138 
0.12 63 0.22 -164 
0.17 63 0.27 -171 

0.05 48 0.30 -132 
0.07 55 0.25 -145 
0.12 64 0.23 -170 
0.17 63 0.27 -176 

0.05 49 0.30 -134 
0.07 56 0.25 -147 
0.12 64 0.23 -172 
0.17 63 0.27 -1n 

0.05 40 0.28 -92 
0.06 48 0.21 -98 
0.11 62 0.17 -119 
0.16 65 0.24 -137 

0.0 46 0.26 -112 
0.06 54 0.20 -122 
0.11 64 0.16 -148 
0.16 64 0.22 -157 

0.05 47 0.25 -117 
0.06 55 0.20 -128 
0.11 65 0.16 -154 
0.16 64 0.22 -162 

0.05 48 0.25 -117 
0.06 56 0.19 -129 
0.11 65 0.16 -154 
0.16 64 0.21 -160 

Table 1. MRF581,A Common EmItter S-Parameters 
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RF 
INPUT 

f(MHz) rMS rML 

500 0.91 L 1760 0.78Ln" 

Circuit Per Figure 14 

-j50 

rMS 
NFOPT 

VCE=10V 
IC=50mA 

GAMAX 
(dB) 

0.39 L 1590 18 

Rn NF NF 
(0) OPT (500) 

10.5 2.0 2.5 

Figure 13. MRF581 Constant Gain Contours Noise Figure Contours 

RFC 

R1 Tl9 

C1, 04, 05, C6, C8, C9 -1 000 pF Chip Capacitor 
C2, C3 - 1.0-10 pF Johanson Capacitor 
C7, C10-10 I1FTantaiumCapacltor 
Rl-l.0 kO Res. 
RFC - VK-200, Ferroxcube 
FB - Ferrite Bead, Ferroxcube, 56-590-6513B 
Board Material- 0.0625* Thick Glass Teflon £r = 2.55 

RFC 

TL1, TL7, TLS - Microstrip 0.16~ x O.60on 
TL2 - Microstrip 0.1 ~ x 1.00on 
TL3 - Microstrip 0.1 ~ x 0.800* 
TL4 - Microstrlp 0.1 ~ x 0.440* 
TL5 - Mlcrostrlp 0.120* x 0.440* 
TL6- Mlcrostrip 0.120* x 1.16on 
TL9, TL 10 - Microstrip 0.025* x 4.250* 

Figure 14. MRF581 Test Fixture Schematic 

RF 
OUTPUT 

MRF581-MRF581A 
2-406 
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MOTOROLA 
• SEMICONDUCTOR 

TECHNICAL DATA 

The RF Line 
NPN Silicon 
High-Frequency Transistor 
• •. designed for use in high-gain, low-noise, ultra-linear, tuned and wideband 
amplifiers. Ideal for use in CATV, MATV, and instrumentation applications. 

• Low Noise Figure -
NF = 3.0 dB (Typ) @ f = 500 MHz, IC = 90 rnA 

• High Power Gain -
GU(max) = 16.5 dB (Typ) @ f = 500 MHz 

• Ion Implanted 

• All Gold Metal System 

• High IT - 5.5 GHz 

• Low Intermodulation Distortion: 
TB3 =-70 dB 
DIN = 125 dB ILV 

• Nichrome Emitter Ballast Resistors 

MAXIMUM RATINGS 

Rating 

Collector-Emitter Voltage 

Collector-Base Voltage 

Emitter-Base Voltage 

Collector Current - Continuous 

Total Device Dissipation @ TC = 50·C 
Derate above TC = 50·C 

Storage Temperature Range 

Junction Temperature 

Symbol 

VCEO 

VCBO 

VEBO 

IC 

PD 

Tstg 

TJ 

Value Unit 

17 Vde 

34 Vdc 

2.5 Vde 

200 mAde 

5.0 Watts 
33 mWI"C 

-65to+150 ·C 

200 ·C 

ELECTRICAL CHARACTERISTICS (TC = 25·C unless otherwise noted.) 

I Characteristic I Symbol 

OFF CHARACTERISTICS· 

Collector-Emitter Breakdown Voltage V(BR)CEO 
(IC = 5.0 mAde, IB = 0) 

Collector-Base Breakdown Voltage V(BR)CBO 
(IC = 1.0 mAde, IE = 0) 

Emitter-Base Breakdown Voltage V(BR)EBO 
(IC = 0, IE = 0.1 mAde) 

Collector Cutoff Current ICBO 
(VCB = 10 Vde, IE = 0) 

ON CHARACTERISTICS 

DC Current Gain (1) 
(IC = 50 mAde, VCE = 5.0 Vdc) 

NOTE: 
1. 300 !1S pulse on Tektronix 576 or equivalent. 

MOTOROLA RF DEVICE DATA 

Min 

17 

34 

2.5 

-

MRF587 

NF = 3.0 dB @ 0.5 GHz 
HIGH-FREQUENCY 

TRANSISTOR 
NPNSlUCON 

CASE 244A, STYLE 1 

Typ Max 

- -

- -

- -

- 50 

Unit 

Vde 

Vde 

Vde 

!lAde 

MRF587 
2-407 



II 

ELECTRICAL CHARACTERISTICS - continued (TC = 25·C unless otherwise noted.) 

Characteristic I Symbol Min Typ Max Unit 

DYNAMIC CHARACTERISTICS 

eurrent·Gain - Bandwidth Product (2) 
(Ie = 90 mAde, VeE = 15 Vdc, t = 0.5 GHz) 

eoliector·Base capacitance 
(VeB= 10 Vdc,le= 0, t= 1.0 MHz) 

FUNCTIONAL TESTS 

Narrowband - Figure 15 
(Ie = 90 mA, Vee = 15 V, t = 0.5 GHz) 

Noise Figure 
Power Gain at Optimum Noise Figure 

Broadband - Figure 16 
(Ie = 90 mA, Vee = 15V. t=0.3GHz) 

Noise Figure 
Power Gain at Optimum Noise Figure 

Triple Beat Distortion 
(Ie = 50 mA,Vee = 15 V, PRet = 50 dBmV) 
(Ie = 90 mA, Vee = 15 V, PRet = 50 dBmV) 

DIN 45004 
(Ie = 90 mA, Vee = 15 V) 
(Ie = 90 mA, Vee = 15 V) 

Maximum Available Power Gain (3). 
(le=90mA, veE = 15 Vdc, t=0.5GHz) 

NOTE5: 
2. Characterized on HP8542 Automatic Network Analyzer 

152112 
3. GUmax= 2 2 

(1-15111 )(1-15221 ) 

10 

9 

B 
iii 7 :E-
ll:! 6 ::> 
£2 

5 u. 
w 

~ 4 
z 
u: 3 z 

V~E=115J-
~ 

....... I'...... 
Ic=90mA -

GNF , 
....... ...... ....... ........ ..; 

.;> ...... -N.F. 
2 

1 

30 

27 

24 ~ 
w 

21 !§ 
£2 

8 :!:i 1 

1 5 ~ z 
1 2 !< z 
9 Z1i 

6 ~ 
C!l 

3 

o o 
0.1 0.2 0.3 0.5 0.7 0.910 

MRF587 
2-408 

i, FREQUENCY (GHz) 

Figure 1. Typical Noise Figure and 
Associated Gain versus Frequency 

for - 5.5 - GHz 

ecb - 1.7 2.2 pF 

dB 

NF - 3.0 4.0 
GNF 11 13 -

dB 

NF - 6.3 -
GNF - 11 -
TB3 - -70 - dB 

DIN - 125 - dBIlV 

GUmax - 16.5 - dB 

6 

5 
iii 
:E-
w 
a:: 4 ::> 
1@ 

I / 
-VCE=15V /" _ f=300MHz 

/ 
,/ 

,/' 
w sa 3 !£ 
u: 

.L V 
./ 

." 

z 
2 -~ 

1 
o 00 100 100 200 

Ie. COllECTOR CURRENT (rnA) 

Figure 2. Noise Figure versus Collector Current 
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f= 500 MHz 
6 

VCE,,15V 

~ --. 

1 
50 100 150 200 o 

Ie. COLLECTOR CURRENT (rnA) 

Figure 3. GUmax versus Collector Current 

I 
VCE=15V ......-- -.... ....... 

......... , 
1=I~MHz 

50 100 150 
IC. COLLECTOR CURRENT (rnA) 

Figure 4. Gain-Bandwidth Product versus 
Collector Current 

200 

TYPICAL PERFORMANCE 

~ 
~ 
l!l 
E§ 
~ 
~ 
8 
J 

7 -~ 
6 ---........... 

"" VCC=15V -
....... ~ 1=300MHz -

" 
CIRCUIT PER - FIGURE 16 

3 

2 
~ 50 50 ro 50 ~ ~ m m 

IC. COLLECTOR CURRENT (rnA) 

Figure 5. Broadband Noise Figure 

80 31 

76 

72 
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VCC=15V - 215 I .. 200 MHz 

68 

'--
CIRCUIT PER 

64 

60 
40 

FIGURE 16 

50 60 ro 50 90 100 110 
Ie. COLLECTOR CURRENT (rnA) 

Figure 7. 1.0 dB Compreaalon Point versus 
Collector Current 
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10 

7 

u::- 5 
.s 
w 
(.) 

~ 3 
~ 
~ 
(.) 2 

1 

r--

1 

Cob 

Ccb 

2 3 5 7 10 
Vea. COLLECTOR BASE VOLTAGE M 

Figure 6. Junction capacitance versus Voltage 
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~ 40 
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J' 3RDORDER 

/'1 INTERCEPT 

I I 
,,/ I CIRCUIT PER 

I FIGURE 16 

I -~ 
I 

11 = 205 MHz 
12=211 MHz 
VCC-15V 

I Jc=9~rnA 

30 40 50 60 
Pin. INPUT POWER (dBrn) 

Figure 8. Third Order Intercept Point 
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TYPICAL PERFORMANCE (continued) 

10 
~ 

-48 

-52 

~ -56 

t=! 
!!2 -60 c 
ci 
;;; 

-64 

VCE=15V 
- PRe! = 50 dBmV 

\. 

" \. ~ 
'\. " " " 

I cy 
CIRCUIT PER 
FIGURE 16 VC~~ TEST PER FIGURE 17 ./ 

.,/ V 
V" 

- CH2 I--

40 50 60 70 80 90 100 110 120 
IC. COLLECTOR CURRENT (rnA) 

Figure 9. Second Order Distortion versus 
Collector Current 

-10 
~ 

....... VCC=15V 
......... PRe! = 50 dBmV 

" .......... t.... CH13 

-20 

~ 
z 
~ -30 

f-- CIRCUIT PER ----FIGURE 16 -~ 
is -40 
:§ 
:::E 
x-50 

r-- TEST PER FIGURE 19 

-60 
40 

MRF587 
2-410 

50 60 70 80 90 100 110 120 
IC. COLLECTOR CURRENT (rnA) 

Figure 11. 35-Channel X-Modulation Distortion 
versus Collector Current 

-60 

-64 

~ :z -68 
Q 

Ii: 
~ -72 
is 

if 
I- -76 

.......... 

-80 
70 

140 

VCC=15V 
PRe! = 50 dBmV @ 200 MHz 

i"-..... 

CIRCUIT PER _ 
FIGURE 16 

--.. .... 
.......... ........ -t--

TEST PER FIGURE 18 -
I I I 

80 90 100 110 
IC. COLLECTOR CURRENT (rnA) 

Figure 10. Triple Beat Distortion versus 
Collector Current 
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120 
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~ 130 
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FIGURE 16 

TEST PER FIGURE 20 -
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Figure 12. DIN 45004B versus Collector Current 
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Figure 13. Input/Output Reflection 
Coefficient versus Frequency (GHz) 

VCE IC f 
(Volts) (mA) (MHz) 1811 1 

5.0 30 100 0.56 
200 0.58 
400 0.60 
600 0.64 
800 0.67 
1000 0.70 

60 100 0.53 
200 0.56 
400 0.59 
600 0.63 
800 0.66 
1000 0.69 

90 100 0.52 
200 0.56 
400 0.59 
600 0.63 
800 0.66 
1000 0.69 

10 30 100 0.53 
200 0.53 
400 0.55 
600 0.59 
800 0.62 
1000 0.65 

60 100 0.49 
200 0.51 
400 0.53 
600 0.58 
800 0.60 
1000 0.63 

90 100 0.48 
200 0.50 
400 0.53 
600 0.57 
800 0.60 
1000 0.63 

-j500 

811 

VCE=15V Ic=90mA 

~1 
Lcj> 1~11 Lei> 

-131 16.45 113 
-159 9.42 98 
-178 5.00 86 

170 3.61 76 
162 2.92 67 
155 2.55 58 

-141 17.89 110 
-164 10.05 97 

178 5.31 85 
169 3.82 76 
161 3.09 67 
155 2.67 58 

-145 18.26 109 
-166 10.20 96 

177 5.38 85 
168 3.86 76 
161 3.12 67 
155 2.70 58 

-122 18.36 115 
-153 ' 10.63 100 

175 5.71 87 
173 4.16 78 
165 3.37 68 
158 2.95 59 

-132 20.19 112 
-158 11.54 99 
-178 6.12 87 

171 4.43 78 
164 3.58 68 
157 3.12 60 

-135 20.82 111 
-160 11.77 98 
-179 6.22 86 

171 4.50 78 
164 3.64 68 
157 3.18 60 

90° 

Figure 14. ForwardlReverse Transmission 
Coefficients versus Frequency (GHz) 

812 822 

18121 Loj> 18221 Lcj> 

0.04 45 0.49 -91 
0.06 49 0.38 -116 
0.08 55 0.35 -132 
0.11 56 0.38 -138 
0.14 55 0.41 -144 
0.17 54 0.44 -152 

0.04 50 0.47 -102 
0.05 55 0.39 -126 
0.09 60 0.38 -141 
0.12 59 0.40 -146 
0.15 57 0.44 . -153 
0.18 55 0.47 -160 

0.04 52 0.47 -106 
0.05 57 0.39 -130 
0.09 62 0.39 -144 
0;12 60 0.41 -149 
0.15 58 0.45 -155 
0.19 55 0.48 -162 

0.04 48 0.50 -75 
0.05 51 0.36 -96 
0.08 57 0.33 -112 
0.10 58 0.35 -119 
0.13 57 0.39 -127 
0.15 55 0.42 -136 

0.03 51 0.46 -85 
0.05 57 0.35 -107 
0.08 61 0.33 -123 
0.11 ·60 0.36 -129 
0.14 59 0.40 -136 
0.16 57 0.44 -144 

0.03 53 0.45 -88 
0.05 59 0.34 -111 
0.08 63 0.33 -126 
0.11 62 0.36 -131 
0.14 59 0.41 -139 
0.17 57 0.44 -147 

(continued) 

Table 1. Common-Emitter S-Parameters 

MOTOROLA RF DEVICE DATA MRF587 
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a 

VCE Ie f 811 8:11 st2 8:12 
(Volts) (mA) (MHz) 18111 L+ 1S:!11 L+ 18121 L+ 18:121 L+ 

15 30 100 0.49 -112 20.34 118 0.04 54 0.51 -52 
200 0.52 -145 11.51 101 0.05 56 0.36 -77 
400 0.48 -164 6.12 87 0.09 63 0.32 -74 
600 0.52 -174 4.19 75 0.12 62 0.32 -90 
800 0.53 177 3.29 68 0.16 61 0.38 -90 
1000 0.53 168 2.76 61 0.20 56 0.47 -90 

60 100 0.45 -122 22.14 115 0.03 56 0.45 -60 
200 0.49 -150 12.24 99 0.05 60 0.33 -86 
400 0.45 -168 6.45 86 0.09 65 0.30 -83 
600 0.50 -175 4.42 75 0.13 63 0.32 -99 
800 0.51 177 3.47 68 0.16 61 0.38 -98 

1000 0.51 168 2.91 62 0.20 55 0.46 -98 
90 100 0.44 -127 22.76 114 0.03 58 0.43 -62 

200 0.48 -152 12.44 98 0.05 62 0.32 -89 
400 0.44 -167 6.65 85 0.09 66 0.29 -85 
600 0.50 -176 4.47 75 0.13 64 0.32 -102 
800 0.51 176 3.51 89 0.17 61 0.38 -100 
1000 0.51 168 2.95 62 0.20 55 0.46 -98 

Table 1. Common-EmlHer SoParameters (continued) 

R1 RFC1 

+ 
Y3 VBB 

~C7 

Tl3 

TLl Tl2 

AF~ 
Itf'UT~l 

~RF 
C2'LJY2' OUTPUT 

MRF587 
2-412 

C10 

C1. 02-470 pF Chip (Cerarnk;) 
ca. C4 - 0.o1811F Chip Capacitor 
05. C6 - 0.1 I1F Mylar 
C7. C6 - 1.0 I1F. 25 Vdc Electrolytic 
C9 - 91 pF Mini-Unetcc (C9 Taped 3.68 em from 

CcUector Connection on TL4 as shown) 
C10 - 35-45 pF Johanson Ceramic Capacitor. JMC 

5801 or Equivalent (C10 Taped 3.12 em frem 
Base Connection on TL 1) 

R1 - 2.7 kn, 1-112 W 
RFC1 - 0.1511H Molded Chcke 
TL 1. TL2 - Zo = 26 n. 0.0625 TFG as shown in 

Pho1omaster 
TL3. TL4 - ')J4 Microstrip. Zo = 100 n 
V1. V2 - N-Type Connectlon (Female) 
V3. V4 - BNC-Type Ccnnector (Female) 
Board Material- 0.0625' Thick Glass Teflon Er = 2.5 

Figure 15. Narrowband Test Fixture Schematic 
500 MHz 
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Cl,C7-0.5-10pF 
C2, C6 - 0.001 I1F 
C3-0.01I1F 
C4, C5 - 0.01 I1F Feedthru 
C8-12pF 

( 
C6 

VCC=15V 
I>g= 11 dB 
1= 5-375 MHz 
Zo=7Hl 

Rl -12 n 1.0 W (2.0-24 n on each emitter port) 
R2-1.Bkl/BW 
R3-2.2kl/BW 
L 1 - 1 Tum 0.012 dia #22 AWG 
n(l) - 5 Tums Tapped at2 Tums, #30 AWG 
T2(1) - B Tums Tapped at 3 Tums, #30 AWG 

(1) Ferroxcube 135 CT050 303 Material 

RF 
OUTPUT 

! 

Figure 16. Broadband Test Circuit Schematic 

PRef- -----r-
DISTORTION 

-r12=11 11 12 J.-r ... 
Figure 17. Second Order Distortion Test 

"~TI 
UNMODULATED 
CARRIER 

PReI-- --

100% 
MODULATION r ,----
15kHz 

... "- flh: 
Figure 19. Cross Modulation Distortion Test 
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PRel -- -r------ -

DISTORTION 

11 1 12 13 

-1:"- ........ ,-
Figure 18. Triple Beat Distortion Test 

vRo1 --r--------t 
-6dB - ---r 

199 MHz -60 dB 

211 MHz 217 MHz 

11 J · 13 
193MHz ._ A- X 205MHz ........ r-----

_. 
Figure 20. DIN 45OO4B Intermodulation Test 
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MOTOROLA 
- SEMICONDUCTOR 

TECHNICAL DATA 

The RF Line 
NPN Silicon 
RF Power Transistor 
••• designed for 12.5 Volt UHF large-signal amplifier applications in industrial 
and commercial FM equipment operating to 512 MHz. 

II 

• Specified 12.5 Volt. 470 MHz Characteristics-
Output Power = 15 WattS 
Minimum Gain = 7.8 dB 
Efficiency = 55% 

• Characterized with Series Equivalent large-Signal Impedance Parameters 
• Built-In Matching Network for Broadband Operation 
• Tested for Load Mismatch Stress at all Phase Angles with 20:1 VSWR @ 

16-Volt High Une and Overdrive 

MAXIMUM RATINGS 

Rating 

~kKmo~EnVHBrVoHage 

CoIlector'Base Voltage 

Emitter-Base Voltage 

Collector Current - Continuous 

Total Device Dissipation @ TC = 2500 
Derate above 2500 

Storage Temperature Range 

THERMAL CHARACTERISTICS 

Charac:lllristie 

Thermal Resistance, Junction to case 

ELECTRICAL CHARACTERISTICS (Tc = 2500 unless otherwise noted.) 

I Characteristic I Symbol 

OFF CHARACTERISTICS 
Collector-Emitter Breakdown VoHage 

(IC = 20 mAde. IB = 0) 

Collector-Ernltler Breakdown Voltage 
(IC = 20 mAde, VeE = 0) 

Emitter-Base Breakdown Voltage 
(IE = 5.0 mAde. IC = 0) 

Collector Cutoff Current 
(VCE = 15 Vde, VBE = 0, TC = 2500) 

MRF641 
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V(BR)CEO 

V(BR)CES 

V(BR)EBO 

ICES 

Symbol 

VCEO 

VCBO 

VEBO 

IC 

Po 

Tstg 

Min 

16 

36 

4.0 

-

MRF641 

15W.470MHz 
CONTROLLED Q 

RFPOWER 
TRANSISTOR 
NPNSILICON 

CASE 3111-01, STYLE 1 

Value 

16 

36 

4.0 

3.0 

43.7 
0.25 

-65 to +150 

Max 

4.0 

Max 

- -

- -

- -

- 5.0 

Unit 

Vdc 

Vdc 

Vdc 

Ade 

Watts 
W/"C 

00 

Unit 

Vde 

Vde 

Vdc 

mAdc 

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

Characteristic 

ON CHARACTERISTICS 

DC Current Gain 
(IC = 1.0 Adc, VCE = 5.0 Vdc) 

DYNAMIC CHARACTERISTICS 

output Capacitance 
(VCB= 12.5 Vdc, IE= 0, f= 1.0 MHz) 

FUNCTIONAL TESTS 

Common-Emitter Amplifier Power Gain Gpe 
(VCC = 12.5 Vdc, Pout = 15 W, f = 470 MHz) 

Collector Efficiency T\ 
(VCC= 12.5 Vdc, Pout = 15 W, f=470 MHz) 

Output Mismatch Stress 1JI 
(VCC = 16 Vdc, Pin = 3.0 W, f = 470 MHz, 
VSWR = 20:1, All Phase Angles) 

7.8 

55 

RFCI 

8.5 - dB 

60 - % 

No Degradation in Output Power 

Cl0 VCC 12.5 V 

I [:: 
C~?UTPUT 
~~ 

rr 
PARTS 

Zl - 1.225" x 0.187" Microstrip 
Z2 - 0.884" x 0.187" Microstrip 
Z3 - Capacitor Block (Base) 
Z4 - Collector Block 
Z5 - 1.1" x 0.187" Microstrip 
Z6 - 0.433" x 0.187" Microstrip 
Z7 - 0.4" X 0.187" Microstrip 

Dotted Area - Capacitor Assembly 

MOTOROLA RF DEVICE DATA 

Cl, C2 - 0.8-10 pF Johanson 
03, C4-24 pF Chip Caps 100 mils ATC 
C5, C6 - 22 pF Chip Caps 100 mils ATC 
C12- 220 pF Chip Cap 100 mils ATC 
C7, Cll-l.0 I1FTantaJum 35 Vdc 
C9, Cl0 - 680 pF Feedthrough Allen-Bradley 
C13-2OO pF UNELCO 
C8 - O.lI1F, 50 V Erie Red Cap 
RFCl - VK 200 -104B Ferrite Choke 
Ll -4 Tums 0.2" Dia. #16AWG 
L2 - 9 Turns 0.15" Dia. #16 AWG 

Bead - Ferroxcube 56-590-65-35EB 

Figure 1. Test Circuit Schematic 

NOTES 

'C5, C6, are mounted as close to the capacitor 
assembly as possible. 

t:f;C3, C4 are mounted in the capacitor assembly. 
Beard - 62.5 mil Glass Teflon, Er = 2.55. 

MRF641 
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Figure 5. Power Saturation Profile 

ZOL * = Conjugate of the load impedance into which the device output operates at a given power, 11, and' frequency. 

MRF641 
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Figure 6. Series Equivalent Input-Qutput Impedance 
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Figure 7. Test Circuit 

Figure 8. Photomaster 

MOTOROLA RF DEVICE DATA 

SCALE 0.75:1 
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MOTOROLA 
• SEMICONDUCTOR 

TECHNICAL DATA 

II 

The RF Line 
NPN Silicon 
RF Power Transistor 
••. designed for 12.5 Volt UHF large-signal amplifier applications in industrial 
and commercial FM equipment operating to 512 MHz. 

• Specified 12.5 Volt, 470 MHz Characteristics-
Output Power = 25 Watts 
Minimum Gain = 6.2 dB 
Efficiency = 60% 

• Characterized with Series Equivalent Large-Signal Impedance Parameters 

• Built-In Matching Network for Broadband Operation 

• Tested for Load Mismatch Stress at all Phase Angles with 20:1 VSWR @ 

16-Volt High Line and 50% Overdrive 

MAXIMUM RATINGS 

Rating 

Collector-Emitter Voltage 

Collector-Base Voltage 

Emitter-Base Voltage 

Collector Current - Continuous 

Total Device Disslpation.@ TC = 25°C 
Derate above 25°C 

Storage Temperature Range 

THERMAL CHARACTERISTICS 

Characteristic 

Thermal ReSistance, Junction to Case 

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

I Characteristic I Symbol 

OFF CHARACTERISTICS 

Collector-Emitter Breakdown Voltage 
(IC = 20 mAde, IB = 0) 

Collector-Emitter Breakdown Voltage 
(IC = 20 mAde, VBE = 0) 

Emitter-Base Breakdown Voltage 
(IE = 5.0 mAde, IC = 0) 

Collector Cutoff Current 
(VCE= 15Vdc, VBE=O, TC = 25°C) 

MRF644 
2-418 

V(BR)CEO 

V(BR)CES 

V(BR)EBO 

ICES 

Symbol 

VCEO 

VCBO 

VEBO 

Ie 

Po 

Tstg 

Min 

16 

36 

4.0 

-

MRF644 

25W, 470 MHz 
CONTROLLED Q 

RFPOWER 
TRANSISTOR 
NPNSILICON 

CASE 316-01, STYLE 1 

Value 

16 

36 

4.0 

4.0 

103 
0.59 

-65 to +150 

Max 

1.7 

Typ Max 

- -

~ -

- -

- 5.0 

Unit 

Vde 

Vde 

Vde 

Ade 

Watts 
wrc 
°c 

Unit 

Vde 

Vdc 

Vdc 

mAdc 

(continued) 
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ELECTRICAL CHARACTERISTICS - continued (T C = 2500 unless otherwise noted.) 

I Characteristic I Symbol I Min Max Unit 

ON CHARACTERISTICS 

I DC Current Gain 
(IC = 4.0 Adc, VCE = 5.0 Vdc) 

40 70 100 

DYNAMIC CHARACTERISTICS 

Output Capacitance 
(VCB= 12.5 Vdc, IE = 0, 1= 1.0 MHz) 

FUNCTIONAL TESTS 

Common-Emitter Amplifier Power Gain 
(VCC = 12.5 Vdc, Pout = 25 W, IC (MAX) = 3.6 Adc, 1= 470 MHz) 

Gpe 6.2 7.0 - dB 

Input Power Pjn - 5.0 6.0 watts 
(VCC= 12.5 Vdc, Pout = 25 W, 1=470 MHz) 

Collector Efficiency 1\ 55 60 - % 
(VCC = 12.5 Vdc, Pout = 25 W, IC (MAX) = 3.6 Adc, 1=470 MHz) 

Output Mismatch Stress "'. 
(VCC = 16 Vdc, Pin = Note 1, I = 470 MHz, No Degradation in Output Power 
VSWR = 20:1, All Phase Angles) 

Series Equivalent Input Impedance Zin - 1.2+ j3.3 - Ohms 
(VCC = 12.5 Vdc, Pout = 25 W, 1=470 MHz) 

Series Equivalent Output Impedance ZoL - 1.9+j2.1 - Ohms 
(VCC= 12.5 Vdc, Pout=25 W, 1=470 MHz) 

NOTES: 
1. Pin = 150% of Drive Requirement lor 25 W Output at 12.5 Vdc . 

• '" = Mismatch stress factor - the electrical criterion established to verify the device resistance to loed mismatch failure. The mismatch stress 
test is accomplished in the standard test fixture (Figure 1) terminated in a 20:1 minimum load mismatch at all phase angles. 

r-----------, 

IRPT I 
I 
I 

C1, C2, C7, C8 -1.0-20 pF Johanson Variable 
C3-27pF 100 mil ATC 
04-30 pF 100 mil ATC 
C5, C6-33 pF 100 mil ATC 
C9 - 250 pF 100 mil ATC 
C10 - 100 pF UNELCO 
C11, C14-1.0 (.IF 35 V TANTALUM 

MOTOROLA RF DEVICE DATA 

C12, C13 - 680 pF Feedthrough 
L1 -5"1I22AWG 0.100* 10 
L2-5" 1120 AWG 0.187"10 
RFC1 - Ferroxcube VK200-20-4B 
B - Ferroxcube Bead 56-590-65-3B 
Z1 - 0.25" x 0.20" Microstrlp 
Z2 - 1.63" x 0.20" Microstrip 

Figure 1. Test Circuit Schematic 

Z3 - 0.20* x 0.20" Microstrip 
Z4, Z5 -112" #18 AWG bent in a 

"V" shape 1186 Wide 
Z6 - 0.20* x 0.20* Microstrlp 
Z1 - 0.70· x 0.20* Mlcrostrlp 
Z8 - 0.33" x 0.20" Microstrlp 
Z9 - 0.50* x 0.20* Microstrlp 
Board - 62.5 mil Glass Teflon, Er = 2.55 

MRF644 
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Figure 4. Power Output versus Supply Voltage Figure 5. Power Saturation Profile 

ZOL' = Conjugate of the optimum load impedance into which the device output 
operates at a given output power, voltage and frequency. 

Figure 6. Series Equivalent Input-output Impedance 
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Figure 7. MRF644 Test Fixture 

Figure 8. Printed Circuit Board 

MOTOROLA RF DEVICE DATA 

SCALE.o.75:1 
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• 

MOTOROLA 
• SEMICONDUCTOR 

TECHNICAL DATA 

The RF Line 
NPN Silicon 
RF Power Transistor 
• •• designed for 12.5 Volt UHF large-signal amplifier applications in industrial 
and commercial FM equipment operating to 520 MHz. 

• Guaranteed 440, 470, 512 MHz 12.5 Volt Characteristics 
Output Power = 50 Watts 
Minimum Gain = 5.2 dB @ 440, 470 MHz 
Efficiency = 55% @ 440,470 MHz 
IRL= 10dB 

• Characterized with Series Equivalent Large-Signal Impedance Parameters 
from 400 to 520 MHz 

• Built-hi Matching Network for Broadband Operation 
•. Triple Ion Implanted for More Consistent Characteristics 

• Implanted Emitter Ballast Resistors 

• Silicon Nitride Passivated 
• 100°,{, Tested for Load Mismatch Stress at all Phase Angles with 20:1 

VSWR @ 15.5 Vdc, 2.0 dB Overdrive 

MAXIMUM RATINGS 

Rating 

Collector-Emitter Voltage 

Collector-Emitter Voltage 

Emitter-Base Voltage 

Collector CUrrent - Continuous 

Total Device Dissipation @ T C = 25°C 
Derate above 2500 

Storage Temperature Range 

THERMAL CHARACTERISTIC$ 

Characteristic 

Thennal Resistance, Junction to Case 

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

I Characteristic I Symbol 

OFF CHARACTERISTICS 

Collector-Emitter Breakdown Voltage (IC = 50 mAde, IB = 0) 

Collector-Emitter Breakdown Voltage (IC = 50 mAde, VBE = 0) 

Emitter-Base Breakdown Voltage (IE = 10 mAde, IC = 0) 

CoIlectorCutofI Currant (VCE = 15Vde, VBE = 0, TC = 25°C) 

ON CHARACTERISTICS 

I DC Current Gain (IC = 5.0 Ade, VCE = 5.0 Vdc) 

DYNAMIC CHARACTERISTICS 

I Output Cepacitanee (VCB = 12.5 Vde, IE = 0, f = 1.0 MHz) 

MRF650 
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VCBR)CEO 

VCBRICES 

V(BR)EBO 

ICES 

Cob 

Symbol 

VCEO 

VCES 

VEBO 

IC 

Po 

Tstg 

Min 

16.5 

38 

4.0 

-

20 

MRF650 

50 W,512 MHz 
RFPOWER 

TRANSISTOR 
NPNSIUCON 

CASE 316-01, STYLE 1 

Value 

16.5 

38 

4.0 

12 

135 
0.77 

-65 to +150 

Max 

1.3 

Typ Max 

- -
- -
- -
- 5.0 

70 120 

135 170 

Unit 

Vdc 

Vdc 

Vdc 

Ade 

Watts 
wrc 
°c 

Unit 

Vde 

Vde 

Vdc 

mAde 

pF 

(continued) 
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ELECTRICAL CHARACTERISTICS - continued (TC = 25°C unless otherwise noted.) 

Characteristic Symbol Min Max U.nlt 

FUNCTIONAL TESTS (In Motorola Test Fixture. See Figure 1.) 

Common-Emitter Amplifier Power Gain Gpe 5.2 6.1 - dB 
(VCC = 12.5 Vdc, Pout = 50 W, f = 440,470 MHz) 

Common-Emitter Amplifier Power Gain Gpe 5.0 5.9 - dB 
(VCC= 12.5 Vdc, Pout = 50 W, f= 512 MHz) 

Input Retum Loss IRL 10 15 - dB 
(VCC = 12.5 Vdc, Pout = 50 W, f = 440, 470, 512 MHz) 

Collector Efficiency 1'\ 55 65 - % 
(VCC = 12.5 Vdc, Pout = 50 W, f = 440, 470 MHz) 

Collector Efficiency - 50 60 - % 
(VCC = 12.5 Vdc, Pout = 50 W, f = 512 MHz) 

Output Mismatch Stress '1'(2) 
(VCC = 15.5 V, 2.0 dB Overdrive, f = 470 MHz, No Degradation in Output Power 
VSWR = 20:1, All Phase Angles) (1) 

NOTES: 
1. Pin = 2.0 dB above drive requirement for 50 W output at 12.5 Vdc. 
2. '1'= Mismatch stress factor-the electrical criterion established to verify the device resistance to load mismatch failure. The mismatch stress 

test Is accomplished in the standard test fixture (Figure 1) terminated in a 20:1 minimum load mismatch at all phase angles. 

aVRE 
PORT 

Rl 

SOCKET 

Cit ~r mr I I 
i[l----l]--l 85 

I _ _ I 
I C4- -CS 1L2 

RFINPUT 
son 

Bl, B8 - Ferrite Bead Ferroxcube VK200 20-4B 

I I TL7 
TL61 

B2, B3, 84, B5, 86, B7 -- Ferrite Bead Ferroxcube #56-590-3B 

Cl, C8 - 10 IIF, 25 V, 25%, Electrolytic, ECS TE-1204 
02, C7 -1000 pF, Chip Cap, 5%, ATC 100Bl02JC50 
03, C6 - 91 pF, 5%, Mica, SAHA 3HS0006-91 
04, C5, C12, C13 - 36 pF, 5%, SAHA 3HS0006-36 
C9, C16 - 220 pF, Chip Cap, 5%, ATC 100B221J0200 
Cl0, Cll, C15 - 0.8-10 pF, Variable, Johanson JMC501 PG26J200 
CI4-1.0-20 pF, Variable, JohansonJMC5501 PG26J200 

L 1, L2 - 3 Tums, 18 AWG, 0.19" 10 - Total Length 3.5" 

Nl, N2 - N Coaxial Conn., Omnl-Spectra 3052-1648-10 

Rl, R2 - 10 Ohm, 10%, 1.0 W, Carbon, RCA 831010 

R2 

TL1, TLI2.-Zo=500hm 
TL2 - See Photomastar 
TL3 - See Photomester 
TL4 - See Photomester 
TL5 - See Photomaster 
TL6 - See Photomaster 
TL7 - See Photomester 
T18 - See Photomaster 
TL9 - See Photomaster 
TL 10 - See Photomaster 
TL 11 - See Photomaster 

+12.5 Vdc 

~I I 
RF 

OUTPUT 
son 

Transmission Una Boards: 1/16" Glass-Teflon 
Keene GX-0600-55-22 
2 oz. Cu Clad Both Sides 
2r=2.55 

Bias Boards: 1/16# Gl0 or Equivalent 
20z. Cu Clad Double Sided 

Figure 1. 440 to 512 MHz Broadband Test Circuit Schematic 

MOTOROLA RF DEVICE DATA MRF650 
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Figure 3. Output Power versus Frequency 

PO!50W' 
Vee .12.5 Vile 

Pin 

-- TIc --- ~- --
c> 

2.0:1 ~ 
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r-.... ....... .-r-r-. i- .-'" 
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f. FREQUENCY (MHz) 

1 

520 
1 

.5:11 

.0:1 

Figure 4. Output Power versus Supply Voltage Figure 5. Broadband Performance for Po = 50 W 

MRF650 
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Po = 50 W, Vce = 12.5 Vdc 

TUNED FOR MAXIMUM 
GAIN AT Po = 50W 

1 lin ZOL* 
(MHzi n n 
400 0.7 + j2.8 1.4 + j2.3 
440 0.7 + j3.2 1.1 + j2.6 
470 0.8 + j3.3 0.8 + j2.7 
512 0.8 + j3.2 0.7 + j2.9 
520 0.7 + j3.0 0.6 + j3.0 

ZoL' = Conjugate 01 optimum load 
impadance into which the 
device operates at a given 
output power, voltage and 

Figure 6. Input and Output Impedance Normalized to 10 Ohms frequency. 
Circuit Tuned for Maximum GaIn @ Po = 50 W 
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MRF650 
INPUT LINE 

470 MHz 
GX·0600.ss 

£r= 2.55 

RF INPUT BOARD 

MOTOROLA RF DEVICE DATA 

COLLECTOR BIAS BOARD 

SCALE 0.75:1 

MRF650 
OUTPUT liNE 

470 MHz 
GX.()6oo.ss 

£r = 2.55 

RF OUTPUT BOARD 

Figure 7. Photomaster for Broadband Test Circuit 

Figure 8. 440-512 MHz Broadband Test Circuit 
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Bl, B2 - Ferrite Bead Fair Rite Products Corp. 
B3 - Ferrite Bead Fair Rite Products Corp. 

C2, Cll - 820 pF, 5% 
C3, Cl0 - 91 pF, 5%, Mica, SAHA 3HS0006-91 
Cl, C12 - 220 pF, 5%, Murata Erie 
C4 - 9.1 pF, 5%, Murata Erie 

(440-512 MHz) 

CS, C6, C7, C8 - 43 pF, 5%, Mica SAHA 3HSOOO6-'43 
C9 -10 pF, 5%, Murata Erie 
C13 -10 IlF, Electrolytlc, 50 V, Panasonic 

Ll -7Turns, 24AWG,ID Dia. 0.116" 
L2-5Tums,18AWG,ID Dia. 0.165" 

Nl, N2 - SMA Flange Mount, Omni-Spectra 2052-1618-02 

Rl, R2, R3, R4 

Rl, R2, RS, R4 - 39 Ohm 1/8 W 5% Rohm 

TL1-Zo=500hm 
TL2-Zo=500hm 
TL3 - Zo = 50 Ohm 
TL4 - See Photomaster 
TL5 - Zo = 50 Ohm 
TL6 - See Photomaster 
TL7 - See Photomaster 
TLB - See Photomaster 
TL9 - See Photomaster 
TL10-Zo = 50 Ohm 
TL11-See Photomaster 
TL12-Zo=500hm 
TL13-Zo= 50 Ohm 
TL14-Zo=500hm 

Board Material: 1/16" G10, Er= 4.5 
2 oz. Cu Clad Both Sides 

Figure 9. Schematic of Broadband Demonstration Amplifier (3) 

PERFORMANCE CHARACTERISTICS OF 
BROADBAND DEMONSTRATION AMPLIFIER 

I 80 
Pin=15W 
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Figure 10. Output Power versus Input Power Figure 11. po. TIc and VSWR versus Frequency 

(3) Detailed design and perionnance Information available from Motorola upon request. 
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Figure 12. 440-512 MHz Broadband 
Demonstration Amplifier 

MOTOROLA RF DEVICE DATA 

SCALE 0.75:1 

Figure 13. Photomaster for 440-512 MHz 
Broadband Demonstration Amplifier 
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• 

MOTOROLA 
• SEMICONDUCTOR 

TECHNICAL DATA 

The RF Line 
NPN Silicon 
RF Power Transistors 
• .. designed for 12.5 Vdc UHF large-signal, amplifier applications in industrial 
and commercial FM equipment operating to 512 MHz. 
• Guaranteed 12.5 Volt, 512 MHz Characteristics 

Output Power = 5.0 Watts 
Minimum Gain = 10 dB 
Efficiency = 65% (Typ) 

• Typical Performance at 870 MHz, 12.5 V, 5.0 W Output = 6.0 dB 
• Series Equivalent Large-Signal Characterization 
• Gold Metallized, Emitter Ballasted for Long Life and Reliability 
• Capable of 30:1 VSWR Load Mismatch at 15.5 V Supply Voltage 

MAXIMUM RATINGS 

Rating Symbol V .. lue Unit 

Collector-Emitter Voltage VCEO 16 Vdc 

Collector-Base Voltage VCBO 36 Vdc 

Emitter-Base Voltage VEBO 4.0 Vde 

Collector Current - Continuous IC 2.0 Ade 

Total Device Dissipation @ T C = 25"C PD. 25 Watts 
Derate above 25DC 143 mW/"C 

Storage Temperature Range Tstg -65 to +150 DC 

Operating Junction Temperature TJ 200 DC 

THERMAL CHARACTERISTICS 

Characteristic 

Thermal Resistance, Junction to Case 

ELECTRICAL CHARACTERISTICS (T C = 25DC unless otherwise noted.) 

I Characteristic I Symbol 

OFF CHARACTERISTICS 

Collector-Emitter Breakdown Voltage 
(IC = 25 mAde, IB = 0) 

Collector-Emitter Breakdown Voltage 
(IC = 25 mAde, VBE = 0) 

Collector-Base Breakdown Voltage 
(IC = 25 mAde, IE = 0) 

Emitter-Base Breakdown Voltage 
(IE = 5.0 mAde, IC = 0) 

Collector Cutoff Current 
(VCE = 15 Vde, VBE = 0) 

ON CHARACTERISTICS 

DC Current Gain 
(IC = 200 mAde, VCE = 5.0 Vde) 

MRF652-MRF652S 
2-428 

V(BR)CEO 

V(BR)CES 

V(BR)CBO 

V(BR)EBO 

ICES 

Min 

16 

36 

36 

4.0 

-

MRF652 
MRF652S 

5.0 W, 512 MHz 
RFPOWER 

TRANSISTORS 
NPNSILICON 

CASE 244, STYLE 1 
MRF652 

CASE 249, STYLE 1 
MRF652S 

Typ Max 

- -

- -

- -

- -

- 1.0 

Unit 

Vdc 

Vde 

Vdc 

Vde 

mAde 
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ELECTRICAL CHARACTERISTICS - continued (Tc = 25°C unless otherwise noted.) 

Characteristic 

DYNAMIC CHARACTERISTICS 

I Output Capacitance (VCB = 15 Vdc, IE = 0, f = 1.0 MHz) 

FUNCTIONAL TESTS 

Common-Emitter Amplifier Power Gain 
(VCC = 12.5 Vdc, Pout = 5.0 W) 

Collector Efficiency 
(VCC = 12.5 Vdc, Pout = 5.0 W, 1 = 512 MHz) 

Load Mismatch 
(VCC = 15.5 Vdc, Pin = 500 mW, f = 512 MHz, 
VSWR = 30:1, At All Phase Angles) 

Cl 

Zl 

C2 

Bl, B2, B3 - Ferrite Bead 
C1 - 7.0 pF Unelco Mica 

1= 512 MHz 
1=870 MHz 

C2 - 1.0-6.0 pF Johanson Variable 5201 
C3 - 15 pF Unelco Mica 
C4 - 43 pF Mini-Underwood Mica 
C5 - 56 pF Mini-Underwood Mica 
C6 - 1000 pF Unelco Mica 
C7 - 0.1 I1F Ceramic 

Symbol Min Typ Max 

Cob 9.5 15 

Gpe 10 11 -
- 6.0 -

11 60 65 -

'If 
No Degradation in Output Power 

82 83 
,,-~P-"""-ID--[:J-"""'--O +12.5 Vdc 

r GAD 

Z5 

Cl1 

C8 - 68 pF Mini-Underwood Mica 
C9 - 1.0 I1F Electrolytic 25 V 
C10, Cll - 5.0 pF Unelco Mica 
C12-1.0-10 pF Johanson Variable 5501 
L1, L2-6 Turns, 20 AWG WireO.125"ID 

C12 

Zl, Z2 - 25 Ohm I1Stripline (See Photo-Mask - Figure 7) 
Z3, Z4, Z5 - 50 Ohm !1Stripline (See Photo-Mask - Figure 7) 
Board - 0.032" Glass-Teflon 

Unit 

pF 

dB 

% 

Figure 1. 440-512 MHz Broadband Test Circuit 
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Figure 5. Typical Broadband Circuit Performance 

1 
MHz 

400 
440 
470 
512 

Vcc = 12.5 Vdc 
Pout = 5.0 W 

lin 
Ohms 

1.18 + jO.54 
1.19 + jO.88 
1.19 + j1.11 
1.19 + p.35 

lOl' 
Ohms 

6.7 ~ j6.9 
7.05 - j6.1 
7.6 - j5.1 
8.1 - j4.1 

ZOL' = Conjugate 01 the optimum load 
impedance into which the device 
operates at a given output power. 
voltage. and frequency. 

~ 
~ z 
~ 

~ w 
II: 

~ 
fa .... .... 
8 .. 
~ 

Figure 6. Series Equivalent InpuUOutput Impedance 
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Figure 7. Photomaster Broadband Test Circuit 

Figure 8. Broadband Test Circuit 
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.. 

MOTOROLA 
• SEMICONDUCTOR 

TECHNICAL DATA 

TheRF Line 
NPN Silicon 
RF Power Transistors 
· .. designed for 12.5 Volt UHF large-signal amplifier applications in industrial 
and commercial FM equipment operating to 512 MHz. 

• Specified 12.5 Volt, 512 MHz Characteristics 
Output Power = 10 W 
Gain = 8.0 dB (Typ) 
Efficiency = 65% (Typ) 

• Gold Metallized, Emitter Ballasted for Long Life and Reliability 

• Capable of 20: 1 VSWR Load Mismatch at 16 V Supply Voltage 

MAXIMUM RATINGS 

Rating Symbol Value Unit 

Collector-Emitter Voltage VCEO 16.5 Vdc 

Collector-Base Voltage VCBO 38 Vdc 

Emitter-Base Voltage VEBO 4.0 Vdc 

Collector Current - Continuous IC 2.75 Ade 

Total Device Dissipation @ TA = 25°C Po 44 Watts 
Derate above 25°C 0.25 W/"C 

Storage Temperature Range Tstg -65 to +150 °c 

Operating Junction Temperature TJ 200 °c 

THERMAL CHARACTERISTICS 

Characteristic 

Thermal ReSistance, Junction to Case 

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

I Characteristic Symbol 

OFF CHARACTERISTICS 

Collector-Emitter Breakdown Voltage (Ie = 20 mAde, IB = 0) V(BR)CEO 

Collector-Emitter Breakdown Voltage (IC = 20 mAde, VBE = 0) V(BR)CES 

Emitter-Base Breakdown Voltage (IE = 5.0 mAde, IC = 0) V(BR)EBO 

Collector Cutoff Current (VCE = 15 Vde, VBE = 0) ICES 

ON CHARACTERISTICS 

I DC Current Gain (IC = 1.0 Ade, VCE = 5.0 Vde) hFE I 
DYNAMIC CHARACTERISTICS 

I Output Capacitance (VeB= 12.5 Vde, IE = 0, f= 1.0 MHz) Cob 

FUNCTIONAL TESTS 

Common-Emitter Amplifier Power Gain 
(VCC = 12.5 Vde, Pout = 10 W, f = 512 MHz) 

Gpe 

Collector Efficiency TIc 
(VCC = 12.5 Vde, Pout = 10 W, f = 512 MHz) 

Load Mismatch Stress 1jI 

(VCC = 16 Vdc, f=512 MHz, Pin (1) = 2.6 W, 
VSWR = 20:1, All Phase Angles) 

NOTE: 

Min 

16.5 

38 

4.0 

-

20 

7.0 

55 

1. Pin = 2.0 dB over the typical input power required for 10 W output power @ 12.5 Vde. 

MRF653eMRF653S 
2-432 

MRF653 
MRF653S 

10W,512MHz 
RFPOWER 

TRANSISTORS 
NPNSILICON 

2fS 
CASE 244 
MRF653 

~ 
CASE 249 
MRF653S 

Typ Max 

- -

- -

- -
- 5.0 

120 

22 28 

8.0 -

65 -

No Degradation in Output Power 

Unit 

Vde 

Vde 

Vde 

mAde 

pF 

dB 

% 
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-= -= 

Figure 1. Broadband Test Circuit 

B 

l2 1.3 

SOCKET r-----, 
III I 
Il_~ 1 
1 C3 1 
1 1 

B 
r.-rYY~~-------<+ 

1 
12 

1.-___ --1 1 

Cl, C5 - 1.0-20 pF, Johanson 
C2, C6 - 330 pF, 100 Mil ATC 
C3, C4 - 36 pF, Mini-Unelco 
C7, C12 -10 IlF, 35 V, Tantalum 
ce, Cll - 0.1 IlF, Ceramic 
09, Cl0-91 pF, Mini-Unelco 

1 

~~-~ 
L1, L4-4-1I2Tums, #18 AWG, 0.16N 10 
L2, L3 - 2 Tums, #18 AWG, 0.16N 10 
B - Ferrite Bead, Ferroxcube 56-590-65-3B 
Zl-51 x 630 mils 
Z2 -162 x 1300 mils 
Z3-210 x 1350 mils 
Z4-210 x 280 mils 
ZS-SI x 300 mils 
Board Malerial-O.~ epoxy glass Gl0, 1 oz., copper clad, 

double sided, Er = 5 
JPl - Jumper, #14 AWG w/Banana Plugs 

Figure 2. Broadband Test Circuit Schematic 

MOTOROLA RF DEVICE DATA MRF653eMRF653S 
2-433 



II 

.1 
-I 

I. 
I-

SCALE 0.75:1 

Figure 3. Photomaster 
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I 
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I 
O.BW _ --
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o 

f. FREQUENCY (MHz) 

Figure 5. OutPloit Power versus Frequency 

Gpe 

11c -~ 

Pout = lOW -
VCC = 12.5 Vdc _ 

I--- VSWR i...-- 1.3:1 a: 

1.2:1 ~ 
> 

1.1:1 
7 B 9 10 11 12 13 14 15 16 440 450 460 470 480 490 500 510 520 

Vce. SUPPLY VOLTAGE (VOLTS) 

Figure 6. Output Power versus Supply Voltage 
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f. FREQUENCY (MHz) 

Figure 7. Typical Broadband Circuit Performance 
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MOTOROLA RF DEVICE DATA 

Zin ZOL* 

1.0 + j2.2 4.3 - j2.8 

1.0 + j2.4 4.4 - j2.1 

1.0 + j2.6 4.1 - j1.7 

1.0 + j2.7 3.9 - j1.65 

ZOL * = Conjugate of optimum load imped- . 
ance into which the device operates 
ata given output power, voltage and ." 
frequency. ,,' 

11"0'---=-,,-.,--.1"0 

Figure 8. Series Equivalent Input and OUfput Impedance 
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• 

MOTOROLA 
• SEMICONDUCTOR 

TECHNICAL DATA 

The RF Line 
NPNSilicon 
RF Power Transistor 
••• designed for 12.5 Volt UHF large-signal amplifier applications in industrial 
and commercial FM equipment operating to 512 MHz. 

• Specified 12.5 Volt, 512 MHz Characteristics 
Output Power = 15 W 
Minimum Gain = 7.8 dB 
Efficiency = 55% 

• Built-In Matching Network for Broadband Operation 

• Gold Metallized, Emitter Ballasted for Long Ufe and Reliability 

• Capable of 20:1 VSWR Load Mismatch at 15.5 V Supply Voltage 

MAXIMUM RATINGS 

Rating 

Collector-Emitter Voltage 

Collector-Base Voltage 

Emitter-Base Voltage 

Collector Current - Continuous 

Total Device Dissipation @ TA = 25°C 
Derate above 25°C 

Storage Temparature Range 

THERMAL CHARACTERISTICS 

Characteristic 

Thermal Resistance, Junction to Ca,se 

ELECTRICAL CHARACTERISTICS (T C = 2500 unless otherwise noted.) 

I Characteristic I Symbol 

OFF CHARACTERISTICS 

Collector-Emitter Breekdown Voltage 
(IC = 25 mAde, IB = 0) 

Collector-Emitter Breakdown Voltage 
(lc = 25 mAde, VBE = 0) 

Emitter-Base Breakdown Voltage 
(IE = 5.0 mAde, IC = 0) 

CoIlector-Cutofi Current 
(VCE= 15 Vdc, VBE =0) 

MRF654 
2-436 

V(BR)CEO 

V(BR)CES 

V(BR)EBO 

ICES 

Symbol 

VCEO 

VCBO 

VEBO 

IC 

Po 

Tstg 

Min 

16 

36 

4.0 

-

MRF654 

15W, 470 MHz 
RFPOWER 

TRANSISTOR 
NPNSlUCON 

CASE 244, STYLE 1 

Yalue 

16 

36 

4.0 

4.0 

44 
0.25 

-65 to +150 

Max 

4.0 

Max 

- -

- -

- -

- 2.0 

Unit 

Vdc 

Vdc 

Vdc 

Adc 

Watts 
W/"C 

00 

Unit 

Vdc 

Vdc 

Vdc 

mAde 

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

Characteristic 

ON CHARACTERISTICS 

DC Current Gain 
(IC = 1.0 Adc, VCE = 5.0 Vdc) 

DYNAMIC CHARACTERISTICS 

Output Capacitance 
(VCB = 15 Vdc, IE = 0, f= 1.0 MHz) 

FUNCTIONAL TESTS 

Common-Emitter Amplifier Power Gain 
(VCC = 12.5 Vdc, Pout = 15 W, f = 512 MHz) 

Collector Efficiency 
(VCC = 12.5 Vdc, Pout = 15 W, f = 512 MHz) 

Load Mismatch Stress 
(VCC = 15.5 Vdc, f = 512 MHz, Pin = 3.0 W, 
VSWR = 20:1, All Phase Angles) 

JPl L1 

[4.1 
~ 

-= 

Zl 

Cl, C5 - 68 pF Mini-Unelco 
C2, C3 - 33 pF, Mlni-Unelco 
C4 - 47 pF, Mini,Unelco 
C6, Cll -10 I1F, 25 V Tantalum 
C7, ClO - 0.1 I1F, Ceramic 
C8, C9 - 91 pF, Mini-Unelco 

Gpe 7.8 8.8 - dB 

TI 55 63 - "10 

1jI 

No Degradation in Output Power 

L4 

+ 

+ Vee 
L2 L3 rC11r-

SOCKET r-----, 
II} I I I 
I -
I C2 I 
I I 
I I 

~1 
I 

I I 

~ 'u, 
I 
I 

I C3 I C4I ..J 
- -- -

L2,l3-2 Turns, #18 AWG Enamel Covered, 0.16"10 
B - Ferrite Bead, Ferroxcube 56-590-65-3B 
Zl-Z6 - See PCB Artwork 
PCB-1/32"G-l0,€r=4.5@UHF 
Socket - See Socket Drawings 
JPl - Jumper, #14 AWG wlBanana Plugs 

Ll, L4-4-1/2Turns, #18 AWG, Enamel Covered, 0.16" 10 

Figure 1. 440-512 MHz Broadband Test Circuit 
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Pout - ... -~ r-- ... 1Jc 
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Pin=2W 
- VCC = 12.5 Vdc 

~ 

~ 
70%t!:i· 
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50%~ 

8 
.:; 

1.5:1 !=' 

1.4:1 ~ 
1.2:1 > 
1.0:1 
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I, FREQUENCY (MHz) 

Figure 5. Typical Broadband Circuit Performance 

Vee = 12.5 Vdc, Pout = 15 W 

f lin lol' 
MHz Ohms Ohms 
440 2.7+ j3.0 2.6 - jO.5 
470 2.7 + j3.2 2.6 - jO.l 
490 2.7+ j3.6 2.6+ jO.2 
512 2.5+ j3.9 2.6+ jO.4 

Figure 6. Series Equivalent Input and Output Impedance 
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Figure 7. 440-512 MHz Broadband Test Circuit 
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MOTOROLA 
• SEMICONDUCTOR 

TECHNICAL DATA 

• 

The RF Line 
NPN Silicon 
RF Power Transistor 

Designed for 12.5 Volt UHF large-signal, common emitter, class-C amplifier 
applications in industrial and commercial FM equipment operating to 520 MHz. 

• Specified 12.5 Volt, 512 MHz Characteristics 
Output Power = 65 Watts 
Minimum Gain = 4.15 dB 
Minimum Efficiency = 50% 

• Characterized with Series Equivalent Large-Signal Impedance Parameters 
from 400 to 520 MHz 

• BuiH-ln Matching Network for Broadband Operation 

• Triple Ion Implanted for More Consistent Characteristics 
• Implanted Emitter Ballast Resistors for Improved Ruggedness 

• Silicon Nitride Passivated 

• Capable of SurvMng Load Mismatch Stress at all Phase Angles with 
20:1 VSWR @ 15.5 Vdc and 2.0 dB Overdrive 

MAXIMUM RATINGS 

Rating 

Collector-Emitter Voltage 

Collector-emitter Voltage 

Emitter-Base Voltage 

Collector Current - Continuous 

Total Device Dissipation @ TC = 25°C 
Derate above 25°C 

Storage Temperature Range 

THERMAL CHARACTERISTICS 

Characteristic 

Thermal Resistance, junction to Case 

ELECTRICAL CHARACTERISTICS (Tc = 25°C unless otherwise noted.) 

I Charactaristic' I Symbol 

OFF CHARACTERISTICS 

Collector-Emitter Breakdown Voltage 
(IC = 50 mAde, IB = 0) 

Collector-Emitter Breakdown Voltage 
(IC = 50 mAde, VBE = 0) 

Emitter-Base Breakdown Voltage 
(IE = 10 mAde, IC = 0) 

Collector Cutoff Current 
(VCE = 15 Vdc, VBE = 0, TC = 25°C) 

MRF658 
2-440 

V(BR)CEO 

V(BR)CES 

V(BR)EBO 

ICES 

Symbol 

VCEO 

VCES 

VEBO 

IC 

Po 

Tstg. 

Min 

16.5 

38 

4.0 

-

MRF658 

65W,512 MHz 
RF POWER TRANSISTOR 

NPNSIUCON 

CASE 316-01, STYLE 1 

Valua 

16.5 

38 

4.0 

15 

175 
1.0 

-65 to +150 

Max 

1.0 

Typ Max 

29 -

45 -

4.6 -

0.1 10 

Unit 

Vde 

Vde 

Vdc 

Ade 

Watts 
W/"C 

°c 

Unit 

Vde 

Vde 

Vde 

mAde 

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

Characteristic 

ON CHARACTERISTICS 

DC Current Gain 
(IC = 10 Adc, VCE = 5.0 Vdc) 

DYNAMIC CHARACTERISTICS 

output Capacitance 
(VCB= 12.5 Vdc,IE=O, f= 1.0 MHz) 

FUNCTIONAL TESTS (In Motorola Test Fixture. See Figure 1.) 

Output Power 
(VCC= 12.5 Vdc, Pin = 25 W, f=470 & 512 MHz) 

Collector Efficiency 
(VCC = 12.5 Vdc, Pout = 65 W, f = 470 & 512 MHz) 

Output Mismatch Stress 
(VCC= 15.5 Vdc, Pin =32W, f=512 MHz, VSWR 20:1, 
All Phase Angles) 

Input Retum Loss 
(Po = 65 W, f= 470 &512 MHz, VCC= 12.5 V) 

DElTA VRE PORT 
(NORMALLY SHORTED) 

RFINPUT 
Nl)-1L. __ _ 

81= 

Bl-B4-Long Bead, Fair Rite (2743019446) 
Cl - 56 pF, Chip Capacitor, Murata Erie 
C2 - 1-20 pF Trimmer, Johanson..JMC 5501 PG26J200 
C3 - 39 pF, Chip Capacitor, Murata Erie 
C4 - 1-20 pF Trimmer, Johanson..JMC 5501 
C5 - 33 pF, Miniature Clamped Mica, SAHA 
C6 - 33 pF, Miniature Clamped Mica, SAHA 
C7 - 33 pF, Miniature Clamped Mica, SAHA 
C8 - 27 pF, Miniature Clamped Mica, SAHA 
Cl1 -1-20 pF Trimmer, Johanson..JMC 5501 PG26J200 
C12 -110 pF, Chip Capacitor, Murata Erie 
C13 - 10 j.LF, 50 V Electrolytic, Panasonic-ECEVl HVl OOR 
C14 - 0.18 j.LF Chip Capacitor 
C15-13O pF, Chip Capacitor, Murata Erie 

Max Unit Symbol Min Typ __ ~~~~ ______ L-____ ~ 

Pout 65 - -

11 50 60 -

1(1 No Degradation In Output Power 

IRL 10 15 

83= 

C16 - 130 pF, Chip Capacitor, Murata Erie 
C17 - 130 pF, Chip Capacitor, Murata Erie 
C18 -130 pF, Chip Capacitor, Murata Erie 
C19 - 0.18 j.LF Chip Capacitor 

-

12.5 Vdc 

W 

0/0 

dB 

C20 - 10 j.LF, 50 V Electrolytic, Panasonic-ECEVl HVl OOR 
Board -1/16" Glass Teflon, £r = 2.55, Keene (GX-0600-55-22) 
L1, L2-5 Turns, 20 AWG, 100.126" 
L3 - 2 Turns, 26 AWG, 100.073" 
Nl, N2- Type N Flange, Omni Spectra (3052-1648-10) 

Murata Erie Chip Capacitors
GRH71OCOGxxxxl00VBE 
SAHA Mini Clamped Mica Capacitors - 3HSOOO6-xx 

N2 

Figure 1. 512 MHz Test Circuit 
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Figure 2. Output Power versus Input Power Figure 3. Output Power versus Frequency 
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MOTOROLA RF DEVICE DATA 

I ZIN Zo!.' 
MHz OHMS OHMS 

400 0.62+J2.8 1.20+J2.5 

440 0.72+j3.1 1.10+ j2.8 

480 0.81 +J3.3 0.94+]3.1 

520 0.90+J3.6 0.80+]3.4 

ZoL' • Conjugata 01 optimum load impedance into 
which the device operaIBs at a given ou1put 
power. voltage and frequency. 

Figure 5. SerIes Equivalent Input and Output Impedances 
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• 

MOTOROLA 
- SEMICONDUCTOR 

TECHNICAL DATA 

The RF Line 
NPN Silicon 
RF Low Power Transistor 
• .• designed primarily for wideband large signal predriver stages in 800 MHz 
and UHF frequency ranges. 

• Specified @ 12.5 V, 870 MHz Characteristics 
Output Power = 750 mW 
Minimum Gain = 8.0 dB 
Efficiency 60% (Typ) 

• Low Cost Macro-X Plastic Package 

• Slate-of-the-Art Technology 
Fine Line Geometry 
Gold Top Melal and Wires 
Silicon Nitride Passivated 
Ion Implanted Arsenic Emitters 

MAXIMUM RATINGS 

Rating 

Collector-Emitter Voltage 

Collector-Base Voltage 

Emitter-Base Voltage 

Collector Current - Continuous 

Total Device Dissipation @ TC = SO~C (1) 
Derate above SO°C 

Storage Temperature Range 

THERMAL CHARACTERISTICS 

Characteristic 

Thermal Resistance, Junction to base 

ELECTRICAL CHARACTERISTICS(Tc = 2S0C unless otherwise noted.) 

I Characteristic I Symbol 

OFF CHARACTERISTICS 

Collector-Emitter Breakdown Voltage V(BR)CEO 
(IC = 5.0 mAde, IB = 0) 

Collector-Emitter Breakdown Voltage V(BR)CES 
(IC = 5.0 mAde, VBE = 0) 

Emitter-Base Breakdown Voltage V(BR)EBO 
(IE = 0.1 mAde, IC = 0) 

Collector Cutoff Current ICES 
(VCE = 15 Vde, VBE = 0, TC = 2S0C) 

NOTE: 

Symbol 

VCEO 

VCBO 

VEBO 

IC 

PD 

TJ, Tstg 

Symbol 

R9JC 

Min 

16 

36 

4.0 

-

1. Case temperature measured on collector lead immediately adjacent to body of package. 

MRF837 
2-444 

MRF837 

750 mW, 870 MHz 
RF LOW POWER 

TRANSISTOR 
NPNSILICON 

CASE 317, STYLE 2 
MACRO-X 

Value 

16 

36 

4.0 

200 

2.S 
25 

-65to+1S0 

Max 

40 

Typ Max 

- -

- -

- -

- 0.1 

Unit 

Vde 

Vde 

Vde 

mAde 

Watts 
mW/"C 

°c 

Unit 

Vdc 

Vde 

Vde 

mAde 

(continued) 
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ELECTRICAL CHARACTERISTICS - continued (T C a 250C unless otherwise noted.) 

I CharaClerlstlc I Symbol I Min _-'-_lYP_......J'--_MBx __ -'--_Un_It_ ...... 

ON CHARACTERISTICS 

DC Current Gain 
(IC" 50 mAdc, VCE = 10 Vdc) 

DYNAMIC CHARACTERISTICS 

output Capacitance 
(VCB ~ 15 Vdc,IE=O, f= 1.0 MHz) 

FUNCTIONAL TESTS 

Common-Emitter Amplifier Power Gain 
(VCC - 12.5 Vdc, Pout = 0.75 W, f = 870 MHz) 

Collector Efficiency 
(VCC= 12.5 Vdc, Pout = 0.75 W, f= 870 MHz) 

B 

C1, C2, C5 - 0.8-8.0 pF Johanson Gigatrim 
C3 - 5.0 pF Clamped Mica, Mlnl-Underwood 
C6 - 91 pF Clamped Mica, Mini-Underwood 
C4 - 470 pF Ceramic Chip Capacitor 
C7 - 68 pF Clamped MIca, Mlnl-Underwood 
C8 -1.0 J.LF 25 V Tantalum 
B - Bead, Ferroxcube 56-59o-6513B 

Gpe 8.0 10 - dB 

T\ 55 60 - "10 

L3 

'-------« -

C5 

L 1, L2 - 4 Turns, #21 AWG, 5I3Z' 10 
L3 - 7 Turns, #21 AWG, 5/32" 10 
Z1 - 0.80" x 0.163" MlcrostrIp, Zo = 50 C 
Z2 - 1.375" x 0.163" MlcrostrIp, Zo = 50 C 
Z3, Z4 - 0.375" x 0.163" Microstrlp, Zo .. 50 C 
Z5 - 1.35" x 0.163" MlcrostrIp, Zo = 50 C 
PCB -1/16" Glass Teflon, Er = 2.56 

Figure 1. 800-880 MHz Broadband Circuit 

MOTOROLA RF DEVICE DATA MRF837 
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MRF837 
2-446 

Figure 2. 800-880 Broadband Circuit 

Figure 3. 800-880 MHz Broadband Circuit Photomaster 

SCALE 0.75:1 
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1000 

I 800 

a: w 

~ 600 

... 
:::> 

5 400 
0 
-s ce 200 

~oo 

Vee = 7.5 V 
f 

Frequency 
MHz Pln=150mW 

806 6.1 +j3.6 

870 5.6+ j5.2 

960 6.1 +j6.8 

........ 

8001900 MHz BAND DATA 

Pout I'in=80mW 
Vee = 12.5 Vdc ---t--

I 

'l£--

IRL -'" 
10 ~ 

:::> 

15 ~i 
20 5~ 
~g 

820 840 860 880 g 
f, FREQUENCY (MHz) 

Figure 4. Broadband Performance 

lin ZoL' 
Ohlllll Ohms 

Vee = 12.5 V Vee = 7.5 V 
Pout 806 MHz = 870 mW 
Pout 870 MHz = 820 mW 

Pin = 100 mW Pout 960 MHz = 700 mW 

4.3+jO.6 38.3-jI6.4 

6.5+j3.6 40.8-jI8.9 

6.4+j4.5 43.8-j14.7 

Vee = 12.5 V 
Pout 806 MHz = 1.05 W 

Pout 870 MHz = 950 mW 
Pout 960 MHz = 725 mW 

23.2-j31.6 

41.3-j18.4 

41.4-j19.0 

ZoL' = Conjugate of the optimum load Impedance Into which the device output operates at a given output power, voltage, and frequency. 

Table 1. Zln ancl ZoL V8I1IU8 Collector Voltage, Input Power and Output Power 
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8001900 MHz BAND DATA (continued) 

1600 

1400 

I 1200 
II: 

~ 1000 

!:;800 

!5 600 o 
'5 400 ce 

1600 

1400 

I 1200 
II: 

~ 1000 
11-

!:; 800 
11-
!:; 600 0 

; 400 

200 

VCC=12.5VY 

./ 
, 

...... V .1 
7.5Vdc 

./ 
i"" ....--......... 

V V ~ 
~ ~ I-""" 
~ 

f=870MHz-

~ I I 
15 30 45 60 75 90 105 120 135 150 

Pin. INPUT POWER (mW) 

Figure 5. Output Power versus Input Power 

1 I. ...... /" 
Pin=l/ 

....... V J ....- ....-
....... V -~ V ....-I---10-

5O~W r-

~ 

f= 870 MHz -

I I 
8 10 12 14 16 

Vee. COLLECTOR VOLTAGE (Vdc) 

Figure 7. Output Power versus Collector Voltage 

MRF837 
2-448 

1000 
1 

I 
Pin = 150mW_ - f--.+-

II: 
W 

~ 
!:; 500 
11-
!:; 

___ ljmw-= 
I 

0 
'5 ce -- 50mW_ -,.-.... 

.I 
Vee K 7.5 Vdc -
II o 

800 ~ ~ ~ ~ ~ ~ ~ ~ 

1600 

1400 

I 1200 
II: 

~ 1000 

!:; BOO 

§ 600 

; 400 

200 

a 

""-

f. FREQUENCY (MHz) 

Figure 6. Output Power versus Frequency 

1 

Pin = 150 mW 

r-
,.....,1oomW 

I---r---- .I 
5OmW_ 

I--
VCC = 12.5 Vdc 

800 ~ ~ ~ ~ ~ ~ ~ ~ 

f. FREQUENCY (MHz) 

Figure 8. Output Power versus Frequency 
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UHF BAND DATA 

lin ZoL* 
Ohms Ohms 

Vee=7.5V Vee = 12.5 V Vee=7.5V Vee = 12.5.V 

f Pout 400 MHz = 875 mW Pout 400 MHz= 1.25 W 
Frequency Pout 450 MHz = 790 mW Pout 450 MHz= 1.1 W 

MHz Pin=75mW Pln=50mW Pout 512 MHz = 675 mW Pout512MHz=n5mW 

400 9.6-j7.5 8.2-j11.5 37.8 + j12.3 51.8-j7.2 

450 11.3-j7.5 9.7-jll 35.8+j8.6 52.2-jI6.7 

512 11.5-j6.8 12-j9.2 42.4+jO.24 43.7-j5.7 

ZOL* = Conjugate of the optimum load Impedance Into which the device output operates at a given output power, voltage and frequency. 

Table 2. Zin and ZOL versus Collector Voltage, Input Power, and Output Power 

1600 

1400 

I 1200 
II: 

~ 1000 
~ 
.... 800 

~600 
'5 400 rE 

........:: 

/" 
./ 

V .......-
:.,.....--~ 

VCC=12.5Vd~ 

."..r 
_I. 

7.5Vdc_ --~ 

~ 
200 

o o 

;;...-'" 1=512 MHz 

10 20 30 40 50 80 70 80 
Pin, INPUT POWER (mW) 

Figure 9. Output Power versus Input Power 

1400 

1200 
:iE' 
~ 1000 

~ 800 

~ 
§600 

~ 400 

200 

i""" 
~ 

o 
6 

~ 

, , 
, , ..... 1"'" , ......, 

Pin=75~ V ....--
..A'" 1 ...-......, 50mW _ I-"'" 
.......r---, ....-- , , 

25mW 

1=512MHz-

8 10 12 14 16 
Vcc, COLLECTOR VOLTAGE (Vdc) 

Figure 11. Output Power versus Collector Voltage 
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1200 

:iE'1000 

.5. 
II: 
w 
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::> a. .... 
::> 
0 
'5 
rE 

800 
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400 

200 

o 
400 420 

Pin= 75 mW-

~~ -r- io-
r-io- 25mW 

~ 
1- _I. 

ycc =17.5 v~c -

440 460 480 500 520 
I, FREQUENCY (MHz) 

Figure 10. Output Power versus Frequency 
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:iE'1300 

.5. ! 1100 

~ 900 
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'5 
rE 
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-

-
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-- -

1 1 
,IJ 
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Figure 12. Output Power versus Frequency 
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MOTOROLA 
• SEMICONDUCTOR 

TECHNICAL DATA 

The RF Line 
NPN Silicon 
RF Power Transistors 
· .• designed for 12.5 Volt UHF large-signal, common-emitter amplifier applica
tions in industrial and commercial FM equipment operating in the range of 
806-960 MHz. 

• Specified 12.5 V, 870 MHz Characteristics 
Output Power = 3.0 Watts 
Power Gain = 8.0 dB Min 
Efficiency = 55% Min 

• 100% Tested for Load Mismatch at Rated Input Power and 15.5 V 

• Series Equivalent large-Signal Characterization 

MAXIMUM RATINGS 

Rating Symbol Value Unit 

Collector-Emitter Voltage VCEO 16 Vdc 

Collector-Base Voltage VCBO 36 Vdc 

Emitter-Base Voltage VEBO 3.5 Vdc 

Collector Current - Continuous IC 0.6 Adc 

Operating Junction Temperature TJ 200 ·C 

Total Device Dissipation @ TC = 11 O·C Po 10 Watts 
Derate above 110·C 111 wrc 

Storage Temperature Range Tstg -6510 +150 ·C 

THERMAL CHARACTERISTICS 

Characteristic 

Thermal Resistance, Junction 10 Cese 

ELECTRICAL CHARACTERISTICS (Tc = 25·C unless otherwise noted.) 

I Characteristic I Symbol 

OFF CHARACTERISTICS 

Collector· Emitter Breakdown Voltage (IC = 5.0 mAde, IB = 0) 

Collector-Emitter Breakdown Voltage (Ie = 5.0 mAdc, VBE = 0) 

Emitter-Base Breakdown Voltage (IE = 0.1 mAde, IC = 0) 

Collector Cutoff Current (VCE = 15 Vdc, VBE = 0, TC = 25·C) 

ON CHARACTERISTICS 

DC Current Gain 
(IC = 100 mAde, VCE = 5.0 Vde) 

DYNAMIC CHARACTERISTICS 

Outpul Capacitance 
(VCB = 15 Vdc, IE = 0,1= 1.0 MHz) 

FUNCTIONAL TESTS (Figure 1) 

Common-Emitter Amplifier Power Gain 
(Pout = 3.0 W, VCC = 12.5 Vdc, f = 870 MHz) 

Collector Effieiency 
(Pout = 3.0 W, VCC = 12.5 Vdc, I = 870 MHz) 

Load Mismatch Stress 
(VCC = 15.5 Vde, Pin = 0.5 W, 1= 870 MHz, 
VSWR = 20:1, all phase angles) 

MRF839F 
2-450 

V(BR)CEO 

V(BR)CES 

V(BR)EBO 

ICES 

GpE 

TIe 

1(1 

Min 

16 

36 

3.5 

-

8.0 

55 

MRF839F 

3.0 W, 806-960 MHz 
RFPOWER 

TRANSISTORS 
COMMON-EMITTER 

NPNSILICON 

CASE 319, STYLE 2 
MRF839F 

Max 

9.0 

Typ Max 

- -
- -
- -
- 1.0 

10 -

63 -

No Degradation in Output Power 

Unit 

Vdc 

Vdc 

Vde 

mAdc 

dB 

% 

MOTOROLA RF DEVICE DATA 
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Figure 1. Output Power versus Input Power 

Pin = 0.75!--

V f.--O.5W_ 

~ V ---f...- r-"O.25W 

........... ~ ~ ~ ~ ~ I--'-
.......-: ~ ::::: ~ :.--
:::;;-

fo = 870 MHz 

8 10 12 14 16 

VCC, SUPPLY VOLTAGE (VOLTS) 

Figure 3. Output Power versus Supply Voltage 

6 - ---"'"' - .... :--r-- Pin=0.75W - r-- -r--- I--- r---- 0.5W 

r-- r-- -~25W 
..... 

Vee = 12.5Vdc 

1 
800 MO 880 9~ 960 

f, FREQUENCY (MHz) 

Figure 2. Output Power versus Frequency 

5 
CIRCU~ FIGURE 14 

Pin=O.3W 
Vee = 12.5 Vdc -

~ 

............. 

o 
800 

----~ -- r-- ----8~ 840 860 

f. FREQUENCY (MHz) 

Figure 4. Broadband Performance 

Zin 
Ohms 

0.93 + j2.27 
0.95 + j2.49 
1.28 + j3.27 

Zol * = Conjugate of the optimum load impedance into 
which the device operates at a given output power, volt· 
age, and frequency. 

-
65 

6 ~ o <> 

55 f!" 

---1 
2.0:1 a: 

.5:1 ~ 

.0:1 1 
880 

U--1CTT.7-r-<-.J f"'-J.. A/"v'~OX \...;..--\ \ 

Figure 5. Series Equivalent Input/Output Impedances 
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B - Bead, Ferroxcube #56-59O-65/3B 
C1 - 47 pF Chip Cap (Murata Erie MA20470B) 
03, C4 -13 pF Mini-Underwood 
05-51 pF Chip cap (ATC 100B51OJOSOO) 
C2, C6 - 0.8-8.0 pF Johanson #7291 
C7, C12 - 10 I1F, 35 V Electrolytic Capacitor 
ca, C11 -1000 pF Unelco, J101 
C9, C10 - 91 pF Mini-Underwood 

-r<~rn",,+-____ <+ 12.5 V 

L1, L2-4 Tums, #18 Enameled, 5132*.10 
L3, L4 -12 Turns, #22 Enameled over 10 Ohm, 112 W carbon Resistor 
Z1, Z4 - 50 Ohm Stripllne 
Z2 - 32 Ohm Stripllne (1/4 ~ @ 838 MHz) 
Z3 -16 Ohm Stripline (1/4 ~ @ 838 MHz) 
Board Material- 0.032* Glass Teflon, 2 oz. Copper Clad, "r = 2.55 

Figure 6. 800-680 MHz Broadband Test Circuit 

MRF839F 
2-452 

Figure 7. Broadband Test Circuit 

• 1 -. I • .-

Figure 8. Photomaster 
SCALE 0.75;1 
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MOTOROLA 
• SEMICONDUCTOR 

TECHNICAL DATA 

The RF Line 
NPN Silicon 
RF Power Transistor 
... designed for 12.5 volt UHF large-signal, common-base amplifier applica
tions in industrial and commercial FM equipment operating in the range of 
806-960 MHz. 

• Specified 12.5 Volt, 870 MHz Characteristics 
Output Power = 10 Watts 
Power Gain = 6.0 dB Min 
Efficiency = 50% Min 

• Series Equivalent Large-Signal Characterization 

• Internally Matched Input for Broadband Operation 

• Tested for Load Mismatch Stress at All Phase Angles with 20:1 VSWR @ 

15.5 Volt Supply and 50% RF Overdrive 

• Gold Metallized, Emitter Ballasted for Long Life and Resistance to Metal 
Migration 

• Silicon Nitride Passivated 

MAXIMUM RATINGS 

Rating 

Collector-Emitter Vol18ge 

Collector-Base Vol18ge 

Emitter-Base VoI18ge 

Collector Current - Continuous 

Total Device Dissipation @ TC = 25°C (1) 
Derate above 25°C 

Storage Temperature Range 

THERMAL CHARACTERISTICS 

Characteristic 

Thermal Resistance, Junction to Cese (2) 

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

I Characteristic I Symbol 

OFF CHARACTERISTICS 

Collector-Emitter Breakdown Vol18ge V(BR)CEO 
(IC = 50 mAdc, IB = 0) 

Collector-Emitter Breakdown Vol18ge V(BR)CES 
(IC = 50 mAdc, VBE = 0) 

Emitter-Base Breakdown Vol18ge V(BR)EBO 
(IE = 5.0 mAdc, IC = 0) 

Collector Cutoff Current ICBO 
(VCB = 15 Vdc, IE = 0) 

Symbol 

VCEO 

VCBO 

VEBO 

IC 

Po 

Tstg 

Min 

16 

36 

4.0 

-

MRF840 

10W,870 MHz 
RFPOWER 

TRANSISTOR 
NPN SILICON 

CASE 319, STYLE 1 

Value 

16 

36 

4.0 

3.8 

40 
0.32 

-65 to +150 

Max 

3.1 

Typ Max 

- -

- -

- -

- 2.0 

Unit 

Vdc 

Vdc 

Vdc 

Adc 

Watts 
W/"C 

OC 

Unit 

Vdc 

Vdc 

Vdc 

mAde 

NOTES: (continued) 
1. This device Is designed for RF operation. The to181 device dissipation rating applies only when the device is operated as an RF amplifier. 
2. Thermal Resistance is determined under specified RF operating conditions by infrared measurement techniques. 
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ELECTRICAL CHARACTERISTICS - continued (T C = 25°C unless otherwise noted.) 

I Characteristic Symbol I Min Typ Max Unit 

ON CHARACTERISTICS 

DC Current Gain 
(IC = 1.0 Adc, VCE = 5.0 Vdc) 

DYNAMIC CHARACTERISTICS 

Output Capacitance 
(VCB= 12.5 Vdc, IE = 0, f= 1.0 MHz) 

FUNCTIONAL TESTS 

Common-Base Amplifier Power Gain GPE 6.0 7.0 - dB 
(Pout = 10 W, VCC = 12.5 Vdc, f = 870 MHz) 

Collector Efficiency T] 50 55 -
(Pout = 10 W, VCC = 12.5 Vdc, f = 870 MHz) 

Load Mismatch Stress -
(Vec = 15.5 Vdc, Pin = 3.0 W, (3) f = 870 MHz, No Degradation in Output Power 
VSWR = 20:1, all phase angles) 

NOTE: 
3. Pin = 150% of the typical input power requirement for 10 W output power @ 12.5 Vdc. 

SHORTING r<' 
PLUG Lo 

RF 
INPUT 

rcs 

C1, C12-50 pF, 100 Mil Chip Capacitor 
C2, C11 -15I1F, 20 V Tantalum 
C3, C10 - 1000 pF, 350 V UNELCO 
C4, C9 - 91 pF Mini-Underwood 
C5-15pF 
C6-15pF 
C7-15pF 
C8-15pF 

L1, L6-11 Turns 20 AWGAround 10 n 112 W Resistor 
L2, L5 - Ferrite Bead 
L3, L4 - 4 Turn 20 AWG 0.2" 1.0. 
T1, T4-Zo=50 n 
T2-Zo=30nf =Al4 @ 838 MHz 
T3-Zo= 13.5ne=Al4@ 838 MHz 

L7-18AWGWireLoop /"\~ 
J \.?25" 

-I 0.5" 1.l 
Figure 1. 870 MHz Test Circuit 

% 

RF 
OUTPUT 

MRF840 
2-454 
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-
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too 820 
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Figure 2. Output Power versus Input Power Figure 3. Output Power versus Frequency 
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20 

18 

~ 16 

~ 14 

112 
l( 10 

i : 
~ 4 

2 

o 

Pin- 3W 

.... ~ 4w-.v 
1/ V I"'" 

..... I--"'" V I"'" 
\W 

V [......00" """ ...-:;.; 
..... I-""'" -~ ~ -1--1"" f= 670 MHz 

6 7 8 9 10 11 12 13 14 15 16 

Vce. SUPPLY VOLTAGE (Vdc) 

Figure 4. Output Power versus Supply Voltage 

Pout = lOW vee = 12 5 Vd. 

f lin ZOL" 
MHz Ohm. Ohms 
BOO 2.0+j6.1 3.3 - 10.4 
836 2.0 + j6.2 3.0 - jO.3 
870 2.0+16.4 2.5 + jO.O 
900 2.0 + 18.8 2.0 + io.3 

Zol* = Conjugotl of tho optImum loed 
impedance into which tha device 
output operates It 0 gi .. n output 
POWl'. volt .... and fraqUMlCY. 

Figure 5. Series Equivalent InpuUOutput Impedance 
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Figure 6. 870 MHz Test Circuit 

MOTOROLA RF DEVICE DATA 



MOTOROLA 
• SEMICONDUCTOR 

TECHNICAL DATA 

The RF Line 
NPN Silicon 
RF Power Transistor 
.•• designed for 12.5 volt UHF large-signal, common-base amplifier applica
tions in industrial and commercial FM equipment operating in the range of 
806-960 MHz. 

• Specified 12.5 Volt, 870 MHz Characteristics 
Output Power = 20 Watts 
Power Gain = 6.0 dB Min 
Efficiency = 50% Min 

• Series Equivalent Large-Signal Characterization 
• Intemally Matched Input for Broadband Operation 
• 100% Tested for Load Mismatch Stress at All Phase Angles with 20:1 

VSWR @ 15.5 Volt Supply and 50% RF Overdrive 
• Gold Metallized, Emitter Ballasted for Long Life and Resistance to Metal 

Migration 

• Silicon Nitride Passivated 

MAXIMUM RATINGS 

Rating 

Collector-Emitter Vol18ge 

Collector-Base Vol18ge 

Emitter-Base VoI1age 

Collector Current - ContInuous 

Total Device Dissipation @ TC = 25°C (1) 
Derate above 2500 

Storage Temperature Range 

THERMAL CHARACTERISTICS 

Charactarlatic 

Thermal Resistance, Junction 10 case (2) 

ELECTRICAL CHARACTERISTICS (T C = 2500 unless otherwise noted.) 

I Characteriatic I Symbol 

OFF CHARACTERISTICS 

Collector-Emitter Breakdown Vol18ge V(BR)CI;:O 
(IC = 50 mAde, IB = 0) 

Collector-Emitter Breakdown VoI18ge V(BR)CES 
(Ie = 50 mAde, VBE = 0) 

Emitter-Base Breakdown Vol18ge V(BR)EBO 
(IE = 10mAde,lc=0) 

Collector CulOff Current ICBO 
(VCB = 15 Vde, IE = 0) 

Symbol 

VCEO 

VCBO 

VEBO 

IC 

Po 

Tstg 

Min 

16 

36 

4.0 

-

MRF842 

2OW,870 MHz 
RFPOWER 

TRANSISTOR 
NPNSlLlCON 

CASE 319, STYLE 1 

value 

16 

36 

4.0 

7.6 

80 
0;64 

-6510+150 

Max 

1.5 

Typ Max 

- -

- -

- -

- 5.0 

Unit 

Vde 

Vdc 

Vdc 

Ade 

watts 
W/"C 

00 

Unit 

Vde 

Vdc 

Vde 

mAde 

NOTES: (continued) 
1. This device is designed for RF operation. The 10181 device dissipation rating applies only when the deviee is operated as an RF amplifier. 
2. Thermal Resls1ance Is determined under speeified RF operating conditions by infrared measurement techniques. ' 
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ELECTRICAL CHARACTERISTICS - continued (T C = 25°C unless otherwise noted.) 

I Characteristic I Symbol I Min Max Unit 

ON CHARACTERISTICS 

I DC Current Galn 
(IC = 2.0 Adc, VCE = 5.0 Vdc) 

10 

DYNAMIC CHARACTERISTICS 

Output Capacitance 
(VCB= 12.5 Vdc, IE = 0, 1= 1.0 MHz) 

FUNCTIONAL TESTS 

Common-Base Amplifier Power Galn GPB 6.0 7.0 - dB 
(Pout = 20 W, VCC = 12.5 Vdc, 1 = 870 MHz) 

Collector Efficiency Tl 50 65 - % 
(Pout = 20 W, VCC = 12.5 Vdc, 1= 870 MHz) 

Load Mismatch Stress -
(VCC = 15;5 Vdc, Pin (3) = 6.0 W, 1 = 870 MHz, No Degradation in Output Power 
VSWR = 20:1, all phase angles) 

NOTE: 
3. Pin = 150% 01 the typlcBllnpul power requirement for 20 W output power @ 12.5 Vdc . 

MRF842 
2-458 

B - Ferrite Bead, Ferroxcube 56-590-65-3B 
Cl, C11-51 pF, 100 Mil Chip Capacitor 
C2, C13 - 15 I1F, 20 WV Tantalum 
C3, C12 -1000 pF Unelco Jl01 
C4, Cl0 - 91 pF Mini-Underwood 
C5 -15 pF Mini-Underwood 
C6 - 12 pF Mini-Underwood 
C7, C8 - 21 pF Mini-Underwood 
C9 - 11 pF Mini-Underwood 

HVYVY'-# ...... --_--<+12.5 Vdc 

L 1, L4 - 11 Turns #20 AWG Over 10 ohm 112 W Carbon 
L2, L3 - 4 Turns #20 AWG, 200 MillO 
TL 1, TL4 - Micro Strip, Zo = 50 n 
TL2 - Micro Strip, Zo = 38 n. Al4 @ 838 MHz 
Tl3 - Micro Strip, Zo = 24 n. Al4 @ 838 MHz 
Board - 0.032" Glass Teflon 

2 oz. Cu CLAD, Er = 2.55 

Figure 1. 870 MHz Test Circuit Schematic 
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Figure 2. Output Power versus Input Power Figure 3. Output Power versus Frequency 
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40 

35 
U> 

~ 30 
~ 

! .: 
~ 15 

- 10 
~ 

5 
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I 
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V ~ V i""" - - .3!!---".. ~ I--"""" --~ ~ --~ f=870MHz 
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Vee. SUPPLY VOLTAGE (VOLTS) 

Figure 4. Output Power versus Supply Voltage 
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MRF842 
2-460 

Figure 5. Series Equivalent InputJOutput Impedance 

Figure 6. 870 MHz Test Circuit 

Pout··20W, vee' 12.5Vdc 
1 lin ZOL* 

MHz Ohms Ohm. 
800 1.1 + j4.1 1.9 + i1.5 
836 1.2+j4.3 1.85 + i1.6 
870 1.4 + j4.4 1.8 + i1.7 
900 1.6 + j4.5 1.8 + i1.8 

ZOL * • ConJUgate 01 the optimum load 
impedance into which the device 
output operates at a given output 
power, Yoltoga, and lraquancy. 
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MOTOROLA 
- SEMICONDUCTOR 

TECHNICAL DATA 

The RF Line 
NPN Silicon 
RF Power Transistor 
· .. designed for 12.5 volt UHF large-signal, common-base amplifier applica
tions in industrial and commercial FM equipment operating in the range of 
806-960 MHz. 

• Specified 12.5 Volt, 870 MHz Characteristics 
Output Power = 30 Watts 
Power Gain = 5.2 dB Min 
Efficiency = 50% Min 

• Series Equivalent Large-Signal Characterization 

• Intemally Matched Input for Broadband Operation 

• Tested for Load Mismatch Stress at All Phase Angles with 20:1 VSWR @ 
High Line and RF Overdrive 

• Gold Metallized, Emitter Ballasted for Long Life and Resistance to Metal 
Migration 

• Silicon Nitride Passivated 

MAXIMUM RATINGS 

Rating 

Collector-Emitter Voltage 

Collector-Base Voltage 

Emitter-Base Voltage 

Collector Current - Continuous 

Total Device Dissipation @ TC = 25°C (1) 
Derate above 25°C 

Storage Temperature Range 

THERMAL CHARACTERISTICS 

Characteristic 

Thermal Resistance, Junction to Case (2) 

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

I Characteristic I Symbol 

OFF CHARACTERISTICS 

Collector-Emitter Breakdown Voltage V(BR)CEO 
(lc = 50 mAde, IB = 0) 

Collector-Emitter Breakdown Voltage V(BR)CES 
(IC = 50 mAdc, VBE = 0) 

Emitter-Base Breakdown Voltage V(BR)EBO 
(IE = 10 mAdc, IC = 0) 

Collector Cutoff Current ICBO 
(VCB = 15 Vdc, IE = 0) 

Symbol 

VCEO 

VCBO 

VEBO 

IC 

Po 

Tstg 

Min 

16 

36 

4.0 

-

MRF844 

3OW,870 MHz 
RFPOWER 

TRANSISTOR 
NPNSILICON 

CASE 319, STYLE 1 

Value 

16 

36 

4.0 

10.9 

115 
0.66 

-65 to +150 

Max 

1.5 

Max 

- -

- -

- -

- 10 

Unit 

Vdc 

Vdc 

Vdc 

Adc 

Watts 
wrc 

°c 

Unit 

Vdc 

Vdc 

Vdc 

mAdc 

NOTES: (continued) 
1. This device is designed for RF operation. The total device diSsipation rating applies only when the device is operated as an RF amplifier. 
2. Thermal Resistance is determined under specified RF operating conditions by infrared measurement techniques. 
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ELECTRICAL CHARACTERISTICS - continued (T C = 25"C unless otherwise noted.) 

I Characteristic I Symbol I Min Typ Max Unit 

ON CHARACTERISTICS 

I DC Current Gain 
~IC = 2.0 Ado, VCE = 5.0 Vdc) 

10 40 

DYNAMIC CHARACTERISTICS 

Output Capacitance 
(VCB = 12.5 Vdc, IE = 0, 1 = 1.0 MHz) 

FUNCTIONAL TESTS 

Commen-Base Amplifier Power Gain GpB 5.2 6.0 - dB 
(Pout = 30 W, VCC = 12.5 Vdc, 1 = 870 MHz) 

Collector Efficiency 11 50 55 - % 
(Pout = 30W, VCC = 12.5 Vdc, 1=870 MHz) 

Load Mismatch Stress -
(VCC = 15.5 Vdc, Pin = 12 W (3), 1 = 870 MHz, No Degradation in Output Power 
VSWR = 20:1, all phase angles) 

NOTE: 
3. Pin = 150% of the typical Input power requirement lor 30 W output power @ 12.5 Vdc. 

SHORTINGro 

PLUG Lo 

RF 
INPUT 

C1, C12 - 50 pF, 100 Mil Chip Capacitor 
C2, C11 -15I1F, 20 V Tantalum 
C3, C10 -1 000 pF, 350 V UNELCO 
C4, C9 - 91 pF Mini-Underwood 
C5 -15 pF Mini-Underwood 
C6 -15 pF Mini-Underwood 
C7 -18 pF Mini-Underwood 
C8 - 24 pF Mini-Underwood 

-= 

C9P 

r---' 
I-I:} 
I :7 
I 
I 

I 
I 
I 
I I CSl 
I ---1 -= L_':' 
L1, L6-11 Turns 20 AWG Around 100 1/2W Resistor 
l2, L5 - Ferrite Bead 
l3, L4 - 4 Tum 20 AWG 0.2" 1.0. 
T1,T4-Zo=500 
T2-Zo=380t'=Al4 @838MHz 
T3-Zo= 260e=Al4 @ 838 MHz 

Figure 1_ 870 MHz Test Circuit 

RF 
OUTPUT 

MRF844 
2-462 
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Figure 4. Output Power versus Supply Voltage 

Figure 6. 870 MHz Test Circuit 
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50 
fi) 

~ 
~ 40 
II: 
W 

~ 30 
l-
=> 
Q. 
l-
=> 20 0 
"5 
rE 

10 

0800 

Pin=12W 

8W 

4W 

VCC=12.5V--, , 
820 840 860 880 

f. FREQUENCY (MHz) 

Figure 3. Output Power versus Frequency 

1 lin lOL* 
MHz Ohms Ohms 
800 0.8 + j3.7 1.4 + j2.3 
836 0.9 + j4.0 1.3 + j2.4 
870 1.0 + j4.4 1.25 + j2.6 
900 1.0 + j4.7 1.2 + j2.7 

lO L * - Conjugate 01 the optimum load 
impedance into which the device 
output operates at a given output 
power. voltage. and Irequency. 

Figure 5. Series Equivalent Input/Output 
Impedance 

900 
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MOTOROLA 
• SEMICONDUCTOR 

TECHNICAL DATA 

The RF Line 
NPN Silicon 
RF Power Transistor 
• .• designed for 12.5 volt UHF large-signal, common-base amplifier applica
tions in industrial and commercial FM equipment operating in the range of 
806-960 MHz. 

• Specified 12.5 Volt, 870 MHz Characteristics 
Output Power = 45 Watts 
Power Gain = 4.5 dB Min 
Efficiency = 60% Min 

• Series Equivalent Large-Signal Characterization 

• Internally Matched Input for Broadband Operation 

• Tested for Load Mismatch Stress at All Phase Angles with 10:1 VSWR @ 
High Une and Rated Drive 

• Gold Metallized, Emitter Ballasted for Long Ufe and Resistance to Metal 
Migration 

• Silicon Nitride Passivated 

MAXIMUM RATINGS 
Rating 

Collector-Emitter Voltage 

Collector-Base Voltage 

Emitter-Base Voltage 

Collector Current - Continuous 

Total Device Dissipation @ TA = 25°C 
Derate above 2500 

Storage Temperature Range 

Junction Temperature 

THERMAL CHARACTERISTICS 
Characteristic 

Thermal Resistance, Junction to Case 

ELECTRICAL CHARACTERISTICS (T e = 2500 unless otherwise noted.) 

I Characteristic I Symbol 

OFF CHARACTERISTICS 

Emitter-Base Breakdown Voltage 
(IE = 5.0 mAde, IC = 0) 

Collector-Emitter Breakdown Voltage 
(Ie = 50 mAde, IB = 0) 

Collector-Emitter Breakdown Voltage 
(Ie = 50 mAde, VBE = 0) 

Collector Cutoff CUrrent 
(Vce= 15 Vde, VBE= 0) 

MRF847 
2-464 

V(BR)EBO 

V(BR)CEO 

V(BR)CES 

ICES 

Symbol 

VCEO 

VCBO 

VEBO 

IC 

Po 

Tstg 

TJ 

Min 

4.0 

16.5 

38 

-

MRF847 

45W,870 MHz 
RFPOWER 

TRANSISTOR 
NPNSIUCON 

CASE 319, STYLE 1 

Value 

16.5 

38 

4.0 

12 

150 
0.85 

-65 to +150 

200 

Max 

1.17 

Typ Max 

- -

- -

- -

- 10 

Unit 

Vde 

Vdc 

Vdc 

Ade 

Watts 
wrc 

00 

00 

Unit 

Vde 

Vdc 

Vde 

mAde 

(continued) 
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ELECTRICAL CHARACTERISTICS - continued (TC = 25°C unless otherwise noted.) 

I Characteristic I Symbol I Min Max Unit 

ON CHARACTERISTICS 

I DC CUrrent Gain 
(IC = 2.0 Adc, VCE = 5.0 Vdc) 

DYNAMIC CHARACTERISTICS 

Output capacitance 
(VCB= 12.5 Vdc, IE =0, f= 1.0 MHz) 

FUNCTIONAL TESTS 

Common-Base Amplifier Power Gain 
(VCC" 12.5 Vdc, Pout = 45 W, f .. 870 MHz) 

Collector Efficiency 
(VCC = 12.5 Vdc, Pout = 45 W, f = 870 MHz) 

Load Mismatch 
(VCC = 15,~ Vdc, Pin = 16 W, f = 870 MHz, 
VSWR = 10:1, All Phase Angles) 

Cl - 51 pF, 100 mil Chip Cspacltor 
C2 -12 pF, Mini-Underwood 
C3 - 11 pF, Mini-Underwood 
C4, C5 :-21 pF, Mini-Underwood 
CS - 0.08-8.0 pF Johansen Glgatrlm 
C7 - 47 pF, 100 mil Chip Cspacltor 
CS, C13 - 10 IIF, 25 WV Electrolytic Capacitor 
C9, C12 -1000 pF Unelco Jl0l 

40 65 120 

GpB 4.5 5.5 - dB 

11c 60 68 - % 

1jI 

No Degradation In Output Power 

H4F"rYT'-oH-"t--...... --<: +12.5 V 

C6 

Cl0, C11 - 91 pF Mini-Underwood 
L I, l2 - 4 Tums #18 Enamaled, 200 mil 10 
L3, L4 - 12 Tums #22 Enameled, Wound Over 10 Q ResistOr 
TL 1, TL4 - 50 Q Mlcrostrip Une 
Tl2 - Mlcrostrip (Zo = 38 ohms, "'4 @ 838 MHz) 
TL3 - Mlcrostrip (Zo = 28 ohms, "'4 @ 838 MHz) 
Board Material- 0.032" Glass-Teflon, 2 oz. cu. clad, Er = 2.56 
B - Ferrite Bead, Ferroxc:ube 56-590-65-3B 

Figure 1. 806-870 MHz Broadband Test Circuit 
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Figure 3. Output Power versus Frequency 

-GpB 
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l1c -- i"""" 

_ VCC=12.5V 
Pin=16W 1.6:1 

......... INPUTVSWR k "1.4:1 
• -

80 
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w 

60s;! 
tI: 
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4O!2 

I 1.5800 820 840 860 880 
1.2:1 

30 ~ 
2O~ 
10 ~ 

900 
f, FREQUENCY (MHz) 

Figure 5. Typical Broadband Circuit Performance 

Vee = 125Vdc Pin = 16W Pout = 45W 
f lin f ZoL* 

MHz (Ohmsi MHz (Ohmsi 
806 0.99 +j5.52 806 0.67 +jl.33 

838 1.48 +j5.47 838 0.68 +j1.66 
870 1.79 +j5.25 870 0.72 +j2.16 
915 2.12 +j4.80 915 0.83 +j2.40 
960 2.11 +j4.28 960 0.99 +j2.50 

ZOL * = Conlugate of the optimum load Impedance Into which 
the device output operates at a given output power. 
voltage, and frequency. 

Figure 6. Series Equivalent InpuUOutput Impedances 

MRF847 
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MOTOROLA 
- SEMICONDUCTOR 

TECHNICAL DATA 

The RF Line 
NPN Silicon 
RF Power Transistor 

Designed for 26 V UHF large-signal, common emitter, class-AB linear 
amplifier applications in industrial and commercial FM/AM equipment operating 
in the range 800-960 MHz. 

• Specified 26 V, 900 MHz Characteristics 
Output Power = 90 Watts 
Gain = 8.5 dB Min. @ 900 MHz, class AB 
Efficiency = 35% Min. @ 900 MHz, 90 Watts (PEP) 
Intermodulation Distortion -29 dBc Max. @ 90 Watts (PEP) 

• Characterized with Series Equivalent Large-Signal Parameters from 
800 to 960 MHz 

• Silicon Nitride Passivated 

• 100% Tested for Load Mismatch Stress at all Phase Angles with 
5:1 VSWR @ 26 Vdc, and rated output power 

• Gold Metallized, Emitter Ballasted for Long Life and Resistance to 
Metal Migration 

MAXIMUM RATINGS 

Rating 

Collector-Emitter Voltage 

Collector-Emitter Voltage 

Emitter-Base Voltage 

Collector Current - Continuous 

Total Device Dissipation @ T C = 25°C 
Derate above 25°C 

Storage Temperature Range 

Operating Junction Temperature 

THERMAL CHARACTERISTICS 

Characteristic 

Thermal Resistance, Junction 10 Case 

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

I Characteriatic Symbol 

OFF CHARACTERISTICS 

Collector-Emitter Breakdown Voltage V(BR)CEO 
(IC = 50 mAde, IB = 0) 

Collector-Emitter Breakdown Voltage V(BR)CES 
(IC = 50 mAde, VBE = 0) 

Emitter-Base Breakdown Voltage V(BR)EBO 
(IE = 10 mAde, IC = 0) 

Collector Cutoff Current ICES 
(VCE = 30 Vdc, VBE = 0) 

Preferred devices are Motorola recommended choices for future use and best overall value. 

MOTOROLA RF DEVICE DATA 

Symbol 

VCEO 

VCES 

VEBO 

IC 

PD 

Tstg 

TJ 

Min 

28 

60 

4.0 

-

MRF880 

9OW, 900 MHz 
RF POWER TRANSISTOR 

NPNSlUCON 

CASE 375A, STYLE 1 

Value 

28 

60 

4.0 

15 

140 
0.80 

-6510+150 

200 

Max 

1.25 

lYP Max 

33 -

75 -

4.5 -

- 10.0 

Unit 

Vdc 

Vdc 

Vde 

Adc 

Watts 
W/"C 

OC 

°C 

Unit 

Vde 

Vde 

Vde 

mAde 

(continued) 
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ELECTRICAL CHARACTERISTICS - continued(Tc = 25"C unless otherwise noted.) 

I Characteristic I Symbol I Min 

ON CHARACTERISTICS 

DC Current Gain 
(ICE = 1.0 Adc, VCE = 5.0 Vdc) 

DYNAMIC CHARACTERISTICS 

Output Capacitance 
(VCB = 24 Vdc, IE = 0, f = 1.0 MHz) - for Information only. This 
part is coll9ctor matched. 

FUNCTIONAL TESTS 

Common-Emitter Amplifier Power Gain 
(VCC = 26 Vdc, Pout = 90 Watts (PEP), ICQ = 250 mA, 
f1 = 900 MHz, f2 = 900.1 MHz) 

Collector Efficiency 
(VCC = 26 Vdc, Pout = 90 Watts (PEP), Ica = 250 mA, 
f1 = 900 MHz, f2 = 900.1 MHz) 

Interrnodulation Distortion 
(VCC = 26 Vdc, Pout = 90 Watts (PEP), Ica = 250 mA, 
f1 = 900 MHz, f2 = 900.1 MHz) 

Output Mismatch Stress 
(VCC = 26 Vdc, Pout = 90 Watts (PEP), Ica = 250 mA, 
f1 = 900 MHz, f2 = 900.1 MHz 
Load VSWR = 5:1, All phase angles at frequency of test) 

MRF880 
2-468 

Gpe 8.5 

lIC 35 

IMD -

IJI 

Typ Max Unit 

9.5 - dB 

42 - % 

-32 -29 dBc 

No Degradation in Output Power 
Before and After Test 

MOTOROLA RF DEVICE DATA 



Vb 

B1, B2-Ferrite Bead 
C1 - 200 IlF Cap, 50 Vdc Min 
02, 03, C25, C26 - 43 pF Chip Cap, 100 Mil 
04, 05, C21, C22 - 100 pF Chip Cap, 100 Mil 
C6 - 3.3 pF Chip Cap, 100 Mil 
07, C8, C14, C1S - 1000 pF Chip Cap, 100 Mil 
09, C10, C16, C17 -1800 pF Chip Cap, 100 Mil 
C11 ....;. 7.S pF Chip Cap, 50 Mil 
C12, C13, C18, C19, 023, 024 - 10 IlF Cap, SO Vdc 
C20 -1.8 pF Chip Cap 

C27 - SOO IlF Cap, SO Vdc Min 
L1, L2, L7, L8-4T No. 20 AWG, 0.163" 10 CW 
L3, L4, L5, L6 - 12T No. 22 AWG; 0.140"10 OW 
Q1-B0166 
R1a, R1b-S60hm, 1 W Resistor 
R2, R3, R4, RS - 4 x 39 Ohm, 1/8 W Chip Resistor 
TL 1·8 - On PCB Mask 
Balun 1,2 Coax 1,2 - 2.20" SO Ohm Semi·Rigid Coax, 0.088" 00 
PCB - 0.030", Teflon®.Fiberglass, e r = 2.55 
Wear Blocks - 0.330" x 0.170" x 0.5.0" Beryllium Copper 

Figure 1. Broadband Test Circuit 
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TYPICAL CHARACTERISTICS 
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Figure 2. Output Power versus Input Power 
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Figure 4. Output Power versus Supply Voltage 

125 
PIN=15W 
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3W 

Vee=26Vdc 
Ica=250mA 

0800 820 840 860 880 900 920 940 960 
f. FREQUENCY (MHz) 

FIgure 3. Output Power versus Frequency 

3~2-RDER 
r--r---. /" .,!!H 

r 

~ ....--
7TH 

Fl = 900.0 MHz 
F2 = 900.1 MHz _ 
VCC=26Vdc 
Ica- 25OmA 

I 
m ~ ~ ~ 100 

Pout. OUTPUT POWER. WATTS (PEP) 

FIgure 5. Intermodulatlon Distortion versus 
Output Power 

Po=90W. Vee=26V 

f lin ZoL' 
(MHz) ohms ohms 

800 2.00 + j6.90 7.68+ J7.33 

850 2.45+j8.~ 7.38+]5.86 

900 3.30+Jl0.l 6.93+ j4.53 

930 3.90 + Jl0.9 5.89+ j4.42 

960 5.00+ Jl15 4.58+]5.57 

1m 

Zo!.'. Conjugate of optinwm load I~ 
into which the device operates at a given 
output power. voltage and frequency. 

Figure 6. Series Equivalent InputlOutput Impedances 
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Figure 7. Fixture Component Layout 

Figure 8. Photomaster for Test Circuit 
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(Not to Scale) 
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MOTOROLA 
• SEMICONDUCTOR 

TECHNICAL DATA 

The RF Line 
NPN SlIic'on 
RF Power Transistors 
• •. designed for 24 volt UHF large-signal, common-emitter amplifier applica
tions in industrial and commercial FM equipment operating in the range of 
804-960 MHz. 
• Specified 24 Volt, 900 MHz Characteristics 

Output Power = 2.0 Watts 
Power Gain = 9.0 dB Min 
Efficiency = 55% Min 

• Series Equivalent Large-Signal Characterization 
• Capable of 30:1 VSWR Load Mismatch at Rated Output Power and Supply 

Voltage 
• Gold Metallized, Emitter Ballasted for Long Life and Resistance to Metal 

Migration 

• Silicon Nitride Passivated 

MAXIMUM RATINGS 

RatIng Symbol Value Unit 

Collector-Emitter Voltage VCEO 30 Vdc 

Collector-Base Voltage VCBO 55 Vdc 

Emitter-Base Voltage VEBO 4.0 Vdc 

Collector Current - Continuous Ie 0.5 AIle 

Total Device Dissipation @ TC = 25"C (1) Po 7.0 Watts 
Derate above 25"C 40 mWrC 

Storage Temparature Range Tstg -65 to +150 "C 

THERMAL CHARACTERISTICS 

Characteristic 

Thermal Resistance, Junction to Case (2) 

ELECTRICAL CHARACTERISTICS (T C = 25"C unless otherwise noted.) 

I Characteristic I Symbol 

OFF CHARACTERISTICS 

Emitter-Base Breakdown Voltage V(BR)CEO 
(IC ·5.0 mAdc, IB = 0) 

Collector-Emitter Breakdown Voltage V(BR)CES 
(IC .. 5.0 mAde, VBE" 0) 

EmItter-Base Breakdown Voltage V(BR)EBO 
(IE = 5.0 mAde, IC" 0) 

Collector Cutoff Current ICBO 
(VCB" 30 Vdc, IE = 0) 

ON CHARACTERISTICS 

DC Current Galn 
(IC = 100 mAde, VCE = 5.0 Vdc) 

Min 

30 

55 

4.0 

-

MRF890 
MRF890S 

2.0 W, 900 MHz 
RFPOWER 

TRANSISTORS 
NPNSILICON 

CASE 305, STYLE 1 
MRF890 

CASE 305A, STYLE 1 
MRF890S 

Typ Max 

- -

- -

- -

- 0.5 

Unit 

Vdc 

Vdc 

Vdc 

mAdc 

NOTES: (continued) 
1. this device is designed for RF operation. The tota\ device dissipation rating applies only when the device is operated as en RF ampliller. 
2. Thermal Resistance is detennined under specified RF operating conditions by infrared measurement techniques. 
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ELECTRICAL CHARACTERISTICS - contInued (T C = 25°C unless otherwise noted.) 

Characteristic Symbol Min Typ Max Unit 

DYNAMIC CHARACTERISTICS 

Output Capacitance 
(VCB = 30 Vdc, IE = 0, f = 1.0 MHz) 

FUNCTIONAL TESTS 

Common-Emitter Amplifier Power Gain GpE 9.0 10.5 - dB 
(Pout = 2.0 W, VCC = 24 Vdc, f = 900 MHz) 

Collector Efficiency 1] 55 60 - % 
(Pout = 2.0 W, VCC = 24 Vdc, f = 900 MHz) 

r---, fiC5 
I I 0:-

I I 
o--p---t-t-,", ~~~--~~----~+ 

C1, C7 - Johanson 0.5-4.0 pF Giga-Trim 
C2, C5, C6 - 91 pF Mini Underwood Mica 
C3, C9 - 1.0, IlF Electrolytic 
C4, C8 - 250 pF Unelco 
C10 - 39 pF Mini Underwood 
L1, L7-10 Turns Around 10 n 112 W Resistor 
l2, l3, L6 - Ferrite Bead 
L4, 15-4 Turns 26 AWG 0.1"10 
Z1, Z2, Z3, Z4, Z5, Z6 - Distributed Microstrip Elements (see photomask) 
Board Material- Glass Teflon Er = 2.55 t = 0.031" 

Figure 1. 850-900 MHz Test Circuit 
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f_slo~ -
~ -/' ,~960MHz 

/ ./ I' 

V " / / 
// VCC-24 V- I---

V I 

100 200 300 400 
p.m. INPUT POWER (mW) 

Figure 2. Output Power versus Input Power 

Pin- 300mW 

r--...~ 
......... 

i'..... 
2OOriir" 

-
- VCC=24V 

f I ~-
850 875 900 925 950 

f. FREQUENCY (MHz) 

FIgure 4. Output Power versus Frequency 

;p; 
i:j!,lj:;!m,.mi~f i! . 

! 
i~ 

: Pout=2.0W, Vcc = 24VdC 

~ M~ c:. 
~ :: _ 900 

2.85 
2.90 
2.90 

~ ~ 2.95 8.9 

~""N")f,./'../"v'\. x ~ \ J--~-t-I-4-...L 

FIgure 6. Series Equivalent Input Impedance 
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4 

PJn~300~ ~ 

-~ ---~ -- -::f::J - loomW 

f. 900 MHz-

o 
18 

I 
20 22 24 26 

I 
28 

12 

6 

Vcc. SUPPLY VOLTAGE M 

FIgure 3. Output Power versus Supply Voltage 

-GPE 80 ,..... 

-" ~-. -- -- ----r--1lc 
~ .. ~ - 2:1 

F- Pin = 200 mW 11.8:1 r I 
~1.6:1 I I 

I- VCC- 24V -INPUTVSWR ],l!!o 

660 870 880 890 
f. FREQUENCY (MHz) 

Figure 5. Typical Performance In 
Broadband Circuit 

f Zot.. 
MHz Ohms 

800 25.8 
850 22.5 
900 20.0 
980 18.5 

1.2:1 

1:1 
90010 

-50.5 
-48.5 
-48.0 
-43.5 

.. 
ZoL' • Conjugate of the optimum load Impedance into .... ich the device OOIfIIut oporolto 

at. givon output..-, voItatIa. and /requancy. 

Figure 7. Series Equivalent Output Impedance 
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Figure 8. Photomaster for Test Fixture 

Figure 9. 850-900 MHz Test Circuit 
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MOTOROLA 
- SEMICONDUCTOR 

TECHNICAL DATA 

The RF Line 
NPN Silicon 
RF Power Transistors 
· .• designed for 24 volt UHF large-signal, common-emitter amplifier applica
tions in industrial and commercial FM equipment operating in the range of 
800-960 MHz. 

• Specified 24 Volt, 900 MHz Characteristics 
Output Power = 5.0 Watts 
Power Gain = 9.0 dB Min 
Efficiency = 50% Min 

• Series Equivalent Large-Signal Characterization 

• Capable of Withstanding 20:1 VSWR Load Mismatch at Rated Output 
Power and Supply Voltage 

• Gold Metallized, Emitter Ballasted for Long Life and Resistance to Metal 
Migration 

• Silicon Nitride Passivated 

MAXIMUM RATINGS 

Rating Symbol Value Unit 

Collector-Emitter Voltage VCEO 30 Vdc 

Collector-Emitter Voltage VCES 55 Vdc 

Emitter-Base Voltage VEeo 4.0 Vdc 

Collector Current - Continuous IC 0.6 Adc 

Total Device Dissipation @ TA = 50°C (1) PD 18 Watts 
Derate above 50°C 0.143 wrc 

Storage Temperature Range Tstg -65 to. +150 °c 

THERMAL CHARACTERISTICS 

Characteristic 

Thermal Resistance, Junction to Case (2) 

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

I Characteristic I Symbol 

OFF CHARACTERISTICS 

Collector-Emitter Breakdown Voltage V(BR)CeO 
(IC = 20 mAdc, IB = 0) 

Collector-Emitter Breakdown Voltage V(BR)CES 
(IC = 20 mAdc, VBE = 0) 

Emitter-Base Breakdown Voltage V(BR)EBO 
(Ie = 0.5 mAdc, IC = 0) 

Collector Cutoff Current ICES 
(VCE = 30 Vdc, VBe = 0; TC = 25°C) 

ON CHARACTERISTICS 

DC Current Gain 
(IC = 200 mAdc, VCE = 5.0 Vdc) 

Min 

30 

55 

4.0 

-

MRF891 
MRF891S 

5.0 W, 900 MHz 
RFPOWER 

TRANSISTORS 
NPNSlUCON 

CASE 319, STYLE 2 
MRF891 

CASE 319A, STYLE 2 
MRF891S 

Max 

7.0 

Typ Max 

- -

- -

- -

- 1.0 

Unit 

Vdc 

Vdc 

Vdc 

mAdc 

NOTES: (continued) 
1. This device is designed for RF operation. The total device dissipation rating applies only when the device is operated as an RF amplifier. 
2. Thermal Resistance is determined under specified RF operating conditions by infrared measurement techniques. 
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ELECTRICAL CHARACTERISTICS - continued (TC = 25°C unless otherwise noted.) 

I Characteristic I Symbol I Min Typ Max 

DYNAMIC CHARACTERISTICS 

Output Capacitance 
(VCB = 24 Vdc, IE = 0, f = 1.0 MHz) 

FUNCTIONAL TESTS 

Common-Emitter Amplifier Power Gain (Broadband) 
(VCC = 24 Vdc, Pout = 5.0 W, f = 900 MHz) 

Collector Efficiency 
(VCC = 24 Vdc, Pout = 5.0 W, f = 900 MHz) 

Load Mismatch Stress 
(VCC = 24 Vdc, Pin = 0.63 W, f = 900 MHz, 
VSWR = 20:1, all phase angles) 

~C7 

I 
I 
I 

-= 

C2IIIC4 

-= L:_..J 

Cl - 39 pF, 100 Mil Chip capacitor 
C2, CB, C15 - O.B-B.O pF Johansen Gigatrim 
03, C4 - 12 pF, Mini-Unelco 
C5, C13 - 1000 pF, 350 V Unelco 
C6, C14 -10 JlF, 25 V Tantalum 
C7, Cll, C12-91 pF, Mini-Unelco 
C9 - 5.0 pF, Mlni-Unelco 
Cl0-47 pF, 100 Mil Chip Capacitor 

Gpe 9.0 10 -

11 50 57 -

IJ1 
No Degradation In Output Power 

SOCKETS 

-= 

C15r 

-= 

Ll, L6-10Tums #20AWG Around 10 Ohm 112 Walt Resistor 
l2, L5 - Ferrite Bead 
l3-4 Tums #16AWG Choke 
L4- 0.5", #1B AWG Wire 
T1, T4 - 50 Ohm Microstrip Line 
T2-W= 165 Mils, e = 1946 Mils 
T3-W= 166 Mils, e= 1563 Mils 
PC Board - 0.031" Glass Teflon (Er = 2.56) 

Figure 1_ Broadband Test Fixture 

Unit 

dB 

% 
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Figure 2. Output Power versus Input Power 

Pin=lW 

f-- -,-r-0.6W_ I---

- 0.2W-I--

VCC=24 Vdc 

850 875 900 925 950 
t, FREQUENCY (MHz) 

Figure 4. Output Power versus Frequency 

J~IIIIIII lin 

MHz Ohms_ 

850 1.1 + j3.0 J 
900 1.0 + j3.25 
960 1.18 + j3.5 ~ 

"ESIST~CE, ~o':"~~\ToJl~~,"-,;\YO!1 

Figure 6. Series Equivalent Input Impedance 
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Figure 5. Typical Broadband Circuit Performance 

Figure 7. Series Equivalent Output Impedance 
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Figure 8. Photomaster for Test Fixture 

Figure 9. Broadband Test Circuit 
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MOTOROLA 
- SEMICONDUCTOR 

TECHNICAL DATA 

The RF Line 
NPN Silicon 
RF Power Transistor 
· .. designed for 24 volt UHF large-signal, common-base amplifier applications 
in industrial and commercialFM equipment operating in the range of 
804-960 MHz. 

• Specified 24 Volt, 900 MHz Characteristics 
Output Power = 14 Watts 
Power Minimum = 8.5 dB Min 
Efficiency = 55% Min 

• Series Equivalent Large-Signal Characterization 

• Capable of 30:1 VSWR Load Mismatch at Rated Output Power and Supply 
Voltage 

• Gold Metallized, Emitter Ballasted for Long Life and Resistance to Metal 
Migration 

• Silicon Nitride Passivated 

MAXIMUM RATINGS 

Rating 

Collector-Emitter Voltage 

Collector-Base Voltage 

Emitter-Base Voltage 

Collector Current - Continuous 

Total Device Dissipation @ TC = 25°C (1) 
Derate above 25°C 

Storage Temperature Range 

THERMAL CHARACTERISTICS 

Characteristic 

Thermal Resistance, Junction to Case (2) 

ELECTRICAL CHARACTERISTICS (Tc = 25°C unless otherwise noted.) 

I Characteristic I Symbol 

OFF CHARACTERISTICS 

Collector-Emitter Breakdown Voltage (IC = 25 mAde, IB = 0) V(BR)CEO 

Collector-Emitter Breakdown Voltage (IC = 25 mAde, VBE = 0) V(BR)CES 

Emitter-Base Breakdown Voltage (IE = 5.0 mAde, IC = 0) V(BR)EBO 

Collector Cutoff Current (VCB = 30 Vde, IE = 0) ICBO 

Symbol 

VCEO 

VCBO 

VEBO 

Ic 

Po 

Tstg 

. Min 

30 

50 

4.0 

-

MRF892 

14W,900 MHz 
RFPOWER 

TRANSISTOR 
NPNSIUCON 

CASE 319, STYLE 1 

Value 

30 

50 

4.0 

2.5 

50 
0.29 

-65 to +150 

Max 

3.5 

Typ Max 

- -
- -
- -
- 2.0 

Unit 

Vde 

Vde 

Vdc 

Adc 

Watts 
mW/"C 

°c 

Unit 

Vdc 

Vdc 

Vdc 

mAde 

NOTES: (continued) 
1. This device is designed for RF operation. The total device dissipation rating applies only when the device is operated as an RF amplifier. 
2. Thermal Resistance is determined under specified RF operating conditions by infrared measurement techniques. 
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ELECTRICAL CHARACTERISTICS - continued (T C = 25°C unless otherwise noted.) 

Characteristic 

ON CHARACTERISTICS 

DC Current Gain 
(Ie = 1.0 Adc, VCE = 5.0 Vdc) 

DYNAMIC CHARACTERISTICS 

Output Capacitance 
(VCB= 30 Vdc,IE = 0, f= 1.0 MHz) 

FUNCTIONAL TESTS 

Common-Base Amplifier Power Gain 
(Pout = 14 W, VCC = 24 Vdc, f = 900 MHz) 

Collector Efficiency 
(Pout = 14 W, VCC = 24 Vdc, f = 900 MHz) 

B - Ferrite Bead, Ferroxcube 56-590-65-3B 
Cl - 51 pF, 100 Mil Chip Capacitor 
C2, C3 - 13 pF Mini-Unelco 
C4 - 43 pF, 100 Mil Chip Capacitor 
C5, Cl0-10I1F,35WV 
ca, C9-500 pF UnelcoJl0l 
C7, C8 - 91 pF Mini-Unelco 
Cll - 0.8-8.0 pF Johanson Gigabim 

Symbol Min Typ Max Unit 

GpE 8.5 9.5 - dB 

11 50 60 - % 

H-4fyy"Y"\ ............ --_-<+24 Vdc 

T 
Ll, L2-4 Tums #18 Enameled, 5/32" 10 
L3, L4 -14 Tums #22 Enameled Over 10 Q Carbon Resistor 
TL 1 - Micro Strip, 50 Q 
TL2 - Micro Strip, Zo = 26 Q, ")J4 @ 875 MHz 
TL3 - Micro Strip, Zo = 14 Q, ")J4 @ 875 MHz 
Board - 0.032" Glass Teflon 

2 oz. Cu CLAD, £r = 2.55 

Figure 1. 850-900 MHz Broadband Circuit Schematic 
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ZOL *::: Conjugate of the optimum load impedance into 
which the device output operates at a given OU1put 
power, voltage, and frequency. 

Figure 6. Series Equivalent Input Impedance Figure 7. Series Equivalent Output Impedance 

Figure 8. 850-900 MHz Test Circuit 
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MOTOROLA 
• SEMICONDUCTOR ----________ _ 

TECHNICAL DATA 

The RF Line 
NPN Silicon 
RF Power Transistor 
• .. designed for 24 volt UHF large-signal, common-base amplifier applications 
In Industrial and commercial FM equipment operating in the range of 
804-960 MHz. 

• SpecHled 24 Volt, 900 MHz Characteristics 
Output Power = 30 Watts 
Power Galn = 7.0 dB Min 
Efficiency = 55% Min 

• Series Equivalent Large-Signal Characterization 
• Capable of 30:1 VSWR Load Mismatch at Rated Output Power and Supply 

Voltage 

• Gold Metallized, Emitter Ballasted for Long LHe and Resistance to Metal 
Migration 

• Silicon Nitride Passivated 

MAXIMUM RATINGS 

Rating 

Collector-Emitter Voltage 

Collector-Base Voltage 

Emitter-Base Voltage 

Collector Current - Continuous 

Total Device DisslpaUon @ T C = 2500 (1) 
Derate above 2500 

StoIage Temperature Range 

THERMAL CHARACTERISTICS 
Charactarl81lc 

Thermal Resistance, Junction to esse (2) 

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

I Cllaracl8r1st1c I Symbol 

OFF CHARACTERISTICS 
Collector-Emitter Breakdown Voltage (IC = 25 mAde, IB = 0) V(BR)CEO 

Collector-Emitter Breakdown Voltage (IC = 25 mAde, VBE = 0) V(BR)CES 

Emitter-Base Breakdown Voltage (IE = 5.0 mAde, IC = 0) V(BR)EBO 

Collector Cutoff Current (V CB = 30 Vdc, IE = 0) ICBO 

Symbol 

VCEO 

VCBO 

VEBO 

IC 

Po 

Tstg 

Min 

30 

50 

4.0 

-

MRF894 

3OW,900 MHz 
RFPOWER 

TRANSISTOR 
NPNSILICON 

CASE 319, STYLE 1 

Value 

30 

50 

4.0 

7.0 

115 
0.66 

-65 to +150 

Max 

1.5 

'1WI Max 

- -
- -
- -
- 10 

Unit 

Vdc 

Vdc 

Vdc 

Ade 

Walts 
WI"C 

00 

Unit 

Vde 

Vdc 

Vdc 

mAde 

NOTES: (continued) 
~ 1. This device is designed for RF operation. The total device dissipation rating applies only when the device is operated as an RF amplifier. 

2. Thermal Resistance Is detennined under specified RF operating .conditions by infrared messurement techniques. 
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ELECTRICAL CHARACTERISTICS - continued (T C = 25°C unless otherwise noted.) 

I Characteristic Symbol Min Typ Max Unit 

ON CHARACTERISTICS 

DC Current Gain 
(IC = 2.0 Adc, VCE = 5.0 Vdc) 

DYNAMIC CHARACTERISTICS 

Output Capac,itance 
(VCB = 30 Vdc, IE = 0, 1= 1.0 MHz) 

FUNCTIONAL TESTS 

Common-Base Amplifier Power Gain GPE 7.0 8.5 - dB 
(Pout = 30 W, VCC = 24 Vdc, f = 900 MHz) 

Collector Efficiency 11 55 60 - % 
(Pout = 30 W, VCC = 24 Vdc, 1= 900 MHz) 

T ... ..,.. ...... --t--< +24 Vdc 

B - Ferrite Bead, Ferroxcube 56-590-65-3B 
Cl, CI3-5.0 I1F, 50 Vdc 
C2, C12 -1000 pF Unelco 
C3, Cll - 47 pF, 100 Mil Chip Capacitor 
C4, C9 - 91 pF, Mini-Underwood 
C5, C6 - 12 pF, Mini-Underwood 
C7 - 18 pF, Mini-Underwood 
C8 - 24 pF, Mini-Underwood 
Cl0 - O.B-B.O pF Johanson Gigatrim 

L 1, L4 - 11 Turns #20 Enameled Over loa Carbon Resistor 
L2, L3 - 4 Tums #20 Enameled, .15" ID 
TL 1, TL4 - Micro Strip Line, 50 a 
TL2 - Micro Strip, Zo = 30 a. 'lJ4 @ 875 MHz 
TL3 - Micro Strip, Zo = 22 a. 'lJ4 @ 875 MHz 
Board - 0.032" Glass Tellon 

2 oz. Cu CLAD, Er = 2.55 

Figure 1. 850-900 MHz Broadband Circuit Schematic 
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TYPICAL CHARACTERISTICS 
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MOTOROLA RF DEVICE DATA 

Vee = 24 Vdc Pout = 30 W 

f 
Frequencv lin lOl* 

MHz Ohms Ohms 

800 0.9 + j4.5 1.0 + jO.7 
850 1.3 + j4.7 1.1 + jO.9 
900 1.6 + j4.4 1.2 + j1.1 
960 1.5 + j3.7 1.2 + j1.3 

ZOL * == Conjugata of the optimum load impedance into which the device output operates 
at a given output power, voltage, and frequency. 

Figure 6. Series Equivalent Impedance 

Figure 7. 850-900 MHz Broadband Circuit 
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MOTOROLA 
• SEMICONDUCTOR 

TECHNICAL DATA 

The RF Line 
NPN Silicon 
RF Power Transistors 

Designed for 24 Volt UHF large-signal, common emitter, Class AB and Class 
A linear amplifier applications in industrial and commercial FM/AM equipment 
operating,in the range 800-960 MHz. 

• Specified 24 Volt, Icq = 8.0 rnA (Class AB), 900 MHz Characteristics 
Output Power = 3.0 Watts 
Minimum Gain = 10 dB @ 900 MHz 
Minimum Efficiency = 30% @ 900 MHz, 3.0 Watts 
Maximum Intermodulation Distortion -30 dBc @ 3.0 Watts (PEP) 

• Characterized with Series Equivalent Large-Signal Parameters from 800 to 
960 MHz 

• Silicon Nitride Passivated 

• 100% Tested for Load Mismatch Stress at all Phase Angles with 5:1 VSWR 
@ 26 Vdc, at rated output power 

• Gold Metallized, Emitter Ballasted for Long Life and Resistance to Metal 
Migration 

MAXIMUM RATINGS 

Rating Symbol Value Unit 

Collector-Emitter Voltage VCEO 30 Vde 

Collector-Emitter Voltage VCES 55 Vde 

Emitter-Base Voltage VEBO 4.0 Vde 

Collector-Current - Continuous IC 0.45 Adc 

Total Device Dissipation @ TC = 50°C Po 17 Watts 
Derate Above 50°C 0.143 W/"C 

Storage Temperature Range Tstg -65 to +150 OC 

THERMAL CHARACTERISTICS 

Characteristic 

Thermal Resistance, Junction to Case 

ELECTRICAL CHARACTERISTICS (TC = 25°C unless othelWise stated) 

I Characteristic I Symbol 

OFF CHARACTERISTICS 

Collector-Emitter Breakdown Voltage V(BR)CEO 
(IC = 20 mAde, IB = 0) 

Collector-Emitter Breakdown Voltage V(BR)CES 
(IC = 20 mAde, VBE = 0) 

Emitter·Base Breakdown Voltage V(BR)EBO 
(IE = 1.0 mAde, IC = 0) 

Collector Cutoff Current ICES 
(VCE = 30 Vde, VBE = 0) 

ON CHARACTERISTICS 

DC Current Gain 
(IE = 100 mAde, VCE = 5.0 Vde) 

Preferred devices are Motorola recommended choices for future use and best overall value. 

MRF896-MRF896S 
2-488 

Min 

30 

65 

4.0 

-

MRF896 
MRF896S 

3.0 W, 900 MHz 
RFPOWER 

TRANSISTORS 
NPNSIUCON 

CASE 305, STYLE 1 
MRF896 

CASE 3050, STYLE 1 
MRF896S 

Max 

7.0 

lYP Max 

37 -

92 -

5.0 -

1.0nA 1.0 

Unit 

Vdc 

Vdc 

Vde 

mAde 
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ELECTRICAL CHARACTERISTICS - continued (T c = 25°C unless otherwise stated) 

I Characteristic I Symbol I Min Max Unit 

DYNAMIC CHARACTERISTICS 

Output capacitance 
(VCB = 24 Vdc, IE = 0, f = 1.0 MHz) 

FUNCTIONAL TESTS (In Motorcla Test Fixture See Figure 1 ) 

Ccmmon-Ernitler Amplifier Power Gain 
(VCC = 24 Vdc, Pcut = 3.0 Watts; Icq = B.O mA, f = 900 MHz) 

Collector Efficiency 
<'(CC = 24 Vdc, Pout = 3.0 Watts, Icq = B.O mA, f = 900 MHz) 

3rd Order Intermodulation Distortion 
(VCC = 24 Vdc, Pout = 3.0 Watts (PEP), Icq = B.O mA, 
fl = 900 MHz, F2 = 900.1 MHz) 

Output Mismatch Stress 
(VCC = 26 Vdc, Pout = 3.0 Watts, Icq = B.O mA, f = 900 MHz, 
Load VSWR = 5:1, all phase angles) 

Rl 

Bl, B4 - Long Bead, Fair Rite (2743019446) 
B2, B3 - Short Bead, Fair Rite (2743021446) 
Cl, C2 - 43 pF, 100 Mil Chip Capacitor, ATC (lOOB43OJCASooX) 
ca, CB - 10 I1F, 50 V Electrolytic, Panasonic (ECEVl HVl OOR) 
04, C7 - B20 pF, Surface Mount. Kemit (C120SNB21Jl GSC) 
05, CS-100 pFChlp cap, Murata Erie (GRH71OCOG101JlOOVBE) 
Dl-Dlode lN4001, Motorcla 
Ll, L2-7Tums, 24 AWG, IDIAO.llS" 

Gpe 10 12 - dB 

l1c 30 45 - % 

IMD - -37 -30 dBc 

'V No Degradation in Output Power 
Before and After Test 

R2 

J-4--..--<+24 Vdc 

Nl, N2- Type N Range, OmniSpectra(3052-1648-10) 
Rl, R2-4x 39 Ohm, lIB Wchips In peraliel, Rohm (39O-J) 
R3-B2Ohm,l.0W' 
TL1-Zo=500hm 
TL2-TL 15 - See Photomaster 
TL1S-Zo=500hm 
WBl - Wear Block .200" x .005" BeCu 
WB2 ...,- Wear Block .200" x .060" x .005" BeCu 
Board - 30 mil GlaSs Teflon, Er = 2.55, Keene (GX-caoO-55-22) 

Figure 1. 840-960 MHz Broadband Test Circuit 
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MOTOROLA RF DEVICE DATA 

f lin loL 
(MHz) ohms ohms 

800 1.1 + j6.4 26.4 - j32.7 

840 1.2 + j6.6 30.3 - j28.9 

900 1.2 + j7.0 30.1 - j23.4 

960 1.3 + j7.3 22.1 - j22.5 

loL' = CONJUGATE OF OPTIMUM LOAD IMPEDANCE INTO WHICH 
THE DEVICE OPERATES AT A GIVEN OUTPUT POWER, VOLTAGE AND 
FREQUENCY. 

Po = 3 W, Vee = 24 V, ICQ = 8 mA 

Figure 8. Series Equivalent Input/Output Impedances 
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Figure 9. Photomaster for Broadband Test Circuit 

Figure 10. Broadband Test Circuit 

SCALE 0.75:1 
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MOTOROLA 
• SEMICONDUCTOR 

TECHNICAL DATA 

The RF Line 
NPN Silicon 
RF Power Transistor 

Designed for 24 Volt UHF large-signal, common emitter, class-AB linear 
amplifier applications In industrial and commercial FMlAM equipment operating 
In the range 800-970 MHz. 

• SpecHied 24 Volt, 900 MHz Characteristics 
Output Power = 30 Watts 
Minimum Gain = 10 dB @ 900 MHz, class-AB 
Minimum Efficiency = 30% @ 900 MHz, 30 Watts (PEP) 
Maximum Intermodulation Distortion -30 dBc @ 30 Watts (PEP) 

• Characterized with Series Equivalent Large-Signal Parameters from 800 to 
960 MHz 

• Silicon Nitride Passivated 
• 100% Tested for Load Mismatch Stress at all Phase Angles with 5:1 VSWR 

@ 26 Vdc, and Rated Output Power 
• Gold Metallzed, Emitter Baliasted for Long Life and Resistance to Metal

Mi!lration 

MAXIMUM RATINGS 

Rating 

Collector-Emitter Voltage 

Collector-Emitter Voltage 

Emitter-Base Voltage 

CoIlector-CUlTent - Continuous 

Total Device Disslpatlon @ TC = 250C 
Derate above 25°C 

Storage Temperature Range 

THERMAL CHARACTERISTICS 

Characteristic 

Thermal Resistance, Junction to case 

ELECTRICAL CHARACTERISTICS (T C = 250C unless otherwise noted.) 

I Chsracterlstic I Symbol 

OFF CHARACTERISTICS 

Collector-Emitter Breakdown Voltage (Ie = 50 mAde, IB = 0) V(BR)CEO 

Collector-Emitter Breakdown Voltage (IC = 50 mAdc, VBE = 0) V(BR)CES 

Emitter-Base Breakdown Voltage (IE = 5 mAde, IC = 0) V(BR)EBO 

Collector Cutoff Current (V CE = 30 Vdc, VBE = 0) ICES 

ON CHARACTERISTICS 

I DC Current Gain (ICE = 1.0 Adc, VCE = 5 Vdc) hFE 

DYNAMIC CHARACTERISTICS 

I Output capacitance (VCB = 24 Vdc, IE = 0, f = 1.0 MHz) Cob 

MOTOROLA RF DEVICE DATA 

Symbol 

VCEO 

VCES 

VEBO 

IC 

,PD 

Tstg 

Min 

30 

60 

4.0 

-

30 

14 

MRF897 

3OW,900 MHz 
RFPOWER 

TRANSISTOR 
NPNSlUCON 

CASE 3958-01, STYLE 1 

Value Unit 

30 Vdc 

60 Vdc 

4.0 Vdc 

4.0 Ade 

105 Watts 
0.60 WJOC 

-65 to +150 OC 

Max 

1.67 

Typ Max Unit 

33 - Vdc 

80 - Vdc 

4.7 - Vdc 

- 10.0 mAde 

80 120 

21 28 pF 

(continued) 
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2-493 



II 

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

I Characteristic Symbol Min Typ Max Unit 

FUNCTIONAL CHARACTERISTICS 

Common-Emitter Amplifier Power Gain 
(VCC = 24 Vdc, Pout = 30 Watts (PEP), Icq = 125 mA, fl = 900 MHz, 
f2 = 900.1 MHz) 

Collector Efficiency 
(VCC = 24 Vdc, Pout = 30 Watts (PEP), Icq = 125 rnA, fl = 900 MHz, 
f2=900.1 MHz) 

Intermodulation Distortion 
(VCC = 24 Vdc, Pout = 30 Watts (PEP), Icq = 125 rnA, fl = 900 MHz, 
f2 = 900.1 MHz) 

Output Mismatch Stress 
(VCC = 26 Vdc, Pout = 30 Watts (PEP), Icq = 125 mA, f1 = 900 MHz, 
f2 = 900.1 MHz, Load VSWR = 5:1 (all phase angles)) 

Rl 
VSS o---'lM----+ 

1----..., 

TL4 

SALUNl 

R2 
VSS o--..J\I'I/'v---+ 

61,62, B3, B4- Ferrite Bead, Fair Rite #2743019447 
Cl - 0.8-S.0 pF Trimmer Capacitor, Johanson 
C2, C3, C23, C24 - 43 pF, 100 mil, ATC Chip Capacitor 
C4, C5, C18, C19, C21, C22 - 820 pF, 100 mil, Chip Capacitor, Kemet 
C6, C7, Cl1, C12 -10 IlF, Lytic Capacitor, Panasonic 
C8, C9, C16, C17 -100 pF, 100 mil, Chip Capacitor, Murata Erie 
C10 - 13 pF, 50 mil, ATC Chip Capacitor 
C13, C14 - 250 IlF Lytic Capacitor, Mallory 
C15-1.1 pF, 50 mil, ATC Chip Capacitor 
C20 - 6.8 pF, 100 mil, ATC Chip Capacitor 
L 1, L2, La, L4, L5, L6 - 5 Turns 20 AWG, lOlA 0.126" choke 

Gpe 10.0 12.0 - dB 

11 35 3S - % 

IMD - -37 -30 dBc 

'If No Degradation in Output Power 
Before and After Test 

Nl, N2- Type N Flange Mount, Omni Spectra 3052-1648-10 
Ql - Bias Transistor 60136 PNP 
R1, R12-39 Ohm, 2.0W 
R3, R4, R5, R6 - 4.0 x 39 Ohm, 118 W, Chips in Parallel, 

Rohm390-J 
TL 1-TL 11 - See Photomaster 
Balunl, Balun2, Coax 1, Coax 2 - 2.20" 50 Ohm, 0.08S" o.d. 

semi-rigid coax, Micro Coax 
UT-S5-M17 

Board -lf32" Glass Teflon, Arion GX-0300-55-22, Er = 2.55 

Figure 1. MRF897 Broadband Test Circuit 

MRF897 
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f lin rOL 
(MHz) ohms ohms 

800 1.0 + jl0.3 5.9-jO.4 

850 1.5+jl0.5 5.7 + j2.6 

900 1.8 + jll.0 5.9+j3.4 

960 2.2 + jll.4 6.2 +j4.4 

Z'OL = Conjugate of optimum load impadance 
Into which \he davice oparates at a given 
output power, voltege and frequency. 

MRF897 
2-498 

Po = 300 W (PEP), Vee = 24 V 

Figure 8. series Equivalent Input/Output Impedances 
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Figure 9. MRF897 Broadband Test Fixture 

Figure 10. Photomaster for MRF897 Test Fixture 
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MOTOROLA 
• SEMICONDUCTOR 

TECHNICAL DATA 

The RF Line 
NPN Silicon 
RF Power Transistor 
· .. designed for 24 Volt UHF large-signal, common base amplifier applications 
in Industrial and commercial FM equipment operating in the range of 
850-960 MHz. 

• Motorola Advanced Amplifier Concept Package 

• Specified 24 Volt, 900 MHz Characteristics 
Output Power = 60 Watts 
Power Gain = 7.0 dB Min 
Efficiency = 60% Min 

• Double Input/Output Matched for Wideband Performance and Simplified 
Extemal Matching 

• Series Equivalent Large-Signal Characterization 

• Gold Metallized, Emitter Ballasted for Long Life and Resistance to Metal 
Migration 

• Silicon Nitride Passivated 

MAXIMUM RATINGS 

Rating 

Collector-Emitter Voltage 

Collector-Base Voltage 

Emitter-Base Voltage 

Collector Current - Continuous 

Total Device Dissipation @ TC = 250C 
Derate above 25°C 

Storage Temperature Range 

THERMAL CHARACTERISTICS 

Characteristic 

Thermal Resistance, Junction to Case 

ELECTRICAL CHARACTERISTICS (Tc = 25°C unless otherwise noted.) 

I Characteristic I Symbol 

OFF CHARACTERISTICS 

Collector-Emitter Breakdown Voltage 
(IC = 50 mAde, IB = 0) 

Collector-Emitter Breakdown Voltage 
(IC = 50 mAde, VBE = 0) 

Emitter-Base Breakdown Voltage 
(IE = 5.0 mAde, IC = 0) 

Collector Cutoff Current 
(VCE = 30 Vdc, VBE = 0, TC = 25°C) 

MRF898 
2-498 

V(BR)CEO 

V(BR)CES 

V(BR)EBO 

ICES 

Symbol 

VCEO 

VCBO 

VEBO 

IC 

PD 

Tstg 

Min 

30 

55 

4.0 

-

MRF898 

60 W, 850-960 MHz 
RFPOWER 

TRANSISTOR 
NPNSILICON 

CASE 333A, STYLE 1 

Value 

30 

55 

4.0 

10 

175 
1.0 

-65 to +150 

Max 

1.0 

Typ Max 

- -

- -

- -

- 10 

Unit 

Vde 

Vdc 

Vde 

Ade 

Watts 
WfOC 

°C 

Unit 

Vde 

Vde 

Vde 

mAde 

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

Characteristic Symbol Min Typ Max 

ON CHARACTERISTICS 

DC Current Gain 
(IC = 2.0 Adc, VCE = 5.0 Vdc) 

DYNAMIC CHARACTERISTICS 

Output Capacitance (1) 
(VCB = 24 Vdc,IE = 0, f= 1.0 MHz) 

FUNCTIONAL TESTS 

Common-Base Amplifier Power Gain Gpb 7.0 7.9 -
(VCC = 24 Vdc, Pout = 60 W, f = 900 MHz) 

Collector Efficiency 11 60 65 -
(VCC = 24 Vdc, Pout = 60 W, f = 900 MHz) 

Output Mismatch Stress 'I' 
(VCC = 24 Vdc, Pout = 6OW, f= 900 MHz, No Degradation in Output Power 
VSWR = 5:1, all phase angles) 

NOTE: 
1. Value of 'Cab" is lhatof die only. It is not measurable in MRF898 because of internal matching network. 

l3 

SH~~~NG[ C~9 Cl0 
Cll 
't--.-----' 

GND 

Bl, B2, B3 - Bead, Ferroxcube 56-390-6513B 
Cl, C2, C12 - 39 pF, 100 Mil Chip Capacitor 
ca, Cll - 91 pF, Mini Underwood or Equivalent 
C4, C7, C9 - 10 IlF, 35 V Electrolytic 
C5 - 4000 pF, 1.0 kV Ceramic 
C6, Cl0 - 1000 pF, 350 V Unelco or Equivalent 
C8 - 47 pF, 100 Mil Chip Capacitor 
Ll, L4-4 Tumslt18 AWG Choke 
L2 - 11 Turns #20 AWG Choke on 10 Ohm, 1.0 Watt Resistor 
L3-3 Turnslt18 AWG Choke on 10 Ohm, 1.0 Watt Resistor 

L2 

TL I, TL6 - 50 Ohm Microstrip 
TL2 - 400 x 950 Mils 
TL3, TL4 -140 x 200 Mils 
TL5 - 320 x 690 Mils 
TL7 - 260 x 230 Mils 

Board - 3M Epsilam-l0, 50 Mil 
Bias Boards -1132" Gl0 or Equivalent 

Figure 1. 850-960 MHz Broadband Test Circuit 
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dB 

% 
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RF INPUT BOARD 

Figure 7. Photomaster 

COLLECTOR BIAS BOARD 

RF OUTPUT BOARD 
SCALE 0.75:1 

Figure 8. 850-960 MHz Broadband Test Clrcuh 
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MOTOROLA 
- SEMICONDUCTOR 

TECHNICAL DATA 

The RF Line 
NPN Silicon 
RF Power Transistor 

Designed for 26 Volt UHF large-signal, common emitter, Class AB linear 
amplifier applications in industrial and commercial FMI AM equipment operating 
in the range 800-960 MHz. 
• Specified 26 Volt, 900 MHz Characteristics 

Output Power = 150 Watts (PEP) 
Minimum Gain = 8.0 dB @ 900 MHz, Class AB 
Minimum Efficiency = 35% @ 900 MHz, 150 Watts (PEP) 
Maximum Intermodulation Distortion -28 dBc @ 150 Watts (PEP) 

• Characterized with Series Equivalent Large-Signal Parameters from SOO to 
960 MHz 

• Silicon Nitride Passivated 
• 100% Tested for Load Mismatch Stress at all Phase Angles with 5:1 VSWR 

@ 26 Vdc, and Rated Output Power 
• Gold Metallized, Emitter Ballasted for Long Life and Resistance to Metal 

Migration 

MAXIMUM RATINGS 

Rating 

Collector-Emitter Voltage 

Collector-Emitter Voltage 

Emitter-Base Voltage 

COllector-Current - Continuous 

Total Device Dissipation @ TC = 250C 
Derate above 25°C 

Storage Temperature Range 

THERMAL CHARACTERISTICS 

Characteristic 

Thermal Resistance, Junction to case 

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

I Characteristic I Symbol 

OFF CHARACTERISTICS 

Collector-Emitter Breakdown Voltage (IC = 100 mAde, IB = 0) 

Collector-Emitter Breakdown Voltage (IC = 50 mAde, VBE = 0) 

Emitter-Base Breakdown Voltage (IE = 10 mAde, IC = 0) 

Collector Cutoff Current (VCE = 30 Vdc, VBE = 0) 

ON CHARACTERISTICS 

I DC Current Gain (ICE =1.0 Adc, VCE = 5.0 Vdc) 

DYNAMIC CHARACTERISTICS 

Output Capacitance (VCB=26 Vdc, IE= 0, f= 1.0 MHz) (1) 

NOTE: 
1. For Information only. This part Is collector matched. 

MRF~99 
2-502 

V(BR)CEO 

V(BR)CES 

V(BR)EBO 

ICES 

Symbol 

VCEO 

VCES 

VEBO 

IC 

Po 

TslQ 

Min 

28 

60 

4.0 

-

MRF899 

150W,900 MHz 
RFPOWER 

TRANSISTOR 
NPNSIUCON 

CASE 375A, STYLE 1 

Value 

28 

60 

4.0 

25 

230 
1.33 

-65 to +150 

Max 

0.75 

Typ Max 

37 -
85 -
4.9 -
- 10 

30 I 75 120 

Unit 

Vdc 

Vdc 

Vdc 

Adc 

Watts 
Wf'C 

°c 

Unit 

Vde 

Vdc 

Vdc 

mAde 

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

I Characteristic Symbol Min Typ Max Unit 

FUNCTIONAL CHARACTERISTICS 
Common-Emitter Amplifier Power Gain 

Vee" 26 Vdc, Pout = 150 WaIlS (PEP), Icq = 300 rnA, 'I = 900 MHz, 
12 = 900.1 MHz 

Collector Efficiency 
Vee" 26 Vdc, Pout = 150 WaIlS (PEP), Icq = 300 mA, 11 = 900 MHz, 
'2" 900.1 MHz 

3rd Ordar Intermodulatlon Distortion 
Vee" 26 Vdc, Pout = 150 WaIlS (PEP), Icq = 300 mA, 'I = 900 MHz, 
'2" 900.1 MHz 

Output Mismatch Stress 
Vee" 26 Vdc, Pout = 150 WaIlS (PEP), Icq" 300 rnA, 11 = 900 MHz, 
'2" 900.1 MHz, VSWR .. 5:1 (all phase angles) 

INPUT )-j9-t-~ 

81, B2 - Ferrite Bead, Ferroxcube #56'590-65-3B 
Cl, 02, 026, C27 - 43 pF, 8 Case, ATC Chip Capacitor 
C3 - 200 IlF Lytic Capacitor 
C4, C5, C22, 023 -100 pF, 8 Case, ATC Chip Capacitor 
ca, C7, C14, C15 -1000 pF, 8 Case, ATC Chip CapacItor 
Cl0 - 9.1 pF, A Case, ATC Chip Capacitor 
C13 - 500 IlF Electrolytic Capacitor 
C18 - 3.9 pF, 8 Case, ATC Chip Capacitor 
021 - 0.8 pF, 8 Case, ATC Chip Capacitor 
ca, ce, C16, C17 - COR328PI82AJWS, 1800 pF, AVX Chip 

CapacItor 
Cll, C12, C19, C20, 024, 025 -10 1lF, Electrolytic Capacitor 

Panasonic 

Gpe 8.0 9.0 - dB 

1\ 30 40 - % 

IMO - -32 -28 dBc 

1)1 No Degradation in Output Power 
Before and After Test 

OUTPUT 

L 1 - 5 Tums 24 AWG lOlA 0.059" Choke, 19.8 nH 
L2, La, L7, L9 - 4 Turns 20 AWG lOlA 0.163" Choke 
L4, L5, L6, LB-12Tums22AWG lOlA 0.140" Choke, 

on 10-20 g Resistor 
Nl, N2 - Type N Flange Mount, Omnl Spectra 
Ql - Bias Transistor B0136 PNP 
R2, R3, R4, R5 - 4.0 x 39 Ohm 118 W Chips in Parallel 
Ria, Rlb-560hm 1.0W 
TL 1-TLB - See Photomaster 
Balunl, Balun2, Coax I, Coax 2 - 2.20· 50 Ohm 0.088" o.d. 

semi-rigid coax 
Board - 1132" Glass Teflon, Er = 2.55" Arion (GX-030D-55-22) 

Figure 1_ 900 MHz Power Gain Test Circuit 
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f Zrl ZoL' 
MHz OHMS OHMS 

800 5.51 +jl0.6 4.52 + j2.64 

850 8.17 +jI3.2 4.21 + j2.98 

900 11.2 + ]13.8 3.68+j2m 

960 16.8 + ]10.1 2.98 + j2.71 

Za.' = Conjugate of optimum load Impedance into 
which the device operates at a given output 
power, voltage and frequency. 

Figure a.input and Output Impedances 
with Circuit Tuned for Maximum Gain @ Po = 150 W (PEP), VCC = 26 V 
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Figure 9. Photo of 900 MHz Test Circuit 

Figure 10. MRF899 Test Circuit Photomaster 
(Not to Scale) 
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Figure 11. MRF899 Test Fixture Component Layout 
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MOTOROLA 

• SEMICONDUCTOR -----------TECHNICAL DATA 

The RF Line 
NPN Silicon 
High-Frequency Transistor 
• •• designed primarily for use in high-gain, low-noise, small-signal amplifiers. 
Also usable In applications requiring fast switching times. 
• High Current-Galn - Bandwidth Product-

tr = 4.5 GHz (Typ) @ IC = 15 mAde 

• Low Noise Figure @ f = 1.0 GHz -
NF = 2.0 dB (Typ) and 2.5 dB (Max) 

• High Power GaIn - Gpe = 10 dB (Min) @ f = 1.0 GHz 
• Third Order Intercept = +23 dBm (Typ) 

MAXIMUM RAnNGS 

Rating 

Collector-EmItter Voltage 

Collector-Base Voltage 

emitter-Base Vollage 

Collector Current - Continuous 

Total Device DissipatiOn 0 TC = 25"C 
Olllllla above 25"C 

SlDrage Temperature Range 

THERMAL CHARACTERISTICS 

Characteristic 

Thermal ResIsIance, Junction to Ambient 

ELECTRICAL CHARACTERISTICS (Tc = 25°C unless otherwise noted.) 

I Characleristic I Symbol 

OFF CHARACTERISTICS 

Collector-Emitter Breakdown Vallage 
(IC = 1.0 mAde, IB = 0) 

Collector-Base Breakdown Voltage 
(IC.O.1 mAde, IE = 0) 

Emitter-Base Breakdown Vollage 
(IE" 0.1 mAde, IC = 0) 

Collector Cutoff Current 
(VCB = 15 Vdc, IE = 0) 

MRF901 
2-508 

V(BR)CEO 

V(BR)CBO 

V(BR)EBO 

ICBO 

Symbol 

VCEO 

VCBO 

VEBO 

IC 

Po 

Tstg 

Min 

15 

25 

2.0 

-

MRF901 

2.5 dB 0 1.0 GHz 
HIGH-FREQUENCY 

TRANSISTOR 
NPNSlUCON 

CASE 317, STYLE 2 

value 

15 

25 

2.0 

30 

0.375 
3.3 

150 

Max 

300 

lYP Max 

- -

- -

- -

- 50 

Unit 

Vdc 

Vde 

Vdc 

rnA 

Watt 
mW/"C 

"C 

Unit 

Vdc 

Vdc 

Vdc 

nAdc 

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

I Characteristic Symbol Min 

ON CHARACTERISTICS 

DC Current Gain 
(IC = 5.0 mAde, VCE = 5.0 Vde) 

DYNAMIC CHARACTERISTICS 

Current-Gain - Bandwidth Product tr -
(IC = 15 mAde, VCE= 10 Vde, f= 1.0 GHz) 

Collector-Base capacitance Ceb -
(VCB = 10 Vde, IE = 0, f = 1.0 MHz) 

Noise Figure NF -
(IC = 5.0 mAde, VCE = 6.0 Vde, f = 1.0 GHz) 

FUNCTIONAL TESTS (Figure 1) 

Common-Emitter Amplifier Power Gain 
(Vee = 6.0 Vdc, Ie = 5.0 mA, f = 1.0 GHz) 

Gpe 10 

Third Order Intercept - -
(Ie = 5.0 mAde, VCE = 6.0 Vde, f = 0.9 GHz) 

OUT 

RFINPUT>--""1~-(:I=:~:~}--1~ 
SLUG TUNER 

SLUG TUNER 

Figure 1. 1.0 GHz Test Circuit Schematic 
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Typ Max 

4.5 -

0.4 1.0 

2.0 2.5 

12 -

+23 -

Unit 

GHz 

pF 

dB 

dB 

dBm 
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VeE Ie f 511 &.z1 512 
(Volts) (mA) (MHz) 1511 1 Lcp 1&.z11 Lcp 15121 

5.0 5.0 100 0.71 -38 11.30 153 0.03 
200 0.62 -75 9.48 133 0.05 
500 0.54 -141 5.40 100 0.07 
1000 0.53 178 2.93 76 0.09 
2000 0.59 130 1.51 48 0.16 

10 100 0.57 -58 16.95 145 0.03 
200 0.51 -103 12.61 123 0.04 
500 0.52 -161 6.24 93 0.06 
1000 0.52 166 3.24 73 0.09 
2000 0.59 125 1.66 47 0.17 

15 100 0.48 -75 20.08 139 0.02 
200 0.47 -121 13.89 117 0.04 
500 0.53 -170 6.44 91 0.05 
1000 0.53 162 3.33 72 0.09 
2000 0.60 123 1.70 46 0.18 

20 100 0.44 -88 21.62 136 0.02 
200 0.47 -132 14.33 114 0.03 
500 0.53 -175 6.45 89 0.05 
1000 0.53 159 3.31 70 0.09 
2000 0.61 122 1.69 45 0.18 

30 100 0.43 -112 21.45 130 0.02 
200 0.50 -148 13.38 109 0.03 
500 0.57 178 5.82 86 0.05 
1000 0.57 156 2.99 68 0.08 
2000 0.65 121 1.50 42 0.18 

Table 1. Common Emitter S-Parameters, VCE = 5.0 V 

VeE Ie f 511 521 512 
(Volts) (mA) (MHz) 15111 Lcp 1&.z11 Lcp 15121 

10 5.0 100 0.73 -35 11.32 154 0.03 
200 0.63 -69 9.69 135 0.05 
500 0.53 -135 5.65 101 0.07 
1000 0.51 -177 3.11 77 0.08 
2000 0.57 132 1.58 48 0.14 

10 100 0.59 -52 17.06 147 0.02 
200 0.52 -95 13.06 125 0.04 
500 0.49 -156 6.58 95 0.05 
1000 0.50 170 3.44 74 0.08 
2000 0.57 126 1.75 47 0.16 

15 100 0.51 -66 20.36 141 0.02 
200 0.47 -112 14.48 119 0.03 
500 0.50 -166 6.81 92 0.05 
1000 0.50 164 3.54 72 0.08 
2000 0.58 124 1.78 46 0.16 

20 100 0.47 -78 22.08 138 0.02 
200 0.46 -123 15.07 116 0.03 
500 0.50 -171 6.84 90 0.05 
1000 0.51 162 3.51 71 0.08 
2000 0.59 123 1.77 45 0.17 

30 100 0.44 -98 22.70 133 0.02 
200 0.47 -139 14.47 111 0.03 
500 0.53 -177 6.33 87 0.04 
1000 0.54 158 3.26 69 0.07 
2000 0.62 122 1.61 42 0.16 

Table 2. Common Emitter S-Parameters, VCE = 10 V 

MOTOROLA RF DEVICE DATA 

Lcp 1&.z21 

68 0.92 
55 0.76 
43 0.48 
48 0.40 
62 0.35 

63 0.85 
53 0.64 
50 0.38 
61 0.33 
67 0.29 

61 0.80 
53 0.57 
56 0.34 
66 0.31 
68 0.28 

60 0.76 
54 0.53 
60 0.32 
68 0.31 
70 0.28 

58 0.72 
57 0.51 
65 0.35 
73 0.35 
74 0.33 

Lcp 15221 

69 0.93 
57 0.79 
43 0.54 
50 0.47 
66 0.41 

64 0.87 
54 0.69 
51 0.45 
62 0.41 
70 0.36 

63 0.83 
54 0.63 
57 0.41 
67 0.39 
72 0.35 

61 0.80 
55 0.60 
60 0.40 
69 0.39 
73 0.35 

59 0.76 
55 0.57 
65 0.43 
74 0.43 
77 0.39 

522 

522 

Lcp 
-17 
-29 
-44 
-56 
-85 

-23 
-35 
-45 
-54 
-84 

-27 
-38 
-44 
-52 
-82 

-28 
-38 
-41 
-50 
-80 

-28 
-33 
-34 
-46 
-78 

Lcp 
-14 
-25 
-38 
-48 
-75 

-19 
-30 
-37 
-45 
-72 

-22 
-31 
-35 
-43 
-70 

-23 
-30 
-32 
-41 
-68 

-23 
-27 
-28 
-39 
-68 
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MRF901 
2-512 

-J50 
COORDINATES IN OHMS 

Figure 9. Input and Output Reflection 
Coefficients versus Frequency 

(VCE = 10 V,IC = 15 mAl 

Figure 10. ForwardlReverse Transmission 
Coefficients versus Frequency 

(VCE = 10 V, IC = 15 mAl 

Figure 11. Source Impedance (rms) for 
Optimum Noise Figure versus Frequency 

(VCE = 10 V, IC = 5.0 mAl 
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+j500 

-j500 

'50 
, 4 ~~ 
MAXIMUM UNILATERAl GAIN. Gumax = (1 -IS1112) (1 -1S:!212) (K <1) 

Figure 12. Constant Gain and Noise 
Figure Contours 

(VCE = 10 Vdc, IC = 5.0 mA, f = 500 MHz) 

+)50 

-j50 

+)500 

'MAXIMUM AVAILABLE GAIN. Gamax = :~~~: (K ± JK2 - 1) (K> 1) 

Figure 13. Constant Gain and Noise 
Figure Contours 

(VCE = 10 Vdc, IC = 5.0 mA, f = 1.0 GHz) 
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MOTOROLA 
• SEMICONDUCTOR 

TECHNICAL DATA 

The RF Line 
NPN Silicon 
Low Noise, High-Frequency 
Transistors 
· •. designed for use in high gain, low noise small-signal amplifiers. This series 
features excellent broadband linearity and is offered in a variety of packages. 

• Fully Implanted Base and Emitter Structure 

• 9 Finger, 1.25 Micron Geometry with Gold Top Metal 

• Gold Sintered Back Metal 

MAXIMUM RATINGS 

Rating Symbol 

Collector-Emitter Voltage VCEO 
Collector-Base Voltage VCBO 

Emitter-Base Voltage VEBO 

Power Oissipatlon (1) TC = 50°C Po 

Collector Current - Continuous (2) IC 

Maximum Junction Temperature TJmax 

Storage Temperature Tstg 

Thermal Resistance, Junction \0 case ROJC 

DEVICE MARKING 

MMBR941LT1 = 7Y 
MRF9411LT1 = 10 

NOTES: 

MMBR941BLT1 = 7N 
MRF9411BLT1 = 18 

MRF941 

10 

20 

1.5 

0.4 

50 

150 

-65 \0+150 

250 

MRF941 
MMBR941LT1 

MMBR941BLT1 
MRF9411LT1 

MRF9411BLT1 

IC=50mA 
LOW NOISE 

HIGH-FREQUENCY 
mANSISTORS 

CASE 317, STYLE 2 
MACRo-X 
MRF941 

CASE 318-07, STYLE 6 
SOT-23 

LOW PROFILE 
MMBR941LT1, MMBR941BLT1 

CASE 318A, STYLE 1 
SOT-143 

LOW PROFILE 
MRF9411LT1, MRF9411BLT1 

MMBR941LT1 MRF9411LT1 Unit 

10 10 Vdc 

20 20 Vdc 

1.5 1.5 Vdc 

0.33 0.33 Watts 

50 50 rnA 

150 150 °c 

-65\0+150 -65\0 +150 OC 

300 300 OCIW 

1. To calculate the junction temperature use T J = Po x ROJA + T CASE. Case temperature measured on collector lead immediately adjacent \0 
body of package. 

2. IC - Continuous (MTBF - 10 years). 

MRF941.MMBR941 LT1.MMBR941BLT1.MRF9411 LT1.MRF9411BLT1 
2-514 
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ELECTRICAL CHARACTERISTICS (T C = 25·C unless otherwise noted.) 

I Characteristic I Symbol 

OFF CHARACTERISTICS (3) 

Collector-Emitter Breakdown Voltage 
(IC =0.1 rnA,IB= 0) 

Collector-Base Breakdown Voltage 
(IC = 0.1 rnA, IE=O) 

Emitter Cutoff Current 
(VEB= 1.0V,IC= 0) 

Collector Cutoff Current 
(VCB= 10 V,IE ~ 0) 

ON CHARACTERISTICS (3) 

DC CUrrent Gain 
(VCE = 6.0 V, IC = 5.0 rnA) (MRF941, MMBR941LT1, MRF9411LT1) 

(MRF941B, MMBR941BLT1, MRF9411BLT1) 

DYNAMIC CHARACTERISTICS 

Collector-Base Capacitance 
(VCB = 10 V, IE = 0, f = 1.0 MHz) 

Current Gain - Bandwidth Product 
(VCE = 6.0 V, IC = 15 rnA, f = 1.0 GHz) 

NOTE: 
3. Pulse wtdth :s; 300 118, duty cycle :s; 2% pulsed. 

PERFORMANCE CHARACTERISTICS 

V(BR)CEO 

V(BR)CBO 

lEBO 

ICBO 

Ccb 

tr 

Min 

10 

20 

-

-

-

-

MRF941 MRF9411LT1 
Conditions Symbol 

Min Typ Max Min Typ Max 

Insertion Gain IS21 12 
(VCE=6.0V,le= 15 rnA, f= 1.0GHz) - 16 - - 16 -
(VCE = 6.0 V, IC = 15 rnA, f = 2.0 GHz) - 10 - - 10 -

Maximum Unilateral Gain (1) GUmax 
(VCE= 6.0V,IC = 15 rnA, f= 1.0 GHz) - 18 - - 18 -
(VCE = 6.0 V, IC = 15 rnA, f = 2.0 GHz) - 12 - - 12 -

Noise Figure - Minimum NFMIN 
(VCE= 6.0V,IC = 5.0 rnA, f= 1.0 GHz) - 1.3 - - 1.3 -
(VCE ~ 6.0 V, IC = 5.0 rnA, f = 2.0 GHz) - 2.1 - - 2.1 -

Associated Gain at Minimum NF GNF 
(VCE= 6.0V,IC =5.0 rnA, f= 1.0 GHz) - 15 - - 15 -
(VCE = 6.0 V, Ie = 5.0 rnA, f = 2.0 GHz) - 9.5 - - 9.5 -

Noise Figure - 50 ohm Source NF50n - 1.9 2.8 - 1.9 2.8 
(VCE = 6.0 V, Ie = 5.0 rnA, f = 1.0 GHz) 

NOTE: IS21 12 
1. Maximum Unilateral Gain is GUmax = 2 2 

(1 -IS111 )(1 -IS221 ) 

Max Unit 

12 - Vdc 

23 - Vdc 

- 0.1 jiAdc 

- 0.1 jiAdc 

0.35 - pF 

8.0 - GHz 

MMBR941LT1 
Unit 

Min Typ Max 

dB 

- 14 -
- 8.0 -

dB 
- 16 -
- 10 -

dB 
- 1.3 -
- 2.1 -

dB 
- 14 -
- 8.5 -
- 1.9 2.8 dB 

MOTOROLA RF DEVICE DATA MRF941-MMBR941 LT1-MMBR941 BLT1-MRF9411 LT1-MRF9411 BLT1 
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Figure 9. Functional Circuit Schematic 
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VCE IC f 511 521 
(Volts) (rnA) (MHz) Mag Lcj> Mag LIj> Mag 

6.0 5.0 100 0.82 -24 14.5 162 0.02 
200 0.77 -47 13.2 147 0.03 
400 0.62 -84 10.3 124 0.04 
600 0.54 -110 8.1 108 0.06 
800 0.46 -131 6.4 98 0.06 
1000 0.42 -148 5.3 90 0.07 
1500 0.36 177 3.6 74 0.09 
2000 0.34 145 2.7 61 0.11 
2500 0.36 118 2.2 51 0.14 
3000 0.42 90 1.9 44 0.16 
3500 0.51 77 1.7 35 0.22 
4000 0.58 58 1.6 28 0.23 
5000 0.72 44 1.5 9.0 0.26 
6000 0.86 35 1.4 -14 0.30 

10 100 0.67 -37 24.4 154 0.02 
200 0.48 -67 20 135 0.02 
400 0.45 -111 13.4 112 0.03 
600 0.40 -136 9.8 99 0.04 
800 0.44 -155 7.5 90 0.06 

1000 0.35 -170 6.1 84 0.06 
1500 0.31 159 4.1 70 0.08 
2000 0.32 130 3.1 59 0.11 
2500 0.34 107 2.4 50 0.15 
3000 0.41 82 2.1 43 0.17 
3500 0.49 72 1.9 35 0.21 
4000 0.55 54 1.7 27 0.23 
5000 0.68 42 1.6 10 0.27 
6000 0.82 34 1.5 -12 0.30 

15 100 0.57 -47 30.1 149 0.02 
200 0.48 -83 23.2 128 0.02 
400 0.40 -126 14.4 107 0.03 
600 0.36 -150 10.2 95 0.04 
800 0.34 -167 7.8 87 0.05 
1000 0.33 180 6.3 81 0.06 
1500 0.27 151 4.2 69 0.08 
2000 0.32 124 3.1 59 0.12 
2500 0.34 103 2.5 49 0.15 
3000 0.41 80 2.1 42 0.17 
3500 0.49 70 1.9 34 0.20 
4000 0.55 52 1.7 27 0.28 
5000 0.68 41 1.7 9.0 0.26 
6000 0.82 33 1.5 -13 0.29 

30 100 0.41 -74 37.8 139 0.01 
200 0.37 -116 25.8 118 0.01 
400 0.37 -152 14.7 100 0.02 
600 0.36 -170 10.1 90 0.03 
800 0.35 176 7.7 83 0.04 

1000 0.35 167 6.1 78 0.06 
1500 0.34 142 4.1 65 0.08 
2000 0.36 118 3.1 55 0.11 
2500 0.38 100 2.4 46 0.14 
3000 0.45 77 2.1 40 0.17 
3500 0.53 68 1.8 32 0.21 
4000 0.59 51 1.6 25 0.24 
5000 0.72 40 1.5 7.0 0.26 
6000 0.85 31 1.4 -15 0.30 

Table 1. MRF941 Common Emitter S·Parameters 

MRF941-MMBR941 LT1-MMBR941BLT1-MRF9411 LT1.MRF9411 BLT1 
2-518 

512 522 

LIj> Mag Lcj> 

81 0.96 -11 
68 0.89 -21 
53 0.73 -33 
49 0.63 -39 
49 0.58 -44 
52 0.55 -46 
56 0.51 -53 
59 0.50 -61 
60 0.49 -69 
56 0.46 -75 
53 0.41 -90 
47 0.37 -100 
33 0.39 -151 
24 0.55 167 

88 0.91 -17 
55 0.79 -29 
56 0.59 -37 
57 0.50 -41 
61 0.47 -43 
62 0.45 -44 
66 0.45 -50 
66 0.44 -58 
65 0.44 -66 
59 0.41 -71 
54 0.36 -85 
46 0.33 -93 
32 0.32 -144 
23 0.48 -169 

63 0.87 -20 
64 0.72 -31 
65 0.52 -37 
65 0.46 -39 
66 0.43 -42 
67 0.42 -42 
72 0.43 -49 
69 0.42 -56 
67 0.42 -64 
59 0.40 -69 
54 0.35 -84 
47 0.32 -90 
33 0.31 -143 
23 0.46 169 

69 0.79 -24 
65 0.62 -32 
72 0.47 -32 
70 0.43 -33 
71 0.42 -36 
75 0.42 -38 
72 0.44 -44 
71 0.43 -53 
68 0.44 -62 
61 0.42 -68 
58 0.37 -82 
48 0.34 -92 
34 0.33 -143 
24 0.48 171 

MOTOROLA RF DEVICE DATA 



VCE Ic f 
(Volts) (mA) (MHz) 

1.0 0.5 100 
200 
500 
900 
1000 
1500 
2000 
3000 

1.0 100 
200 
500 
900 
1000 
1500 
2000 
3000 

6.0 5.0 100 
200 
400 
600 
800 

1000 
1500 
2000 
2500 
3000 
3500 
4000 

10 100 
200 
400 
600 
800 
1000 
1500 
2000 
2500 
3000 
3500 
4000 

15 100 
200 
400 
600 
BOO 
1000 
1500 
2000 
2500 
3000 
3500 
4000 

MOTOROLA RF DEVICE DATA 

511 521 512 S:!2 
Mag L. Mag L. Mag L. Mag L. 
0.97 -11 1.78 170 0.03 83 0.99 -4.7 
0.96 -22 1.74 161 0.06 76 0.99 -9.1 
0.90 -53 1.60 133 0.13 ·56 0.93 -21 
0.75 -89 1.37 105 0.18 37 0.83 -33 
0.72 -98 1.32 100 0.18 33 0.82 -36 
0.63 -132 1.07 74 0.19 20 0.75 -47 
0.57 -163 0.89 55 0.16 15 0.72 -57 
0.55 144 0.67 30 0.15 40 0.71 -76 

0.95 -13 3.37 169 0.03 81 0.99 -6.2 
0.93 -27 3.27 158 0.06 73 0.98 -12 
0.81 -62 2.85 128 0.12 52 0.86 -26 
0.63 -101 2.21 101 0.15 37 0.73 -38 
0.60 -110 2.08 96 0.15 34 0.71 -40 
0.51 -144 1.59 73 0.16 27 0.64 -49 
0.46 -173 1.28 56 0.16 29 0.61 -58 
0.46 138 0.95 30 0.19 44 0.60 -75 

0.82 -25 14.6 159 0.02 n 0.94 -13 
0.75 -47 12.6 142 0.04 68 0.85 -22 
0.55 -79 9.2 120 0.05 61 0.69 -31 
0.42 -98 6.9 106 0.07 60 0.60 -32 
0.33 -114 5.3 97 0.08 61 0.56 -33 
0.28 -129 4.5 90 0.09 62 0.52 -33 
0.25 -155 3.1 n 0.13 67 0.51 -37 
0.16 176 2.4 66 0.16 68 0.51 -36 
0.21 151 2.0 57 0.20 69 0.48 -40 
0.18 122 1.7 50 0.23 68 0.48 -44 
0.30 108 1.5 42 0.27 66 0.45 -46 
0.29 91 1.4 37 0.32 64 0.42 -53 

0.67 -37 23.5 149 0.02 74 0.88 -18 
0.54 -64 18.1 129 0.03 68 0.73 -28 
0.37 -96 11.3 108 0.05 67 0.56 -31 
0.26 -114 8.0 98 0.06 67 0.50 -30 
0.21 -130 6.0 91 0.08 70 0.47 -30 
0.18 -147 5.1 85 0.09 70 0.45 -30 
0.18 -167 3.4 74 0.13 72 0.46 -34 
0.11 159 2.6 64 0.17 71 0.46 -34 
0.17 140 2.2 56 0.21 69 0.44 -3B 
0.15 107 1.8 59 0.25 67 0.45 -41 
0.27 100 1.7 42 0.28 65 0.42 -42 
0.26 85 1.5 37 0.33 61 0.39 -49 

0.56 -46 2B.6 143 0.02 73 0.83 -22 
0.43 -75 20.2 122 0.03 67 0.65 -30 
0.29 -107 11.8 104 0.04 70 0.50 -30 
0.22 -125 8.2 95 0.06 74 0.46 -28 
0.1B -141 6.2 B8 0.08 74 0.45 -27 
0.16 -158 5.1 83 0.09 74 0.43 -28 
0.17 -174 3.4 72 0.13 73 0.44 -32 
0.11 150 2.6 63 0.17 72 0.45 -33 
0.17 138 2.2 55 0.21 70 0.43 -37 
0.15 102 1.9 49 0.25 67 0.44 -39 
0.28 98 1.7 42 0.29 65 0.40 -41 
0.25 82 1.5 37 0.32 61 0.38 -47 

(conllnued) 
Table 2. MMBR941 LT1 Common Emitter S-Parameters 

MRF941-MMBR941LT1-MMBR941 BLT1-MRF9411 LT1-MRF9411BLT1 
2-519 



• 

veE Ie f 811 S:!1 812 822 
(VoItII) (mA) (MHz) Mag L+ Mag L+ Mag L+ Mag L+ 

6.0 20 100 0.49 -52 31.5 139 0.01 70 0.79 -23 
200 0.36 -84 21.1 118 0.02 69 0.60 -29 
400 0.25 -115 12.1 101 0.04 73 0.48 -29 
800 0.20 -134 8.3 93 0.06 74 0.45 -26 
800 0.16 -150 6.2 87 0.07 75 0.44 -26 
1000 0.15 -166 5.1 82 0.09 75 0.42 -26 
1500 0.16 -176 3.5 75 0.14 74 0.44 -31 
2000 0.12 144 2.6 63 0.17 73 0.45 -32 
2500 0.17 133 2.2 55 0.22 70 0.43 -36 
3000 0.16 101 1.9 49 0.25 68 0.44 -39 
3500 0.28 98 1.6 41 0.29 65 0.41 -40 
4000 0.26 82 1.5 36 0.33 61 0.39 -47 

30 100 0.41 -65 34.3 134 0.01 70 0.74 -25 
200 0.30 -99 21.6 113 0.02 70 0.56 -28 
400 0.23 -131 11.9 98 0.04 76 0.47 -25 
800 0.20 -147 8.1 91 0.06 76 0.45 -24 
800 0.18 -163 6.1 84 0.07 78 0.44 -23 

1000 0.17 -177 5.0 80 0.09 78 0.43 -24 
1500 0.18 174 3.4 70 0.13 76 0.45 -30 
2000 0.14 141 2.5 61 0.17 74 0.47 -31 
2500 0.20 131 2.1 54 0.21 71 0.45 -36 
3000 0.18 104 1.8 47 0.25 69 0.46 -39 
3500 0.31 100 1.6 40 0.29 65 0.42 -42 
4000 0.29 84 1.5 35 0.33 62 0.40 -48 

Table 2. MMBR941LT1 Common Emitter S-Parameters (continued) 

VeE Ie f 811 S:!1 612 
(VoItII) (mA) (MHz) Mag L+ Mag L+ Mag 

1.0 0.5 100 0.97 -10 1.78 171 0.03 
200 0.97 -20 1.75 163 0.05 
500 0.93 -49 1.62 137 0.12 
900 0.81 -84 1.43 110 0.18 
1000 0.79 -92 1.36 104 0.19 
1500 0.72 -125 1.12 78 0.20 
2000 0.68 -152 0.92 57 0.20 
3000 0.66 169 0.68 27 0.16 

1.0 100 0.95 -13 3.37 170 0.03 
200 0.94 -25 3.30 161 0.05 
500 0.88 -59 2.96 133 0.16 
1000 0.70 -107 2.26 101 0.16 
1500 0.64 -139 1.72 78 0.17 
2000 0.61 -165 1.36 59 0.17 
3000 0.61 160 0.97 32 0.14 

Table 3. MRF9411LT1 Common Emitter S-Parameter. 

MRF941-MMBR941 LT1eMMBR941BLT1-MRF9411 LT1-MRF9411BLT1 
2-520 

822 
L+ Mag L+ 
83 100 -4.7 
77 100 -9.2 
57 0.94 -21 
36 0.86 -35 
32 0.84 -36 
14 0.77 -50 
1 0.74 -61 

-11 0.73 -82 

82 0.99 -6.2 
74 0.98 -12 
53 0.89 -27 
29 0.74 -44 
15 0.66 -55 
6.7 0.62 -65 
3.0 0.61 -84 

(continued) 

MOTOROLA RF DEVICE DATA 



VCE IC f 811 821 812 ~ 
(Volts) (mA) (MHz) Mag L<\> Mag L<\> Mag L<\> Mag L<\> 

6.0 5.0 100 0.73 -24 14 164 0.02 92 0.96 -11 
200 0.74 -47 12.9 150 0.03 65 0.90 -20 
400 0.66 -83 10.4 129 0.05 56 0.75 -32 
600 0.62 -108 8.4 115 0.06 45 0.65 -40 
800 0.56 -127 6.7 105 0.07 46 0.60 -43 
1000 0.54 -141 5.6 96 0.07 51 0.57 -46 
1500 0.46 -166 3.9 82 0.08 55 0.52 -50 
2000 0.43 172 2.9 70 0.09 56 0.50 -54 
2500 0.41 151 2.3 62 0.11 61 0.48 -60 
3000 0.44 128 1.9 55 0.14 62 0.49 -65 
3500 0.49 117 1.6 47 0.15 61 0.46 -74 
4000 0.57 101 1.4 42 0.16 62 0.47 -81 
5000 0.60 92 1.2 32 0.21 60 0.46 -105 
6000 0.58 88 1.0 20 0.25 61 0.51 -137 

10 100 0.64 -39 23.6 157 0.Q1 .59 0.91 -16 
200 0.60 -71 20 139 0.02 70 0.80 -27 
400 0.54 -112 13.9 117 0.03 57 0.61 -39 
600 0.52 -135 10.3 104 0.04 50 0.51 -43 
800 0.49 -151 8.0 96 0.05 54 0.46 -44 
1000 0.47 -161 6.5 89 0.06 60 0.46 -46 
1500 0.41 177 4.4 77 0.08 62 0.44 -47 
2000 0.40 158 3.2 67 0.09 65 0.43 -52 
2500 0.39 139 2.6 60 0.11 68 0.41 -56 
3000 0.44 118 2.1 53 0.13 69 0.43 -62 
3500 0.49 110 1.8 47 0.15 67 0.39 -72 
4000 0.54 96 1.6 42 0.18 65 0.41 -78 
5000 0.63 88 1.3 32 0.23 61 0.40 -101 
6000 0.58 86 1.1 20 0.26 62 0.44 -136 

15 100 0.56 -51 29.5 152 0.01 78 0.87 -20 
200 0.53 -88 23.5 131 0.02 63 0.73 -31 
400 0.51 -128 15.1 111 0.03 63 0.54 -40 
600 0.49 -148 11.8 99 0.04 56 0.46 -42 
800 0.48 -161 8.3 92 0.04 59 0.42 -41 
1000 0.46 -170 6.7 86 0.05 59 0.41 -44 
1500 0.41 -171 4.4 75 0.07 70 0.42 -45 
2000 0.40 152 3.3 66 0.09 71 0.41 -50 
2500 0.39 135 2.6 59 0.11 71 0.41 -55 
3000 0.45 116 2.2 53 0.14 73 0.42 -61 
3500 0.50 108 1.9 46 0.17 70 0.39 -70 
4000 0.55 94 1.6 41 0.19 67 0.41 -76 
5000 0.61 87 1.3 32 0.22 62 0.34 -114 
6000 0.58 85 1.1 21 0.27 63 0.43 -135 

30 100 0.45 -82 36.3 142 0.01 62 0.79 -23 
200 0.48 -121 25.5 121 0.01 48 0.62 -31 
400 0.49 -152 14.6 103 0.02 58 0.47 -33 
600 0.50 -166 10.2 93 0.03 60 0.44 -34 
800 0.49 -175 7.7 87 0.04 65 0.42 -34 
1000 0.48 177 6.1 81 0.05 76 0.43 -37 
1500 0.45 162 4.1 71 0.07 75 0.45 -39 
2000 0.45 145 3.0 62 0.09 78 0.44 -46 
2500 0.44 130 2.4 56 0.11 79 0.44 -53 
3000 0.50 113 1.9 50 0.13 79 0.45 -58 
3500 0.55 105 1.6 43 0.15 75 0.44 -70 
4000 0.61 92 1.5 39 0.19 73 0.45 -76 
5000 0.65 84 1.2 30 0.24 68 0.43 -100 
6000 0.61 82 1.0 19 0.28 64 0.48 -135 

Table 3. MRF9411LT1 Common Emitter S-Parameters (continued) 

MOTOROLA RF DEVICE DATA MRF941-MMBR941 LT1-MMBR941 BLT1-MRF9411 LT1-MRF9411 BLT1 
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• 

VCE= 6.0 V 
IC=5.0mA 

~ - AREA OF INSTABILITY 

Figure 10. MRF941 Constant Gain and Noise Figure Contours 
(f =0.5 GHz) 

+j1 

VCE = 6.0 V 
IC= 5.0 mA 

~ - AREA OF INSTABILITY 

Figure 11. MRF941 Constant Gain and Noise Figure Contours 
(f = 1.0 GHz) 

MRF941.MMBR941 LT1.MMBR941 BLT1.MRF9411 LT1.MRF9411 BLT1 
2-522 
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VCE=·1.0V 
IC=0.5mA 

~ - AREA OF INSTABILITY 

Figure 12. MMBR941LT1 Constant Gain and Noise Figure Contours 
(f= 0.5 GHz) 

VCE=1.0V 
IC = 0.5 mA 

~ - AREA OF INSTABILITY 

Figure 13. MMBR941LT1 Constant Gain and Noise Figure Contours 
(f = 1.0 GHz) 

MOTOROLA RF DEVICE DATA MRF941-MMBR941 LT1-MMBR941 BLT1eMRF9411 LT1-MRF9411 BLT1 
2·523 



• 

+'1 

VCE=6.0V 
Ic=5.0mA 

~ - AREA OF INSTABILITY 

Figure 14. MMBR941LTl Constant Gain and Noise Figure Contours 
(f=0.5 GHz) 

VCE = 6.0 V 
Ib=5.0mA 

~ - AREA OF INSTABILITY 

Figure 15. MMBR941LTl Constant Gain and Noise Figure Contours 
(f = 1.0 GHz) 

MRF941 eMMBR941 LT1eMMBR941 BLT1 eMRF9411 LT1 eMRF9411 BLT1 
2-524 
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-j1 

VCE= 1.0V 
IC = 0.5 mA 

~ - AREA OF INSTABILITY 

Figure 16. MRF9411LT1 Constant Gain and Noise Figure Contours 
(f =0.5 GHz) 

VCE=1.0V 
IC = 0.5 mA 

~ - AREA OF INSTABILITY 

Figure 17. MRF9411LTl Constant Gain and Noise Figure Contours 
(f = 1.0 GHz) 

MOTOROLA RF DEVICE DATA MRF941-MMBR941 LT1-MMBR941BLT1-MRF9411 LT1-MRF9411BLT1 
2-525 



• 

VCE = 6.0 V 
Ic=5.0mA 

~ - AREA OF INSTABILITY 

Figure 18. MRF9411LTl Constant Gain and Noise Figure Contours 
(f = 0.5 GHz) 

VCE=6.0V 
Ic=5.0mA 

~ - AREA OF INSTABILITY 

Figure 19. MRF9411LT1 Constant Gain and Noise Figure Contours 
(1= 1.0GHz) 

MRF941.MMBR941 LT1.MMBR941 BLT1.MRF9411 LT1.MRF9411 BLT1 
2-526 
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MOTOROLA 
- SEMICONDUCTOR 

TECHNICAL DATA 

The RF Line 
NPN Silicon 
RF Power Transistor 

Designed for use in high gain, low noise. small-signal amplifiers. This 
transistor features excellent broadband linearity, in an ultra-small surface mount 
package suitable for automated assembly. 

• Fully Implanted Base and Emitter Structure 

• 9 Finger, 1.25 Micron Geometry with Gold Top Metal 

• Gold Sintered Back Metal 

MAXIMUM RATINGS 

Rating 

Collector-Emitter Voltage 

Collector-Base Voltage 

Emitter-Base Voltage 

Power Oissipation(1) TA = 25°C 

Collector Current - Continuous(2) 

Maximum Junction Temperature 

Storage Temperature 

Thermal Resistance, Junction to Ambient 

DEVICE MARKING 

I MRF947T1 = A • MRF947BT1 = H 

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

I Characteristic Symbol 

OFF CHARACTERISTICS (3) 

Collector-Emitter Breakdown Voltage V(BR)CEO 
(IC = 0.1 mA,IB= 0) 

Collector-Base Breakdown Voltage V(BR)CBO 
(IC = 0.1 mA,lE = 0) 

Emitter Cutoff Current lEBO 
(VEB= 1.0 V,IC = 0) 

Collector Cutoff Current ICBO 
(VCB=10V,IE=0) 

NOTES: 
1. To calculate the junction temperature use T J = Po x RaJA + TAMBIENT. 
2. IC - Continuous (MTBF = 10 years) 
3. Pulse width ,; 300 I1S, duty cycle,; 2% pulsed. 

MOTOROLA RF DEVICE DATA 

MRF947T1 
MRF947BT1 

IC=50mA 
LOW NOISE 

HIGH..fREQUENCY 
TRANSISTOR 

• 
CASE 419, STYLE 3 

Symbol Value Unit 

VCEO 

VCBO 

VEBO 

Po 

IC 

TJmax 

Tstg 

RaJA 

Min 

10 

20 

-

-

10 Vdc 

20 Vdc 

1.5 Vdc 

175 mW 

50 rnA 

150 °C 

-65 to +150 °C 

1)p 

12 

23 

-

-

714 °C/W 

Max Unit 

- Vdc 

- Vdc 

0.1 IIAdc 

0.1 JIAdc 

(continued) 

MRF947T1-MRF947BT1 
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• 

ELECTRICAL CHARACTERISTICS - continued (TC = 25°C unless otherwise noted.) 

Characteristic Symbol Min Typ Max Unit 

ON CHARACTERISTICS (3) 

DC Current Gain (VCE = 6.0 V, IC = 5.0 rnA) hFEl 50 - 200 -
DC Current Gain -

(VCE = 1.0 V,IC = 500 iJ,A) hFE2 50 - -
(VCE = 6.0 V, IC = 5.0 rnA) MRF947BTl hFE3 100 - 200 

DYNAMIC CHARACTERISTICS 

Collector-Base Capacitance Ccb - 0.35 - pF 
(VCB=10V,IE=O,f=1 MHz) 

Current Gain - Bandwidth Product IT - 8.0 - GHz 
(VCE = 6.0 V,IC = 15 rnA, f= 1.0 GHz) 

NOTE: 
3. Pulse width :;; 300 lIS, duty cycle:;; 2% pulsed. 

PERFORMANCE CHARACTERISTICS 

Conditions Symbol Min Typ Max Unit 

Insertion Gain 15211 2 dB 
(VCE = 6.0 V, IC =15 rnA, f= 1.0 GHz) - 14 -
(VCE = 6.0 V, IC = 15 rnA, f= 1.5 GHz) - 10.8 -

Maximum Unilateral Gain(1) GUmax dB 
(VCE = 6.0 V, IC = 15 rnA, f= 1.0.GHz) - 14.8 -
(VCE= 6.0V,IC = 15 rnA, f= 1.5 GHz) - 11.6 -

Noise Figure NFopt dB 
(VCE=6.0V,IC =5.0mA, f=1.0GHz) - 1.8 -
(VCE = 6.0 V, IC = 5.0 rnA, f = 1.5 GHz) - 2.1 -

Associated Gain at Minimum GNF dB 
(VCE = 6.0 V, IC = 5.0 rnA, f= 1.0 GHz) - 14 -
(VCE = 6.0 V,IC = 5.0 rnA, f= 1.5 GHz) - 10.5 -

Noise Figure NF50Q - 1.9 2.8 dB 
(VCE= 6.0 V,lc=5mA, f= 1.0GHz) 

NOTE: 1. Maximum Unilateral Gain is GU max = 1~2112 2 
(1 -15111 ) (1 -15221 ) 

VCE IC f NFmin ro rN 
(Vdc) (rnA) (MHz) (dB) (MAG, ANGLE) 

6 

MRF947T1.MRF947BT1 
2-528 

5 1000 1.8 
1500 2.1 

Table 1. Typical Noise Parameters 

0.33L77 0.28 
0.26L141 0.3 

MOTOROLA RF DEVICE DATA 



TYPICAL CHARACTERISTICS 
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MOTOROLA RF DEVICE DATA 
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VCE~6V 
IC=5mA 

III AREA OF INSTABILITY 

0.2 0.5 

-j1 
I 

1=1 GHz 
2 

VCE=6V 
IC=5mA 

-jO.5 
III AREA OF INSTABILITY 

j1 

-j1 
I I 

0.2 0.5 1 
1=1.5GHz 

Figure 7. Constant Gain and Noise Figure Contours Figure 8. Constant Gain and Noise Figure Contours 

VCEa1 V 
IC= 0.5 mA 

j1 

INPUT 

III AREA OF INSTABILIlY 
-j1 

0.2 0.5 1 2 
1=1 GHz 

Figure 9. Constant Gain and Noise Figure Contours 
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VCE 

RF INPUT>-~~-L:J====:::J 

Figure 10. Functional Circuit Schematic 

VCE Ic f 511 521 

(Volts) (mA) (MHz) Mag LIj> Mag LIj> Mag 

1.0 0.5 100 0.966 -11.46 1.776 170.10 0.031 
200 0.956 -23.02 1.735 160.72 0.061 
500 0.892 -54.71 1.587 132.34 0.135 
900 0.749 -91.29 1.355 104.19 0.185 
1000 0.720 -100.07 1.300 98.21 0.190 
1500 0.637 -134.17 1.057 72.77 0.196 
2000 0.587 -163.82 0.883 53.17 0.176 
3000 0.572 149.42 0.672 27.46 0.149 

1.0 100 0.941 -14.07 3.391 168.35 0.031 
200 0.921 -28.11 3.285 157.61 0.060 
500 0.806 -64.76 2.844 127.72 0.123 
900 0.638 -103.89 2.196 100.55 0.158 
1500 0.533 -145.86 1.580 72.45 0.168 
2000 0.495 -173.94 1.281 54.58 0.164 
3000 0.494 143.54 0.956 28.72 0.187 

2.0 0.5 100 0.979 -9.26 1.827 172.62 0.030 
200 0.960 -18.37 1.909 164.83 0.060 
500 0.920 -42.91 1.652 143.57 0.132 
1000 0.749 -77.43 1.451 116.35 0.196 
1500 0.674 -104.70 1.190 93.78 0.214 
2000 0.548 -128.41 1.077 79.19 0.189 
3000 0.480 -177.94 0.808 60.10 0.153 

2.0 100 0.907 -16.39 6.640 167.45 0.029 
200 0.846 -31.62 6.419 155.54 0.054 
500 0.711 -67.85 4.874 128.23 0.104 
1000 0.495 -106.45 3.178 102.77 0.138 
1500 0.405 -131.24 2.358 86.49 0.157 
2000 0.314 -154.66 1.910 75.22 0.173 
3000 0.296 157.52 1.394 59.09 0.228 

5.0 100 0.780 -27.85 14.100 158.94 0.027 
200 0.676 -51.21 12.219 141.68 0.046 
500 0.470 -94.63 7.373 112.66 0.078 
1000 0.327 -131.66 4.148 92.48 0.114 
1500 0.271 -152.62 2.921 80.85 0.151 
2000 0.218 -177.42 2.295 71.76 0.188 
3000 0.237 138.31 1.661 58.25 0.265 

Table 2. Common Emitter S-Parameters 

MOTOROLA RF DEVICE DATA 

512 

RFOUTPUT 

'HPl1590B 
"MICROLABlFXR 
SF-l1N < lGHz 
SF-31N ~ 1 GHz 

LIj> Mag 

82.57 0.998 
75.42 0.991 
54.85 0.923 
35.43 0.827 
31.61 0.808 
18.05 0.743 
12.30 0.708 
33.04 0.680 

81 0.991 
73 0.974 

51.40 0.852 
35.25 0.717 
25.20 0.619 
25.37 0.581 
39.10 0.554 

84.74 0.996 
79.81 0.991 
64.52 0.940 
46.87 0.842 
35.67 0.774 
33.18 0.692 
55.32 0.625 

80.99 0.977 
72.92 0.944 
57.29 0.770 
49.89 0.603 
52.19 0.542 
58.26 0.490 
67.66 0.454 

77.86 0.932 
66.87 0.831 
58.67 0.568 
62.28 0.436 
66.45 0.413 
69.38 0.394 
70.37 0.372 

522 

LIj> 

-4.70 
-9.25 
-21.14 
-33.53 
-35.99 
-47.18 
-58.12 
-81.83 

-6.46 
-12.40 
-26.69 
-38.67 
-50.31 
-59.87 
-81.37 

-4.04 
-8.55 
-18.86 
-32.38 
-39.43 
-43.43 
-52.49 

-8.61 
-16.93 
-31.67 
-41.27 
-44.76 
-43.65 
-47.05 

-15.42 
-27.35 
-39.84 
-42.57 
-44.18 
-40.58 
-42.71 

(continued) 

MRF947ThMRF947BT1 

2-531 



VCE IC 
(Voila) (mA) 

2.0 10 

30 

6.0 0.5 

2.0 

5.0 

10 

20 

MRF947T1-MRF947BT1 
2-532 

f 
(MHz) 

100 
200 
500 
1000 
1500 
2000 
3000 

100 
200 
500 
1000 
1500 
2000 
3000 

100 
200 
500 
1000 
1500 
2000 
3000 

100 
200 
500 
1000 
1500 
2000 
3000 

100 
200 
500 
1000 
1500 
2000 
3000 

100 
200 
500 
1000 
1500 
2000 
3000 

100 
200 
500 
1000 
1500 
2000 
3000 

~1 521 512 

Mag L~ Mag L~ Mag 

o.e08 -43.09 21.812 149.09 0.022 
0.488 -73.47 16.618 128.80 0.038 
0.330 -118.69 8.427 103.30 0.065 
0.262 ,-152.10 4.464 87.25 0.109 
0.227 -168.95 3.114 77.14 0.155 
0.197 166.15 2.423 69.47 0.198 
0.233 128.04 1.755 57.14 0.281 

0.353 -99.56 25.543 130.99 0.018 
0.353 -134.75 15.823 111.86 0.028 
0.346 '-163.48 6.979 93.31 0.054 
0.337 177.40 3.637 80.00 0.103 
0.324 165.83 2.518 71.06 0.150 
0.319 148.22 1.975 62.92 0.197 
0.374 122.07 1.441 50.52 0.290 

0.978 -8.66 1.791 173.27 0.024 
0.964 -16.94 1.889 166.10 0.049 
0.932 -40.03 1.643 148.36 0.110 
0.765 -72.66 1.473 120.56 0.165 
0.688 -99.80 1.206 98.40 0.184 
0.554 -123.40 1.099 83.59' 0.162 
0.463 -174.05 0.823 63.66 0.136 

0.918 -14.76 6.614 168.34 0.023 
0.862 -28.56 6.456 157.28 0.045 
0.729 -62.16 5.010 131.12 0.089 
0.504 -98.85 3.344 105.76 0.121 
0.397 -123.02 2.485 89.51 0.137 
0.295 -145.96 2.013 78.14 0.152 
0.257 161.75 1.452 61.78 0.202 

0.806 -24.38 14.025 160.52 0.022 
0.704 -45.03 12.425 144.30 0.040 
0.487 -85.18 7.751 115.51 0.068 
0.316 -120.17 4.399 95.11 0.101 
0.245 -140.68 3.112 83.14 0.134 
0.177 -166.20 2.447 74.39 0.167 
0.185 139.55 1.743 60.74 0.237 

0.657 -36.69 22.098 151.43 0.019 
0.526 -63.52 17.304 131.70 0.033 
0.328 -104.79 9.028 105.89 0.056 
0.228 -138.09 4.844 89.49 0.096 
0.184 -156.11 3.359 79.89 0.138 
0.140 175.D1 2.591 72.03 0.175 
0.172 126.26 1.852 59.99 0.249 

0.492 -53.13 28.934 141.62 0.017 
0.372 -85.00 19.971 121.25 0.028 
0.249 -126.97 9.335 99.50 0.053 

. 0.201 -156.11 4.878 86.00 0.094 
0.174 -171.44 3.358 77.41 0.138 
0.149 160.61 2.560 70.07 0.177 
0.193 120.90 1.852 58.27 0.253 

Table 2. Common Emitter S-Parameters (continued) 

~ 

L~ Mag L~ 

71.64 0.859 -22.70 
64.60 0.889 -35.49 
66.23 0.438 -41.16 
70.70 0.354 -40.02 
72.85 0.358 -41.98 
73.10 0.355 -37.94 
71.04 0.338 -40.40 

69.51 0.653 -28.97 
68.27 0.484 -33.62 
75.98 0.367 -28.62 
78.84 0.351 -30.05 
79.14 0.372 -35.60 
78.29 0.378 -34.91 
74.62 0.363 -41.67 

85.89 0.995 -3.57 
79.87 0.994 -7.32 
66.84 0.953 -16.19 
50.45 0.889 -28.01 
39.36 0.812 -34.63 
38.05 0.735 -38.23 
83.33 0.671 -48.47 

83.55 0.983 -7.19 
75.14 0.956 -14.02 
60.10 0.609 -26.64 
53.16 0.654 -35.06 
55.48 0.599 -38.01 
61.91 '0.553 -37.03 
72.72 0.523 -40.30 

78.28 0.947 -12.67 
70.14 0.861 -22.52 
61.61 0.627 -32.81 

.64.59 0.505 -34.64 
69.35 0.486 -36.12 
72.13 0.473 -33.43 
74.04 0.457 -35.62 

74.63 0.888 -18.25 
67.90 0.741 -28.60 
66.80 0.509 -32.64 
72.77 0.438 -31.28 
75.02 0.440 -33.55 
76.11 0.441 -30.73 
74.64 0.430 -33.31 

72.00 0.608 -22.98 
69.78 0.630 -30.71 
73.73 0.454 -28.28 
77.63 0.418 -26.90 
78.54 0.432 -30.20 
78.20 0.444 -28.32 
75.92 0.435 -31.73 
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MOTOROLA 
- SEMICONDUCTOR 

TECHNICAL DATA 

The RF Line 
NPN Silicon 
Low Noise, High-Frequency 
Transistors 
• •• designed for use in high gain, low noise sm>all-signal amplifiers. This series 
features excellent broadband linearity and is offered in a variety of packages. 

• Fully Implanted Base and Emitter Structure 

• 18 Finger, 1.25 Micron Geometry with Gold Top Metal 

• Gold Sintered Back Metal 

MAXIMUM RATINGS 

Rating Symbol MRF951 

Collector-Emitter Voltage VCEO 10 

Collector-Base Voltage VCBO 20 

Emitter-Base Voltage VEBO 1.5 

Power Dissipation (1) T C = 50·C PD 0.475 

Collector Current - Continuous (2) IC 100 

Maximum Junction Temperature TJmax 150 

Storage Temperature Tstg -65 to +150 

Thermal Resistance, Junction to Case ReJC 210 

DEVICE MARKING 

MRF951 
MMBR951LT1 

MMBR951ALT1 
MRF9511LT1 

Ic=100mA 
LOW NOISE 

HIGH-FREQUENCY 
TRANSISTORS 

CASE 317, STYLE 2 
MACRO-X 
MRF951 

CASE 318-07, STYLE 6 
SOT-23 

LOW PROFILE 
MMBR951LT1, MMBR951ALT1 

MMBR951LT1 

10 

20 

1.5 

0.3 

100 

150 

-65 to +150 

260 

CASE 318A, STYLE 1 
SOT-143 

LOW PROFILE 
MRF9511LT1 

MRF9511LT1 

10 

20 

1.5 

0.3 

100 

150 

-65 to +150 

260 

Unit 

Vdc 

Vdc 

Vdc 

Watts 

rnA 

·C 

·C 

·CIW 

I MRF9511LTl = 11 MMBR951ALTl = AAG MMBR951 LT1 = 7Z 

NOTES: 
1. To calculate the junction temperature use T J = (PD x RaJA) + TCASE. Case temperature measured on collector lead immediately adjacent 

to body of package. 
2. IC - Continuous (MTBF = 10 years). 

MOTOROLA RF DEVICE DATA MRF951.MMBR951 LT1-MMBR951 ALT1-MRF9511 LT1 
2-533 
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ELECTRICAL CHARACTERISTICS (T C = 25°C unless otherwise noted.) 

I Characteristic I Symbol 

OFF CHARACTERISTICS (3) 

Collector-Emitter Breakdown Voltage 
(IC = 0.1 rnA, IB = 0) 

Collector-Base Breakdown Voltage 
(IC=0.1 rnA, IE=O) 

Emitter Cutoff Current 
(VEB= 1.0 V, IC= 0) 

Collector Cutoff Current 
(VCB= 10V, IE=O) 

ON CHARACTERISTICS (3) 

I DC Current Gain 
(VeE = 6.0 V, IC = 5.0 rnA) 
(VCE = 6.0 V, IC = 5.0 rnA) 

DYNAMIC CHARACTERISTICS 

Collector-Base Capacitance 
(VeB= 10 V, IE= 0, f= 1.0 MHz) 

Current Gain - Bandwidth Product 
(VeE = 8.0 V, IC = 30 rnA, f = 1.0 GHz) 

NOTE: 
3. Pulse width s 300 J1S, duty cycle s 2% pulsed . 

PERFORMANCE CHARACTERISTICS 

Conditions 

V(BR)CEO 

V(BR)CBO 

lEBO 

ICBO 

MMBR951ALT1 I 
Cob 

IT 

MRF951 

I 

Symbol 
Min ~p Max 

Insertion Gain IS21 12 
(VeE = 8.0 V, IC = 30 rnA, f = 1.0 GHz) 
(VCE = 8.0 V, IC = 30 rnA, f = 2.0 GHz) 

Maximum Unilateral Gain (1) GUmax 
(VeE = 8.0 V, IC = 30 rnA, f = 1.0 GHz) 
(VCE = 8.0 V, IC = 30 rnA, f = 2.0 GHz) 

Noise Figure - Minimum NFMIN 
(VCE = 6.0 V, IC = 5.0 rnA, f = 1.0 GHz) 
(VCE = 6.0 V, IC = 5.0 rnA, f = 2.0 GHz) 

AssocIated Gain at Minimum NF GNF 
(VCE = 6.0 V, IC = 5.0 rnA, f = 1.0 GHz) 
(VCE = 6.0 V, IC = 5.0 rnA, f =2.0 GHz) 

Noise Figure - 50 ohm Source NF50n 
(VCE = 6.0 V, IC = 5.0 rnA, f = 1.0 GHz) 

NOTE: , IS21 12 
1. Maximum Unilateral Gain is GUmax = 2. 2) 

(1-IS11I-/(1-IS221 

MRF951.MMBR951 LT1.MMBR951ALT1.MRF9511 LT1 
2-534 

- 14.5 -
- 9.5 -

- 17 -
- 11 -

- 1.3 -
- 2.1 -

- 14 -
- 9.0 -
- 1.9 2.8 

Min 

10 

20 

-

-

50 
75 

-

-

I 

~p 

13 

25 

-

-

0.45 

8.0 

MRF9511LT1 

Min ~ Max 

- 14.5 -
- 9.0 -

- 17 -
- 10.5 -

- 1.3 -
- 2.1 -

- '14 -
- 9.0 -
- 1.9 2.8 

I 

Max 

-

-

0.1 

0.1 

200 
150 

1.0 

-

MMBR951LT1 

Min ~p Max 

- 12.5 -
- 7.0 -

- 14 -
- 8.0 -

- 1.3 -
- 2.1 -

- 13 -
- 7.5 -
- 1.9 2.8 

Unit 

Vdc 

Vdc 

IIAdc 

IlAdc 

pF 

GHz 

Unit 

dB 

dB 

dB 

dB 

dB 
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TYPICAL CHARACTERISTICS 
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Figure 1. Collector-Base Capacitance 
versus Voltage 
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Figure 3. Gain Bandwidth Product versus 
Collector Current 
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Figure 2. DC Current Gain versus 
Collector Current 
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Figure 4. Insertion Gain versus Collector Current 
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TYPICAL FORWARD INSERTION GAIN AND 
MAXIMUM UNILATERAL GAIN versus FREQUENCY 
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Figure 5. MRF951, MRF9511L 
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Figure 7. Typical Noise Figure and Associated 
Gain versus Frequency 
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VCE IC f 
(Vdc) (mA) (MHz)· 

6.0 5.0 100 
500 
1000 
1500 
2000 
2500 
3000 
3500 
4000 

10 100 
500 
1000 
1500 
2000 
2500 
3000 
3500 
4000 

20 100 
500 
1000 
1500 
2000 
2500 
3000 
3500 
4000 

30 100 
500 
1000 
1500 
2000 
2500 
3000 
3500 
4000 

60 100 
500 
1000 
1500 
2000 
2500 
3000 
3500 
4000 

MOTOROLA RF DEVICE DATA 

811 8:11 812 822 

18111 L4t 18:111 L4t 18121 L4t 18221 L4t 
0.81 -36 13.89 156 0.03 72 0.94 -17 
0.58 -122 7.23 105 0.07 42 0.55 -46 
0.53 -165 4.06 78 0.08 41 0.42 -57 
0.54 172 2.78 61 0.10 44 0.40 -67 
0.55 155 2.13 46 0.12 47 0.40 -79 
0.56 140 1.74 32 0.15 48 0.41 -92 
0.59 127 1.46 21 0.18 47 0.43 -105 
0.61 115 1.28 9.0 0.22 44 0.45 -119 
0.62 104 1.13 -1.0 0.26 40 0.48 -132 

0.67 -41 22.99 147 0.02 67 0.86 -26 
0.50 -85 8.94 97 0.05 49 0.41 -53 
0.48 -34 4.75 75 0.08 54 0.31 -61 
0.49 163 3.26 60 0.11 55 0.29 -71 
0.51 148 2.47 46 0.14 53 0.30 -83 
0.52 135 2.03 34 0.17 50 0.31 -97 
0.55 123 1.72 22 0.20 46 0.34 -109 
0.56 112 1.50 11 0.24 41 0.36 -122 
0.59 101 1.33 1.0 0.28 37 0.39 -135 

0.52 -77 32.50 137 0.02 62 0.75 -34 
0.46 -96 10.00 92 0.05 60 0.30 -56 
0.47 172 5.20 73 0.08 63 0.24 -63 
0.48 156 3.50 59 0.11 61 0.24 -74 
0.49 143 2.70 46 0.15 57 0.24 -86 
0.51 131 2.20 34 0.18 52 0.26 -100 
0.53 121 1.90 23 0.22 47 0.29 -112 
0.55 110 1.60 13 0.25 41 0.31 -125 
0.57 100 1.40 3.0 0.28 35 0.34 -137 

0.45 -95 36.80 132 0.02 64 0.68 -38 
0.46 -170 10.20 89 0.04 65 0.27 -55 
0.47 169 5.30 72 0.08 66 0.22 -62 
0.48 154 3.60 58 0.11 63 0.22 -73 
0.50 142 2.80 45 0.15 58 0.23 -86 
0.51 132 2.30 36 0.18 54 0.25 -97 
0.53 119 1.90 23 0.22 47 0.28 -113 
0.55 109 1.60 12 0.25 41 0.30 -125 
0.57 99 1.50 2.0 0.29 35 0.33 -137 

0.41 -129 38.90 123 0.01 63 0.58 -40 
0.49 -35 9.70 86 0.04 71 0.26 -44 
0.50 164 4.90 70 0.07 71 0.24 -53 
0.52 151 3.30 56 0.11 67 0.24 -66 
0.53 140 2.50 43 0.15 61 0.26 -79 
0.55 126 2.10 31 0.18 56 0.28 -94 
0.57 118 1.70 21 0.21 50 0.31 -108 
0.59 108 1.50 10 0.25 44 0.33 -121 
0.61 98 1.30 0 0.29 38 0.36 -134 

(continued) 
Table 1. MRF951 Common Emitter S-Parameters 

MRF951-MMBR951 LT1-MMBR951ALT1-MRF9511 LT1 
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VCE IC f 511 S:!1 512 
(Vdc) (rnA) (MHz) 1511 1 Lcj> 15211 Lei> 15121 

8.0 5.0 100 0.82 -34 13.71 157 0.03 
500 0.59 -119 7.35 106 0.07 
1000 0.52 -162 4.14 78 0.08 
1500 0.52 174 2.86 61 0.10 
2000 0.54 156 2.19 46 0.12 
2500 0.55 141 1.78 32 0.15 
3000 0.58 128 1.49 21 0.18 
3500 0.59 116 1.31 9.0 0.22 
4000 0.62 104 1.15 -1.0 0.26 

10 100 0.68 -50 23.16 148 0.02 
500 0.49 -142 9.19 98 0.05 
1000 0.47 -177 4.87 75 0.07 
1500 0.48 164 3.33 60 0.10 
2000 0.50 149 2.56 46 0.13 
2500 0.51 136 2.08 34 0.16 
3000 0.54 124 1.76 23 0.20 
3500 0.55 113 1.54 11 0.23 
4000 0.58 103 1.36 1.0 0.27 

20 100 0.53 -73 32.78 138 0.02 
500 0.45 -160 10.25 92 0.04 
1000 0.45 174 5.33 73 0.07 
1500 0.46 161 3.96 62 0.10 
2000 0.48 144 2.74 46 0.14 
2500 0.50 132 2.24 34 0.17 
3000 0.52 121 1.90 23 0.21 
3500 0.54 111 1.66 12 0.24 
4000 0.56 101 1.48 3.0 0.28 

30 100 0.45 -90 37.27 132 0.01 
500 0.45 -102 10.50 90 0.04 
1000 0.45 170 5.41 72 0.07 
1500 0.47 155 3.66 58 0.11 
2000 0.48 142 2.81 46 0.14 
2500 0.50 131 2.27 34 0.18 
3000 0.52 120 1.93 23 0.21 
3500 0.54 110 1.69 12 0.25 
4000 0.56 100 1.50 2.0 0.28 

60 100 0.42 -124 38.02 124 0.01 
500 0.49 -106 9.54 87 0.04 
1000 0.50 165 4.92 70 0.07 
1500 0.51 152 3.36 57 0.10 
2000 0.52 140 2.55 44 0.14 
2500 0.54 129 2.08 32 0.17 
3000 0.56 118 1.76 21 0.21 
3500 0.58 108 1.53 10 0.24 
4000 0.61 98 1.35 0 0.28 

Table 1. MRF951 Common Emitter S-Parameters (continued) 
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522 

Lcj> 15221 Lcj> 

74 0.94 -16 
42 0.57 -44 
41 0.44 -54 
46 0.41 -65 
48 0.41 -76 
50 0.42 -90 
48 0.45 -103 
45 0.47 -116 
41 0.50 -129 

67 0.86 -24 
50 0.43 -49 
54 0.33 -56 
56 0.32 -66 
54 0.32 -77 
52 0.34 -91 
48 0.36 -103 
43 0.38 -117 
39 0.41 -129 

65 0.76 -32 
60 0.33 -50 
62 0.27 -57 
61 0.26 -65 
57 0.27 -79 
54 0.29 -93 
48 0.31 -106 
42 0.33 -118 
37 0.36 -131 

62 0.70 -36 
65 0.30 -48 
66 0.25 -55 
64 0.25 -66 
59 0.26 -78 
55 0.27 -92 
49 0.30 -105 
43 0.32 -118 
38 0.35 -131 

63 0.60 -35 
70 0.31 -38 
71 0.29 -47 
68 0.29 -60 
62 0.30 -74 
58 0.32 -88 
52 0.34 -102 
46 0.37 -116 
40 0.39 -129 
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VeE Ie f 
(Voila) (mA) (MHz) 

6.0 5.0 100 
500 
1000 
2000 
3000 

10 100 
500 

1000 
2000 
3000 

20 100 
500 
1000 
2000 
3000 

30 100 
500 
1000 
2000 
3000 

60 100 
500 
1000 
2000 
3000 

8.0 5.0 100 
500 
1000 
2000 
3000 

10 100 
500 
1000 
2000 
3000 

20 100 
500 
1000 
2000 
3000 

30 100 
500 
1000 
2000 
3000 

60 100 
500 
1000 
2000 
3000 

MOTOROLA RF DeViCe DATA 

Sf1 8:11 S'2 8:12 
IS,,1 L+ IS21 1 L+ IS'21 L+ 18:121 L+ 
0.82 -36.6 14.0 153 0.04 44.7 0.88 -18.2 
0.50 -119 6.6 104 0.07 46.2 0.52 -40 
0.39 -162 3.5 81 0.11 55 0.43 -43 
0.32 150 1.9 57 0.21 66 0.42 -50 
0.36 110 1.4 40 0.31 66 0.40 -67 

0.66 -54 22.6 142 0.03 60 0.78 -29 
0.38 -136 7.8 96 0.07 55 0.40 -42 
0.32 -176 4.0 76 0.13 71 0.34 -47 
0.26 142 2.2 57 0.22 70 0.36 -46 
0.31 105 1.6 41 0.32 64 0.33 -62 

0.49 -76 30 131 0.01 85 0.67 . -37 
0.32 -153 8.3 92 0.08 76 0.34 -39 
0.29 175 4.3 77 0.11 67 0.29 -44 
0.24 137 2.3 57 0.24 71 0.32 -46 
0.28 102 1.6 42 0.34 63 0.29 -60 

0.40 -94 33 125 0.03 87 0.58 -42 
0.30 -162 8.4 90 0.07 64 0.31 -35 
0.29 170 .4.3 76 0.12 60 0.27 -39 
0.24 134 2.3 56 0.23 71 0.33 -46 
0.30 101 1.6 41 0.35 66 0.30 -60 

0.38 -126 31 116 0.03 74 0.46 -37 
0.37 -176 7.3 77.6 0.05 84 0.34 -26 
0.36 163 3.7 73.4 0.12 84 0.34 -37 
0.33 130 2.0 52 0.22 78 0.37 -46 
0.38 98 1.4 37 0.34 69 0.34 -62 

0.83 -35 13.9 154 0.04 92 0.90 -19 
0.51 -117 6.7 104 0.08 51 0.55 -38 
0.38 -160 3.6 82 0.10 72 0.44 -42 
0.31 151 1.9 58 0.20 73 0.46 -47 
0.35 110 1.4 41 0.32 71 0.43 -63 

0.67 -52 23 143 0.02 96 0.81 -28 
0.37 -135 7.9 97 0.07 64 0.43 -38 
0.30 -173 4.1 80 0.11 78 0.37 -41 
0.25 143 2.2 57 0.21 74 .0.38 -47 
0.30 105 1.6 42 0.31 67 0.34 -60 

0.51 -72 30 131 0.02 68 0.68 -35 
0.31 -150 8.5 92 0.07 75 0.36 -36 
0.28 177 4.3 77 0.13 76 0.32 -39 
0.23 138 2.3 57 0.22 72 0.35 -45 
0.27 103 1.6 42 0.31 64 0.31 -58 

0.42 -87 33 125 0.02 71 0.61 -36 
0.31 -159 8.6 90 0.07 71 0.33 -33 
0.27 172 4.4 76 0.11 74 0.32 -39 
0.23 135 2.3 57 0.22 73 0.34 -42 
0.28 102 1.6 41 0.31 65 0.33 -55 

0.39 -119 32 117 0.02 31 0.52 -31 
0.36 -174 7.4 87 0.06 84 0.37 -25 
0.35 164 3.8 74 0.11 78 0.35 -33 
0.32 131 2.0 53 0.22 81 0.42 -41 
0.37 100 1.4 38 0.33 70 0.40 -62 

Table 2. MMBR951 LT1 Common Emitter S-Parameters 
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VCE Ic f Sll S21 S12 
(Vdc) (mA) (MHz) IS111 L<I> IS21 I L<I> IS121 

6.0 5.0 100 0.81 -48 13.69 152 0.04 
500 0.67 -122 7.58 92 0.07 
1000 0.61 -157 4.65 76 0.09 
1500 0.57 86 2.87 70 0.10 
2000 0.54 156 2.14 60 0.12 
2500 0.55 121 1.72 51 0.14 
3000 0.57 121 1.48 44 0.17 
3500 0.65 110 1.28 38 0.21 
4000 0.67 100 1.14 33 0.24 

10 100 0.71 -56 24.07 149 0.03 
500 0.60 -143 9.47 101 0.05 
1000 0.56 -176 4.97 81 0.07 
1500 0.53 167 3.35 69 0.10 
2000 0.50 148 2.54 60 0.13 
2500 0.52 132 2.02 52 0.16 
3000 0.54 116 1.75 45 0.19 
3500 0.60 106 1.53 39 0.22 
4000 0.64 97 1.35 34 0.26 

20 100 0.59 -80 33.51 138 0.02 
500 0.56 -159 10.39 95 0.04 
1000 0.54 175 5.36 79 0.07 
1500 0.51 161 3.58 68 0.10 
2000 0.49 142 2.75 60 0.13 
2500 0.52 128 2.18 52 0.16 
3000 0.53 112 1.88 45 0.20 
3500 0.60 103 1.65 39 0.24 
4000 0.63 95 1.46 34 0.27 

30 100 0.54 -97 37.48 133 0.02 
500 0.56 -166 10.60 93 0.04 
1000 0.54 171 5.45 78 0.07 
1500 0.51 158 3.62 67 0.10 
2000 0.50 140 2.73 60 0.13 
2500 0.52 126 2.19 51 0.17 
3000 0.53 111 1.89 45 0.20 
3500 0.60 102 1.65 38 0.24 
4000 0.63 94 1.47 33 0.27 

60 100 0.54 -128 36.66 123 0.01 
500 0.60 -In 8.97 89 0.03 
1000 0.59 166 4.62 75 0.06 
1500 0.56 153 3.05 64 0.09 
2000 0.55 136 2.29 56 0.13 
2500 0.57 125 1.85 48 0.16 
3000 0.59 110 1.59 42 0.20 
3500 0.65 102 1.41 36 0.23 
4000 0.69 93 1.22 31 0.27 

Table 3. MRF9511LT1 Common Emitter S·Parameters 

MRF951.MMBR951 LT1.MMBR951ALT1.MRF9511 LT1 
2·540 

S22 

L<I> ISa21 L<I> 
66 0.88 -22 
41 0.57 -50 
40 0.45 -62 
44 0.42 -71 
52 0.42 -75 
57 0.40 -86 
59 0.39 -97 
60 0.37 -112 
54 0.38 -130 

66 0.86 -28 
46 0.41 -62 
51 0.30 -73 
57 0.31 -78 
63 0.30 -78 
63 0.29 -89 
61 0.29 -78 
60 0.26 -115 
57 0.28 -133 

61 0.75 -38 
54 0.31 -69 
62 0.23 -79 
66 0.25 -82 
68 0.25 -80 
66 0.23 -91 
63 0.23 -99 
62 0.21 -117 
57 0.22 -137 

57 0.67 "':43 
59 0.27 -70 
68 0.21 -80 
69 0.24 -81 
70 0.23 -79 
68 0.23 -90 
64 0.23 -97 
62 0.20 -115 
58 0.22 -136 

57 0.56 -43 
67 0.27 -50 
73 0.25 -59 
75 0.29 -68 
76 0.30 -71 
74 0.29 -83 
69 0.30 -92 
67 0.27 -108 
62 0.29 -130 

(continued) 
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veE Ie f 811 821 812 822 
(Vdc) (rnA) (MHz) 18111 L~ 1~11 L~ 18121 L~ 18221 L~ 

8.0 5.0 100 0.84 -36 14.65 158 0.03 72 0.94 -18 
500 0.68 -120 7.79 110 0.07 42 0.58 -48 
1000 0.60 -161 4.32 86 0.08 41 0.44 -60 
1500 0.56 88 2.95 71 0.10 45 0.44 -68 
2000 0.53 157 2.19 60 0.11 53 0.44 -71 
2500 0.55 140 1.76 51 0.14 58 0.42 -82 
3000 0.56 122 1.50 44 0.17 60 0.42 -92 
3500 0.63 112 1.33 39 0.18 62 0.38 -107 
4000 0.68 105 1.18 33 0.21 63 0.36 -125 

10 100 0.73 -53 24.04 150 0.02 68 0.87 -26 
500 0.60 -140 9.68 101 0.05 48 0.43 -58 
1000 0.55 -174 5.10 82 0.07 52 0.32 -66 
1500 0.52 169 3.42 69 0.09 58 0.33 -72 
2000 0.49 149 2.59 61 0.12 63 0.33 -73 
2500 0.51 133 2.06 52 0.15 63 0.32 -83 
3000 0.53 116 1.78 45 0.19 63 0.32 -91 
3500 0.64 109 1.60 38 0.20 62 0.28 -108 
4000 0.67 101 1.39 34 0.23 60 0.29 -131 

20 100 0.61 -76 33.76 139 0.02 60 0.76 -36 
500 0.56 -157 10.72 96 0.04 54 0.32 -83 
1000 0.53 176 5.53 79 0.07 62 0.29 -70 
1500 0.50 162 3.69 68 0.10 66 0.27 -75 
2000 0.48 143 2.79 60 0.13 68 0.27 -74 
2500 0.51 129 2.22 52 0.16 68 0.26 -84 
3000 0.52 112 1.92 46 0.19 65 0.26 -91 
3500 0.59 104 1.75 40 0.21 64 0.24 -109 
4000 0.63 98 1.54 35 0.24 59 0.25 -131 

30 100 0.57 -89 37.35 134 0.02 58 0.71 -40 
500 0.55 -163 10.82 94 0.04 57 0.29 -63 
1000 0.53 128 5.54 78 0·97 65 0.24 -69 
1500 0.50 159 3.69 67 0.10 69 0.26 -73 
2000 0.49 141 2.77 59 0.13 70 0.27 -71 
2500 0.51 127 2.23 51 0.16 69 0.26 -82 
3000 0.52 112 1.93 45 0.19 66 0.26 -89 
3500 0.61 106 1.68 40 0.21 64 0.21 -110 
4000 0.68 97 1.51 34 0.24 60 0.23 -130 

60 100 0.55 -122 34.92 126 0.01 52 0.59 -37 
500 0.59 -175 8.71 91 0.03 65 0.33 -42 
1000 0.58 167 4.52 76 0.06 73 0.30 -53 
1500 0.55 154 3.04 65 0.09 75 0.34 -82 
2000 0.54 138 2.28 56 0.12 n 0.35 -68 
2500 0.57 125 1.82 48 0.16 76 0.34 -78 
3000 0.59 110 1.56 42 0.19 72 0.35 -88 
3500 0.68 104 1.28 36 0.22 70 0.32 -105 
4000 0.70 95 1.14 32 0.26 66 0.32 -132 

Table 3. MRF9511 LT1 Common Emitter S-Parameters (continued) 
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VCE=6.0V 
Ic=5.0mA 

~ - AREA OF INSTABILITY 

Figure 10. MMBR951LT1 Constant Gain and Noise Figure Contours 
(f =0.5 GHz) 

VCE=6.0V 
IC =5.0 mA 

~ - AREA OF INSTABILITY 

Figure 11. MMBR951LT1 Constant Gain and Noise Figure Contours 
(f = 1.0 GHz) 

MRF951-MMBR951 LT1-MMBR951ALT1-MRF9511 LT1 
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VCE= 6.0 V 
IC = 5.0 rnA 

~ - AREA OF INSTABILITY 

Figure 12. MRF9511 LT1 Constant Gain and Noise Figure Contours 
(f=0.5 GHz) 

-jl 

VCE=6.0V 
IC=5.0 rnA 

~ - AREA OF INSTABILITY 

Figure 13. MRF9511LTl Constant Gain and Noise Figure Contours 
(f = 1.0 GHz) 
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MOTOROLA 
• SEMICONDUCTOR 

TECHNICAL DATA 

The RF Line 
NPN Silicon 
Low Noise, High-Frequency 
Transistor 

Designed for use in high gain, low noise small-signal amplifiers. This 
transistor features excellent broadband linearity and is offered in an ultra-small 
surface mount package suitable for automated assembly. 

• Fully Implanted Base and Emitter Structure 

• 18 Finger, 1.25 Micron Geometry with Gold Top Metal 

• Gold Sintered Back Metal 

MAXIMUM RATINGS 

Rating Symbol Value Unit 

Collector-Emitter Voltage VCEO 10 Vdc 

Collector-Base Voltage VCBO 20 Vdc 

Emitter-Base Voltage VEBO 1.5 Vdc 

Power Dissipation (1) Po 175 mW 

Collector Current - Continuous (2) IC 100 mA 

Maximum Junction Temperature TJmax 150 °C 

Storage Temperature Tstg -65 to +150 °C 

Thermal Resistance, Junction to Case R9JC 714 °CIW 

DEVICE MARKING 

I MRF957T1 = B 

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

Characteristic Symbol 

OFF CHARACTERISTICS (3) 

Collector-Emitter Breakdown Voltage (IC = 0.1 mA, IB = 0) V(BR)CEO 

Collector-Base Breakdown Voltage (IC = 0.1 mA, IE = 0) V(BR)CBO 

Emitter Cutoff Current (VEB = 1.0 V, IC = 0) lEBO 

Collector Cutoff Current (VCB = 10 V, IE = 0) ICBO 

ON CHARACTERISTICS (3) 

DC Current Gain 
(VCE = 6.0 V, IC = 5.0 mAl 

DYNAMIC CHARACTERISTICS 

Collector-Base Capacitance Ccb 
(VCB = 10 V, IE = 0, f = 1.0 MHz) 

Current Gain - Bandwidth Product fT 
(VCE = 8.0 V, IC = 30 mA, f = 1.0 GHz) 

NOTES: 

Min 

10 

20 

-_. 

-

-

MRF957T1 

IC=100mA 
LOW NOISE 

HIGH-FREQUENCY 
TRANSISTOR 

• 
CASE 419, STYLE 3 

Typ Max 

13 -
25 -
- 0.1 

- 0.1 

0.45 -

8.0 -

Unit 

Vdc 

Vdc 

flAdc 

flAdc 

pF 

GHz 

1. Case Temperature is measured on the col/ector lead where it first contacts the printed circuit board closest to the package. To calculate 
the junction temperature use T J = Po x R9JC + TCASE. 

2. IC - Continuous (MTBF = 10 years) 
3. Pulse width ~ 300 I1S, duty cycle ~ 2% pulsed. 

MRF957T1 
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Ii:' .s 
w 
0 

~ 
0 

if. 
<3 
c5 

PERFORMANCE CHARACTERISTICS 

Conditions Symbol 

Insertion Gain 1521 12 
(VCE=5.0V, IC=30 rnA, f= 1.0 GHz) 
(VCE = 5.0 V, IC = 30 rnA, f = 1.5 GHz) 

Maximum Unilateral Gain (1) GUmax 
(VCE = 5.0 V, IC = 30 mA, f = 1.0 GHz) 
(VCE = 5.0 V, IC = 30 rnA, f = 1.5 GHz) 

Noise Figure 
(VCE = 6.0 V, IC = 5.0 mA, f = 1.0 GHz) 

NFopt 

(VCE = 6.0 V, IC = 5.0 mA, f = 1.5 GHz) 

Associated Gain at Minimum GNF 
(VCE=6.0V, IC =5.0 mA, f= 1.0 GHz) 
(VCE = 6.0 V, IC =5.0 mA, f= 1.5 GHz) 

Noise Figure NF50Q 
(VCE=6.0V, IC =5.0 mA, f= 1.0 GHz) 

NOTE: 1. Maximum Unilateral Gain is GU max = 1~2112 2 
(1 -15111 ) (1 -15221 ) 

VCE IC 
(Vdc) (rnA) 

6.0 5.0 

3 

2 

~ -,.,. Cib 
Cob 

Ccb 
0.5 

0.2 

0.1 
1 2 5 10 20 30 

VR, REVERSE VOLTAGE (VOLTS) 

f NFmin 
(MHz) (dB) 

1000 1.7 
1500 2.0 

Table 1. Typical Noise Parameters 

TYPICAL CHARACTERISTICS 

z « 
(!l 200 
!z 
w a: 
~ 100 

o 
~ 50 
u.. 

.<= 

20 

2 

Min Typ Max Unit 

dB 
- 13.3 -
- 10.1 -

dB 
- 14 -
- 10.8 -

dB 
- 1.7 -
- 2.0 -

dB 
- 11.8 -
- 9.0 -
- 1.9 2.8 dB 

10 rN 
(MAG,ANG) (ohms) 

0.27 L 97 0.2 
0.21 L54 0.28 

.-VCE=6V_ 

10 20 30 100 
Ie. COLLECTOR CURRENT (mA) 

Figure 1. capacitance versus Voltage Figure 2. DC Current Gain versus Collector Current 
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'N 
:I: 
S!-
g 
c 
~ 
D.. 
:I: 

b 
liE c :z 
~ 
~ 
(!) 

J::' 

m 
:2-
:z 
~ 

10 

a 

6 

4 

2 ,.. 
o 

1 

32 

28 
.-

..,.. ~ 

, 
V 

./ 

'" 
2 5 10 20 50 

IC. COLLECTOR CURRENT (rnA) 

Figure 3. Gain-Bandwidth Product versus 
Collector Current 

I I 
VCE=6V 
IC=5mA 

24 r--t- ::.::- .. I 20 

16 

12 

a 

4 

o 
0.1 

i""'-r-.... . I 
i' . . MSG . 

':'-... ~ 
~ 11"-

IS21 12 I""'--
I I 

0.2 0.3 0.5 1 2 3 
I. FREQUENCY (GHz) 

Figure 5. Insertion Gain and Maximum 
Stable Power Gain versus Frequency 

III AREA OF INSTASIUlY 

-j1.0 

0.2 0.5 2 

100 

r-.... 
r--.. 

5.1 

Figure 7. Constant Gain and Noise Figure Contours 
f= 1.0GHz 

MRF957T1 
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20 

-

25 

.- - NF 

~ 
VCE=6V 
1=1 GHz 

I 
-~ 

NF-l--

5 10 20 30 
IC. COLLECTOR CURRENT (rnA) 

Figure 4. Associated Gain versus 
Collector Current 

2 

5 

m 20 
:2-

-..... 4 

:z 
~ 
c 15 
w 
~ 
g 10 
~ 
u:. z 

CI 5 

o 
0.3 

-- ............... GNF 
........... ....... -...... 

NF 

0.5 
I. FREQUENCY (GHz) 

-........... ---VCE=6V -
IC=5mA _ 

m 
:2-
w 

3 ~ 

~ 
w 

2 ~ 
u:. 
z 

o 
1.5 

Figure 6. Noise Figure and Associated 
Gain versus Frequency 

-j1.0 

0.2 0.5 2 

Figure 8. Constant Gain and Noise Figure Contours 
1= 1.5GHz 
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VCE IC f 
(Vdc) (mA) (MHz) 

2.0 1.0 100 
200 
500 
1000 
2000 
3000 

2.0 100 
200 
500 
1000 
2000 
3000 

5.0 100 
200 
SOO 
1000 
2000 
3000 

10 100 
200 
500 
1000 
2000 
3000 

30 100 
200 
500 
1000 
2000 
3000 

60 100 
200 
500 
1000 
2000 
3000 

MOTOROLA RF DEVICE DATA 

VCE=6Vdc 

D.U.T. 

C:~~~~~~~)-~RFO~P~ 
"SLUG TUNER 'BIAS 

NETWORK 

Figure 9, Functional Circuit Schematic 

811 521 

18111 LIjI 18211 LIjI 18121 

0.959 -19.22 3.518 166.25 0.044 
0.922 -38.32 3.482 153.75 0.079 
0.825 -81.94 2.614 122.98 0.148 
0.690 -125.83 1.737 93.40 0.167 
0.600 -174.02 1.079 63.65 0.131 
0.640 147.15 0.791 SO.62 0.196 

0.922 -24.97 6.598 162.54 0.042 
0.862 -48.55 6.177 147.47 0.075 
0.713 -96.45 4.140 116.09 0.123 
0.586 -137.24 2.483 90.37 0.140 
0.506 179.54 1.462 64.47 0.158 
0.548 144.80 1.079 49.98 0.232 

0.815 -39.45 14.163 153.09 0.038 
0.708 -71.89 11.635 133.50 0.061 
0.541 -121.43 6.264 104.78 0.090 
0.481 -155.05 3.428 85.44 0.123 
0.406 169.75 1.921 65.04 0.198 
0.438 139.42 1.424 51.41 0.282 

0.667 -57.75 22.121 142.36 0.032 
0.559 -95.89 15.709 121.54 0.048 
0.447 -140.52 7.417 98.06 0.075 
0.405 -166.70 3.921 82.59 0.123 
0.360 162.90 2.155 65.25 0.222 
0.390 134.95 1.597 52.60 0.311 

0.435 -99.80 31.662 125.82 0.023 
0.421 -135.04 18.896 108.07 0.034 
0.398 -162.97 8.025 91.81 0.069 
0.382 -179.33 4.163 79.67 0.127 
0.347 155.68 2.289 64.55 0.240 
0.379 130.21 1.686 52.60 0.336 

0.442 -131.87 26.755 118.52 0.021 
0.483 -155.78 15.086 103.17 0.032 
0.484 -173.89 6.390 86.79 0.067 
0.472 172.89 3.317 76.81 0.127 
0.452 149.80 1.834 60.68 0.243 
0.496 126.23 1.393 48.59 0.345 

Table 2. Typical Common Emitter S-Parameters 

'HPll590B 
HMICROLABlFXR 

SF-llN<1.0GHz 
SF-31 N 2: 1.0 GHz 

812 

LIjI 15221 

78.43 0.986 
89.06 0.948 
44.99 0.803 
30.15 0.662 
44.93 0.576 
80.39 0.517 

75.55 0.967 
64.60 0.893 
43.92 0.671 
38.71 0.524 
57.00 0.456 
74.13 0.416 

70.19 0.895 
58.57 0.739 
49.12 0.454 
54.90 0.337 
65.80 0.304 
69.61 0.276 

64.38 0.788 
57.27 0.574 
58.00 0.317 
66.07 0.235 
69.45 0.220 
68.14 0.196 

62.49 0.570 
64.74 0.360 
71.43 0.192 
74.17 0.151 
72.04 0.155 
67.80 0.132 

62.60 0.422 
66.87 0.261 
74.30 0.154 
76.73 0.140 
72.97 0.155 
68.81 0.131 

522 

LIjI 

-8.12 
-15.98 
-30.02 
-41.41 
-51.42 
-64.42 

-12.35 
-23.28 
-38.55 
-46.93 
-51.97 
-61.22 

-22.63 
-38.46 
-52.31 
-56.38 
-54.16 
-57.77 

-34.26 
-52.06 
-63.32 
-65.49 
-57.93 
-57.79 

-51.89 
-68.74 
-75.85 
-77.73 
-63.30 
-60.40 

-56.23 
-70.51 
-73.64 
-74.96 
-66.57 
-71.10 

(continued) 
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VCE 
(Vdc) 

5.0 

MRF957T1 
2-548 

IC 
(rnA) 

1.0 

2.0 

5.0 

10 

20 

30 

f 
(MHz) 

100 
200 
500 
1000 
2000 
3000 

100 
200 
500 
1000 
2000 
3000 

100 
200 
500 
1000 
2000 
3000 

100 
200 
500 
1000 
2000 
3000 

100 
200 
500 
1000 
2000 
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1811 1 LoI> 18211 LoI> 18121 LoI> '822' LIjI 

0.965 -17.73 3.508 167.36 0.035 78.18 0.990 -6.80 
0.931 -35.39 3.495 155.78 0.065 71.66 0.958 -13.35 
0.835 -77.08 2.680 126.50 0.122 48.12 0.839 -25.23 
0.694 -120.78 1.820 97.22 0.143 33.67 0.713 -35.51 
0.583 -170.80 1.133 67.35 0.115 50.88 0.629 -44.48 
0.615 148.45 0.813 53.19 0.182 85.71 0.565 -55.47 

0.932 -22.38 6.532 164.05 0.034 77.81 0.975 -9.92 
0.875 -44.00 6.217 150.00 0.061 67.15 0.914 -18.98 
0.726 -89.77 4.314 119.58 0.106 47.42 0.724 -31.79 
0.582 -131.10 2.638 93.76 0.122 41.23 0.586 -39.20 
0.483 -176.30 1.544 67.35 0.140 60.85 0.521 -43.55 
0.515 146.92 1.117 52.27 0.208 78.88 0.479 -51.26 

0.836 -34.35 14.112 155.49 0.031 71.72 0.920 -18.06 
0.731 -63.59 11.971 137.05 0.052 61.40 0.785 -31.06 
0.539 -112.00 6.737 107.93 0.080 51.32 0.522 -41.63 
0.438 -147.18 3.710 88.06 0.110 57.59 0.408 -43.94 
0.364 175.10 2.050 67.58 0.175 68.31 0.383 -42.49 
0.392 142.26 1.501 53.59 0.251 73.36 0.357 -45.46 

0.704 -49.02 22.526 145.79 0.027 67.46 0.831 -27.03 
0.577 -83.93 16.647 125.23 0.042 59.78 0.634 -41.45 
0.421 -129.59 8.120 100.71 0.069 60.52 0.385 -47.31 
0.361 -158.62 4.290 64.82 0.109 67.54 0.305 -46.57 
0.307 168.57 2.330 67.52 0.196 71.46 0.305 -42.00 
0.332 137.50 1.706 54.85 0.277 71.05 0.288 -42.21 

0.559 -66.34 30.018 136.00 0.023 64.88 0.720 -35.45 
0.453 -103.91 19.598 116.12 0.036 61.80 0.501 -48.64 
0.358 -143.87 8.835 96.19 0.064 68.23 0.298 -49.15 
0.324 -167.05 4.595 83.08 0.112 72.95 0.247 -47.12 
0.278 163.88 2.462 67.27 0.208 72.96 0.263 -41.09 
0.306 133.94 1.809 55.45 0.291 70.31 0.249 -39.38 

0.492 -73.65 32.055 131.68 0.022 64.17 0.669 -37.70 
0.412 -110.53 20.121 113.25 0.033 64.60 0.459 -49.28 
0.345 -147.89 8.900 94.88 0.062 69.52 0.278 -48.58 
0.319 -169.39 4.646 82.13 0.113 74.20 0.234 -46.64 
0.277 162.38 2.492 67.55 0.210 73.10 0.255 -40.63 
0.305 133.57 1.821 55.24 0.295 70.42 0.239 -38.73 

Table 2. Typical Common Emitter S-Parameters (continued) 
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MOTOROLA 
• SEMICONDUCTOR 

TECHNICAL DATA 

The RF Line 
Microwave Pulse 
Power Transistors 
· .• designed for Class A and AB common emitter amplifier applications in the 
low-power stages of IFF, DME, TACAN, radar transmitters, and CW systems. 
• Guaranteed Performance @ 1090 MHz, 18 Vdc - Class A 

Output Power:: 0.2 Watt 
Minimum Gain:: 10 dB 

• 100% Tested for Load Mismatch at All Phase Angles with 10:1 VSWR 

• Industry Standard Package 
• Nitride Passivated 
• Gold Metallized, Emitter Ballasted for Long Life and Resistance to Metal 

Migration 

• Internal Input Matching for Broadband Operation 

MAXIMUM RATINGS 

Rating Symbol Value Unit 

Collector-Emitter Voltage VCEO 20 Vde 

Collector-Base Voltage VCBO 50 Vde 

Emitter-Bese Voltage VEBO 3.5 Vde 

Collector Current - Continuous IC 200 mAde 

Total Device Dissipation @ TC = 25"C (1) Po 7.0 Watts 
Derate above 25°C 40 mWrC 

Storage Temperature Range Tstg -65 to +150 "C 

THERMAL CHARACTERISTICS 

Characteristic 

Thermal Resistance, Junction to case (2) 25 

ELECTRICAL CHARACTERISTICS (Tc = 25"C unless otherwise noted.) 

I Characteristic Symbol 

OFF CHARACTERISTICS 

Collectof-Emltter Breakdown Voltage V(BR)CEO 
(IC = 5.0 mAde, 'B = 0) 

Collector-Emitter Breakdown Voltage V(BR)CES 
(IC = 5.0 mAde, VBE = 0) 

Collector-Bese Breakdown Voltage V(BR)CBO 
(IC = 5.0 mAde, IE = 0) 

Emitter-Base Breakdown Voltage V(BR)EBO 
(IE = 1.0 mAde, IC = 0) 

Collector Cutoff Current ICBO 
(VCB 0= 20 Vde, 'E = 0) 

ON CHARACTERISTICS 

DC Current Gain 
(IC = 100 mAde, VCE = 5.0 Vdc) 

Min 

20 

50 

50 

3.5 

-

MRF1000MA 
MRF1000MB 

0.7 W, 960-1215 MHz 
CLASSAJAB 

MICROWAVE POWER 
TRANSISTORS 
NPNSILICON 

CASE 332-04, STYLE 2 
MRF1000MA 

CASE 332A, STYLE 2 
MRF1000MB 

1YP Max 

- -

- -

- -

,- -

- 0.5 

Unit 

Vdc 

Vde 

Vde 

Vde 

mAde 

NOTES: (continued) 
1. These devices are designed for RF operation. The total device dissipation rating applies only when the device is operated as RF amplifiers. 
2. Thermal Resistance is determined under specified RF operating conditions by infrared measurement techniques. 
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ELECTRICAL CHARACTERISTICS - continued (T C = 25°C unless otherwise noted.) 

I Characteristic I Symbol I Min Typ Max Unit 

DYNAMIC CHARACTERISTICS 

Output Capacitance 
(VCB=28 Vde,IE= 0, f= 1.0 MHz) 

FUNCTIONAL TESTS 

Common-Emitter Power Gain - Class A GpE 
(VCE = 18 Vde, IC = 100 mAde, f = 1090 MHz, Pout = 200 mW) 

Common-Emitter Power Gain - Class AB GpE 
(VCE = 18 Vde, ICO= 10 mAde, f= 1090 MHz, Pout = 0.7W) 

Load Mismatch - Class A 'I' 
(VCE = 18 Vde, IC = 100 mAde, f = 1090 MHz, Pout = 200 mW, 
VSWR = 10:1 All Phase Angles) 

C1, C2, C3, C7, C8, C10-220pFATC 100 mil 
C4, C9 - 4.7 j.1F 50 V Tantalum 

B 
BASE BiAS INPUT 

C5, C6 - 0.8-8.0 pF Johanson #7290 

Z1-Z10 - Distributed Mlerostrip Elements 
- See Figure 8 

Board Material- 0.031° Thlek Teflon-Fiberglass 
er=2.56 

RF l ' iNPUT 
C1 

Class AB Bias Control Circuit 
18 V Output ICQ 10 mA Nominal 

r---.---Q +18 V INPUT 
10j.1F 

Z2 

*50V 
+--_~--o +18 V COLLECTOR BIAS 

OUTPUT TO POINT C 
.330 
112W 

10 
112W 

BASE BIAS OUTPUT 
t--...... --Q TO POINTB 

0.1 j.1F 

*50V 

R2 
11 k 
112W 

R5 
18k 
112W 

10 12 - dB 

- 10.7 - dB 

No Degradation in Power Output 

C 
.--1-...--_-__1_0 COLLECTOR BIAS INPUT 

~ RF 

COO 1 0_ 

Class A Constant Current Bias Control Circuit 
IC = 100 mA, VCE = 18 V 

r-----~--.... -::-::-_.:O +28V INPUT 

..... ---_,....,..-:0 +18 V COLLECTOR BIAS 
OUTPUT TO POINT C 

+---...... ~-;:O BASE BIAS OUTPUT 
TOPOINTB 

Figure 1.1090 MHz Test Circuit 

MRF1000MA.MRF1000MB 
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Figure 5. Power Gain versus Frequency 

SERIES EQUIVALENT IMPEDANCES 
Pout = 0.5 W, VCE= 18Vdc, 
lea = 10 mAde, Class AS 

1 lin ZoL' 
MHz Ohms Ohms 

960 3.0+j9.0 16-j4O 
1090 3.2+ jl0 8.5-j31 
1215 2.8+J12 7.0-j26 

ZoL' = Conjugate 01 the optimum load Impedance 
Into which the deviee output operates at a 
given output power, voltage, and lrequency. 

S-PARAMETERS - VCE = 18 Vdc, IC = 100 mAde. Class A 

f S" S2f S'2 Szz 
(MHz) 'IS,,1 L+ IS21 I L+ IS'21 L+ ISzzI L+ 

950 0.77 166 2.42 40 0.016 42 0.48 -87 
1000 0.78 165 2.36 38 0.Q16 48 0.50 -90 
1050 0.77 163 2.31 33 0.Q16 48 0.51 -94 
1100 0.77 162 2.31 28 0.016 46 0.54 -97 
1150 0.78 161 2.20 23 0.015 46 0.57 -100 
1200 0.78 159 2.20 19 0.016 47 0.59 -103 
1250 0.78 158 2.12 12 0.016 42 0.61 -106 

Figure 6. Common-Emitter S-Parameters and Series Equivalent InpuUOutput Impedances 
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Figure 7. 1090 MHz Test Amplifier 

CLASS A BIAS NETWORK 

AMPUFIER 

SCALE 0.75:1 

Figure 8. Printed Circuit Board Layout-1090 MHz Test circuit 

MRF1000MA.MRF1000MB 
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MOTOROLA 
• SEMICONDUCTOR 

TECHNICAL DATA 

The RF Line 
Microwave Pulse 
Power Transistors 
• •. designed for Class Band C common base amplifier applications in short 
and long pulse TACAN, IFF, DME, and radar transmitters. 
• Guaranteed Performance @ 1090 MHz, 35 Vdc 

Output Power = 2.0 Watts Peak 
Minimum Gain = 10 dB 

• 100% Tested for Load Mismatch at All Phase Angles with 10:1 VSWR 
• Industry Standard Package 
• Nitride Passivated 
• Gold Metallized, Emitter Ballasted for Long Life and Resistance to Metal 

Migration 

• Intemallnput Matching for Broadband Operation 

MAXIMUM RATINGS 

Rating Symbol Value Unit 

Collector-Emitter Voltage VCEO 20 Vdc 

Collector-Base Voltage VCBO 50 Vdc 

Emltter-Base Voltage VEBO 3.5 Vdc 

Coliector Current - Continuous IC 250 mAdc 

Total Device Dissipation @ T C = 25°C (1) PD 7.0 Watts 
Derate above 250C 40 mWI"C 

Storage Temperature Range Tstg ~65to+150 °C 

THERMAL CHARACTERISTICS 

Characteristic 

Thermal Resistance, Junction to Case (2) 25 

ELECTRICAL CHARACTERISTICS (T C = 250C unless otherwise noted.) 

I Characteristic I Symbol 

OFF CHARACTERISTICS 

Collector-Emitter Breakdown Voltage V(BR)CEO 
(IC = 5.0 mAdc, IB = 0) 

Collector-Emitter Breakdown Voltage V(BR)CES 
(IC = 5.0 mAdc, VBE = 0) 

Collector-Base Breakdown Voltage V(BR)CBO 
(IC = 5.0 mAdc, IE = 0) 

Emitter-Base Breakdown Voltage V(BR)EBO 
(IE = 1.0 mAdc, IC = 0) 

Collector Cutoff Current ICBO 
(VCB = 35 Vde, IE = 0) 

ON CHARACTERISTICS 
DC Current Gain 

(IC = 100 mAde, VCE = 5.0 Vde) 

Min 

20 

50 

50 

3.5 

-

MRF1002MA 
MRF1002MB 

2.0 W (PEAK), 960-1215 MHz 
MICROWAVE POWER 

TRANSISTORS 
NPNSlUCON 

CASE 332-04, STYLE 1 
MRF1002MA 

CASE 332A. STYLE 1 
MRF1002MB 

Typ Max 

- -

- -

- -

- -

- 0.5 

Unit 

Vdc 

Vdc 

Vdc 

Vdc 

mAde 

NOTES: (continued) 
1. These devices are designed for RF operation. The total device dissipation rating applies only when the device is opeiated as RF amplifiers. 
2. Thermal Resistance is determined under specified RF operating conditions by infrared measurement techniques. 
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ELECTRICAL CHARACTERISTICS - continued (T C = 25"0 unless otherwise noted.) 

I Characteristic I Symbol I Min lYP Max Unit 

DYNAMIC CHARACTERISTICS 

Output Capacitance 
(VCB = 35 Vdc, IE = 0,1 = 1.0 MHz) 

FUNCTIONAL TESTS (Pulse Width = 10 !lB, Duty Cycle = 1.0%) 

Common-Base Amplifier Power Gain GpB 10 12 - dB 
(VCC =35 Vdc, Pout = 2.0 W pk, 1= 1090 MHz) 

Collector Efficiency 11 40 45 - dB 
(Vee = 35 Vdc, Pout = 2.0 Wpk, 1= 1090 MHz) 

Load Mismatch I(f 
(VCC = 35 Vdc, Pout = 2.0 W, I = 1090 MHz, No Degradaticn in Power Output 
VSWR = 10:1 All Phase Angles) . 

RF 
INPUT 

MRF1002MA.MRF1002MB 
2-554 

.----4r----1----~----a+ 

Cl, C3 - 220 pF Chip Capacitor, 100 mil ATC 
C2 - 20 I1F/50 Vdc Electrolytic 
C4 - 0.1 I1F Erie Redcap 

L I, L2 - 2 Turns #IS AWG, liS" 10 

ZI-ZI4 - Distributed Microstrip Elements - See Figure 9 

Board Material - 0.031" Thick Teflon-Fiberglass, 
£r=2.56 

Figure 1.1090 MHz Test Circuit 

35Vdc 

r 
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Figure 2. Output Power versus Input Power 
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Figure 4. Output Power versus Supply Voltage 
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COORDINATES IN OHMS 

3 

~ 2.5 

~ 
ffi 2 
~ 
<l. 

!:; 
<l. 1.5 
§ 
S 

o'? I 

0.5 

IS 

14 

~ 13 

~ /L 12 

II 

10 

I -r-- Pin = 200 mW pk -- I - 160 mW pk 

J 
120 mW pk -r-- I 

f- VCC=35V - f-,.., J 
tp= lOllS 80mWpk 

f- 0=1% I I I 
960 1090 1215 

f. FREQUENCY (MHz) 

Figure 3. Output Power versus Frequency 

II 
Pout=2Wpk -
VCC=35V -
Ip= 10 IlS 
0=1% -

-r-..... 
r---

960 1090 1215 
f. FREQUENCY (MHz) 

Figure 5. Power Gain versus Frequency 

VCC=35Vdc. 
tp = 10 lIS. 0 = 1.0% 

Zol· lol· 
I Zin Ohms Ohms 

MHz Ohms Pout=2.0Wpk Pin = 0.2 Wpk 

960 15.5+jI6.5 20 + j32.5 25+j21 
1090 15+120 25+j34 31 +j26 
1215 14+j27 33.5+142·5 37+j32.5 

lol· = Conjugate of the opUmum load Impedance Into which 
the device output operates at a given output power. 
voltage. and lrequency. 

Figure 6. Series Equivalent Input/Output Impedance 

MOTOROLA RF DEVICE DATA MRF1002MA.MRF1002MB 
2-555 

• 



• 

Figure 7. ·1090 MHz Test AmplHler 

Poul=2Wpk 
VCC=35V 
Ip=l IllS 

0=10% 
f= 1090 MHz 

Figure 8. Typical Long Pulse Performance 

o 0 o 0 
o 0 0 0 o 0 0 

o 0 0 0 o 0 0 0 

o 0 
, =i- " ~, o IE;- x lilT 0 

-
SCALE 0.75:1 

MRF1002MA.MRF1002MB 
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Figure 9. Printed Circuit Board Layout -1090 MHz Test circuit 

MOTOROLA RF DEVICE DATA 



MOTOROLA 
• SEMICONDUCTOR 

TECHNICAL DATA 

The RF Line 
Microwave Pulse 
Power Transistors 
· .. designed for Class Band C common base amplifier applications in short 
and long pulse TACAN, IFF, DME, and radar transmitters. 

• Guaranteed Performance @ 1090 MHz, 35 Vdc 
Output Power = 4.0 Watts Peak 
Minimum Gain = 10 dB 

• 100% Tested for Load Mismatch at All Phase Angles with 10:1 VSWR 

• Industry Standard Package 

• Nitride Passivated 

• Gold Metallized, Emitter Ballasted for Long Ufe and Resistance to Metal 
Migration 

• Intemallnput Matching for Broadband Operation 

MAXIMUM RATINGS 

Rating Symbol Value Unit 

Colleclor-Emitter Voltage VCEO 20 Vdc 

Colleclor-Base Voltage VCBO 50 Vdc 

Emitter-Base Voltage VEBO 3.5 Vdc 

Colleclor Current - Continuous IC 250 mAdc 

Total Device Dissipation @ TC = 25°C (1) Po 7.0 Watts 
Derate above 25°C 40 mW/"C 

Storage Temperature Range Tstg -65 to +150 °c 

THERMAL CHARACTERISTICS 

Characteristic 

Thermal Resistance, Junction to Case (2) RaJC 25 

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

Characteristic Symbol 

OFF CHARACTERISTICS 

Coliector·Emitter Breakdown Voltage V(BR)CEO 
(IC = 5.0 mAdc, IB = 0) 

Collector-Emitter Breakdown Voltage V(BR)CES 
(IC = 5.0 mAde, VBE = 0) 

Colieclor·Base Breakdown Voltage V(BR)CBO 
(lc = 5.0 mAdc, IE = 0) 

Emitter-Base Breakdown Voltage V(BR)EBO 
(IE = 1.0 mAdc, IC = 0) 

Colleclor Cutoff Current ICBO 
(VCB = 35 Vdc, IE = 0) 

ON CHARACTERISTICS 

DC Current Gain 
(IC = 75 mAdc, VCE = 5.0 Vdc) 

Min 

20 

50 

50 

3.5 

-

MRF1004MA 
MRF1004MB 

4.0W, 960-1215 MHz 
MICROWAVE POWER 

TRANSISTORS 
NPNSIUCON 

CASE 332-04, STYLE 1 
MRF1004MA 

CASE 332A, STYLE 1 
MRF1004MB 

Typ Max 

- -

- -

- -

- -

- 0.5 

Unit 

Vde 

Vdc 

Vde 

Vdc 

mAdc 

NOTES: (continued) 
1. These devices are designed for RF operation. The total device dissipation rating applies only when Ihe device is operated as RF amplifiers. 
2. Thermal Resistance is determined under speCified RF operating conditions by infrared measurement techniques. 
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ELECTRICAL CHARACTERISTICS - continued (Tc" 25"0 unless olheiWise noted.) 

I Characteristic I Symbol I Min lYP Max Unit 

DYNAMIC CHARACTERISTICS 

I Output C8pacItance 
(VCB=35 Vdc,IE=O, f= 1.0 MHz) 

3.3 5.0 pF 

FUNCTIONAL TESTS (Pulse Width = 10 1lS, Duty Cycle = 1.0%) 

Common·Base Amplifier Power Gain GpB 10 11 - dB 
(Vec=35 Vdc, Pout = 4.0 W pk, fa 1090 MHz) 

Collector Efficiency 1\ 40 45 - dB 
(Vec = 35 Vdc, Pout = 4.0 W pk, f = 1090 MHz) 

Load Mlsmetch II' 
(VCC = 35 Vdc, Pout = 4.0 W pk, f .. 1090 MHz, No Degradation in Power Output 
VSWR = 10:1 All Phase Angles) 

RF 
INPUT >--+-+---1 Z1 

MRF1004MA-MRF1004MB 
2-558 

r---.-----1-----~--~+ 

C1-0.1IlF 
C2, C4 - 220 pF Chip Capacitor 
C3 - 20 1lF, 50 V Electrolytic 
L1, L2-3 Tums #18 AWG, 118" ID 
Z1-Z6 Distributed Microstrip Elements - See Figure 9 
Board Material - 0.031N Thick Glass Teflon 

Figure 1. 1090 MHz Test Circuit 

RF 
t--~~< OUTPUT 
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Figure 3. Output Power versus Frequency 
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Figure 5. Power Gain versus Frequency 

1 Z;n ZoL* (Pin =400 mW pk) ZoL* (P~;;':,O W pk) 
MHz Ohms Ohms 

960 5.0+j17.5 23.5-j26 22.5-]36 
1090 10+j23 18.5-j25 15-j32.5 
1215 16+]29.5 15_5-j2a5 11-123 

ZoL* = Conjugate of the optimum load impedanoe into which the device 
oulput operates at a given oulput power. voltage. and frequency. 

Figure 6. Series Equivalent Input/Output Impedance 
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• Pout=4Wpk 
VCC=35V 
Ip.l ms 
0=10% 
f= 1090 MHz 

Figure 7. 1090 MHz Test Amplifier 

Figure 8. typical Long Pulse Performance 

-
HRi=1004U 

o eRR 0 

SCALE 0.75:1 

Figure 9. Printed Circuit Board Layout -1090 MHz Test circuit 
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MOTOROLA 
• SEMICONDUCTOR 

TECHNICAL DATA 

The RF Line 
Microwave Pulse 
Power Transistors 
· •. designed for Class Band C common base amplifier applications in short 
and long pulse TACAN, IFF, DME, and radar transmitters. 

• Guaranteed Performance @ 1090 MHz, 50 Vdc 
Output Power = 15 Watts Peak 
Minimum Gain = 10 dB 

• 100"A. Tested for Load Mismatch at All Phase Angles with 10:1 VSWR 

• Industry Standard Package 

• Nitride Passivated 

• Gold Metallized, Emitter Ballasted for Long Ufe and Resistance to Metal 
Migration 

• Intemallnput Matching for Broadband Operation 

MAXIMUM RATINGS 

Rating Symbol Value Unit 

Collector-Emitter Voltage VCES 60 Vdc 

Collector-Base Voltage VCBO 60 Vdc 

Emitter-Base Voltage VEeo 4.0 Vdc 

Callectcr Current - Continuous IC 1.0 Adc 

Total Device Dissipation @ TC = 25·C (1) PD 17.5 Watts 
Derate above 2500 100 mWf'C 

Storage Temperature Range Tstg -65 to +150 ·C 

THERMAL CHARACTERISTICS 

Characteristic 

Thermal Resistance, Junction to Case (2) R8JC 

ELECTRICAL CHARACTERISTICS (T C = 2500 unless otherwise noted.) 

I Characteristic I Symbol 

OFF CHARACTERISTICS 

Collectcr-Emitter Breakdown Voltage V(BR)CES 
(IC = 10 mAde, VBE = 0) 

Collector-Base Breakdown Voltage V(BR)CBO 
(IC = 10 mAde, IE = 0) 

Emitter-Base Breakdown Voltage V(BR)EBO 
(IE = 1.0 mAdc, IC= 0) 

Collector Cutoff Current ICBO 
(VCB = 50 Vdc, IE = 0) 

ON CHARACTERISTICS 

DC Current Gain 
(IC = 250 mAde, VCE = 5.0 Vdc) 

Min 

60 

60 

4.0 

-

MRF1015MA 
MRF1015MB 

15 W (PEAK), 960-1215 MHz 
MICROWAVE POWER 

TRANSISTORS 
NPNSIUCON 

CASE 332-04, STYLE 1 
MRF1015MA 

CASE 332A, STYLE 1 
MRF1015MB 

- -

- -

- -

- 1.0 

Unit 

Vdc 

Vdc 

Vdc 

mAde 

NOTES: (continued) 
1. These devices are designed for RF operation. The total device dissipation rating applies only when the device is operated as RF amplifiers. 
2. Thermal Resistance is determined under specified RF operating conditions by infrared measurement techniques. 

MOTOROLA RF DEVICE DATA MRF1015MA-MRF1015MB 
2-561 
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II 

ELECTRICAL CHARACTERISTICS - continued (T C = 250C unless otherwise noted.) 

I Characteristic Symbol Min Max Unit 

DYNAMIC CHARACTERISTICS 

I Output Capacitance 
(VCB= SO Vc:Ic, IE= 0, f= 1.0 MHz) 

Cob 5.0 7.5 pF 

FUNCTIONAL TESTS (Pulse Width = 10 j1S Duty Cycle = 1.0%) 

Common-Base Amplifier Power Gain GpB 10 12.5 - dB 
(VCC = SO Vdc, Pout = 15 W Peak, f= 1090 MHz) 

Collector Efficiency 11 30 35 - % 
(VCC= SOVc:Ic, Pout = 15 W Peak, f= 1090 MHz) 

Load Mismetch If' 
(VCC '" 50Vdc, Pout = 15 W Peak, f= 1090 MHz, No Degradation In Power Output 
VSWR = 10:1 All Phase Angles) 

~---4~----1-----~----~+ 

RF ~i;~C===~==~ INPUT" Z1 

MRF1015MA-MRF1015MB 
2-562 

C1, C2 - 220 pF 100 mil Chip Capacitor 
C3-0.1I1F 
C4 - 4711F175 V Electrolytic Capacitor 
L1,l2-3Tums#18AWG,118"ID 
Z1-ZS - Microstrip, See Photomaster, Figure 8 
Board Material- 0.032" Glass Teflon 

Er=2.5 

Figure 1. 1090 MHz Test Circuit 

r~ 

RF 
I-1A-< OUTPUT 

MOTOROLA RF DEVICE DATA 
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fp= 10JlS r--

Vj / 0=1% -

L / 
0.3 0.6 0.9 1.2 1.5 

Pin. INPUT POWER (WAITS pk) 

Figure 2. Output Power versus Input Power 

1-1p1.l0~ Pin = 1.2 W pk ....... i--""'" 
0.1% J.85W~ /"" I- f=I09OMHz r--..... I----~ 

V ./ ~ [......-' r-
V /" / K -/. V ./ , ~ 

./. V v: <SWpk 

0.75Wpk _ 

"/.. V' ..... ~ 
~~ 

5 ~ ~ ~ ~ ~ ~ ~ ~ 50 
VCC. SUPPlY VOLTAGE (VOLTS) 

Figure 4. Outp~ Power versus Supply Voltage 

Coordinat •• in Ohms 

18 

! 15 
~ 
!. 
II: 12 

~ 
~ 9 

} 6 

3 

15 

14 

I 
~ 13 

! 12 

If 
CI 

11 

10 

r--~Wpk 
r---- lWpk 

- r-- ""'- O.85Wpk ---~ o:iWpk 

~WPk 
- - Vcc =50 V 

lp-l0JlS - - 0.1% 

960 1090 1215 
f. FREQUENCY (MHz) 

Figure 3. Output Power versus Frequency 

POU:=15~pk -
VCC=50V -
1p=10JlS 
0=1% ---- -- I"'--

980 1090 1215 
f. FREQUENCY (MHz) 

figure 5. Power GaIn versus Frequency 

Pout-15Wpk VCC=50V 
1p=10JlS 0=1% 

f ci:.a Zo!.' 
MHz Ohms 

960 5.9+J13.6 12.5-j15 
1090 5.5+Jl1.5 12.4-JI2.8 
1215 4.0+JI2.5 12.1-Jl0 

Zo!.' = Conjugate of the opIirnum load 
Impedenoe Into which the device 
output operateB at a given output 
power. voltage. and frequency. 

Figure 6. SerIes Equivalent InputlOutput Impedances 

MOTOROLA RF DEVICE DATA MRF1015MA.MRF1015MB 
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• Figure 7.1090 MHz Test Amplifier 

o 0 

o 0 0 0 

o 0 0 0 

o 0 

<1> SOLDERED EYELET 

<:) 4-40 SCREW PLACEMENT 

o 0 

o 0 C 

-
o 0 0 0 

IlqCi '~11 

" II r --o 1~C:- I~~ Ii 0 
~~ ~v -'SH 

SCALE 0.75:1 

Figure 8. Printed Circuit Board Layout -1090 MHz Test circuit 

MRF1015MA.MRF1015MB 
2-564 
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MOTOROLA 
• SEMICONDUCTOR 

TECHNICAL DATA 

The RF Line 
UHF Power Transistor 
• .. designed primarily for wideband, large-signal output and driver amplifier 
stages to 1.0 GHz. 

• Designed for Class A Linear Power Amplifiers 

• Specified 25 VoH, 900 MHz Characteristics: 
Output Power - 1.5 Watts 
Power Gain - 8.0 dB Min, Class AB 

• Gold Metallization for Improved Reliability 

MAXIMUM RATINGS 

Rating Symbol Value Unit 

Collector-Emitter Voltage VCEO 30 Vdc 

Collector-Base Voltage VCBO 60 Vdc 

Emitter-Base Voltage VEBO 4.0 Vdc 

Total Device Dissipation @ T C = 250C PD 14.5 Watts 
Derate above 250C 0.084 WfOC 

Operating Junction Temperature TJ 200 °C 

Storage Temperature Range Tstg -65 to +150 °c 

THERMAL CHARACTERISTICS 

Characteristic 

Thermal Resistance, Junction to Case (T C = 70°C) 

ELECTRICAL CHARACTERISTICS 

Characteristic Symbol 

OFF CHARACTERISTICS 

Collector-Emitter Breakdown Voltage V(BR)CEO 
(IC = 10 mA, IB = 0) 

Collector-Emitter Breakdown Voltage V(BR)CES 
(IC = 10 mA, VBE = 0) 

Collector-Base Breakdown Voltage V(BR)CBO 
(IC=10mA,IE=O) 

Emitter-Base Breakdown Voltage V(BR)EBO 
(IE = 5.0 mA, IC = 0) 

Collector Cutoff Current ICBO 
(VCB =25 V, IE= 0) 

ON CHARACTERISTICS 

I DC Current Gain (IC = 250 mA, VCE = 5.0 V) 

DYNAMIC CHARACTERISTICS 

I Output Capacitance (VCB = 28 V, IE = 0, f = 1.0 MHz) Cob 

FUNCTIONAL TESTS 

Common-Emitter Amplifier Power Gain GPE 
(VCE=25 V, Pout = 1.5 W, f= 900 MHz, IC= 0.2 A) 

Load Mismatch IjI 

(VCE =25 V, IC = 0.2 A, Pout = 1.5 W, f= 900 MHz, 
Load VSWR = 00:1, All Phase Angles) 

MOTOROLA RF DEVICE DATA 

Min 

30 

60 

60 

4.0 

-

20 

8.0 

MRF1029 

1.5W,T01.QGHz 
LINEAR 

UHF POWER TRANSISTOR 
NPNSILICON 

.280S0E 
CASE 244C, STYLE 1 

Max 

12 

l'yp Max 

- -

- -

- -

- -

Unit 

Vdc 

Vdc 

Vdc 

Vdc 

- 1.0 mAde 

80 

4.75 

I 9.3 I - I 
No Degradation in Output Power 

pF 

dB 

MRF1029 
2-565 
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Figure 1. Input Impedance versus Frequency Figure 2. Output Impedance versus Frequency 

VCE 
(Volts) 

25 

MRF1029 
2-566 

IC 
(mA) 

200 

0.9 
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a: 
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f 

a: 
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0.55 
0.60 
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Figure 3. RF Safe Operating Area 

$11 821 $12 

Mag L<I> Mag L<I> Mag 
0.86 178 10.43 74 0.04 
0.86 177 9.7 80 0.04 
0.86 175 9.03 78 0.04 
0.86 174 8.11 76 0.05 
0.86 172 7.46 72 0.05 
0.86 171 6.9 71 0.05 
0.86 170 6.04 69 0.05 
0.85 168 5.71 66 0.05 
0.85 167 5.16 64 0.05 
0.85 165 4.48 61 0.06 
0.85 164 4.36 59 0.06 
0.85 162 3.64 56 0.06 
0.84 160 3.48 54 0.06 

Ta.ble 1. Common EmiHer S-Parameters 

~ 

Lei> Mag L<I> 
35 0.43 -143 
32 0.41 -149 
35 0.41 -151 
37 0.42 -150 
38 0.43 -149 
41 0.43 -151 
41 0.43 -150 
43 0.45 -149 
46 0.45 -150 
47 0.46 . -149 
49 0.47 -148 
51 0.47 -149 
51 0.48 -148 

MOTOROLA RF DEVICE DATA 



MOTOROLA 
• SEMICONDUCTOR 

TECHNICAL DATA 

The RF Line 
UHF Power Transistor 
· •. designed primarily for wideband, large-signal output and driver amplifier 
stages to 1.0 GHz. 

• Designed for Class A Linear Power Amplifiers 
• SpecHied 25 Volt, 900 MHz Characteristics: 

Output Power - 3.0 Watts 
Power Gain - 7.5 dB Min, Class AB 

• Gold Metallization for Improved Reliability 

MAXIMUM RATINGS 

Rating Symbol Value Unit 

Collector-Emitter Voltage VCEO 30 Vdc 

Collector-Base Voltage VCBO 60 Vdc 

Emitter-Base Voltage VEBO 4.0 Vdc 

Total Device Dissipation @ T C = 26°C Po 29 Watts 
Derate above 25°C 0.167 W/"C 

Operating Junction Temperature TJ 200 °c 

Storage Temperature Range Tstg -66 to +160 °c 

THERMAL CHARACTERISTICS 

Characteristic 

Thermal Resistance, Junction to case (T C = 70·C) 

ELECTRICAL CHARACTERISTICS 

Characteristic Symbol 

OFF CHARACTERISTICS 

Collector-Emitter Breakdown Voltage V(BR)CEO 
(IC= 15mA,IB=0) 

Collector-Emitter Breakdown Voltage V(BR)CES 
(IC = 15 mA, VBE = 0) 

Collector-Base Breakdown Voltage V(SR)CBO 
(IC= 16mA,IE=0) 

Emitter-Base Breakdown Voltage V(BR)EBO 
(IE = 6.0 rnA, IC = 0) 

Collector Cutoff Current ICBO 
(VCB = 25 V,IE = 0) 

ON CHARACTERISTICS 

I DC Current Gain (IC = 500 mA, VCE = 5.0 V) 

DYNAMIC CHARACTERISTICS' 

I Output Capacitance (VCB = 28 V, IE = 0, f = 1.0 MHz) COb 

FUNCTIONAL TESTS 

Common-Emitter Amplifier Power Gain GPE 
(VCE= 25 V, Pout = 3.0 W, f= 900 MHz, IC= 0.4 A) 

Load Mismatch Ij1 

(VCE = 25 V,le = 0.4 A, Pout = 3.0 W, f = 900 MHz, 
Load VSWR = 00;1, All Phase Angles) 

MOTOROLA RF DEVICE DATA 

Min 

30 

60 

60 

4.0 

-

20 

7.5 

MRF1030 

3.0 W, TO 1.0 GHz 
LINEAR 

UHF POWER TRANSISTOR 
NPNSILICON 

CASE 244C, STYLE 1 
(.280S0E) 

Max 

6.0 

Typ Max 

- -
- -

- -

- -

Unit 

Vdc 

Vdc 

Vdc 

Vdc 

- 2.0 mAdc 

80 

9.8 

I 8.5 I - I 
No Degradation in Output Power 

pF 

dB 

MRF1030 
2-567 
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Figure 1. Input Impedance versus Frequency Figure 2. Output Impedance versus Frequency 

VCE 
(Volts) 

25 

MRF1~O 
2-568 

Ic 
(mA) 

400 

2.5 

2.25 

i 2 

ffi 1.75 

a: 1.5 
a: 

f 
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Figure 3. RF Safe Operating Area 

511 821 812 

Mag L<I> Mag L<I> Mag 

0.92 178 2.05 73 0.03 
0.92 In 1.9 81 0.03 
0.92 176 1.75 80 0.03 
0.92, 175 1.57 79 (1.04 
0.92 175 1.47 75 0.04 
0.92 174 1.38 74 0.04 
0.92 173 1.25 72 0.04 
0.92 172 1.2 70 0.05 
0.92 172 1.13 68 0.05 
0.91 171 1.05 66 0.05 
0.91 170 1.04 64 0.06 
0.91 169 0.96 64 0.06 
0.91 168 0.95 61 0.06 

Table 1. Common Emitter S-Parameters 

822 
L<I> Mag L<I> 
48 0.62 -171 
46 0.63 -169 
48 0.63 -170 
51 0.63 -170 
53 0.63 -169 
57 0.64 -170 
57 0.64 -170 
59 0.64 -169 
62 0.64 -170 
63 0.64 -169 
64 0.64 -169 
67 0.65 -169 
66 0.65 -169 

MOTOROLA RF DEVICE DATA 



MOTOROLA 
• SEMICONDUCTOR 

TECHNICAL DATA 

The RF Line 
UHF Power Transistor 
· •• designed primarily for wideband, large-signal output and driver amplifier 
stages to 1.0 GHz. 

• DeSigned for Class A Linear Power Amplifiers 

• Specified 25 Volt, 900 MHz Characteristics: 
Output Power - 4.5 Watts 
Power Gain - 7.0 dB Min, Class AB 

• Gold Metallization for Improved Reliability 

MAXIMUM RATINGS 

Rating Symbol Value Unit 

Collector-Emitter Voltage VCEO 30 Vdc 

COllector-Base Voltage. VCBO 60 Vdc 

Emitter-Base Voltage VEBO 4.0 Vdc 

Total Device Dissipation @ TC = 2S·C Po 50 Watts 
Derate above 2SOC 0.286 WI"C 

Operating Junction Temperature TJ 200 ·C 

Storage Temperature Range Tstg -65 to +150 ·C 

THERMAL CHARACTERISTICS 

Characteristic 

Thermal Resistance, Junction to Case (T C = 700c) 

ELECTRICAL CHARACTERISTICS 

Characteristic Symbol 

OFF CHARACTERISTICS 

Collector-Emitter Breakdown Voltage V(BR)CEO 
(IC = 20 rnA, IB = 0) 

Collector-Emitter Breakdown Voltage V(BR)CES 
(IC = 20 rnA, VBE = 0) 

Collector-Base Breakdown Voltage V(BR)CBO 
(IC = 20 rnA, IE = 0) 

Emitter-Base Breakdown Voltage V(BR)EBO 
(IE = 5.0 mA, IC = 0) 

Collector Cutoff Current ICBO 
(VCB= 25 V,IE= 0) 

ON CHARACTERISTICS 

I DC Current Gain (IC = 1.0 rnA, VCE = 5.0 V) 

DYNAMIC CHARACTERISTICS 

I Output capacitance (VCB = 28 V, IE = 0, f = 1.0 MHz) Cob 

FUNCTIONAL TESTS 

Common-Emitter Amplifier Power Gain GpE 
(VCE = 25 V, Pout = 4.5 W, f = 900 MHz, IC = 0.6 A) 

Load Mismatch Ij1 

(VCE = 25 V, IC = 0.6 A, Pout = 4.5 W, f = 900 MHz, 
Load VSWR = 00:1, All Phase Angles) 

MOTOROLA RF DEVICE DATA 

Min 

30 

60 

60 

4.0 

-

20 

7.0 

MRF1031 

4.5 W, TO 1.0 GHz 
LINEAR 

UHF POWER TRANSISTOR 
NPNSILICON 

CASE 244C, STYLE 1 
(.280S0E) 

Max 

3.5 

Typ Max 

- -

- -

- -

- -

Unit 

Vdc 

Vdc 

Vdc 

Vdc 

- 2.5 rnAdc 

80 

14 

I 8.0 I - I 
No Degradation in Output Power 

pF 

dB 

MRF1031 
2-569 
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VCE 
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Si1 821 S12 

Mag LojI Mag LojI Mag 

0.95 178 1.54 81 0.02 
0.96 178 1.35 79 0.03 
0.95 177 1.24 77 0.03 
0.95 177 1.12 75 0.03 
0.96 176 1.04 72 0.03 
0.95 176 0.97 72 0.04 
0.95 175 0.88 69 0.04 
0.95 175 0.84 68 0.04 
0.95 174 0.79 66 0.04 
0.95 174 0.73 64 0.05 
0.95 173 0.72 62 0.05 
0.95 172 0.67 62 0.05 
0.95 172 0.65 59 0.05 

Table 1. Common EmlHer S-Parameters 

~ 
LojI Mag LojI 

62 0.67 -171 
62 0.68 -170 
64 0.69 -170 
67 0.69 -170 
68 0.69 -169 
72 0.7 -170 
72 0.7 -170 
74 0.7 -169 
77 0.71 -170 
78 0.71 -170 
77 0.72 -169 
81 0.72 -170 

.79 0.72 -169 
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MOTOROLA 
- SEMICONDUCTOR 

TECHNICAL DATA 

The RF Line 
UHF Power Transistor 
· .. designed primarily for large-signal output and driver amplifier stages to 
1.0GHz. 

• Designed for Class'A Linear Power Amplifiers 

• Specified 25 Volt, 900 MHz Characteristics: 
Output Power - 6.0 Watts 
Power Gain - 6.5 dB Min, Class AB 

• Gold Metallization for Improved Reliability 

MAXIMUM RATINGS 

Rating Symbol Value Unit 

Collector-Emitter Voltage VCEO 30 Vdc 

Collector-Base Voltage VCBO 60 Vdc 

Emitter-Base Voltage VEBO 4.0 Vdc 

Total Device Dissipation @ TC = 25°C PD 50 Watts 
Derate above 25°C 0.286 W/"C 

Operating Junction Temperature TJ 200 °c 

Storage Temperature Range Tstg -65 to +150 °c 

THERMAL CHARACTERISTICS 

Characteristic 

Thermal Resistance, Junction to Case (T C = 70°C) 

ELECTRICAL CHARACTERISTICS 

Characteristic Symbol 

OFF CHARACTERISTICS 

Collector-Emitter Breakdown Voltage V(BR)CEO 
(IC=20 mA,IB=O) 

Collector-Emitter Breakdown Voltage V(BR)CES 
(IC = 20 mA, VBE = 0) 

Collector-Base Breakdown Voltage V(BR)CBO 
(IC=20 mA,IE=O) 

Emitter-Base Breakdown Voltage V(BR)EBO 
(IE = 5.0 mA, IC = 0) 

Collector Cutoff Current ICBO 
(VCB=25 V,IE = 0) 

ON CHARACTERISTICS 

I DC Current Gain (IC = 1.0 mA, VCE = 5.0 V) 

DYNAMIC CHARACTERISTICS 

I Output Capacitance (VCB = 28 V, IE = 0, f = 1.0 MHz) Cob 

FUNCTIONAL TESTS 

Common Emitter Amplifier Power Gain GpE 
(VCE= 25 V, Pout = 6.0 W, f= 900 MHz, IC = 0.85 A) 

Load Mismatch IjI 
(VCE= 25 V, Pout = 6.0 W, f= 900 MHz, 
Load VSWR = 00:1, All Phase Angles) 

MOTOROLA RF DEVICE DATA 

Min 

30 

60 

60 

4.0 

-

20 

6.5 

MRF1032 

6.0 W, TO 1.0 GHz 
LINEAR 

UHF POWER TRANSISTOR 
NPN SILICON 

CASE 244C, STYLE 1 
(.280S0E) 

Max 

3.5 

Typ Max 

- -

- -

- -

- -

Unit 

Vdc 

Vde 

Vdc 

Vdc 

- 3.0 mAde 

80 

19.5 

I 7.5 I - I 
No Degradation in Output Power 

pF 

dB 

MRF1032 
2-571 

• 



II 

VCE 
(Volts) 

25 

MRF1032 
2-572 

IC f 
(mA) (GHz) 

850 0.4 
0.5 
0.6 
0.7 
0.8 
0.9 
1.0 

811 821 812 S22 
Mag Loj> Mag Loj> Mag Loj> Mag Loj> 

0.97 178 1.01 82 0.03 85 0.74 179 
0.96 177 0.99 74 0.03 69 0.78 -179 
0.96 176 0.84 77 0.03 73 0.78 -179 
0.97 175 0.68 75 0.04 76 0.77 -177 
0.96 174 0.82 69 0.05 77 0.78 179 
0.96 173 0.60 67 0.05 78 0.78 -178 
0.96 172 0.54 66 0.06 77 0.78 -177 

Table 1. Common EmiHer S-Parameters 

MOTOROLA RF DEVICE DATA 



MOTOROLA 
• SEMICONDUCTOR 

TECHNICAL DATA 

The RF Line 
Microwave Pulse 
Power Transistors 
• •. designed for Class Band C common base amplifier applications in short 
and long pulse TACAN, IFF, DME, and radar transmitters. 

• Guaranteed Performance @ 1090 MHz, 50 Vdc 
Output Power = 35 Watts Peak 
Minimum Gain = 10 dB 

• 100% Tested for Load Mismatch at All Phase Angles with 10:1 VSWR 

• Industry Standard Package 

• Nitride Passivated 

• Gold Metallized, Emitter Ballasted for Long Life and Resistance to Metal 
Migration 

• Intemal Input Matching for Broadband Operation 

MAXIMUM RATINGS 

Rating Symbol Valua Unit 

Collector-Emitter Voltage VCES 60 Vdc 

Collector-Base Voltage VCBO 60 Vde 

Emitter-Base Voltage VEBO 4.0 Vde 

Collector-Current - Continuous IC 2.0 Ade 

Total Device Dissipation @ TC = 25°C (1) Po 35 WaIlS 
Derate above 25°C 200 mWrC 

Storage Temperature Range Tstg -65 to +150 °C 

THERMAL CHARACTERISTICS 

Characteristic 

Thermal Resistance, Junction to Case (2) 5.0 

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

I Characteristic I Symbol 

OFF CHARACTERISTICS 

Collector-Emitter Breakdown Voltage V(BR)CES 
(IC = 20 mAde, VBE = 0) 

Collector-Base Breakdown Voltage V(BR)CBO 
(IC = 20 mAde, IE = 0) 

Emitter-Base Breakdown Voltage V(BR)EBO 
(IE = 2.0 mAde, IC = 0) 

Collector Cutoff Current ICBO 
(VCB = 50 Vde, IE = 0) 

ON CHARACTERISTICS 

DC Current Gain 
(IC = 500 mAde, VeE = 5.0 Vde) 

Min 

60 

60 

4.0 

-

MRF1035MA 
MRF1035MB 

35 W (PEAK), 960-1215 MHz 
MICROWAVE POWER 

TRANSISTORS 
NPNSIUCON 

CASE 332-04, STYLE 1 
MRF1035MA 

CASE 332A, STYLE 1 
MRF1035MB 

Typ Max 

- -

- -

- -

- 2.0 

Unit 

Vdc 

Vdc 

Vdc 

mAde 

NOTES: (continued) 
1. These devices are designed for RF operalion. The total device dissipation rating applies only when the device is operated as RF amplifiers. 
2. Thermal Resistane.e is determined under specified RF operating conditions by infrared measurement techniques. 

MOTOROLA RF DEVICE DATA MRF1035MA.MRF1035MB 
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ELECTRICAL CHARACTERISTICS - continued (T C = 25°C unless otherwise noted.) 

Characteristic Symbol 

DYNAMIC CHARACTERISTICS 

Output Capacitance 
(VCB=50 Vdc, IE= 0, f= 1.0 MHz) 

FUNCTIONAL TESTS (Pulse Width = 1 (j J1S Duty Cycle = 1 %) 

Common-Base Amplifier Power Gain GpB 
(VCC = 50 Vdc, Pout = 35 W Peak, f = 1090 MHz) 

Collector Efficiency 11 
(VCC= 50 Vdc, Pout = 35 W Peak, f= 1090 MHz) 

Load Mismatch 

'" (VCC= 50Vdc, Pout = 35 W Peak, f= 1090 MHz, 
VSWR = 10:1 All Phase Angles) 

RF 
INPUT 

MRF1035MA-MRF1035MB 
2-574 

Cl, C2 - 220 pF 100 mil Chip capacitor 
C3-0.1IlF 
C4 - 10 IlFn5 V Electrolytic 
Ll, L2-3 Turns#lS AWG, lIS" 10 
Zl-Z10 - Mlcrostrip, See Photomaster 
Board Material- 0.031" Glass Teflon 

Er= 2.5 

Figure 1. 1090 MHz Test Circuit 

Min 

10 

30 

Typ Max Unit 

12.4 - dB 

34 - % 

No Degradation in Power Output 

MOTOROLA RF DEVICE DATA 
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Figure 5. Power Gain versus Frequency 

Pout=35Wpk Vcc=50V 
1p=IOIJS 0=1% 

f Ztn ZoL* 
MHz Ohms Ohms 

960 3.8+]8.2 7.5-j3.3 
1090 6.0+]8.2 9.0+jO 
1215 4.2+]5.7 9.1 +]1.7 

ZoL * = Conjugate of the optimum load 
Impedance Into which the device 
output operates at a given output 
power. voltage. and frequency. 

-
-

Figure 6. Series Equivalent Input/Output Impedances 
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Figure 7.1090 MHz Test Amplifier 
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Figure 8. Printed Circuit Board Layout -1090 MHz Test circuit 

MRF1035MA.MRF1035MB 
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MOTOROLA 
- SEMICONDUCTOR 

TECHNICAL DATA 

The RF Line 
Microwave Pulse 
Power Transistors 
· .. designed for Class Band C common base amplifier applications in short 
pulse TACAN, IFF, and DME transmitters. 

• Guaranteed Performance @ 1090 MHz, 50 Vdc 
Output Power = 90 Watts Peak 
Minimum Gain = 8.4 dB 

• 100% Tested for Load Mismatch at All Phase Angles with 10:1 VSWR 

• Industry Standard Package 

• Nitride Passivated 

• Gold Metallized for Long Life and Resistance to Metal Migration 

• Internal Input Matching for Broadband Operation 

MAXIMUM RATINGS 

Rating Symbol Value Unit 

Collector-Base Voltage VCBO 70 Vdc 

Emitter-Base Voltage VEBO 4.0 Vdc 

Collector-Current - Peak (1) IC 6.0 Adc 

Total Device Dissipation @ TC = 25°C (1) (2) PD 290 Watts 
Derate above 25°C 1.66 W/"C 

Storage Temperature Range Tstg -65 to +150 °c 

THERMAL CHARACTERISTICS 

Characteristic 

Thermal Resistance, Junction to Case (3) 

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

I Characteristic I Symbol 

OFF CHARACTERISTICS 

Collector-Emitter Breakdown Voltage V(BR)CES 
(IC = 25 mAdc, VBE = 0) 

Collector-Base Breakdown Voltage V(BR)CBO 
(IC = 25 mAdc, IE = 0) 

Emitter·Base Breakdown Voltage V(BR)EBO 
(IE = 5.0 mAdc, IC = 0) 

Collector Cutoff Current ICBO 
(VCB = 50 Vdc, IE = 0) 

ON CHARACTERISTICS 

DC Current Gain (4) 
(IC = 2.5 Adc, VCE = 5.0 Vdc) 

NOTES: 
1. Pulse Width = 10 1lS, Duty Cycle = 1 %. 

Min 

70 

70 

4.0 

-

MRF1090MA 
MRF1090MB 

90 W PEAK, 960-1215 MHz 
MICROWAVE POWER 

TRANSISTORS 
NPNSILICON 

CASE 332-04, STYLE 1 
MRF1090MA 

CASE 332A, STYLE 1 
MRF1090MB 

Max 

0.6 

Typ Max Unit 

- - Vdc 

- - Vdc 

- - Vdc 

- 5.0 mAdc 

2. These devices are designed for RF operation. The total device dissipation rating applies only when the device is operated as RF amplifiers. 
3. Thermal Resistance is determined under specified RF operating conditions by infrared measurement techniques. 
4. 80 IlS Pulse on Tektronix 576 or equivalent. 

MOTOROLA RF DEVICE DATA MRF1090MA.MRF1090MB 
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ELECTRICAL CHARACTERISTICS - continued (TC = 25°C unless otherwise noted.) 

Characteristic Symbol I Min Max Unit 

DYNAMIC CHARACTERISTICS 

Output Capacitance 
(VCB= 50 Vdc,lE = 0, f= 1.0 MHz) 

FUNCTIONAL TESTS (Pulse Width = 10 J.1S Duty Cycle = 1 0%) 

Common-Base Amplifier Power Gain GpB 8.4 10.8 - dB 
(VCC = 50 Vdc, Pout = 90 W pk, f = 1090 MHz) 

Collector Efficiency 11 35 40 - % 
(VCC = 50 Vdc, Pout = 90 W pk, f = 1090 MHz) 

Load Mismatch IjI 

(VCC = 50 Vdc, Pout = 90 W pk, f = 1090 MHz, No Degradation In Power Output 
VSWR = 10:1 All Phase Angles) 

RF INPUT 

MRF1 090MA-MRF1 090MB 
2-578 

Cl, C2 - 220 pF Chip Capacitor, 100-mil ATC 
C3-0.1IlF 
C4-47IlFn5V 
Ll, L2-3Tums #18 AWG, 1/8"10 
Zl-Z9 - Distributed Microstrip Elements - See Figure 9 
Board Material - 0.031" Thick Glass Teflon, Er = 2.5 

Figure 1. 1090 MHz Test Circuit 

RFOUTPUT 
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Figure 5. Power Gain versus Frequency 

Pout=90Wpk VCC=50V 
1p=10JlS 0=1% 

I Z'n Zo!.' 
MHz Ohms Ohms 

960 2.8+J13.2 7.6+J3.5 
1090 7.4+Jll.4 7.6+J4.0 
1215 4.7+]7.5 7.7+]4.5 

ZoL' = Conjugate 01 the optimum load 
Impedance Into which the device 
output operates at a given output 
power. voltage. and frequency. 

Figure 6. Series Equivalent Input/Output Impedance 
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Po=90Wpk 
VCC=50V 
1o=1011S 
0=1% 
f=I090MHz 

MRF1090MA-MRF1090MB 
2-580 

Figure 7. 1090 MHz Test Amplifier 

Figure 8. Typical Pulse Performance 
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MOTOROLA 
- SEMICONDUCTOR 

TECHNICAL DATA 

The RF Line 
Microwave Pulse 
Power Transistors 
• •• designed for Class Band C common base amplHier applications in short 
pulse TACAN, IFF, and DME transmitters. 

• Guaranteed Performance @ 1090 MHz, 50 Vdc 
Output Power = 150 Watts Peak 
Minimum Gain = 7.8 dB 

• 100% Tested for Load Mismatch at All Phase Angles with 10:1 VSWR 

• Industry Standard Package 
• Nitride Passivated 
• Gold Metallized, Emitter Ballasted for Long LHe and Resistance to Metal 

Migration 

• Intemallnput Matching for Broadband Operation 

MAXIMUM RATINGS 

Rating Symbol Value Unit 

Collector-Base Voltage VCBO 70 Vdc 

Emitter-Base Voltage VEBO 4.0 Vdc 

Collector Current - Peak (1) IC 12 Adc 

Total Device Dissipation @ TC = 25°C (1) (2) Po 583 Watts 
Derate above 250C 3.33 wrc 

Storage Temperature Range Tstg -65 to +150 OC 

THERMAL CHARACTERISTICS 

Characterlatlc 

Thermal Resistance, Junction to Case (3) 

ELECTRICAL CHARACTERISTICS (Tc = 250C unless otherwise noted.) 

I Charactaristic I Symbol 

OFF CHARACTERISTICS 

Collector-Emitter Breakdown Voltage V(BR)CES 
(IC = 50 mAde, VBE = 0) 

Collector-Base Breakdown Voltage V(BR)CBO 
(IC = 50 mAde, IE = 0) 

Emitter-Base Breakdown Voltage V(BR)EBO 
(IE = 5.0 mAde, IC = 0) 

Collector Cutoff Current ICBO 
(VCB = 50 Vdc, IE = 0) 

ON CHARACTERISTICS 

DC Current Gain (4) 
(lc = 5.0 Ade, VCE = 5.0 Vde) 

NOTES: 
1. Pulse Width = lOllS, Duty Cycle = 1 %. 

Min 

70 

70 

4.0 

-

MRF1150MA 
MRF1150MB 

150 W PEAK, 960-1215 MHz 
MICROWAVE POWER 

TRANSISTORS 
NPNSlUCON 

CASE 332-04, STYLE 1 
MRF1150MA 

CASE 332A, STYLE 1 
MRF1150MB 

Max 

0.3 

Max 

- -

- -

- -

- 10 

Unit 

Vdc 

Vdc 

Vde 

mAde 

2. These devices are. designed for RF operation. The total device dlssipetlon rating applies only when the device Is operated as RF amplifiers. 
3. Thermal Resistance is determined under specified RF operating conditions by infrared measurement techniques. 
4. 80 lIS Pulse on Tektroflix 576 or equivalent. 

MRF1150MA.MRF1150MB 
2-582 
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ELECTRICAL CHARACTERISTICS - continued (T C = 25°C unless otherwise noted.) 

Characteristic Symbol Min Typ Max Unit 

DYNAMIC CHARACTERISTICS 

Output Capacitance 
(VCB = 50 Vdc, IE = 0, f = 1.0 MHz) 

FUNCTIONAL TESTS (Pulse Width = 10 118, Duty Cycle = 1.0%) 

Common-Base Amplifier Power Gain GpB 7.8 9.8 - dB 
(VCC = 50 Vdc, Pout = 150 W pk, f = 1090 MHz) 

Colleclor Efficiency 11 35 40 - % 
(VCC = 50 Vdc, Pout = 150 W pk, f = 1090 MHz) 

Load Mismatch IJI 
(VCC= 50Vdc, Pout = 150 Wpk, f= 1090 MHz, No Degradation in Power Output 
VSWR = 10:1 All Phase Angles) 

RFINPUT 

MOTOROLA RF DEVICE DATA 

~----~----~-----.----~+ r Vce·""" 

C1, C2 - 220 pF Chip Capacitor, 100-mil ATC 
C3-0.1IlF/100V 
C4 - 47 IlF/75 V Electrolytic 
L1, L2-3 Tums#18 AWG,118"1D 
Z1-Z10 - Distributed Microstrip Elements - See Figure 9 
Board Material- 0.031" Thick Teflon-Fiberglass, £r = 2.5 

Figure 1.1090 MHz Test Circuit 

RFOUTPUT 

MRF1150MA.MRF1150MB 
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Figure 5. Power Gain versus Frequency 

Pout=150Wpk VCC=50V 
",=lOI1S 0=1% 

f Zin ZoL* 
MHz Ohms Otmts 
960 1.5+19·6 . 2.6+ ]4.1 

1090 5.0+j7.5 2.7 +]4.6 
1215 2.4+)5.6 2.6+ J5.3 

ZoL* = Conjugate of \he optimum load 
Impedance Into which \he device 
output operates at a given output 
power, wIIage, and frequency. 

Figure 6. Series Equivalent Input/Output Impedance 

MRF1150MA.MRF1150MB 
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Figure 7. 1090 MHz Test Amplifier 
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MOTOROLA 
• SEMICONDUCTOR 

TECHNICAL DATA 

The RF Line 
Microwave Pulse 
Power Transistor 

Designed for 1025-1150 MHz pulse common base amplifier applications 
such as TACAN and DME. 

• Guaranteed Performance @ 1090 MHz 
Output Power = 375 Watts Peak 
Gain = 6.7 dB Min 7.5 dB (Typ) 

• 100% Tested for Load Mismatch at All Phase Angles with 3:1 VSWR 

• Hermetically Sealed Package 
• Silicon Nitride Passivated 
• Gold Metallized. Emitter Ballasted for Long Life and Resistance to Metal 

Migration 

• Intemallnput Matching 
• Characterized using 1 0 lIS. 1 % Duty Pulse Format 

MAXIMUM RATINGS 

Rating 

Collector-Emitter Voltage 

Collector-Base Voltage 

Emitter-Base Voltage 

Collector Current - Peak (1) 

Total Device Dissipation @ TC = 25'C (1) (2) 
Derate above 2500 

Storage Temperature Range 

Junction Temperature 

THERMAL CHARACTERISTICS 

Rating 

Thermal Resistance. Junction to Case (3) (4) 

NOTES: 
1. Under pulse RF operating conditions. 

Symbol 

VCES 

VCBO 

VEBO 

IC 

Po 

Tstg 

TJ 

MRF1375 
__ DevIce 

375 W (PEAK). 1025-1150 MHz 
MICROWAVE POWER 

TRANSISTOR 
NPNSILICON 

CASE 355G. STYLE 1 

Value Unit 

70 Vdc 

70 Vdc 

4.0 Vdc 

29 Adc 

1458 Watts 
8.33 W/OC 

,.. 65 to +200 ·C 

200 ·C 

Max 

0.12 

2. These devices are designed for RF operation. The total device dissipation rating applies only when the devices are operated as pulsed RF 
amplifiers. 

3. Thermal Resistance is determined under specified RF operating conditions by Infrared measurement techniques. 
4. Pulse Width = 10 J1S. Duty Cycle = 1 % 

Preferred devices are Motorola recommended choices for future use and best overall value. 

MOTOROLA RF DEVICE DATA MRF1375 
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ELECTRICAL CHARACTERISTICS (T C = 25°C unless otherwise noted.) 

I Characteristic I Symbol Min Typ Max Unit 

OFF CHARACTERISTICS 

Collector-Emitter Breakdown Voltage (lc = 60 mAde, VBE = 0) V(BR)CES 70 - - Vde 

COllector-Base Breakdown Voltage (lc = 60 mAde, IE = 0) V(BR)CBO 70 - - Vde 

Emitter-Base Breakdown Voltage (IE = 10 mAde, IC = 0) V(BR)EBO 4.0 - - Vde 

Collector Cutoff Current (VCB = 50 Vdc, IE = 0) ICBO - - 3.0 mAde 

ON CHARACTERISTICS 

I DC Current Gain (IC = 5.0 Ade, VCE = 5.0 Vde) hFE 10 

FUNCTIONAL TESTS 

Common-Base Amplifier Power Gain GpB 6.7 7.5 - dB 
(Vce =50 Vde, Pout = 375 W Peak, f= 1090 MHz) 

Collector Efficiency Tic 40 - - % 
(VCC = 50 Vdc, Pout = 375 W Peak, f = 1090 MHz) 

Load Mismatch 'I' No Degradation in Output Power 
(Vce = 50Vdc, Pout = 375 W Peak, f= 1090 MHz, 
Load VSWR = 3:1 All Phase Angles) 

r-----------~--r---r7-,r7-O+ 

RF Inpul 

C1,C2 
C3 
C4 
C5 
L1 
Z1-Z13 

Z2 

Z1 

82 pF ATC Chip 
.1!1F50V 

Z3 

10 I\F 100 V, Electrolytic 
1000 !IF 50 V, Electrolytic 
3 Turns # 18AWG, 118" 10,0.18" Long 
Microslrip, See Details 

1339 -----.... ! 

I-- 682 

MRF1375 
2-588 

Figure 1. Test Circuit 

Z12 Z13 
.......-.:..=:...::.:t-1H===l--< 

C1 RFOutput 

Board Material- Teflon® Glass Laminate, Dielectric 
Thickness 0.020", E r = 2.55, 2 oz. Copper 
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~ .... 
=> 
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; 

Pout = 375 W, VCC=50V 
Tp= 10JlS, OF= 1% 

Freq Zin ZoL* 
MHz Ohms Ohms (1) 

1025 2.4+J1.7 1.1 +J1.3 

1050 2.1 +j1.2 1.1 + j1.4 

1090 1.8+J1.1 1.1 + J1.3 

1125 1.6+j1.1 1.3+J1.3 

1150 1.4 + 11.0 1.2+11.6 
(1) ZoL Is tho conjugate 01 the optimum load 

Impedance In10 which the device operaIas at a 
given 0UIpUt power voltage and frequency. 
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Figure 3. Series Equivalent Input/Output Impedances 
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MOTOROLA 
• SEMICONDUCTOR 

TECHNICAL DATA 

The RF Line 
Microwave Pulse 
Power Transistor 

Designed for 1025-1150.MHz pulse common base amplifier applications 
such as DME. 

• Guaranteed Performance @ 1090 MHz 
Output Power = 500 Watts Peak 
Gain = 5.2 dB Min 

• 100% Tested for Load Mismatch at All Phase Angles with 10:1 VSWR 

• Hermetically Sealed Industry Package 

• Silicon Nitride Passivated 

• Gold Melallized. Emitter Ballasted for Long Life and Resistance to Metal 
Migration 

• Intemallnput Matching 

• Characterized with 10 llS. 1.0% Duty Cycle Pulses 

MAXIMUM RATINGS 

Rating 

Collector-Emitter Voltage 

Collector-Base Voltage 

Emitter-Base Voltage 

Collector Current - Peak (1) 

Total Device Dissipation @ TC = 25°C (1). (2) 
Derate above 25°C 

Storage Temperature Range 

Junction Temperature 

THERMAL CHARACTERISTICS 

Characteristic 

Thermal Resistance. Junction to Case (3) 

NOTES: 
1. Under pulse RF operating conditions. 

Symbol 

VCES 

VCBO 

VEBO 

Ic 

Po 

Tstg 

TJ 

MRF1500 
Motorola Pralernod Device 

SOD W (PEAK). 1025-1150 MHz 
MICROWAVE POWER 

TRANSISTOR 
NPNSILICON 

CASE 355E. STYLE 1 

Value Unit 

65 Vdc 

65 Vdc 

3.5 Vdc 

35 Adc 

17SO Watts 
10 WfOC 

-65 to +200 OC 

200 °c 

Max 

0.1 

2. These devices are designed for RF operation. The total device dissipation rating applies only when the devices are operated as pulsed RF 
amplifiers. 

3. Thermal Resistance is determined under specified RF operating conditions by infrared measurement techniques. (Worst case 9JC value 
measured @32 /1S. 2.0%) 

Preferred devices are Motorola reoommended choices for future use and best overall value. 

MRF1500 
2-590 
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ELECTRICAL CHARACTERISTICS (TC = 25°C unless otherwise noted.) 

I Characteristic Symbol Min Typ Max 

OFF CHARACTERISTICS 

Collector·Emitter Breakdown Voltage (IC = 60 mAde, VBE = 0) V(BR)CES 70 - -
Collector·Base Breakdown Voltage (IC = 60 mAde, IE = 0) V(BR)CBO 70 - -
Emitter·Base Breakdown Voltage (IE = 10 mAdc,lC = 0) V(BR)EBO 4.0 - -
Collector Cutoff Current (VCB = 50 Vdc, IE = 0) ICBO - - 40 

ON CHARACTERISTICS 

I DC Current Gain (IC = 5.0 Adc, VCE = 5.0 Vdc) 20 40 

FUNCTIONAL TESTS 

Common·Base Amplifier Power Gain GPB 5.2 - -
(VCC = 50 Vdc, Pout = 500 W Peak, f = 1090 MHz) 

Collector Efficiency TJ 37 - -
(VCC = 50 Vdc, Pout = 500 W Peak, f= 1090 MHz) 

Load Mismatch '" No Degradation in Output Power 
(VCC = 50 Vdc, Pout = 500 W Peak, f = 1090 MHz, 
Load VSWR = 10:1 All Phase Angles) 

C1 - 82 pF 100 mil Chip Capacitor -= 
C2 - 82 pF 100 mill Chip Capacitor 
C3-0.1 j.lF 
C4 - 10 j.lF 100 V, Electrolytic 
C5 - 1000 j.lF 60 V, Electrolytic 

+ 

L1 - 3 Tums, #18 AWG, 1/8" 10, 0.18 Long 
Z1-Z14-Microstrip, See Details Below 
Board Material - Teflon·Glass Laminate, 
Dielectric Thickness = .020", 
E r = 2.55, 2 oz. Copper 

Figure 1. Test Circuit 

MOTOROLA RF DEVICE DATA 

Unit 

Vdc 

Vdc 

Vdc 

mAdc 

dB 

% 

MRF1500 
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MRF1500 
2-592 

f 
MHz 

1025 

1050 

1090 

1125 

1150 

TYPICAL CHARACTERISTICS 

-r--
"....... 

./ 
/' 

/ 
!/ 

,i 
/ 

VCC=50V -
,/ 

PULSE= 10J!S. 10/0 OF -
FR~Q=l~MHZ I -

o 
20 40 60 80 100 120 140 160 180 200 

PIN. INPUT POWER (WATTS) 

Figure 2. Output Power versus Input Power 

ZIN 
OHMS 

1.6 + j3.9 

2.0 + j4.0 

2.8+j4.0 

3.9 + j3.8 

4.6+ j3.0 

ZOL* 

1.6+jl.7 

1.6+jl.6 

1.5+jl.l 

1.5 + jl.4 

1.4+ j1.6 

ZOL* is the conjugate of the optimum load 
impedance into which the device operates at a 
given output power voltage and frequency. 

Figure 3. Series Equivalent Input/Output Impedances 

MOTOROLA RF DEVICE DATA 



MOTOROLA 
- SEMICONDUCTOR 

TECHNICAL DATA 

The RF Line 
NPN Silicon 
Power Transistors 
· •. designed for 12.5 volt large-signal power amplifiers in commercial and 
industrial equipment. 

• High Common Emitter Power Gain 

• Specified 12.5 V, 175 MHz Performance 
Output Power = 30 Watts 
Power Gain = 10 dB 
Efficiency = 60% 

• Diffused Emitter Resistor Ballasting 

• Characterized to 220 MHz 

• Load Mismatch at High Line and Overdrive Conditiohs 

MAXIMUM RATINGS 

Rating Symbol Value 

Collector-Emitter Voltage VCEO 16 

Collector-Base Voltage VCBO 36 

Emitter-Base Voltage VEBO 4.0 

Collector Current- Continuous IC 8.0 

Total Device Dissipation @ TA = 25°C PD 100 
Derate above 25°C 0.57 

Storage Temperature Range Tstg -65 to +150 

Junction Temperature TJ 200 

THERMAL CHARACTERISTICS 

Characteristic 

Thermal Resistance, Junction to Case 

Unit 

Vdc 

Vdc 

Vdc 

Adc 

Warts 
W/"C 

°c 

°C 

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

Characteristic Symbol 

OFF CHARACTERISTICS 

Collector-Emitter Breakdown Voltage V(BR)CEO 
(IC = 25 mAdc, IB = 0) 

Collector-Emitter Breakdown Voltage V(BR)CES 
(lc = 25 mAde, VBE = 0) 

Emitter-Base Breakdown Voltage V(BR)EBO 
(IE = 5.0 mAdc, IC = 0) 

Collector Cutoff Current ICES 
(VCE = 15 Vde, VBE = 0, TC = 25°C) 

ON CHARACTERISTICS 

DC Current Gain 
(IC = 1.0 Ade, VCE = 5.0 Vde) 

MOTOROLA RF DEVICE DATA 

Min 

16 

36 

4.0 

-

MRF1946 
MRF1946A 

30 W, 136-220 MHz 
RFPOWER 

TRANSISTORS 
NPNSIUCON 

CASE 211-417, STYLE 1 
MRFl946 

CASE 145A-D9, STYLE 1 
MRF1946A 

Max 

1.75 

Typ Max 

- -

- -

- -

Unit 

Vdc 

Vdc 

Vdc 

- 5.0 mAdc 

MRF1946.MRF1946A 
2-593 
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ELECTRICAL CHARACTERISTICS - continued (TC = 25"C unless otherwise noted.) 

Characteristic Symbol I Min Max Unit 

DYNAMIC CHARACTERISTICS 

Output Capacitance 
(VCB = 15 Vdc, IE = 0, f= 1.0 MHz) 

FUNCTIONAL TESTS 

Common-Emitter Amplifier Power Gain 
(VCC= 12.5 Vdc, Pout = 30 W, f= 175 MHz) 

Collector Efficiency 
(VCC = 12.5 Vdc, Pout = 30 W, f = 175 MHz) 

Load Mismatch 
(VCC = 15.5 Vdc, Pin = 2.0 dB Overdrive, 
Load VSWR = 30:1) 

Cl - 56 pF Mini-Unelco, 3HSOO06-56 
C2 - 47 pF Minl-Unelco, 3HS0006-47 
C3, C4 -180 pF Chip Cap, ATC l00B181JC500 
C5 -150 pF Unelco, Jl01-150 
C6 - 39 pF Mini-Unelco, 3HS0006-39 
C7, C8 -1000 pF Chip Cap, ATC 100Bl02JC50 
C9 - 0.1 I1F Ceramic Capacitor 
Cl0-l0 I1F, 25 V Electrolytic Capacitor 
Cl1 - 56 pF Mini-Unelco, 3HSOOO6-56 

Gpe 10 11 - dB 

11 60 70 - % 

I(f 
No Degradation in Power Output 

L5 
'--...... --....-"1'--+12.5 

.,- Vdc 

L3 L4 

C7 

"1 r r 
Ll - 2 Tums #18 AWG, 0.125* 10 
L2, L3 - Circuit Board and Mounting Pad Inductance 
L4 - 3 Tums #18 AWG, 0.125* 10 
L5 - 6 Tums #16 Enameled, 0.250' 10 

RFCI - 0.1511H Molded Choke w/Ferrite Bead 
RFC2 - Ferrite Choke, Fair Rite VK200-4B 

Board Material-I132, Glass Teflon, 1 oz. Cu Plating 

Bead - Ferroxcube 

Figure 1_ Broadband Test Circuit Schematic 

MRF1946.MRF1946A 
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Figure 2. Output Power versus Input Power 
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Figure 4. Output Power versus Supply Voltage 
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Figure 6. Output Power versus Supply Voltage 
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Figure 3. Output Power versus Frequency 
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Figure 5. Output Power versus Supply Voltage 
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Figure 7. Output Power versus Supply Voltage 
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12 100 

r-- Gpe - 80 

i..---- Pin=3W 
60 r-- Tlc 

VCC=12.5V-I--
~ 

4 
150 

INPUTVSWR_ I--- -
155 160 165 170 

f, FREQUENCY (MHz) 

Figure 8. Typical Performance In a 
Broadband Circuit 

2.0:1 40 
_I 

1.5:1_ 

:1 
1.1:1 20 

175 

~ 

~ 
LL 
LL w 
a: 

~ 

~ 
.:; 

I=" 

Vee = 12.5 Vdc, Pout = 30 W 

f lin lOL* 
MHz Ohms Ohms 
136 0.60 - jO.48 2.22 - jO.74 
150 0.63 - jO.26 2.30 - jO.40 
175 0.62 + jO.13 2.35 - jO.04 
220 0.73 + jO.57 2.20 + jO.43 

ZoL' = Conjugate of optimum load 
impedance into which the 
device operates at a given 
output power, voltage and 
frequency. 

Figure 9. Series Equivalent Input and 
Output Impedance 

Figure 10. Broadband Test Circuit 

MRF1946-MRF1946A 
2-596 

MOTOROLA RF DEVICE DATA 



MOTOROLA 
• SEMICONDUCTOR 

TECHNICAL DATA 

The RF Line 
Microwave Linear 
Power Transistor 

Designed primarily for wideband, large signal output and driver amplifier 
stages in the 1.0 to 2.0 GHz frequency range. 

• Designed for Class A or AB, Common Emitter Power Amplifiers 
• Specified 20 Volt, 2.0 GHz Characteristic Power Gain -

7.0 dB Min @ 5.0 W Pout 
• Built In Matching Network for Broadband Operation 

• Gold Metallization for Improved Reliability 
• Diffused Ballast Resistors 

MAXIMUM RATINGS 

Rating Symbol Value Unit 

Collector-Emitter Voltage VCEO 22 Vdc 

Collector-Base Voltage VCES 50 Vdc 

Emitter-Base Voltage VEBO 3.5 Vdc 

Collector Current - Continuous IC 2.0 Adc 

Operating Junction Temperature TJ 200 OC 

Storage Temperature Range Tstg -6510+150 OC 

THERMAL CHARACTERISTICS 

Characteristic Symbol 

Thermal Resistance, Junction 10 Case, DC ReJC(DC) 

Thermal Resistance, Junction 10 Case, RF RruC (RF) 

ELECTRICAL CHARACTERISTICS 

Characteristic Symbol Min 

OFF CHARACTERISTICS 

Collector-Emitter Breakdown Voltage V(BR)CEO 22 
(IC=50rnA,IC=0) 

Collector-Emitter Breakdown Voltage V(BR)CES 50 
(IC = 50 rnA, VBE = 0) 

emitter-Base Breakdown Voltage V(BR)EBO 3.5 
(IE = 1.25 rnA, IC = 0) 

Collector-Emitter Breakdown Voltage V(BR)CER 35 
(IC = 50 mA, RBE = 10 Ohms) 

Collector Cutoff Current ICBO -
(VCE =20V,le= 0) 

ON CHARACTERISTICS 

DC Current Gain 
(IC = 0.5 A, VCE = 5.0 V) 

Preferred devices are Motorola recommended choices for future use and best overall value. 

MOTOROLA RF DEVICE DATA 

MRF2000·SL 

7.0-8.0 dB GAIN 
USABLE 1.0-2.0 GHz 

5.0 WATTS 
MICROWAVE 

LINEAR POWER TRANSISTOR 

CASE 360A, STYLE 1 

Max 

12 

10 

Typ Max 

- -

- -

- -

- -

- 1.25 

Unit 

'oCJW 

oCJW 

Unit 

Vdc 

Vdc 

Vdc 

Vdc 

mAde 

MRF2000-5L 
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ELECTRICAL CHARACTERISTICS - continued 

Characteristic 

FUNCTIONAL TESTS 

Common-Emitter Amplilier Power Gain 
(VCE =20 V, Pout = 5.0W, 1= 2.0 GHz, IC = 600 rnA) 

Collector Efficiency 
(VCE = 20 V, Pout = 5.0 W, I = 2.0 GHz, IC = 600 mAl 

Typical Class AB Performance 

Common-Emitter Amplilier Power Gain 
(VCE = 20 V, Pout = 6.0 W, 1= 2.0 GHz, Ica = 100 rnA) 

Collector Efficiency 
(VCE = 20 V, Po = 6.0 W, 1= 2.0 GHz, Ica = 100 rnA) 

Common-Emitter Amplifier Power Gain 
(VCE =24 V, Pout=8.0 W, 1= 2.0 GHz,ICQ= 100 mAl 

Collector Efficiency 
(VCE = 24 V, Po = 8.0 W, 1=2.0 GHz, Ica = 100 rnA) 

L1 
WE~ __ ~ __ ~~-JTY~~~ __ -,~ 

APPROX. 0.85 V 

C1, 03, C5, C7 - 1 OOpF ATC Chip Capacitor 
C2, C4, C6, C8 - 0.1 IlF Chip Capacitor 
C9 - 50 IlF Electrolytic Capacitor 
C10, C11 -28 pFATC Chip Capacitor 
L1, L2, L3-3Tums, 0.125" Dia., 18AWG 
L4-Loop, 18AWG 
Z1, Z4 - 50r Line 
Z2 - 0.55" wide x 0.4" Long Microstrlp 
Z3-0.4" wide x 1.125" Long Mlcrostrlp 
PC Board - 0.018" Teflon® Fiberglass, Cu Clad e r = 2.55 

Symbol 

GpE1 

11c 

GpE2 

11c 

GpE3 

11c 

D.U.T. 

Figure 1. 2.0 GHz Test Circuit 

MRF200Q-SL 
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Min 

7.0 

39 

-

-

-

-

Typ Max 

- -

- -

5.0 -

48 -

6.5 -

50 -

Unit 

dB 

% 

dB 

% 

dB 

% 

RF 
OUTPUT 

MOTOROLA RF DEVICE DATA 



6 

o o 

,/ 

TYPICAL CHARACTERISTICS 

Jcc = 115 V. IC 1= 600 ~ CL ~S 

I--------r--
/' 

0.2 0.4 0.6 0.8 

Pin. INPUT POWER (WATTS) 

6 

o o 

V 
,/ 

~CC= ~V.lcl=600~CL ~ 

-r--
l..---'" ~ 

~ 
./ 

~ 

0.2 0.4 0.6 0.0 

Pin. INPUT POWER (WATTS) 

Figure 2. Output Power versus Input Power Figure 3. Output Power versus Input Power 

VCE Ic f 
(Vdc) (mA) MHz 

20 500 500 
600 
700 
800 
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1300 
1400 
1500 
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1700 
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1900 
2000 
2100 
2200 
2300 
2400 
2500 

~ 
~ 
I-

~ 2 
II: a g 1.5 

~ 
8 1 
§ 

0.5 

o 

811 
18111 

0.94 
0.94 
0.94 
0.93 
0.92 
0.92 
0.91 
0.90 
0.89 
0.88 
0.88 
0.87 
0.87 
0.81 
0.89 
0.90 
0.92 
0.93 
0.94 
0.95 
0.95 

\ 
~ 
~ I-

5 10 15 20 25 
VCE. COLLECTOR·EMITTER VOLTAGE (VOLTS) 

Figure 4. DC Safe Operating Area 

821 
LtI> 1~11 LtI> 18121 
174 1.95 -17 0.02 
172 1.65 -40 0.02 
171 1.44 -62 0.02 
170 1.28 -84 0.02 
169 1.16 -107 0.02 
169 1.06 -129 0.02 
169 0.99 -152 0.02 
169 0.93 -175 0.02 
169 0.88 161 0.02 
169 0.84 137 0.02 
170 0.81 113 0.02 
171 0.77 88 0.01 
172 0.73 62 0.01 
172 0.69 34 0.01 
173 0.64 8 0.01 
173 0.58 -18 0.01 
173 0.52 -46 0.01 
172 0.48 -73 0.02 
170 0.42 -99 0.02 
167 0.37 -126 0.02 
165 0.32 -153 0.03 

Table 1. Common Emitter S-Parameters 

812 822 
LtI> I~I LtI> 

-63 0.57 -170 
-78 0.59 -170 
-93 0.61 -170 
-107 0.63 -170 
-121 0.65 . -169 
-138 0;67 -169 
-155 0.70 -169 
-172 0.73 -169 

171 0.75 -169 
154 0.76 -170 
141 0.80 -170 
130 0.81 -171 
120 0.83 -173 
123 0.83 -174 
125 0.83 -176 
127 0.83 -177 
122 0.82 -178 
110 0.81 -179 
95 0.80 -179 
82 0.80 -180 
67 0.81 -180 

MOTOROLA RF DEVICE DATA MRF2000-5L 
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Cl 

Cl 

I 
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MRF2000-5L 
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.11lF 

4plcsw 

28pF 
Cl ClI 
Cl Cl-

0 Ow 
I I I 

100pF II n /' C\.,,~ I 
3lums ~ (,1LOOP 

50 IlFelec. 

3plcs ~~\:I 00 
20AWG 

18AWG 

"Cl Cl Cl Cl Cl 
~ l Cl 2p1cs "- Cl 

Cl Cl Cl Cl Cl Cl Cl Cl 

Cl Cl Cl Cl Cl Cl Cl Cl 
Cl 
Cl looJ Cl Cl Cl Cl Cl Cl 

I I 

/ " 
NOTE: MATERIAL IS TEFLON FIBERGLASS. 20 MIL THICK. Cu CLAD 2 SIDES 

Figure 5. Test Circuit Board - Component Placement 

Figure 6. Test Circuit Photomaster 

I 

/ 

(Not to Scale) 
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MOTOROLA 
• SEMICONDUCTOR 

TECHNICAL DATA 

The RF Line 
NPN Silicon 
RF Power Transistor 
· •• designed for 12.5 volt VHF large-signal power amplifiers in commercial and 
industrial FM equipment. 

• Compact .280 Stud Package 

• Specified 12.5 V, 175 MHz Performance 
Output Power = 15 Watts 
Power Gain = 12 dB Min 
Efficiency = 60% Min 

• Characterized to 220 MHz 

• Load Mismatch Capability at High Line and Overdrive 

MAXIMUM RATINGS 

Rating 

Coliector,Emitter Voltage 

Collector-Base Voltage 

Emitter-Base Voltage 

Collector Current - Continuous 

Total Device Dissipation @ T A = 25°C 
Derate above 2500 

SIorage Temperature Range 

Junction Temperature 

THERMAL CHARACTERISTICS 

Characteristic 

Thermal Resistance, Junction to Case 

ELECTRICAL CHARACTERISTICS (T C '" 250C unless otherwise noted.) 

I Characteristic I Symbol 

OFF CHARACTERISTICS 

Collector-Emitter Breakdown Voltage V(BR)CEO 
(IC '" 25 mAde, IB '" 0) 

Collector-Emitter Breakdown Voltage V(BR)CeS 
(IC '" 25 mAde, VBE '" 0) 

Emitter-Base Breakdown Voltage V(BR)EBO 
(IE'" 5.0 mAde, IC'" 0) 

Collector Cutoff Current ICBO 
(VCB'" 15 Vde, Ie'" 0) 

MOTOROLA RF DEVICE DATA 

Symbol 

VCEO 

VCBO 

VEBO 

IC 

Po 

Tstg 

TJ 

Min 

18 

36 

4.0 

-

MRF2628 

15 W 136-220 MHz 
RFPOWER 

TRANSISTOR 
NPNSlUCON 

CASE 244, STYLE 1 

Value 

18 

36 

4.0 

2.5 

40 
0.23 

~65to+150 

200 

Max 

4.0 

Typ Max 

- -

- -

- -

- 1.0 

Unit 

Vde 

Vdc 

Vdc 

Ade 

Watts 
W/"C 

OC 

OC 

Unit 

Vde 

Vde 

Vdc 

mAde 

(continued) 
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ELECTRICAL CHARACTERISTICS - continued (Tc = 25°C unless otherwise noted.) 

Characteristic Symbol Min TYP Max Unit 

ON CHARACTERISTICS 

DC Current Gain 
(lc = 500 mAdc, VCE = 5.0 Vdc) 

DYNAMIC CHARACTERISTICS 

Output Capacitance 
(VCB= 15 Vdc,IE= 0, f= 1.0 MHz) 

FUNCTIONAL TESTS (Figure 1) 

Common-Emitter Amplifier Power GaIn Gpe 12 13 - dB 
(VCC= 12.5 Vdc, Pout = 15 W, f= 175 MHz) 

Collector Efficiency 11 60 68 - % 
(VCC= 12.5Vdc, Pout = 15 W, f= 175 MHz) 

Load Mismatch IjI 

(VCC = 15.5 Vdc, Pin = 2.0 dB Overdrive, No Degradation in Output Power 
Load VSWR = 30:1) 

RFC2 
r--_-------1p-.JyyT\.. ...... - __ --<~ +12.5 V 

r 

MRF2628 
2-602 

Cl, C10, Cll -1000 pF Ceramic Chip Capacitor 
C2 - 27 pF Mini Unelco Capacitor 
C3 - 33 pF Mini Unelco Capacitor 
C4, C5 - 270 pF UnelcO Jl 01 Capacitor 
C6, C9 -18 pF Mini Unelco Capacitor 
C7 - 91 pF Mini Unelco Capacitor 
C8 - 68 pF Mini Unelco Capacitor 
C12 - 0.1 I1F Monolylhlc Capacitor 
C13 -100 I1F, 15 V Electrolytic 
Ll - 3 Turns #18 AWG, 3116"10 
L2 -1-1/B" #18 AWG into 112" High Loop 

l5 L6 

C10 

L3 - Copper Pad, 0.200 x 0.400 x 0.060 
L4 -1/4" #18 AWG Into lIB" High Loop 
L5 - 3 Turns #24 AWG Enameled, 3132" 10 
L6 - 6 Turns #24 AWG Enameled, 3/32" 10 . 
L7 - 1-314" #16 AWG Into 314" High Loop 
Rl - 12 n, 112 W Carbon 
R2 _ 100 n, 1.0 W Carbon 
R3-10n, 1.0 W Carbon 
RFCl -0.15I1H Molded Choke 
RFC2 - Ferroxcube Choke, VK200-4B 

Figure 1. Broadband Circuit 
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FIgure 8. lW»icaI Performance In a 
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80 

-
-

1.5:1 

1.25:1 

~ 40 
175 

f 
MHz 

136 
150 
175 
220 

Vee = 12.5V 
Pout=15W 

Zin 
Ohms 

0.59 - jO.80 
0.68 - jO.61 
0.69 - jO.17 
0.62+ jO.39 

ZOL* 
Ohms 

5.07 - j4.76 
5.23 - j4.14 
5.26 - j3.46 
5.25 - j2.46 

*-ZoL - Conlugate of the optimum load Impedance Into whICh 
the device output operates at a given output power, 
voltage and frequency. 

Figure 9. Series Equivalent Impedance 

Figure 10. Broadband Test Circuit 

MRF2628 
2-804 

MOTOROLA RF DEVICE DATA 



MOTOROLA 
• SEMICONDUCTOR 

TECHNICAL DATA 

The RF Line 
Microwave Linear 
Power Transistors 
· .. designed for Class A, common emitter linear power amplifiers. 

• Specified 20 Volt, 1.6 GHz Characteristics 
Output Power - 0.5, 0.8, 1.6 Watts 
Gain - 9.0-12 dB 

• Low Parasitic Microwave Stripline Package 

• Gold Metallization Diffused Emitter Ballast Resistors 

MAXIMUM RATINGS 

Rating 

Collector Base Voltage 

Emitter Base Voltage 

Collector Emitter Voltage 

Collector Current MRF3094, 3095 
MRF3096 

Operating Junction Temperature 

Storage Temperature 

THERMAL CHARACTERISTICS 

Characteristic 

Thermal ReSistance, Junction 10 Case 

MOTOROLA RF DEVICE DATA 

Symbol 

VCES 

VEBO 

VCEO 

IC 

TJ 

Tstg 

Symbol 

ROJC 

MRF3094 
MRF3095 
MRF3096 

9.0-12d8 
1.55-1.65 GHz 
0.5-1.6 WATrS 

MICROWAVE UNEAR 
POWER TRANSISTORS 

CASE 328F, STYLE 1 

Limit 

50 

3.5 

22 

0.4 
0.8 

200 

-6510+150 

Max 

lInit 

Vdc 

Vdc 

Vdc 

Adc 

·C 

·C 

MRF3094 I MRF3095 I MRF3096 Unit 

40 I 35 I 22 ·C/W 

MRF3094-MRF3095-MRF3096 
2-605 



II 

ELECTRICAL CHARACTERISTICS 

Characteristic 

OFF CHARACTERISTICS 
Collector-Emitter Brea~down Voltage 

(IC=10rnA) 
(IC =20 rnA) 

Emillar Base Breakdown Voltage 
(IE = 0.25 rnA) 
(IE = 0.5 rnA) 

Collector Base Breakdown Voltage 
(Ie = 1.0mA) 
(IC = 2.0 rnA) 

Collector-Emittar Breakdown Voltage 
(IC=10rnA) 
(IC=20mA) 

Collector Cutoff CUrrant 
(VCB=2BV) 

ON CHARACTERISTICS 
DC CUrrant Gain 

(VCE = 5.0 V.IC = 100 rnA) 
(VCE = 5.0 V. Ie = 200 rnA) 

DYNAMIC CHARACTERISTICS 
Output C8pacitanca 

(VCB=2B V. f= 1.0 MHz) 

Functional TasIs 

MRF3094. MRF3095 
MRF3096 

MRF3094. MRF3095 
MRF3096 

MRF3094. MRF3095 
MRF3096 

MRF3094. MRF3095 
MRF3096 

MRF3094. MRF3095 
MRF3096 

MRF3094. MRF3095 
MRF3096 

MRF3094. MRF3095 
MRF3096 

(VCE=2OV,IC= 120 rnA, Po .. 0.5W, f= 1.6GHz) MRF3094 
(VCE=2OV,IC= 120 rnA, Po = O.B W, f .. l.6GHz) 
(VCE=2OV,IC = 240 rnA, Po= 1.6W, f= 1.6GHz) 

output Load Mismatch 
(VCE=2OV,IC=12OrnA, Po. 0.5 W, 
f = 1.6 GHz, Load VSWR = 00:1) 
(Vce=2OV,lc= 120 rnA, Po= O.B W, 
f .. 1.6 GHz, ~ VSWR .. 00:1) 
(Vce=2OV,lc=24OrnA, Po= 1.6W, 
f = 1.6 GHz, Load VSWR = 00:1) 

Ga,in Linearity 
(VCE=20 V,IC:= 120 rnA, f" 1.6 GHz, 
Pol = 0.5 W, P02 " 0.5 mW) 
(VCE = 20 V, IC" 120 rnA. f" 1.6 GHz, 
Pol = O.B W. Po2" O.B mW) 
(Vee = 20 V.Jc" 120 rnA, f" 1.6 GHz. 
Pol" 1.6W, P02" 1.6mW) 

MRF3094.URF3095.MRF3096 
2-&06 

MRF3095 
MRF3096 

MRF3094 

MRF3095 

MRF3096 

MRF3094 

MRF3095 

MRF3096 

Symbol 

V(BR)CES 

V(BR)EBO 

V(BR)CBO 

V(BR)CEO 

ICBO 

Cob 

GpE 

'I' 

LG 

Min Typ Max Unit 

50 - - Vile 

3.5 ~ - Vdc 

45 - - Vdc 

22 - - Vdc 

mAde 
- - 0.25 
- - 0.5 

pF 
- - 3.5 
- - 5.5 

dB 
10.5 11.5 -
9.0 10 -
9.0 9.5 -

No degradation in output power 

dB 

- - -0.2\0+1.0 

- - -0.2 '\0 + 1.0 

- - -0.2 \0 +1.0 

MOTOROLA RF DEVICE DATA 
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TYPICAL CHARACTERISTICS 

VCE Ic f 811 ~1 812 
(Volts) (rnA) (MHz) Mag Lc!I Mag Lc!I Mag 

20 100 500 0.77 -177.9 6.16 83.7 0.36 
600 0.78 176.7 5.20 77.2 0.38 
700 0.78 171.8 4.48 71.1 0.40 
800 0.78 167.4 3.90 66.3 0.41 
900 0.79 163.3 3.46 61.2 0.42 
1000 0.79 159.3 3.11 56.4 0.46 
1100 0.80 155.7 2.81 52.0 0.48 
1200 0.80 152.4 2.60 47.5 0.50 
1300 0.80 149.3 2.40 43.5 0.53 
1400 0.80 147.1 2.18 40.6 0.57 
1500 0.81 143.6 2.06 34.3 0.59 
1600 0.81 140.8 1.92 30.8 0.62 
1700 0.82 137.9 1.81 27.9 0.66 
1800 0.82 135.2 1.67 22.7 0.68 
1900 0.83 132.7 1.61 19.4 0.71 
2000 0.83 130.2 1.52 16.3 0.75 

Table 1. MRF3094 Common EmlHer S-Parameters 

MRF3094 

1.S.----,---,----'---,------r---r----,,---,-----, 

.1SV 

10V ZIN 
Ohms 

822 

Lc!I Mag Lc!I 
31.9 0.32 -57.1 
32.2 0.30 -60.3 
33.4 0.29 -62.6 
35.0 0.29 -67.3 
36.6 0.28 -70.8 
38.1 0.29 -74.5 
39.2 0.29 -79.3 
40.1 0.29 -83.3 
40.7 0.30 -88.3 
42.2 0.30 -93.3 
41.0 0.30 -97.7 
41.9 0.30 -103.4 
42.5 0.31 -107.6 
41.9 0.32 -112.7 
41.9 0.33 -117.8 
41.8 0.34 -121.3 

ZoL* 
Ohms 

~ 0.5r--+-~~~~--t_-+---r-_4--~ 
f 

GHz R jx R jx 

1.55 5.9 11.9 10.2 0.23 
5 
rP 

100 200 

PIN, INPUT POWER (mW) 

Figure 1. Output Power versus Input Power 

EB032190 

1.60 5.8 11.3 11.3 -2.4 

1.65 5.6 10.6 12.4 -6.0 

·ZOL = Conjugate of the optimum load impedance into which the 
device output operates at a given output power, voltage and 
power. 

Figure 2. Series Equivalent Input and 
Output Impedance 

MRF3094 

(Not to Scale) 
NOTE: Material is Tefton Fiberglass, 18 mils thick, Cu clad 2 sides 

Figure 3. Photomaster of Test Circuit 

MOTOROLA RF DEVICE DATA MRF3094-MRF309S-MRF3096 
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TYPICAL CHARACTERISTICS 

VCE Ic f 811 821 812 
(Volts) (mA) (MHz) Mag Lcp Mag LIjI Mag 

20 120 500 0.83 -1n.4 4.90 71.1 0.29 
600 0.83 179.6 4.08 64.4 0.30 
700 0.83 176.9 3.48 59.3 0.31 
800 0.83 175.0 3.20 52.8 0.34 
900 0.82 171.6 2.70 48.6 0.33 
1000 0.82 169.5 2.49 42.3. 0.36 
1100 0.83 167.4 2.26 37.0 0.38 
1200 0.80 164.3 2.10 29.4 0.39 
1300 0.81 162.2 1.87 27.9 0.41 
1400 0.81 160.1 1.n 21.7 0.44 
1500 0.80 157.8 1.63 15.2 0.45 
1600 0.80 155.2 1.46 11.1 0.48 
1700 0.80 152.3 1.42 9.6 0.48 
1800 0.78 148.5 1.36 2.5 0.53 
1900 o.n 144.5 1.25 -3.1 0.54 
2000 0.78 141.0 1.17 -5.6 0.58 

Table 2. MRF3095 Common Emitter S-Parameters 

MRF3095 

12r-------,--------r------~~V~C-E=~~~V--, 

f=1.6GHz e 1 IC= 1~ rnA +-----,,01""'---, 

~ 
a: 0.8 t--------t---::;;fC---'.,c:..------i-=-10 v . 

~ ... O.61-----....""'I---~--_+,.,,.,."'------i------__i 

~ 
80At---,~~~~_+------r-----~ 

ZIN 

f Ohms 

GHz R 

1.55 5.2 

1.60 4.9 

1.65 4.8 

822 
LIjI Mag Lcp 

21.7 0.36 -81.6 
22.1 0.37 -87.2 
23.6 0.39 -92.3 
23.2 0.42 -96.4 
25.0 0.43 -103.2 
24.9 0.46 -107.6 
25.2 0.48 -112.5 
22.1 0.51 -117.7 
25.9 0.54 -121.6 
24.4 0.57 -125.3 
22.4 0.58 -129.3 
22.6 0.61 -131.7 
23.9 0.66 -133.9 
21.6 0.66 -136.6 
19.7 0.66 -139.3 
20.3 0.67 -141.9 

lol" 
Ohms 

jx R Ix 
10.6 8.6 -22.4 

9.9 9.6 -25.4 

9.3 10.3 -27.8 

100 
PIN, INPUT POWER (mW) 

*ZoL = Conjugate of the optimum load Impedance Into which the 
device output operates at a given output power, voltage and 
power. 

Figure 4. Output Power versus Input Power Figure 5. Series Equivalent Input and 
Output Impedance 

MRF3094-MRF309S-MRF3096 
2-608 

EB041790 MRF3095 ~ 
(Not to Scale) 

NOTE: Material is Teflon Fiberglass, 18 mils thick, Cu clad 2 sides 

Figure 6. Photomaster of Test Circuit 

MOTOROLA RF DEVICE DATA 



Vee 
(Volts) 

20 

Ie 
(mA) 

230 

TYPICAL CHARACTERISTICS 

f 811 ~1 812 ~ 
(MHz) Mag L~ Mag L~ Mag L~ Mag L~ 

500 0.87 174.6 3.66 65.2 0.31 17.2 0.34 -133.0 
600 0.88 171.1 3.01 57.8 0.32 18.9 0.36 -137.4 
700 0.88 167:9 2.56 50.9 0.33 20.5 0.39 -140.0 
800 0.88 165.2 2.21 44.9 0.36 21.9 0.41 -143.0 
900 0.88 161.8 1.92 37.8 0.37 23.6 0.44 -145.8 
1000 0.88 158.9 1.72 32.7 0.39 24.7 0.48 -149.2 
1100 0.88 156.0 1.54 26.3 0.40 25.8 0.50 -152.4 
1200 0.88 153.2 1.39 20.5 0.42 25.7 0.53 -156.2 
1300 0.88 150.6 1.28 15.2 0.44 26.5 0.56 -158.6 
1400 0.88 147.9 1.15 10.3 0.50 27.2 0.58 -162.9 
1500 0.88 146.2 1.06 4.8 0.50 26.6 0.60 -166.1 
1600 0.88 143.2 0.98 -1.0 0.52 26.4 0.64 -170.4 
1700 0.89 140.9 0.90 -4.2 0.54 27.3 0.65 -173.3 
1800 0.88 138.5 0.84 -10.5 0.58 25.4 0.67 -175.9 
1900 0.88 136.0 0.79 -15.2 0.59 24.2 0.67 179.1 
2000 0.88 133.6 0.73 -16.6 0.64 26.2 0.69 178.6 

Table 3. MRF3096 Common Emitter S-Parameters 

PIN, INPUT POWER (mW) 

MRF3096 

ZIN ZoL* 

f Ohms Ohms 

GHz R jx R jx 

1.55 2.9 6.1 8.2 -12.0 

1.60 3.0 5.2 8.5 -12.8 

1.65 2.7 4.6 8.9 -14.3 

ZOL = Conjugate of the optimum load Impedance into which the 
device output operates at a given output power, voltage and 
power. 

Figure 7. Output Power versus Input Power Figure 8. Series Equivalent Input and 
Output Impedance 

~ EB042690 ~ ~ MRF3096 

(Not to Scale) 

NOTE: Material is Teflon Fiberglass, 18 mils thick, Cu clad 2 sides 

Figure 9. Photomaster of Test Circuit 
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MOTOROLA 
• SEMICONDUCTOR 

TECHNICAL DATA 

The RF Line 
Microwave Linear 
Power Transistors 
• Designed for Class A, Common Emitter Linear Power Amplifiers. 

• 

• Specified 20 Volt, 1.6 GHz Characteristics: 

MRF3104 MRF3105 MRF3106 

Output Power 

Power Gain 
0.5W 

10.5 dB 
0.8W 
9dB 

• Low Parasitic Microwave Stripline Package 
• Gold Metalization for Improved Reliability 

• Diffused Ballast Resistors 

MAXIMUM RATINGS (T A = 25·C unless otherwise noted) 

Rating Symbol 

Collector-Emitter Voltage VCEO 

Collector-Emitter Voltage VCES 

Emitter-Base Voltage VEBO 

Collector Current MRF3104, MRF3105 IC 
MRF31OS 

Operating Junction Temperature Tj 

Storage Temperature Tstg 

THERMAL CHARACTERISTICS 

Characteristic 

Thermal Resistance, Junction to Case, DC 

ELECTRICAL CHARACTERISTICS 

Characteristic 

OFF CHARACTERISTICS 

Collector-Emitter Breakdown Voltage 
(IC = 10 mA, IB = 0) 

Collector-Emitter Breakdown Voltage 
(IC = 10 mA, VBE = 0) 

Collector-Base Breakdown Voltage 
(IC= 1 rnA,IE= 0) 

Emitter-Base Breakdown Voltage 
(IE = 0.25 mA, IC = 0) 

I.SW 
8dB 

Value 

22 

50 

3.5 

0.4 
0.8 

200 

-6510+125 

Collector Cutoff Current MRF3104, MRF31 05 

Unit 

Vdc 

Vdc 

Vdc 

Adc 

·C 

·C 

MRF3104 
MRF3105 
MRF31OS 

Symbol 

BVCEO 

BVCES 

BVCBO 

BVEBO 

ICBO 
(VCB =28 V,IE = 0) MRF31 06 

ON CHARACTERISTICS 

DC Current Gain 
(VCE = 5.0 V, IC = 100 rnA) 

MRF3104.MRF3105.MRF3106 
2-610 

Symbol 

ROJC (DC) 

Min 

22 

50 

45 

3.5 

-
-

MRF3104 
MRF3105 
MRF3106 

8.0-12 dB GAIN 
1.55-1.65 GHz 

MICROWAVE UNEAR 
POWER TRANSISTORS 

CASE 305A, STYLE 1 
(.204' PILL) 

Max 

40 
35 
22 

Typ Max 

- -

- -

- -

- -

- 0.25 
- 0.5 

Unit 

·cm 

Unit 

Vdc 

Vdc 

Vdc 

Vdc 

rnAde 

MOTOROLA RF DEVICE DATA 



ELECTRICAL CHARACTERISTICS - continued 

Characteristic 

DYNAMIC CHARACTERISTICS 

Output Cspacltance (VeB = 28 V,IE = 0, f= 1.0 MHz) 

FUNCTIONAL TESTS 

Conmon Emitter Amplifier Gain 
(VCE=2O V,IC= 120 rnA, Pout = 0.5 W, f= 1.6 GHz) 
(VCE = 20 V,le= 120 mA, Pout = 0.8 W, f= 1.6GHz) 
(VCE = 20 V,IC=240 mA, Pout = 1.6 W, f= 1.6 GHz) 

Output Load Mismatch 
(VCE = 20 V, IC = 120 mA, Pout = 0.5 W, f = 1.6 GHz) 
(VCE =2OV,IC = 120 rnA, Pout = 0.8 W, f= 1.6 GHz) 
(VCE=20V,le =240 mA, Pout = 1.6 W, f= 1.6 GHz) 

GaIn Unearity 
(VCE = 20 V,IC = 120 mA, f = 1.6 GHz, 
Pol = 0.5 W, P02 = 0.5 mW) 
(VCE =20V,IC= 120 mA, f= 1.6 GHz, 
Pol = 0.8 W, P02 = 0.5 mW) 
(VCE = 20 V, Ie = 240 mA, f = 1.6 GHz, 
Pol = 1.6 W, P02 = 0.5 mW) 

MRF3104 
MRF3105 
MRF31 06 

MRF3104 
MRF3105 
MRF3106 

MRF3104 
MRF3105 
MRF3106 

MRF3104 

MRF3105 

MRF3106 

Gpe 

LG 

TYPICAL CHARACTERISTICS 

MRF3104 

1.5,.--------.-----------, 
Freq = 1.6 GHz,1e = 120 rnA 

VCE=20V 

15V 
~ 
II: 1.0t-------:7"c-b""""'--------l 
~ 10V 

5 
§ 05r---~~~----r-----------~ 
rE 

100 200 

i1n, INPUT POWER (mW) 

~ EB042491 

dB 
10.5 11.5 -
9.0 10.0 -
8.0 9.0 -

No Degradation in -
Output Power -

-
dB 

- - -0.210 1.0 

- - -0.210 1.0 

- - -0.210 1.0 

Test Circuit Board 

MOTOROLA 
MRF3104 

(Not to Scale) 

Figure 1. Output Power versus Input Power Figure 2. Photomaster tor Test Circuit 

VCE IC f 511 521 

(V) (mA) (MHz) Mag Dag Mag Dag Mag 

20 120 1550 0.75 123 1.97 21 0.08 
1575 0.76 123 1.93 20 0.09 
1600 0.76 122 1.91 19 0.09 
1625 0.76 122 1.80 18 0.09 
1650 0.76 121 1.85 17 0.09 

Table 1. Common Emitter S-Parameters 

MOTOROLA RF DEVICE DATA 

512 S22 

Dag Mag Dag 

44 0.31 -113 
44 0.32 "';115 
43 0.32 -116 
42 0.32 -117 
42 0.33 -119 

MRF3104-MRF3105-MRF3106 
2-611 
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II 

TYPICAL CHARACTERISTICS - continued 

MRF31 05 

1.2 .-----------,-----::7-----, 

1.0 I--------~~-___:.,----__l 

~ 0.81-----T'------:l~---_::7"~-_l 
~ 
12 0.6 t-------:r----:;~__l.,.,.:::------I_ ..... _1IIIIIi 
~ 

"a.. 8 O.41---+---,~--7"""--_+-------__! 

100 200 

Pin. INPUT POWER (mW) 

MOTOROLA 
MRF3105 ~ 

(Not to Scale) 

Figure 3. Output Power versus Input Power Figure 4. Photomaster for Test Circuit 

Sll S21 S12 S22 
VeE Ie f 
(V) (mA) (MHz) Mag Deg Meg Deg Mag Deg Mag Deg 

20 120 1550 0.75 139 1.49 19 0.09 44 0.42 -124 
1575 0.75 138 1.46 18 0.10 43 0.42 -126 
1600 0.75 137 1.44 17 0.10 43 0.43 -127 
1625 0.75 137 1.42 15 0.10 43 0.43 -129 
1650 0.75 136 1.39 14 0.10 42 0.44 -130 

Table 2. Common Emitter S-Parameters 

MRF31 06 

3.------.-----.-----.-----. Test Circuit Board 
Freq = 1.6 G z, Ie = 240 rnA 

VCE=20V _. 
MOTOROLA 

MRF31 06 ~ 
100 200 300 400 (Not to Scale) 

Pin. INPUT POWER (mW) 

Figure 5. Output Power versus Input Power Figure 6. Photomaster for Test Circuit 

Sll S21 S12 S22 
VeE Ie f 
(V) (mA) (MHz) Mag Deg Mag Deg Mag O8g Mag O8g 

20 240 1550 0.97 145 0.78 11 0.20 -130 0.56 169 
1575 0.97 143 0.78 10 0.17 -104 0.56 168 
1600 0.96 142 0.77 9 0.16 -104 0.56 166 
1625 0.96 140 0.76 8 0.14 -104 0.56 165 
1650 0.95 139 0.75 7 0.12 -104 0.56 164 

Table 3. Common Emitter S-Parameters 

MRF3104.MRF31OS.MRF3106 
2-612 
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MOTOROLA 
• SEMICONDUCTOR 

TECHNICAL DATA 

The RF Line 
NPN Silicon 
High-Frequency Transistor 
· •• designed for amplifier and oscillator applications in industrial equipment 
construted with surface mount components. 

• Low Cost SORF Plastic Surface Mount Package 

• Guaranteed RF Specification - IS21 12 
• S-Parameter Characterization 
• Tape and Reel Packaging Options Available 

MAXIMUM RATINGS 

RatIng Symbol Value Unh 

Collector-Emitter Voltage VCEO 30 V 

Collector-Base Voltage VCBO 55 V 

Emitter-Base Voltage VEBO 3.5 V 

Collector Current - Continuous IC 0.4 A 

Total Device Dissipation @ TA = 25°C Po 1.0 Watt 
Derate above 25°e 8.0 mW/"C 

Operating and Storage Junction TJ, Tstg -55 to +150 °c 
Temperature Range 

THERMAL CHARACTERISTICS 

Characteristic 

Storage Temperature 

Thennal Resistance, Junction to Ambient 

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

I Characteristic I Symbol 

OFF CHARACTERISTICS 

Collector-Emitter Breakdown Voltage (Ie = 5.0 mA, RBE = 1{) 0) V(BR)CER 

Collector-Base Sustaining Voltage (IE = 5.0 rnA) VCEO(sus) 

Collector-Base Breakdown Voltage (IC = 0.1 rnA) V(BR)CBO 

Emitter-Base Breakdown Voltage (IE = 0.1 rnA) V(BR)EBO 

Collector Cutoff Current (V CE = 28 V) ICEO 

Collector Cutoff Current (VCE = 55 V, VBE = -1.5 V Reverse) ICEX 

ON CHARACTERISTICS 

DC Current Gain hFE 
(IC = 0.36 A, VCE = 5.0 V) 
(IC = 0.05 A, VCE = 5.0 V) 

Collector-Emitter Saturation Voltage (IC = 100 rnA, IB = 20 mAl VCE(sat) 

SMALL-8IGNAL CHARACTERISTICS 

Current-Gain - Bandwidth Product . IT 
(IC = 50 rnA, VCE = 15 V, f = 200 MHz) 

Output Capacitance Cobo 
(VCB = 30 V, f= 1.0 MHz) 

MOTOROLA RF DEVICE DATA 

Symbol 

Tstg 

RaJA 

Min 

55 

30 

55 

3.5 

-
-

5.0 
10 

-

500 

-

MRF3866 

SURFACE MOUNT 
RF TRANSISlOR 

NPNSlUCON 

CASE 751, STYLE 1 
(~) 

Max 

150 

125 

Typ 

- -
- -
- -
- -
- 20 

- 100 

- -
- 200 

- 1.0 

800 -

- 3.0 

Unh 

OC 

OC/W 

Unh 

V 

V 

V 

V 

pA 

pA 

-

V 

MHz 

pF 

MRF3868 
2-613 
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VCE 
(Volts) 

15 

MRF3866 
2-614 

IC 
(mA) 

50 

f 
(MHz) 

100 
200 
300 
400 
500 
600 
700 
800 
900 
1000 

S11 S21 
, 

S11 LojI 821 LojI S12 

0.67 -166 13.75 92 0.016 
0.69 -176 6.93 81 0.024 
0.70 177 4.57 73 0.032 
0.71 172 3.38 67 0.042 
0.72 168 2.66 61 0.049 
0.72 164 2.17 54 0.056 
0.72 160 1.85 49 0.061 
0.72 155 1.61 44 0.068 
0.71 151 1.40 39 0.075 
0.70 146 1.25 34 0.084 

Table 1. Common Emitter S·Parameters 

S12 S22 

LojI 822 LojI 

44 0.32 -27 
53 0.30 -24 
57 0.32 -31 
59 0.34 -37 
59 0.37 -45 
61 0.40 -53 
63 0.43 -60 
65 0.47 -66 
64 0.50 -73 
68 0.53 -79 

MOTOROLA RF DEVICE DATA 



MOTOROLA 
• SEMICONDUCTOR 

TECHNICAL DATA 

The RF Line 
NPN Silicon 
RF Low Power Transistor 
· .. designed for amplifier, frequency multiplier, or oscillator applications in 
industrial eqUipment constructed with surface mount components. Suitable for 
use as output driver or pre-driver stages in VHF and UHF equipment 

• Low Cost SORF Plastic Surface Mount Package 

• Guaranteed RF Specification - IS21 12 

• S-Parameter Characterization 

• Low Voltage Version of MRF3866 

• Tape and Reel Packaging Options Available 

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 Junction and Storage Temperature Range 

THERMAL CHARACTERISTICS 

Characteristic 

Thermal Resistance, Junction to Ambient 

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

I Characteristic I Symbol 

OFF CHARACTERISTICS 

Collector-Emitter Sustaining Voltage V(BR)CEO 
(IC = 5.0 mAdc, IB = 0) 

Collector-Emitter Breakdown Voltage V(BR)CER 
(IC = 5.0 mAdc, RBE = 10 ohms) 

Emitter-Base Breakdown Voltage V(BR)EBO 
(IE = 100 pAdc) 

Collector Cutoff Current- ICEO 
(VCE = 12 Vdc, IB = 0) 

MOTOROLA RF DEVICE DATA 

Symbol 

VCEO 

VCBO 

VEBO 

IC 

Po 

TJ, Tstg 

Min 

20 

40 

2.0 

-

MRF4427 

1.0W, 175 MHz 
HIGH-FREQUENCY 

TRANSISTOR 
NPNSIUCON 

CASE 751, STYLE 1 
SORF 
(SO-8) 

Value 

20 

40 

2.0 

400 

1.5 
12.5 

-65 to +150 

Max 

125 

1\tp Max 

- -

- -

- -

- 20 

Unit 

Vdc 

Vdc 

Vdc 

mAdc 

Watts 
mWfOC 

°c 

Unit I 

Vdc 

Vdc 

Vdc 

j.LAdc 

(continued) 

MRF4427 
2-615 
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ELECTRICAL CHARACTERISTICS - continued (T C = 25"<: unless otherwise noted.) 

I Characteristic I Symbol I Min Max 

ON CHARACTERISTICS 

DC Current Gain 
(IC = 100 mAdc, VCE = 5.0 Vdc) 
(Ic = 360 mAde, VCE = 5.0 Vdc) 

Collector-Emitter Saturation Voltage 
(IC = 100 mAde, IB = 20 mAde) 

DYNAMIC CHARACTERISTICS 

Current-Gain - Bandwidth Product 
(IC = 50 mAde, VCE = 12 Vdc, f = 200 MHz) 

OUtput capacJtance 
(VCB= 12 Vdc,IE= 0, f= 1.0 MHz) 

FUNCTIONAL TESTS 

Common-Emitter Amplifier Power Gain 
(Pjn= 15 mW, VCC = 12Vdc, f= 175 MHz) 

Collector Efficiency (Figure 1) 
(Pout = 1.0 W, Vee = 12Vdc, f= 175 M~z) 

Insertion GaIn 
(VCE = 12 Vdc, IC = 50 rnA, f = 200 MHz) 

C16 t + 01 
R2 

Rl 

Vee 

hFE 
10 50 200 
5.0 - -

VCE(sat) - 60 -

fT 

Cob 

Gpe 

11 

IS21 12 

- 1600 -

- - 3~0 

- 18 -

- 60 -

14 16.4 -

Cl, C2 -5.5-18 pF Erie ceramic trimmer 
C3-1000 pFATC 100 mil chip cap. 
C4 - 9.0-35 pF Erie ceramic trimmer 
C5 - Area 405 mica trimmer 
ce, C8, C10, C14 - 0.11lF r:rie blue cap. 
C7, C9 - 470 pF ATC 100 mil chip cap. 
C11, C13, C15-1.0 IlF Erie blue cap, non-polar 
C12 - 1000 pF feedthru 
C16 -10 IlF, 25 V lantalum 
D1-1N4148or 1N914 
L1-6T#2OAWGon#2drill bit 
L2 - 4T #20 AWG on #4 drill bit 
R1 -4.7 kn 118 watt carbon 
R2 - 100 n 118 watt carbon 
RFC1-4 -10 jlH molded choke 

Figure 1_ 175 MHz RF Amplifier Circuit for Functional Tests 

Unit 

-

mVdc 

MHz 

pF 

dB 

% 

dB 

MRF4427 
2-616 
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TYPICAL CHARACTERISTICS 

u:-
S 
w 
(.') 
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(.') 

~ 
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::> a. 
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II: 
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'5 

rE 400 
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1=1 MHz 

\ 
'\ 

.......... --
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I--

I--

./ 
V 

VCB. COLLECTOR-BASE VOLTAGE (V) 

Figure 2. COliecto .... Base capacitance 
versus Voltage 

I I 
r- Pin=15mW 

~ 'j I -' 

'" 
~ V r-

I I ..",- ./ ~ 
I- 1=136M~ 

~5MHZ /V 
/' /' 

V 

---

4 5 6 7 8 9 10 11 12 13 14 

Vee. COLLECTOR SUPPLY VOLTAGE M 

Figure 4. Output Power versus Voltage 

MOTOROLA RF DEVICE DATA 

2000 

¥ 1800 

~ 1600 
(.') 

15 1400 
o 
g: 1200 
::J: 
b 1000 

~ 800 

~ 600 
:z 
~ 400 

oX 200 

00 

1200 

1100 
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I 
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V- -r--.... 
/ -i"-.. 

VCC=12Vdc_ 
1=200MHz 
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iC. COLLECTOR CURRENT (rnA) 

Figure 3. Gain Bandwidth Product versus 
Collector Current 

I I I I 
VCC=12.5V Pin = 15mW 

I I 
I I I I 800 

15 -r-- Vee=75V Pin =30 mW 
a. .... 
::> a. 
!3 
0 
'5 

rE 

700 

600 

500 

400 

300 

r--- ~ I 
.... .1 1 I~ 

VCC=5V Pin = 30 mW-
'j' I 

I I I T -
I I I I 
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I. FREQUENCY (MHz) 

Figure 5. Output Power versus Frequency 
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VeE Ie f S11 S:!1' ~2 S:!2 
(Volts) (mA) (MHz) IS111 L4l 1S:!11 L4l IS121 L4l 18221 L4l 

5.0 5.0 50 0.82 -104 10.3 125 0.05 38 0.68 -34 
100 0.83 -141 6.1 103 0.06 26 0.51 -40 
200 0.81 -165 3.2 85 0.07 21 0.44 -46 
500 0.80 169 1.3 57 0.07 32 0.49 -73 
750 0.79 156 0.8 42 0.08 49 0.58 -94 
1000 0.76 144 0.6 30 0.11 61 0.65 -114 

25 50 0.77 -151 19 107 0.02 36 0.35 -75 
100 0.79 -168 9.9 94 0.03 37 0.21 -87 
200 0.79 -180 5.0 82 0.04 49 0.16 -97 
500 0.78 163 2.0 61 0.07 62 0.22 -108 
750 0.77 152 1.3 48 0.10 66 0.31 -115 
1000 0.74 141 0.9 36 0.13 66 0.37 -127 

50 50 0.77 -163 21.1 103 0.02 37 0.29 -98 
100 0.79 -174 10.7 92 0.02 50 0.19 -119 
200 0.79 177 5.4 82 0.03 62 0.16 -134 
500 0.78 162 2.2 62 0.07 67 0.20 -131 
750 0.77 151 1.4 50 0.10 69 0.26 -130 
1000 0.74 140 1.1 38 0.13 67 0.32 -139 

12 5.0 50 0.83 -97 11 129 0.04 46 0.75 -26 
100 0.82 -135 6.8 107 0.05 29 0.61 -29 
200 0.81 -162 3.6 88 0.05 24 0.54 -34 
500 0.79 171 1.4 60 0.06 37 0.47 -57 
750 0.78 157 0.9 44 0.07 55 0.64 -76 
1000 0.75 145 0.7 32 0.09 66 0.70 -95 

25 50 0.73 -143 22.1 111 0.02 38 0.43 -52 
100 0.76 -164 11.7 96 0.02 39 0.29 -52 
200 0.77 -177 6.0 84 0.03 48 0.22 -53 
500 0.76 165 2.4 63 0.06 64 0.27 -69 
750 0.75 154 1.6 49 0.08 67 0.35 -84 
1000 0.72 143 1.1 38 0.11 69 0.42 -98 

50 50 0.73 -156 25.5 106 0.02 41 0.32 -67 
100 0.75 -171 13.1 94 '0.02 49 0.20 -69 
200 0.76 59 6.6 83 0.03 60 0.15 -71 
500 0.75 164 2.6 64 0.06 69 0.20 -81 
750 0.74 153 1.7 51 0.09 70 0.27 -92 
1000 0.71 142 1.2 38 0.12 70 0.34 -104 

Table 1. Common Emitter S·Parameters 

Freq. Pin Pout Vee lin ZoL* 
(MHz) (mW) (mW) (Volts) (Ohms) (Ohms) 

136 15 - 12.5 6.2-j11.6 -
175 15 - 12.5 4.6-]10.4 -
136 - 1000 12.5 - 47.7 + ]41.7 
175 - 1000 12.5 - 47.4-]34.4 

136 30 - 7.5 5.65-]12.6 -
175 30 - 7.5 6.25-]12.2 -
136 - 650 7.5 - 27.6-132.4 
175 - 650 7.5 - 27.9-]27.6 

136 30 - 5.0 6.1-j13.3 -
175 30 - 5.0 5.9-]12.22 -
136 - 450 5.0 - 24.8-]22.8 
175 - 450 5.0 - 28.3-j29.3 . ZoL = Conjugate 01 optimum load Impedance Into which the deVIce operates at a gain output power, voltage and frequency • 

Table 2. Series Input/Output Impedances 

MRF4427 
2~18 
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MOTOROLA 
• SEMICONDUCTOR 

TECHNICAL DATA 

The RF MOSFET Line 
RF Power Field Effect Transistor 
N-Channel Enhancement-Mode 

The MRF5003 is designed for broadband commercial and industrial 
applications at frequencies to 520 MHz. The high gain and broadband 
performance of this device makes it ideal for large-signal, common source 
amplifier applications in 7.5 Volt and 12.5 Volt mobile, portable, and base 
station FM equipment. 

• Guaranteed Performance at 512 MHz, 7.5 Volts 
Output Power = 3.0 Watts 
Power Gain = 9.5 dB 
Efficiency = 45% 

• Characterized with Series Equivalent Large-Signal Impedance Parameters 

• S-Parameter Characterization at High Bias Levels 

• Excellent Thermal Stability 

• All Gold Metal for Ultra Reliability 

• Capable of Handling 20:1 VSWR, @ 15.5 Vdc, 512 MHz, 2.0 dB Overdrive 

• Suitable for 12.5 Volt Applications 

• True Surface Mount Package 

• Available in Tape and Reel 

MAXIMUM RATINGS 

Rating 

Drain-Source Voltage 

Drain-Gate Voltage (RGS = 1.0 Meg Ohm) 

Gate-Source Voltage 

Drain Current - Continuous 

Total Device Dissipation @ TC = 25°C 
Derate above 25°C 

Storage Temperature Range 

Operating Junction Temperature 

THERMAL CHARACTERISTICS 

Characteristic 

Thermal Resistance, Junction to Case 

Symbol 

VOSS 

VDGR 

VGS 

10 

Po 

Tstg 

TJ 

MRF5003 

3.0 W, 7.5 V, 512 MHz 
N-CHANNEL 

BROADBAND 
RF POWER FET 

CASE 430, STYLE 2 

Value 

36 

36 

±20 

1.7 

12.5 
0.07 

-65 to +150 

200 

Max 

14 

Unit 

Vdc 

Vdc 

Vdc 

Adc 

Watts 
wrc 

°C 

°C 

NOTE -~ - MOS devices are susceptible to damage from electrostatic charge. Reasonable precautions In handnng and 
packaging MOS devices should be observed. 

Preferred devices are Motorola recommended choices for future use and best overall value. 

MOTOROLA RF DEVICE DATA MRF5003 
2-619 
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ELECTRICAL CHARACTERISTICS (T C ~ 25°C unless otherwise noted.)' 

I Characteristic I Symbol 

OFF CHARACTERISTICS 
~rain-Source Breakdown Voltage 

(VGS ~ 0, 10 = 2.5 mAde) 

Zero Gate Voltage Drain Current 
(VOS = 15 Vde, VGS ~ 0) 

Gata-Source Leakage Current 
(VGS = 20 Vde, VOS = 0) 

ON CHARACTERISTICS 
Gate Threshold Voltage 

(VOS = 10 Vdc, 10 = 5.0 mAde) 

Oraln-8ource On-Voltage 
(VGS = 10 Vdc, 10 ~ 0.5 Ado) 

Forward Transconductance 
(VOS = 10 Vde, 10 ~ 0.5 Ade) 

DYNAMIC CHARACTERISTICS 
Input Capacitance 

(VOS= 12.5 Vde, VGS = 0, f= 1.0 MHz) 

OutputCepacitance 
(VOS= 12.5Vde, VGS =0, f= 1.0 MHz) 

Reverse Transfer Capacitance 
(VOS= 12.5 Vde, VGS = 0, f= 1.0 MHz) 

FUNCTIONAL TESTS (In Motorola Test Fixture) 

Common-Source Amplifier Power Gain 
(VOO = 7.5 Vdc, Pout = 3.0 W, 10Q = 50 mAl 

Drain Efficiency 
(VOO = 7.5 Vde, Pout = 3.0 W, 10Q = 50 mAl 

MRF5003 
2-620 

V(BR)OSS 

lOSS 

IGSS 

VGS(th) 

VOS(on) 

9fs 

Ciss 

Coss 

Crss 

f= 512 MHz 
Gps 

f=175MHz 

h 
f=512 MHz 
f= 175 MHz 

Min Max Unit 

36 - - Vde 

- - 1.0 mAde 

- - 1.0 !lAde 

1.25 2.25 3.5 Vde 

- - 0.375 Vdc 

0.6 - - mho 

- 16.5 - pF 

- 37 - pF 

3.5 4.4 5.4 pF 

dB 
9.5 10.5 -
- 15 -

% 
45 50 -
- 55 -

MOTOROLA RF DEVICE DATA 
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R3 B1 
VGG }-<f--+_-........ --w....., 

C10 

Z11 Z12 RF 
___ -c-ICJi-+-C:J-....-1c:::'--C:J-....,c:::HC~ OUTPUT 

H:::::r-+-'Chl 

C1. 03. C7. CS 010 20 pF Johanson 
C2. C9 56 pF. 100 mil Chip 
C4 10 pF. 100 mil Chip 
C5 47 pF. Miniature Clamped Mica capacitor 
C6 22 pF. 100 mil Chip 
C10. C15 10 I1F. 50 V. Electrolytic 
C11.C14 0.1I1F.Capacltor 
C12 1000 pF. 100 mil Chip 
C13 160 pF. 100 mil Chip 
R1 35 0. 1/4 W Carbon 
R2 30 0. 0.1 W Chip 
R3 1.0 k!l, 0.1 W Chip 
R4 1.0 Mo, 1/4 W Carbon 
B1 Fair Rite Products Short Ferrite Bead (2743021446) 
Board - Glass Teflon®. 31 mils 
Note: Plated ceramic part locators (0.1" x 0.15") soldered onlO Z6 and Z7. 

Z1 0.350" x O.OS" Microstrip 
Z2 0.190" x O.OS" Microstrip 
Z3 O.SOO" x O.OS" Microstrip 
Z4 0.3SO" x O.OS" Microstrip 
Z5 0.150" x O.OS" Mlcrostrip 
Z6 0.2S5" x O.OS" Microstrip 
Z7 0.340" x O.OS" Microstrip 
ZS 0.070" x O.OS" Microstrip 
Z9 0.2S0" x O.OS" Microstrip 
Z10 0.S40" x O.OS" Microstrip 
Z11 0.1SO" x O.OS" Microstrip 
Z12 0.600" x O.OS" Mlcrostrip 
L 1 7 Tums. 0.076" ID. #24 AWG Enamel 
L2 5 Tums. 0.126"ID. #20 AWG Enamel 
InputlOutput Connectors - Type N 

Figure 1. 512 MHz Narrowband Test Circuit 

TYPICAL CHARACTERISTICS 
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Figure 2. Output Power versus Input Power 

~ o 
o 100 200 300 400 500 

Pin. INPUT POWER (MILLIWATTS) 

Figure 3. Output Power versus Input Power 
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TYPICAL CHARACTERISTICS 
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Figure 5. Output Power versus Supply Voltage 
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S 1.06 
~ :a! 1.04 
il! 1.02 
2 W 1.00 

~ 0.98 
~ > 0.96 

~ 0.94 
:> 
~ 0.92 
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...... ~ 
r-, 

""'Iii ~ IDQ=l50mA N --.....;; ~ ~ -::ts;i-
t"--. ...... -.....;::, 

.............. r:--
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C!I 
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,. I I ~ 
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Figure 10. Gate-Source Voltage versus 
Case Temperature 
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Figure 11. Maximum Rated Forward Biased 
Safe Operating Area 

Voo = 7.5 V loa = 50 rnA Pout = 3.0 W 

f Zin Zo,· 
MHz a a 
400 2.a-j9.2 3.6-jl.7 

430 2.7-ja.5 3.3-jl.5 

460 2.5-j7.a 2.7-jl.l 

490 2.0-j7.2 2.5 - jO.a 

520 1.3-j6.5 2.4- jO.5 

100 

Zin = Conjugate of source Impedance with paralle' 35 Q resistor 
and 47 pF capacitor in series with gate 

Zoi" = Conjugate of the load impedance at given output power, 
voltage, frequency, and 110 > 50% 

Note: Zo( was chosen based on tradeoffs between gain. drain efficiency. and device stability. 

Figure 12. Series equivalent Input and Output Impedance 
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f 

MHz 

50 

100 

200 

300 

400 

500 

700 

850 

1000 

f 
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50 
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500 

700 
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1000 

f 

MHz 

50 
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MRF5003 
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S" 

IS,,1 

0.69 

0.58 

0.58 

0.64 

0.70 

0.75 

0.82 

0.86 

0.89 

S11 

IS,,1 

0.76 

0.72 

0.72 

0.73 

0.75 

0.77 

0.81 

0.84 

0.86 

S" 

IS'11 

0.80 

0.76 

0.76 

o.n 
0.79 

0.80 

0.83 

0.85 

0.87 

Table 1. Common Source Scattering Parameters (VOS = 10 V) 

10=50mA 

S:z1 S'2 S:z2 

L~ 1S:z11 Lq. IS'21 Lq. 1S:z21 Lq. 

-90 10.8 117 0.07 29 0.74 -119 

-120 6.0 96 0.08 10 0.78 -146 

-139 3.0 75 0.08 -7 0.81 -161 

-147 1.9 61 0.07 -16 0.84 -166 

-152 1.3 50 0.06 -21 0.86 -169 

-157 0.99 41 0.05 -24 0.88 -172 

-165 0.61 28 0.03 -15 0.92 -176 

-171 0.45 21 0.02 13 0.94 -179 

-176 0.34 16 0.02 47 0.95 178 

10 =500 mA 

S:z1 S'2 S:z2 

Lq. 1S:z11 Lei> IS'21 Lei> 1S:z21 Lei> 
-124 15.0 109 0.04 23 0.76 -151 

-150 7.9 94 0.04 12 0.81 -165 

-163 4.0 80 0.04 6 0.83 -172 

-168 2.6 71 0.04 5 0.84 -175 

-171 1.9 62 0.04 7 0.85 -176 

-173 1.5 55 0.03 12 0.86 -178 

-177 0.97 42 0.03 29 0.89 -180 

-180 0.75 35 0.03 44 0.90 178 

177 0.60 29 0.04 55 0.92 176 

10=1.0A 

S:z1 S12 S:z2 

L~ IS211 LcjI IS'21 LcjI 1S:z21 LcjI 

-125 14.6 110 0.04 23 0.75 -155 

-150 7.8 95 0.04 10 0.81 -167 

-164 3.9 81 0.04 1 0.83 -173 

-169 2.6 71 0.04 -3 0.84 -175 

-172 1.9 63 0.03 -5 0.85 -176 

-174 1.4 56 0.03 -5 0.86 -177 

-178 0.95 43 0.03 -1 0.88 -179 

179 0.73 35 0.02 9 0.90 179 

177 0.58 28 0.02 22 0.91 178 
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C1,C9 
C2 
C3 
C4 
C5 
C6 
C7 
C8 
C10, C15 
C11, C16 
C12 
B1 

100 pF 100 mil Chip 
16 pF, 100 mil Chip 
24 pF, 100 mil Chip 
68 pF, 100 mil Chip 
51 pF, 100 mil Chip 
39 pF, 100 mil Chip 
6.2 pF, 100 mil Chip 
9.1 pF, 100 mil Chip 
39000 pF, 100 mil Chip 
10 IIF, 50 V Electrolytic 
10000 pF, 100 mil Chip 
Fair Rite Products Short Ferrite Bead (2743021446) 

C13 0.111F, 100 mil Chip 
C14 160 pF, 100 mil Chip 
R1 43 Q, 0.1 W Chip Resistor 
R2 1000 Q, 0.1 W Chip Resistor 
R3 10 kn Potentiometer 
R4 3000 Q, 0.1 W Chip Resistor 
L1 5 Turns, 0.126"10, #20 AWG Enamel 
Z1 to Z13 See Photomaster 
01 1 N4734 Motorola Zener 
Board-G10,1132" 
Input/Output Connectors - SMA 

Figure 13. Schematic of Broadband Demonstration Amplifier 
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PERFORMANCE CHARACTERISTICS OF BROADSAND DEMONSTRATION AMPLIFIER 
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Figure 14. Output Power versus Input Power 
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Figure 16. Output Power versus Gate Voltage 

5 

60 
1'\ 55 

g 
-I-" -r 1-. -1--I::: t 

Po 

VSWR 

-~ -r-... 
...... 10-- r-.... 

....... ~-
i---' 

50 :z 
Y,! 

45 ~ u.. w 
40 

~ 
35 c 

30 
~ 

1.75 

1.50 a:. 
;;: 

1.25 ~ 

1.00 
410 420 430 440 450 460 470 

f, FREQUENCY (MHz) 

Figure 15. Output Power, Drain Efficiency and 
VSWR versus Frequency 

SCALE 0.75:1 

Figure 17. Photomaster for 400-470 MHz 
Broadband Demonstration Amplifier 

Figure 18. 512 MHz Broadband Test Circuit 
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DESIGN CONSIDERATIONS 
The MRF5003 is a common-source, RF power, N-Channel 

enhancement mode, Metal-Qxide S.emiconductor field-ff
fect Iranslstor (MOSFET). Motorola RF MOSFETs feature a 
vertical structure with a planar design. Motorola Application 
Note AN211A, "FETs In Theory and Practice", is suggested 
reading for those not familiar with the construction and char
acteristics of FETs. 

This surface mount packaged device was designed pri
marily for VHF and UHF power amplifier applications. 
Manufacturability is improved by utilizing the tape and reel 
capability for fully automated pick and placement of parts. 

The major advantages of RF power MOSFETs include 
high gain, simple bias systems, relative immunity from ther
mal runaway, and the ability to withstand severely mis
matched loads without suffering damage. 

MOSFET CAPACITANCES 
The physical structure of a MOSFET results in capacitors 

between all three terminals. The metal oxide gate structure 
determines the capacitors from gate-to-drain (Cgd), and 
gate-ta-source (Cgs). The PN junction formed during fabrica
tion of the RF MOSFET results in a junction capacitance 
from drain-to-source (Cds). These capacitances are charac
terized as input (Ciss), output (Coss) and reverse transfer 
(Crss) capacitances on data sheets. The relationships be
tween the inter-terminal capacitances and those given on 
data sheets are shown below. The Ciss can be specified in 
two Ways: 

1. Drain shorted to source and positive voltage at the gate. 

2. Positive voltage olthe drain in respectto source and zero 
volts at the gate. 

In the latter case, the numbers are lower. However, neither 
method represents the actual operating conditions in RF ap
plications. 

yfDRAIN 

GAlE> 
~,<.... TCdS 

cgs "i SOURCE 

DRAIN CHARACTERISTICS 

Ciss = Cgd + Cgs 
Coss = Cgd + Cds 
Crss=Cgd 

One critical figure of merit for a FET is its static resistance 
in the full-on condition. This on-resistance, ROS(on), occurs in 
the linear region of the output characteristic and is specified 
at a specific gate-source voltage and drain current. The 
drain-source voltage under these conditions is termed 
VOS(on). For MOSFETs, VOS(on) has a positive temperature 
coefficient at high temperatures because it contributes to the 
power dissipation within the device. 

GATE CHARACTERISTICS 
The gate of the RF MOSFET is a polysilicon material, and 

is electrically isolated from the source by a layer of oxide. 
The input resistance is very high - on the order of 109 n -
resulting in a leakage current of a few nanoamperes. 

MOTOROLA RF DEVICE DATA 

Gate control is achieved by applying a positive voltage to 
the gate greater than the gate-to-source threshold voltage, 

VGS(th)· 
Gate Voltage Rating - Never exceed the gate voltage 

rating. Exceeding the rated VGS can result in permanent 
damage to the oxide layer in the gate region. 

Gate Termination - The gates of these devices are es
sentially capacitors. Circuits that leave the gate open
circuited or floating should be avoided. These conditions can 
result in turn-on of the devices due to voltage build-up on the 
input capacitor due to leakage currents or pickup. 

Gate Protection - These devices do not have an internal 
monolithic zener diode from gate-to-source. If gate protec
tion is required, an external zener diode is recommended 
with appropriate RF decoupling. 

Using a resistor to keep the gate-to-source impedance low 
also helps dampen transients and serves another important 
function. Voltage transients on the drain can be coupled to 
the gate through the parasitic gate-drain capacitance. If the 
gate-to-source impedance and the rate of voltage change on 
the drain are both high, then the signal coupled to the gate 
may be large enough to exceed the gate-threshold voltage 
and turn the device on. 

DC BIAS 
Since the MRF5003 is an enhancement mode FET, drain 

current flows only when the gate is at a higher potential than 
the source. See Figure 8 for a typical plot of drain current ver
sus gate voltage. RF power FETs operate optimally with a 
quiescent drain current (loa), whose value is application de
pendent. The MRF5003 was characterized at loa = 50 mA, 
which is the suggested value of bias current for typical ap
plications. For special applications such as linear amplifica
tion, loa may have to be selected to optimize the critical 
parameters. 

The gate is a dc open circuit and draws no current. There
fore, the gate bias circuit may generally be just a simple re
sistive divider network. Some special applications may 
require a more elaborate bias system. 

GAIN CONTROL 
Power output of the MRF5003 may be controlled from its 

rated value down to zero (negative gain) with a low power de 
control Signal, thus faCilitating applications such as manual 
gain control, ALC/AGC and modulation systems. Figure 16 is 
an example of output power variation with gate-source bias 
voltage. This characteristic is very dependent on frequency 
and load line. 

MOUNTING 
The specified maximum thermal resistance of 14°C/W as

sumes a majority of the 0.100" x 0.200" source contact on 
the back side of the package is in good contact with an ap
propriate heat sink. In the test fixture shown in Figure 1, the 
device is clamped directly to a copper pedestal. In the dem
onstration amplifier, the device was mounted on top of the 
G10 circuit board and heat removal was accomplished 
through several solder filled plated through holes. As with all 
RF power devices, the goal of the thermal design should be 
to minimize the temperature at the back side of the package. 

MRF5003 
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AMPLIRER DESIGN 
Impedance matching networks similar to those used with 

bipolar transistors are suitable for the MRF5003. For exam
ples see Motorola Application Note AN721 , "Impedance 
Matching Networks Applied to RF Power Transistors". Both 
small-signal S-parameters and large-signal impedances are 
provided. While the S-parameters will not produce an exact 
design solution for high power operation, they do yield a 
good first approximation. This is an additional advantage of 
RF power MOSFETs. 

Since RF power MOSFETs are triode devices, they are not 
unilateral. This coupled with the very high gain of the 
MRF5003 yield a device capable of self oscillation. Stability 
may be achieved by techniques such as drain loading, input 

MRF5003 
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shunt resistive loading, or output to input feedback. Different 
stabilizing techniques were applied to the test fixture and 
demonstration amplifiers. The RF test fixture implements a 
parallel resistor and capacitor in series with the gate while 
the demonstration amplifier utilizes a 43 n shunt resistor 
from gate to ground. Both circuits have a load line selected 
for a higher efficiency, lower gain, and more stable operating 
region. 

Two port stability analysis with the MRF5003 S-parame
ters provides a useful tool for selection of loading or feed
back circuitry to assure stable operation. See Motorola 
Application Note AN215A, "RF Small-Signal Design USing 
Two-Port Parameters", for a discussion of two port network 
theory and stability. 
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MOTOROLA 
• SEMICONDUCTOR 

TECHNICAL DATA 

Advance Information 
The RF MOSFET Line 
RF Power Field Effect Transistor 
N-Channel Enhancement-Mode 

Designed for broadband commercial and industrial applications at frequen
cies to 520 MHz. The high gain and broadband performance of this device 
makes it ideal for large-signal, common source amplifier applications in 12.5 
volt mobile, and base station FM equipment. 

• Guaranteed Performance at 512 MHz, 12.5 Volts 
Output Power - 15 Watts 
Power Gain - 10 dB Min 
Efficiency - 50% Min 

• Characterized with Series Equivalent Large-Signal Impedance Parameters 

• S-Parameter Characterization at High Bias Levels 

• Excellent Thermal Stability 

• All Gold Metal for Ultra Reliability 

• Capable of Handling 20:1 VSWR, @ 15.5 Vdc, 512 MHz, 2 dB Overdrive 

MAXIMUM RATINGS 

Rating Symbol 

Collector-Emitter Voltage VCEO 

Drain-Source Voltage VOSS 

Drain-Gate Voltage (RGS = 1 MO) VDGR 

Gate-5ource Voltage VGS 

Drain Current - Continuous 10 

Total Device Dissipation @ TC = 25°C Po 
Derate above 25°C 

Storage Temperature Range Tstg 

Operating Junction Temperature TJ 

,THERMAL CHARACTERISTICS 

Characteristic 

Thermal Resistance, Junction to Case 

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

I Characteristic I Symbol Min 

OFF CHARACTERISTICS 

Drain-Source Breakdown Voltage (VGS = 0, 10 = 5 mAdc) V(BR)DSS 36 

Zero Gate Voltage Drain Current (VDS = 15 Vdc, VGS = 0) lOSS -
Gate-Source Leakage Current (VGS = 20 Vdc, VDS = 0) IGSS -

MRF5015 
Motorola Preferred Device 

15 W, 512 MHz,12.5 VOLTS 
N-CHANNEL BROADBAND 

RFPOWERFET 

CASE 319, STYLE 3 

Value Unit 

20 Vdc 

36 Vdc 

36 Vdc 

±20 Vdc 

6 Adc 

50 Watts 
0.29 wrc 

-65 to +150 °c 

200 °c 

Max 

3.5 

Typ Max Unit 

- - Vdc 

- 5 mAdc 

- 2 !lAdc 

(continued) 

NOTE -~ - MOS devices are susceptible to damage from electrostatic charge. Reasonable precautions in handling and 
packaging MOS devices should be observed. 

Thls document contains information on a new product. SpecifICations and information herein are subject to change without notice. 

Preferred devices are Motorola recommended choices for future use and best overall value. 

MOTOROLA RF DEVICE DATA MRF5015 
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ELECTRICAL CHARACTERISTICS - continued (T C = 250C unless otherwise noted.) 

I Characteristic I SymbOl I Min Typ Max Unit 

ON CHARACTERISTICS 

Gate Threshold Voltage VGS(th) 1.25 2.3 3.5 Vdc 
(VOS= 10Vdc, 10= 10 mAde) 

Oraln-Source On-Voltage VOS(on) - - 0.375 Vde 
(VGS = 10 Vde, 10 = 1 Ade) 

Forward Transconductance gfs 1.2 - - S 
(VOS = 10 Vdc, 10 = 1 Ade) 

DYNAMIC CHARACTERISTICS 

Input Capacilance Clss - 33 - pF 
(VOS = 12.5 Vde, VGS = 0, f = 1 MHz) 

Output Cspecitance Coss - 74 - pF 
(VOS = 12.5 Vde, VGS = 0, f = 1 MHz) 

Reverse Transfsr Capaci.tance Crss 7 8.8 10.8 pF 
(VOS = 12.5 Vde, VGS = 0, f = 1 MHz) 

FUNCTIONAL TESTS (In Motorola Test Fixture) 

Common-80urce Amplifier Power Gain Gps dB 
(VOO= 12.5 Vde, Pout = 15 W, f=512MHz 10 11.5 -
loa=100mA) f= 175 MHz - 15 -

Oraln Efficiency 11 % 
(VOO = 12.5 Vde, Pout = 15 W, f= 512 MHz 50 55 -
IOQ=100mA) f= 175 MHz - 55 -

Load Mismatch 'II 
(VOO = 15.5 Vde, 2 dB Overdrive, f = 512 MHz, No Degradation in Output Power 
Load VSWR = 20:1, All Phase Angles at Frequency of Test) 

81 
.----.----,.:--< VOO 

~ RFlnput .l. 

MRF5015 
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B1,B2 
C1, C13 
C2,C12 
03,04, C10, C11 
C5,C9 
C6 
C7 
C8 
L1, L2 
N1,N2 
R1 
R2 

Ferrite Bead, Fair Rite Products 
10 I1F, 50 V, Electrolytic 
0.1 I1F, Chip Capacitor 
120 pF, Chip Capacitor 
o to 20 pF, Trimmer Capacitor 
36 pF, Chip Cepaci\Or 
43 pF, Chip Capacitor 
30 pF, Chip Capacitor 
7 Tums, 24AWG 0.116" 10 
Type N Flange Mount 
1 lin, 1/4 W, Carbon 
470 lin, 1/4 W, Carbon 

R3 
Z1, Z11 
Z2 
Z3 
Z4 
Z5 
Z6 
Z7,ZB 
Z9 
Z10 
Board 

c~ 1 RFOu1put 

160 n. 0.1 W Chip 
Transmission Une· 
Transmission Une· 
Transmission Une· 
Transmission Une· 
Transmission Line· 
Transmission Une· 
Transmission Unll+ 
Transmission Une· 
Transmission Une· 
Glass Teflon~ 0.060" 
+ Part of Capacitor Mount Socket 
·See Photomester 

Figure 1. 512 MHz Narrowband Test Circuit Electrical Schematic 
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SCALE 0.75:1 

Figure 2. Photomaster for 512 MHz Narrowband Test Fixture 

Figure 3. Test Fixture 
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TYPICAL CHARACTERISTICS 
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VOS. DRAIN-sClURCE VOLTAGE (VOLTS) 

FIgure 8. Capacitance versus Voltage 

TC. CASE TEMPERATURE (OC) 

Figure 9. Gate-Source Voltage 
versus case Temperature 
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10 

0.1 
1 

TYPICAL CHARACTERISTICS 

....... 
~ 

TC=2SoC ~ 

10 100 
VOS, ORAIN-80URCE VOLTAGE (VOLTS) 

Figure 10. DC Safe Operating Area 

Voo= 12.5 V,IDQ=l00 rnA, Pout-1SW 

f Zin ZoL* 
(MHz) (0) (0) 

400 2.0-j6.1 1.3-JO.4 

420 1.8-15.3 1.4-JO.4 

440 1.6-J4.7 1.5-jO.4 

460 1.5-j4.2 1.5-jO.3 

480 1.4-J3.8 1.5-jO.2 

500 1.3-j3.6 1.4-JO.l 

520 1.2-j3.5 1.3+]0.1 

Zin = Conjugate of source impedance With 
parallel 160 0 resistor 8nd 36 pF capacitor 
in series with gate. 

ZoL' = Conjugate of the load impedance at given 
output power, voltage and frequency that 
produces maximum gain. 

Figure 11. Series Equivalent Input and O~put Impedance 
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18111 
0.63 
0.62 
0.70 
0.78 
0.84 
0.88 
0.93 
0.95 
0.96 

1811 1 
0.67 
0.66 
0.71 
0.77 
0.82 
0.86 
0.91 
0.93 
0.95 

18111 
0.81 
0.81 
0.82 
0.84 
0.86 
0.88 
0.91 
0.93 
0.94 

18111 
0.86 
0.85 
0.86 
0.87 
0.89 
0.91 
0.93 
0.94 
0.95 

Table 1. Common Source Scattering Parameters (VOS = 12.5 V) 

lo=50mA 

811 821 812 822 

L<I> 1821 1 L<I> 18121 LIJ> 18221 LIJ> 
·123 8 100 0.063 11 0.79 -149 
-142. 4 82 0.063 -6 0.82 -162 
-152 1.8 61 0.056 -23 0.86 -169 
-157 1.1 47 0.046 -35 0.90 -171 
-162 0.70 36 0.037 -42 0.93 -174 
-165 0.49 28 0.029 -46 0.94 -175 
-171 0.28 17 0.Q16 -45 0.97 -179 
-175 0.20 13 0.Q10 -31 0.97 179 
-178 0.15 10 0.007 11 0.98 178 

IO=100mA 

811 821 812 822 

LIJ> 1821 1 LIJ> 18121 LIJ> 18221 LIJ> 
-136 9.1 99 0.047 10 0.82 -158 
-153 4.6 84 0.048 -3 0.85 -168 
-160 2.2 66 0.043 -17 0.87 ·172 
·163 1.3 54 0.037 -26 0.90 -174 
-165 0.89 44 0.031 -32 0.92 -175 
·168 0.64 36 0.025 ·35 0.94 ·177 
-173 0.37 25 0.015 ·30 0.96 ·179 
·176 0.27 20 0.010 ·11 0.97 179 
·179 0.20 16 0.009 25 0.98 177 

IO=500mA 

811 821 812 822 

L<I> 18211 LIJ> 18121 Lei> 18221 Lei> 
·150 11.1 98 0.027 11 0.85 ·166 
-164 5.6 86 0.027 2 0.87 ·174 
·170 2.7 73 0.025 ·5 0.88 ·176 
·173 1.7 63 0.023 ·9 0.89 ·177 
·174 1.2 55 0.020 ·9 0.91 ·178 
·175 0.92 47 0.Q18 ·7 0.92 ·179 
·178 0.57 35 0.013 7 0.94 180 
180 0.43 29 0.013 26 0.95 178 
178 0.33 23 0.014 44 0.96 177 

IO=2.5A 

811 821 812 822 
Lei> 1821 1 Lei> IS121 L<I> 18221 L<I> 

-144 10.1 101 0.022 15 0.86 -171 
·161 5.2 88 0.022 5 0.87 -175 
·170 2.5 74 0.021 ·1 0.89 -177 
·173 1.6 64 0.019 ·4 0.90 -178 
·175 1.1 55 0.017 -2 0.91 -178 
·176 0.84 48 0.015 2 0.93 ·179 
-179 0.52 37 0.013 22 0.95 179 
179 0.39 30 0.014 39 0.96 178 
177 0.30 26 0.016 52 0.98 176 
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DESIGN CONSIDERATIONS 
The MRF5015 is a common-source, RF power, N-Channel 

enhancement mode, Metal-Oxide Semiconductor Field
Effect Transistor (MOSFET). Motorola RF MOSFETs feature 
a vertical structure with a planar design. Motorola Application 
Note AN211A, "FETs in Theory and Practice," is suggested 
reading for those not familiar with 'the construction and char
acteristics of FETs. 

This device was designed primarily for 12.5 volt VHF and 
UHF power amplifier applications. The major advantages of 
RF power MOSFETs include high gain, simple bias systems, 
relative immunity from thermal runaway, and the ability to 
withstand severely mismatched loads without suffering dam
age. 

MOSFET CAPACITANCES 

The physical structure of a MOSFET results in capacitors 
between all three terminals. The metal oxide gate structure 
determines the capaCitors from gate-to-drain (Cgd), and 
gate-to-source (Cgs). The PN junction formed during fabrica
tion of the RF MOSFET results in a junction cepacitance 
from drain-to-source (Cds). These capacitances are charac
terized as input (Ciss), output (Coss) and reverse transfer 
(Crss) cepacltances on data sheets. The relationships be
tween the inter-terminal capacitances and those given on 
data sheets are shown below. The Ciss can be specified in 
two ways: 

1.Drain shorted to source and positive voltage at the gate. 
2. Positive voltage of the drain in respect to source and 

zero volts at the gate. 
In the latter case, the numbers are lower. However, neither 

method represents the actual operating conditions in RF ap
plications. 

DRAIN CHARACTERISTICS 

One critical figure of merit for a FET is Its static resistance 
in the full-on condition. This on-resistance, Rds(on), occurs in 
the linear region of the output characteristic and is specified 
at a specific gate-source voltage and drain current. The 
drain-source voltage under these conditions is termed 
Vds(on). For MOSFETs, Vds(on) has a positive temperature 
coefficient at high temperatures because it contributes to the 
power disSipation within the device. 

MOTOROLA RF DEVICE DATA 

GATE CHARACTERISTICS 

The gate of the FlF MOSFET is a polysilicon material, and 
is electrically isolated from the source by a layer of oxide. 
The input resistance is very high, on the order of 109 0, re
sulting in a leakage current of a few nanoamperes. 

Gate control is achieved by applying a pOSitive voltage to 
the gate greater than the gate-to-source threshold voltage, 
VGS(th}. 

Gate Voltage Rating - Never exceed the gate voltage rat
ing. Exceeding the rated VGS can result in permanent dam
age to the oxide layer in the gate region. 

Gate Termination - The gates of these devices are es
sentially cepacitors. Circuits that leave the gate open-cir
cuited or floating must be avoided. These conditions can 
result in tum-on of the devices due to voltage build-up on the 
input capacitor due to leakage currents or piCkup. 

Gate ProtecUon - These devices do not have an intemal 
monolithic zener diode from gate-to-source. If gate protec
tion is required, an extemal zener diode is recommended 
with appropriate RF decoupling networks. 

Using a resistor to keep the gate-to-source impedance low 
also helps dampen transients and serves another important 
function. Voltage transients on the drain can be coupled to 
the gate through the parasitic gate-drain capacitance. If the 
gate-to-source impedance and the rate of vohage change on 
the drain are both high, then the signal coupled to the gate 
may be large enough to exceed the gate-threshold voltage 
and tum the device on. 

DC BIAS 

Since the MRF5015 is an enhancement mode FET, drain 
current flows only when the gate Is at a higher potential than 
the source. See Rgure 7. for a typical plot of drain current 
versus gate voltage. RF power FETs operate optimally with a 
quiescent drain current (loa), whose value is application de
pendent. The MRF5015 was characterized at loa = 100 rnA, 
which is the suggested value of bias current for typical ap
plications. For special applications such as linear amplifica
tion, loa may have to be selected to optimize the critical 
parameters. 

The gate is a de open circuit and draws essentially no cur
rent. Therefore, the gate bias circuit may generally be just a 
simple resistive divider network. Some special applications 
may require a more elaborate bias system. 

GAIN CONTROL 

Power output of the MRF5015 may be controlled to some 
degree with a low power de control signal applied to the gate, 
thus facilitating applications such as manual gain control, 
ALC/AGC and modulation systems. Figure 61s an example 
of output power variation with gate-source bias voltage with 
Pin held constant. This characteristic is very dependent on 
frequency and load line. 

MRF5015 
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AMPLIFIER DESIGN 

Impedance matching networks similar to those used with 
bipolar transistors are suitable for the MRF5015. For exam
ples see Motorola Application Note AN721, "Impedance 
Matching Networks Applied to RF Power Transistors." Both 
small-signal S-parameters and large-signal impedances are 
provided. While the S-parameters will not produce an exact 
design solution for high power operation, they do yield a 
good first approximation. This is an additional advantage of 
RF power MOSFETs. 

Since RF power MOSFETs are triode devices, they are not 
unilateral. This coupled with the very high gain of MRF5015 

MRF5015 
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yield a device quite capable of self oscillation. Stability may 
be achieved by techniques such as drain loading, input shunt 
resistive loading, or output to input feedback. Different 
stabilizing techniques may be required depending on the 
desired gain and bandwidth of the application. The RF test 
fixture implements a parallel resistor and capaCitor in series 
with the gate to improve stability and input impedance Q. 

Two port stability analysis with the MRF5015 
S-parameters provides a useful tool for selection of loading 
or feedback circuitry to assure stable operation. See 
Motorola Application Note AN215A, "RF Small-Signal 
Design Using Two-Port Parameters," for a discussion 01 two 
port network theory and stability. 
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MOTOROLA 
• SEMICONDUCTOR 

TECHNICAL DATA 

Advance Information 
The RF MOSFET Line 
RF Power Field Effect Transistor 
N-Channel Enhancement-Mode 

Designed for broadband commercial and industrial applications at frequen
cies to 520 MHz. The high gain and broadband performance of this device 
makes it ideal for large-signal, common source amplifier applications in 12.5 
volt mobile, and base station FM equipment. 

• Guaranteed Performance at 512 MHz, 12.5 Volt 
Output Power - 35 Watts 
Power Gain - 6.5 dB Min 
Efficiency - 50% Min 

• Characterized with Series Equivalent Large-Signal Impedance Parameters 
• S-Parameter Characterization at High Bias Levels 

• Excellent Thermal Stability 
• All Gold Metal for Ultra Reliability 
• Capable of Handling 20:1 Load VSWR, @ 15.5 Volt, 512 MHz, 

2 dB Overdrive 

MAXIMUM RATINGS 

Rating 

~rain-Source Vollage 

Drain-Gate Vollage (RGS = 1 MO) 

Gate-Source Vollage 

Drain Current - Continuous 

Total Device Dissipation @ TC = 25°C 
Derate above 25°C 

Storage Temperature Range 

Operating Junction Temperature 

THERMAL CHARACTERISTICS 

Characteristic 

Thermal RasiSlance, Junction to Case 

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

I Characteristic I Symbol 

OFF CHARACTERISTICS 

~rain-Source Breakdown Vollage (VGS = 0, 10 = 20 mAdc) V(BR)OSS 

Zero Gate Vollage Drain Current (VOS = 15 Vdc, VGS = 0) lOSS 

Gate-Source Leakage Current (VGS = 20 Vdc, VOS = 0) IGSS 

Symbol 

Voss 

VOGR 

VGS 

10 

Po 

Tstg 

TJ 

Min 

36 

-
-

MRF5035 

as W,12.5 VOLTS, 512 MHz 
~HANNELBROADBAND 

RFPOWERFET 

CASE 316, STYLE 3 

Value Unit 

36 Vdc 

36 Vdc 

±20 Vdc 

15 Ade 

97 Watts 
0.56 W/"C 

-65to+150 OC 

200 OC 

Max 

1.8 

Typ Max Unit 

- - Vdc 

- 5 mAde 

- 5 !LAdc 

(continued) 

NOTE -~ - MOS devices are susceptible to damage from electrostatic charge. Reasonable precautions in handling and 
packaging MOS devices should be observed. 

this document contains information on a new product Specifications and infonnation herein are subject to change without notice. 

Preferred devices are Motorola recommended choices for future use and best overall value. 
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ELECTRICAL CHARACTERISTICS - continued (T C = 25°C unless otherwise noted.) 

Characteristic Symbol Min Typ Max Unit 

ON CHARACTERISTICS 

Gate Threshold Voltage VGS(th) 1.25 2.3 3.5 Vdc 
(VOS = 10 Vdc, 10 = 25 mAdc) 

Orain-Source On-Voltage VOS(on) - - 0.422 Vdc 
(VGS = 10 Vdc, 10 = 3 Adc) 

Forward Transconductance 9fs 3.2 - - S 
(VOS = 10 Vdc, 10 = 3 Adc) 

DYNAMIC CHARACTERISTICS 

Input Capacitance Ciss - 88 - pF 
(VOS = 12.5 Vdc, VGS = 0, f= 1 MHz) 

Output Capacitance Coss - 197 - pF 
(VOS = 12.5 Vdc, VGS = 0, f = 1 MHz) 

Reverse Transfer Capacitance Crss 18 24 29 pF 
(VOS = 12.5 Vdc, VGS = 0, f = 1 MHz) 

FUNCTIONAL TESTS (In Motorola Test Fixture) 

Common-Source Amplifier Power Gain Gps dB 
(VOO = 12.5 Vdc, Pout = 35 W, f=512MHz 6.5 7.5 -
IDQ=400mA) f= 175 MHz - 12 -

Orain Efficiency T\ % 
(VOO = 12.5 Vdc, Pout = 35 W, f=512MHz 50 55 -
IDQ=400mA) f= 175 MHz - 55 -

Load Mismatch IjI 
(VOO = 15.5 Vdc, 2 dB Overdrive, f = 512 MHz, No Oegradation In Output Power 
Load VSWR = 20:1, All Phase Angles at Frequency of Test) 

Socket 
VGG r-------, r---r---r--.,..~ VOO 

Ir:r~ I - - I 
.". 

I - - I 

R3 IC7 OUT CB I 
. Nl ZI C15 Z2 Z3 Z4 I I 

RFlnputF 

C5T IC6T C9T I I _ "::' _ I 

C16 Z9 N2 
L.....J-t--I--C:J-..-I:::::JH~ RFOulput 

MRF5035 
2-638 

"::' L...: ____ .:.J 

Components List 

Bl, B2 
Cl,CI4 
C2 
C3 
C4, Cll 
C5 
C6,C7 
C8,C9 
Cl0 
C12, C15, C16 
C13 
Ll 
L2 

Short Ferrite Bead, Fair Rite ProductS 
10 I1F, 50 V, Electrolytic 
1500 pF, Chip Capacitor 
140 pF, Chip Capacitor 
0-10pF, Trimmer Capacitor 
30 pF, Chip Capacitor 
43 pF, Chip Capacitor 
36 pF, Chip Capacitor 
3.6 pF, Chip Capacitor 
120 pF, Chip Capacitor 
0.1 I1F, Chip Capacitor 
5 Turns, 18 AWG, 0.116"10 
8 Turns, 20 AWG, 0.125# 10 

Nl,N2 
Rl 
R2 
R3 
R4 
ZI,Z9 
Z2 
Z3 
Z4 
Z7 
Z8 
Board 

':' "::' 

Type NFlange Mount 
1 kQ, 1/4 W, Carbon 
1 Mo, 1/4 W, Carbon 
100 0. 1/4 W, Carbon. 
110 0. 1/4 W, Carbon 
Transmission Line" 
Transmission Line" 
Transmission Line" 
Transmission Line" 
Transmission Line" 
Transmission Line" 
Giass Tel\on® 0.060" 
"See Photomasier for Oimensions 

Figure 1. 512 MHz Narrowband Test Circuit Electrical Schematic 
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SCALE 0.75:1 

Figure 2. Photomaster for 512 MHz Narrowband Test Fixture 

Figure 3. Test Fixture 
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TYPICAL CHARACTERISTICS 
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Figure 5. Output Power versus Supply Voltage 
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TYPICAL CHARACTERISTICS 
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Figure 10. Gate-Source Voltage 
versus Case Temperature 

" "-
\. , 

TC =2ji°C 

10 
VDS. DRAIN·SOURCE VOLTAGE (VOlTS) 

Figure 11. DC Safe Operating Area 

Voo = 12.5 V,IOO = 400 mA, Pin = 7.8 W, 
Tune for Maximum Output Power 

f ztn ZoL* 
(MHz) (0) (0) 

400 1.0 + jO.89 0.87+j2.1 

420 0.90+jO.83 0.79+j2.2 

440 0.83+ jO.81 0.73+j2.3 

460 0.82+jO.83 0.71 +j2.4 

480 0.87+jO.90 0.71 +j2.5 

500 0.97 + j1.0 0.74+j2.6 

520 1.1 +j1.2 0.80+j2.7 

Zin = Conjugate of source Impedance. 

100 

ZoL * = Conjugate of the load impedance at given 
input power, voltage and frequency that 
produces maximum output power. 

Figure 12. Series Equivalent Input and Output Impedance 
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ISn l 

0.74 
0.74 
0.77 
0.81 
0.85 
0.90 
0.93 
0.94 
0.95 
0.96 

IS111 

0.88 
0.88 
0.88 
0.89 
0.89 
0.91 
0.92 
0.93 
0.94 
0.95 

IS111 

0.92 
0.91 
0.92 
0.92 
0.92 
0.93 
0.94 
0.94 
0.94 
0.95 

ISn l 

0.94 
0.94 
0.94 
0.94 
0.94 
0.95 
0.95 
0.95 
0.96 
0.96 

Table 1. Common Source Scattering Parameters (VOS = 12.5 V) 

10=100mA 

S11 S21 S12 S22 

Lc!> 1~11 Lc!> IS121 Lc!> 1~21 Lc!> 
·153 6.9 94 0.039 6 0.87 ·169 
·164 3.4 82 0.039 ·5 0.89 ·174 
·168 1.6 67 0.036 ·16 0.90 ·176 
·170 1 56 0.032 ·25 0.92 ·178 
·171 0.69 46 0.028 ·31 0.93 ·179 
·174 0.38 32 0.019 ·36 0.96 179 
·178 0.24 22 0.013 ·30 0.97 177 
-179 0.20 19 0.010 ·22 0.97 175 
179 0.17 16 0.008 ·8 0.98 174 
176 0.12 13 0.008 27 0.98 172 

10 =400 mA 

Sl1 S21 S12 S22 

Lcp IS21 I Lc!> IS121 Lcp I~I Lcp 
·163 7.8 94 0.018 7 0.93 ·175 
·172 3.9 87 0.Q18 3 0.93 ·178 
·176 1.9 77 0.018 ·1 0.94 ·180 
·178 1.3 70 0.017 ·2 0.94 179 
·179 0.91 63 0.016 ·1 0.94 178 
180 0.57 51 0.014 3 0.95 177 
178 0.39 41 0.012 14 0.96 175 
177 0.33 37 0.012 22 0.96 174 
176 0.29 33 0.012 29 0.97 173 
174 0.22 27 0.014 42 0.97 171 

10= 1 A 

Sl1 S21 S12 S22 

Lei> 1~11 L.p IS121 L.p 1~21 L<j> 
·165 7.8 95 0.013 9 0.94 ·177 
·173 3.9 88 0.013 6 0.95 ·179 
·177 1.9 81 0.013 7 0.95 179 
·179 1.3 75 0.013 9 0.95 179 
180 0.95 69 0.012 12 0.95 178 
178 0.61 59 0.012 21 0.96 176 
176 0.43 50 0.013 32 0.96 174 
175 0.38 46 0.013 37 0.97 174 
174 0.33 43 0.014 42 0.97 173 
173 0.26 36 0.016 49 0.97 171 

10=5A 

S11 ~1 S12 S22 

Lc!> IS21 I Lcp IS121 Lcp 1~21 Lc!> 
·164 7.2 95 0.010 10 0.95 ·178 
·172 3.6 89 0.010 9 0.95 ·180 
·177 1.8 81 0.010 11 0.96 179 
·179 1.2 76 0.011 16 0.96 178 
179 0.89 70 0.011 21 0.96 177 
177 0.57 61 0.011 31 0.96 176 
176 0.42 52 0.013 41 0.97 174 
175 0.36 48 0.013 45 0.97 173 
174 0.32 45 0.014 48 0.97 172 
172 0.26 39 0.017 54 0.97 171 
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DESIGN CONSIDERATIONS 
The MRF5035 is a common-source, RF power, N-Channel 

enhancement mode, Metal-Oxide Semiconductor Field-Ef
fect Transistor (MOSFET). Motorola RF MOSFETs feature a 
vertical structure with a planar design. Motorola Application 
Note AN211A, "FETs in Theory and Practice," is suggested 
reading for those not familiar with the construction and 
characteristics of FETs. 

This device was designed primarily for 12.5 volt VHF and 
UHF Land Mobile FM power amplifier applications. The 
major advantages of RF power MOSFETs include high gain, 
simple bias systems, relative immunity from thermal run
away, and the ability to withstand severely mismatched loads 
without suffering damage. 

MOSFET CAPACITANCES 

The physical structure of a MOSFET results in capacitors 
between all three terminals. The metal oxide gate structure 
determines the capacitors from gate-to-drain (Cg<J), and 
gate-ta-source (Cgs). The PN junction formed during fabrica
tion of the RF MOSFET results in a junction capacitance 
from drain-to-source (Cds). These capacitances are charac
terized as input (Ciss), output (Coss) and reverse transfer. 
(Crss) capacitances on data sheets. The relationships 
between the inter-terminal capacitances and those given on 
data sheets are shown below. The Ciss can be specified in 
two ways: 

1. Drain shorted to source and positive voltage at the gale. 
2. Positive voltage of the drain in respect to source and 

zero volts at the gate. 
In the latter case, the numbers are lower. However, neither 
method represents the actual operating conditions in RF 
applications. 

~~-
~, TCds 

· '1 Source 

DRAIN CHARACTERISTICS 

Ciss = Cgd + Cgs 
Coss = Cgd + Cds 
Crss = Cgd 

One critical figure of merit for a FET is its static resistance 
in the full-on condition. This on-resistance, Rds(on), occurs in 
the linear region of the output characteristic and is specified 
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at a specific gate-source voltage and drain current. The 
drain-source vollage under these conditions is termed 
Vds(on). For MOSFETs, Vds(on) has a positive temperature 
coefficient at high temperatures because it contributes to the 
power dissipation within the device. 

GATE CHARACTERISTICS 
The gate of the RF MOSFET is a polysilicon material, and 

is electrically isolated from the source by a layer. of oxide. 
The input resistance is very high, on the order of 109 n, 
resulting in a leakage current of a few nanoamperes. 

Gate control is achieved by applying a positive voltage to 
the gate greater than the gate-ta-source threshold voltage, 

VGS(th). 

Gate Voltage Rating - Never exceed the gate voltage 
rating. Exceeding the rated VGS can result in permanent 
damage to the oxide layer in the gate region. 

Gate Termination - The gates of these devices are 
essentially capacitors. Circuits that leave the gate open
circuited or floating must be avoided. These conditions can 
result in tum-on of the devices due to voltage build-up on the 
input capacitor due to leakage currents or pickup. 

Gate PrOtection - These devices do not have an internal 
monolithic zener diode from gate-to-source. If gate protec
tion is required, an external zener diode is recommended 
with appropriate RF decoupling networks. 

Using a resistor to keep the gate-to-source impedance low 
also helps dampen transients and serves another important 
function. Voltage tranSients on the drain can be coupled to 
the gate through the parasitic gate-drain capacitance. If the 
gate-to-source impedance and the rate of voltage change on 
the drain are both high, then the signal coupled to the gate 
may be large enough to exceed the gate-threshold voltage 
and tum the device on. 

DC BIAS 
Since the MRF5035 is an enhancement mode FET, drain 

current flows only when the gate is at a higher potential 
than the source. See Figure 8 for a typical plot of drain 
current versus gate voltage. RF power FETs operate 
optimally with a quiescent drain current (loa), whose value 
is application dependent. The MRF5035 was characterized 
at loa = 400 mA, which is the suggested value of bias 
current for typical applications. For special applications 
such as linear amplification, loa may have to be selected to 
optimize the critical parameters. 

The gate is a de open circuit and draws essentially no 
current. Therefore, the gate bias circuit may generally be just 
a simple resistive divider network. Some special applications 
may require a more elaborate bias system. 
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GAIN CONTROL 
Power output of the MRF5035 may be controlled to some 

degree with a low power dc control signal applied to the 
gate, thus facilitating applications such as manual gain 
control, ALC/AGC and modulation systems. Figure 7 is an 
example of output power variation with gate-source bias 
voltage with Pin held constant. This characteristic is very 
dependent on frequency and load line. 

AMPLIFIER DESIGN 
Impedance matching networks similar to those used with 

bipolar transistors are suitable for the MRF5035. For 
examples see Motorola Application Note AN721, "Imped
ance Matching Networks Applied to RF Power Transistors." 
Both small-signal S-parameters and large-signal imped
ances are provided. While the S-parameters will not produce 
an exact design solution for high power operation, they do 
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yield a good first approximation. This is an additional 
advantage of RF power MOSFETs. 

Since RF power MOSFETs are triode devices, they are not 
unilateral. This coupled with the high gain of the MRF5035 
yield a device quite capable of self oscillation. Stability may 
be achieved by techniques such as drain loading, input shunt 
resistive loading, or output to input feedback. Different 
stabilizing techniques may be required depending on the 
desired gain and bandwidth of the application. The RF test 
fixture implements a resistor in shunt with the gate to 
improve stability. Two port stability analysis with the 
MRF5035 S-parameters provides a useful tool for selection 
of loading or feedback circuitry to assure stable operation. 
See Motorola Application Note AN215A, "RF Small-Signal 
Design Using Two-Port Parameters," for a discussion of two 
port network theory and stability. 
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MOTOROLA 
• SEMICONDUCTOR 

TECHNICAL DATA 

The RF Line 
PNP Silicon 
High-Frequency Transistor 
• •• designed for amplifier, oscillator or frequency multiplier applications in 
Industrial equipment. Suitable for use as a Class A, B or C output driver or 
pre-driver stages in VHF and UHF. 

• Low Cost SORF Plastic Surface Mount Package 

• GuarEJnteed RF Specification -IS2112 

• S-Pararneter Characterization 

• Tape and Reel Packaging Options Available 

MAXIMUM RATINGS 

Rating Symbol Value Unit 

Collector-Emitter Voltage VCEO -30 V 

Collector-Base Voltage VCBO -30 V 

Emitter-Base Voltage VEBO -3.0 V 

Collector Current - Continuous IC -500 mA 

Operating and Storage Junction TJ, Tstg -55 to +150 °c 
Temperature Range 

THERMAL CHARACTERISTICS 

Cheracteristic 

Total Device Dissipation @ TA = 25°C 
Derata above 25"9 

Storage Temperature 

Thermal Resistance, Junction to Ambient 

ELECTRICAL CHARACTERISTICS (Tc = 25°C unless otherwise noted.) 

I Characteristic I Symbol 

OFF CHARACTERISTICS 

Collilctor-Emitter Breakdown Voltage (IC = -10 mAl V(BR)CEO 

Collector-Base Breakdown Voltage (IC = -10 1lA) V(BR)CBO 

Emitter-Base Breakdown Voltage (IE =-100 IIA) V(BR)EBO 

Collector Cutoff Current (VCB = -20 V) ICBO 

Emitter Cutoff Current (VEB = -2.0 V) lEBO 

ON CHARACTERISTICS 

DC Current Gain (IC = -40 mA, VCE = -2.0 V) hFE 
(IC =-100 mA, VCE =-2.0 V) 
(IC = -300 mA, VCE = -5.0 V) 

Collector-Emitter Saturation Voltage (IC = -100 mA, IB = -1 0 mAl VCE(sat) 

Base-Emitter On Voltage (lc = -100 mA, VCE = -2.0 V) VBE(on) 

SMALL-8IGNAL CHARACTERISTICS 

Current-Gain - Bandwidth Product tr 
(IC=-35 mA, VCE=-15 V, f= 100 MHz) 

Insertion Gain (VCE = -15 V, IC = -35 mA, f = 250 MHz) IS21 12 
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Symbol 

Po 

Tstg 

RaJA 

Min 

-30 

-30 

-3 

-
-

20 
25 
15 

-
-

-

12.5 

MRF5583 

IC=-500mA 
SURFACE MOUNT 
HIGH-FREQUENCY 

TRANSISTOR 
PNPSIUCON 

CASE 751, STYLE 1 
(So-&) 

Max 

1.0 
8.0 

150 

125 

Typ Max 

- -
- -
- -
- -1.0 

- -0.5 

- -
- 100 
- -
- 0.8 

- 1.8 

2100 -

15.5 -

Unit 

Watt 
mWrC 

OC 

0c/w 

Unit 

V 

V 

V 

IIA 

IlA 

-

V 

V 

. MHz 

dB 

MRF5583 
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VCE 
(Volts) 

-15 
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IC 
(mA) 

-35 

f 
(MHz) 

10 
30 
50 
70 
100 
300 
500 
700 
1000 

Sll 1>2{ S12 S22 

IS111 LIj> 11>211 LIj> IS121 LIj> 18221 LIj> 

0.47 -57 64.7 155 0.01 60 0.83 -26 
0.59 -116 42.2 126 0.02 44 0.56 -58 
0.63 -140 28.8 113 0.02 39 0.39 -74 
0.64 -151 21.4 105 0.02 42 0.30 -82 
0.65 -161 15.4 97 0.02 45 0.24 -80 
0.67 179 5.23 79 0.05 58 0.13 -109 
0.87 168 3.11 66 0.07 60 0.20 -114 
0.67 160 2.24 57 0.09 60 0.24 ~116 

0.66 146 1.54 44 0.13 60 0.30 -123 

Table 1. Common EmlHer S-Parameters 
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MOTOROLA 
• SEMICONDUCTOR 

TECHNICAL DATA 

TheRFLine 
NPN Silicon 
RF Low Power Transistor 
· •• designed for high current, low power amplifiers up to 2.0 GHz. 

• High Current-Gain - BandWidth prodUct -
tr = 5.5 GHz (Typ) @ IC = 75 mA 

• Low Noise - 2.0 dB (Typ) @ 500 MHz 

• Low Intermodulation Distortion 
• High Gain -15.5 dB (Typ) @ 500 MHz 

• Low Cost SORF Plastic Surface Mount Package 

• State-of-the-Art Technology 
Fine Une Geometry 
Gold Top Metal and Wires 
Silicon Nitride Passivated 
Ion Implanted Arsenic Emitters 

• Die Same as MRF581,A 

MAXIMUM RATINGS 
Rating 

Collector-Emitter Voltage 

Collector-Base Voltage 

Emitter-Base Voltage 

Collector Current - Continuous 

Total Device Disslpation @ TC = 110"C (1) 
Derate aboVe 11 O"C . 

Total Device Dissipation @ TA = 25°C 
Derate above 25"C (2) 

Operating Junction and Storage Temperature Range 

THERMAL CHARACTERISTICS 
Characteristic 

Thennal Reslstance, Junction to Case 

Thennal Resistance, Junction to Ambient 

ELECTRICAL CHARACTERISTICS (Tc = 25"C unless otherwise noted.) 

I Characteristic I Symbol 

OFF CHARACTERISTICS 

Collector-Emitter 8reakdown Voitege (IC = 5.0 mAdc, IB = 0) V(BR)CEO 

Collector-Emitter Breakdown Voltage (IC = 5.0 mAde, VBE = 0) V(BR)CES 

Emitter-Base Breakdown Voltage (IE = 0.1 mAde, IC = 0) V(BR)EBO 

CoIlectorCutofI Current (VCB = 15Vdc, VBE = 0, TC= 25°C) ICBO 

Symbol 

VCEO 

VCBO 

VEBO 

IC 

Po 

Po 

TJ, Tstg 

Symbol 

ROJC 

ROJA 

Min 

15 

30 

2.5 

-

MRF5812 

IC=200mA 
SURFACE MOUNT 
HIGH-FREQUENCY 

TRANSISTOR 
NPNSJUCON 

CASE 751, STYLE 1 
SORF 
(80-8) 

Value 

15 

30 

2.5 

200 

1.0 
25 

1.0 
8.0 

-65 to +150 

Max 

45 

85 

Max 

- -
- -
- -
- 0.1 

Unit 

Vdc 

Vdc 

Vdc 

mAde 

Watts 
mWrc 

Watts 
mWrc 

°c 

Unit 

°CNI 

"CNI 

Unit 

Vdc 

Vdc 

Vdc 

mAdc 

NOTE: (continued) 
1. Case Temperature Is measured on the collector lead where It first contacts the printed circuit board closest to the package. 
2. Free air. 

MOTOROLA RF DEVICE DATA MRF5812 
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ELECTRICAL CHARACTERISTICS - continued (Tc = 25"C unless otherwise noted.) 

I Characteristic· I Symbol I Min 

ON CHARACTERISTICS 

I DC Current Gain (IC = 50 mAde, VCE = 5.0 Vdc) 

DYNAMIC CHARACTERISTICS 

Collector-Base capacitance (VCB = 10 Vdc, IE = 0, f = 1.0 MHz) Cab -
Current-Galn - Bandwidth Product (1) for -

(IC = 75 mAde, VCE = 10Vdc, 1= 1.0 GHz) 

FUNCTIONAL TESTS 

Noise Figure (Minimum) NFMIN -
(Ie = 50 mAde, VCE = 10Vdc, 1 = 0.5 GHz) Figure 4 

Noise Figure (50 Ohm Insertion) NF50n -
(IC = 50 mAde, VeE = 10 Vdc, 1 = 0.5 GHz) Figure 5 

Power Gain Associated with Noise Figure 1821 12 13 
(Ie = 50 mAde, VCE = 10 Vdc, 1 = 0.5 GHz) Figure 5 

Maximum Unilateral Galn (1) GUmax -
(IC = 75 mAde, VCE = 10 Vdc, 1 = 0.5 GHz) 

Intermodulation Distortion (2) Figure 1 IMD(d3) -
(VCE= 10 Vde,IC= 75 mAde, Vout= +50 dBmV) 

NOTE8: 182112 
1. Characterized on HP6542 Automatic Network Analyzer. GUmax = (1 -181112)(1 - 182212) 

2. 2·Tones, 11 = 497 MHz, f2 = 503 MHz, 3rd Order 8ingle Tone Reference. 

VBE>-------. 

'HPl1590B BIAS "MICROLABIFXR 
NETWORK SF-llNFORf<1 GHz 

SF-31 N FOR f> 1 GHz 

RFINPUT >---IA---I-'-r-----, 
"SLUG TUNER 

'''HP11608A TRANSISTOR FIXTURE 

Figure 1_ Functional Circuit Schematic 

TYPICAL CHARACTERISTICS 

12 
I I 

5 

I I 
.""- f=lMHz-

"'" " , 
" 

10 

Typ Max Unit 

90 200 

1.2 2.0 pF 

5.5 - GHz 

2.0 - dB 

2.5 3.0 dB 

15.5 - dB 

17 - dB 

-65 - dB 

...-----<VCE=10Vdc 

L1M~Z-

...... '\ " -- --- Cib 

2 

o 
1 2 

VEB, EMITTER-BASE VOLTAGE (VOLTS) 

Figure 2_ Cib Input capacitance versus Voltage 

MRF5812 
2-648 

1 

3 

r\.. ............ I-.... - Ccib I--r-.... 
"' ......... Ccb -

2 4 6 8 10 

Vcb, COLLECTOR-BASE (VOLTS) 

Figure 3. Ccb. Cob Collector-Base Capacitance 
versus Voltage 
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.......... 

--- ......... 
1'-0.. -~~ 

i"'~ .... ~ 
NFMIN ~ i-""'" ........ ..... 
'-""" 

VCE=10Vdc 1-1 

25 

20 

5 

IC,;50mA 
f-CKT - FIGURE 1 

0.2 0.3 0.5 0.7 
I, FREQUENCY (GHz) 

,Figure 4. Noise Figure and Gain Associated with 
Noise Figure versus Frequency 

f'... " 1~112 

" '- GUmax" (1 -151112)(1 -152212) 

........ ........ 1 1 1 1 1 , ....... GUmax 1 1 

........ .l' I-- VCE=10Vdc-

,:--
IC=75mA _ 

152112 I"-... 
r-.... .......... 

"'" =" 
"" o 

0.15 0.3 0.5 0.7 1 2 

8 

o 

I, FREQUENCY (GHz) 

Figure 6. GUmax - Maximum Unilateral Gain, 
IS21 12 versus Frequency 

.-
/" 

I VCE=10Vdc_ 
I--1=1 GHz 

1 
I 

o 
1 

3 

o 20 40 60 80 100 
IC, COLLECTOR CURRENT (mA) 

120 140 

Figure 8. Gain-Bandwidth Product versus 
Collector Current 

MOTOROLA RF DEVICE DATA 

25 

20 

i 15 

~ 
10 

1~112 
~ -

V r5 = li." 0 

/ 
Zo=SOO -
CKT - FIGURE 1 W/O _ 
5WGTUNERS 

NFSOO ~ 
........ -~ ~ I I 

I=SOOMHz -
VCE= 10 Vdc-
T I 

25 SO 75 100 
IC, COLLECTOR CURRENT (mA) 

Figure 5. Noise Figure and Gain Associated with 
Noise Figure versus Collector Current 

I .......... 
GAmax" ~: (K :I: JK2- - 1), K~l-

12 _ 

"" I'. 

" r-..... 
r-- VCE = 10 Vdc 

, 
....... 5 r-- ic=75mA 

I I " o 
o 0.3 0.5 0.7 1 2 

I, FREQUENCY (GHz) 

Figure 7. GAmaxo Maximum Available Gain 
versus Frequency 

3 

Poutt--t--t--+--t--t--+--I'rf''--:~--( 
) ~~ 

40 r+35dBm IPa-
E ~-T"" _. ~- ,.. -- ';r .... 
~ 30 I-- Pout (-1 dB) ~~...,.- (3RDORDER a: ~_ ,-.. _____ ~_ _ ~II INTERCEPT) 

~ 20 ./ 
- 10t--t--t--+-~~-t-~~-I1------~ 

~ 0 // I 
o -101--+-~~1---+-_-l>1~-I--+ 11 = 500 MHz 
~./ '2" 500.3 MHz 

0: -20 VCE=10V 
-30 ./ I IC=75mA 

II 
-40 -30 -20 -10 0 10 20 Pin 

Pin, INPUT POWER (dBm) 

Figure 9. 3rd Order Intercept Point and 1.0 dB 
Compression Point 

MRF5812 
2-649 

• 



II 

VCE 
(Volts) 

5.0 

10 

15 

MRF5812 
2-650 

IC 
(mA) 

25 

50 

75 

100 

25 

50 

75 

100 

25 

50 

75 

100 

f 
(MHz) 

100 
300 
500 
1000 
2000 
3000 

100 
300 
500 
1000 
2000 
3000 

100 
300 
500 
1000 
2000 
3000 

100 
300 
500 
1000 
2000 
3000 

100 
300 
500 
1000 
2000 
3000 

100 
300 
500 
1000 
2000 
3000 

100 
300 
500 
1000 
2000 
3000 

100 
300 
500 
1000 
2000 
3000 

100 
300 
500 
1000 
2000 
3000 

100 
300 
500 
1000 
2000 
3000 

100 
$00 
500 

1000 
2000 
3000 

100 
300 
500 
1000 
2000 
3000 

S11 S21 S12 S22 

IS111 L$ IS21 I L$ IS121 L$ I~I L$ 
0.66 -123 18.3 118 0.04 43 0.53 -79 
0.66 -167 7.0 92 0.06 44 0.31 -120 
0.65 178 4.3 81 0.08 52 0.28 -133 
0.62 154 2.2 63 0.13 61 0.28 -141 
0.57 109 1.3 39 0.28 57 0.31 -148 
0.55 68 1.0 23 0.41 41 0.34 -164 

0.64 -133 20.2 114 0.04 44 0.51 -93 
0.65 -171 7.6 91 0.06 50 0.34 -137 
0.65 175 4.6 81 0.08 56 0.31 -148 
0.61 152 2.3 63 0.13 63 0.28 -149 
0.56 109 1.3 39 0.28 57 0.30 -150 
0.52 70 1.0 23 0.41 39 0.29 -169 

0.64 -137 20.8 113 0.04 44 0.50 -99 
0.66 -173 7.7 91 0.06 52 0.35 -142 
0.64 174 4.7 82 0.08 59 0.32 -154 
0.61 151 2.4 65 0.14 64 0.30 -164 
0.54 107 1.4 42 0.30 55 0.27 -167 
0.52 69 1.1 24 0.42 37 0.25 -172 

0.64 -140 20.8 112 0.03 44 0.50 -103 
0.65 -174 7.6 90 0.06 53 0.36 -145 
0.64 173 4.7 81 0.08 60 0.33 -156 
0.61 151 2.4 65 0.15 64 0.31 -166 
0.54 107 1.4 42 0.30 54 0.27 -169 
0.52 65 1.1 24 0.42 37 0.25 -174 

0.65 -112 20.2 121 0.04 46 0.56 -62 
0.63 -162 8.0 93 0.05 46 0.29 -93 
0.62 -178 5.0 82 0.07 52 0.25 -102 
0.60 157 2.5 63 0.11 63 0.26 -112 
0.55 1.12 1.4 39 0.25 61 0.35 -125 
0.55 69 1.0 23 0.39 47 0.40 -145 

0.63 -122 22.9 117 0.03 46 0.50 -74 
0.62 -167 8.8 92 0.05 51 0.28 -112 
0.60 178 5.3 82 0.07 58 0.24 -122 
0.58 154 2.7 64 0.12 65 0.23 -129 
0.51 111 1.5 40 0.26 59 0.28 -132 
0.50 70 1.2 24 0.39 44 0.34 -144 

0.63 -126 23.8 116 0.03 45 0.49 -80 
0.63 -168 9.0 92 0.05 51 0.28 -120 
0.62 177 5.5 82 0.07 58 0.24 -130 
0.58 154 2.8 65 0.12 65 0.23 -137 
0.52 111 1.5 41 0.26 58 0.27 -135 
0.50 70 1.2 24 0.39 42 0.32 -145 

0.62 -128 23.8 114 0.03 46 0.46 -82 
0.62 -169 8.9 91 0.05 54 0.26 -120 
0.60 176 5.4 81 0.07 61 0.23 -130 
0.57 152 2.8 64 0.12 66 0.21 -136 
0.51 109 1.5 40 0.27 59 0.26 -134 
0.50 68 1.2 24 0.39 43 0.32 -145 

0.66 -106 21 123 0.03 47 0.57 -54 
0.63 -159 8.5 94 0.05 46 0.30 -77 
0.61 -177 5.2 82 0.06 52 0.26 -64 
0.58 156 2.6 62 0.11 64 0.28 -96 
0.54 110 1.4 36 0.23 63 0.39 -115 
0.56 68 1.0 22 0.37 49 0.46 -137 

0.62 -114 24 119 0.03 46 0.51 -64 
0.60 -163 9.2 93 0.05 51 0.26 -92 
0.58 -179 5.7 81 0.07 56 0.22 -100 
0.56 154 2.9 63 0.12 66 0.23 -109 
0.52 109 1.5 39 0.25 60 0.32 -118 
0.52 67 1.1 22 0.37 46 0.39 -137 

0.62 -118 24.6 117 0.03 46 0.48 -67 
0.59 -165 9.4 92 0.05 53 0.24 -96 
0.58 179 5.7 81 0.07 '60 0.21 -104 
0.56 154 2.9 63 0.12 66 0.22 -111 
0.50 109 1.5 38 0.25 60 0.31 -118 
0.52 67 1.1 22 0.37 46 0.38 -136 

0.62 -121 24.8 116 0.03 46 0.46 -68 
0.60 -165 9.3 91 0.05 53 0.23 -96 
0.58 179 5.7 81 0.07 61 0.20 -102 
0.56 155 2.9 63 0.12 65 0.22 -109 
0.50 111 1.5 39 0.25 62 0.32 -117 
0.50 68 1.1 23 0.37 47 0.39 -136 

Table 1. Common Emitter S-Parameters 
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MOTOROLA 

• SEMICONDUCTOR -----------TECHNICAL DATA 

The RF Line 
NPN Silicon 
High-Frequency Transistor 
· .. designed for amplifier, oscillator or frequency multiplier applications in 
Industrial equipment. Suitable for use as· a Class A, B or C output driver or 
pre-driver stages in VHF and UHF. 

• Low Cost SORF Plastic Surface Mount Package 

• Guaranteed RF Specification - IS21 12 
• S-Parameter Characterization 
• Tape and Reel Packaging Options Available 

MAXIMUM RATINGS 

Rating Symbol Value Unit 

CoIlector-Emltter Voltage VCEO 30 Vde 

Collector-Base Voltage VCBO 40 Vdc 

Emitter-Base Voltage VEBO 3.5 Vde 

Collector Current - ContInuous IC 400 mAde 

Operating and Storage Junction TJ, Tstg -55 to +150 "C 
Temperature Range 

THERMAL CHARACTERISTICS 

Characteristic 

Total Device Dissipation @ TA = 25°C 
Derate above 25"C 

Storage Temperature 

Thermal Resistance, Junction to Ambient 

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

I Characteristic I Symbol 

OFF CHARACTERISTICS 

Collector-Emitter Breakdown Voltage (IC = 5.0 mAl V(BR)CEO 

Collector-Base Breakdown Voltage (IC = 100 J1A) V(BR)CBO 

Emitter-Base Breakdown Voltage (IE = 100 J1A) V(BR)EBO 

Collector Cutoff Current (V CE = 20 V) ICEO 

Collector Cutoff Current (V CB = 15 V) ICBO 

ON CHARACTERISTICS 

DC Current GaIn (IC = 50 mA, VCE = 15 V) hFE 

Collector-Emitter Saturation Voltage (IC = 100 mA, IB = 10 mAl VCE(sat) 

Base-Emltter saturation Voltage (IC = 100 mA, IB = 10 mAl VBE(sat) 

SMALL-BIGNAL CHARACTERISTICS 

CUrrent-Gain - Bandwidth Product IT 
(IC = 35 rnA, VCE = 15 V, f = 100 MHz) 

Insertion GaIn (VCE = 15 V, IC = 35 mA, f = 250 MHz) IS21 12 

MOTOROLA RF DEVICE DATA 

Symbol 

Po 

Tstg 

RaJA 

Min 

30 

40 

3.5 

-
-

25 

-
-

-

12 

MRF5943 

IC=400mA 
SURFACE MOUNT 
HIGH-FREQUENCY 

TRANSISTOR 
NPNSlUCON 

CASE 751, STYLE 1 
(~) 

Max 

1.0 
8.0 

150 

125 

Typ Max 

- -
- -
- -
- 50 

- 10 

- 300 

- 0.2 

- 1.0 

1550 -

15 -

Unit 

Watt 
mWrC 

°c 

0c/w 

Unit 

V 

V 

V 

)1A 

J1A 

-
V 

V 

MHz 

dB 

MRF5943 
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VCE 
(Volts) 

15 

MRF5943 
2-652 

IC 
(mA) 

35 

f 
(MHz) 

10 
30 
50 
70 
100 
300 
500 
700 
1000 

811 ~1 812 ~ 

1811 1 Lcjl 1~11 Lcjl 18121 LIjI 1~21 Lcjl 

0.37 -63 53.7 157 0.01 59 0.91 -18 
0.52 -120 36.5 128 0.01 48 0.64 -38 
0.58 -142 25.4 113 0.02 45 0.47 -44 
0.59 -154 19 105 0.02 46 0.38 -44 
0.60 -162 13.6 97 0.02 49 0.32 -43 
0.64 178 4.6 77 0.05 59 0.28 -49 
0.65 168 2.8 64 0.07 60 0.32 -62 
0.65 159 2.0 53 0.09 63 0.38 -76 
0.64 144 1.4 38 0.13 63 0.46 -93 

Table 1. Common Emitter S-Parameters 
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MOTOROLA 
• SEMICONDUCTOR 

TECHNICAL DATA 

The RF Line 
NPN Silicon 
RF Power Transistor 

The MRF6401 is designed for Class A common emitter, linear power 
amplifiers in the 1-2 GHz frequency range. It has been specifically designed for 
use in Personal Communications Network (PCN) base station and INMARSAT 
Standard M applications. The studless package version offers a good possibility 
for surface mounting. 

• Specified 20 Volts, 1.66 GHz Characteristics: 
Output Power - 0.5 Watts 
Gain -10 dB Min 
Class A Operation 

• Specified 20 Volts, 1.88 GHz Characteristics: 
Output Power - 0.5 Watts 
Gain - 9 dB Min 
Class A Operation 

MAXIMUM RATINGS 

Collector-Emitter Voltage 

Collector-Base Voltage 

Emitter-Base Voltage 

Operating Junction Temperature 

Rating 

Total Device Dissipation @ T C = 25°C 
Derate above 25°C 

Storage Temperature Range 

THERMAL CHARACTERISTICS 

Characteristic 

Thermal Resistance, Junction to Case (1) 

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

I Characteristic I Symbol 

OFF CHARACTERISTICS 

Collector-Emitter Breakdown Voltage V(BR)CER 
(Ie = 10 mAdc, RB = 75 0) 

Emitter-Base Breakdown Voltage V(BR)EBO 
(IE = 0.25 mAde) 

Collector-Base Breakdown Voltage V(BR)CBO 
(le=1 mAdc) 

ON CHARACTERISTICS 

DC Current Gain 
(IC = 0.1 Adc, VCE = 5 Vde) 

NOTE: 
1. Thermal resistance is determined under specified RF operating condition. 

MOTOROLA RF DEVICE DATA 

Symbol 

VCEO 

VCBO 

VEBO 

TJ 

Po 

Tstg 

Min 

2B 

3.5 

45 

MRF6401 

0.5 W, 1-2 GHz 
RFUNEAR 

POWER TRANSISTOR 

CASE 305C, STYLE 1 

Value 

22 

45 

3.5 

200 

5.B 
0.033 

-65 to +150 

Max 

30 

Typ Max 

- -

- -

- -

Unit 

Vdc 

Vdc 

Vdc 

"C 

Watts 
WI"C 

"C 

Unit 

Vdc 

Vdc 

Vdc 

MRF6401 
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II 

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

I Characteristic I Symbol I Min Typ Max Unit 

DYNAMIC CHARACTERISTICS 

I Output Capacitance 
(VCB= 26 V,IE = 0, f= 1 MHz) 

FUNCTIONAL TESTS (VCC = 20 V Ica = 80 mAl 

Common-Emitter Amplifier Power Gain 
(f= 1660 MHz, Pout = 0.5 W) 
(f = 1880 MHz, Pout = 0.5 W) 

Load Mismatch 
(f = 1660 MHz, f = 1880 MHz, Pout = 0.5 W, 
Load VSWR = 20:1, all phase angles at frequency of test) 

Intennodulation Distortion 
(Pout = 0.5 W PEP, f1 = 1659.2 MHz, f2= 1660 MHz) 
(Pout = 0.5 W PEP, f1 = 1879.2 MHz, f2 = 1880 MHz) 

RF 
INPUT 

Cl 
C2 
C3 
C4, C6, C7, C9 
C5 
C8 
Cl0 
Cll 
TL1 to TL11 
TP1 

1.5 ;>F, ATC Chip Capacitor 100A 
3.9 pF, ATC Chip Capacitor 100A 
56 pF, ATC Chip Capacitor 100A 
15 nF, Chip Capacitor 0805 
47 pF, ATC Chip Capacitor 100A 
4.7 JlF, 35 V, Capacitor 
10 JlF, 16 V, Capacitor 
100 pF, ATC Chip Capacitor 100A 
Jlstrip Unes; See Photomaster 
Jlstnp Taper; See Photomaster 

Cob 

Gp 

IJ1 

IMD 

R2 
R3 
R4 
R5 
R6 
R7,R8 
T1 

1.4 pF 

dB 
10 11 -
9 10 -

No Degradiation 
in Output Power 

dBc 
-30 -35 -
-30 -35 -

RS 
~t-~~-.----o+ 

R7 Vcc 

Tl 
R8 !-

TLll 

C8 

~RF 
UTI> 1 MPm 

470 n. Chip Resistor 0805 
4.7 k.Q, Chip Resistor 0805 
8.2 kO, Chip Resistor 0805 
5 kO, SMD Potentiometer 
6800, Chip Resistor 0805 
7.5 0, Chip Resistor 0805 
TranSistor, BCV62 

Figure 1. 1600-2000 MHz Broadband Application Amplifier Schematic 

MRF6401 
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TYPICAL CHARACTERISTICS 

1000 

---
~ 

/" 
/' 

./ 
/ 

./ VCC=20V -
V IC=80mA _ , f= 1880 MHz 

o 20 40 60 80 100 
I'Jn,lNPUT POWER (mW) 

Figure 2. Output Power versus Input Power 
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Figure 3. Third Order Intercept 
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Figure 4. Performance in Broadband Test Fixture 

Table 1. Common Emitter S-Parameters 

Vee = 20 V,le = 80 mA 

POLAR 5·PARAMETER5 IN 50 n 5Y5TEM 

f 511 521 512 522 

MHz 15111 L0 15211 L0 15121 L0 15221 L0 

100 0.626 -118 28.4 127 0.0186 45 0.649 -40 

200 0.718 -149 17.1 106 0.0230 35 0.434 -49 

400 0.754 -171 9.10 88 0.0271 35 0.303 -53 

600 0.761 179 6.15 77 0.0312 38 0.272 -56 

800 0.762 171 4.65 68 0.0359 42 0.266 -62 

1000 0.763 165 3.73 60 0.0409 44 0.271 -68 
1200 0.758 159 3.13 52 0.0469 44 0.286 -75 

1400 0.753 155 2.60 44 0.0490 46 0.291 -87 

1600 0.765 150 2.30 39 0.0574 50 0.288 -93 

1800 0.769 144 2.06 32 0.0665 49 0.303 -97 

1900 0.768 142 1.98 29 0.0714 48 0.312 -100 

2000 0.767 139 1.88 25 0.0756 48 0.322 -103 

MOTOROLA RF DEVICE DATA 

f 
MHz 

100 

200 

400 

600 

800 

1000 

1200 

1400 

1600 

1800 

1900 

2000 

Vee =20V,le=50mA 

POLAR 5·PARAMETER5 IN 50 n 5Y5TEM 

511 521 

15111 L0 1521 1 L0 

0.618 -113 26.2 130 

0.713 -145 16.2 ld8 

0.758 -168 8.78 89.2 

0.763 180 5.94 78 

0.761 169 4.49 68 

0.764 166 3.61 60 

0.758 160 3.02 52 

0.757 155 2.52 44.5 

0.768 150 2.22 39 

0.n2 145 2 32 

o.no 142 1.91 28 

0.n2 140 1.81 25 

512 

15121 L0 

0.0195 45 

0.0251 34 

0.0288 32 

0.0323 35 

0.0363 39 

0.0415 41 

0.0467 42 

0.0486 45 

0.0566 48 

0.0655 48 

0.0705 47 

0.0745 47 

522. 

15221 

0.678 

0.465 

0.331 

0.297 

0.290 

0.294 

0.310 

0.313 

0.311 

0.328 

0.335 

0.345 

L0 

-36 

-47 

-51 

-55 

-61 

-68 

-75 

-87 

-92 

-97 

-101 

-104 
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TEFlON@ GLASS 0.508 mm 2 sides 3511f1l Cu 

Figure 5. PC Board Photomaster 

Figure 6. Test Circuit Components View 

SCALE 0.75:1 
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MOTOROLA 
• SEMICONDUCTOR 

TECHNICAL DATA 

The RF Line 
NPN Silicon 
RF Power Transistor 

The MRF6402 is designed for 1.8 GHz Personal Communications Network 
(PCN) base stations applications. It incorporates high value emitter ballast 
resistors, gold metallizations and offers a high degree of reliability and 
ruggedness. For ease of design, this transistor has an intemally matched input. 

• To be used in Class AB for PCN and Cellular Radio Applications 

• Specified 26 V, 1.88 GHz Characteristics 
Output Power - 4.5 Watts 
Gain -10 dB Typ 
Efficiency - 45% Typ 

MAXIMUM RATINGS 

Rating 

Collector-Emitter Voltage 

Collector-Base Voltage 

Emitter-Base Voltage 

Collector-Current - Continuous 

Total Device DIssipation @ T C = 250C 
Derate above 250C 

Storage Temperature Range 

Operating Junction Temperature 

THERMAL CHARACTERISTICS 

CharacterIstic 

Thermal Resistance, Junction to case (1) 

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

I Characteristic I Symbol 

OFF CHARACTERISTICS 

Collector-Emitter Breakdown Voltage V(BR)CER 
(IC = 10 mA, RBE = 75 0) 

Emitter-Base Breakdown Voltage V(BR)EBO 
(IE=5mAdc) 

Collector-Base Breakdown Voltage V(BR)CBO 
(IC = 10 mAde) 

Collector-Emitter Leakage ICER 
(VeE = 26 V, RBE = 75 0) 

NOTE: 
1. Thermal resistance is determined under specified RF operating condition. 

MOTOROLA RF DEVICE DATA 

Symbol 

VCER 

VCBO 

VEBO 

IC 

Po 

Tstg 

TJ 

Min 

40 

3.5 

40 

-

MRF6402 

4.5 W, 1.88 GHz 
RF POWER TRANSISTOR 

NPNSlUCON 

CASE 319, STYLE 2 

value 

40 

45 

3.5 

0.7 

15 
0.2 

-65 to +150 

200 

Max 

5 

lYP Max 

- -

- -

- -

- 5 

Unit 

Vile 

Vile 

Vile 

Adc 

Watts 
W/"C 

OC 

OC 

Unit 

Vdc 

Vdc 

Vdc 

mA 

(continued) 
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ELECTRICAL CHARACTERISTICS - continued (T C = 250C unless otherwise noted.) 

I Characteristic I Symbol I Min Typ Max 

ON qHARACTERISTICS 

DC Current Gain 
(IC = 0.1 Adc, VCE = 20 Vdc) 

DYNAMIC CHAR~CTERISTICS 

I Output Capacitance 
(Vce= 26V,IE =0, f= 1 MHz) 

FUNCTIONAL TESTS 

Ccmmon-Emitter Amplifier Power Gain 
(Vcc = 26 V, Pout = 4 W,lea =40 rnA, f= 1.88 GHz) 

Collector Efficiency 
(Vce = 26 V, Pout = 4 W, f= 1.88 GHz) 

Load Mismatch 
(Vee = 26 V, Pout = 4.5 W, lea = 40 rnA, f = 1.88 GHz, 
Load VSWR = 3:1, All Phase Angles at Frequency of Test) 

f Zin ZoL' 
(GHz) ('l) ('l) 

1.75 5.9+j9.2 2.8+j2.7 

1.80 6.2+j9.6 2.9+j2.3 

1;84 6.5+j10 2.9 ",:j1.8 

1.90 6.8 + j9.1 2.9+j1.4 

1.95 7.3+j8.1 3.1 + jO.9 

Cob 6 

Gp 9 10 -

t\ 40 43 -

'I' 
No Degradation In Output Power 

ZoL': Conjugate of optimum load impedance 
into which the device operates at a 
given output power, voltage, current 
and frequency. 

Figure 1. Input and Output Impedances with Circuit Tuned for Maximum Gain 
@ VCE = 26 V, lea = 40 mAo Pout = 4.5 W 

Unit 

pF 

de 

% 

MRF6402 
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TYPICAL CHARACTERISTICS 

6 V E= 6V I--
L..-

o 
vCE=d6V 
11 =1.88 
12 = 1.8801 GHz 

"... 
...... --4V 

...... ~ 
5 

4 
- r--

if -10 

g -20 
'E 
~ 
o -30 

t-ICQ=40 rnA H der 

3 

2 

~ 

V 
P 

~ 

, 
f= 1.8 GHz -

V 

0.1 

lyQ=f'4 -

0.2 0.3 0.4 0.5 

i1n, Input Power (Watts) 

Figure 2. Typical Output Power 
versus Input Power 

0.6 

T 

RFlnput ~C3 

Cl,C2 
C3,C4 
C5,C6 
C7,ca 
C9, Cl0 
Cll 
01,02 

1 to 5 pF, Trimmer Capacitor, Johanson 
100A, 68 pF, Chip Capacitor, ATC 
100A, 82 pF, Chip Capacitor, ATC 
15 nF, Chip Capacitor, 0805 
330 pF, Chip Capacitor, 0805 
4.7 J,LF, 35 V, Capacitor 
Oiode,IN4148 

-60 

-70 
o 

R4 

-
/' 

Ll 
L2 
PI 
Rl 
R2 
R3 
R4 
T 

~ 
....--

2 3 4 5 

Pout, Output Power (Watts) PEP 

Figure 3. IMD versus Output Power 

2 Turns, Wire 0.5 mm, 102 mm 
Ferrite Bead, SMO Fair-Rite 
10 kQ, Trimmer 
2.2 n, Chip Resistor, 0805 
56 Q, Chip Resistor, 1206 
1.2 kQ, 1/4 W, 5%, Resistor 
100 Q, 3 W, Power Resistor 
Transistor, B0135 

RFOutput 

Figure 4. 1.80-1.88 GHz Test Circuit Electrical Schematic 
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RF Input 

r 

.. 

. . . .. .. . . 
IIilm 

.~ 
Tefton GIass® 0.5 mm - Double Side 35 JIII1 Cu. 

SCALE 0.75:1 

Figure 5. Photomaster 

Cl0 

RFOu1put 

Figure 6. Test Circuit Components View and Parts Ust 
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MOTOROLA 
- SEMICONDUCTOR 

TECHNICAL DATA 

The RF Line 
NPN Silicon 
RF Power Transistor 

The MRF6403 is designed for 1.8 GHz Personal Communications Network 
(PCN) base station applications. It incorporates high value emitter ballast 
resistors, gold metallizations and offers a high degree of reliability and 
ruggedness. 

• To be used in Class AB for PCN and Cellular Radio 

• Specified 26 Volts, 1.88 GHz Characteristics 
Output Power - 25 Watts 
Gain - 6.5 dB Typ 
Efficiency - 43% Typ 

MAXIMUM RATINGS 

Rating 

Collector-Emitter Voltage 

Collector-Base Voltage 

Emitter·Base Voltage 

Collector-Current - Continuous 

Total Device Dissipation @ T C = 25"C 
Derate above 25°C 

Storage Temperature Range 

Operating Junction Temperature 

THERMAL CHARACTERISTICS 

Characteristic 

Thermal Resistance, Junction to Case (1) 

ELECTRICAL CHARACTERISTICS (Tc = 25°C unless otherwise noted.) 

I Characteristic I Symbol 

OFF .CHARACTERISTICS 

Collector-Emitter Breakdown Voltage V(BR)CER 
(IC = 10 mA, RBE = 75 0) 

Emitter-Base Breakdown Voltage V(BR)EBO 
(IE=5mAdc) 

Collector-Base Breakdown Voltage V(BR)CBO 
(IC = 10 mAde) 

Collector-Emitter Leakage ICER 
(VCE = 26 V, RBE = 75 0) 

NOTE: 
1. Thermal resistance is determined under specified RF operating condition. 

MOTOROLA RF DEVICE DATA 

Symbol 

VCER 

VCBO 

VEBO 

IC 

Po 

Tstg 

TJ 

Min 

40 

3.5 

45 

-

MRF6403 

25 W, 1.88 GHz 
RF POWER TRANSISTOR 

NPNSIUCON 

CASE 395, STYLE 1 

Value 

40 

45 

3.5 

2.5 

70 
0.4 

-65to+150 

200 

Max 

2.5 

Typ Max 

- -

- -

- -

- 5 

Unit 

Vdc 

Vdc 

Vdc 

Adc 

Walls 
WI"C 

"C 

°c 

Unit 

Vdc 

Vdc 

Vdc 

rnA 

(continued) 
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ELECTRICAL CHARACTERISTICS - continued (T C = 25"C unless otherwise noted.) 

I Characteristic I Symbol I· Min 

ON CHARACTERISTICS 

I DC Current Gain (IC = 0.2 Adc, VCE = 20 Vdc) 30 

DYNAMIC CHARACTERISTICS 

I Output Capacitance (each side) (VCB = 26 V, IE = 0, 1= 1 MHz) 

FUNCTIONAL TESTS 

Common-Emitter Amplilier Power Gain Gp -
(VCC = 26 V, Pout = 25 W, ICQ =' 200 rnA, 1= 1.88 GHz) 

Collector Efficiency (VCC = 26 V, Pout = 25 W, 1= 1.88 GHz) 1') 38 

~p Unit 

120 

15 pF 

6.5 - dB 

43 - % 

f Zin ZoL' 
(GHz) (0) (0) 

1.805 33.7+j5.6 9.8+j7.7 

1.845 31.5 +j5.4 9.3+j7 

1.880 29.5 + 15.1 8.9+j6.4 

ZoL'; conjugate of optimum load 
Impedance Into which the device 
operates at a given output power, 
voltage, current and frequency. 

Figure 1. Series Equivalent Input and Output Impedances 

MRF6403 
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35 

I! 30 

! a: 25 

~ 20 

~ 15 

'5 10 
rE 

5 

o V 

TYPICAL CHARACTERISTICS 

...-...... 
" ./ 

./ 
It" 

V 
~ 

V VCC=26 V 
V 1Q-200mA 

/ l=l.88GHz 

2 3 4 5 6 7 

Pin, INPUT POWER (WATIS) 

Figure 2. Output Power versus Input Power 
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TEFLON@GlASS0.5mm-DOUBLESIOE35p.mCu. 

Figure 3. Photomaster 

Figure 4. Components View 

Cl to C8 
C9 to C12 
C13to C16 
C20 
C21 toC23 
C24 
R1. R2 
R3.R4 
Coax 1. Coax 2 

68 pF. ATC Chip capacitor 100A 
330 pF. Chip Capacitor 0805 
4.7 ILF. 35 V. capacitor 
1.3 pF. ATC Chip capacitor 100A 
1 pF. ATC Chip Capacitor 100A 
0.5 pF. ATC Chip capacitor l00A 
56 0. Chip Resistor 1206 
2.2 0. Chip ReSistor 0805 
50 a Coaxial. I = 27 mm 

SCALE 0.75:1 
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MOTOROLA 
• SEMICONDUCTOR 

TECHNICAL DATA 

The RF Line 
NPN Silicon 
RF Power Transistor 

The MRF6404 is designed for 1.8 GHz Personal Communications Network 
(PCN) base station applications. It incorporates high value emitter ballast 
resistors, gold metallizations and offers a high degree of reliability and 
ruggedness. 

II 

• To be used in Class AB for PCN and Cellular Radio 

• Specified 26 V, 1.88 GHz Characteristics 
Output Power - 30 Watts 
Gain - 9 dB Typ 
Efficiency - 43% Typ 

MAXIMUM RATINGS 
Rating 

Collector-Emitter Voltage 

Collector-Base Voltage 

Emitter-Base Voltage 

Collector-Current - Continuous 

Total Device Dissipation @ TC = 25°C 
Derata above 25°C 

Storage Temperature Renge 

Operating Junction Temperature 

THERMAL CHARACTERISTICS 
Characteristic 

Thermal Resistance, Junction to case (1) 

ELECTRICAL CHARACTERISTICS (Tc = 250C unless otherwise noted.) 

I Characteristic I Symbol 

OFF CHARACTERISTICS 
Collector-Emitter Breakdown Voltage V(BR)CEO 

(IC=50 rnA, IB= 0) 

Emitter-Base Breakdown Voltage V(BR)EBO 
(IE = 10 mAde) 

Collector-Bese Breakdown Voltage V(BR)CES 
(IC = 50 mAde) 

Collector Cutoff Current ICES 
(VCE = 30 V, VBE = 0) 

NOTE: 
1. Thermal resistance is determined under specified RF operating condition. 

MRF6404 
2-664 

Symbol 

VCEO 

VCES 

VEBO 

IC 

Po 

Tstg 

TJ 

Min 

25 

4 

60 

-

MRF6404 

30 W, 1.88 GHz 
RFPOWERTRANS~R 

NPNSILICON 

CASE 395C, STYLE 1 

Value 

25 

60 

4 

10 

125 
0.71 

-65 to +150 

200 

Max 

1.4 

Typ Max 

28 -

5 -

68 -

- 10 

Unit 

Vdc 

Vdc 

Vdc 

Ade 

WaHs 
WI"C 

°c 

OC 

Unit 

Vdc 

Vde 

Vde 

rnA 

(continued) 
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ELECTRICAL CHARACTERISTICS - continued (TC = 25"C unless otherwise noted.) 

I Characteristic I Symbol I Min Typ Max -Unit 

ON CHARACTERISTICS 

DC Current Gain 
(IC = 1 Adc, VCE = 5 Vdc) 

DYNAMIC CHARACTERISTICS 

Output Capacitance 
(VCB= 26V,IE=O, 1= 1 MHz) 

FUNCTIONAL TESTS 

Common-Emitter Amplifier Power Gain Gp 
(Vee = 26 V, Pout = 30 W, ICO = 150 mA, 1 = 1.88 GHz) 

CollectorElflCiency 1\ 
(Vee = 26 V, Pout = 30 W, 1 = 1.88 GHz) 

Load Mismatch '1' 
(VCC=26 v, Pout = 30 W,ICO= 150 mA, 1= 1.88 GHz, 
Load VSWR = 3:1, All Phase Angles at Frequency 01 Test) 

- 9 - dB 

- 43 - % 

No Degradation in Output Power 

f Zin ZoL* 
(GHz) (0) (0) 

1.8 6.5+J8.5 3+]3 

1.85 5.6+J8 2.6+j3.3 

1.9 5.2 + j7.3 2.3+J3.7· 

ZoL': Conjugate of optimum load Impedance 
into which the device operates at a 
given output power, voltage, current 
and lrequency. 

Figure 1. Input and Output Impedances with Circuit Tuned for Maximum Gain 
@ VCC = 26 V, ICO = 0.15 A, Pout = 30 W 
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TYPICAL CHARACTERISTICS 

4Or---~-----.----.----'r----.----, 

35 VCC~26V 
fi)" ICQ a 150 mA 

~ 3Or---~---+----~~~~~==~ 
2!. 

! :r---~-----b~'-+---~r----+----~ 
~ 15(----,t--:3IP'I---t--+---t---I 

j 10r---~~--~----+---~r----+----~ 

5r-~~----~----+---~r----+----~ 
O~ __ ~ ____ -L ____ ~ __ ~~ __ ~ ____ ~ 

o 

.... 25 
~-

~ 

~ 
Q 

~ 
~ 
~ w 
~ 
t:i 
;E 

-30 

-35 

-40 

-45 

-50 

-55 

-60 
o 

MRF6404 
2-666 

234 
Pin. INPUT POWER (WAITS) 

5 

Figure 2. Output Power versus Input Power 

3rdOrder 

....... ./ V" 

"' ........... ~ 5111 

6 

-~ 7th ---"" VCC~26V 

f = 1.88& r8801 GHz 
lca=l50mA-r 

10 20 30 
Pout. OUTPUT POWER (WAITS) PEP 

Figure 4. Intermodulation versus Output Power 

40 

40 

tn 35 

~ 30 
~ 

I : 
~ 15 
j 10 

5 

_VCC=26V 
ica=l50mA 

I'jn· 5W 

3W 

1W 

o 
1.70 1.75 1.80 . 1.85 

f. FREQUENCY (GHz) 

Figure 3. Output Power versus Frequency 

12 

VCb=26~ 
-ica=l50mA 9 

f= 1.68GHz I 

/ 
6 

\ / 
\ /" 

-6 "'- V 
"'9 

1.90 

o 4 8 12 16 20 24 28 32 36 40 

Pout. OUTPUT POWER (WAITS) 

Figure 5. AMIPM Conversion 
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R2 

C6* 

r-----l 

C5* 
.... 
(j) ... 
N 

R1 

r-------------, 
,------.... ;-0 VBB 

I 
R4 I 

I 
I 

I C14 
c15I I 

I.,...,.. .,.. I 
I Base Bias Circuit I L ____________ .J 

VCC 

* C13 

*C12 

1----..., 
*C11 

C10 

~ 
RFOutput 

C1 

~ 
RF Input 

C1, C5, C10, C11 
C2,C9 
C3,C4 
C6,C12 
C7,C14, C15 
CB 
C13 
L1 
P1 
R1 
R2 
R3 
R4 
T1,T2 
Board 

6B pF, Chip Capacitor, ATC 100A 
Trimmer Capacitor, Glgatrim 
1.3 pF, Chip Capacitor, ATC 100A 
330 pF, Chip Capacitor, Vitramon 
15 nF, Chip Capacitor, Vitramon 
10 I1F, 63 V, Electrolytic Capacitor 
4.711F, 63 V, Electrolytic Capacitor 
Ferrite Bead SMD Fair-Rite 
1 Kn, Trimmer 
2.2 n. Chip Resistor, OB05 
56 n. Chip Resistor, 1206 
47 n. Chip Resistor, OB05 
330 n. Chip ReSistor, OB05 
Motorola MJD 31C 
£r = 2.55, H = 0.50B mm, T = 0.035 mm 

RF Circuit 

All Electrical Lengths Are Referenced from "g @ F = 1.9 GHz 
Z1:50Q 61:10° 
Z2: 50 Q 62: 74.5° 9B: 16.5° 
Z4:74Q 64:68° 
Z5:12.BQ 95:21° 
Z6: 10.4 Q e6: 49.5° 
Z7:1BQ 97:36.5° 
ZB:45Q 9B:20° 
Z10:50Q 910:10° 
Z11 : 74 Q 911: 74.5° 
Z12 : 50 Q 912: 10° 

Figure 6. 1.8-1.88 GHz Test Circuit Electrical Schematic 
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Teflon® Glass 0.5 mm - Double Side 3511111 Cu. 

Figure 8. Photomaster 

Figure 9. Components Layout 

(Not to Scale) 

RFOufpul 

MOTOROLA RF DEVICE DATA 



MOTOROLA 
• SEMICONDUCTOR 

TECHNICAL DATA 

The RF Line 
NPN Silicon 
RF Power Transistor 

The MRF6406 is designed for 1.88 GHz Personal Communications Network 
(PCN) base station applications. For ease of design, this transistor has an 
intemally matched input. 

• Specified 26 V, 1.88 GHz Characteristics 
Output Power - 12 Watts 
Gain -7.5 dB Typ @ 1.88 GHz, Class AB 
Efficiency - 43% Typ @ 1.88 GHz, 12 Watts 

• Characterized with Series Equivalent Large-Signal Parameters from 
1.75-1.9 GHz 

• Gold Metallized, Emitter Ballasted for Long Life and Resistance to Metal 
Migration 

• Silicon Nitride Passivated 

MAXIMUM RATINGS 

Rating 

Collector-Emitter Voltage 

Collector-Base Voltage 

Emitter-Base Voltage 

Collector-Current - Continuous 

Total Device Dissipation @ T C = 25°C 
Derate above 25·C 

Quiescent Current (without RF drive) 

Storage Temperature Range 

Operating Junction Temperature 

THERMAL CHARACTERISTICS 

Characteristic 

Thermal Resistance, Junction to Case (1) 

ELECTRICAL CHARACTERISTICS (TC = 25·C unless otherwise noted.) 

I Characteristic I Symbol 

OFF CHARACTERISTICS 

Collector-Emitter Breakdown Voltage V(BR)CER 
(IC = 10 mAde, RBE = 75 0) 

Collector-Base Breakdown Voltage V(BR)EBO 
(IE = 10 mAde, IC = 0) 

Emitter-Base Breakdown Voltage V(BR)CBO 
(IC = 5 mAde, IE = 0) 

Collector-Emitter Leakage Current ICER 
(VCE = 26 Vdc, RBE = 75 0) 

NOTE: 
1. Thermal resistance is determined under specified RF operating condition. 

MOTOROLA RF DEVICE DATA 

Symbol 

VCER 

VCBO 

VEBO 

IC 

Po 

ICQ 

Tstg 

TJ 

Min 

40 

3.5 

50 

-

MRF6406 

12 W, 1.88 GHz 
RF POWER TRANSISTOR 

NPNSILICON 

CASE 319, STYLE 2 

Value 

40 

50 

3.5 

2.5 

38 
0.26 

400 

-65 to +150 

200 

Max 

4.5 

Typ Max 

- -

- -

- -

- 5 

Unit 

Vdc 

Vdc 

Vdc 

Adc 

Watts 
W/"C 

mAdc 

·C 

·C 

Unit 

Vdc 

Vdc 

Vdc 

mAde 

(continued) 
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ELECTRICAL CHARACTERISTICS - continued (Tc = 250C unless otherwise noted.) 

I Characteristic I Symbol I Min Max Unit 

ON CHARACTERISTICS 

I DC Current Gain 
(ICE = 200 mAdc, VCE = 10 Vdc) 

30 100 

DYNAMIC CHARACTERISTICS 

Output Capacitance 
(VCB = 26 Vdc, IE = 0, f = 1 MHz) 

FUNCTIONAL TESTS 

Common-Emitter Amplifier Power Gain Gpe - 7.5 - dB 
(VCE=26 Vdc, Pout = 12W,lca= 100 rnA, f = 1.88 GHz) 

Collector Efficiency T( 38 43 - % 
(VCE= 26 Vdc, Pout = 12W,ICQ = 100 rnA, f= 1.88 GHz) 

Load Mismatch 'II 
(VCE = 26 Vdc, Pout = 12 W,ICQ= 100 mA, f= 1.88 GHz, No Degradation in Output Power 
Load VSWR = 3:1, All Phase Angles at Frequency of Test) 

T1 R4 
~------------~ 

R5 

RFlnput @-I 
1 C9 

RFOutput 

MRF6406 
2-670 

C1 
C2,C3 
C4, C30 
C5,C6 
C7,C8 
C9,C10 
C11, C15 
C12,C16 
C13 

C30 

0.5 pF, Chip Capacitor, ATC 100A 
1.2 pF, Chip Capacitor, ATC 100A 
1.5/5 pF, Trimmer Capacitor, Johanson 
68 pF, Chip Capacitor, ATC 100A 
0.1 pF, Chip Capacitor, ATC 100A 
82 pF, Chip Capacitor, ATC 100A 
15 nF, Chip Capacitor, 0805 
330 pF, Chip Capacitor, 0805 
4.7 I1F, 35 V, Capacitor 

D1, D2 
L1 
L2 
P1 
R2 
R3 
R4 
R5 
T1 

Diode,1N4148 
2 Tums, Wire Dia. 0.5 mm, ID 2 mm 
Ferrite Bead, SMD Fair Rite 
10 kn, Trimmer Resistor 
56 Q, Chip Resistor, 1206 
1.2 kn, 1/4 W, 5%, Resistor 
100 Q, 3 W, Resistor 
2.2 Q, Chip Resistor, 1206 
Transistor, BD135 

Figure 1. 1.80-1.88 GHz Test Circuit Electrical Schematic 
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g 
~ 
II: w 
~ a. 
!3 
a. 
§ 
S 

0.0 

21 

18 

15 

12 

9 

6 

3 

o 
o 

f :lin 
(GHz) (n) 

1.75 8.3+ j6.8 

1.80 7.7+ j3.4 

1.90 7.5+j2.1 

ZoL* 
(n) 

1.9-j2.8 

1.75-j2 

1.7-jl.3 

ZoL*: Conjugate of optimum load impedance 
Into which the device operates at a 
given output power. voltage. current 
and frequency. 

Figure 2. Input and Output Impedances with Circuit Tuned for Maximum Gain 
@ VCC = 26 V, ICQ = 100 mA, Pout = 12 W 

TYPICAL CHARACTERISTICS 

I I I 
1= 1.1GHz 

..-:: I--"" 
~ ~I--"" 

1.9GHz 

ar 0 
:Eo 
z -10 
Q 

VCE =126 V 
I- 11 =1.88 

12 = 1.8801 GHz 
3rdOrder 
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~ -20 
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~ -30 
Q 
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~ 
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Figure 3. Output Power versus Input Power 
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Figure 4. IMD versus Output Power 
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TYPICAL CHARACTERISTICS 

Pin=3.5W 

2W 

VCC=26V 
ICQ= 150mA 

0.5W 

1.75 1.80 1.85 1.90 
f, FREQUENCY (GHz) 

Figure 5. Output Power versus Frequency 
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SCALE 0.75:1 
Teflon® Glass 0.5 mm - Double Side 35 11m Cu. 

Figure 6. Photomaster 

Cll 

Figure 7. Components Layout 
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MOTOROLA 
• SEMICONDUCTOR 

TECHNICAL DATA 

The RF Line 
NPN Silicon 
High-Frequency Transistor 
· .. designed primarily for wideband large signal predriver stages in 800 MHz 
and UHF frequency ranges. 

• Specified @ 12.5 V, 870 MHz Characteristics 
Output Power = 750 mW 
Common Emitter Power Gain = 10 dB (Typ) 
Efficiency 60% (Typ) 

• Low Cost SORF Plastic Surface Mounted Package 

• State-of-the-Art Technology 
Fine Line Geometry 
Gold Top Metal and Wires 
Silicon Nitride Passivated 
Ion Implanted Arsenic Emitters 

MAXIMUM RATINGS 

Rating 

Collector-Emitter Voltage 

Collector-Base Voltage 

Emitter-Base Voltage 

Collector Current - Continuous 

Total Device Dissipation @ T C = 90°C (1) 
Derate above 90°C 

Total Device Dissipation @ TA = 25°C (2) 
Derate above 25°C 

Operating Junction and Storage Temperature Range 

THERMAL CHARACTERISTICS 

Characteristic 

Thermal Resistance, Junction to Case 

Thermal Resistance, Junction to Ambient 

ELECTRICAL CHARACTERISTICS (Tc = 25°C unless otherwise noted.) 

I Characteristic I Symbol 

OFF CIiARACTERISTICS 

Collector-Emitter Breakdown Voltage (IC = 5.0 mAdc, IB = 0) V(BR)CEO 

Collector-Emitter Breakdown Voltage (IC = 5.0 mAdc, VBE = 0) V(BR)CES 

Emitter-Base Breakdown Voltage (IE = 0.1 mAdc, Ie = 0) V(BR)EBO 

Collector Cutoff Current (V CE = 15 Vdc, VBE = 0, TC = 25°C) ICES 

NOTE: 

Symbol 

VCEO 

VCBO 

VEBO 

IC 

PD 

PD 

TJ, Tstg 

Symbol 

ROJC 

ROJA 

Min 

16 

36 

4.0 

-

MRF8372 

750 mW, 870 MHz 
HIGH-FREQUENCY 

TRANSISTOR 
NPNSILICON 

CASE 751, STYLE 1 
SORF 
(S0-8) 

Value 

16 

36 

4.0 

200 

1.0 
17 

1.0 
8.0 

-65to+150 

Max 

45 

85 

Typ Max 

- -
- -
- -
- 0.1 

Unit 

Vdc 

Vdc 

Vdc 

mAdc 

Watts 
mW/"C 

Watts 
mW/"C 

°c 

Unit 

°CIW 

°CIW 

Unit 

Vdc 

Vdc 

Vdc 

mAdc 

(continued) 
1. Case Temperature is measured on the collector lead where it first contacts the printed circuit board closest to the package. 
2. Free air. 
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ELECTRICAL CHARACTERISTICS - continued (Tc = 25°C unless otherwise noted.) 

I Characteristic I Symbol I Min Typ 

ON CHARACTERISTICS 

I DC Current Gain (IC = 50 mAdc, VCE = 10 Vdc) I hFE I 30 90 

DYNAMIC CHARACTERISTICS 

I Output Capacitance (V CB = 15 Vdc, IE = 0, f = 1.0 MHz) Cob 1.8 

FUNCTIONAL TESTS 

Common-Emitter Amplifier Power Gain Figures I, 3 Gpe 8.0 10 
(VCC = 12.5 Vdc, Pout = 0.75 W, f = 870 MHz) 

Collector Efficiency Figures I, 3 TI 55 60 
(VCC = 12.5 Vdc, Pout = 0.75 W, f = 870 MHz) 

Cl, C5 - 0.8-S.0 pF Johanson Gigatrim 
C2, C3 -10 pF Ceramic Chip Capacitor 

L I, L2 - 4 Tums, #21 AWG, 5/32" 10 
L3 - 7 Tums, #21 AWG, 5132" 10 

Max 

200 

2.5 

-

-

C6 - 91 pF Clamped Mica, Mini-Underwood 
C4 - 47 pF Ceramic Chip Capacitor 
C7 - 91 pF Clamped Mica, Mini-Underwood 
CS - 1.0 I1F 25 V Tantalum 
B - Bead, Ferroxcube 56-590-65/3B 

ZI, Z2 -I" x 0.078" Microstrip, Zo = 50 Ohms 
Z3 - 0.25" x 0.07S" Microstrip, Zo = 50 Ohms 
Z4 - 0.15" x 0.078" Mlcrostrip, Zo = 50 Ohms 
Z5 - 0.30" x 0.07S" Microstrip, Zo = 50 Ohms 
Z6 - 1.63" x 0.07S" Mlcrostrip, Zo = 50 Ohms 
PCB - 1132" Glass Teflon, Er = 2.56 

Figure 1. 800-900 MHz Broadband Circuit 

8001900 MHz BAND DATA 

12 

I Poul = 750 mW -I Vee = 12.5 Vdc -
GpE 

10 
iii 
:2-

I 
I -:z 

~ TIc --....-
W 
D.. 

C!l 

4 

IRL 

800 820 840 860 880 

f, FREQUENCY (MHz) 

Figure 2. Typical Broadband Performance 

Unit 

pF 

dB 

% 

MRF8372 
2-674 

MOTOROLA RF DEVICE DATA 



Figure 3. 800-900 Broadband Circuit 

SCALE 0.75:1 

Figure 4. 800-900 MHz Broadband Circuit Photomaster 

lin ZoL* 
Ohms Ohms 

Vee=7.5V Vee = 12.5 V Vee = 7.5 V Vee = 12.5 V 

f Pout = 806 MHz = 820 mW Pout = 806 MHz= 1.05 mW 
Frequency Pout = 870 MHz = 635 mW Pout = 870 MHz = 855 mW 

MHz Pin=150mW Pin=100mW Pout = 960 MHz = 530 mW Pout = 960 MHz = 580 mW 

806 8.0 + j1.9 4.0+j1.2 24.7-j19.2 2O.9-j31.0 

870 5.2+j3.5 6.0+jl.9 36.9-j20.5 32.1-j26.6 

960 6.8+j4.0 6.1 +j2.5 39.3-J18.5 36.3-J25.7 

ZoL' = Conjugate of 1he optimum load Impedance Into which 1he deVice output operates at a given output power, voltege, and frequency. 

Table 1. Series Equivalent Input/Output Impedance 

MOTOROLA RF DEVICE DATA MRF8372 
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Figure 6. Output Power versus Input Power 
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Figure 8. Output Power versus Collector Voltage 
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Figure 7. Output Power versus Frequency 
Vee = 7.5 Vdc 
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Figure 9. Output Power versus Frequency 
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MOTOROLA 
- SEMICONDUCTOR 

TECHNICAL DATA 

The RF Line 
NPN Silicon 
High-Frequency Transistor 
· .• designed primarily for use in low power amplifiers to 1.0 GHz. Ideal for 
pagers and other battery operated systems where low power consumption is 
critical. 

• Low Power Consumption Characterized for IE = 0.1 to 1.0 mA 

• High Current·Gain - Bandwidth Product -
tr = 5.0 GHz (Typ) @ IC = 1.0 mAdc 

• Low Noise Figure and High Power Gain @ f = 1.0 GHz -
NF(matched) = 2.5 dB (Typ) 
GNF(matched) = 12.5 dB (Typ) 

• Guaranteed RF Parameters 

• Surface Mounted SOT·143 Offers Improved RF Performance 
Lower Package Parasitics 
High Gain 

MAXIMUM RATINGS 

Rating 

Coliector·Emitter Voltage 

Coliector·Base Voltage 

Emltter·Base Voltage 

Collector Current - Continuous 

Total Device Dissipation @ TC = 100°C 
Derate above 100°C 

Storage Temperature Range 

THERMAL CHARACTERISTICS 

Characteristic 

Thermal Resistance, Junction to Ambient 

DEVICE MARKING 

I MRF9331LTl = 05 

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

I Characteristic I Symbol 

OFF CHARACTERISTICS 

Coliector·Emitter Breakdown Voltage (Ie = 1.0 mAde, IB = 0) V(BR)CEO 

Coliector·Base Breakdown Voltage (Ie = 0.01 mAde, IE = 0) V(BR)CBO 

Emitter·Base Leakage Current (VEB = 2.0 Vdc, IC = 0) lEBO 

Collector Cutoff Current (VCB = 5.0 Vde, IE = 0) ICBO 

MOTOROLA RF DEVICE DATA 

Symbol 

VCEO 

VCBO 

VEBO 

Ie 

Po 

Tstg 

Min 

B.O 

15 

-
-

MRF9331LT1 

IC= 1.0mA 
SURFACE MOUNTED 
HIGH·FREQUENCY 

TRANSISTOR 
NPNSILICON 

CASE 318A, STYLE 1 
SOT·143 

LOW PROFILE 

Value 

B.O 

15 

2.0 

2.0 

50 
1.0 

-65 to +150 

Max 

500 

Typ Max 

- -
- -
- 0.1 

- 50 

Unit 

Vde 

Vde 

Vde 

mAde 

mW 
mW/"C 

°c 

Unit 

Vdc 

Vdc 

mAde 

nAdc 

(continued) 
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ELECTRICAL CHARACTERISTICS - continued (T C = 25"0 unless otherwise noted.) 

I Characteristic I Symbol I Min Typ Max Unit 

ON CHARACTERISTICS 

I DC Current GaIn 
(IC = 0.5 mAde, VCE = 1.0 Vdc) 

DYNAMIC CHARACTERISTICS 

Current-Gain - Bandwidth Product 
(Ic = 1.0 mAde, VCE = 1.0 Vdc, f = 1.0 GHz) 

Collector-Base capacitance 
(VCB,,1.0Vdc,IE =0, f= 1.0 MHz) 

FUNCTIONAL TESTS 

Power GaIn at Minimum Noise Figure 
(VCE = 1.0 Vdc, IC = 0.5 rnA, f = 1.0 GHz) 

Noise Figure 

I:L 0.32 
So 
~ 
~ 0.24 

-I." 
§ 0.08 

j 

(VCE = 1.0 Vdc, IC = 0.5 rnA, f = 1.0 GHz) 

f'.. LM~ 

2 4 6 8 

Vca, COLLECTOR-BASE VOlTAGE (VOLTS) 

Flgure'2 

Figure 1 

Figures 3, 5 

Figures 3, 5 

10 

Figure 1. Collector-Base capacitance 
versus Collector-Base Voltage 

VeE 

RF INP~>---"i~--c.J::::::=}---H 
"SLUG TUNER 

30 ao 200 

tr 3.5 5.0 - GHz 

Cob - 0.21 0.3 pF 

GNFmln - 12.5 - dB 

NFmin - 2.5 - dB 

l/ i-""" 

'/ 
V VCE-1Vdc 

/ Zg-50OHMS - ,---
'=1 GHz 

00 0.2 0.4 0.6 0.8 1 1.2 1.4 1.6 1.8 2 

IC, COLLECTOR CURRENT (rnA) 

Figure 2. Current Gain-Bandwidth Product 
versus Collector Current 

VCE-l Vdc 'MICROlAB HW-XXN 
(XX IS SELECTED 
PER FREQUENCY RANGE 
OF INTEREST) 

~::::::==JC::}-~~----<RFO~PUT 
"SLUG TUNER 

Figure 3. Functional ClrcuH Schematic 

MRF9331L 
2-678 
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Figure 4. Gain and Noise Figure 
versus Frequency 
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IC, COLLECTOR CURRENT (mA) 

Figure 5. Gain and Noise Figure 
versus Collector Current 

I II 1 1 1 21 1 1 
15211 

GUmax = (1 -151112)(1 -152212) 
L 

I I I I 
VCE=l Vdc 
Ic=0.5mA 

........ 

~.1 0.2 0.3 0.5 1 2 

IC f 511 

(rnA) (MHz) 15111 

0.1 100 0.99 
200 1.0 
500 0.97 
1000 0.98 
2000 0.98 

0.25 100 0.99 
200 1.0 
500 0.96 
1000 0.96 
2000 0.94 

0.5 100 0.99 
200 0.99 
500 0.95 

1000 0.92 
2000 0.83 

I, FREQUENCY (GHz) 

Figure 6. Maximum Unilateral Gain 
versus Frequency 

521 

Lcp 1521 1 Lcp 15121 

-1.0 0.35 174 0.01 
-3.0 0.35 171 0.03 
-9.0 0.34 156 0.07 
-19 0.38 134 0.13 
-36 0.45 103 0.22 

-1.0 0.77 175 0.01 
-4.0 0.77 173 0.03 
-11 0.73 160 0.06 
-23 0.75 140 0.13 
-42 0.77 110 0.21 

-2.0 1.43 174 0.01 
-5.0 1.42 172 0.03 
-13 1.33 158 0.06 
-28 1.30 137 0.13 
-51 1.20 107 0.19 

512 ~ 

Lcp I~I Lcp 

87 1.0 -1.0 
86 1.0 -4.0 
81 1.0 -9.0 
72 1.0 -21 
59 1.0 -38 

86 1.0 -1.0 
86 1.0 -4.0 
79 0.99 -11 
70 0.98 -23 
56 0.93 -42 

86 1.0 -1.0 
84 1.0 -5.0 
77 0.99 -12 
67 0.95 -25 
54 0.91 -43 

a:, 
:::> 

4 S1 u. 
w 

3 !a 
~ 

, u: 
2 :z 

o 
2 

(continued) 
Table 1. Common Emitter S-Parameters 

MOTOROLA RF DEVICE DATA MRF9331L 
2-679 



II 

VCE 
(Vdc) 

1.0 

3.0 

--

5.0 

MRF9331L 
2-680 

IC 
(mA) 

1.0 

2.0 

0.1 

0.25 

0.5 

1.0 

2.0 

0.1 

0.25 

0.5 

1.0 

2.0 

f 
(MHz) 

100 
200 
500 
1000 
2000 

100 
200 
500 
1000 
2000 

100 
200 
500 
1000 
2000 

100 
200 
500 
1000 
2000 

100 
200 
500 
1000 
2000 

100 
200 
500 
1000 
2000 

100 
200 
500 
1000 
2000 

100 
200 
500 
1000 
2000 

100 
200 
500 
1000 
2000 

100 
200 
500 
1000 
2000 

100 
200 
500 
1000 
2000 

100 
200 
500 
1000 
2000 

S11 821 S12 822 
IS111 L4> 18211 L4> IS121 L4> 18221 L4> 
0.97 -3.0 2.68 173 0.01 85 1.0 -2.0 
0.97 -8.0 2.68 169 0.03 83 1.0 -6.0 
0.91 -19 2.42 152 0.06 74 0.96 -15 
0.82 -37 2.22 128 0.11 62 0.89 -29 
0.63 -59 1.74 97 0.17 53 0.80 -46 

0.93 -6.0 4.55 169 0.01 84 0.99 -4.0 
0.92 -13 4.3 163 0.03 81 0.98 -9.0 
0.81 -29 3.8 142 0.06 69 0.91 -19 
0.62 -52 3.1 115 0.10 59 0.81 -31 
0.40 -66 2.0 85 0.14 55 0.75 -44 

0.99 -1.0 0.34 175 0.01 88 1.0 -1.0 
1.0 -3.0 0.34 172 0.03 86 1.0 -3.0 
0.99 -8.0 0.32 157 0.06 81 1.0 -9.0 
0.99 -18 0.36 137 0.11 73 1.0 -20 
1.0 -34 0.43 107 0.20 61 1.0 -37 

0.99 -1.0 0.76 175 0.01 86 1.0 -1.0 
1.0 -4.0 0.76 173 0.03 86 1.0 -4.0 
0.98 -10 0.72 161 0.06 80 1.0 -10 
0.98 -21 0.75 143 0.11 72 0.99 -22 
0.97 -40 0.75 113 0.19 59 0.98 -39 

0.99 -2.0 1.4 175 0.01 86 1.0 -1.0 
0.99 -5.0 1.42 172 0.03 84 1.0 -4.0 
0.96 -12 1.3 159 0.06 78 0.99 -11 
0.93 -25 1.3 141 0.11 68 0.96 -23 
0.87 -47 1.2 111 0.18 57 0.93 -41 

0.97 -3.0 2.67 174 0.01 85 1.0 -2.0 
0.98 -7.0 2.67 170 0.02 84 1.0 -6.0 
0.93 -17 2.42 154 0.06 76 0.97 -14 
0.84 -34 2.29 133 0.10 85 0.91 -26 
0.67 -55 1.62 101 0.16 56 0.85 -43 

0.95 -5.0 4.64 172 0.01 85 1.0 -3.0 
0.94 -10 4.62 166 0.02 81 0.99 -8.0 
0.85 -25 4.0 147 0.05 72 0.94 -17 
0.69 -44 3.4 122 0.09 63 0.84 -29 
0.48 -61 2.3 91 0.13 57 0.78 -42 

1.0 0 0.36 175 0.01 85 1.0 -1.0 
1.0 -3.0 0.34 172 0.02 87 1.0 -3.0 

0.99 -8.0 0.32 158 0.06 82 1.0 -9.0 
1.0 -17 0.36 138 0.11 74 1.0 -19 

0.94 -35 0.42 108 0.20 63 1.0 -36 

1.0 -1.0 0.76 176 0.01 86 1.0 -1.0 
1.0 -3.0 0.76 174 0.02 86 1.0 -4.0 

0.97 -9.0 0.71 161 0.06 80 1.0 -10 
0.97 -20 0.74 143 0.11 73 0.99 -21 
0.97 -38 0.75 115 0.18 61 0.99 -38 

0.99 -1.0 1.4 175 0.01 86 1.0 -1.0 
1.0 -5.0 1.41 173 0.02 85 1.0 -4.0 
0.98 -12 1.3 159 0.06 79 0.99 -11 
0.93 -25 1.3 141 0.10 70 0.97 -23 
0.87 -45 1.2 111 0.17 58 0.94 -40 

0.98 -3.0 2.7 174 0.01 86 1.0 -2.0 
0.98 -7.0 2.7 170 0.02 84 1.0 -5.0 
0.93 -17 2.42 155 0.05 76 0.97 -13 
0.85 -33 2.3 134 0.09 66 0.92 -26 
0.67 -55 2.0 103 0.15 57 0.85 -42 

0.95 -4.0 4.6 172 0.01 86 1.0 -3.0 
0.94 -10 4.6 166 0.02 83 1.0 -7.0 
0.86 -24 3.9 148 0.05 73 0.94 -16 
0.70 -43 3.4 123 0.09 64 0.86 -28 
0.50 -60 2.3 92 0.13 59 0.80 -40 

Table 1. Common Emitter S-Parameters (continued) 
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MOTOROLA 
• SEMICONDUCTOR 

TECHNICAL DATA 

The RF Line 
Microwave Power Transistor 
· .. designed for CW and long pulsed common base amplifier applications, 
such as JTIDS and Mode S, in the 0.96 to 1.215 GHz frequency range at high 
overall duty cycles. 

• Guaranteed Performance @ 1.215 GHz, 28 Vdc 
Output Power = 5.0 Watts CW 
Minimum Galn = 8.5 dB, 10.3 dB (Typ) 

• RF Performance Curves given for 28 Vdc and 36 Vdc Operation 
• 100% Tested for Load Mismatch at All Phase Angles with 10:1 VSWR 
• Hermetically Sealed Industry Standard Package 

• Silicon Nitride Passivated 
• Gold Metallized, Emitter Ballasted for Long Life and Resistance to Metal 

Migration 

• Intemallnput Matching for Broadband Operation 

MAXIMUM RATINGS 
Rating 

Collector-Emitter Voltage 

Collector-Base Voltage 

emitter-Base Voltage 

Collector Current - Continuous (1) 

Total Device Dissipation @ TA = 25·C (1) 
Derate above 2500 

Storage Temperature Range 

Junction Temperature 

THERMAL CHARACTERISTICS 
Characteristic 

Thermal Resistance, Junction 10 Case (2) 

NOTES: 

Symbol 

VCES 

VCBO 

VEBO 

IC 

Po 

Tstg 

TJ 

MRF10005 

5.0 W, 960-1215 MHz 
MICROWAVE POWER 

TRANSISTOR 
NPNSIUCON 

CASE 336E, STYLE 1 

value 

55 

55 

3.5 

1.25 

25 
143 

-6510+200 

200 

Max 

7.0 

Unit 

Vdc 

Vdc 

Vdc 

mAde 

Watt 
mW/"C 

·C 

·C 

1. These devices are designed for RF operation. The Iotal device dissipation rating applies only when the devices are operated as RF amplifiers. 
2. Thermal ReSistance is determined under specified RF operating conditions by Infrared measurement techniques. 
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ELECTRICAL CHARACTERISTICS (T C = 25°C unless otherwise noted.) 

I Characteristic I Symbol Min Typ Max Unit 

OFF CHARACTERISTICS 

Collector-Emitter Breakdown Voltage (IC = 25 mAde, VBE = 0) V(BR)CES 55 - - Vde 

Collector-Base Breakdown Voltage (IC = 25 mAde, IE = 0) V(BR)CBO 55 - - Vde 

Emitter-Base Breakdown VOltage (IE = 0.5 mAde, IC = 0) V(BR)EBO 3.5 - - Vdc 

Collector Cutoff Current (VCB = 28 Vde, IE = 0) ICBO - - 1.0 mAde 

ON CHARACTERISTICS 

I DC Current Gain (Ie = 500 mAde, VCE = 5.0 Vdc) 20 100 

DYNAMIC CHARACTERISTICS 

I Output Capacitance (VCB = 28 Vdc, IE = 0, f = 1.0 MHz) Cob 7.0 10 pF 

FUNCTIONAL TESTS 

Common-Base Amplifier Power Gain GpB 8.5 10.3 - dB 
(VCC = 28 Vdc, Pout = 5.0 W, f = 1215 MHz) 

Collector Efficiency 11 45 55 - 0/0 
(VCC = 28 Vdc, Pout = 5.0 W, f = 1215 MHz) 

Load Mismatch IjI 

(VCC = 28 Vdc, Pout = 5.0 W, f = 1215 MHz, No Degradation in Output Power 
VSWR = 10:1 All Phase Angles) 

r---~~--~~--~----~+ 
28Vdc 

1 
RF 

INPUT 
RF 

'TMM 

MRF10005 
2-682 

C1, C2, C3 - 220 pF 100 mil Chip Capacitor 
C4-0.1I1F 
C5 - 47 I1F/50 V Electrolytic 
Ll -3lurn #18 AWG, 1/8"10, 0.18" Long 

Z1-Z10 - Microstrip, see details below 
Board Material- 0.030" Glass Teflon, 

2.0 oz. Copper, Er = 2.55 

Figure 1. Test Circuit 
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f.960MHz_ -., "" ~Fz ~ ....... "" v ............ 
/, 

""" 
I 

L, , VCC=2BVdc-~ 

" l/" 
o 0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 

Pin. INPUT POWER (WATTS) 

Figure 2. Output Power versus Input Power 

f= 960 MHz/ "/ 
... 

/1/"" 
./ /1215MHz 

V/ 
hV' 

.JV Vcc=36 Vdc- -
.ff 

A , 
o 0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 

Pin. INPUT POWER (WATTS) 

Figure 3. Output Power versus Input Power 

POUT = 5W VCC = 2av 
1 ZIN ZOL* 

MHz OHMS OHMS 

960 6.5 + ja.5 7.4 - jla.9 
1025 10.0 + j7.0 7.2 - j17.4 
1090 11.2 + j4.9 7.1 - j16.3 
1150 10.a + j2.0 7.15 - j14.3 
1215 7.a + jO.O 7.a - jll.2 

ZoL * = Conjugate 01 the optimum 
load impedance into which the device 
operates at a given output power, 
voltage and Irequency. 

Figure 4. Series Equivalent InputlOutput Impedances 

MOTOROLA RF DEVICE DATA MRF10005 
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MRF1000S 
2-684 

Figure 5. Test Amplifier 

o SSJ 0 

eRR MRF10005 
o R1 0 o 1215 MHZ 0 

SCALE 0.75:1 

Figure 6. Printed Circuit Board Layout 
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MOTOROLA 
• SEMICONDUCTOR 

TECHNICAL DATA 

The RF Line 
Microwave Long Pulse 
Power Transistor 

Designed for 960-1215 MHz long or short pulse common base amplifier 
applications such as JTIDS and Mode-S transmitters. 

• Guaranteed Performance @ 960 MHz, 36 Vdc 
Output Power = 30 Watts Peak 
Minimum Gain = 9.0 dB Min (9.5 dB Typ) 

• 100"k Tested for Load Mismatch at All Phase Angles with 10:1 VSWR 

• Hermetically Sealed Industry Standard Package 
• Silicon' Nitride Passivated 
• Gold Metallized, Emitter Ballasted for Long Life and Resistance to Metal 

Migration 

• Intemallnput Matching for Broadband Operation 

MAXIMUM RATINGS 

Rating 

Collector-Emitter Voltage 

Collector-Base Voltage (1) 

Emitter-Base Voltage 

Collector Current - Continuous (1) 

Total Device DIssipation @ TC = 25°C (1), (2) 
Derate above 25°C 

Storage Temperature Range 

Junction Temperature 

THERMAL CHARACTERISTICS 

Characteristic 

Thermal Resistance, Junction to Case (3) 

NOTES: 
1. Under pulse RF operating conditions. 

Symbol 

VCES 

VCBO 

VEBO 

IC 

Po 

Tstg 

TJ 

MRF10031 

30 W (PEAK) 
960-1215 MHz 

MICROWAVE POWER 
mANSISTOR 
NPNSIUCON 

CASE 3768, STYLE 1 

Value 

55 

55 

3.5 

3.0 

110 
0.625 

-65 to + 200 

200 

Max 

1.6 

Unit 

Vdc 

Vdc 

Vdc 

Adc 

Watts 
mW?C 

OC 

OC 

2. These devices are designed for RF operation. The total device dissipation rating applies only when the devices are operated as pulsed RF 
amplifiers. 

3. Thermal ReSistance is determined under specified RF operating conditions by infrared measurement techniques. (Worst case 8JC value 
measured @ 23% duty cycle) 

MOTOROLA RF DEVICE DATA MRF10031 
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ELECTRICAL CHARACTERISTICS (T C = 25"0 unless otherwise noted.) 

Characteristic Symbol Min Typ Max 

OFF CHARACTERISTICS 

Collector-Emitter Breakdown Voltage (IC = 25 mAdc, VBE = 0) V(BR)CES 55 - -
Collector-Base Breakdown Voltage (lc = 25 mAdc, IE = 0) V(BR)CBO 55 - -
Emitter-Base Breakdown Voltage (IE = 5.0 mAdc, IC = 0) V(BR)EBO 3.5 - -
Collector Cutoff Current (VCB = 36 Vdc, IE = 0) ICBO - - 2.0 

ON CHARACTERISTICS 

I DC Current Gain (IC = 500 mAdc, VCE = 5.0 Vdc) hFE 20 

FUNCTIONAL TESTS (lOllS Pulses @ 50% duty cycle for 3.5 rns; overall duty cycle - 25%) 

Common-Base Amplifier Power Gain 
(VCC = 36 Vdc, Pout = 30 W Peak, f = 960 MHz) 

Collector Efficiency 
(VCC = 36 Vdc, Pout = 30 W Peak, 1= 960 MHz) 

Load Mismatch 
(VCC = 36 Vdc, Pout = 30 W Peak, f = 960 MHz, 
VSWR = 10:1.A11 Phase Angles) 

Cl -75 pF 100 Mil Chip Capacitor 
C2 - 39 pF 100 Mil Chip Capacitor 
C3-0.1I1F 
C4 - 1000 I1F, 50 Vdc, Electrolytic 
Ll -3 Turns #18 AWG, 1/8" 10, 0.18 Long 

BROADBAND FIXTURE 

f- .628 -+I 

.083 ...l c::::====: 
Tf- .780 

GpB 9.0 9.5 -

rt 40 45 -

\jI No Degradation In Output Power 

~--~--~--~~--o+ 
36Vdc *-

RFOUTPUT 

c~ 
Zl-Z9 - Microstrip, See Details 
Board Material- Tellon, Glass Laminate 

Dielectric Thickness = 0.030" 
Er = 2.55, 2 Oz. Copper 

I+- 1.020 ---t 
-1.2181-

2.138 

.11~ 
t 

.389:;1·354 [ 

-t~T~ 
.100 .083 

Figure 1. Test Circuit 

Unit 

Vdc 

Vdc 

Vdc 

mAdc 

dB 

% 

MRF10031 
2-686 
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100 

90 

80 

70 

80 

50 

40 

30 

20 

10 

1~960M~Z -

./ I--""" ~ -1090 

V' ""- 1215 

/ ~~ 
~ Vee = 36 VOLTS 

I , 
IV 
2 3 4 5 6 7 8 9 10 

PIN, INPUT POWER (WATTS) 

Figure 2. Output Power versus Input Power 

Pout=30WPk Vee=36V 

1 Zin ZoL' 
MHz Ohms Ohms 

960 2.05+j52 2.9-j2.35 

1025 2.67+j6.34 2.55-jl.3 

1090 4.0+ j7.1 2.52-jO.9 

1155 5.5+j62 2.6-jO.6 

1220 5.7 + j4.3 2.B-jO.3 

ZoL' = Conjugate 01 the optimum load imped
ance into which the device operates at a giv
en output power, voltage, and frequency. 

Figure 3. Series Equivalent Input/Output Impedances 

MRF10031 
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MOTOROLA 
• SEMICONDUCTOR 

TECHNICAL DATA 

The RF Line 
Microwave Pulse 
Power Transistor 

Designed for 1025-1150 MHz pulse common base amplifier applications 
such as TCAS, TACAN and Mode-S transmitters. 

• Guaranteed Performance @ 1090 MHz 
Output Power = 70 Watts Peak 
Gain = 9.0 dB Min 

• 100% Tested for Load Mismatch at All Phase Angles with 10:1 VSWR 

• Characterized with 10 IJ.s, 10% Duty Cycle Pulses 

• Silicon Nitride Passivated 

• Gold Metallized, Emitter Ballasted for Long Life and Resistance to Metal 
Migration 

• Internal Input and Output Matching 

• Hermetically Sealed Package 

• Recommended Driver for MRF1 0500 Transistor or a Pair of MRF1 0350 
Transistors 

MAXIMUM RATINGS 

Rating 

Collector-Emitter Voltage 

Collector-Base Voltage 

Emitter-Base Voltage 

Collector Current - Peak (1) 

Total DeVice DiSSipation @ TC = 25°C (1), (2) 
Derate above 25°C 

Storage Temperature Range 

Junction Temperature 

THERMAL CHARACTERISTICS 

Characteristic 

Thermal Resistance, Junction to Case (3) 

NOTES: 
1. Under pulse RF operating conditions. 

Symbol 

VCES 

VCBO 

VEBO 

IC 

Po 

Tstg 

TJ 

MRF10070 

70 W (PEAK) 
1025 -1150 MHz 

MICROWAVE POWER 
TRANSISTOR 
NPN SILICON 

CASE 376C, STYLE 1 

Value 

65 

65 

3.5 

8.8 

438 
2.5 

-65to+200 

200 

Max 

0.4 

Unit 

Vdc 

Vdc 

Vdc 

Adc 

Watts 
W/oC 

°c 

°c 

2. These devices are designed for RF operation. The total device dissipation rating applies only when the devices are operated as pulsed RF 
amplifiers. 

3. Thermal Resistance is determined under specified RF operating conditions by infrared measurement techniques. (Worst case OJC value 
measured@ 10I1S, 10%.) 

MRF10070 
2-688 
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ELECTRICAL CHARACTERISTICS (TC = 25°C unless otherwise noted.) 

Characteristic 

OFF CHARACTERISTICS 

Collector-Emitter Breakdown Voltage (IC = 60 mAdc, VBE = 0) 

Collector-Base Breakdown Voltage (IC = 60 mAdc, IE = 0) 

Emitter-Base Breakdown Voltage (IE = 10 mAdc, IC = 0) 

Collector Cutoff Current (VCB = 50 Vdc, IE = 0) 

ON CHARACTERISTICS 

I DC Current Gain (lc = 5.0 Adc, VCE = 5.0 Vdc) 

FUNCTIONAL TESTS 
Common-Base Amplilier Power Gain 

(VCC = 50 Vdc, Pout = 70 W Peak, I = 1090 MHz) 

Collector Efficiency 
(VCC = 50 Vdc, Pout = 70 W Peak, I = 1090 MHz) 

Load Mismatch 
(VCC = 50 Vdc, Pout = 70 W Peak, 1= 1090 MHz, 
Load VSWR = 10:1 All Phase Angles) 

Z2 
Z3 Z4 

Cl - 82 pF 100 mil Chip Capacitor 
C2 - 82 pF 100 mil Chip Capacitor 
C3-0.1IlF 
C4 - 100 IlFI1 00 Vdc Electrolytic 
L1 - 3 tums #18 AWG, 1/8" 10, 0.18" Long 

Symbol Min Typ Max 

V(BR)CES 65 - -
V(BR)CBO 65 - -
V(BR)EBO 3.5 - -

ICBO - - 25 

20 

GpB 9.0 10 -

11 40 - -

IJI No Degradation in Output Power 
Belore or After Test 

~+------.----------o+ 

C4 T 
-= C2 

1.-

Z10 
Z9 

ZI - Z13 - Microstrip, see details below 
Board Material- 0.030" Glass Teflon@; 2 oz. 
Cu clad; both sides; E r = 2.55 

1--1.000--1 
Figure 1. Test Circuit 

MOTOROLA RF DEVICE DATA 

Unit 

Vdc 

Vdc 

Vdc 

mAdc 

dB 

% 

MRF10070 
2-689 
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MRF10070 
2-690 

100 

90 
fJ> 
!::ii80 
~ 70 
ffi 
~ 60 

~ 50 

§ 40 
S 

c{! 30 

20 

/ 
I 

/ 
102 3 4 

/ 
/ 

i-"'" ~ 
~ -

./ ~ 

Vee=50V 
1= 1090 MHz - f--
PULSE = 10 J1S. 10% OF 

f--1 1 1 1 1-

6 7 8 9 10 11 12 13 14 15 
Pin. INPUT POWER (WAlTS) 

Figure 2. Output Power versus Input Power 

Pout = 70W Pk Vee =50 V 

1 
MHz 

1025 

1050 

1090 

1125 

1150 

ZIN 
OHMS 

3.3+J5.8 

3.6+j6.5 

4.0 + j6.9 

4.5+]6.9 

5.0 + j6.9 

ZoL'(ZoUT) 
OHMS 

14.3 + ]5.6 

13.3-j1.0 

11.3-]2.1 

10.4-]2.5 

10.2-j2.6 

ZOL' is the conjugate 01 the optimum load 
impedance into which the device operates at a 
given output power voltage and frequency. 

Figure 3. Series Equivalent Input/Output Impedances 

MOTOROLA RF DEVICE DATA 



MOTOROLA 
- SEMICONDUCTOR 

TECHNICAL DATA 

The RF Line 
Microwave Long Pulse 
Power Transistor 
.•. designed for 960-1215 MHz long pulse common base amplifier applica
tions such as JTIDS and Mode S transmitters. 

• Guaranteed Performance @ 1.215 GHz, 36 Vdc 
Output Power = 120 Watts Peak 
Gain = 8.0 dB Min., 9.2 dB (Typ) 

• 100% Tested for Load Mismatch at All Phase Angles with 3:1 VSWR 

• Hermetically Sealed Industry Standard Package 

• Silicon Nitride Passivated 

• Gold Metallized, Emitter Ballasted for Long Life and Resistance to Metal 
Migration 

• Intemallnput and Output Matching for Broadband Operation 

MAXIMUM RATINGS 

Rating 

Collector-Emitter Voltage 

Collector-Base Voltage 

Emitter-Base Voltage 

Collector Current - Peak (1) 

Total Device Dissipation @ TC = 25°C (1), (2) 
Derate above 25°C 

Storage Temperature Range 

Junction Temperature 

THERMAL CHARACTERISTICS 

Characteristic 

Thermal Resistance, Junction to Case (3) 

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

Characteristic Symbol 

OFF CHARACTERISTICS 

Collector-Emitter Breakdown Voltage (IC = 60 mAde, VBE = 0) V(BR)CES 

Collector-Base Breakdown Voltage (lc = 60 mAde, IE = 0) V(BR)CBO 

Emitter-Base Breakdown Voltage (IE = 10 mAdc, IC = 0) V(BR)EBO 

Collector Cutoff Current (VCB = 36 Vdc, IE = 0) ICBO 

NOTES: 
1. Under pulse RF operating conditions. 

Symbol 

VCES 

VCBO 

VEBO 

IC 

Po 

Tstg 

TJ 

Min 

55 

55 

3.5 

-

MRF10120 

120 W (PEAK), 960-1215 MHz 
MICROWAVE POWER 

TRANSISTOR 
NPNSILICON 

CASE 355C, STYLE 1 

Value Unit 

55 Vdc 

55 Vdc 

3.5 Vdc 

15 Adc 

380 Watts 
2.17 W/"C 

-65 to +200 °c 

200 

Max 

0.46 

Typ Max Unit 

- - Vdc 

- - Vdc 

- - Vdc 

- 25 mAde 

(continued) 

2. These devices are designed for RF operation. The total device dissipation rating applies only when the device is operated as RF amplifiers. 
3. Thermal Resistance is determined under speCified RF operating conditions by infrared measurement techniques. 

MOTOROLA RF DEVICE DATA MRF10120 
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ELECTRICAL CHARACTERISTICS - continued (Tc = 25°C unless otherwise noted.) 

Characteristic Symbol Min Typ Max Unit 

ON CHARACTERISTICS 

I DC Current Gain (IC = 5.0 Adc, VCE = 5.0 Vdc) 20 

FUNCTIONAL TESTS (7.0 J1S Pulses @ 54% duty cycle for 3.4 ms; then off for 4.5 rns; overall duty cycle = 23%) 

Common-Base Amplifier Power Gain 
(VCC =36 Vdc, Pout = 120W Peak, f= 1215 MHz) 

Collector Efficiency 
(VCC = 36 Vdc, Pout = 120 W Peak, f = 1215 MHz) 

Load Mismatch 
(VCC = 36 Vdc, Pout = 120 W Peak, f = 1215 MHz, 
VSWR = 3:1 All Phase Angles) 

RF 
INPUT 

Cl - 270 pF 100 Mil Chip capacitor 
C2 - 220 pF 100 Mil Chip Capacitor 
C3-0.1IlF 
C4 - 47 IlF 50 V Electrolytic 
L1 -3 Turns#lS AWG, 1 ISH 10, O.lS Long 

T 

1.00 

0.13~ ~ 
0.91 ---l I--- 0.6 -""""'11··-- 0.66 --I 

GpB S.O 9.2 - dB 

T\ 50 55 - % 

IjI 
No Degradation in Output Power 

~----~----~~----~----~~+ 36Vdc 

1-

T RF 

~ - """"' 

Zl-Z9 - Microstrip, See Details 
Board Material- Tefton®/Glass Laminate, 

Dielectric Thickness = 0.030H , 

Er = 2.55, 2 Oz. Copper 

ALL DIMENSIONS IN INCHES 

Figure 1. Test Circuit 

MRF10120 
2-692 
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./ V 

..;' 
/' 

./ 
I" 

/ 
/ 

f =960 MHz )t' 
V Vcc =36 V - f---

I I 

V o 
o 5 10 15 20 

Pin. INPUT POWER (WATTS pk) 

Figure 2. Output Power versus Input Power 

Figure 4. Series Equivalent Input Impedances 
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25 

200 

=[ 
CI) 

~ 150 
~ 

~ 
~ 100 

~ 
o 50 ; 

o 

",. 
/ 

/.". 

...... V 
./ 
, 

/ f=1215MHz_ -
/ VCC=36 V 

/ 
o 5 10 15 20 25 

Pin. INPUT POWER (WATTS pk) 

Figure 3. Output Power versus Input Power 

Figure 5. Series Equivalent Output Impedance 
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MRF10120 
2-694 

Figure 6. Test Amplifier 

----

o rlRF10120 0 o eRR 0 

I 

SCALE 0.75:1 

Figure 7. Printed Circuit Board Layout 
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MOTOROLA 
• SEMICONDUCTOR 

TECHNICAL DATA 

The RF Line 
Microwave Pulse 
Power Transistor 
.•. designed for 1025-1150 MHz pulse common base amplifier applications 
such as TCAS, TACAN and Mode-S transmitters. 

• Guaranteed Performance @ 1090 MHz 
Output Power = 150 Watts Peak 
Gain = 9.5 dB Min, 10.0 dB (Typ) 

• 100% Tested for Load Mismatch at All Phase Angles with 10:1 VSWR 

• Hermetically Sealed Package 
• Silicon Nitride Passivated 
• Gold Metallized, Emitter Ballasted for Long Ufe and Resistance to Metal 

Migration 

• Internal Input and Output Matching 
• Characterized with 10 IJ.S, 1 ()Ok Duty Cycle Pulses 
• Recommended Driver for a Pair of MRF1 0500 TranSistors 

MAXIMUM RATINGS 

Rating 

Collector-Emitlsr Voltage 

Collector-Base Voltage 

EmItter-Base Voltage 

Collector Current - Peak (1) 

Total Device Dissipation @ TO = 25°0 (1). (2) 
Derate above 25°0 

Storage Temperature Range 

Junction Temperature 

THERMAL CHARACTERISTICS 

Characteristic 

Thermal Resistance. Junction to Case (3) 

NOTES: 
1. Under pulse RF operating conditions. 

Symbol 

VCES 

Vceo 

VEeo 

Ie 

Po 

Tstg 

TJ 

MRF10150 

150W(PEAK) 
1025-1150 MHz 

MICROWAVE POWER 
TRANSISTOR 
NPNSIUCON 

CASE 3768, STYLE 1 

Value 

65 

65 

3.5 

14 

700 
4.0 

-65 to +200 

200 

0.25 

Unit 

Vdc 

Vdc 

Vdc 

Adc 

Watts 
WfOo 

OC 

OC 

2. These devices are designed for RF operation. The total device dissipation rating applies only when the devices are operated es pulsed RF 
emplifiers. 

3. Thermal Resistance is determined under specified RF operating conditions by infrared measurement techniques. (Worst case 9JO value 
measured @ 10 j1S. 10%.) 

MOTOROLA RF DEVICE DATA MRF10150 
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ELECTRICAL CHARACTERISTICS (T C = 25°C unless otherwise noted.) 

I Characteristic I Symbol Min Typ Max Unit 

OFF CHARACTERISTICS 

Collector-Emitter Breakdown Voltage (IC = 60 mAdc, VBE = O) 

Collector-Base Breakdown Voltage (IC = 60 mAdc, IE = O) 

Emitter-Base Breakdown Voltage (IE = to mAdc, IC = O) 

Collector Cutoff Current (VCB = 36 Vdc, IE = O) 

ON CHARACTERISTICS 

DC Current Gain (IC = 5.0 Adc, VCE = 5.0 Vdc) 

FUNCTIONAL TESTS 

Common-Base Amplifier Power Gain 
(VCC=50Vdc, Pout = 150W Peak, f= 1090 MHz) 

Collector Efficiency 
(VCC=50 Vdc, Pout = 150W Peak, f= 1090 MHz) 

Load Mismatch 
(VCC = 50 Vdc, Pout = 150W Peak, f= 1090 MHz, 
VSWR = 10:1 All Phase Angles) 

RF INPUT >--+-+--1 

C1 - 82 pF 100 Mil Chip Capecitor 
C2 - 39 pF 100 Mil Chip Capacitor 
C3-0.1 flF 
C4-100 flF, 100Vdc, Electrolyllc 
L1-3 Tums #18 AWG, 1/8"10,0.18 Long 

1--.625--1 

-I.15/-

L.....,;.0'i8..;,.1 __________ -i.383,-.-;.::r-_"7 1.803 

~,~----. 
/--.334-1 

T ~===21~.0 ====:!I.~ 

V(BR}CES 65 - - Vdc 

V(BR}CBO 65 - - Vdc 

V(BR}EBO 3.5 - - Vdc 

ICBO - - 25 mAdc 

GpB 9.5 10 - dB 

TJ 40 - - % 

IJI No Degradation in Output Power 

.-----~----_1------~-----O+ 

1-
cT~~~ 

ZI-Z9 - Microstrlp, See Details 
Board Material- Teflon Glass Laminate 

Dielectric Thickness = 0.030" 
Er = 2.55, 2 Oz. Copper 

--I .275 I--

.081 
---..j I--

'-__ ~ __ ~~~ ___ ~~ 1--. 
.100~ 

Oi--'--' 

.37 i J- .363 -I 

Figure 1. Test Circuit 

MRF10150 
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~ 
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~ 
0 

§ 
,p 

220 

180 

140 
,...-

./ 

100 
/ 

60 / 
/ f= 1090 MHz 

20 
-

I Vcc = 50V 

/ I I 
I I 

o 0 2 4 6 8 10 12 14 16 18 20 22 24 

PIN. INPUT POWER (WATTS) 

Figure 2. Output Power versus Input Power 

POUT=I50WPk VCC=50V 

f ZIN 
MHz OHMS 

1030 3.8 + j3.5 

1080 4.0 + j3.3 

1090 4.2+j3.0 

1120 4.4 + j2.3 

1150 4.1 +jl.8 

ZoL'(ZoUT) 
OHMS 

4.6+ jO.7 

4.6+ jO.3 

4.1-j1.0 

3.8-jO.8 

3.6-jO.3 

ZoL' is the conjugate of the optimum load 
impedance into which the device operates at a 
given oulput power voI1age and frequency. 

Figure 3. Serles Equivalent Input/Output Impedances 
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MOTOROLA 
• SEMICONDUCTOR 

TECHNICAL DATA 

The RF Line 
Microwave Pulse 
Power Transistor 
.•• designed for 1025-1150 MHz pulse common base amplifier applications 
such as TCAS, TACAN and Mode-S transmitters. 
• Guaranteed Performance @ 1090 MHz 

Output Power", 350 Watts Peak 
Gain'" 8.5 dB Min, 9.0 dB (Typ) 

• 100% Tested for Load Mismatch at All Phase Angles with 10:1 VSWR 

• Hermetically Sealed Package 
• Silicon Nitride Passivated 
• Gold Metallized, Emitter Ballasted for Long Ufe and Resistance to Metal 

Migration 

• Internal Input and Output Matching 
• Characterized using Mode-S Pulse Format 

MAXIMUM RATINGS 

Rating 

Collector-Emitter Voltage 

Collector-Base Voltage 

Emitter-Base Voltage 

Collector Current- Peak (1) 

Total Device Dissipation @ TC '" 25°C (1), (2) 
Derate above 25°C 

Storage Temperatl!re Range 

Junction Temperature 

THERMAL CHARACTERISTICS 

Characteristic 

Thermal ReSistance, Junction to Case (3) 

NOTES: 
1. Under pulse RF operating conditions. 

Symbol 

VCES 

VCBO 

VEBO 

IC 

PD 

Tstg 

TJ 

MRF10350 

350W(PEAK) 
1025-1150 MHz 

MICROWAVE POWER 
TRANSISTOR 
NPNSlLlCON 

CASE 355E, STYLE 1 

Value 

65 

65 

3.5 

31 

1590 
9.1 

-65 to +200 

200 

Max 

0.11 

Unit 

Vdc 

Vdc 

Vdc 

Adc 

Watts 
wrc 

°C 

°C 

2. These devices are designed for RF operation. The total device dissipation rating applies only when the devices are operated as pulsed RF 
amplifiers. 

3. Thermal Resistance is determined under specified RF operating conditions by Infrared measurementtechnlques. (Worst Case 9JC measured 
using Mode-S pulse train, 128 jIS burst 0.5 jIS on, 0.5 jIS off repeating at 6;4 ms interval.) 

MRF10350 
2-698 
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ELECTRICAL CHARACTERISTICS (T C = 250C unless otherwise noted.) 

I Characteristic I Symbol Min Max Unit 

OFF CHARACTERISTICS 
Collactor-Emitter Breakdown Voltage (IC = 60 mAde, VBE = 0) V(BR)CES 65 - - Vdc 

Collector-Base Breakdown Voltage (lc = 60 mAde, IE = 0) V(BR)CBO 65 - - Vdc 

Emitter-Base Breakdown Voltage (IE = 10 mAde, IC = 0) V(BR)EBO 3.5 - - Vdc 

Collector Cutoff Current (VCB = 36 Vdc, 'E = 0) ICBO - - 25 mAde 

ON CHARACTERISTICS 

I DC Current Gain (IC = 5.0 Adc, VCE = 5.0 Vdc) 20 

FUNCTIONAL TESTS 
Common-Base Amplifier Power Gain GPB 8.5 9.0 - dB 

(VCC= 5OVdc, Pout=350W Peak, f= 1090 MHz) 

Collector Efficiency 11 40 - - % 
(VCC=50Vdc, Pout=350W Peak, f= 1090 MHz) 

Load Mismatch 'II No Degradation in Output Power 
(VCC = 50 Vdc, Pout = 350 W Peak, f = 1090 MHz, 
VSWR = 10:1 All Phase Angles) 

~---.----~----~----o+ 

~---+-----+l-

RF INPUT >--+--:I--f 
Cl -= 
Ht~anM 

Cl -75 pF 100 Mil Chip Capacitor 
C2 - 39 pF 100 Mil Chip Capacitor 
C3-0.1/lF 
C4 - 100 /IF, 100 Vdc, Electrolytic 
L 1 - 3 Turns #18 AWG, 118"10,0.18 Long 

Zl-Z9 - Microstrip, Sea Details 
Board Material- Tefton, Glass laminate 

Dielectric ThIckness = 0.030" 
£r = 2.55, 2 Oz. Copper 

.170 --1 ~ .838 

f.-m:frr-""1 
.156 

1.518 I 11. 

1 1 

~J~-

'r .130 

TL'''-1 '" 
T 
.394 

-L 

.159 -1 ~~r 
r--,---,' ~T 

.160 

Figure 1. Test Circuit 
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MRF10350 
2-700 

500 

o 
o 

........ 
/ 

;r 

/ 
II 

I f= 1090 MHz -
/ VCC=50V 

Pulse=Mo~(I) -V 
10 20 30 40 50 60 

PIN, INPUT POWER (WAITS) 

(1) 128 p.s burst 0.5 p.s on, 0.5 p.s off 
repeating at 6.4 ms interval. 

70 80 

Figure 2. Output Power versus Input Power 

Pour=350WPk VCC=50V 

f ZIN 
MHz OHMS 

1025 1.92+ j3.80 

1050 2.44 + j3.92 

1090 3.55 +j3.02 

1125 4.11 + j2.27 

1150 4.13 + jl.35 

ZoL'(I) 
OHMS 

2.52+ jO.70 

2.18+ jO.85 

1.9hjl.13 

1.80+ j122 

1.11 + jl.31 

ZoL' is the conjugate of the optimum load 
impedance into which the device operates al a 
given output power voltage and frequency. 

Figure 3. Series Equivalent Input/Output Impedances 
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MOTOROLA 
• SEMICONDUCTOR 

TECHNICAL DATA 

The RF Line 
Microwave Pulse 
Power Transistor 
•.• designed for 1025-1150 MHz pulse common base amplifier applications 
such as TCAS, TACAN and Mode-S transmitters. 

• Guaranteed Performance @ 1090 MHz 
Output Power = 500 Watts Peak 
Gain = 8.5 dB Min, 9.0 dB (Typ) 

• 100% Tested for Load Mismatch at All Phase Angles with 10:1 VSWR 

• Hermetically Sealed Industry Package 

• Silicon Nitride- Passivated .; 

• Gold Metallized, Emitter Ballasted for Long Life and Resistance to Metal 
Migration 

• Internal Input and Output Matching 

• Characterized with 10 j.lS, 1 % Duty Cycle Pulses 

MAXIMUM RATINGS 

Rating 

Collector-Emitter Voltage 

Collector-Base Voltage 

Emitter-Base Voltage 

Collector Current - Peak (1) 

Total Device DiSSipation @ TC = 25°C (1). (2) 
Derate above 25°C 

Storage Temperature Range 

Junction Temperature 

THERMAL CHARACTERISTICS 

Characteristic 

Thermal Resistance. Junction to Case (3) 

NOTES: 
1. Under pulse RF operating conditions. 

Symbol 

VCES 

VCBO 

VEBO 

IC 

Po 

Tstg 

TJ 

MRF10500 

5OOW(PEAK) 
1025-1150 MHz 

MICROWAVE POWER 
TRANSISTOR 
NPNSIUCON 

CASE 3550, STYLE 1 

Value 

65 

65 

3.5 

29 

1460 
8.3 

-65 to +200 

200 

Max 

0.12 

Unit 

Vdc 

Vdc 

Vdc 

Adc 

Watts 
wrc 
°c 

°c 

2. These devices are designed tor RF operation. The total device dissipation rating applies only when the devices are operated as pulsed RF 
amplifiers. 

3. Thermal Resistance is determined under specified RF operating conditions by infrared measurement techniques. (Worst case 0JC value 
measured @ 3211S. 2%.) 
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II 

ELECTRICAL CHARACTERISTICS (T C = 25·C unless otherwise noted.) 

Characteristic I Symbol Min Typ Max Unit 

OFF CHARACTERISTICS 

Collector-Emitter Breakdown Voltage (IC = 60 mAde, VBE = 0) V(BR)CES 65 - - Vde 

Collector-Base Breakdown Voltage (IC = 60 mAde, IE = 0) V(BR)CBO 65 - - Vde 

Emitter-Base Breakdovm Voltage (IE = 10 mAde, IC = 0) V(BR)EBO 3.5 - - Vde 

Collector Cutoff Current (VCB = 36 Vde, IE = 0) ICBO - - 25 mAde 

ON CHARACTERISTICS 

I DC Current Gain (IC = 5.0 Adc, VCE = 5.0 Vdc) 20 

FUNCTIONAL TESTS 

Common-Base Amplifier Power Gain GpB 8.5 9.0 - dB 
(VCC = 50 Vde, Pout = 500 W Peak, I = 1090 MHz) 

Collector EffICiency 11 40 45 - % 
(VCC=50Vde, Pout = 500 W Peak, 1= 1090 MHz) 

Load Mismatch IJ1 No Degradation in Output Power 
(VCC = 50 Vdc, Pout = 500 W Peak, 1= 1090 MHz, 
VSWR = 10:1 All Phase Angles) 

[""""-""""1---t--..,..-:----<l+ 

~-------.l-

RF INPUT >-~--J--l 
Cl -= 
~WanM 

MRF10500 
2-702 

Cl - 82 pF 100 Mil Chip Capacitor 
C2 - 39 pF 100 Mil Chip Capacitor 
C3-0.1I1F 
C4 - 100 IIF, 100 Vdc, Electrolytic 
Ll -3 Turns #18 AWG, 118" 10, 0.18 Long 

.150 1, 
.081 

1!========~ 
TL1.309 __ ... 

1-.625 -1 

r.=1:;.10::8==:!J!:. 
0.140 

ZI-Z9 - Microstrip, See DetailS 
Board Malerial - Teflon, Glass Laminate 

Dielectric Thickness = 0.030" 
I!r = 2.55, 2 Oz. Copper 

1-.700 -1 
.160 1, 

2.00 

.644 

Figure 1. Test Circuit 

MOTOROLA RF DEVICE DATA 



en 600 
Si 
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0 
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rE 

1 
/ 

/ 1= 1090 MHz 

/ VCC=50Vofts -, 
o 15 30 45 60 75 100 115 

PIN. INPUT POWER (WAITS) 

Figure 2. Output Power versus Input Power 

POUT=500WPk VCC=50V 

f 
MHz 

1030 

1060 

1090 

1120 

1150 

MOTOROLA RF DEVICE DATA 

ZIN 
OHMS 

5.3+j2.25 

6.2 + jO.2 

5.2-jl.4 

3.7-j1.35 

3.15-j1.3 

ZoL'(ZoUT) 
OHMS 

2.6 + jl.B9 

2.56 + j2.0 

2.12 + j2.2 

1.9+j2.15 

1.6 + j1.62 

ZoL' is the conjugate 01 the optimum load 
impedanoe into which the device operates at a 
given output power voltage and frequency. 

Figure 3. Series Equivalent Input/Output Impedances 
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MOTOROLA 
• SEMICONDUCTOR 

TECHNICAL DATA 

Advance Information 
The RF Line 
NPN Silicon 
RF Power Transistor 

Designed for 26 volts microwave large-signal, common emitter, class A and 
class AB linear amplifier applications in industrial and commercial FM/AM 
equipment operating in the range 1400-1600 MHz. 

• 

• Specified 26 Volts, 1490 MHz, Class AS Characteristics: 
Output Power - 30 Watts 
Gain - 9 dB Min @ 30 Watts (PEP) 
Efficiency - 30% Min @ 30 Watts (PEP) 
Intermodulation Distortion - -30 dBc Max @ 30 Watts (PEP) 

• Third Order Intercept Point - 53.5 dBm Typ @ 1490 MHz, 
VCE = 24 Vdc, IC = 2.5 Adc 

• Characterized with Series Equivalent Large-Signal Parameters from 
1400-1600 MHz 

• Characterized with Small Signal S-Parameters from 1000-2000 MHz 
• Silicon Nitride Passivated 
• 100% Tested for Load Mismatch Stress at all Phase Angles with 

3:1 Load VSWR @ 28 Vdc, at Rated Output Power 
• Gold Metallized, Emitter Ballasted for Long Life and Resistance to Metal 

Migration 

MAXIMUM RATINGS 

Rating 

Collector-Emitter Voltage 

Collector-Emitter Voltage 

Emitter-Base Voltage 

Collector-Current - Continuous 

Total Device DiSSipation @ TC = 25DC 
Derate above 25DC 

Storage Temperature Range 

THERMAL CHARACTERISTICS 
Characteristic 

Thermal Resistance, Junction to Case 

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

I Characteristic I Symbol 

OFF CHARACTERISTICS 

Collector-Emitter Breakdown Voltage V(BR)CEO 
(IC = 50 mAde, IB = 0) 

Collector-Emitter Breakdown Voltage V(BR)CES 
(lc = 50 mAde, VBE = 0) 

Collector-Emitter Breakdown Voltage 
(IC = 50 mAde, RBE = 100 OJ 

V(BR)CER 

Symbol 

VCEO 

VCES 

VEBO 

IC 

Po 

Tstg 

Min 

25 

60 

30 

MRF15030 
Motorola PrefarreclDovlce 

30W,1.5GHz 
RF POWER TRANSISTOR 

NPNSIUCON 

CASE 395C, STYLE 1 

Value 

25 

60 

4 

10 

125 
0.71 

-65 to +150 

Max 

1.40 

Typ Max 

29 -

64 -

52 -

Unit 

Vdc 

Vdc 

Vdc 

Adc 

Watts 
WFC 

DC 

Unit 

Vde 

Vde 

Vde 

(continued) 

This document contains Information on a new product. SpecHlcations and Infomation herein are subleclto change without notice. 

Preferred devices are Motorola recommended choices for future use and best overall value. 

MRF15030 
2-704 

MOTOROLA RF DEVICE DATA 



fj) 

tii 
~ 
II: 

~ 
Il. 

!3 
!3 
0 
S 

rE 

ELECTRICAL CHARACTERISTICS - continued (TC = 25°C unless otherwise noted.) 

I Characteristic I Symbol I Min 

OFF CHARACTERISTICS - continued 

Emitter-Base Breakdown Voltage 
(IE = 5 mAdc, IC = 0) 

V(BR)EBO 

Collector Cutoff Current ICES 
(VCE = 30 Vdc, VBE = 0) 

ON CHARACTERISTICS 

DC Current Gain 
(ICE = 1 Adc, VCE = 5 Vdc) 

DYNAMIC CHARACTERISTICS 

Output Capacitance 
(VCB = 26 Vdc, IE = 0, 1=1 MHz) 

FUNCTIONAL TESTS (Figure 12) 

Common-Emitter Amplifier Power Gain Gpe 
(VCC - 26 Vdc, Pout = 30 W (PEP), Ica = 125 mA, 
11 = 1490 MHz, 12 = 1490.1 MHz) 

Collector Efficiency 11 
(VCC = 26 Vdc, Pout = 30 W (PEP), ICQ = 125 mA, 
11 = 1490 MHz, 12= 1490.1 MHz) 

Iniermodulation Distortion IMD 
(VCC = 26 Vdc, Pout = 30 W (PEP), Ica = 125 rnA, 
11 = 1490 MHz, 12 = 1490.1 MHz) 

Input Return Loss IRL 
(VCC = 26 Vdc, Pout = 30 W (PEP), Ica = 125 mA, 
11 = 1490 MHz, 12 = 1490.1 MHz) 

Load Mismatch 'II 
(VCC = 28 Vdc, Pout = 30 W (PEP), Ica = 125 rnA, 
11 = 1490 MHz, 12 = 1490.1 MHz, Load VSWR= 3:1, All Phase 

45 

40 

35 

30 

25 

20 

15 

10 

5 

Angles at Frequency 01 Test) 

..I--.. f Gpe ....... ~ 
I " I ....x 

I V 
I /' 
I V VCC= 26Vdc 

ICQ=l25mA 

TYPICAL CHARACTERISTICS 

./ ~Pout 

./ 

" '\.. 
I\.. 

10.3 

10.2 

10.1 

10.0 iII 
~ 

9.9 z 
~ 

9.8 ~ 

9.7 <!l 

4 0 

5 

a 

5 

0 

5 

a 
/' '\ 

./ 
f = t90 MHz Singt Tone 

" 
9.6 

9.5 5 

0 

4 

-

9.0 

30 

-

12 

Typ Max Unit 

5 - Vdc 

- 10 mAdc 

9.6 - dB 

34 - % 

-34 -30 dBc 

15 - dB 

No Degradation in Output Power 

I I 
Pin = 3.5 W 

12.5w l 

I I 
'1.5W' 

VJ=2SJdc -
ICQ=l25mA 
Singt Tonel -

234 
Pin, INPUT POWER (WATTS) 

5 9.4 MOOM~~Ol~M~l~l~l~l~l~~O 

t, FREQUENCY (MHz) 

Figure 1. Output Power & Power Gain versus Input Power Figure 2. Output Power versus Frequency 
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TYPICAL CHARACTERISTICS 
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Figure 3. Intermodulation Distortion 
versus Output Power 
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~i V Cc=26Vde 
11 = 1490 MHz 

4 mA IriiUIMrz 
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Figure 5. Intermodulation Distortion 
versus Output Power 
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'" :E-
z 

~ 
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8.5 
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~ 
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Pout=3 W(PEP) 
ICQ=125mA 
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VCE. COLLECTOR VOLTAGE (Vde) 

Figure 7." Power Gain and Intermodulation 
Distortion versus Collector Voltage 
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Figure 4. Performance In Broadband Circuit 

10 

9 

8 

7 

6 

5 

1 UI 
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Figure 6. Power Gain versus Output Power 
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Figure 8. Class A Third Order Intercept Point 
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TYPICAL CHARACTERISTICS 

109 

1 108 ::a; 
< 
>< 

rJ) 

I 
Tflange'= 7So C MTBFUmited 

Tfl."1lIA=100~ 
II: 

107 :> 

~ 
t5 

106 b 
if 
u.. 

!i 105 t"oo. 

..., 
J!! 
;§-
c: 

1-
TJ=l SOC <II 

8 12 16 20 24 28 120 140 160 180 200 220 240 260 
VCe. COLLECTOR VOLTAGE (Vdc) 

Figure 9. DC Safe Operating Area 

f Zin 
(GHz) (0) 

1.40 1.15 + j4.25 

1.45 1.15 + j4.55 

1.50 1.20+j4.80 

1.55 1.45 + j5.15 

1.60 1.89 +j5.25 

T J, JUNCTION TEMPERATURE (OC) 

Figure 10. MTBF Factor versus 
Junction Temperature 

The above graph cflSplays calculated MTBF in hours x arnpere2 
emitter current. ute tests at elevated temperatures have cemelated 
to better than ±10% of the thecretical prediction for metal failure. 
Divide MTBF Factcr by 102 for MTBF in a particular application. 

Z*OL 
(0) 

1.87+ jO.78 

1.67 + jO.78 

1.47 + jO.78 

1.27+ jO.78 

1.00+ jO.78 

Z*OL = Conjugate of optimum load impedance into 
which the device operates at a given output 
power, voltage and frequency. 

Figure 11. Input and Output Impedances with Circuit Tuned for Maximum Gain @ Pout = 30 Watts (PEP), 
VCC = 26 Volts,lCQ = 125 mAo and Driven by TWo Equal Amplitude Tones with Separation of 100 KHz 
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• Q1 

f 

MHz 
1000 
1050 
1100 
1150 
1200 
1250 
1300 
1350 
1400 
1450 
1500 
1550 
1600 
1650 
1700 
1750 
1800 
1850· 
1900 
1950 
2000 

B1,B4 
B2,B3 
C1 
C2 
C3,C14 
C4,C8 
C5, C11 
C6,C12 
C7,C10 
C9 
C13 

MRF15030 
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Table 1. Small Signal S Parameters at VCE = 24 Vdc, IC = 2.5 Adc 

511 

15111 Lcp 
0.983 173 
0.984 172 
0.978 172 
0.975 171 
0.975 171 
0.969 170 
0.963 169 
0.955 169 
0.945 168 
0.933 167 
0.915 166 
0.889 166 
0.856 166 
0.833 168 
0.820 171 
0.839 174 
0.872 175 
0.909 176 
0.937 175 
0.957 174 
0.970 173 

Long Bead, Fair Rite 
Short Bead, Fair Rite 

15211 
0.366 
0.367 
0.367 
0.373 
0.382 
0.391 
0.408 
0.428 
0.452 
0.487 
0.525 
0.572 
0.618 
0.654 
0.654 
0.600 
0.517 
0.435 
0.357 
0.296 
0.247 

0.3 pF, B Case Chip Capacitor, ATC 
220 ILF, Electrolytic Capacitor, Mallory 
0.1 ILF, Chip Capacitor, Kemit 
0.8 to 8 pF, Variable Capacitor, Johanson 
1800 pF, Chip Capacitor, Kemit 
18 pF, B Case Chip Capacitor, ATC 
51 pF, Chip Capacitor, Murata Erie 
1.7 pF, B Case Chip Capacitor, ATC 
470 ILF, Electrolytic Capacitor, Mallory 

521 
Lcp 

49 
46 
43 
40 
36 
33 
29 
25 
20 
13 
6 

-3 
-16 
-30 
-48 
-66 
- 81 
-94 
-104 
-112 
-119 

15121 
0.006 
0.007 
0.007 
0.007 
0.008 
0.007 
O.OOB 
0.009 
0.008 
0.009 
0.009 
0.009 
0.009 
0.010 
0.010 
0.010 
0.010 
0.010 
0.011 
0.012 
0.012 

01 
D2 
L1,L2 
N1, N2 
01 
02,03 
R1 
R2 
R3,R6 
R4 
R5 
Board 

S12 ~ 
Lcp I~I Lcp 

36 0.890 178 
33 0.893 178 
33 0.888 178 
30 0.885 178 
31 0.886 177 
27 0.881 177 
21 0.879 177 
20 0.879 177 
7 0.873 177 
1 0.875 178 

·8 0.875 178 
-18 0.877 178 
-35 0.887 178 
-54 0.901 178 
-86 0.918 178 
-120 0.930 177 
-152 0.932 176 
-176 0.925 174 
159 0.924 173 
148 0.917 173 
136 0.915 173 

r---+-CD--+-+--o Vee 

RFOutpul 

======f 

Surface Mount Diode, Motorola 
Ugh! Emitting Diode, Industrial Devices 
3 Tum, 20 AWG, 0.126" 10 Choke 
Type N Range Mount RF Connector, Omni Spectra 
Transistor PNP Motorola (BD136) 
Surface Mount Transistor, NPN, Motorola (MJ047) 
2 x 330 a, 118 Watt Chip Resistors in Parallel, Rohm 
100 a, 1/8 Watt, Chip Resistor, Rohm 
4 x 38 a, 118 Watt, Chip Resistors in Parallel, Rohm 
39 a, 1/8 Watt, Chip ReSistor, Rohm 
22 KCl, 1/8 Watt, Chip Resistor, Rohm 
Glass Teflon®, Arion GX-0300-55-22, er = 2.55 

Figure 12. Class AB Broadband Test Fixture Electrical Schematic 
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Figure 13. Photomaster for Broadband Class AB Test Fixture 

Figure 14. Broadband Class AB Test Fixture 

MOTOROLA RF DEVICE DATA 

SCALE 0.75:1 

MRF15030 
2·709 



• 

R t---ovcc 

RF 1~ .... N11 I c====~~==::::;: 
~ res 

C4! 

81,84 
B2,B3 
C1,C2 
O3,C14 
C4 
O5,C12 
C6, C11 
C7,09 
CS,C10 
C13 
L1,L2 
N1,N2 

Long Bead, Fair Rite 
Short 8ead, Fair Rite 
100 11F. Electrolytic Capacitor, Mallory 
0.1 I1F, Chip Capacitor, Kemlt 
1.3 pF, 8 case Chip Capacitor, ATC 
18 pF, 8 case Chip Capacitor, ATC 
1800 pF, Chip Capacitor, Kemlt 
0.8 to 8 pF, Variable Capacitor, Johanson 
51 pF, Chip CapacItor, Murata Erie 
470l1F, Electrolytic Capacitor, Mallory 
3 Tum, 20 AWG, 0.126" 10 Choke 
Type N Flange Mount RF Connector, Omni Spectra 

Q1 
Q2 
R1 
R2 
R3 
R4 
R5 
R6 
R7 
R8 
R9, R10 
Board 

RFOUIpUI 

::::====~C1~C===~~ 

Transistor NPN Motorola (80135) 
Transistor PNP Motorola (80136) 
250 C, 1/8 Watt, Chip Resistor Rohm 
500 C, 1/4 Watt Potentiometer, State of the Art 
4.7 Kg, 118 Watt, Chip Resistor, Rohm 
2 x 4.7 Kg, 1/8 Watt, Chip Resistors in Parallel, Rohm 
1.0 C, 10 Watt, Resistor, Oale 
38 C, 1.0 Watt, Resistor 
75 C, 1/8 Watt, Chip Resistor, Rohm 
2 x 10 C, 1/8 Watt, Chip Resistors in Parallel, Rohm 
4 x 38 C, 118 Watt, Chip Resistors In Parallel, Rohm 
Glass Teflon@, Ailon GX-030Q-55-22, £r = 2.55 

Figure 15. Class A Test Fixture Electrical Schematic 
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Figure 16. Photometer for Class A Test Fixture 

Figure 17. Class A Test Fixture 
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MOTOROLA 
• SEMICONDUCTOR 

TECHNICAL DATA 

Advance Information 
The RF Line 
NPN'Silicon 
RF Power Transistor 

Designed for 26 volts microwave large-signal, common emitter, class A and 
class AB linear amplifier applications in industrial and commercial FMlAM 
equipment operating in the range 1400-1600 MHz. 

• SpecKied 26 Volts, 1490 MHz, Class AB Characteristics 
Output Power - 90 Watts (PEP) 
Gain - 7.5 dB Min @ 90 Watts (PEP) 
Collector Efficiency - 30% Min @ 90 Watts (PEP) 
Intermodulation Distortion - -28 dBc Max @ 90 Watts (PEP) 

• Third Order Intercept Point - 56.5 dBm Typ @ 1490 MHz, VCE = 24 Vdc, 
IC=5Adc 

• Characterized with Series Equivalent Large-Signal Parameters from 
1400-1600 MHz 

• Characterized with Small-Signal S-Parameters from 1Q00-2oo0 MHz 
• Silicon Nitride Passivated 
• 100% Tested for Load Mismatch Stress at All Phase Angles with 3:1 Load 

VSWR @ 28 Vdc, and Rated Output Power 
• Gold Metallized, Emitter Ballasted for Long Life and Resistance to 

Metal Migration 

MAXIMUM·RATINGS 

Rating 

Collector-Emitter Voltage 

Collector-Emitter Voltage 

Emitter-Base Voltage 

Collector-Current - Continuous @ T J(max) = 150°C 

Total Device Dissipation @ TC = 25°C 
Derate above 25°C 

Storage Temperature Range 

THERMAL CHARACTERISTICS 

Characteristic 

Thermal Resistance, Junction to Case 

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

I Characteristic I Symbol 

OFF CHARACTERISTICS 

Collector-Emitter Breakdown Voltage V(BR)CEO 
(IC = 50 mAde, IB = 0) 

Collector-Emitter Breakdown Voltage V(BR)CES 
(IC = 50 mAde, VBE = 0) 

Collector-Emitter Breakdown Voltage V(BR)CER 
(IC = 50 mAde, RBE = 100 0) 

Symbol 

VCEO 

VCES 

VEBO 

IC 

Po 

Tstg 

Min 

25 

60 

30 

MRF15090 
_fa Pralamod_ 

9OW,1.5GHz 
RF POWER TRANSISTOR 

NPNSILICON 

CASE 375A, STYLE 1 

Value 

25 

60 

4 

15 

250 
1.43 

.-65 to +150 

Max 

0.70 

Typ Max 

28 -

65 -

- -

Unit 

Vde 

Vde 

Vde 

Adc 

Watts 
wrc 

OC 

Unit 

Vde 

Vde 

Vde 

(continued) 

This document contains Information on a new product. Specifications and Information herein are subject to change without notice. 

Preferred devices are Motorola recommended choices for future use and best overall value. 
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ELECTRICAL CHARACTERISTICS - continued (TC = 25"<: unless otherwise noted.) 

I Characteristic I Symbol I Min 

OFF CHARACTERISTICS - continued 

Emitter-Base Breakdown Voltage V(BR)EBO 4 
(IE = 5 mAde, IC = 0) 

Collector Cutoff Current ICES -
(VCE = 30 Vdc, VBE = 0) 

ON CHARACTERISTICS 

DC Current Gain 
(ICE = 1 Adc, VCE = 5 Vdc) 

DYNAMIC CHARACTERISTICS 

Output Capacitance 

I 
Cob 

I 
-

(VCB= 26 Vdc, IE= 0, 1= 1 MHz)-
For Information Only. This Part Is Collector Matched. 

FUNCTIONAL TESTS (Figure 12) 

Common-Emitter Amplifier Power Gain Gpe 7.5 
(VCC = 26Vdc, Pout = 90W (PEP), ICO = 250 rnA, 
11 = 1490 MHz, 12 = 1490.1 MHz) 

Collector Efficiency TJ 30 
(VCC = 26 Vdc, Pout = 90 W (PEP), ICQ = 250 rnA, 
11 = 1490 MHz, 12 = 1490.1 MHz) 

Intarmodulation Distortion IMD -
(VCC = 26 Vdc, Pout = 90 W (PEP), ICQ = 250 rnA, 
11 = 1490 MHz, 12 = 1490.1 MHz) 

Input Return Loss IRL 12 
(VCC = 26 Vdc, Pout = 90W (PEP), ICO = 250 mA, 
11= 1490 MHz, 12 = 1490.1 MHz) 

Load Mismatch 'I' 
(VCC = 28 Vdc, Pout = 90W (PEP), ICO = 250 rnA, 
11 = 1490 MHz, 12 = 1490.1 MHz, Load VSWR= 3:1, All Phase 
Angles at Frequency 01 Test) 

MOTOROLA RF DEVICE DATA 

Typ Max 

4.8 -

- 10 

I 
52 -

8.3 -

36 -

':'32 -28 

15 -

No Degradation In Output Power 

Unit 

Vdc 

mAde 

pF 

dB 

% 

dBc 

dB 

MRF15090 
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TYPICAL CHARACTERISTICS 
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1,2 = 1490.1 MHz 
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. Figure 5. Intermodulation Distortion 
versus Output Power 
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TYPICAL CHARACTERISTICS 
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The graph above displays calculated MTBF In hours x arnpere2 
emitter current. Ufe tests at elevated temperatures have oorrelated 
to better than ±10% of the theoretical prediction for metal failure. 
Divide MTBF Factor by 102 for MTBF in a particular application. 
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f lin 

(MHz) (0) 

1400 3.28+j9.07 

1450 3.85+j10.4 

1500 4.55+j11.4 

1550 5.45 +j11.9 

1600 6.2O+j12.2 

ZoL* 
(0) 

4.62+j2.23 

4.35+j3.41 

4.08+j3.60 

3.80+j3.76 

3.55+j3.84 

Zin = Input impedance Is a balanced base to 
base measurement. 

ZoL* = Conjugate of optimum load Impedance 
collector to collector Into which the device 
operates at a given outPut power, bias 
current, voltage and frequency. 

Figure 11. Input and Output Impedances with Circuit Tuned for Maximum Gain @ Pout = 90 Watts (PEP), 
VCC = 26 Volts, ICQ = 250 mA, and Driven by Two Equal Amplitude Tones with Separation of 100 KHz 

Table 1. Common Emitter S-Parameters (for One Side of Push-Pull MRF15090) at VCE = 24 Vdc,lC = 2.5 Adc 

f 
MHz 

1000 
1050 
1100 
1150 
1200 
1250 
1300 
1350 
1400 
1450 
1500 
1550 
1600 
1650 
1700 
1750 
1800 
1850 
1900 
1950 
2000 

MRF15090 
2-716 

1811 1 
0.999 
0.999 
0.994 
0.992 
0.994 
0.986 
0.982 
0.973 
0.957 
0.938 
0.903 
0.857 
0.821 
0.837 
0.872 
0.901 
0.920 
0.940 
0.954 
0.965 
0.971 

811 

L+ 
172 
171 
170 
170 
169 
168 
167 
166 
164 
163 
162 
163 
165 
169 
170 
170 
170 
169 
169 
168 
167 

~1 
18211 L+ 
0.164 108 
0.179 103 
0.196 97 
0.216 92 
0.241 86 
0.268 80 
0.306 73 
0.351 66 
0.408 56 
0.483 44 
0.571 29 
0.651 10 
0.673 -14 
0.623 -37 
0.529 -56 
0.437 -70 
0.363 -81 
0.309 -90 
0.265 -98 
0.232 -104 
0.205 -110 

812 ~ 
18121 L+ I~I L+ 
0.006 72 0.957 173 
0.007 69 0.956 172 
0.007 66 0.948 172 
0.008 63 0.940 171 
0.008 62 0.935 171 
0.009 57 0.924 170 
0.010 51 0.915 170 
0.011 45 0.905 170 
0.012 33 0.888 170 
0.013 22 0.876 170 
0.014 7 0.859 171 
0.014 -13 0.855 173 
0.013 -40 0.877 174 
0.011 -67 0.902 174 
0.009 -104 0.922 173 
0.008 -138 0.931 172 
0.007 -165 0.932 171 
0.008 173 0.930 170 
0.008 150 0.932 169 
0.009 139 0.930 169 
0.010 132 0.929 168 
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Bl, B2, B3, B4 
Cl 
C2 
C3, C4, C23, C24 
C5, C6, C22, C25 
C7, CB, C20, C21 
C9, C1O, Cll 
C12 
C13, C14, C1B, C19 
C15 
C16,C17 
C26 
Dl 
D2 

Ferrile Bead, Ferroxcube 
2.7 pF, B Case Chip Capacitor, ATC 
0.6-4.0 pF, Variable Capacitor, Johanson 
lB pF, B Case Chip Capacitor, ATC 
51 pF, Chip Capacitor, Murata Erie 
lBOO pF, Chip Capacitor, Kemit 
100 I1F, Electrolytic Capacitor, Mallory 
5.1 pF, A Case Chip Capacitor, ATC 
0.1 I1F, Chip Capacitor, Kemit 
1.1 pF, B Case Chip Capacitor, ATC 
470 I1F, Electrolytic Capacitor, Mallory 
0.3 pF, B Case Chip Capacitor, ATC 
Diode, Motorola (MUR5120T3) 
Light Emitting Diode, Industrial Devices 

Vee 

Ll 
L2,L3,LB,L9 
L4,L5,L6,L7 
Ll0 
Nl, N2 
01,03 
02 
Rl, R2, R7, RB 
R3 
R4 
R5 
R6 
TLl toT110 
Board 

1 Turn, 24 AWG, 0.042" ID Choke 
3 Turn, 20 AWG, 0.126"ID Choke 
12 Turns, 22 AWG, 0.140"ID Choke 
3 Turns, 24 AWG, 0.046" ID Choke 
Type N Flange Mount RF Connector, Omnl Spectra 
Transistor, NPN, Motorola (MJD47) 
Transistor PNP Motorola (BD136) 
10 Q, 112 W, Resistor 
150 Q, 112 W, Resistor 
2 x 66 Q, lIB W, Chip Resistors In Parallel, Rohm 
93 Q, lIB W, Chip Resistor, Rohm 
22 KQ, lIB W, Chip Resistor, Rohm 
See Photo master 
Glass Tefton®, Arlon GX-0300-55-22, £r = 2.55 

Figure 12. Class AB Test Fixture Electrical Schematic 
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MRF15090 
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Figure 13. Photomaster for Class AB Broadband Test Fixture 

Figure 14. Broadband Test Fixture 

MRF 15090 
1450-1525 MHz 
Rev 5 

TD/AW 

SCALE 0.75:1 
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Vsupply 

Rl 

R2 

R3 

RFlnput 
Nl 

.::. .::. .::. 

R4 RB 

R5 

R6 

Vsuppiy 

Bl,B2,B5,B6 
B3,B4,B7,B8 
Cl, C2, C3, C4 

R12 

R13 

CS, C6, C17, C18 
C7, C8, C21, C22 
C9, Cl0, C20, C23 
Cll, C12, C19, C24 
C13 
C14 
C15,C16 
C25 
L1 
L2,L3,L4,L5 
L6 

R1B 

Long Bead, Fair Rite 
Short Bead, Fair Rite 
100 IlF, Electrolytic CapaCitor, Mallory 
0.1 IlF, Chip Capacitor, Kemit 
18 p!=, B Case Chip Capacitor, ATC 
51 pF, Chip Capacitor, Murata Erie 
1800 pF, Chip CapaCitor, Kemit 
4.3 pF, B Case Chip Capacitor, ATC 
2.0 pF, B Case Chip CapaCitor, ATC 
470 IlF, Electrolytic Capacitor, Mallory 
0.6-4 pF Variable Capacitor, Johanson 
3 Turns, 24 AWG, 0.046" 10 Choke 
3 Turns, 20 AWG, 0.126" 10 Choke 
2 Turns, 24 AWG, 0.042" ID Choke 

N1, N2 
01,02 
03,04 
R1,R6 
R2,R5 
R3,R4 
R7,RB 

R9,R14 
R10,R13 
R11,R12 
R15,R16 
R17, R18, R19, R20 
Board 

Vee 

":' eoax2 

R20 

vee 

Type N Flange Mount RF Connector, Omni Spectra 
Transistor NPN Motorola (B0135) 
TranSistor PNP Motorola (B0136) 
250 Q, 1/8 W, Chip ReSistor, Rohm 
500 Q, 1/4 W, Potentiometer, Stete of the Art 
4.7 Q, 1/8 W, Chip Resistor, Rohm 
2 x 4.7 Kn, 1/8 W, Chip ReSiStors 
in Parallel, Rohm 
1.0 Q, 10 W, Resistor, Dale 
38 Q, 1 W, Resistor 
75 Q, 1/8 W, Chip Resistor, Rohm 
2 x 10 Q, 1/8 W, Chip Resistors in Parallel, Rohm 
4 x 38 Q, 1/8 W, Chip Resistors in Parallel, Rohm 
Glass Teflon@, Arlon GX-0300-55-22, £r = 2.55 

Figure 15. Class A Test Fixture Electrical Schematic 
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Figure 16. Photomaster for Class A Test Fixture 

Figure 17. Class A Test Fixture 

MRF 15090 
1490 MHz 
Class A 
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MOTOROLA 
• SEMICONDUCTOR 

TECHNICAL DATA 

The RF Line 
NPN Silicon 
High-Frequency Transistor 
· .. designed for amplifier, oscillator or frequency multiplier applications in 
industrial equipment. Suitable for use as a Class A, B or C output driver or 
pre-driver stages in VHF and UHF. 

• Low Cost SORF Plastic Surface Mount Package 

• Guaranteed RF Specification -IS2112 

• S-Parameter Characterization 

• Tape and Reel Packaging Options Available 

MAXIMUM RATINGS 

Rating 

Collector-Emitter Voltage 

Collector-Base Voltage 

Emitter-Base Voltage 

Collector Current - Continuous 

Operating and Storage Junction Temperature Range 

THERMAL CHARACTERISTICS 

Characteristic 

Total Device Dissipation @ TA = 25°C 
Derate above 25°C 

Storage Temperature 

Thermal Resistance, Junction to Ambient 

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

Characteristic Symbol 

OFF CHARACTERISTICS 

Collector-Emitter Breakdown Voltage (IC = 10 rnA) V(BR)CEO 

Collector-Base Breakdown Voltage (IC = 100 J1A) V(BR)CBO 

Emitter-Base Breakdown Voltage (IE = 100 J1A) V(BR)EBO 

Collector Cutoff Current (V CB = 20 V) ICBO 

Emitter Cutoff Current (VEB = 1.0 V) ICEO 

MOTOROLA RF DEVICE DATA 

Symbol 

VCEO 

VCBO 

VEBO 

IC 

TJ, Tstg 

Symbol 

PD 

Tstg 

RaJA 

Min 

25 

40 

2.0 

-
-

MRFQ17 

IC=300mA 
SOURCE MOUNT 

HIGH-FREQUENCY 
TRANSISTOR 
NPNSILICON 

CASE 751, STYLE 1 
(SQ-8) 

Value 

25 

40 

2.0 

300 

-55 to +150 

Max 

1.0 
8.0 

150 

125 

Typ Max 

- -
- -
- -
- 1.0 

- 1.0 

Unit 

V 

V 

V 

rnA 

°c 

Unit 

Watt 
mWrC 

°c 

°CIW 

Unit 

V 

V 

V 

J1A 

J1A 
(continued) 
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ELECTRICAL CHARACTERISTICS - continued (T A; 25°C unless otherwise noted.) 

Characteristic Symbol Min 

ON CHARACTERISTICS 

DC CUrrent Gain hFE 
(IC=50mA, VCE=5.0V) 25 
(IC = 150 mA, VCE = 5.0 V) 25 

Collector-Emitter Saturation Voltage VCE(sat) -
(IC = 100 mA, IB = 10 mAl 

SMALL-SIGNAL CHARACTERISTICS 

Current-Gain - Bandwidth Product IT -
(IC = 50 mA, VCE = 12.5 V, f = 500 MHz) 

Insertion Gain 1821 12 10 
(VCE = 12.5 V, IC; 50 mA, f = 500 MHz) 

VCE IC f Sll S:l1 

(Volts) (mA) (MHz) IS11 I LoI> IS21 I LIj> IS121 

12.5 50 10 0.32 -72 38.2 165 0.005 
20 0.36 -103 37.8 151 0.007 
50 0.60 -139 33.0 124 0.013 
75 0.66 -152 25.0 112 0.014 
100 0.69 -159 19.6 105 0.016 
200 0.72 -174 10.3 91 0.021 
500 0.72 168 4.10 68 0.040 
750 0.70 157 2.80 57 0.059 
1000 0.69 146 2.10 45 0.081 

Table 1. Common Emitter S-Parameters 

MRFQ17 
2-722 

Typ Max Unit 

-
- 200 
- 200 

- 0.5 V 

2250 - MHz 

12.2 - dB 

S12 S22 

LejI IS221 LIj> 

47 0.97 -13 
48 0.88 -23 
40 0.62 -42 
36 0.49 -47 
38 0.43 -49 
47 0.32 -51 
65 0.37 -70 
72 0.43 -83 
76 0.47 -95 
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MOTOROLA 
• SEMICONDUCTOR 

TECHNICAL DATA 

The RF Line 
Microwave 
Power Transistors 
· .. designed primarily for large-signal output and driver amplifier stages in the 
1.0 to 2.3 GHz frequency range. 

• Designed for Class B or C, Common Base Power Amplifiers 

• Specified 28 Volt, 2.0 GHz Characteristics: 
Output Power - 1.0 to 20 Watts 
Power Gain - 5.2 to 9.0 dB, Min 
Collector Efficiency - 40%, Min 

• Gold Metallization for Improved Reliability 

• Diffused Ballast Resistors 

MAXIMUM RATINGS 

Rating 

Collector-Base Voltage 

Emitter-Base Voltage 

Collector Current - Continuous 

Operating Junction Temperature 

Storage Temperature Range 

THERMAL CHARACTERISTICS 

Characteristic 

Thermal Resistance, RF, Junction to Case 

MRW2001 
MRW2003 
MRW2005 
MRW2010 

MRW2001 
MRW2003 
MRW2005 
MRW2010 

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

I Characteristic I Symbol 

OFF CHARACTERISTICS 

Collector-Emitter Breakdown Voltage V(BR)CES 
(IC = 10 mA, VBE = 0) MRW2001 
(IC = 20 mA, VBE = 0) MRW2003 
(IC = 40 mA, VBE = 0) MRW2005 
(IC = 80 mA, VBE = 0) MRW2010 

MOTOROLA RF DEVICE DATA 

Symbol 

VCES 

VEBO 

IC 

TJ 

TSlg 

Symbol 

ROJC 

Min 

50 
50 
50 
50 

MRW2001 
MRW2003 
MRW2005 
MRW2010 

S.2-9.0dB 
1.0-2.3GHz 

1.0-20 WAlTS 
MICROWAVE 

POWER TRANSISTORS 

CASE 328A, STYLE 1 
(GP-13) 

Value 

50 

3.5 

0.25 
0.5 
1.0 
2.0 

200 

-6510+200 

Max 

25 
15 
8.5 
6.0 

Typ Max 

- -
- -
- -
- -

Unit 

Vdc 

Vdc 

Adc 

°c 

°c 

Unit 

°C/W 

Unit 

Vdc 

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

Characteristic 

OFF CHARACTERISTICS (continued) 

Emitter-Base Breakdown Voltage 
(IE = 0.2 rnA, IC = 0) MRW2001 
(IE = 0.25 mA, IC = 0) MRW2003 
(IE = 0.5 rnA, IC = 0) MRW2005 
(IE = 1.0 rnA, IC = 0) MRW2010 

Collector Cutoff Current MRW2001 
(VCB=28 V,IE = 0) MRW2003 

MRW2005 
MRW2010 

ON CHARACTERISTICS 

DC Current Gain 
(IC = 100 mA, VCE = 5.0 V) MRW2001 
(IC = 100 mA, VCE = 5.0 V) MRW2003 
(IC = 200 mA, VCE = 5.0 V) MRW2005 
(IC = 400 rnA, VCE = 5.0 V) MRW2010 

DYNAMIC CHARACTERISTICS 

Output Capacitance MRW2oo1 
(VCB = 28 V, IE = 0, f= 1.0 MHz) MRW2oo3 

MRW2005 
MRW2010 

FUNCTIONAL TESTS 

Common-Base Amplifier Power Gain 
(VCE = 28 V, Pout = 1.0W, f=2.0 GHz) MRW2001 
(VCE =28 V, Pout = 10W, f=2.0 GHz) MRW2010 

Common-Base Amplifier Power Gain 
(VCE = 28 V, Pout = 3.0 W, f = 2.0 GHz) MRW2003 
(VCE=28V, Pout = 5.0 W, f= 2.0 GHz) MRW2005 

Collector Efficiency 
(VCE = 28 V, Pout = 1.0W, f=2.0 GHz) MRW2001 
(VCE = 28 V, Pout = 3.0 W, f = 2.0 GHz) MRW2oo3 
(VCE = 28 V, Pout = 5.0 W, f = 2.0 GHz) MRW2oo5 
(VCE = 28 V, Pout = 10W, f=2.0 GHz) MRW2010 

Load Mismatch 
(VCE = 28 V, f = 2.0 GHz, Load VSWR = 00:1, All Phase Angles) 
Pout=1.0W 
Pout=3.0W 
Pout=5.0W 
Pout=10W 

Saturated Output Power 
(VCE = 28 V, f = 2.3 GHz) 
(VCE = 28 V, f= 1.5 GHz) 
(VCE = 28 V, f = 1.0 GHz) 

(VCE = 28 V, f = 2.3 GHz) 
(VCE=28 V, f= 1.5 GHz) 
(VCE= 28 V, f= 1.0 GHz) 

(VCE = 28 V, f = 2.3 GHz) 
(VCE = 28 V, f= 1.5 GHz) 
(VCE = 28 V, f= 1.0 GHz) 

(VCE = 28 V, f = 2.3 GHz) 
(VCE =28 V, f= 1.5 GHz) 
(VCE =28 V, f= 1.0 GHz) 

MRW2001-MRW2003-MRW2005-MRW2010 
2-724 

MRW2001 
MRW2003 
MRW2005 
MRW2010 

MRW2001 

MRW2003 

MRW2005 

MRW2010 

SymbOl Min 

V(BR)EBO 
3.5 
3.5 
3.5 
3.5 

ICBO -
-
-
-

hFE 
10 
10 
10 
10 

Cob -
-
-
-

GpB 
9.0 
7.0 

GpB 
8.0 
8.0 

11 40 

Ij1 

Psat1 -
Psat2 -
Psat3 -

-
-
-
-
-
-
-
-
-

Typ Max Unit 

Vdc 

- -
- -
- -
- -
- 0.5 mAdc 
- 0.5 
- 0.5 
- 0.5 

-
- 120 
- 100 

- 100 
- 100 

- 4.0 pF 

- 5.0 
- 7.0 

- 12 

dB 

- -
- -

dB 
- -
- -
- - % 

No Degredation in Output Power 

W 
1.0 -
1.2 -
1.3 -
3.0 -
3.7 -
4.0 -
5.0 -
6.5 -
7.5 -,-

10 -
13 -
15 -

MOTOROLA RF DEVICE DATA 
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TYPICAL CHARACTERISTICS 

MRW2001 MRW2003 
6r-----.------r-----,r-----~----, 

1=1 GHz 

/; -- 1.5GHz 
2GHz 

fi) 5 
!;;i 
~ 

4 0--
:::> 
a. 
0--
:::> 

I '/ // 2.3GHz 3 0 
a: 
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;;:: 
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I /~ / 
0.1 0.2 

VCC=28V 
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TYPICAL CHARACTERISTICS 
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The graph shown below displays MTTF in hours x ampere2 
emitter current for each of the ·Super 2.0 GHz· devices. Life 
tests at elevated temperatures have correlated to better than 
±10% to the theoretical prediction for metal failure. Sample 
MTTF calculations based on operating conditions are in
cluded on the graph. 
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MOTOROLA 
• SEMICONDUCTOR 

TECHNICAL DATA 

The RF Line 
Microwave Power Transistors 
• •• designed primarily for large-signal output and driver amplifier stages in the 
1.5 to 3.0 GHz frequency range. 

• Designed for Class B or C, Common Base Linear Power AmplHiers 
• SpecHled 28 Volt, 3.0 GHz Characteristics: 

Output Power - 1.0 to 5.0 Watts 
Power Gain - 5.0 to 7.0 dB Min 
Collector Efficiency - 30% Min 

• Gold Metallization for Improved Reliability 
• Diffused Ballast Resistors 

MAXIMUM RATINGS 

Rating Symbol 

Collector-Base Voltage VCBO 

Emiller-Base Voltage VEBO 

Operating Junction Temperature TJ 

Storage Temperatura Range Tstg 

THERMAL CHARACTERISTICS 
ChllJ'llC1erietic Symbol 

ThermaIR~stanC9,R~ R9JC 
Junction 10 Case 

3001 

35 

I 3003 I 3005 Unit 

45 Vdc 

3.5 Vdc 

200 "C 

-6510+200 "C 

Max Unit 

I 17 I 8.5 0C!W 

ELECTRICAL CHARACTERISTICS (Tc = 25"C unless otherwise noted.) 

I Characterletlc Symbol 

OFF CHARACTERISTICS 
CoIlactor-Emiller Breakdown Voltage 

(IC = 10 rnA, VBE = 0) 
(lC=30mA, VBE=O) 
(lC=50rnA. VBE=O) 

Collector-Base Breakdown Voltage 
(IC" 1.0 mA, IE = 0) 
(IC .. 3.0 mA, IE = 0) 
(IC" 5.0 rnA, IE = 0) 

Emiller-Base Breakdown Voltage 
(IE = 1.0 rnA, IC = O) 

Collector Cutoff CUrrent 
(VCB~28 V,IE =0) 

ON CHARACTERISTICS 
DC Current Gain 

(IC = 100 rnA, VCE = 5.0 V) 
(IC = 300 rnA, VCE = 5.0 V) 
(IC .. 500 rnA, VCE = 5.0 V) 

MRW3001.MRW3003.MRW3005 
2-728 

MRW3001 
V(BR)CES 

MRW3003 
MRW3005 

MRW3001 
V(BR)CBO 

MRW3003 
MRW3005 

V(BR)EBO 

MRW3001 ICBO 
MRW3003 
MRW3005 

hFE 
MRW3001 
MRW3003 
MRW3005 

Min 

50 
50 
50 

45 
45 
45 

3.5 

-
-
-

10 
10 
10 

MRW3001 
MRW3003 
MRW3005 

5.0-7.0 dB 
1.S-S.0GHz 

1.0-5.0 WATTS 
MICROWAVE 

POWER TRANSISTORS 

CASE 328F, STYLE 2 
(GP-iS) 

MRW3OO1, 3003, 3005 

Max 

- -
- -
- -

- -
- -
- -
- -

- 0.5 
- 0.75 
- 1.25 

- 120 
- 120 

- 120 

Unit 

Vdc 

Vdc 

Vdc 

mAde 

-

(contlnuad) 
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ELECTRICAL CHARACTERISTICS - continued (T C = 25°C unless otherwise noted.) 

Characteristic Symbol Min 

DYNAMIC CHARACTERISTICS 

Output C8pac1tance 
(VCB=28 V,IE =0, f= 1.0 MHz) 

FUNCTIONAL TESTS 

Common-Base Amplifier Power GaIn 
(VCE = 28 V, Pout = 1.0 W, f = 3.0 GHz) 
(VCE = 28 V, Pout = 3.0 W, f = 3.0 GHz) 
(VCE = 28 V, Pout = S.O W, f = 3.0 GHz) 

Collector Efflcjency 
(VCE=28 V, Pout = 1.0 W, f= 3.0 GHz) 
(VCE = 28 V, Pout = 3.0 W, f = 3.0 GHz) 
(VCE=28 V, Pout = S.OW, f= 3.0 GHz) 

Load Mismatch 

MRW3001 
MRW3003 
MRW300S 

MRW3001 
MRW3003 
MRW300S 

MRW3001 
MRW3003 
MRW300S 

(VCE = 28 V, f = 3.0 GHz, Load VSWR = -:1, All Phase Angles) 

GpB 
7.0 
6.0 
S.O 

TIc 
30 
30 
30 

1jI 

Max 

- -
- -
- -

- -
- -
- -

Pout= 1.0W MRW3001 No Degradation in Output Power 
Pout = 3.0 W MRW3003 
Pout=S.OW MRW300S 

MRW3001 
TYPICAL CHARACTERISTICS 
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Figure 1_ Output Power versus Input Power Figure 2. Psat and 11 versus Frequency 

Figure 3. Series Equivalent Input/Output Impedance 
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Board material '" O.OISN dielectric thickness Glass teflon (er = 2.55). 
• Foil wrap asterisked edge to ground plane. i--- 1N --I 
Cc = 100 pF chip. 
Cx = 100 pF chip capacitor and 10 I'F electrolytic. 
CL = 100 pF chip capacitor. The capacitor pOSition can be tuned. 
RFC = S turns #2S AWG. 0.010 dia. 

Figure 4. MRW3001 PC Board Layout, f = 3.0 GHz 
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TYPICAL CHARACTERISTICS 
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Figure 5. Output Power versus Input Power Figure 6. Psat and 11 versus Frequency 

Figure 7. Series Equivalent Input/Output Impedance 
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~ 
Board material .. 0.018' dielectric thickness Glass teflon (er= 2.55). 
• = Foil wrap asterlsked edge to ground plane. 
Cc = 100 pF Chip. 
Cx .. 100 pF chip capacitor and 10 IIF electrolytic. 
CL .. 100 pF chip capacitor. The capacitor position ceo be tuned. 
RFC.. 8 turns #28 AWG, 0.010 dla. 

I-- l' -----.j. 

(Not to Scale) 

Figure 8. MRW3003 PC Board Layout, f = 3.0 GHz 
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TYPICAL CHARACTERISTICS 
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Figure 9. Output Power versus Input Power 
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Figure 10. Psat and" versus Frequency 

Figure 11. Series equivalent Input/Output Impedance 
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Board material a 0.018" dielectric thickness Glass teflon (er = 2.55). 
• Foil wrap asterisked edge to ground plane. 
Cc = 100 pF chip. 
Cx = 100 pF chip capacitor and 10 I-lF electrolytic. 

(Notto Scale) 

CL = 100 pF chip capacitor. The capacitor position can be tuned. 
RFC = 8 tums #28 AWG, 0.010 dia. 

Figure 12. MRW3005 PC Board Layout, f = 3.0 GHz 
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Figure 13. MTTF Factor versus 
Junction Temperature 
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230 

MTTFFactor 
(Normalized to 1.0 ampere2 Continuous Duty) 

The graph shown displays MTTF in hours x ampere2 emitter current 
for each of the 3.0 GHz devices. Life tests at elevated temperatures 
have correlated to better than ±10% to the theoretical prediction for 
metal failure. CAUTION - A calculation Is required to obtain actual 
metal life. Sample MTIF calculations based on operating conditions 
are shown below. 

Junction Temperature - °c 

To calculate metal lifetime under any set of conditions, obtain actual 
data or estimate from typical performance curves. Solve for T J (OC): 

( Pout x 100 ) 
(1)TJ=9JF '1c % + Pin-Pout +TFLANGE 

Enter graph of MTF factor versus T J. Obtain MTF factor. Calculate 
metal life by: 

. MTF Factor 
(2) Metal Life In Hours = 2 (A ) 

IC mps 

MOTOROLA RF DEVICE DATA 



MOTOROLA 

• SEMICONDUCTOR -----------TECHNICAL DATA 

The RF Line 
Microwave Linear 
Power Transistor 
• •• designed primarily for ISrge-signal output and driver amplifier stages in the 
1.0 to 2.0 GHz frequency range. 

• Designed for Class A or AB, Common-Emitter Linear Power Amplifiers 

• Specified 20 Volt, 2.0 GHz Characteristics: 
Output Power - 3.0 Watts 
Power Gain - 5.0 to 6.0 dB 

• Gold Metallization for Improved Reliability 

• Diffused Ballast Resistors 

MAXIMUM RATINGS 

Rating Symbol 

Collector-Emitter Voltage VCEO 

Collector-Base Voltage VCES 

EmlIIer-Base Voltage VEBO 

Operating Junction Temperature TJ 

Storage Temperature Range Tstg 

THERMAL CHARACTERISTICS 

Characteristic 

Thermal Resistance, RF, Junction 10 Case 

Thermal Resistance, DC, Junction 10 Case 

ELECTRICAL CHARACTERISTICS 

Characteristic 

OFF CHARACTERISTICS 
Collector-EmItter Breakdown VoI1age 

(IC s 40 rnA, IB = 0) 

Collector-Emitter Breakdown VoI1age 
(lC=4O rnA, VBE=O) 

Collector-Base Breakdown VoI1age 
(IC = 2.0 rnA, IE = 0) 

Emitter-Base Breakdown Voltage 
(IE = 0.5 rnA, IC = 0) 

Collector Cutoff Current 
(VCB=28 V, IE = 0) 

ON CHARACTERISTICS 

I DC Current Gain 
(IC = 200 rnA, VCE = 5.0 V) 

DYNAMIC CHARACTERISTICS 

I Output C8pacitance 
(VCB=28 V,IE = 0, f= 1.0 MHz) 

MOTOROLA RF DEVICE DATA 

Value Unit 

24 Vdc 

50 Vdc 

3.5 Vdc 

200 ·C 

-6510+200 ·C 

Symbol 

V(BR)CEO 

V(BR)CES 

V(BR)CBO 

V(BR)EBO 

ICBO 

Symbol 

ReJc 
R9JC 

Min 

24 

50 

45 

3.5 

-

20 

MRW52602 

3.0W,6.0dB 
1.0-2.0 GHz 

MICROWAVE LINEAR 
POWER TRANSISTOR 

CASE 328F, STYLE t 
(GP-13) 

Max 

8.5 

10 

Max 

- -

- -

- -

- -

- 0.25 

120 

7.0 

Unit 

"C/W 

"C/W 

Unit 

Vdc 

Vdc 

Vdc 

Vdc 

mAdc 

pF 

(continued) 

MRW52602 
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ELECTRICAL CHARACTERISTICS - continued 

Characteristic Symbol Min Typ Max Unit 

FUNCTIONAL TESTS 

Common-Emitter Amplilier Power Gain GpE 6.0 - - dB 
(VeE =20V, Pout = 3.0W, 1=2.0 GHz, IE = 440 mAl 

Load Mismatch '" (VeE = 20 V, IE = 440 mA, Pout = 3.0 W, f = 2.0 GHz, No Degradation in Output Power 
Load VSWR = -:1, All Phase Angles) 

Cutoff Frequency (Basic cell design) l't - 2.7 - GHz 

Gain Unearity LG - - -0.2 dB 
(VCE =,20 V, IE = 440 mA, f = 2.0 GHz, Pol = 3.0 W, Po2 = 3.0 mW) - - +1.0 

intermoduiation Distortion, 3rd Order IMD - -30 - dB 
(VeE = 20 V, IE =440 mA, Po (PEP) = 3.0 W, 
Tones at 2.0 GHz and 2.005 GHz) 

TYPICAL CHARACTERISTICS 

6 6.5 5.5 

VCE=2OV 
en 5 
Iii 6 5 
~ 
... 4 iD ::> ." 

!5 Z 5,5 4.5 
0 3 ~ a: W w 
~ 

Q. 

2 10V 
(!l 5 4 

0.. 

; 
11-----+"'=----.1 = 2 GHz 

TFlANGE = 25°C 
°0~------200~------~400~------~600~----~800 

4.5 -..::!Io~--l3.5 

4.2!:-0 -------::!!::------:~-------t::~----~B03·2 

IE, EMITTER CURRENT (rnA) iE, EMITTER CURRENT (rnA) 

Figure 1. 1.0 dB Compression Point versus 
Emitter Current 

Figure 2. Gain versus Emitter Current 

MRW52602 
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Figure 3. Safe Operating Area 
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VCE IC f S11 S:z1 S12 S:z2 
(Volts) (mA) (GHz) Mag L, Mag L, Mag L, Mag L, 

20 440 0.5 0.94 170 2.57 64 0.03 24 0.49 -173 
1.0 0.92 156 1.23 35 0.04 30 0.55 -179 
1.3 0.92 148 0.93 18 0.05 30 0.60 177 
1.5 0.91 144 0.78 8.0 0.05 28 0.62 172 
1.7 0.92 139 0.68 0 0.06 27 0.66 168 
2.0 0.92 131 0.57 -12 0.07 24 0.68 163 
2.5 0.91 120 0.43 -35 0.08 14 0.75 150 
3.0 0.93 108 0.36 -49 0.10 7.0 0.79 138 

Table 1. Common Emitter S-Parameters 

100 

<[" 10 
=:: 
>< 

~ 
:r: 

CD 
0 
C 

§ 0.1 

if 

~ 0.01 

The graph shown below displays MTTF In hours x ampere2 
emitter current for each of the devices. ute tests at elevated 
temperatures have correlated to better than ±10% to the 
theoretical predlc1lon for metaJ faHure. Divide MTTF by 1& for 
MTTF In a particular application. 

....... 

....... 

r-.... 

100.. 

90 110 130 150 170 190 

T J. JUNCTION TEMPERATURE ("e) 

Figure 4. MTTF Factor versus 
Junction Temperature 
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VCE =20 V, PO=3.0W 

Figure 5. Series Equivalent Input/Output 
Impedance 
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MOTOROLA 
• SEMICONDUCTOR 

TECHNICAL DATA 

The RF Line 
Microwave Linear 
Power Transistor 
· .. designed primarily for wideband, large-signal output and driver amplifier 
stages in the 1.0 to 2.0 GHz frequency range. 

• Designed for Class A, or AB Common-Emitter Linear Power Amplifiers 

• Specified 20 Volt, 2.0 GHz Characteristics: 
Output Power - 6.0 Watts 
Power Gain - 4.8 dB, Min 

• Gold Metallization for Improved Reliability 

• Diffused Ballast Resistors 

MAXIMUM RATINGS 

Rating 

Collector-Emitter Voltage 

Collector-Base Voltage 

Emitter-Base Voltage 

Operating Junction Temperature 

Storage Temperature Range 

THERMAL CHARACTERISTICS 

Characteristic 

Thennal Resistance, RF, Junction to Case 

Thermal Resistance. DC. Junction to Case 

Symbol Value Unit 

VCEO 24 Vdc 

VCES 50 Vdc 

VEBO 3.5 Vdc 

TJ 200 °c 

Tstg -65 to +200 °c 

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

I Characteristic Symbol 

OFF CHARACTERISTICS 

Collector-Emitter Breakdown Voltage 
(IC = 80 mA.IB = 0) 

Collector-Emitter Breakdown Voltage 
(IC = 80 rnA, VBE = 0) 

Collector-Base Breakdown Voltage 
(IC = 4.0 mA, IE = 0) 

Emitter-Base Breakdown Voltage 
(IE = 1.0 mA, IC = 0) 

Collector Cutoff Current 
(VCB= 28 V. IE = 0) 

ON CHARACTERISTICS 

DC Current Gain 
(lc = 400 rnA, VCE = 5.0 V) 

DYNAMIC CHARACTERISTICS 

Output CapaCitance 
(VCB = 28 V, IE = O. f = 1.0 MHz) 

MRW52604 
2-736 

V(BR)CEO 

V(BR)CES 

V(BR)CBO 

V(BR)EBO 

ICBO 

Cob 

Symbol 

ROJC 

ReJC 

Min 

24 

50 

45 

3.5 

-

MRW52604 

6.0W,4.8dB 
1.0-2.0GHz 

MICROWAVE LINEAR 
POWER TRANSISTOR 

CASE 328F, STYLE 1 
(GP-13) 

Max 

6.0 

9.5 

Typ Max 

- -

- -

- -

- -

- 0.5 

Unit 

°cm 

°cm 

Unit 

Vdc 

Vdc 

Vdc 

Vdc 

mAdc 
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ELECTRICAL CHARACTERISTICS - continued (TC = 250C unless otherwise noted.) 

Characteristic Symbol Min Typ Max Unit 

FUNCTIONAL TESTS 

Common-Emitter Amplifier Power Gain GpE 4.8 - - dB 
(VCE = 20 V, Pout = 6.0 W, 1 = 2.0 GHz, IE = 880 rnA) . 

Load Mismatch IJI 
(VCE = 20 V, IE = 880 rnA, Pout = 6.0 W, 1 = 2.0 GHz, No Degradation in Output Power 
Load VSWR = 3:1, All Phase Anljles) 

Cutoff Frequency (Basic cell design) I~ - 2.7 - GHz 

Gain Unearity LG - - -0.2 dB 
(VCE = 20 V, IE = 880 rnA, 1 = 2.0 GHz, Pol = 6.0 W, Po2 = 6.0 mW) - - +1.0 

Inlermodulation Distortion, 3rd Order IMD - -30 - dB 
(VCE = 20 V, IE = 880 rnA, Po (PEP) = 6.0 W, 
Tones at 1.0 GHz and 1.005 GHz) 

TYPICAL CHARACTERISTICS 

12 
VCE= 2OV 

-" 

10.5 

VCE=2OV 

/" 15y 
10 

L / 
// i"'" 
~ 

10V-

1=1 GHz 

m .., 
Z 9.5 
~ 
W 
"-

(l) 
9 

T FLANGE = 25°C 8.5 

I 
400 800 1200 1600 0 400 800 1200 . 

IE, EMITTER CURRENT (mA) IE, EMITIER CURRENT (mA) 

Figure 1. 1.0 dB Compression Point versus 
Emitter Current 

Figure 2. Gain versus Emitter Current 
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Figure 3. DC Safe Operating Area 
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Large Signal Impedance Data 

Figure 4. Series Equivalent InpuUOutput 
Impedance 

VCE IC f 811 
(Volts) (mA) (GHz) Mag 

20 600 0.5 0.96 
1.0 0.95 
1.3 0.95 
1.5 0.94 
1.7 0.95 
2.0 0.96 
2.5 0.95 
3.0 0.98 

L+ 
170 
158 
151 
147 
143 
136 
127 
118 

100 

cg:- 10 
:l! 
>< 

g1 
:z: 

CD 

~ 
~ 0.1 
(.) 

if 
~ 0.01 

0.00 1 

821 

Mag 

1.45 
0.71 
0.56 
0.47 
0.42 
0.35 
0.28 
0.24 

The graph shown below displays MTTF in hours x ampere2 
emitter current for each of the devices. Life tests at elevated 
temperatures have correlated to better than ±10% to the 
theoretical prediction for metal failure. Divide MTTF by IC2 for 
MTTF in a particular application. 

70 90 

L+ 
66 
40 
26 
18 
11 
a 

-17 
-27 

""-

r-..... 

110 130 150 170 
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Figure 5. MTTF Factor versus 
Junction Temperature 

812 ~ 
Mag L+ Mag 

0.02 33 0.73 
0.04 41 0.75 
0.04 39 0.77 
0.05 37 0.77 
0.05 37 0.79 
0.06 34 0.79 
0.08 25 0.83 
0.09 19 0.85 

.......... 

190 210 

L+ 
175 
167 
163 
158 
155 
150 
140 
131 

Table 1. Common EmiHer S-Parameters 

MRW52604 
2-738 
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MOTOROLA 
- SEMICONDUCTOR 

TECHNICAL DATA 

The RF Line 
Microwave Linear 
Power Transistor 
· •• designed primarily for large-signal output and driver amplifier stages in the 
1.0 to 3.0 GHz frequency range. 

• Designed for Class A, Common-Emitter Linear Power Amplifiers 

• Specified 20 Volt, 2.0 GHz Characteristics: 
Output Power - 1.6 Watts 
Power Gain - 7.0 to 8.0 dB 

• Gold Metallization for Improved Reliability 

• Diffused Ballast Resistors 

MAXIMUM RATINGS 

Rating 

Collector-Emitter Voltage 

Collector-Base Voltage 

Emitter-Base Voltage 

Operating Junction Temperature 

Storage Temperature Range 

THERMAL CHARACTERISTICS 

CharaCteristic 

Thermal Resistance, RF, Junction to Case 

Thermal Resistance, DC. Junction to Case 

ELECTRICAL CHARACTERISTICS 

Characteristic 

OFF CHARACTERISTICS 

Collector-Emitter Breakdown Voltage 
(IC = 20 mA,lB = 0) 

Collector-Emitter Breakdown Voltage 
(IC = 20 mA, VBE = 0) 

Collector-Base Breakdown Voltage 
(IC = 2.0 mA, IE = 0) 

Emitter-Base Breakdown Voltage 
(IE = 0.5 mA, IC = 0) 

Collector Cutoff Current 
(VCB=28V,IE=0) 

ON CHARACTERISTICS 

I DC Current Gain 
(IC = 200 rnA, VCE = 5.0 V) 

DYNAMIC CHARACTERISTICS 

Output Capacitance 
(VCB=28 V, le= 0, f= 1.0 MHz) 

MOTOROLA RF DEVICE DATA 

Symbol Value Unit 

VCEO 22 Vdc 

VCES 50 Vdc 

VEBO 3.5 Vdc 

TJ 200 ·C 

Tstg -65 to +200 ·C 

Symbol 

V(BR)CEO 

V(BR)CES 

V(BR)CBO 

V(BR)EBO 

ICBO 

Cob 

Symbol 

R9JC 

R9JC 

Min 

22 

50 

45 

3.5 

-

20 

MRW53502 

7.0-8.0dS 
1.0-3.0GHz 
1.6 WATTS 

MICROWAVE LINEAR 
POWER TRANSISTOR 

CASE 401, STYLE 1 
(GP-14) 

Max 

17 

25 

Typ Max 

- -

- -

- -

- -

- 0.5 

120 

Unit 

·CIW 

.·CIW 

Unit 

Vdc 

Vdc 

Vdc 

Vdc 

mAdc 

MRW53502 
2-739 
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ELECTRICAL CHARACTERISTICS - continued 

Characteristic Symbol Min Typ Max Unit 

FUNCTIONAL TESTS 

Common-Emitter Amplifier Power Gain GpE 7.0 - - dB 
(VCE = 20 V, Pout = 1.6 W, f = 2.0 GHz, IE = 230 mAl 

Load Mismatch 'I' 
(Vce = 20 V, Pout = 1.6 W, f = 2.0 GHz, No Degradation in Output Power 
Load VSWR = -:1, All Phase Angles) 

Cutoff Frequency (Basic cell design) f.t - 3.0 - GHz 

Gain Unearity LG - - -0.2 dB 
(VCe=20V,IE=230mA, f=2.0GHz, Po1 = 1.6W, P02= 1.6mW) - - +1.0 

Intermodulatlon Distortion, 3rd Order IMD - -30 - dB 
(Vce = 20 V, Ie = 230 mA, Po (PEP) = 1.6 W, 
Tones at 2.0 GHz and 2.005 GHz) 

TYPICAL CHARACTERISTICS 

3,------,-------,-------.-------, 

fi) 2.5 
J:;; VCE=2OV 

! 2r-------r-------+-~~--~------~ 
~ 1~ 1-_____ +-__ ---,:0'4-_~:::.....--l!_1-5 V __ --I 

! 1r---~~~r_-=~ 
'!5 
~ 0.5 t---~......,'_::.,.=-_+--

°0~~~~1~00~----~200~------~300~----~«ro· 

IE, EMITTER CURRENT (rnA) 

Figure 1. 1.0 dB Compression Point versus 
Emitter Current 
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" 

10r----.-----.----,------.g 

~ g~----t,~~~~~-+----~8 
~ ~ VCE=20V 
fil 81--'-:~~ __ 011!!!!==1~::::::::..~~ 15V I 10V 

~ 7t--~~-I-----_+---~---__;6 

~ 6t-----I----_+-- 5 
Cl 

~ 

5~0------~1~00~----~200~------=300~----~«O 

IE, EMITTER CURRENT (mA) 

Figure 2. Gain versus Emitter Current 

TFlANGE" 250C 

~ ~ 
- BIAS FOR BEST GAIN I 

I I 
5 10 15 20 25 

MRW53502 
2-740 

VCE, COLLECTOR-T().EMITTER VOLTAGE (VOLTS) 

Figure 3. DC Safe Operating Area 
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Figure 4. Series Equivalent Input/Output 
Impedance 

MOTOROLA RF DEVICE DATA 

10,000,000 

~ 1,000,000 

~ .. 
l@ 100,000 ;s. 
a: 
~ 
~ 10,000 

~ 1,000 

The graph shown below displays MTTF in hours x ampere2 
emitter current for each of the devices. Life tests at elevated 
temperatures have correlated to better than ±10% to the 
theoretical prediction for metal failure. Divide MTTF by IC2 for 
MTTF in a particular application. 
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Figure 5. MTTF Factor versus 
Junction Temperature 
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MOTOROLA 
- SEMICONDUCTOR 

TECHNICAL DATA 

The RF Line 
Microwave Linear 
Power Transistor 
· .• designed primarily for wideband, largto-signal output and driver amplifier 
stages in the 1.0 to 3.0 GHz frequency range. 

• Designed for Class A or AB, Common-Emitter Linear Power Amplifiers 
• Specified 20 Volt, 3.0 GHz Characteristics: 

Output Power - 0.8 Watts 
Power Gain - 7.5 to 8.5 dB, Min 

• Gold Metallization for Improved Reliability 

• Diffused Ballast Resistors 

MAXIMUM RATINGS 

Rating 

Collector-Emitter Voltage 

COllector-Base Voltage 

Emitter-Base Voltage 

Operating Junction Temperature 

Siorage Temperature Range 

THERMAL CHARACTERISTICS 

Characteristic 

Thermal ReSistance, RF, Junction to Case 

Thermal Resistance. DC. Junction to Case 

ELECTRICAL CHARACTERISTICS 

Characteristic 

OFF CHARACTERISTICS 

Collector-Emitter Breakdown Voltage 
(IC = 10 mA.IB= 0) 

Collector-Emitter Breakdown Voltage 
(IC = 10 rnA. VBE = 0) 

Collector-Base Breakdown Voltage 
(IC= 1.0 rnA. IE=O) 

Emitter-Base Breakdown Voltage 
(IE = 0.25 rnA. IC = 0) 

Collector Cutoff Current 
(VCB= 28 V.IE = 0) 

ON CHARACTERISTICS 

DC Current Gain 
(lc = 100 rnA. VCE = 5.0 V) 

DYNAMIC CHARACTERISTICS 

Output Capacitance 
(VCB =28 V,IE = 0, f= 1~0 MHz) 

MRW53601 
2-742 

Symbol Value Unit 

VCEO 22 Vdc 

VCES 50 Vdc 

VEBO 3.5 Vdc 

TJ 200 °c 
Tstg -6510+200 °c 

Symbol 

V(BR)CEO 

V(BR)CES 

V(BR)CBO 

V(BR)EBO 

ICBO 

Cob 

Symbol 

ROJC 

ROJC 

Min 

22 

50 

45 

3.5 

-

MRW53601 

7.5-B.5dB 
1.0-3.0GHz 

O.BWATT 
MICROWAVE LINEAR 
POWER TRANSISTOR 

CASE 328F, STYLE 1 
(GP-13) 

Max 

31 

35 

Typ Max 

- -

- -

- -

- -

- 0.25 

Unit 

°CIW 
°cm 

Unit 

Vdc 

Vdc 

Vdc 

Vdc 

mAdc 

MOTOROLA RF DEVICE DATA 



ELECTRICAL CHARACTERISTICS - continued 

Characteristic Symbol Min Max Unh 

FUNCTIONAL TESTS 

Common-Emitter Amplifier Power GaIn GpE 8.5 - - dB 
(VCE .. 20 V, Pout .. 0.8 W, f = 3.0 GHz) 

Load Mismatch '" (VCE=2O V,IE= 120 rnA, Pout = 0.8 W, f= 3.0 GHz, No Degradation In Output Power 
Load VSWR = -:1, All Phase Angles) 

Cutoff Frequency (VCE = 20 V, IE = 120 mAl f~ - 3.0 - GHz 

GaIn Unesrity LG - - -0.2 dB 
(VCE .. 20 V, IE = 120 rnA, f = 3.0 GHz, Pol = 0.8 W, P02 - 0.8 mW) - - +1.0 

Intermodulation DIstortion, 3rd Order IMD - -30 - dB 
(VCE = 20 V, IE" 120 rnA, Po (PEP) = 0.8 W, 
Tones at 3.0 GHz and 3.005 GHz) 

TYPICAL CHARACTERISTICS 

1.25 10 9 

US" 

~ 
9 - VCE-20V- 8 -- -~15V -- r-l0V 

~ 
~ 0.75 

iil 
:Eo 8 

:3 z 
i3 

! 0.5 10V W 7 D-
el 

~0.25 6 
f=2GHz f=2GHz 
TFLANGE = 25°C 

°0~----~~=-------1~00~----~1~=------=200 o 
TFlANGE = 250C 

~ 100 150 
IE, EMIITER CURRENT (mA) IE, EMmER CURRENT (rnA) 

Figure 1. 1.0 dB Compression Point versus 
Emitter Current 

Figure 2. Gain versus Emitter Current 
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Figure 3. DC Safe Operating Ares 
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VCE 
(Volts) 

20 

MRW53601 
2-744 

IC 
(rnA) 

120 

f 
(GHz) 

0.5 
1.0 
1.3 
1.6 
2.0 
2.3 
2.5 
2.7 
3.0 
3.3 

$11 821 812 

Mag L4I Mag L4I Mag 
0.83 -In 4.91 71 0.03 
0.82 170 2.48 42 0.04 
0.81 162 1.87 28 0.04 
0.80 155 1.45 11 0.05 
0.78 141 1.17 -6.0 0.06 
0.83 132 1.02 -20 0.07 
0.84 130 0.91 -29 0.07 
0.79 125 0.85 -35 0.08 
0.64 110 0.79 -43 0.10 
0.61 82 o.n -57 0.12 

Table 1. Common EmiHer S-Parameters 

Figure 4. Series Equivalent Input/Output Impedance 
Conditions: VCE = 20 V, IE = 120 mA, 

TFLANGE = 25°C 

The graph shown below displays MTTF In hours x ampere2 
emitter current for each of 1he devices. Life tests at elevated 
temperatures have correlated to better 1han ±10% to the 
1heoretical prediction for metal failure. Divide MTTF by IC2 for 
MTTF in a particular application. 
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Figure 5. MTTF Factor versus 
Junction Temperature 

230 

822 

L4I Mag L4I 
22 0.36 -82 
25 0.46 -108 
26 0.54 -122 
23 0.62 -132 
20 0.67 -142 
15 0.69 -151 
11 0.72 -158 
10 0.76 -160 
6.0 0.80 -168 

-2.0 0.79 -174 
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MOTOROLA 
• SEMICONDUCTOR 

TECHNICAL DATA 

The RF Line 
Microwave Linear 
Power Transistors 
• .. designed primarily for large-signal output and driver amplifier stages In the 
1.0 to 4.0 GHz frequency range. . 

• Designed for Class A or AB, Common-Emitter Linear Power Amplifiers 

• Specified 20 Volt, 2.0 GHz Characteristics: 
Output Power - 0.5 Watt 
Power Gain -10 to 11 dB 

• 100% Tested for Load Mismatch at All Phase Angles with 00:1 VSWR 

• Gold Metallization for Improved Reliability 

• Diffused Ballast Resistors 

MAXIMUM RATINGS 

Rating Symbol Value Unit 

Collector-Emitter Voltage VCEO 22 Vdc 

Collector-Base Voltage VCES 50 Vdc 

Emitter-Base Voltage VEBO 3.5 Vdc 

Operating Junction Temperature TJ 200 ·C 

Storage Temperature Range Tstg -6510+200 ·C 

THERMAL CHARACTERISTICS 

Characterlatlc Max 

Thermal Resistance, Junction 10 Case 40 

ELECTRICAL CHARACTERISTICS 

Characteristic Symbol 

OFF CHARACTERISTICS 
Coliector·Emitter Breakdown Voltage V(BR)CEO 

(IC= 10mA,IB=0) 

Collector-Emitter Breakdown Voltage V(BR)CES 
(IC = 10 mA, VBE = 0) 

Collector·Base Breakdown Voltage V(BR)CBO 
(IC = 1.0 mA,lE = 0) 

Emitter-Base Breakdown Voltage V(BR)EBO 
(IE = 0.25 mAo IC = 0) 

Collector Cutoff Current ICBO 
(VCB =28 V,IE = 0) 

ON CHARACTERISTICS 

I DC Current Gain 
(IC = 100 mA, VCE = 5.0 V) 

DYNAMIC CHARACTERISTICS 

I Output capacitance 
(VCB=28 V, IE= 0, f= 1.0 MHz) 

Cob 

MOTOROLA RF DEVICE DATA 

Min 

22 

50 

45 

3.5 

-

20 

MRW54001 
MRW54601 

10-11 dB 
1.0-4.0GHz 

0.5 WATT 
MICROWAVE UNEAR 

POWER TRANSISTORS 

CASE 400, STYLE 1 
(TW2OO) 

MRW54001 

CASE 328F, STYLE 1 
(GP-13) 

MRW54801 

Typ Max 

- -

- -

- -

- -

- 0.25 

120 

3.5 

Unit 

Vdc 

Vdc 

Vdc 

Vde 

mAde 

pF 

(continued) 

MRW54001.MRW54601 
2-745 
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ELECTRICAL CHARACTERISTICS - continued 

Characteristic Symbol Min Max Unit 

FUNCTIONAL TESTS 

Ccmmon-Emitter Amplifier Power Gain MRW54001 GpE 10 - - dB 
(VCE = 20 V, Pout = 0.5 W, f = 2.0 GHz, IE = 120 rnA) 

Common-Emitter Amplifier Power Gain MRW54601 GpE 11 - - dB 
(VCE = 20 V, Pout = 0.5 W, f'" 2.0 GHz, IE = 120 rnA) 

Load Mismatch IfI 
(VCE=20 V,IE = 120mA, Pout = 0.5 W, f=2.0 GHz, No Degradation in Output Power 
Load VSWR = .. :1, All Phase Angles) 

Cutoff Frequency (VCE = 20 V, IE = 120 rnA) f~ 4.0 4.5 - GHz 

Gain Linearity LG - - -0.2 dB 
(VCE = 20 V, IE = 120 mA, f = 2.0 GHz, Pol = 0.5 W, Po2 = 0.5 mW) - - +1.0 

Intermodulation Distortion, 3rd Order IMD - -30 - dB 
(VCE = 20 V, IE = 120 rnA, Po (PEP) = 0.5 W, 
Tones at 2.0 GHz and 2.005 GHz) 

TYPICAL CHARACTERISTICS 

~ 
! 

1~r-----'------r----~------.-----, 

15V 

~ O.751----t---TlI-7'''----\-----t----i 

§ ! O~ 
10V 

'5 c? 0.25 t----cN'-7'"'---II-----i-----i-----i 
f=2GHz 
T FLANGE = 250C 

°O~--~~~----~loo~----~l~~----~200~--~250 

IE, EMITTER CURRENT (mA) 

Figure 1. 1.0 dB Compression Point versus 
Emitter Current 
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Figure 3. Gain and 1.0 dB Compressed Power 
versus Frequency 

MRW54001-MRW54601 
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VCE Ie 
(Volts) (mA) 

20 100 

VCE Ie 
(Volts) (mA) 

20 100 

f 811 521 512 
(GHz) Mag L+ Mag L+ Mag 

0.5 0.76 -In 6.65 74 0.03 
1.0 0.76 159 3.24 39 0.03 
1.3 0.76 146 2.46 21 0.04 
1.5 0.75 141 2.07 9.0 0.04 
1.7 0.76 134 1.60 -1.0 0.05 
2.0 0.76 124 1.51 -14 0.06 
2.3 0.74 113 1.27 -33 0.06 
2.5 0.73 106 1.15 -43 0 .. 07 
2.7 0.72 98 1.06 -52 0.07 
32 0.69 85 0.95 -67 0.08 
3.3 0.64 71 0.86 -81 0.09 
3.5 0.61 60 0.81 -94 0.10 
3.7 0.57 47 o.n -103 0.10 
4.0 0.51 24 0.70 -119 0.11 

Table 1. MRW54001 Common Emitter S-Parameters 

f 811 821 812 
(GHz) Mag L+ Mag L+ Mag 

0.5 o.n -178 6.17 84 0.04 
1.0 0.79 159 3.11 56 0.05 
1.3 0.60 149 2.40 44 0.05 
1.5 0.81 144 2.06 34 0.06 
1.7 0.82 138 1.81 28 0.06 
2.0 0.83 130 1.52 16 0.08 
2.3 0.85 127 1.29 7.0 0.09 
2.5 0.86 123 1.17 -1.0 0.10 
2.7 0.87 119 1.06 -5.0 0.10 
3.0 0.89 113 0.96 -16 0.12 
3.3 0.69 105 0.83 -25 0.13 
3.5 0.91 102 0.76 -31 0.14 
3.7 0.93 98 0.70 -35 0.15 
4.0 0.69 90 0.62 -44 0.17 

Table 2. MRW54601 Common Emitter S-Parameters 

10,000,000 

<[ 1,000,000 
~ .. 
i 100,000 
a:: 
12 
~ 10,000 

~ 1,000 

The graph shown below displays MTTF in hoUIS x ampere2 
emitter current for each of the devices. Ute tes1S at elevated 
temperatures heve correlated to better than ±10% to the 
theoretical prediction formetel feilure. Divide MTTF by 102 for 
MTTF in a particular application. 
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Figure 5. MTTF Factor versus 
Junction Temperature 

MOTOROLA RF DEVICE DATA 

L+ 
20 
24 
25 
24 
24 
22 
13 
9.0 
5.0 

-4.0 
-14 
-22 
-30 
-44 

L+ 
32 
38 
41 
41 
43 
42 
41 
39 
39 
35 
31 
27 
25 
19 

522 

Mag L+ 
0.43 -73 
0.50 -104 
0.56 -120 
0.60 -130 
0.64 -140 
0.68 -152 
0.74 -167 
0.76 -173 
o.n 179 
0.82 170 
0.85 161 
0.87 155 
0.80 149 
0.92 141 

822 

Mag LojI 

0.32 -57 
0.28 -75 
0.29 -88 
0.30 -98 
0.32 -108 
0.35 -121 
0.39 -135 
0.41 -142 
0.43 -150 
0.48 -162 
0.53 -172 
0.57 -178 
0.59 176 
0.66 166 

MRW54001-MRW54601 
2-747 
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MOTOROLA 
• SEMICONDUCTOR 

TECHNICAL DATA 

The RF Line 
UHF Power·Transistor 

The TP3005 is designed for 960 MHz base stations in both analog and digital 
applications. It incorporates high value emitter ballast resistors, gold metalliza
tions and offers a high degree of reliability and ruggedness. 
• Specified 26 Volts, 960 MHz Characteristics 

Output Power = 4.0 Watts 
Minimum Gain = 8.5 dB 
ClassAB 
IQ=60mA 

MAXIMUM RATINGS 

Rating 

Collector-Emitter Voltage 

Collector-Base Voltage 

Emitter-Base Voltage 

Collector Current - Continuous 

Total Device Dissipation @ T C = 25°C 
Derate above 2500 

Storage Temperature Range 

Operating Junction Temperature 

THERMAL CHARACTERISTICS 

Symbol 

VCER 

VCBO 

VEBO 

IC 

Po 

Tstg 

TJ 

Characteristic 

Thermal Resistance, Junction 10 case (1) at 70"C case 

Value Unit 

40 Vdc 

48 Vdc 

4.0 Vdc 

2.0 Adc 

25 Watts 
0.2 WIOC 

-6510+150 °c 

200 °c 

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

I Characteristic I Symbol 

OFF CHARACTERISTICS 

Collector-Emitter Breakdown Voltage V(BR)CER 
(IC = 15 mA, RBE = 750) 

Emitter-Base Breakdown Voltage V(BR)EBO 
(IC = 3.0 mAdc) 

Collector-Base Breakdown Voltage V(BR)CBO 
(IE = 15 mAdc) 

Collector-Emitter Leakage ICER 
(VCE = 26 V, RBE = 75 0) 

ON CHARACTERISTICS 

DC Current Gain 
(IC = 0.5 Adc, VCE = 10 Vdc) 

NOTE: 
1. Thermal resistance is determined under specified RF operating condition. 

TP3005 
2-748 

Min 

45 

4.0 

55 

-

TP3005 

4.0 W, 960 MHz 
UHF POWER 
TRANSISTOR 
NPNSILICON 

CASE 319, STYLE 2 

Max 
7.0 

Typ Max 

- -

- -

- -

- 3.0 

Unit 

Vdc 

Vdc 

Vdc 

rnA 

MOTOROLA RF DEVICE DATA 



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

I Characteristic I Symbol I Min Typ Max Unit 

DYNAMIC CHARACTERISTICS 

Output Capacitance 
(VCB=26 V,le =0, 1= 1.0 MHz) 

FUNCTIONAL TESTS 

Common-Emitter Amplilier Power Gain Gp 8.5 9.5 - dB 
(VCC=26 V, Pout=4.0W,lca= 60 rnA, 1= 960 MHz) 

Load Mismatch IJf No Degradation In Output Power 
(VCC = 26 V, Pout = 4.0 W, Ica = 60 rnA, Load VSWR = 5:1, Before and After Test at all phase angles) . 

Collector efficiency 11c 50 55 - % 
(VCC = 26 V, Pout = 4.0 W, 1= 960 MHz) 

Power Saturation Pin = 1.0 W Psat 7.0 - - W 

RFINPUT~l 
~n J. 

C12 RFOUTPUT 
500 

'--____ -1 

·Contact with RF Transistor 

Cl - Capacitor Chip 0805 22 pF 5% 
C2, ca, C6, C8 - Capacitor Chip 0805 330 pF 5% 
C4, C7 - Capacitor Chip 0805 15 nF 5% 
CS, C9 - Capacitor Chip 0805 6.0, 8.0 nF 35 V 
01, 02 - SMD Diode 

Rl - Chip Resistor 2.2 012065% 
R2 - Chip Resistor 51 0 0805 5% 
R3 - Chip Resistor 470 0 0805 5% 

to be adjusted for 10 = 60 rnA 
T1 - SMD Transistor BCX54 or Similar 
T3 - Voltage Regulator 7805 
Board Material- 0.8 mm, Epoxy Glass, Cu Clad, 2 Sides, 
35 Il/T1 Thick 

Figure 1. 960 MHz Test Circuit 

MOTOROLA RF DEVICE DATA TP3005 
2-749 
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Figure 3. Output Power versus Frequency 

---- Gp -...... 
~ TIc ........... 

Vcc-26 V 
IQ=60mA 

I 
900 920 940 960 960 

I. FREQUENCY (MHz) 

Figure 5. Typical Broadband Circuit Performance 

Pout=4.0W VCE=26V 

f ZIN ZoL* 
MHz OHMS OHMS 

850 8.1 + j17 6.7 - jll 
900 9.1 +j12.7 4.0-Jl0 
950 13.9+J4.4 3.2-j6.1 

ZoL * = Conjugate 01 the optimum load 
impedance. InfO which the device 
operates at a given output power. 
voltage. and Irequency. 

Figure 6. Series Equivalent InpuVOutput Impedances 
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OUTPUT .. 

SCALE 0.75:1 

Rgure 7. Test Circuit - Photomaster 

Figure 8. Test CircuIt - Component locations 
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MOTOROLA 

• SEMICONDUCTOR -----------TECHNICAL DATA 

The RF Line 
NPN Silicon 
RF Power Transistor 

The TP3006 Is designed for cellular radio base station amplifiers up to 960 
MHz. It incorporates high value emitter ballast resistors, gold metallizations and 
offers a high degree of reliability and ruggedness. The TP3006 also features 
Input and output matching networks and high impedances. It can easily operate 
in a full 870-960 MHz bandwidth In a simple circuit. 
• Class AB Operation 
• Specified 26 Volts, 960 MHz Characteristics 

Output Power - 5 Watts 
Gain - 9 dB min 
Efficiency - 45% min 

MAXIMUM RATINGS 

Rating Symbol 

Collector-Emitter Voltage VCER 

CoIlector-Base Voltage VCBO 

Emltter·Base Voltage VEBO 

Collector-Current - Continuous IC 

Storage Tempereture Range Tstg 

Operating JunctiOn Tempereture TJ 

Total Device Dissipation @ TC = 2500 Po 
Derate above 2500 

THERMAL CHARACTERISTICS 

Characteristic 

Thermal Resistance. Junction to Case (1) 

Value Unit 

45 Vdc 

55 Vdc 

3.5 Vdc 

2 Adc 

-4Oto+1oo 00 

200 00 

25 Watts 
0.14 W/"C 

ELECTRICAL CHARACTERISTICS (Tc = 2500 unless otherwise noted.) 

I Characteristic I Symbol 

OFF CHARACTERISTICS 

Collector-Emitter Breakdown Voltage V(BR)CER 
(IC = 15 mA, RBE = 75 0) 

Emitter-Base Breakdown Voltage V(BR)EBO 
(IE=4mAdc) 

Collector-Base Breakdown Voltage V(BR)CBO 
(IC -15 mAde) 

Collector-Emitter Leakage ICER 
(VCE = 26 V. RBE = 75 0) 

ON CHARACTERISTICS 

I DC Current Gain 
(IC = 0.5 Ade. VCE = 10 Vdc) 

Min 

45 

3.5 

55 

-

15 

TP3006 

5 W, 870-960 MHz 
RFPOWERTRAN~R 

NPNSlUCON 

CASE 319, STYLE 2 

Max 

7 

Max 

- -

- -

- -

- 4 

100 

Unit 

Vdc 

Vdc 

Vdc 

rnA 

NOTE: (continued) 
1. Thermal resistance is determined under specified RF operating condition at temperature test point (see drawing of the package). 

TP3006 
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ELECTRICAL CHARACTERlsnCS - continued (T C = 2500 unless otherwise noted.) 

I . Charac18rlstlc I Symbol I Min 

DYNAMIC CHARACTERISTICS 

I Output Capacitance . 
~CB=26V.IE=O.f .. 1 MHz) 

Cob 8.5 

FUNCTIONAL TESTS IN CW 
Common-Emitter AmpUfler Power GaIn Gp 9 10.5 

(VCC = 26 V. Pout .. 5 W. 100 .. 50 mAo f = 960 MHz) 

Collector Efficiency h 45 50 
(Vee. 26 V. Pout .. 5 W. IQ = 50 mAo f = 960 MHz) 

Input Overdrive (no degradation In Pout> Pin 3 -
(VCC" 26 V, IQ = 50 rnA, f = 960 MHz) 

FUNCTIONAL TESTS IN 2 TONES 
3rd Order Intermoclulatlon IMOO - -46 

(VCC .. 26 V. PpeakC 5 W. 100 = 50 rnA, f = 900 MHz) 

5th Order Intermodulatlon IMD5 - -46 
(Vee ;. 26 V. Ppeak"' 5 W. 100" 50 rnA, f .. 900 MHz) 

Pout-5W(CW). VCE,,26V,ICQ=50mA 

f lin ZoL 
(MHz) (0) (0) 

870 6.26-j6.4O 5.22+j9.47 

900 7.40- J12.3 4.17+]9.02 

960 14.8-J12.9 4.21 +j9.91 

Figure 1_ Series Equivalent Input and Output Impedances 
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Max 

-

-

-

-

-

'Unit 

pF 

dB 

% 

dB 

dB 

dB 
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TP3006 
2·754 

Cl 
C2,C3 
O4,C7 
O5,C9 
C6,C8 
01,02 

......... 

C5 

rl 
D 
':" R2 

1--1-- +VCC 

RFOUTPUT 
RFINPUT 

r 'CONTA!lWITH RFTRANSISTOR ':" 

500 

CP1 
22 pF, 5%, Chip Capacitor 0805 
330 pF, Chip Capacitor 0805 

Rl 2.2 n. 5%, Chip Resistor 1206 
R2 51 n. 5%, Chip Resistor 0805 

500 

15 nF, 5%, Chip Capacitor 0805 
6.8 F, 35 V, Chip Capacitor 0805 
330 pF, Chip Capacitor 0805 
SMOOiode 

R3 470 n. 5%, Chip Resistor 0805 to be adjusted for IQ = 50 rnA 

r-..... 

Tl SMO Transistor, BCX54 or Similar 
T2 Voltage Regulator 7805 

FJgure 2. 960 MHz Electrical Schematic 

~ 

TYPICAL CHARACTERITICS 
CW - WIDE BAND 

3rd RDEI3,..' 

V 
V 5 !h~ 

V ~ 

3rdORDER V 
.... V 

....... 
5th ORDER 

io-

" ~ VCE=26V .. ----
V VCEJ26V'~ 

lca = 50mA -
f=900MHz 

ICO= 100 mA r-
f=900MHz 

2 3 4 5 6 7 8 2 3 4 5 6 7 8 
Pout, OUTPUT POWER (WATTS) Pout, OUTPUT POWER (WATTS) 

Figure 3. Intermodulation versus Output Power Figure 4. Intermodulation versus Output Power 

0.1 MHz 
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TYPICAL CHARACTERITICS 
CW - WIDEBAND 

..... -
VCE=28 V 
ica=50mA - f--
f= 960 MHz 

1 

8 

~ 7 

~ 6 
.0:: 

III 5 
~ 
I- 4 

~ 3 
o 
-S 2 
.e 

~ 

.; 

----"". -... ..... -.... 
..... ~ ;' ..... VCC=24 V-

~ ~. 

/. ~, 

~ 
VCE=28V -
ICO=50mA 

ft~~HZI-
3 4 5 6 7 8 o ~ ~ ~ M ~ MUM M 

Pout. OUTPUT POWER (WATTS) Pout. OUTPUT POWER (WATTS) 

Figure 5. Collector Efficiency versus Output Power Figure 6. Output Power versus Input Power 

, 

---
INPUT .. 

Figure 7. Photomaster 

EPOXY GLASS 0.8 mm GilBO PERSTORP DOUBLE SIDE 35 jII11 CU. 

Figure 8. 960 MHz Test Circuit Components View 

OUTPUT .. 
SCALE 0.75:1 
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II 

MOTOROLA 
• SEMICONDUCTOR 

TECHNICAL DATA 

The RF Line 
NPN Silicon 
RF Power Transistor 

The TP3007S Is designed for 24 volts common emitter base station 
amplifiers, operating up to 1 GHz bandwidth. It has been specifically designed 
for use in analog and digital Global System Mobile (GSM) systems. The 
studless package offers a possibility for surface mounting. 

• Specified 24 Volts, 960 MHz Characteristics 
Output Power - 2 Watts 
Gain - 9 dB min 
Efficiency - 50% min, 2 Watts 

• Characterized with Series Equivalent Large-Signal Parameters from 
920-960 MHz 

• Silicon Nitride Passivated 

• Gold Metallized, Emitter Ballasted for Long Ufe and Resistance to 
Metal Migration 

• Class AB Operation 

MAXIMUM RAnNGS 

Rating 

Collector-Emitter Voltage 

Collector-aase Voltage 

Emitter-Base Voltage 

Collector-Current - Continuous 

Total Device Dissipation @ TC = 25°C 
Derate above 25°C 

Storage Temperature Range 

Operating Junction Temperature 

THERMAL CHARACTERISTICS 

Characteristic 

Thermal Resistance, Junction to Cese (1) (Studless) 

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

I Characteristic I Symbol 

OFF CHARACTERISTICS 

Collector-Emitter Breakdown Voltage V(BR)CER 
(IC = 5 mAde, RBE = 75 0) 

Collector-Base Breakdown Voltage V(BR)CBO 
(IC = 5 mAde, IE = 0) 

Emitter-Base Breakdown Voltage V(BR)EBO 
(IE = 1 mAde, IC = 0) 

NOTE: 
1. Thermal resistance is determined under specified RF operating condition. 

TP3007S 
2-756 

Symbol 

VCER 

VCBO 

VEBO 

IC 

PD 

Tstg 

TJ 

Min 

45 

50 

3.5 

TP3007S 

2W,960MHz 
RF POWER TRANSISTOR 

NPNSILICON 

SOE200 STUDLESS 
CASE 3058, STYLE 1 

Value 

45 

50 

4 

1 

B.3 
0.048 

-65to+150 

200 

Max 

21 

Typ Max 

- -

- -

- -

Unit 

Vdc 

Vdc 

Vde 

Ade 

Watts 
W/"C 

OC 

OC 

Unit 

Vdc 

Vde 

Vdc 

(continued) 

MOTOROLA RF DEVICE DATA 



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

I Characteristic Symbol Min Typ Max 

ON CHARACTERISTICS 

DC Current Gain 
(ICE = 0.1 Adc, VCE = 5 Vdc) 

DYNAMIC CHARACTERISTICS 

I Output Capacitance 
(VCB=26 Vdc,IE= 0, f= 1 MHz) 

Cob 2 

FUNCTIONAL TESTS 

Common·Emitter Amplifier Power Gain Gp 9 10 -
(VCC = 24 Vdc, Pout = 2 W, Ica = 30 mA, f = 960 MHz) 

Collector Efficiency h 50 56 -
(VCC = 24 Vdc, Pout = 2 W,lca = 30 mA, f = 960 MHz) 

Output Mismatch Stress 'P 
(VCC = 24 Vdc, Pout = 2 W, Ica = 30 mA, f = 960 MHz, Load No Degradation in Output Power 
VSWR = 10:1, all phase angles at frequency of test) 

MOTOROLA RF DEVICE DATA 

Output Impedances with circuit tuned for maximum gain 
@ VCC=24V,Pout=2W 

f lin ZoL* 
(MHz) (0) (0) 

820 4+j3.8 29- j41 

860 3.4+j4.4 3O-J43 

900 3.1 +j5.1 31-J44 

960 3.5+J5.5 35-j45 

ZOL* = Conjugate of optimum load impedance 
Intc which the device operates at a given 
output power, voltage, current and frequency. 

Figure 1. Series Equivalent Input and Output Impedances 

Unit 

pF 

dB 

% 

TP3007S 
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~ 
! 
a: 

~ .... 
::> 
a. .... 
::> 
0 

J 

C4 T1 
+5 V (Adjust for leo) 

...c-I ........... -----~---.... 

RFINPUT 

~1 
500 

Cl 
C2,C6 
C3,C5 
C4 
C7 
C8 
C8 

3.9 pF, ATC Chip CapacHor l00A 
100 pF, ATC Chip Capacitor l00A 
15 nF, Chip Capacitor 0805 
10 I1F, 16 V, Capacitor 
15 nF, Chip Capacitor 0805 
47 pF, Chip Capacitor 100A 
4.7 I1F, 50 V, Capacitor 

R2 

C10 
01,02 
R1 
R2 
R3 
T1 

ca 

15 nF, Chip CapacItor 
DIode, BAS16 
2.2 Q, Chip Resistor 1206 
1.2 kQ, Chip Resistor 1206 
68 Q, Chip Resistor 1206 
Transistor, MJD31C 

RFOUTPUT 
500 

Figure 2. 960 MHz Electrical SchemaUc 

TYPICAL CHARACTERISTICS 

3 

2 

f=960MHz 
lca = 30mA 

O.~ __ ~ __ ~~ __ ~ __ ~~ __ ~ __ ~ 
~ ~ M M 

Pin, INPUT POWER (WATTS) 

Figure 3. Output Power versus Input Power 

3 
;n 
~ 
~ 
a: 
w 2 

~ 
!5 
§ 
j 

Pin=O.36~ ~ 

~ -' ~W-
~ 1= 

t...-~ O.2W -~ I--~ 0.16W -- -- 0.12W 

f~960MHZ 
Ica=30mA -

I I 
18 20 22 24 26 

Vee, SUPPLY VOLTAGE (VOLTS) 

Figure 4. Output Power versus Supply Voltage 
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TYPICAL CHARACTERISTICS . 

3.5 

r---
3 ---r-- I 

:---- Pin = 0.32 W -----
2.5 ~ 

2 
820 

-....... 
............... 

~ 0.2W---~ 1-
860 900 940 

f. FREQUENCY (MHz) 

Figure 5. Output Power versus Frequency 

SCALE 0.75:1 

TEFLON@GLASSO.508 mm 2 SIDES 35 J.Lm Cu 

Figure 6. PC Board Photomaster 

Figure 7 •. 960 MHz Test Circuit Components View 
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MOTOROLA 
- SEMICONDUCTOR 

TECHNICAL DATA 

The RF Line 
RF Power Transistor 

The TP3008 is designed for 960 MHz cellular radio base stations in both 
analog and digital applications. It incorporates high value emitter ballast 
resistors, gold metallizations and offers a high degree of reliability and 
ruggedness. 

• Specified 24 Volts, 960 MHz Characteristics 
Output Power - 4 Watts 
Gain - 11.5 dB min 
Efficiency - 45% min 

• Class AB Operation 

MAXIMUM RAnNGS 

Rating Symbol 

CoIlector-EmJttar Voltage VCER 

Collector-Base Voltage VCBO 

Emitter-Base Voltage VEBO 

Collector-Current - Continuous IC 

Total Device Dissipation @ TC = 25·C Po 
Derate above 2500 

Storage Temperature Range Tstg 

Operating Junction Temperature TJ 

THERMAL CHARACTERISTICS 

Characteristic 

Thermal Resistance, Junction to Case 

Value Unit 

40 Vdc 

50 Vdc 

4 Vdc 

1 Ado 

35 Watts 
0.2 W/"C 

-6510+150 ·C 

200 00 

ELECTRICAL CHARACTERISTICS (T c - 2500 unless otherwise noted.) 

I Characteristic I Symbol 

OFF CHARACTERISTICS 

Collector-Emitter Breakdown Voltage 
(IC = 15 rnA, RBE = 75 0) 

Collector-Emitter Breakdown Voltage 
(IC=3rnAdc) 

Emitter-Base Breakdown Voltage 
(IE = 2 rnA,IC = 0) 

Collector-Emitter Leakage 
(VCE = 26 V, RBE = 75 0) 

ON CHARACTERISTICS 

I DC Current Gain 
(IC = 0.2 Ado, VCE = 5 Vdc) 

DYNAMIC CHARACTERlsnCS 

I Output CepacItance . 
(VCE=24 V,IE =0, f= 1 MHz) 

TP3008 
2-760 

V(BR)CER 

V(BR)CBO 

V(BR)EBO 

ICER 

Cob 

Min 

40 

45 

3.5 

-

15 

TP3008 

4W,960MHz 
RF POWER TRANSISTOR 

NPNSlUCON 

CASE 319, STYLE 2 

Max 

5 

Max 

- -

- -

- -

- 2 

120 

6 

Unit 

Vdc 

Vdc 

Vdc 

rnA 

pF 

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

Characteristic Symbol Min Max 

FUNCTIONAL TESTS (VCC = 24 V f = 960 MHz) 

Common-Emitter Amplifier Gain Gp 11.5 - -
(Pout = 4 W, ICQ = 50 mAl 

Collector Efficiency h 45 50 -
(Pout = 4 W, ICQ = 50 mAl 

Load Mismatch '¥ 
(Pout = 4 W, ICQ = 50 mA, Load VSWR = 5:1, all phase angles at No Degradatlon In Output Power 
frequency of test) 

MOTOROLA RF DEVICE DATA 

Output impedance with circuit tuned for maximum gain 
@ Pout=4W, VCE=24V 

f Zin ZoL* 
(MHz) (0) (0) 

900 6+j5 7.6- j15 

935 6.2+ j4.7 5.5-j13.5 

960 6.8+j3.6 5.5-j13.5 

980 7.2+j2 5.3-j13.5 

ZoL' = Conjugate of optimum load impedance 
into which the device operates at a given 
output power, voltage, current and frequency. 

Figure 1. Series Equivalent Input and Output Impedance 

dB 

% 
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+10V 
C9 

..c-II--t-----~..-----i 
C8 

~ 
r::T 

~t--'-t---==:::;'I 

R2 

RFOUTPlJT 

RFINPUT 

~~ 

8 

r~ 
son 

Components Uat 

C1,C3 100 pF, ATC Chip Capacitor 100A 
C2 1 to 5 pF, Trimmer Capacitor 
O4,C7 330 pF, Chip Cepacltor 0805 
CS,C8 10 nF, Chip Capacitor 0805 
C6 15 j1F, 63 V, CapacItor 
C9 100 j1F, 16 V, Cepacltor 

01,02 
P1 
R1 
R2 
T1 

Diode, BAS16 
1 lin, Trimmer 
1 kn, Resistor 
66 n. 0805 Resistor 
Transistor, NPN Type, MJD31 C 

Figure 2. 960 MHz Electrical Schematic 

TYPICAL CHARACTERISTICS 

8 

f. 960 MHz 

~ ~-----,....... ......... ...- 900 MHz 
/ 

son 

V .......... 
.h .... ' 

L. / VCC=24V _ VCC=24V 

~r 
o 
o 

Ia=SOmA 
I I o 

900 

la-SOmA 
Pm-25OmW 

250 500 920 940 960 
Pin, INPUT POWER (mWATI'S) f, FREQUENCY (MHz) 

FIgure 3. Output Power versus Input Power Figure 4. Output Power versus Frequency 

-
980 
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6 

5 

f=JMHZ ..... ........ .. ' ...... ~ ... .......-.... ............ 900MHz _ 

4 

........ V .... .. ' ,. 
~. 

./ 
/' 

I' 

2Q 22 24 26 26 

VCE. SUPPLY VOLTAGE (VOLTS) 

lo=50mA 
Pin = 350 mW 

I 
30 

Figure 5. Output Power versus Supply Voltage 

Figure 6. Photomaster 

TEFlON@GLASS 1/50 INCH Er = 2.55 

Figure 7. 960 MHz Test Circuit Components View 

32 

, 

... 
SCALE 0.75:1 
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MOTOROLA 
• SEMICONDUCTOR 

TECHNICAL DATA 

The RF Line 
UHF Power Transistor 

The TP3019S is designed for 24 V common emitter base station amplifiers. 
Operating in the 820-960 MHz bandwidth, the device has been specifically 
designed for use in analog and digital (GSM) systems. 

• Specified 24 Volts, 960 MHz Characteristics 
Output Power = 2.0 Watts 
Minimum Gain = 9.0 dB 
ClassAB 
IQ=20mA 

MAXIMUM RATINGS 

Rating 

Collector-Emitter Voltage 

Collector-Base Voltage 

Emitter-Base Voltage 

Collector Current - Continuous 

Total Device Dissipation @ T C = 25"C 
Derate above 25°C 

Storage Temperature Range 

Operating Junction Temperature 

THERMAL CHARACTERISTICS 

Characteristic 

Thermal ReSistance, Junction to Case (1) 
at 70°C Case 

Symbol 

VCER 

VCBO 

VEBO 

IC 

Po 

Tstg 

TJ 

Symbol 

ReJC 

Value Unit' 

40 Vde 

50 Vdc 

4.0 Vdc 

1.0 Adc 

12.5 Watts 
0.15 W/"C 

-65 to +150 °c 

200 °c 

Max Un.it 

14 "CIW 

ELECTRICAL CHARACTERISTICS (Tc = 25°C unless otherwise noted.) 

I Characteristic I Symbol 

OFF CHARACTERISTICS 

Collector-Emitter Breakdown Voltage V(BR)CER 
(IC = 5.0 mA, IB = 0) 

Emitter-Base Breakdown Voltage V(BR)EBO 
(IC = 1.0 mAde) 

Collector-Base Breakdown Voltage V(BR)CBO 
(IE = 5.0 mAde) 

Collector-Emitter Leakage ICES 
(VCE =20 V) 

ON CHARACTERISTICS 

DC Current GaIn 
(IC = 1.0 Adc, VCE = 5.0 Vdc) 

DYNAMIC CHARACTERISTICS 

I Output Capacitance 
(VCB = 25 V, IE = 0, f = 1.0 MHz) 

NOTE: 
1. Thermal resistance is determined under specified RF operating condition. 

TP3019S 
2-764 

Min 

28 

3.5 

50 

-

TP3019S 

2.0 W, 960 MHz 
UHF POWER 
TRANSISTOR 
NPNSIUCON 

CASE 3OSA, STYLE 1 
TP3019S 

Typ Max 

- -

- -

- -

- 2.0 

Unit 

Vdc 

Vdc 

Vdc 

rnA 

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

I Characteristic I Symbol I Min Typ Max 

FUNCTIONAL TESTS 

Common-Emitter AmplHier Power Gain Gp 9.0 I - I - I (VCC = 24 V, Pout = 2.0 W, ICQ = 20 mA, f = 960 MHz) 

Load Mismatch IfI No Degradation in Output Power 
(VCC= 24 V, Pout=2.0W,ICQ = 20 mA, Load VSWR=20:1, 
at all phase angles) 

Collector Efficiency 
(VCC = 24 V, Pout = 2.0 W, f = 960 MHz) 

T1 

Cll or 

TIc 50 

1---_-_---7+vcc 

+C7~ 

C9~ 
Cl0 

~ 
CH2 

Before and After Test 

I 55 I - I 

Unit 

dB 

% 

L3 L4 C6 

L.--.....r-ir" l RF~UT 

·Contact with RF Transistor 

Cl, C6, Cl0, Cll - Capacitor Chip OS05 330 pF 5% 
02, 04, C5 - Trimmer Capacitor 0.5-4.0 pF 
C3 - Capacitor Chip OS05 3.9 pF 5% 
C7 - CapaCitor Chip 08056.0, S.O IlF 35 V 
C9, C12 - Capacitor Chip OS0515 nF 5% 
CHl - Microstrlp Line SO 0 L = 23 mm 
CH2 - 3 Tums Wire 8110 104 mm 
01,02- Diode lN4148 
Ll-Microstrlp Une SOO L= 12 mm 
L2 - Microstrip Une 25 0 L = 6 mm 

L3 - Mlcrostrlp Une 25 0 L = 6 mm 
L4 - Microstrip Une SO 0 L = 2S mm 
Pl - Trimmer 5.0 kO 
Rl - Resistor 1.0 kO 5% 
R2 - Resistor 100 0 2.0 W 
R3 - Chip Resistor 75 0 OS05 5% 
Tl - Transistor B0135 or Similar 
Board Material-l/SO", Teflon Glass, Cu Clad 2 Sides, 
35~Thlck 

Figure 1. 960 MHz Test Circuit 
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TP3019S 
2-766 

4 

o 

-so 

Vcc= 26 V -
/. ., 24V 

J" 
;Z 

" f=960MHz -
" iQ=20mA -

0.1 0.2 0.3 0.4 0.5 0.6 0.7 
Pin, INPUT POWER (WATTS) 

Figure 2. Output Power versus Input Power 

o 

Pout = 2.0W VCE = 24 V 

f ZIN ZoL' 
MHz OHMS OHMS 

850 5.8+j9.8 21.3-jl0 
900 5.4+j9 21 - jll 
950 4.8+j7.9 20-j14 

ZoL' = Conjugate of the optimum load 
impedance. Into which the device 
operates at a given output power, 
voltage, and frequency. 

so 

Figure 3. Series Equivalent InpuUOutput Impedances 
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~I·---------~~--------~~I 
(Not to Scale) 

Figure 4. Test Circuit - Photomaster 

Figure 5. Test Circuit - Component Locations 
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MOTOROLA 
• SEMICONDUCTOR 

TECHNICAL DATA 

Advance Information 
The RF Line 
UHF Power Transistor 

The TP3020A is designed for use in the 900 MHz mobile radio band. Its high 
gain and ability to operate Class A makes it an ideal choice as a driver operating 
Class A, Class B or Class C. 

• 960 MHz 

• 2.2W-Pout 

• 2sV-Vcc 
• High Gain - 9.0 dB, Class A 

MAXIMUM RATINGS 

Rating Symbol Value Unit 

Emitter-Base Voltage VEBO 3.5 Vdc 

Total Device Dissipation @ TC = 25°C PD 8.75 Watts 
Derate above 25°C 0.05 WfOC 

Operating Junction Temperature TJ 200 °c 

Storage Temperature Range Tstg -65 to +200 °c 

THERMAL CHARACTERISTICS 

Characteristic 

Thermal Resistance, Junction to Case (TC = 70°C) 

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

I Characteristic I Symbol 

OFF CHARACTERISTICS 

Emitter-Base Breakdown Voltage V(BR)EBO 
(IE = 0.5 mA, IC = 0) 

Collector-Emitter Breakdown Voltage V(BR)CER 
(IC = 10 mA, RBE = 75 0) 

Collector Cutoff Current ICBO 
(VCB = 24 V, IE = 0) 

ON CHARACTERISTICS 

DC Current Gain 
(IC = 100 mA, VCE = 5.0 V) 

DYNAMIC CHARACTERISTICS 

Output Capacitance 
(VCB=28 V,IE = 0, f = 1.0 MHz) 

FUNCTIONAL TESTS 

Common-Emitter Amplifier Power Gain 
(VCE=26 V, Pout = 2.2 W, f= 960 MHz,lQ = 200 mAl 

Min 

3.5 

40 

-

TP3020A 

2.2 W, 960 MHz 
UHF POWER 
TRANSISTOR 
NPNSILICON 

CASE 244-04, STYLE 1 
(.280S0E) 

Max 

20 

Typ Max 

- -

- -

- 0.5 

Unit 

Vdc 

Vdc 

mAde 

This document contains information on a new product. SpeclflceUons and information herein are subject to change without notice. 

TP3020A 
2-768 
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MOTOROLA 
• SEMICONDUCTOR 

TECHNICAL DATA 

The RF Line 
UHF Power Transistor 

The TP3021 is designed for 24 V common emitter base station amplifiers. 
Operating in the 820-960 MHz bandwidth, it has been specifically designed for 
use in analog and digital (GSM) systems as a medium power output device. 

• Specified 24 Volts, 960 MHz Characteristics 
Output Power = 10 Watts . 
Minimum Gain = 1.0 dB 
ClassAB 
IQ=60mA 

MAXIMUM RATINGS 

Rating Symbol Value Unit 

Collector-Emitter Voltage VCEO 27 Vdc 

Collector-Base Voltage VCBO 48 Vdc 

Emitter-Base Voltage VEBO 4.0 Vdc 

Collector Current - Continuous IC 2.0 Adc 

Total Device Dissipation @ TC = 25°C PD 35 Watts 
Derate above 25°C 0.35 W/oC 

Storage Temperature Range Tstg -65 to +150 °C 

Operating Junction Temperature TJ 200 °C 

THERMAL CHARACTERISTICS 

Characteristic 

Thermal Resistance, Junction to Case (1) at 70°C Case 

ELECTRICAL CHARACTERISTICS (Tc = 25°C unless otherwise noted.) 

I Characteristic I Symbol 

OFF CHARACTERISTICS 

Collector-Emitter Breakdown Voltage V(BR)CER 
(IC = 25 mA, RBE = 75 0) 

Emitter-Base Breakdown Voltage V(BR)EBO 
(IC = 5.0 mAdc) 

Collector-Base Breakdown Voltage V(BR)CBO 
(IE = 50 mAdc) 

Collector-Emitter Leakage ICER 
(VCE = 26 V, RBE = 75 0) 

ON CHARACTERISTICS 

DC Current Gain 
(IC = 1.0 Adc, VCE = 10 Vdc) 

NOTE: 
1. Thermal resistance is determined under specified RF operating condition. 

MOTOROLA RF DEVICE DATA 

Min 

40 

4.0 

48 

-

TP3021 

10W, 960 MHz 
UHF POWER 

TRANSIST.OR 
NPN SILICON 

CASE 319, STYLE 2 

Max 

5.0 

Typ Max 

- -

- -

- -

- 5.0 

Unit 

Vdc 

Vdc 

Vdc 

rnA 

TP3021 
2-769 
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II 

ELECTRICAL CHARACTERISTICS - continued (TC = 25°C unless otherwise noted.) 

I Characteristic I Symbol I Min Typ Max 

DYNAMIC CHARACTERISTICS 

Output Capacitance 
(VCB= 24 V,IE = D, 1= 1.0 MHz) 

FUNCTIONAL TESTS 

Common-Emitter Ampliller Power Gain Gp 10 I - I - I (VCC = 24 V, Pout = 10 W, Ica = 60 mA, I = 960 MHz) 

Load Mismatch 'II 
(VCC= 26 V, Pout = 10 W,lca = 60 mA, 

No Degradation in Output Power 

Load VSWR = 20:1, at ali phase angles) 

Collector Efficiency 
(VCC = 24 V, Pout = 10 W, 1= 960 MHz) 

Tl 

C18 

r+ 

C12 

r.2 

C11 

r 
RFINPUTFl 

"" l 
*02 is In Physical Contact with RF Transistor 

C1,C10, C11, C15-CapacitorChip 0805330 pF 5% 
C2, C4, C8, C9 - Trimmer CapaCitor 0.5-4.0 pF 
C4 - Capacitor Chip 0805 3.9 pF 5% 
C5, C6 - Capacitor Chip 15 pF Ha 
C7 - Chip Resistor 0805 8.2 pF 
C12, C16 - Capacitor Chip 0805 15 nF 5% 
C17, C18 - Capacitor Chip 0805 6.0, 8.0 IlF 35 V 
CH1 - Mlcrostrip Line 80 n L = 40 mm 
CH2 - Microstrip Line 80 n L = 23 mm 
01,02- Diode 1N4148 

Before and After Test 

l1c 50 T 55 

C17 
+VCC 

+~ 
C16 

C~ 
~ 

L 1 - Mlcrostrip Une 50 n L = 20 mm 
L2 - Microstrip Line 25 n L = 13 mm 
L3 - Mlcrostrip Line 25 n L = 10 mm 
L4 - Microstrip Une 50 n L = 5 mm 
L5 - Microstrip Une 50 n L = 7 mm 
P1 - Trimmer 5.0 kn 
R1 - Chip Resistor 2.2 n 1206 5% 
R2 - Chip Resistor 75 n 0805 5% 
R3- Resistor 100 n 2.0 W 
R4 - Resistor 1.0 kn 5% 
T1 - Transistor B0135 or Similar 

I - I 

Unit 

dB 

% 

Board Material-1/5O", Teflon Glass, Cu Clad 2 Sides, 35 11m Thick 

TP3021 
2-nO 

Figure 1. 960 MHz Test Circuit 

MOTOROLA RF DEVICE DATA 



20 

-10 

VCC=26V 
i.--'" 

i"'" ....... 
./ ...... 

/ 
.,- 24V 

..... 
/ 1/ f= 960 MHz 

/ / .,- 10= 60 mA 

I 

0.5 1 1.5 
Pin, INPUT POWER (WATTS) 

Figure 2. Output Power versus Input Power 

o 

Pout=10W VCE=24V 

f ZIN ZoL' 
MHz OHMS OHMS 

850 2.4+j3.5 3.4-j3.2 
900 2.6+j3.4 3.1-j4.4 
950 2.8+j3.4 2.7-j6.2 

ZOL' = Conjugate of the optimum load 
impedance. Into which the device 
operates at a given output power, 
voltage, and frequency. 

-
-

10 

Figure 3. Series Equivalent Input/Output Impedances 

MOTOROLA RF DEVICE DATA TP3021 
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TP3021 
2-772 

""1->--------- l00mm --------"*1-1 
(Not to Scale) 

Figure 4. Test Circuit - Photomaster 

GROUND 
I 
I 

Figure 5. Test Circuit - Component Locations 
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MOTOROLA 
- SEMICONDUCTOR 

TECHNICAL DATA 

The RF Line 
UHF Power Transistor 

The TP3022B is designed for common-emitter operation in the 900 MHz 
mobile radio band. Use of gold metallization and silicon diffused ballast 
resistors results in a medium power output/driver transistor with state-of-the-art 
ruggedness and reliability. 

• Specified 26 Volts, 960 MHz Characteristics: 
Output Power = 15 Watts 
Minimum Gain = 8.5 dB 
IQ=50mA 

• Class AB Operation 

MAXIMUM RATINGS 

Rating 

Total Device Dissipation @ TC = 25°C 
Derate above 25°C 

Operating Junction Temperature 

Storage Temperature Range 

THERMAL CHARACTERISTICS 

Characteristic 

Thermal Resistance, Junction to Case (1) 

Symbol 

PD 

TJ 

Tstg 

Value Unit 

29 Vdc 
0.167 

200 °c 

-65 to +150 °C 

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

I Characteristic I Symbol 

OFF CHARACTERISTICS (1) 

Collector-Emitter Breakdown Voltage 
(IC = 10 rnA, RBE = 75 Ohms) 

V(BR)CER 

Collector-Emitter Leakage leER 
(VCE = 26 V, RBE = 75 Ohms) 

Emitter-Base Breakdown Voltage V(BR)EBO 
(IC = 5.0 mAdc) 

Emitter-Base Leakage lEBO 
(VBE=2.5V) 

ON CHARACTERISTICS 

DC Current Gain 
(Ie = 500 mA, VeE = 10 V) 

DYNAMIC CHARACTERISTICS 

Output Capacitance 
(VCB=24 V,IE=O, 1= 1.0 MHz) 

FUNCTIONAL TESTS 

Common-Emitter Amplilier Power Gain GpE 
(VCE = 26 V, Pout = 15 W, 1= 960 MHz, IQ = 50 mAl 

Collector Efficiency T]c 
(VCE = 26 V, Pout = 15 W, 1= 960 MHz, IQ = 50 mAl 

NOTE: 
1. Thermal resistance is determined under speCified RF operating condition. 

MOTOROLA RF DEVICE DATA 

Min 

40 

-

3.5 

-

8.5 

45 

TP3022B 

15W, 960 MHz 
NPNSILICON 
UHF POWER 
TRANSISTOR 

CASE 319, STYLE 2 

Typ Max 

- -

- 5.0 

- -

- 1.0 

- -

- -

Unit 

Vdc 

rnA 

Vdc 

mA 

dB 

% 

TP3022B 
2-773 
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MOTOROLA 
• SEMICONDUCTOR 

TECHNICAL DATA 

The RF Line 
UHF Linear Power Transistor 

The TP3024B is a balanced transistor designed specifically for use in cellular 
radio systems. This device pennits the design of a Class AB push-pull, high 
gain, broadband amplifier having a high degree of linearity without the need for 
complicated biasing circuitry. 
• Specified 26 Volts, 960 MHz Characteristics: 

Output Power = 35.5 W 
Minimum Gain = 7.5 dB 
IOtotai = 150 mA 

• Push-Pull Configuration 

MAXIMUM RATINGS 

RatIng 

Emltter-Base Voltage 

Operating Junctlcn Temperatura 

Symbol 

VEBO 

TJ 

Value Unit 

4.0 Vde 

200 ·C 

Storage Temperatura Range Tstg -6510+200 ·C 

THERMAL CHARACTERISTICS 

Characteristic Symbol Msx Unit 

Thermal Resistance. Junction 10 Case (1) ROJC 3.0 "ctw 
(Tc = 7500) 

ELECTRICAL CHARACTERISTICS (T C = 2500 unless otherwise noted.) 

I Characteristic I Symbol 

OFF CHARACTERISTICS 
Collector-Emitter Breakdown Voltsge V(BR)CER 

(IC = 10 mAo RBE = 75 Ohms) 

Collector-Emitter Leakage ICER 
(VCE" 26 V, RBE" 75 Ohms) 

Emitter-Base Breakdown Voltage V(BR)EBO 
(IC = 5.0 mAde, IC = 0) 

Emitter-Base Leakage lEBO 
(VBE = 2.5 V) 

ON CHARACTERISTICS (2) 

I DC Currant Gain 
(IC" SOO mAo VCE = 10 V) 

DYNAMIC CHARACTERISTICS (1) 
Output Cepecltance 

(VCB=24 V, IE =0, f= 1.0 MHz) 

FUNCTIONAL TESTS (3) 

Common-Emitter Amplifier Power Gain 
(VCE = 26 V, Pout = 35.5 W, f = 960 MHz, ICtotaJ = 1SO mAl 

GpE 

Collector Efficiency 
(VCE" 26 V. Pout = 35.5 W, f = 960 MHz. ICtotaJ = 150 mAl 

lie 

NOTE: 
1. Thermal resistsnce is detennlned under specified RF operating condition. 
2. Each transistor chip measurad separately. 
3. Both transistor chips operating in push-pull amplifier. 

TP3024B 
2-774 

Min 

40 

-

3.5 

-

15 

7.5 

45 

TP3024B 

35.5 W. 960 MHz 
UHF UNEAR POWER 

TRANSISTOR 

CASE 395. STYLE 1 

Typ Max 

- -

- 5.0 

- -

- 1.0 

100 

- -

- -

Unit 

Vdc 

mA 

Vdc 

mA 

dB 

% 

MOTOROLA RF DEVICE DATA 



MOTOROLA 
• SEMICONDUCTOR 

TECHNICAL DATA 

The RF Line 
NPN Silicon 
RF Power Transistor 

The TP3032 is designed for 26 volts, common emitter, 960 MHz base station 
amplifiers, for use in analog and digital systems. 

• Specffied 26 Volts, 960 MHz Characteristics 
Output Power - 21 Watts 
Gain - 7.5 dB min 

• Silicon Nitride Passivated 

• Gold Metallized, Emitter Ballasted for Long Life and Resistance to 
Metal Migration 

• Class AB Operation 

MAXIMUM RATINGS 

Rating Symbol Value Unit 

Collector-Emitter Voltage VCER 40 Vdc 

Collector-Base Voltage VCBO 48 Vdc 

Emitter-Base Voltage VEBO 3.5 Vdc 

Collector-Current - Continuous IC 4 Adc 

Total Device Dissipation @ T C = 25°C Po 52.5 Watts 
Derate above 25°C 0.3 WI"C 

Storage Temperature Range Tstg -65to+150 °c 

Operating Junction Temperature TJ 200 °c 

THERMAL CHARACTERISTICS 

Characteristic 

Thermal Resistance, Junction to Case (1) 

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

I Characteristic I Symbol 

OFF CHARACTERISTICS 

Collector-Emitter Breakdown Voltage 
(IC = 30 rnA, RBE = 75 0) 

V(BR)CER 

Emitter-Base Breakdown Voltage 
(IE =5 mAde) 

V(BR)EBO 

Collector-Base Breakdown Voltage V(BR)CBO 
(IC = 30 mAde) 

Collector-Emitter Leakage ICER 
(VCE = 26 V, RBE = 75 0) 

ON CHARACTERISTICS 

DC Current Gain 
(IC =1 Adc, VCE = 10 Vdc) 

NOTE: 
1. Thermal resistance is determined under specified RF operating condition. 

MOTOROLA RF DEVICE DATA 

Min· 

40 

3.5 

48 

-

TP3032 

21 W,960MHz 
RF POWER TRANSISTOR 

NPNSILICON 

CASE 319, STYLE 2 

Max 

3.3 

Typ Max 

- -

- -

- -

- 8 

Unit 

Vdc 

Vdc 

Vdc 

rnA 

TP3032 
2-nS 
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ELECTRICAL CHARACTERISTICS - continued (TC = 2i;°c unless otherwise noted.) 

I Characteristic I Symbol I Min Typ Max 

DYNAMIC CHARACTERISTICS 

I Output Capacitance 
(VCB=26 V,IE= 0, 1= 1 MHz) 

Cob 30 

FUNCTIONAL TESTS 

Common-Emitter Amplilier Gain Gp 7.5 I 8.5 I - I (VCC=26 V, Pout = 21 W, ICQ= 100 rnA, Ie 960 MHz) 

Load Mismatch 'If 
(VCC=26V, Pout = 21 W,ICQ = 100 rnA, Load VSWR=5:1, at No Degradation In Output Power 
All Phase Angles at Frequency of Test) 

Collector Efficiency 
(VCC = 26 V, Pout = 21 W, 1= 960 MHz) 

OverDrive 
(VCC = 26 V,. Pin = 6 W, 1= 960 MHz) 

11 50 I 55 I - I 
00 

No Degradation in Output Power 

VCE=26V Pout=21W 

f Zin ZoL* 
(MHz) (O) (0) 

860 2.9 - jO.4 2+j2.2 

880 2.9-jO.9 2.1 +j2.2 

900 ·2.9 - j1.45 2.25+j2.5 

935 3.2-jO.95 2.4+j2.3 

960 3.25 - j1.5 2.5+j2 

980 3.55 - j1.1 2.6+ j2.15 

ZoL' = Conjugate of optimum load Impedance 
into which the device operates at a given 
output power, voltage, current and frequency. 

Figure 1_ Series Equivalent Input and Output Impedances 

Unit 

pF 

dB 

% 

TP3032 
2·nS 

MOTOROLA RF DEVICE DATA 



40 

35 
6i 

~ 30 
~ 25 a: w 

~ 20 

5 
15 

~ 
~ 10 
;} 

5 

1;1"" 

"". 

" ~ 

RFINPUT @-4 
50n f (;1 

':' 

Components List 

Cl 
C2 
C3 

300 pF, ATC Chip Capacitor 100B 
12 pF, ATC Chip Capacitor 100A 
10 pF, ATC Chip Capacitor 100A 

R4 

C4 
C5 

1 -4.5 pF, Johanson Capacitor 9410-0 
6.8 pF, ATC Chip Capacitor 100A 

C6 
C7,CB,Cll 
C9,C12 
C10,C13 

82 pF, ATC Chip Capacitor 100B 
330 pF, Chip Capacitor 
15 nF, Chip Capacitor 
6.B IlF, 35 V, Tantalum Capacitor 

R3 

':' 

01,02 
FB 
R1 
R2 
R3 
R4 
R5 
T1 

C{Q.. 
cti-

C~ 

C4 
':' 

01ode,lN4148 
Fenite Bead, 

+ 

~-

~ 

75 n, Chip Resistor 1206 
10 kn, Trimmer Resistor 
1 kO, 112 W, Resistor 
82 D, 3 W, Resistor 
1 n, 1/4 W, Resistor 
Transistor, BOl35 

Figure 2. 960'MHz Test Circuit Schematic 

TYPICAL CHARACTERISTICS 
40 

35 P.m=6~, 

.21 V --., 
....-: ...... 2 V 

~ 
10 

~ 

6i 

~ 30 
~ 

25 a: 

~ 20 

5 
15 a. 

5 

---
3W 

~ 10 
10= 100 mA -
f=960MHz -

;} 
5 

2 3 4 5 6 7 
0 

900 920 940 960 

I1n, INPUT POWER (WAITS) f, FREQUENCY (MHz) 

RFOUTPUT 
son 

VCC=26V -
la=l00mA -

980 1000 

Figure 3. Output Power versus Input Power Figure 4. Output Power versus Frequency 

45 

40 

f! 35 
~ 

30 a: 
~ 
~ 25 

5 
20 § 
15 

.5 

Pjn~6W ----....... , 3 
I/" ...- ------~ 

a. 10 la= 100 mA -
f=960MHz -

20 22 24 26 28 30 32 
Vcc. SUPPLY VOLTAGE (VOLTS) 

Figure 5. Output Power versus Supply Voltage 
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TP3032 
2-nS 

'" 

SCALE 0.75:1 

TEFLON® GLASS 0.5 mm - DOUBLE SIDE 35 11m CU. 

Figure 6_ Photomaster 

Figure 7. Test Circuit Components View 
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MOTOROLA 
• SEMICONDUCTOR 

TECHNICAL DATA 

The RF Line 
NPN Silicon 
RF Power Transistor 

The TP3034 Is designed for 960 MHz cellular radio base stations in both 
analog and digital applications. It Incoporates high value emitter ballast 
resistors, gold metallizations and offers a high degree of reliability and 
ruggedness. 

• Specified 24 Volts, 960 MHz Characteristics 
Output power - 35 Watts 
Gain - 7 dB Min 
Efficiency - 50% Min 

• Class AB Operation 

MAXIMUM RATINGS 

Rating Symbol 

Collector-Emitter Voltage VCER 

Collector-Base Voltage VCBO 

Emitter-Base Voltage VEBO 

Collector Current - Continuous IC 

Total Device Dissipation @ TC = 25·C Po 
Derate above 250C 

Storage Temperature Range Tstg 

Operating Junction Temperature TJ 

THERMAL CHARACTERISTICS 

Characteristic 

Thermal Resistance, JunCtion to esse 

Value Unit 

40 Vdc 

48 Vdc 

3.5 Vdc 

4 Adc 

76 Watts 
0.43 W/"C 

-65to+150 OC 

200 ·C 

ELECTRICAL CHARACTERISTICS (T C = 250C unless otherwise noted.) 

I Characteristic I Symbol 

OFF CHARACTERISTICS 

Collector-Emitter Breakdown Voltage V(BR)CER 
(IC = 110 mA, RBE = 75 0) 

Collector-Base Breakdown Voltage V(BR)CBO 
(Ie = 50 mAde) 

Emitter-Base Breakdown Voltage V(BR)EBO 
(IE=6mA,lc=0) 

Collector-Emitter Leakage ICER 
(VCE= 26V,IC = 1 A, RBE= 75 0) 

ON CHARACTERISTICS 

I DC Current Gain 
(IC = 1 Adc, VCE = 10 Vdc) 

DYNAMIC CHARACTERISTICS 

Oulput C8pacilance Cob 
(VCB = 24 Vdc, IE = 0, f = 1 MHz) 

MOTOROLA RF DEVICE DATA 

Min 

40 

48 

3.5 

-

15 

TP3034 

35W,960MHz 
RF POWER TRANSISTOR 

NPNSILICON 

CASE 319, STYLE 2 

Value 

2.3 

Max 

- -

- -

- -

- 10 

100 

40 

Unit 

Vdc 

Vdc 

Vdc 

mA 

pF 

(continued) 

TP3034 
2-779 
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ELECTRICAL CHARACTERISTICS - contin.ued (T C = 25°C unless otherwise noted.) 

I Characteristic I Symbol I Min 

FUNCTIONAL TESTS 

Common-Emitter Amplifier Gain 
(Pout = 35 W, ICO = 60 mA, VCC = 24 V, 1 = 960 MHz) 

Collector Efficiency 
(Pout = 35 W, VCC = 24 V, 1= 960 MHz) 

Load Mismatch 
(Pout = 35 W, ICO = 60 mA, VCC = 24 V, 1 = 960 MHz, 
Load VSWR " 20:1, All Phase Angles at Irequency 01 test) 

Input Retum Loss 
(Pout = 35 W, ICO" 60 mA, VCC = 24 V, 1 = 960 MHz) 

Common-Emitter Amplilier Gain 
(Pout = 15W,ICQ= 100mA, VCC,,25 V, 1=960 MHz) 

Collector Efficiency 
(Pout" 15 W, ICO = 100 mA, VCC" 25 V, I" 960 MHz) 

C9 
T1 

p + 

C12 
C8 R2 P r -= 
C7 

:J;C13 r -= 
R3 

RFINPUT 

50 0 f_ c==:::;:::=:::J f 
C1,C3 
C2,C11 
C4,C7 
C5, C6, C12, C13 
C6 
C9 
C10 

100 pF, ATC Chip Capacitor 100A 
0.5-20 pF, Trimmer Capacitor 
330 pF, Chip Capacitor 0805 
10 nF, Chip Capacitor 0805 
4.7 j!F, 50 Volts, Capacitor 
10 j!F, 16 Volts, Capacitor 
5.6 pF, ATC Chip Capacitor 100A 

Gp1 7 

llc1 50 

'" -

IRL 12 

Gp2 8 

llC2 40 

+5 VOLTS 

D1,D2 
P1 
R1 
R2 
R3 
T1 

Figure 1. 960 MHz Electrical Schematic 

TP3034 
2-780 

Typ Max Unit 

8 - dB 

55 - "10 

No Degradation in 
Output Power 

-

-

-

C5 + 

f---:L I C6 C4 

~ 

Diode, Type BAS16 
1 kn, Trimmer 
1 kO, Resistor 0805 
56 0. Resistor 0805 

-

-

-

2.2 0. Resistor 0805 
Transistor, NPN Type MJD31C 

dB 

dB 

"10 

+VCC 

MOTOROLA RF DEVICE DATA 
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TYPICAL CHARACTERISTICS 

f=96OMHz " 
~ 

~ ~MHZ 
~'P'" , 

!; 
~ 

VCC=24V -'f" 1Q.60mA _ 

I I 
2 4 6 8 

POIflo INPUT POWER (WATTS) 

f---

f---

10 

50 

10 
900 

VCC=24V _ 
IQ=60mA 
Pin=6W -

f I 
920 940 960 980 

f, FREQUENCY (MHz) 

Figure 2. Output Power versus Input Power Figure 3. Output Power versus Frequency 

50 

20 
18 

~ 

20 

~ 

"'" 
< 

~ 
V 

/' 

f= 960 MHz 
1Q=60mA -
Pin a6W 
f I I 

22 24 26 28 

VCe. SUPPLY VOLTAGE (VOLTS) 

30 

t-

32 

Figure 4. Output Power versus Supply Voltage 

VCE=24 V Pout=35W 

f Zin ZoLe 
(MHz) (n) (n) 

900 4.5+J7.4 2.4+j1.7 

930 5.8+J8.4 2+J2 

960 7.9+J7.2 2 + Jl.3 

980 9.4+J3.8 2.2+ Jl.5 

ZoL* = Conjugate of optimum load Impedance 
Into which the device operates at a given 
output power, voltage, current and frequency. 

figure 5. Series Equlvslent Input and Output Impedances 
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TP3034 
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• • 
m:r;m] 

• • 

TEFLON® GLASS 1150 INCH· DOUBLE SIDE 35 ~ Cu. Er = 2.55 

Figure 6. Photomaster 

Figure 7. Test Circuit Components View 

OUTPUT 

I 

• • 

• • 
(Not to Scale) 
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MOTOROLA 
- SEMICONDUCTOR 

TECHNICAL DATA 

The RF Line 
UHF Power Transistor 

The TP3061 is designed for 960 MHz mobile base stations in both analog and 
digital applications. It incorporates high value emitter ballast resistors, gold 
metallizations and offers a high degree of reliability and ruggedness. Including 
double input and output matching networks, the TP3060 features high 
impedances and is easy to match. 

• Motorola Advanced Amplifier Concept Package 

• Oxynitride Passivation 

• Specified 26 Volts, 960 MHz Characteristics 
Output Power = 45 Watts 
Minimum Gain = 8.0 dB 
Efficiency = 50% 

MAXIMUM RATINGS 

Rating 

Collector-Emitter Voltage 

Collector-Base Voltage 

Emitter-Base Voltage 

Collector Current - Continuous 

Total Device Dissipation @ TC = 25°C 
Derate above 25°C 

Storage Temperature Range 

Operating Junction Temperature 

THERMAL CHARACTERISTICS 

Characteristic 

Thermal Resistance, Junction to Case (1) at 70°C Case 

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

I Characteristic I Symbol 

OFF CHARACTERISTICS 

Collector-Emitter Breakdown Voltage V(BR)CER 
(IC = 60 mA, RBE = 75 0) 

Em~er-Base Breakdown Voltage V(BR)EBO 
(IC = 6.0 mAde) 

Collector-Base Breakdown Voltage V(BR)CBO 
(IE = 60 mAde) 

Collector-Emitter Leakage (VCE = 26 V, RBE = 75 0) ICER 

NOTE: 
1. Thermal resistance is determined under specified RF operating condition. 

MOTOROLA RF DEVICE DATA 

Symbol 

VCER 

VCBO 

VEBO 

IC 

Po 

Tstg 

TJ 

Min 

40 

3.5 

48 

-

TP3061 

45W,960MHz 
UHF POWER 
TRANSISTOR 
NPNSILICON 

CASE 333A, STYLE 2 

Value 

40 

48 

4.0 

10 

175 
1.0 

-65 to +150 

200 

Max 

1.2 

Max 

- -

- -

- -

- 15 

Unit 

Vdc 

Vdc 

Vdc 

Adc 

Watts 
wrc 
°c 

°c 

Unit 

Vdc 

Vdc 

Vdc 

rnA 

(continued) 

TP3061 
2-783 
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II 

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

I Characteristic I Symbol I Min Typ Max 

ON CHARACTERISTICS 

DC Current Gain 
(IC = 1.0 Adc, VCE = 10 Vdc) 

DYNAMIC CHARACTERISTICS 

Output capacitance (2) 
(VCB=26 V, IE= 0, 1= 1.0 MHz) 

FUNCTIONAL TESTS 

Common-Emitter Amplifier Power Gain Gp B.O B.B -
(VCC =26 V, Pout = 45 W, Ica = 200 rnA, 1= 960 MHz) 

Collector Efficiency 11 50 53 -
(VCC = 26 V, Pout = 45 W, 1= 960 MHz) 

Load Mismatch Ij1 No Degradation in Output Power 
(VCC = 26 V, Pout = 45 W, Ica = 200 rnA, Belore and After Test 
Load VSWR = 5:1, at all phase angles) 

Overdrive 00 No Degradation in Output Power (VCC = 26 V, Pin = 15 W, 1=960 MHz) 

NOTE: 
2. Value 01 "Cob" is that 01 die only. It is not measurable in TP3061 because 01 internal matching network. 

C10 +VCC 

+C1~ 
C~ 
~ 

Unit 

dB 

% 

RFINPUT~ 

"'" .J. " 
~RFOUTPUT 

" .J. 00" 

TP3061 
2-784 

C1, C4, C7, C12 - Capacitor Chip OB05 330 pF 5% 
C2 - Capacitor Chip B2 pF ATC 
C5, C11, CB-CapacltorChip OB0515 nF5% 
C6, C9, C10 - capacitor Chip OB05 6.0, B.O j.LF 35 V 
L1, l2-1.5 Tums #1B AWG Choke 
R1 - Chip Resistor 47 0 12065% 
R2 - Chip Resistor 270 0 OB05 5% 

R3 - Chip Resistor 47 0 OB05 5% 
R4 - Chip Resistor 100 0 OB05 5% 
R5 - Trimmer 1.0 kO 
T1 - SMD Transistor MJD31 C or Similar 
T2 - SMD Transistor 
T3 - Voltage Regulator 7B05 
Board Material- 1/50', Tellon Glass, £r = 2.5, 
Cu Clad 2 Sides, 35 j.Lm Thick 

Figure 1. 960 MHz Test Circuit 

MOTOROLA RF DEVICE DATA 
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TYPICAL CHARACTERISTICS 
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Figure 2. Output Power versus Input Power 
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Figure 3. Output Power versus Frequency 
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Figure 4. Power Output versus Supply Voltage Figure 5. Typical Broadband Circuit Performance 
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Pout=45W VCE=26V 

f ZIN ZoL' 
MHz OHMS OHMS 

850 - -
900 2.8+j6 4.1 + j5 
950 3.95+j3.55 3.7 + j5.2 

ZoL' = Conjugate of the optimum load 
impedance. Into which the device 
operates at a given output power. 
voltage. and frequency. 

Figure 6. Series Equivalent Input/Output Impedances 
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Figure 7. Test Circuit - Photomaster 
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Figure 8, Test Circuit - Component Locations 
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MOTOROLA 
• SEMICONDUCTOR 

TECHNICAL DATA 

The RF Line 
UHF Power Transistor 

The TP3062 is designed for 960 MHz mobile base stations in both analog and 
digital applications. It incorporates high value emitter ballast resistors, gold 
metallizations and offers a high degree of reliability and ruggedness. Including 
double input and output matching networks, the TP3062 features high 
impedances. It can easily operate in a full 860 MHz to 960 MHz bandwidth in a 
single circuit and without any tuning. 

• Motorola Advanced Amplifier Concept Package 

• To Be Used Class AB for FM, GSM, Digital 

• Specified 26 Volts, 960 MHz Characteristics 
Output Power = 60 Watts 
Minimum Gain = 7.5 dB 
Efficiency = 50% 

MAXIMUM RATINGS 

Rating 

Collector-Emitter Voltage 

Collector-Base Voltage 

Emitter-Base Voltage 

Collector Current- Continuous 

Total Device Dissipation @ TC = 25°C 
Derate above 25°C 

Storage Temperature Range 

Operating Junction Temperature 

THERMAL CHARACTERISTICS 

Characteristic 

Thermal Resistance, Junction to Case (1) at 70°C Case 

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

I Characteristic I Symbol 

OFF CHARACTERISTICS 

Collector-Emitter Breakdown Voltage V(BR)CER 
(IC = 60 mA, RBE = 75 0) 

Emitter-Base Breakdown Voltage 
(IC = 15 mAde) 

V(BR)EBO 

Collector-Base Breakdown Voltage V(BR)CBO 
(IE = 50 mAde) 

Collector-Emitter Leakage (VCE = 26 V, RBE = 75 0) ICER 

NOTE: 
1. Thermal resistance is determined under speCified RF operating condition. 

MOTOROLA RF DEVICE DATA 

Symbol 

VCER 

VCBO 

VEBO 

Ie 

Po 

Tstg 

TJ 

Min 

40 

4.0 

48 

-

TP3062 

6OW,960MHz 
UHF POWER 
TRANSISTOR 
NPNSILICON 

CASE 398, STYLE 1 

Value 

40 

48 

4.0 

10 

145 
1.0 

-65 to +150 

200 

Max 

1.2 

Typ Max 

- -

- -

- -

- 15 

Unit 

Vdc 

Vde 

Vde 

Ade 

Watts 
wrc 

°c 

°c 

. Unit 

Vdc 

Vdc 

Vde 

rnA 

(continued) 
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ELECTRICAL CHARACTERISTICS - continued (TC = 25°e unless otherwise noted.) 

I Characteristic I Symbol I Min Typ Max Unit 

ON CHARACTERISTICS 

DC Current Gain 
(IC = 1.0 Adc, VCE = 10 Vdc) 

DYNAMIC CHARACTERISTICS 

Output capacitance (2) 
(VCB = 26 V,IE = 0, f= 1.0 MHz) 

FUNCTIONAL TESTS 

Common-Emitter Amplifier Power Gain Gp 7.5 8.0 - dB 
(Vec = 26 V, Pout = 60 W, lea = 200 mA, f = 960 MHz) 

Collector Efficiency 11 48 50 - % 
(VCC= 26 V, Pout = 60 W, f=960 MHz) 

Load Mismatch Ij1 No Degradation In Output Power 
(VCC = 26 V, Pout = 60 W, Ica = 200 mA, Before and After Test Load VSWR = 5:1, at all phase angles) 

NOTE: 
2. Value of 'Cob» is that of die only. It is not measurable in TP3062 because of intemal matching network • 

INPUT 
(500) 

TP3062 
2-788 

Bias is adjusted by varying VBB 

C1, C2 - Adjustable capacitor 1.0-4.0 pF 
C2, C4 - capacitor Chip 15 nF 5% 
R1 - Chip Resistor 22 0 0805 5% 
R2 - Chip Resistor 22 0 0805 5% 

Figure 1. 960 MHz Test Circuit 

vcco-----------..... o vc 

~-..... -OV8 

R4 

C4 

~~--4--------+-----4--_o~ 

R3 - Chip Resistor 330 0 0805 5% 
R4 - Chip Resistor 51 00805 5% 
T1 - Transistor Type BD135 
T2 - Transistor Type BD135 
Board Material-1/50·, Teflon Glass, Sr = 2.5, 
Cu Clad 2 Sides, 35 11m Thick 

Figure 2. Bias Current 

MOTOROLA RF DEVICE DATA 
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Figure 5. Power Output versus Supply Voltage 
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Figure 4. Output Power versus Frequency 
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Figure 6. Typical Broadband Circuit Performance 

Pout=60W VCE=26V. 

f ZIN ZoL* 
MHz OHMS OHMS 

860 17.3+)10.4 11.5 + jll.5 
910 15.0 + j9.50 10.2+ jl0;2 
960 12.7 + j8.10 8.70+j8.9O 

ZoL* = Conjugata of the optimum load 
Impedance. Into which the device 
operatas at a given output power. 
voltage. and frequency. 

Figure 7. series Equivalent Input/Output Impedances 
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TP3062 
2-790 

Figure 8. Test Circuit - Photomaster 

10_01 
TOP VIEW 

••••• . ~ .... -.r .• -
8OITOMVIEW 

Figure 9. Printed Circuit Board tor Bias Current 

Figure 10. Test Circuit - Component Locations 

SCALE 0.75:1 
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MOTOROLA 
• SEMICONDUCTOR 

TECHNICAL DATA 

The RF Line 
RF Power Transistor 

The TP3064 is designed for 960 MHz mobile base stations in both analog and 
digital applications. It incorporates high value emitter ballast resistors, gold 
metallizations and offers a high degree of reliability and ruggedness. The 
TP3064 also features input and output matching networks and high imped
ances. 

• Oxynitride Passivation 
• Specified 26 Volts, 960 MHz Characteristics 

Output Power - 50 Watts 
Gain - 7.5 dB min 
Efficiency - 50% typ 

• Class AB Operation 

MAXIMUM RATINGS 

RatIng Symbol 

CoIlactor-Emitter VoIlage VCER 

Collactor-Base Voltage VCBO 

Emitter-Base Voltage VEBO 

CoIlactor-Current- Continuous IC 

Total Device Dissipation @ T C = 2500 Po 
Derate above 2500 

Slorage Temperature Range Tstg 

Operating Junction Temperature TJ 

THERMAL CHARACTERISTICS 

Characteristic 

Thennal Resistance, Junction 10 Case (1) 

Value Unit 

40 Vdc 

48 Vdc 

4 Vdc 

10 Adc 

145 Watts 
0.8 wrc 

-6510 +150 ·C 

200 ·C 

ELECTRICAL CHARACTERISTICS (T C = 2500 unless otherwise noted.) 

I Characteristic I Symbol 

OFF CHARACTERISTICS 
Collactor-Emltter Breakdown Voitags V(BR)CER 

(IC = 60 mA, RBE = 75 0) 

Emitter Base Breakdown Voltage V(BR)EBO 
(IE = 15 mAdc) 

Collactor-Emltter Breakdown Voltage V(BR)CBO 
(IC = 50 mAde) 

Collector-Emitter Leakage ICER 
(VCE = 26 V. RBE = 75 0) 

ON CHARACTERISTICS 

I DC Current Galn 
(IC = 1 Ado, VCE = 10 Vdc) 

NOTE: 
1. Thennal resistance is determined under specified RF operating condition. 

MOTOROLA RF DEVICE DATA 

Min 

40 

3.5 

48 

-

15 

TP3064 

50W, 960 MHz 
RF POWER TRANSISTOR 

NPNSlUCON 

CASE 333A, STYLE 2 

Max 

1.2 

Typ Max 

- -

- -

- -

- 15 

100 

Unit 

Vdc 

Vdc 

Vdc 

rnA 

(continued) 

TP3064 
2-791 
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ELECTRICAL CHARACTERISTICS - continued (TC = 25"C unless otherwise noted.) 

1 Characteristic 1 Symbol 1 Min Typ Max .1 Unit 

DYNAMIC CHARACTERISTICS (VeB = 26 V, f = 1 MHz) 

I Output capacitance 
(VCB=26 V,IE = 0, f= 1 MHz) 

Cob 60 pF 

FUNCTIONAL TESTS 

Common-Emitter Amplifier Gain Gpa 7.5 8.5 - dB 
(f'out = 50 W, lea = 200 mA, Vee = 26 V, f = 960 MHz) 

Collector Efficiency 11 48 50 - % 
(Pout=50W, VCC=26V, f=960MHz) 

Load Mismatch 'I' 
(Pout = 50 W, Ica = 200 mA, Vee = 26 V, Load VSWR = 5:1, No Degradation In Output Power 
all phase angles at frequency of last) 

Output Impedance with circuit tuned for maximum gain 
@ Pout = 50 W, VCE=26V 

f lin ZoL* 
(MHz) (n) (n) 

900 4.4+j4.6 5+J4.4 

935 5.1 +j4.8 3+j4.1 

960 5.4+j3.6 3.1 + J4.6 

980 4.7+j2.5 3.5+j5 

ZoL* = Conjugate of optimum load impedance 
into which the device operates at a given 
output power, voltage, current and frequency. 

Figure 1. Series Equivalent Input and Output Impedances 

TP3064 
2-792 
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RFINPUT 

son 

C9 

.d 
C8 

P 
C7 

..D 

Cl,03 
O4,C7 
O5,C6 
C6 
C9 
01,02 

Tl 

R2 

100 pF, ATC Chip Cspacltor l00A 
330 pF, Chip Cspacitor 0805 
10 nF, Chip Capacitor 0805 
15 I1F, 63 V, Cspacltor 
100 11F. 16 V, Capacitor 
Diode, 1 N4007 

Ll 
Pl 
Rl 
R2 
T1 

RFOUTPUT 

~~ 

1.5 Turns, 18 AWG Choke 
1 kn, Trimmer 
1 kn, Resistor 
56 n. Resistor 0805 
Transistor, NPN Type, 60135 

son 

Figure 2. 960 MHz Test Circuit Schematic 

TYPICAL CHARACTERISTICS 
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Figure 3. Output Power versus Input Power 

MOTOROLA RF DEVICE DATA 
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Figure 4. Output Power versus Frequency 
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TYPICAL CHARACTERISTICS 
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Figure 5. Output Power versus Supply Voltage 
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Figure 6. Broadband Amplifier 
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Figure 7. Photomaster 

TEFLON@ GLASS 1150 INCH er = 2.55 

Figure 8. 960 MHz Test Circuit Components View 
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MOTOROLA 
• SEMICONDUCTOR 

TECHNICAL DATA 

The RF Line 
RF Power Transistor 

The TP3069 Is designed for cellular radio base station amplifiers up to 960 
MHz. It Incorporates high value emitter ballast resistors, gold metallizations and 
offers a high degree of reliability and ruggedness. The TP3069 also features 
input and .output matching networks and high impedances. It can easily operate 
In a full 935-960 MHz bandwidth in a simple circuit 
• Class AB Operation 

• Specified 26 Volts, 960 MHz Characteristics 
Output Power - 100 Watts 
Gain - 7.5 dB min 

MAXIMUM RATINGS 

Rating Symbol 

Collector-Emitter Voltage VCEO 

CoIlector-Base Voltage VCBO 

emitter-Base Voltage VEBO 

Collector Current - Continuous IC 

Value Unit 

30 Vdc 

65 Vdc 

4 Vdc 

20 Adc 

Storage Temperature Range Tstg -4010+100 ·C 

OperaUng Junction Temperature TJ 200 ·C 

Total Device Dissipation @ TC = 2500 Po 245 Watts 
Derate above 2500 1.4 W/OC 

Quiescent Current ICQ 2xSOO mA 

THERMAL CHARACTERISTICS 

Characteristic 

Thermal Resistance, Junellon 10 Case (1) 

ELECTRICAL CHARACTERISTICS (T C = 2500 unless otherwise noted.) 

I Characteristic I Symbol 

OFF CHARACTERISTICS . 

Collector-Emitter Breakdown Voltage V(BR)CEO 
(lc=20mA) 

Emitter-Base Breakdown Voltage V(BR)EBO 
(IE = 20 mAdc) 

Collector-Base Breakdown Voltage V(BR)CBO 
(IC = 35 mAde) 

Collector-Emitter Leakage ICER 
(VCE = 28 V, RBE = 75 D) 

ON CHARACTERISTICS 

I DC Current Gain 
(IC= 2Adc, VCE=10V) 

DYNAMIC CHARACTERISTICS (VCB = 2B V, IE = 0, f = 1 MHz) 

I Output capacitance (each side) (2) I Cob 

NOTES: 
1. Thermal resistance Is determined under specified RF operating condition. 

Min 

30 

4 

65 

-

30 

TP3069 

100 W. 960 MHz 
RF POWER TRANSISTOR 

NPNSILICON 

CASE 375A, STYLE 1 

Value 

0.7 

Typ Max 

- -

- -

- -

- 15 

120 

75 

Unit 

Vdc 

Vdc 

Vdc 

rnA 

pF 

(continued) 

2. value of "Cob· Is that of die only. It Is not measurable in TP3069 because of Internal matching network. 

TP3069 
2-796 
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ELECTRICAL CHARACTERISTICS - continued (T C = 25°C unless otherwise noted.) 

I Characteristic I Symbol I Min Typ Max 

FUNCTIONAL TESTS (VCC = 26 V 1 = 960 MHz) 

Common-Emitter Amplifier Gain Gp 7.5 8.8 -
(Pout = 100 W,ICQ = 2 x 100 m~) 

Collector Efficiency 11 45 50 -
(Pout = 100 W) 

Over Drive 00 
No Degradation in Output Power 2 dB Input Power Overdrive 

3rd Order Intermodulation IMD3 - -32 
(Pout = 100W PEP,lea =2 x50 rnA, <1.1=400 KHz) 

MOTOROLA RF DEVICE DATA 

VCE=26V Poot=100W 

f lin ZoL* 
(MHz) (0) (0) 

935 9.5+j7 3.4+j2.7 

960 8.8+]7.5 3.8+ ]2.8 

ZoL· = Conjugate 01 optimum load Impedance 
into which the device operates at a given 
output power, voltage, current and Irequency. 

Figure 1. Series Equivalent Input and Output Impedances 

-

'Unlt 

dB 

"10 

dB 
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TP3069 
2-798 

C7 

500 
INPUT 

C7 

C1 10 pF, ATC Chip Capacitor 100A 
C2 2.2 pF, ATC Chip Capacitor 100A 
C3 12 pF, ATC Chip CapacItor 100A 
C4 10 pF, ATC Chip Capacitor 1758 
C5 47 pF, ATe Chip Capacitor 100A 
C6 5.6 pF, ATC Chip CapacItor 1758 
C7 1000 pF, VItramon 

,.....-----------0 Vc 

VCCO--+----"'"""'\ ,..--....... --0 Vb 

R2 

o----....... ---..... ---<~_o Ve(GROUND) 

Vc 

500 
OUTPUT 

Vc 

C10 

C6 1 IlF, Vitramon 
C9 1 IlF, 16 V, Tantalum 
C10 4.71lF, 35 V, Tantalum 
L 1 25 0141 mm (Teflon) 
L2 25 0141 mm (Teflon) 
R1 0.5 n. Resistor 0605 (2 x 1 0) 

C1 15 nF 
C2 15 nF 
P1 2.21<0 
R1 3.31<0 
R2 510 
T1 80135 
T2 80135 

FIgure 2. 960 MHz Test Circuit and Its Bias Circuit 
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TP3069 
2-800 

Figure 6. Photomaster (1/50" Teflon® Glass, £r = 2.55) Scale 0.75:1 

L 

Figure 7. 960 MHz Test Circuit: Printed Circuit Board (PCB) + Components Location (Scale 0.75:1) 

•• c:J •• . ~. .. . . .. . .. 
BOTTOM VIEW BOARD MATERIAl.: 1116" EPOXY GLASS 

Figure 8. Bias Printed Circuit Board (PCB) (Scale 0.75:1) &. Components location (Not to Scale) 
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MOTOROLA 
• SEMICONDUCTOR 

TECHNICAL DATA 

The RF Line 
UHF Linear Power Transistor 

The TP50028 is an NPN gold metallized transistor using diffused ballast 
resistors for reliability and ruggedness. The TP~2S was specifically designed 
as a low power driver with high gain and can be operated in Class A, B or C. 

• 380-512 MHz 

• 1.5W-Pout 

• 24V-VCC 
• High Gain -13 dB Min, Class A @ 470 MHz 

MAXIMUM RATINGS 

Rating Symbol Value Unit 

Collector-Base Voltage VCBO 45 Vdc 

Emitter-Base Voltage VEBO 3.5 Vdc 

Total Device Dissipation @ T C = 25CC Po 7.0 Watts 
Derate above 25CC 0.045 WIOC 

Operating Junellon Temperature TJ 200 °c 

Storage Temperature Range Tstg -65 to +200 °c 

THERMAL CHARACTERISTICS 

Characteristic Symbol Max Unit 

Thermal Resistance, Junction to Case R9JC 21 °CIW 
(Tc = 70°C) 

ELECTRICAL CHARACTERISTICS (Tc = 25°C unless otherwise noted.) 

I Characteristic I Symbol 

OFF CHARACTERISTICS 

Collector-Base Breakdown Vohage V(BR)CBO 
(Ie = 2.0 rnA, IE = 0) 

Emitter-Base Breakdown Vohage 
(IE = 2.0 mA, IC = 0) 

V(BR)EBO 

Collector Cutoff Current ICBO 
(VCB=24 V,IE = 0) 

ON CHARACTERISTICS 

DC Current Gain 
(IC = 100 rnA, VCE = 5.0 V) 

DYNAMIC CHARACTERISTICS 

Output Capacitance 
(VCB=28 V,IE =0, 1= 1.0 MHz) 

FUNCTIONAL TESTS 

Common-Emitter Amplilier Power Gain GPE 
(VCE = 23 V, Pout = 1.5 W, 1=470 MHz, iC = 200 mAl 

Saturated Output Power Psat 
(VCE = 23 V, 1= 470 MHz, IC = 200 mAl 

MOTOROLA RF DEVICE DATA 

Min 

45 

4.0 

-

13 

-

TP5002S 

1.5 W, 380 to 512 MHz 
UHF LINEAR 

POWER TRANSISTOR 
NPNSILICON 

CASE 249-05, STYLE 1 
(.260 SOE S) 

TP5002S 

Max 

- -

- -

- 0.5 

- -

2.2 -

Unit 

Vdc 

Vdc 

mAdc 

dB 

W 

TP5002S 
2·801 
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~-1 ____ -. ____ ~ ____ .+,VCE 

RF 
INPUT 

r r r~ [l 
C4 

rr 
C1, C6 - 220 pF 0805 681 C Sprague 
C2 - 8.2 pF ATC1 00ASR20P50 
C3-10 pFATC100A100DP50 
C4. C5 - 27 pF ATC100ABR20P50 
C7-10I1F35V 
C8-100 I1F 63V 

ML2 

C9, C10 - 1.0 nF 0805 681 C Sprague 
C11, C12-220 pF0805 681C Sprague 

500 10~UT 

L 1 - Hairpin wire 1.1 rnm L = 33 rnm 
L2 - 4 tums, 102.5 mm, 0.5 mm wlra 
ML 1 .,... Microstrip Une W = 2.5 mm Zo = 70 n, L = 6% All at 470 MHz 
ML2 - Microstrip Une W = 2.5 mm Zo = 70 n, L = 3% All at 470 MHz 
M13 - Mlcrostrlp Une W = 2.5 mm Zo = 70 n, L = 5% All at 470 MHz 
ML4 - Mlcrostrip Line W = 2.5 mm Zo = 70 n, L = 3% All at 470 MHz 

Board Material: 1/16 In. Teflon Glass, £r=2.55, h= 1.59 mm 

Figure 1. 400-500 MHz Broadband Amplifier 

FREQUENCY (MHz) 400 410 420 430 440 450 460 470 460 490 500 

TP5002S 
2-802 

RE(Zin)O 

IM(Zin)O 

RE(Zload)O 

IM(Zload)Q 

2.5 2.5 

2.0 2.2 

33.4 35.5 

48.3 48.9 

2.5 

2.7 

36.,5 

49.4 

2.3 2.4 2.3 

3.2 3.5 3.8 

37.0 38.4 39.5 

49.9 50.8 50.9 

Table 1. Impedance Data 
Vee = 23 Volts 

le=200mA 
Pout = 1.5 Watts 

2.2 2.2 2.1 2.1 2.0 

3.9 4.0 4.2 4.9 5.0 

40.4 41.4 42.4 43.4 44.4 

51.3 51.7 52.2 52.6 53.0 

MOTOROLA RF DEVICE DATA 



TYPICAL CHARACTERISTICS 

2.5 
I I 

f. 500 MHz ---
~ 400 MHz 

~ 
# 
~. 

U' 
VSUPPLy=24V-(' . IC=0.2A _ 

/I I I I ., 0.5 

o 20 40 60 80 100 
Pin. INPUT POWER (mW) 

Figure 2. Output Power versus Input Power 

20 

400 

I 
I I 

Pout=IW-

I 
1.5W-

I 

I 
I 

VSUPPLy=24V-
'C=0.2A -

I I I 
450 500 

f. FREQUENCY (MHz) 

Figure 4. Power Gain versus Frequency 

Cl- 100 I1F 63V 
Dl-1N4148 
Pl-l.0kO 
Rl-100 1/2W 
R2-18001/4W 

,..,)'-------oVCE 
Tl 

- ...... W....--_-OVBE 
Rl 

R3-10k01/4W 
R4-500 1/4W 
R5-1000 1/4W 
Tl-BDI36 

Figure 6. Class A Bias Circuit 

MOTOROLA RF DEVICE DATA 

5 

10 

![ 
§ 15 

iI!! 
~ 20 

25 

400 

<[' 
~ 
>C 

!2 0.1 
::t: .., 
<> 
C 
IX: 

§ 
if 0.Q1 
u. 

-
I I I 

VSUPPLy.24 V-

r--- 'C·02A -
Pout=I.5W _ 

.......... -....... 
.......... 

.......... 
....... 

'" 
450 500 

f. FREQUENCY (MHz) 

Figure 3. Retum Loss versus Frequency 

i'... 

!i NOTE: DIVIDE MTTF BY Ic;2 

0.001 

TO OBTAIN METAL LIFE 

I I I I I I 
80 100 120 140 160 180 200 

T J. JUNCTION TEMPERATURE (OC) 

Figure 5. MTTF Factor versus 
Junction Temperature 

24V 

Figure 7. Component Layout 

TP5002S 
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MOTOROLA 
• SEMICONDUCTOR 

TECHNICAL DATA 

Advance Information 
The RF Line 
UHF Linear Power Transistor 
· •• designed for 24 Volt UHF large-signal common emitter amplifier applica
tions in industrial and commercial FM equipment operating in the 380 to 
512 MHz frequency range, i.e., cellular radio base stations. 

• 380~512 MHz 

• 15 W- Pout 

• 24V-VCC 
• High Gain -11 dB Min, Class AB 

• Gold Metallization for Reliability 

MAXIMUM RATINGS 

Rating Symbol Value Unit 

Emitter-Base Voltage VEBO 4.0 Vdc 

Total Device Dissipation @ TC = 70°C Po 18 Watts 
Derale above 70°C 0.143 Wf'C 

Operating Junction Temperature TJ 200 °c 

Storage Temperature Range Tstg -6510 +200 °c 

THERMAL CHARACTERISTICS 

Characteristic 

Thermal Resistance, Junction to Case (T C = 70°C) 

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

I Characteristic I Symbol 

OFF CHARACTERISTICS 

Emitter·Base Breakdown Voltage V(BR)EBO 
(IE = 5.0 rnA, IC = 0) 

Collector-Emitter Breakdown Voltage V(BR)CER 
(IC = 10 mA, RBE = 750) 

Collector Cutoff Current ICER 
(VCE= 26 V, RBE = 75 0) 

ON CHARACTERISTICS 

DC Current Gain 
(IC = 100 mA, VCE = 10 V) 

DYNAMIC CHARACTERISTICS 

Output Capacitance 
(VCB=24 V, IE=O, 1= 1.0 MHz) 

FUNCTIONAL TESTS 

Common-Emitter Amplifier Power Gain GpE 
(VCE=24 V, Pout = 15W, 1=470 MHz, IQ=50 rnA) 

Collector Efficiency '1c 
(VCE=24 V, Pout = 15 W, 1=470 MHz, IQ = 50 rnA) 

Min 

4.0 

40 

-

11 

50 

TP5015 

15 W, 380-512 MHz 
UHF LINEAR 

POWER TRANSISTOR 
NPNSILICON 

CASE 319, STYLE 2 
(EB) 

Max 

7.0 

lYpl Max 

- -

- -. 

- 10 

- -

60 -

Unit 

Vdc 

Vdc 

mAdc 

dB 

% 

This document contains Information on a new product. Specifications and informaDon herein are subject to change wtthout noHca. 

TP5015 
2-804 
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MOTOROLA 
• SEMICONDUCTOR 

TECHNICAL DATA 

The RF Line 
NPN Silicon 
RF Power Transistor 

The TP5051 is designed for 470 MHz cellular radio base stations in both 
analog and digital applications. It incorporates high value emitter ballast 
resistors, gold metallizations and offers a high degree of reliability and 
ruggedness. 

• Specified 470 MHz Characteristics 
Output Power - 50 Watts @ 24 Volts, 60 Watts @ 26 Volts 
Gain - 9 dB min 
Efficiency - 60% min 
Class AB or C Operation 

MAXIMUM RATINGS 

Rating Symbol Value Unit 

Collector-Emitter Voltage VCER 40 Vdc 

Collector-Base Voltage VCBO 48 Vdc 

Emitter-Base Voltage VEBO 4 Vdc 

CoII!lClOr-Current - Continuous IC 10 Adc 

Total Device Dissipation @ TC = 25°C Po 145 Watts 
Derate above 25°C 0.8 W/"C 

Storage Temperature Range Tstg -6510+150 °C 

Operating Junction Temperature TJ 200 °C 

THERMAL CHARACTERISTICS 

Characteristic 

Thennal Resistance, Junction 10 case at 70ce case (1) 

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

I Characteristic I Symbol 

OFF CHARACTERISTICS 

Collector-Emitter Breakdown Voltage V(BR)CER 
(IC = 60 mA, RBE = 75 0) 

Emitter-Base Breakdown Voltage V(BR)EBO 
(IE = 15 mAde) 

Collector-Base Breakdown Voltage V(BR)CBO 
(Ie = 50 mAde) 

Collector-Emitter Leakage ICER 
(VCE = 26 V, RBE = 75 0) 

ON CHARACTERISTICS 

I DC Current Gain 
(IC = 1 Ade, VCE = 10 Vde) 

NOTE: 
1. Thermal resistance is determined under specified RF operating condition. 

Preferred devices are Motorola recommended chOices for future use and best overall value. 

MOTOROLA RF DEVICE DATA 

Min 

40 

4 

48 

-

15 

TP5051 

50160 W, 470 MHz 
RF POWER TRANSISTOR 

NPNSILICON 

CASE 333A, STYLE 2 

Max 

1.2 

Typ Max 

- -

- -

- -

- 15 

80 

Unit 

Vdc 

Vdc 

Vdc 

rnA 

(continued) 

TP5051 
2-805 
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II 

ELECTRICAL CHARACTERISTICS - continued (r C = 25°C unless otherwise noted.) 

I Characteristic I Symbol I Min Max 

DYNAMIC CHARACTERISTICS 

I Output C8pac1tance 
(VCB=26 V,IE = 0, 1= 1 MHz) 

FUNCTIONAL TESTS 

Common-Emitter Amplilier Power Galn 
(VCC = 24 V, Pout = 50 W,loo= 150 rnA, 1=470 MHz) 

Collector Efficiency 
(VCC=24V, Pout=50W,I=470MHz) 

Load Mismatch 
(VCC = 24 V, Pout = 50 W, ICQ = 150 rnA 
Load VSWR = 5:1, all phase angles at lrequency 01 test) 

Overdrive 
(VCC = 24 V, Pin = 12 W, 1=470 MHz) 

Power Saturation 
(VCC = 24 V, 1=470 MHz) 

Common-Emitter Amplifier Power Galn 
(VCC = 26 V, Pout = 60 W, 100 = 150 rnA, I = 470 MHz) 

Collector Efficiency 
(VCC = 26 V, Pout = 60 W, 1=470 MHz) 

Load Mismatch 
(VCC=26V, Pout = 60 W,loo= 150 rnA 
Load VSWR = 5:1, all phase angles at frequency 01 test) 

C14~ 
R1 -=

C13~ 

C1 
RFINPUT~ 

_ C2 

SOO 

FB 

T2 

Cob 

Gpl 

1]1 

Ij/l 

00 

Psat 

Gp2 

1]2 

IjI2 

9 

60 

65 

9 

60 

.+Vcc 

+ ~C10 
QC11 

QC12 

60 

10 -

65 -

No Degradation in Output Power 

No Degradation in Output Power 

- -

10 -

65 -

No Degradation in Output Power 

C9 

L..-_In-> ~ RFOUTPUT 

SOO 

EPOXY GLASS 1116 INCH er=4.5 

Components Ust 

Cl,09, 
C2,C8 
C3 
C3' 
O4,C5 
C6 
C7 
Cl0 
Cll,C14 
C12,C13 

330 pF, 5%, Chip Capacitor 0805 
AlRTRONIC Trimmer Capacitor 5400 
10 pF, ATC Chip CapacHor 
12 pF, ATC Chip Capacitor 
22 pF, ATC Chip Capacitor 
15 pF, ATC Chip Capacitor 
18 pF, ATC Chip Capacitor 
4711F, 63 V, Electrolytic Capacitor. 
15 nF, Chip Capacitor 0805 
330 pF, 5%, Chip Capacitor 0805 

01,02 
FB 
Ll,l2 
Pl 
Rl 
R2 
Tl 
T2 

Diode,lN4148 
Ferrite Board 
6 Tums, #18 AWG • 4 mm Choke 
1 kn, Trimmer 
56 n. 5%, Chip Resistor 1205 
470 n. 5%, Chip Resistor 0805 
SMD Transistor, MJD31 C or Simillar 
Voltage Regulator 7805 

Figure 1. 470 MHz Electrical Schematic 

Unit 

pF 

dB 

% 

W 

dB 

% 

TP5051 
2-806 
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Pout = lIO W. VeE = 24 V 

f lin lOL* 
(MHz) (0) (0) 

512 1-j3.2 2-jO.7 

490 0.97-j2.8 2.2-jO.5 

470 0.9-j2.7 2.4+ jO.13 

450 0.85-j2.5 2.6+jO.9 

410 0.8-j2.1 3+jO.5 

Figure 2. Series Equivalent Input and Output Impedances 

MOTOROLA RF DEVICE DATA TP5051 
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80 

70 

!;i! 80 

~ 50 

~ 40 

~ 30 

;20 
10 
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80 

70 
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~ 
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~ 40 
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~ 
J 

20 

10 

J 

TP5051 
2-808 

TYPICAL CHARACTERISTICS 

Vep = ~ V, ~70 MHz -
-' 

~ " 
24 V, 470 MHz - -

" 24r,51~Mt - - -
10'.. " 

- -
/. ~ 

(Test Circuit Re1umed -'I' 
b lor 512 MHz -

'IT 
~ 

" 

I 

2 4 6 8 10 12 14 
Pin, INPUT POWER (WATTS) 

Figure 3. Output Power versus Input Power 

......., 
-~ Pin=6W-

......... 

20 

-~ .... 

22 24 26 28 
VCC, SUPPLY VOLTAGE (VOlTS) 

3W-

10= 150 mA 
f=470MHz 

30 32 

Figure 5. Output Power versus Supply Voltage 

80 

70 

@" 60 

! 

I : 
~ 30 

; 20 

10 

0440 

Iii" 12 
:s 
~. 10 

ffi 8 

~ 
.B- 4 

o 
440 

, Pin- SW 

..... 

3 

VCC· 24V - r--
lQ-l50mA-r--

450 460 470 480 490 500 
f, FREQUENCY (MHz) 

Figure 4. Output Power versus Frequency 

70 

V llc 

~ 

,..... Gp -
Vcc. 24 V 
10,"150mA-
Pout- 50W 

450 460 470 480 490 500 
f, FREQUENCY (MHz) 

Figure 6. Power Gain, Collector Efficiency 
versus Frequency 

20 

510 
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SCALE 0.75:1 

Figure 7. Photomaster 

EPOXY GLASS 1116 INCH Er = 4.5 

Figure 8. 470 MHz Test Circuit Components View 
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MOTOROLA 

• SEMICONDUCTOR -----------TECHNICAL DATA 

The RF Line 
Microwave Power 
Oscillator Transistor 
••• designed for use as power oscillators at frequencies to 3.0 GHz with typical 

output power of over 1.0 watt. 

• Operation to 3.0 GHz 

• High Qutput Power (1.2 W Typ @ 2.5 GHz) 

• Rugged - Capable of Withstanding High Load VSWR 

• High Reliability 

• Hermetic Package 

• Gold Metallization 

• Diffused Emitter Ballast Resistors 

• Common Collector Configuration 

• Formerly named TRW62601 

MAXIMUM RATINGS 

RatIng 

Collector-Emitter Voltage 

Collector-Base Voltage 

Emitter-Base Voltage 

Collector Current - Continuous 

Opersting Junction Temperature 

Storage Temperature Range 

THERMAL CHARACTERISTICS 

Characteristic 

Thermal Resistance, Junction to Case 

ELECTRICAL CHARACTERISTICS 

I Characteristic 

OFF CHARACTERISTICS 

Collector-Emitter Breakdown Voltage (IC = 20 rnA, IB = 0) 

Collector-Base Breakdown Voltage (IC = 1.0 rnA, IE = 0) 

Emitter·Base Breakdown Voltage (IE = 0.25 rnA, IC = 0) 

Collector-Emitter Breakdown Voltage (IC = 20 mA, RBE = 100) 

Collector Cutoff Current (VCB = 28 V. IE = 0) 

ON CHARACTERISTICS 

I DC Current Gain (IC = 100 rnA, VCE = 5.0 V) 

TP62601 
2-810 

Symbol 

V(BR)CEO 

V(BR)CBO 

V(BR)EBO 

V(BR)CER 

ICBO 

Symbol 

VCEO 

VCBO 

VEBO 

IC 

TJ 

Tstg 

Min 

22 

45 

3.5 

50 

-

20 

TP62601 

MICROWAVE 
POWER 

OSCILLATOR 
TRANSISTOR 

CASE 328A-G3, STYLE 3 
(GP-13) 

Value 

22 

45 

3.5 

0.5 

200 

-65 to +200 

Max 

15 

Typ Max 

- -
- -
- -
- -
- 0.125 

120 

Unit 

Vdc 

Vdc 

Vdc 

Adc 

"C 

·C 

Unit 

Vdc 

Vdc 

Vdc 

Vdc 

mAdc 

(continued) 
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ELECTRICAL CHARACTERISTICS - continued 

I Characteristic Symbol Min Typ Max Unit 

DYNAMIC CHARACTERISTICS 

Output capacitance 
(VCB=28 V, IE = 0, 1= 1.0 MHz) 

FUNCTIONAL TESTS 

Oscillator Output Power 
(VCE=20 V, 1=2.0 GHz, IE =220 mAl 

Pout 1.25 I - I - I W 

Load Mismatch 'I' 
(VCE = 20 V, IE = 220 rnA, Pout = 1.25 W, 1= 2.0 GHz, No Degradation in Output Power 
Load VSWR = -:1, All Phase Angles) 

Cutoff Frequency It - I 2.7 I - I GHz 
(VCE = 20 V, IE = 220 rnA) 

TYPICAL CHARACTERISTICS 

600 

'" ....... " 
100 

5 10 15 20 
VCE, COLLECTOR·T0-EMITTER VOLTAGE (VOLTS) 

Figure 1. DC Safe Operating Area 

C1 - 220 pF (chip) 
C2-220 pF (chip) + 10 nF 
C3-220 pF (chip) + 10 nF + 10 J1F 
C4 - 0.6-4.5 pF (Frequency tuning) 

L - adjust to obtain the maximum output power 

O-0.1151..g Iorio = 2.3 GHz 
0- 0.061..g for 10 = 3.0 GHz 

MOTOROLA RF DEVICE DATA 

25 

SASE 
BIAS 

en 
~ 
~ 
a: w 
~ 
0.. .... 
::> 
0.. .... 
::> 
0 
'5 
rE 

2 

1.5 

0.5 

2 

Figure 3. Test Circuit 

~C=~~;= 
I--
I--
I--

..... ..... ..... 
1'0. 

r-... 
1'0. 

2.5 3 3.5 
f, FREQUENCY (GHz) 

Figure 2. Output Power versus Frequency 

EMITTER BIAS 

Zo=80n 

TP62601 
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TP62601 
2-812 

03' 

'C2 
I- 20mm -I 

L 
L -12mm 

I C1 

(Not to Scale) 

Figure 4. PC Board Layout for fo = 2.3 GHz (BW = 500 MHz) 

'C2 C1 

L 
..._--...... IIIIIIIII!-C1 

(Not to Scale) 

I_ 20mm _I 

L=7mm 

• FolI·wrap asterisked edge to ground plane. 
Boerd material: -0.020" Glass teflon (er = 2.55) 
Adjust L to obtain the maximum outpu1 power 

Figure 5. PC Board Layout for fo = 3.0 GHz (BW = 500 MHz) 

TYPICAL CHARACTERISTICS 

90° 

Figure 6. Small Signal S-Parameters 
(VCE = 20 V, IE = 220 rnA) 
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MOTOROLA 
• SEMICONDUCTOR 

TECHNICAL DATA 

The RF Line 
UHF Linear Power Transistor 
· .. designed for driver and output stages in band IV and V TV transposers and 
transmitter amplifiers. The TPV595A uses gold metallized die with diffused 
emitter ballast resistors to enhance reliability, ruggedness and linearity. 

• Band IV and V (470-860 MHz) 

• 14 W - Pref @ -47 dB IMD 

• 25V-VCC 

• High Gain - 9.0 dB Typ, Class A, f = 860 MHz 

• Push-Pull Package 

MAXIMUM RATINGS 

Rating 

Collector-Emitter Voltage 

Collector-Base Voltage 

Emitter-Bese Voltage 

Collector Current - Continuous 

Total Device Dissipation @ TC = 700(: 
Derate above 70·C 

Operating Junction Temperature 

Storage Temperature Range 

THERMAL CHARACTERISTICS 

Characteristic 

Thermal Resistance, Junction to Case (TC = 70·C) 

ELECTRICAL CHARACTERISTICS 

I Characteristic Symbol 

OFF CHARACTERISTICS 

Collector-Emitter Breakdown Voltage (IC = 60 mA, IB = 0) V(BR)CEO 

Collector-Bese Breakdown Voltage (IC = 10 mA, IE = 0) V(BR)CBO 

Emitter-Base Breakdown Voltage (IE = 3.0 mA, IC = 0) V(BR)EBO 

Collector-Emitter Breakdown Voltage (IC = 10 rnA. RBE = 51 0) V(BR)CER 

Collector Cutoff Current (VCB = 20 V, IE = 0) ICBO 

ON CHARACTERISTICS 

I DC Current Gain (IC = 500 mA, VCE = 20 V) 

MOTOROLA RF DEVICE DATA 

Symbol 

VCEO 

VCBO 

VEBO 

IC 

Po 

TJ 

Tstg 

Min 

28 

45 

4.0 

40 

-

10 

TPV595A 

25 V, 470-860 MHz 
UHF LINEAR 

POWER TRANSISTOR 

CASE 395, STYLE 1 
(BMA2) 

Value 

28 

45 

4.0 

5.0 

50 
0.4 

200 

-50 to +200 

Max 

2.5 

Typ Max 

- -
- -

- -
- -
- 5.0 

Unit 

Vdc 

Vdc 

Vdc 

Adc 

Watts 
W/"C 

·C 

·C 

Unit· 

Vdc 

Vdc 

Vdc 

Vdc 

mAdc 

(continued) 
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ELECTRICAL CHARACTERISTICS - continued 

I Characteristic 

FUNCTIONAL TESTS 

~ 
:z: 
Q 

!S 
:::> c 
!i 
!a 
~ 
0 
0 
::; 
x 

g 
!z w 
II: 
II: 
:::> 
0 
II: 

§ 
w ..... ..... 
8 
Q 

Common-Emitter Amplifier Small-Signal Gain 
(VCE = 25 V, IC = 2.0 x 900 mAl 

Load Mismatch 
(VCC=25 V, Pout = 15 W,lca= 2.0 x 900 rnA, 1= 470 MHz, 
2 Tones, Load VSWR = oo:t, All Phase Angles) 

Overdrive (no degradation) 
(10 = 470 MHz, VCE = 25 V, 2 Tones, ICQ = 2.0 x 900 rnA) 

Intermodulation Distortion, 3 Tone 
(I = 860 MHz, VCE = 25 V, lea = 2.0 x 900 rnA, Prel = 14 W, 
Vision Carrier = -8.0 dB, Sound carrier = -7.0 dB, 
Sideband Signal = -16 dB, Specification TV05001) 

Intermodulation Distortion (IDEM) 
(I = 860 MHz, VCE = 25 V, Ica = 2.0 x 900 rnA, Prel = 14 W, 
Vision Carrier = -8.0 dB, Sound Carrier = -10 dB, 
Sideband Signal = -16 dB) 

24 

20 

16 

12 

8 

4 

VCEI.25 V / 
I-- IC=2x9A 

/ f=860MHz 
I-- TC=70°C V 

/ 

/ 
/ , 

o 5 10 15 

6 

5 

4 

3 

2 

Pre!, REFERENCE OUTPUT POWER (WATTS) 

Figure 1. Cross-mod' versus Output Power 

"Cross-mod: 4% sound (-7.0 dB) 
- vision 0 ~ PEAK 

I" 
TC=70"C 

...... 

'" .................. 

4 8 12 16 20 24 

VCE, COLLECTOR-EMITTER VOLTAGE (VOLTS) 

Figure 3. DC Safe Operating Area 

-

TPV595A 
2-814 

Symbol Min Typ Max Unit 

GSSE 8.5 - - dB 

'I' 
No Degradation in Output Power 

Pinover 15 - - W 

IMD1 - - -47 dB 

IMD2 - - -50 dB 

10 :s. 
:z: -45 
Q 
Ii: -50 
~ 

VCE~25V 
I--IC=2x9A 

c -55 :z: 
Q 

!S -60 :::> 
c 
0 
a! -65 
w 
~ 
0 

-70 
;; 

l-fo=860MHz 
I-- TC=700 C /' 

o 

V 
./ V-

I-

2 4 6 8 10 12 

Pref, REFERENCE OUTPUT POWER (WATTS) 

Figure 2. IMO' versus Output Power 

"IMD: 3tones-7.0 dB,-S.OdB. -16dB 

NOTE: DIVIDE BY 1c2 '~ TO OBTAIN METAL 

~ 
LIFETIME IN HOURS 

"" '" ......... ""'" ~ 
~ 

100 120 140 160 180 200 

T J, JUNCTION TEMPERATURE (OC) 

Figure 4. MTTF versus Junction Temperature 
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Figure 5. Z Load For Best IMD (8.0 W) 
and Cross-Modulation (12 W) 

Collector-to-Collector 

Cll 
veEl 0--..,..-"""1P--....... ---, 

L2 

IN~H~=::hL1c:==·=~.L~1--4 

VeE2 0--_--..--"""'1----' 

Cl - 0.5-4.5 pF Gigatrim Trimmer 
C2, C3-27pFATC 100A 
C4-6.8 pFATC 100A 
C5-18 pF ATC 100 A 
06-3.3 pFATC 100 A 
C7-4.7 pFATC 100A 
ca, C9-27pFATC 100A 
Cl0 - +330 pF ATC 100 B 

+ 1.0 nF + 10 nF + 4711F 
Cl1-1.0 nF+ 10 nF + lOI1F 

VCE=25 V 
IC=2xO.9A 

Ll0 

Figure 6. Zin For Best Input VSWR 
Base-to-Base 

Cl0 
r-T-..... -"""'1--"t--..... -"""1P--o VCEl 

L..L-_--_-_--_-_-OVCE2 

11111 
L 1, L2, L 15, L16 - 60 mm of 50 0. 2.2 mm semi rigid coax 
L3, L4 - 50 n line, 5.5% Ag at 860 MHz 
L5, L6-3IUms 10 2 mm 
L7, L8 - 50 n line, 1.5% Ag at 860 MHz 
L9, Ll0-50 n line, 4.9%Ag at 860 MHz 
Ll1, L12-50 n line, 2% Ag at 860 MHz 
L13, L14-50 n line, 1.5%Ag at 860 MHz 

Figure 7. 470-860 MHz Broadband Amplifier 
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TPV595A 
2-816 

INPUT 

Figure 8. 470-860 MHz Broadband Amplifier 

VCE 

.-----...-------....... ------- VSUPPLY 

Cl 

Cl-l00mF 
C2-10nF 
Dl-1N4l48 

Pl R4 

+------.VCE 

Pl-l.0kn 
Ql-2N2904 
Rl-150n 

Figure 9. Bias Circuit 

R2-5.6kn 
R3-l00n 
R4-2.7n2.0n 

MOTOROLA RF DEVICE DATA 



MOTOROLA 
• SEMICONDUCTOR 

TECHNICAL DATA 

The RF Line 
UHF Linear Power Transistor 
· .. designed for very high output 1.5 V MATV amplifiers up to 860 MHz and 
500 mW Band V TV transposer stages. Gold metallization and diffused emitter 
ballast resistors are used to enhanced reliability, ruggedness and linearity. 

• Band IV and V (470-860 MHz) 

• 0.5 W - Pref @ -58 dB IMD 

• High Gain -12 dB Typ, Class A, f = 860 MHz 

• Gold Metallization for Reliability 

MAXIMUM RATINGS 

Rating Symbol Value Unit 

Collector-Emitter Voltage VCEO 24 Vdc 

Collector-Base Voltage VCBO 45 Vdc 

Emitter-Base Voltage VEBO 3.5 Vdc 

Collector Current - Continuous IC 0.7 Adc 

Total Device Dissipation @ T C = 25°C PD 8.75 Watts 
Derate above 25°C 0.05 WI"C 

Operating Junction Temperature TJ 200 °C 

Storage Temperature Range Tstg -65 to +200 °C 

THERMAL CHARACTERISTICS 

Characteristic 

Thermal Resistance, Junction to Case (T C = 70°C) 

ELECTRICAL CHARACTERISTICS 

I Characteristic Symbol 

OFF CHARACTERISTICS 

Collector-Emitter Breakdown Voltage 
(lc=20mA,IB=0) 

V(BR)CEO 

Collector-Base Breakdown Voltage V(BR)CBO 
(Ie = 1.0 rnA, IE = 0) 

Emitter-Base Breakdown Voltage V(BR)EBO 
(IE = 4.0 rnA, IC = 0) 

Emitter-Base Leakage Current 'EBO 
(VEB=2.0V) 

Collector Cutoff current ICBO 
(VCB = 28 V, IE = 0) 

Collector-Emitter Breakdown Voltage V(BR)CER 
(IC = 20 rnA, RBE = 10 0) 

ON CHARACTERISTICS 

DC Current Gain 
(lC= 100 rnA, VCE =5.0 V) 

DYNAMIC CHARACTERISTICS 

Output Capacitance 
(VCB = 28 V, IE = 0, f= 1.0 MHz) 

MOTOROLA RF DEVICE DATA 

Min 

24 

45 

3.5 

-

-

50 

TPV596A 

0.5 W, 470-860 MHz 
UHF LINEAR 

POWER TRANSISTOR 

CASE 244-04, STYLE 1 
(.280S0E) 

Max 

20 

lYP Max 

- -

- -

- -

- 0.25 

- 1.0 

- -

Unit 

Vdc 

Vdc 

Vdc 

rnA 

mAdc 

Vdc 

TPV596A 
2-817 
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ELECTRICAL CHARACTERISTICS - continued 
I Characteristic Symbol Min Typ Max Unit 

FUNCTIONAL TESTS 

Common-Emitter Amplifier Power Gain GpE 11.5 12 - dB 
(VCE= 20 V, Pout = 0.5 W, f= 860 MHz,lE = 0.22 A) 

Load Mismatch 'I' 
(VCE= 20 V, Pout = 1.0 W,IE= 0.22 A, f= 860 MHz, No Degradation in Output Power 
Load VSWR = -:1, All Phase Angles) 

Intermodulation Distortion, 3 Tone IMD1 - - -50 dB 
(f = 860 MHz, VCE =20V, IE = 0.22 A, Pref= 1.0W, 
Vision carrier = -8.0 dB, Sound Carrier = -7.0 dB, 
Sideband Signal = -16 dB, Specification TV05001) 

Intermodulation Distortion (IDEM) IMD2 - -60 -58 dB 
(f = 860 MHz, VCE = 20 V, IE = 0.22 A, Pre! = 0.5 W, 
VIsion carrier = -8.0 dB, Sound carrier = -10 dB, 
Sideband Signal = -16 dB) 

TYPICAL CHARACTERISTICS 
3 

if 2.5 

~ 2 a: w 

~ 1.5 
5 
I!: 
8 
~ 

/ID~ 

V I 
REA!;.....-

~ ~ V I 
./ 

",. I 
!=860MHz 

..... VCE=20V -

/ Ic= 220 rnA 
I I 0.5 

0 V I 

1 
:lie 0.1 

~ 
CD 
<> c 

20 40 60 80 100 120 140 

I'jn, INPUT POWER (rnW) 

Figure 1. Power Output versus Power Input 

..... 

I' 

t'5 
. b 0.Q1 
if 

NOrE: DIVIDE MTTF BY IC2 TO 

~ 
0.001 

TPV596A 
2-818 

80 

OBTAIN METAL LIFE 

100 120 140 160 180 
TJ, JUNCTION TEMPERATURE (OC) 

Figure 3. MTTF Factor versus Junction 
Temperature 

I"".. 

200 

Figure 2. Large Signal Impedances 
VCE = 20 V -IC = 220 mA 

ZoL* = Conjugate of the optimum load impedance into which the 
device output operates at a given output power, voltege and 
frequency. 

8 
I I 

" 
THEATSINK = 70°C 

" ~ ""'"--
4 8 12 16 20 24 

VCE, COLLECTOR·EMmER VOLTAGE (VOLTS) 

Figure 4. DC Safe Operating Ares 
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IN 

(!}--IL-__ ~ 
so OHM 

MOTOROLA RF DEVICE DATA 

VCE 

OUT 

EF ~ 
.----------!220P ":F:-------' 50 OHM 

50n 

15 ___ • 
AQ 

Figure 5. 860 MHz Test Circuit 

VSUPPLY = 20-25 V 

C 

R4 
~-~~~~------oVCE 

R2 

R3 

C-100 F + 10nF + 1.0 nF 
R1-1.0kohm 
R2-330ohm 
R3-4.7kohm 
R4-10 ohm 112W 
RS-SOohm 

'--...... """--0 VBIAS 
R5 

Figure 6. Class A Bias Circuit 

TPV596A 
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MOTOROLA 
• SEMICONDUCTOR 

TECHNICAL DATA 

The RF Line 
UHF Linear Power Transistor 
• •. designed for 1.0 watt stages in Band V TV transposer amplifiers. Gold 
metallized dice and diffused emitter ballast resistors are used to enhance 
reliability, ruggedness and linearity. 

• Band IV and V (470-860 MHz) 

• 1.0 W - Pref @ -58 dB IMD 

• 2OV-VCC 
• High Gain - 11 dB Typ, Class A @ f = 860 MHz 
• Gold Metallization for Reliability 

MAXIMUM RATINGS 

Rating Symbol Value Unit 

Collector-Emitter Voltage VCEO 24 Vdc 

Collector-Base Voltage VCBO 45 Vdc 

Emitter-Base Voltage VEBO 3.5 Vdc 

Collector Current - Continuous IC 1.4 Adc 

Total Device DIssIpation @ T C = 25"C Po 19 Watts 
Oerata above 25"C 0.11 wrc 

Operating Junction Temperature TJ 200 "C 

Storage Temperature Range Tstg -6510+200 "C 

THERMAL CHARACTERISTICS 

Characterietlc 

Thermal Resistance, Junction 10 Case 

ELECTRICAL CHARACTERISTICS 
I Characteristic Symbol 

OFF CHARACTERISTICS 

Collector-Emitter Breakdown Voltage (IC = 40 rnA, IB = 0) V(BR)CeO 

Collector-Base Breakdown Voltage (IC = 2.0 rnA, Ie = 0) V(BR)CBO 

emittar-Base Breakdown Voltage (Ie = 4.0 rnA, IC = 0) V(BR)E:BO 

Emlttar-Base Leakage CUrrent (VeB = 2.0 V) leBO 

Collector-Emlttar Breakdown Voltaga (IC = 40 rnA, RBe = 10 0) V(BR)CeR 

Collector Cutoff Current (VCB = 30 Y, IE = 0) 

ON CHARACTERISTICS 

I DC Current Gain (Ie = 200 ril'A, Vce = 5.0 V) 

DYNAMIC CHARACTERISTICS 

I Output Capacitance (VCB = 28 V, Ie = 0, f = 1.0 MHz) 

FUNCTIONAL TESTS 

Common-emlttar Amplifier Power Galn 
(VCE = 20 V, Pout = 1.0 W, f = 860 MHz, IE = 0.44 A) 

Load Mismatch 
(Vce = 20 V, Pout = 2.0 W, Ie = Q.44 A, f = 860 MHz, 
Load VSWR = 00:1, All Phase Angles) 

TPV597 
2-820 

ICBO 

GpE 

1(1 

Min 

24 

45 

3.5 

-
50 

-

15 

10.5 I 

TPV597 

1.0 W, 470-880 MHz 
UHF LINEAR 

POWER TRANSISTOR 

CASE 24+04, STYLE 1 
(.280S0E) 

Max 

9.0 

Typ Max 

- -
- -
- -
- 0.5 

- -
- 1.2 

120 

7.0 

11 I - I 

Unit 

Vdc 

Vdc 

Vdc 

rnA 

Vdc 

mAde 

pF 

dB 

No Degradation In Output Power 

(continued) 
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ELECTRICAL CHARACTERISTICS - continued 
I Characteristic 

FUNCTIONAL TESTS (continued) 

Interrnodulation Distortion. 3 Tone 
(f = 860 MHz. VCE = 20 V. 'E = 0.44 A. Pref = 1.0 W. 
Vision Carrier = -8.0 dB. Sound Carrier = -7.0 dB. 
Sideband Signal = -16 dB. Specification TVOS001) 

Cutoff Frequency (VCE = 20 V. 'E = 0.44 A) 

Interrnodulation Distortion (IDEM) 
(f = 860 MHz. VCE = 20 V. IE = 0.44 A. Pref = 2.0 W. 
Vision Carrier = -8.0 dB. Sound Carrier = -10 dB. 
Sideband Signal = -16 dB) 

6 
I 

f =860 MHz 
W 5 

~ 
~ 4 

I--- VCE=20V 

ID~ 'c=440mA 

a: 

~ 3 Q. 

t-
:::J 
Q. 

~ 2 
0 
S 
rE 

5: 1.6 

I :::J 1.2 
<.) 

!5 
t; O.S 

~ 
.9 0.4 

./ ~ ~ 
~ ~ 

V I-'" 

./ 
V 

o 

40 80 120 160 200 240 280 320 

Pin. INPUT POWER (mW) 

Figure 1. Power Output versus Power Input 

I 
T HEATSINK = 70·C 

I'... 

'" r--... ........... 
I"-

5 10 15 20 25 

VCE. COLLECTOR-EMITTER VOLTAGE (VOLTS) 

Figure 3. Safe Operating Area 

30 

MOTOROLA RF DEVICE DATA 

Symbol Min Typ Max Unit 

IMD1 - -60 -S8 dB 

f~ 2.2 2.S - GHz 

IMD2 - - -Sl dB 

o 

0.8 

10 0 

Figure 2. Large Signal Impedances 
VCE=20V-IC=440 mA 

ZoL· = Conjugate of the optimum load impedance into which the 
device output operates at a given output power. voltege and 
frequency. 

<[" 
~ 
x 0.1 en a: 
:t: 

~ 
~ -

a: -
0 
b 0.01 
if 
u. 
1= 
2 

0.001 
80 

" 
NOTE: DIVIDE MTTF FACTORY BY IC2 
TO OBTAIN METAL LIFE 

WO 120 MO 160 180 

T J. JUNCTION TEMPERATURE (OC) 

Figure 4. MTTF Factor versus Junction 
Temperature 

~ 

200 
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TPV597 
2-822 

L 

r 
son 

L = 6 turns 10 = 1 mm Wire diameter = 0.6 mm 
The lengths are given for f = 860 MHz 

Figure 5. 860 MHz Test Circuit 

Vsu PLY 
R4 

,VCE 

son 

1 

C-l00 I1F + 10 nF + 1.0 nF 
Rl -1.0.kohm 

1N4007 R2-330ohm 
C R3-4.7kohm 

R2 
R4 - 5.6 ohm 112 W 
R5-390ohm 

VSIAS 
R3 

R5 

Figure 6. Class A Bias Circuit 
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MOTOROLA 
- SEMICONDUCTOR 

TECHNICAL DATA 

Advance Information 
The RF Line 
UHF Linear Power Transistor 
· .. designed for 4.0 watt stages in Band V TV transposer amplifiers. Gold 
metallized dice and diffused emitter ballast resistors are used to enhance 
reliability, ruggedness and linearity. 

• Band IV and V (470-860 MHz) 

• 4.0 W - Pref @ -60 dB IMD 

• 25V-VCC 
• High Gain - 7.0 dB Min, Class A @ f = 860 MHz 

• Gold Metallization for Reliability 

MAXIMUM RATINGS 

Rating Symbol Value Unit 

Collector-Emitter Voltage VCEO 27 Vdc 

Collector-Base Voltage VCBO 45 Vdc 

Emitter-Base Voltage VEBO 4.0 Vdc 

Operating Junction Temperature TJ 200 °c 

Storage Temperature Range Tstg -65 to +200 °c 

THERMAL CHARACTERISTICS 

Characteristic 

Thermal Resistance, Junction to Case (T C = 70°C) 

Thermal Resistance, Case to Heatsink 

ELECTRICAL CHARACTERISTICS 

I Characteristic Symbol 

OFF CHARACTERISTICS 

Collector-Emitter Breakdown Voltage (IC = 60 mA, IB = 0) V(BR)CEO 

Collector-Base Breakdown Voltage (IC = 10 mA, IE = 0) V(BR)CBO 

Emitter-Base Breakdown Voltage (IE = 3.0 mA, IC = 0) V(BR)EBO 

Collector-Emitter Leakage Current (VCE = 20 V) ICEO 

ON CHARACTERISTICS 

I DC Currant Gain (lc = 500 mA, VCE = 20 V) 

DYNAMIC CHARACTERISTICS 

I Output Capacitance (VCB = 25 V, IE = 0, 1= 1.0 MHz) Cob 

FUNCTIONAL TESTS 

Common-Emitter Amplilier Power Gain GpE 
(VCE = 25 V, Pout = 4.0 W, 1= 860 MHz, IC = 850 mAl 

Intermodulation Distortion, 3 Tone IMD1 
(I = 860 MHz, VCE = 25 V, IE = 850 mA, Prel = 4.0 W, 
Vision Carrier = -8.0 dB, Sound Carrier = -7.0 dB, 
Sideband Signal = -16 dB, Specilication TV05001) 

Cutoff Frequency It 
(VCE = 25 V, IC = 850 mAl 

Symbol 

R9JC 

ReCH 

Min 

27 

45 

4.0 

-

10 

7.0 

-

-

TPV598 

4.0 W, 470-860 MHz 
UHF LINEAR 

POWER TRANSISTOR 

CASE2~,STVLE1 

(.280S0E) 

Max 

6.2 

0.4 Typ 

Typ Max 

- -
- -
- -
- 5.0 

20 

- -

- -58 

2.0 -

This document contains information on a new product. Specifications and information herein are subject to change without notice. 
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Unit 

°CIW 

°CIW 

Unit 

Vdc 

Vdc 

Vdc 

mA 

pF 

dB 

dB 

GHz 

TPV59Q 
2-823 

• 



• 

IN 
SOO 

TPV598 
2-824 

RFC C9 C8 
J:I--t-r---~--_......---o 

cd 
J:. 

1000 

L...,;::.:.;...-r_Ll_l '--~ OUT 

Cl - Variable 0.5-4.7 pF Airtronic 
02, C3 - ATC 4.7 pF 
C4-ATC 10 pF + Variable 0.5-4.7 pF Airtronic 
C5 - ATC 10 pF + ATC 5.6 pF 
C6 - ATC 18 pF + 0.5-4.7 pF Variable Airtronic 
C7 - 470 pF Chip capacitor 
C8 - 1.0 nF + 10 nF Deccupling 
C9-1.0 nF+ 10nF +0.1 ).IF + 10).lF 
C10-10 nF + 1.0).lF + 10).lF 

RFC = 8 tums, 10 2.5 mm, Wire = 0.5 mm 

L 1-500 line 6.2% All at 860 MHz 
L2 - 50 0 line 4.2% All at 760 MHz 
L3 - 50 0 line 4.9% All at 860 MHz 
L4 - 20 0 line 6.5% All al 860 MHz 
L5 - 50 0 line 5% All al 860 MHz 
L6 - 20 0 line 9.5% All a1860 MHz 
L7 - 4.0 0 line 8% All al 860 MHz 
L8 - 55 0 line 7.5% All al 860 MHz 
L9 - 7.5 0 line 8% All at 860 MHz 
Ll0-100 0 line 8% All a1860 MHz 
Ll1 -20 Q line 8%"'g a1860 MHz 

Figure 1. Broadband Test Circuit 

+VSUPPLY 

lkn 3W 

VCE 

l00).lF 

220 
VBE 

4.7kn 10nF 

Figure 2. Class A Bias Circuit 

500 
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MOTOROLA 
• SEMICONDUCTOR 

TECHNICAL DATA 

Advance Information 
The RF Line 
UHF Linear Power Transistor 
· •. designed for driver and output stages in band IV and V TV transposers and 
transmitter amplifiers. The TPV695A uses gold metallized die with diffused 
emitter ballast resistors to enhance reliability, ruggedness and linearity. 
• Band IV and V (470-660 MHz) 
• 14 W - Pref @ -47 dB IMD 
• 25V-VCC 
• High Gain - 10 dB Min, Class A, f = 660 MHz 
• Gold Metallization for Reliability 
• Push-Pull Package 

MAXIMUM RATINGS 

Rating Symbol Value Unit 

Collector-Emitter Voltage VCEO 28 Vdc 

Collector-Base Voltage VCES 50 Vdc 

Emitter-Base Voltage VEBO 4.0 Vdc 

Collector Current - Continuous IC 5.0 Adc 

Total Device Dissipation @ T C = 25·C Po 50 Watts 
Derate above 2500 0.4 Wf'C 

Operating Junction Temperature TJ 200 ·C 

Storage Temperature Range Tstg -5010+200 ·C 

Operating Case Temperature Range TC -1510+70 ·C 

THERMAL CHARACTERISTICS 

Characteristic 

Thermal Resistance, Juncllon 10 case 

ELECTRICAL CHARACTERISTICS 

I Characteristic Symbol 

OFF CHARACTERISTICS 

Collector-Emitter Breakdown Voltage (Ie = 20 mA, IB = 0) V(BR)CEO 

Collector-Emitter Breakdown Voltage (IC = 20 mA, VBE = 0) V(BR)CES 

Emitter-Base Breakdown Voltage (IE = 5.0 mA, IC = 0) V(BR)EBO 

Collector Cutoff Current (VCB = 19 V, IE = 0) ICBO 

ON CHARACTERISTICS 

I DC Current Gain (IC = 1.0 A, VCE = 10 V) 

DYNAMIC CHARACTERISTICS 

I Output capacitance (VeB = 28 V, IE = 0, f = 1.0 MHz) Cob 

FUNCTIONAL TESTS 

Common-Emitter Amplifier Power Gain GpE 
(VCE=25 V, Pout = 14 W, 1= 860 MHz,IC= 2.0 x 900 mA) 

Overdrive (no degradation) Pinover 
(1 = 470 MHz, VCE = 25 V, Ie = 2.0 x 900 mA) 

Intermodulatlon Distortion, 3 Tone IMD1 
(1 = 860 MHz, VCE = 25 V, IE = 2.0 x 900 mA, Pre! = 14 W, 
Vision Canter = -7.0 dB, Sound carrier = -8.0 dB, 
Sideband Signal = -16 dB, Specification TV05001) 

Min 

28 

50 

4.0 

-

20 

10 

12.5 

-

TPV695A 

25 V, 470-860 MHz 
UHFUNEAR 

POWER TRANSISTOR 

CASE 395~1. STYLE 1 
BMA2 

Max 

2.5 

'iYP Max 

- -
- -
- -
- 15 

80 

18 20 

- -

- -

-48 -47 

ThIs document contslns Information on a new product. Specifications and Information herein are subject to change Without notice. 
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Unit 

Vdc 

Vdc 

Vdc 

mAdc 

pF 

dB 

W 

dB 

2N5641 
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MOTOROLA 
• SEMICONDUCTOR 

TECHNICAL DATA 

The RF Line 
UHF Linear Power Transistor 

II 

... designed for output stages in Band IV & V TV transmitter amplifiers. Internal 
matching of both input and output along with use of a push-pull package 
configuration aids broadband amplifier designs. 

Gold metallized dice with diffused emitter ballast resistors enhances 
reliability, ruggedness and linearity. 

• Band IV & V (470-860 MHz) 

• 50 W - Pout, Class AB 

• 28V-VCC 
• Push-Pull Package 

• Gold Metallization for Reliability 

MAXIMUM RATINGS' 

Rating Symbol Value Unit 

Collector-Emitter Voltage VCEO 30 Vdc 

Collector-Base Voltage VCBO 45 Vdc 

Emitter-Base Voltage VEBO 4.0 Vdc 

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

THERMAL CHARACTERISTICS 

Characteristic 

Thermal Resistance, Junction to Case 

ELECTRICAL CHARACTERISTICS 

I Characteristic 

OFF CHARACTERISTICS 

Collector-Emitter Breakdown Voltage 
(IC= 60mA, IB=O) 

Collector-Base Breakdown Voltage 
(IC = 20 rnA, IE = 0) 

Emitter-Base Breakdown Voltage 
(IE = 6.0 mA, IC = 0) 

Collector Cutoff Current 
(VCE = 28 V, VBE = 0) 

ON CHARACTERISTICS 

I DC Current Gain (IC = 1.0 A, VCE = 10 V) 

DYNAMIC CHARACTERISTICS 

I Output Capacitance (VCB = 28 V, IE = 0, I = 1.0 MHz) 

FUNCTIONAL TESTS 

Common-Emitter Amplilier Power Gain 
(VCE = 28 V, Pout = 50 W, I = 860 MHz, ICO = 2.0 x 200 mAl 

Collector Efficiency 
(VCE = 28 V, Pout = 50 W, 1= 860 MHz, ICO = 2.0 x 200 rnA) 

Output Power, 1.0 dB Compression Point 
(VCE = 28 V, 1= 860 MHz, ICO = 2.0 x 200 rnA, Prel= 12.5 W) 

TPV5055B 
2-826 

Symbol 

V(BR)CEO 

V(BR)CBO 

V(BR)EBO 

ICES 

Cob 

GpE 

TJ 

Pol dB 

Min 

28 

45 

4.0 

-

10 

7.0 

45 

50 

TPV50558 

50 V, 470-860 MHz 
UHF LINEAR 

POWER TRANSISTOR 
NPNSILICON 

CASE 398, STYLE 1 
(BMA-4) 

Typ Max 

- -

- -

- -

- 10 

38 

- -

50 -

- -

Unit 

Vdc 

Vdc 

Vdc 

mAdc 

pF 

dB 

% 

W 
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TYPICAL BROADBAND RESULTS 
VCC=28V ICQ=2x200mA 

80 

40 

f = 470-860 MHz 

-
l......- ... .......... 

~ 

500 600 700 800 

f. FREQUENCY (MHz) 

Figura 1. Power Output at 1.0 dB Compression 
versus Frequency 

80 

~ 
~ 60 
iii 
~ 
LL 
W 

50 II: 

§ 

~ 40 
c:; 
~ 

900 

-
/" -

500 600 700 800 800 

f. FREQUENCY (MHz) 

Figura 2. Collector EffIciency versus Frequency 

TYPICAL CHARACTERISTICS 

70 

f =470 MHz..,... ~ :;:;- 860MHz 

0 J "/"" 850 MHz 

L. ~/ 
IQ 

h-
"' 10 

2 6 10 14 

Pin. POWER INPUT (WATTS) 

Figura 3. Power Output versus Power Input 

~ MAXIMUM DISSIPATED POWER UNDER RF CONDITIONS 
- PIfISSMAX(@TC .. 70OC)=85W = lem (MAXIMUM CONTINUOUS CURRENT)@VCE<5 V ~ 9 A 

J 106 
100 

" 
.............. 

I I I I I 
120 140 160 160 200 

T J. JUNCTION TEMPERATURE (OC) 

18 

, 
220 

Figura 4. MTTF Factor versus Junction Temperatura 
(MnF - Hrs. x A2 - Divide by IC2 to obtain 

MTTF In hours) 

MOTOROLA RF DEVICE DATA 

f(MHz) ZJn(O) ZoL*(O) 

470 l.5+jO.65 7.8+j5.3 
520 9+j4.5 
565 1.9+jl 10+j2.5 
590 10+jO 
630 2.5+11 7.8-12 
680 6-11.7 
765 2.9+10.8 5-11 
860 3+jO.5 4.5-10.5 

Pout = @ 1.0 dB Compression 
Vee = 28 V. ICQ = 2.0 x 200 rnA 

ZoL * = Conlugate of 1he optimum load Impedance into 
which 1he device output operates at a given output 
power. voltage and frequency. 

Figura 5. ZIN end ZoL * versus Frequency 
(Each Side) 

TPV5055B 
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VSE 

IN~~fCl 
500 L1 

81 

Cl -Chip Capacitor 100 pFATC 100Al01JP50 
C2 - Trimmer Capacitor 0.5/4.0 pF Ref. 37275 TEKELEC 
C3-Chip Capacitor 1.3 pFATC 100A1R3BP50 
C4 - Trimmer CapacItor 1.0-4.0 pF GKU 4RO 
C5 - Chip Capacitor 5.6 pF ATC 100ASR6CP50 
C6 - Trimmer Capacitor 0.514.0 pF Ref. 37275 TEKELEC 
C7 - Chip Capacitor 18 pF ATC 100A 1800P50 
C8 - Chip Capacitor 6.8 pF ATC 100A6R8CPSO 
C9 - Trimmer Capacitor 0.5/4.0 pF Ref. 37275 TEKELEC 
Cl0 - 6 mm Coaxial Line 50 00ia.070 
Cl1 - Trimmer Capacitor 0.5/4.0 pF Ref. 37275 TEKELEC 
C12 - Chip Capacitor 100 pF ATC 100Al01JPSO 
C13 - Chip Capacitor 100 pF ATC 100Al01JP50 
Cl4-Chip Capacitor 1.0 nF 
C15 - Chip Tantalum Capacitor 6.8 IlF 35 V 
C16 - Capacitor 100 IlF 40 V 
C17 - Chip Capacitor 100 pF ATC 1 OOA 101 JP50 

L9 

82 

L10 L11 L12 L"13 
C13 

Cl~ 
Cl~ RF 
~OUTPUT 

L14 L15l 500 

L 1 - 50 0 Printed Line 
L2 - SO 0 Printed Line 
L3 - Coaxial Cable 50 0 85 mils L = 75 mm 
L'3 - 70 0 Printed Line; Length 75 mm 
L4 - 25 0 Printed Une; Length 2 mm 
L5 - 35 Q Printed Line; Length 22 mm 
L6 - 35 0 Printed Line; Length 12 mm 
L7 - 35 0 Printed Line; Length 2 mm 
L8 - 25 0 Printed Line; Length 8 mm 
L9 - 25 0 Printed Line; Length 16 mm 
L 10 - 25 0 Printed Line; Length 7 mm 
L11 - 35 0 Printed Line; Length 15 mm 
L 12 - 35 0 Printed Line; Length 15 mm 
L 13 - Coaxial Cable 50 Q 85 mils L = 75 mm 
L'13 - 70 0 Printed Line; Length 75 mm 
Le 13 - 70 0 Printed Line; Length 75 mm 
L 14 - 40 Q Printed Une; Length 7 mm 
SI - 4 Turns Wire 0.8 mm 10 3 mm 
S2 - 4 Turns Wire 0.8 mm 103 mm 
RF Substrate. Teflon Glass 1/50 inch 35 11 
Note: L3 & L 13 soldered on 70 W printed line L'31L'13 

Figure 6. 470-860 MHz Test Circuit, Class AS 

TPV5055B 
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L1 R3 
r---~----------~~----------~~V~ 

R6 

R2 

C5 C4 R5 C3 

C1 

Figure 7. Bias Circuit, Class AB 

Clb - 2211F 35 V Tantalum capacitor 
C2b - 6.8 I1F 35 V Tantalum Capacitor + 1.0 nF Chip Capacitor 
C3b - 6.8 I1F 35 V Tantalum Capacitor 
C4b -1.0 nF Chip Capacitor 
C5b -100 pF ATC 100Al01JP50 
01b-Zener Diode 9.1 V 
02b - Diode 1 N4007 (fixed in the heatsink 

next to the RF Transistor Range) 

Pl b - 500 n Trimmer 
Rlb-2.2 kO 1/4 W 
R2b-l.5kOl/4W 
R3b -15 n 3.0 W SFERNICE 
R4b-l.0 kO 1/4 W 
R5b-47 n 112W 
R6b-150 n 1/4 W 
Tl b - Transistor BC337 

R1 

+ 

L 1 b - 10 Turns Wire 0 30/100 around R6 T2b - Transistor BOl35 fixed on the heatslnk 

Figure 8. PC Board Layout 

MOTOROLA RF DEVICE DATA TPV5055B 
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MOTOROLA 
• SEMICONDUCTOR 

TECHNICAL DATA 

The RF Line 
NPN Silicon 
RF Power Transistor 

The TPV6030 is designed for driver stages in band IV and V TV transmitter 
amplifiers. It incorporates high value emitter ballast resistors, gold metalliza
tions and offers a high degree of reliability and ruggedness. 

Including double input and output matching networks, the TPV6030 features 
high impedances. It can easily operate in a full 470 MHz to 860 MHz bandwidth 
in a single and simple circuit. 
• To be used class A for TV band IV and V. 
• Specified 25 Volts, 860 MHz Characteristics 

Output Power = 20 Watts @ -51 dB (3 tones) 
Output Power = 35 Watts @ 1 dB Compo (CW) 

MAXIMUM RATINGS 

Rating Symbol 

Colleclor-Emitter Voltage VCEO 

Colleclor-Base Voltage VCBO 

Emitter-Base Voltage VEBO 

Slarage Temperature Range Tstg 

Operating Junction Temperature TJ 

Total Device Dissipation @ T = 25°C Po 
Derate above 25°C 

THERMAL CHARACTERISTICS 

Characteristic 

Thermal Resistance, Junction 10 Case (1) 

Value Unit 

28 Vdc 

55 Vdc 

4 Vdc 

-65 to +150 °c 

200 °c 

160 W 
0.9 WfOC 

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

I Characteristic I Symbol 

OFF CHARACTERISTICS 

Collector-Emitter Breakdown Voltage 
(IC = 35 mA, Rbe = 75 0) 

Collector-Emitter Breakdown Voltage 
(IC = 10 mAde) 

Collector-Base Breakdown Voltage 
(IE = 35 mAdc) 

Colleclor-Emitter Leakage 
(VCE = 30 V, Rbe = 75 0) 

ON CHARACTERISTICS 

DC Current Gain 
(IC=2Adc, VCE= 10Vdc) 

DYNAMIC CHARACTERISTICS 

Output Capacitance (each side) (2) 
(VCB= 28 V, IE=O, f= 1 MHz) 

NOTES: 

V(BR)CER 

V(BR)EBO 

V(BR)CBO 

ICER 

1. Thermal resistance Is determined under specified RF operating condition. 

Min 

40 

4 

55 

-

TPV6030 

35 W, 470-860 MHz 
NPNSILICON 

RF POWER TRANSISTOR 

CASE 375A, STYLE 1 

Max 

1.1 

Typ Max 

- -

- -

- -

- 10 

Unit 

Vdc 

Vdc 

Vdc 

mA 

2. Value of "COb" is that of die only. It is not measurable in TPV6030 because of intemal matching network. 

TPV6030 
2-830 
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ELECTRICAL CHARACTERISTICS - continued (T C = 25°C unless otherwise noted) 

I Characteristic I Symbol I Min Typ 

FUNCTIONAL TESTS 

Common-Emitter Amplifier Power Gain Gp 9.5 10.5 
(VCE = 25 V, IC = 4.5 A, f = 860 MHz) 

Intermodulatlon (-8 dB/-7 dB/-16 dB) (3) IMD - -52 
(VCE = 25 V, Pout = 20 W ref, Ie = 4.5 A, f = 860 MHz) 

Output Power @ 1 dB Compression Pout 35 40 
(VCE = 25 V, IC = 4.5 A, f = 860 MHz) 

NOTE: 
3. Vision Carrier, Sound Carrier and Sideband Signal respectively. 

VCE = 25 V, IC = 4.5 A 

f 511 521 512 S22 

MHz IS111 L0 1S211 L0 15121 L0 15221 L0 

460 .98 175 1.04 98 .012 50 .73 168 

560 .97 172 1.17 83 .015 39 .66 170 

660 .94 170 1.46 60 .020 23 .59 176 

760 .88 168 1.77 35 .026 -4 .59 -168 

860 .81 171 1.70 -7 .027 -42 .77 -163 

Table 1. Common Emitter S-Parameters 

MOTOROLA RF DEVICE DATA 

Max 

-

-51 

-

Unit 

dB 

dB 

W 

TPV6030 
2-831 



• 

MOTOROLA 
• SEMICONDUCTOR 

TECHNICAL DATA 

The RF Line 
UHF Linear Power Transistor 
· .. designed for output stages in Band IV & V TV transmitter amplifiers. Internal 
matching of both input and output along with use of a push-pull package 
configuration aids broadband amplifier designs. 

Gold metallized dice with diffused emitter ballast resistors enhances 
reliability, ruggedness and linearity. 

• Band IV & V (470-860 MHz) 

• 25 W - Pref @ -45 dB IMD 

• 25V- VCC 
• Push-Pull Package 

• Gold Metallization for Reliability 

MAXIMUM RATINGS 

Rating Symbol 

Collector-Emitter Voltage VCEO 

Collector-Base Voltage VCBO 

Emitter·Base Voltage VEBO 

Operating Junction Temperature TJ 

Storage Temperature Range Tstg 

Operating Case Temperature TC 

THERMAL CHARACTERISTICS 

Characteristic 

Thermal Resistance, Junction to Case (T C = 70°C) 

ELECTRICAL CHARACTERISTICS 

I Characteristic 

OFF CHARACTERISTICS (1) 

Collector-Emitter Breakdown Voltage 
(IC = 120 mA, IB = 0) 

Collector-Base Breakdown Voltage 
(IC=20mA,IE=O) 

Emitter-Base Breakdown Voltage 
(IE = 6.0 mA, IC = 0) 

ON CHARACTERISTICS (1) 

DC Current Gain 
(IC= t.OA, VCE=20V) 

DYNAMIC CHARACTERISTICS (1) 

Output capaCitance 
(VCB=28 V,IE = 0, f = 1.0 MHz) 

NOTE: 
1. Each transistor chip measured separately. 

TPV7025 
2-832 

Value Unit 

28 Vdc 

45 Vdc 

4.0 Vdc 

200 °C 

-50 to +200 °C 

70 °C 

Symbol 

V(BR)CEO 

V(BR)CBO 

V(BR)EBO 

Min 

28 

45 

4.0 

TPV7025 

25 W, 470-860 MHz 
UHF LINEAR 

POWER TRANSISTOR 

CASE 398, STYLE 1 
(BMA-4) 

Max 

1.5 

Typ Max 

- -

- -

- -

Unit 

Vdc 

Vdc 

Vdc 

MOTOROLA RF DEVICE DATA 



ELECTRICAL CHARACTERISTICS - continued 

I Characteristic Symbol Min Typ Max Unit 

FUNCTIONAL TESTS (2) 

Common-Emitter Amplifier Power Gain GPE 9.0 - 10.5 dB 
(VCE = 25 V, Pout = 25 W, 1 = 860 MHz, Ica = 3.2 A) 

Load Mismatch Ij1 

(VCE = 25 V, Pout = 24 W, 1 = 860 MHz, No Degradation in Output Power 
Load VSWR = -:1, All Phase Angles) 

Overdrive (I = 470 MHz, 2 tones, VCE = 25 V, IC = 3.2 A) Pinover 24 - - W 
(No Oegradation) 

Intermodulation Distortion, 3 Tone IMDl - - -45 dB 
(1= 860 MHz, VCE = 25 V, IE = 3.2 A, Prel= 25 W, 
Vision Carrier = -8.0 dB, Sound Carrier = -7.0 dB, 
Sideband Signal = -16 dB, Specilication TV05001) 

Cross Modulation Distortion XMOD - - 20 % 
(Prel= 25 W, 1= 860 MHz, .1.% Sound = (-7.0 dB), 
Vision 0 - Peak) 

NOTE: 
2. Both transistor chips operating in push-pull amplifier. 

TYPICAL CHARACTERISTICS 

in 
:E. 
:z 

~ 
~ 
i3 

-45 

:z 
Q-55 
!5 
::::> c 

~ 
~ 
- -65 

V 
/' 

/' 
/ 

./ -
/' f=860MHz 

VCE=25V -
/ IC=3.2A 

,/ 
Tbp=25°C -
3TONES:-8dB,-7dB,-17dB -, 
I I .11 I 

5 6.25 8 10 12.5 16 20 25 28 

Poul, OUTPUT POWER (WATTS) 

Figure 1. IMD versus Output Power 

MOTOROLA RF DEVICE DATA 

m 
:E. 
:z 

~ 
~ -48 
c 

~ -50 
!5 
::::> 
c 
~ -52 
a: 

~ 
~ 

.. 
" 1\ 

\ 

10--r....... ./ 
./ I' ,.,1' 

---V Pout=20W -
VCE=25V 
IC=3.2A -
Tb =25°C 
3 rDNES:-8dB,-7dB,-17dB -

500 600 700 800 

f, FREQUENCY (MHz) 

Figure 2. IMD versus Frequency 

TPV7025 
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C1-15pF 
C2-180pF 
C3-10pF 
C4-15pF 
C5-15pF 
C6-180 pF 
C7-4.7 pF 
C8-100pF 
L1-90/16mm 
L2-90/16mm 
l3-35/10mm 
L4-25/7mm 
L5-70/6mm 
L6-70/26mm 
L7-'-60/16mm 
R1-3.3Q 

Board Material: TeHon Glass Substrate .020 In. 

VCE 
(Volts) 

25 

TPV7025 
2-834 

IC 
(A) 

2x 1.8 

f 
(GHz) 

0.44 
0.46 
0.46 
0.50 
0.52 
0.54 
0.56 
0.5B 
0.60 
0.62 
0.64 
0.66 
0.68 
0.70 
0.72 
0.74 
0.76 
0.78 
0.80 
0.82 
0.B4 
0.86 
0.88 

Figure 3. 470.,..860 MHz Broadband Test Circuit 

S11 1i21 

Mag Lcp Mag Lcp Mag 

1.0 178 1.25 80 0.02 
1.0 176 1.25 84 0.02 
1.0 174 1.30 B1 0.02 

0.99 173 1.39 75 0.02 
0.9B 171 1.42 70 0.03 
0.97 173 1.52 65 0.03 
0.97 171 1.67 67 0.03 
0.94 169 1.77 49 0.03 
0.92 164 1.93 40 0.04 
0.B9 163 2.05 30 0.04 
0.B6 163 2.19 18 0.05 
0.82 164 2.29 4.0 0.05 
0.79 166 2.29 -11 0.05 
0.79 169 2.16 -26 0.05 
0.79 171 1.99 -40 0.05 
0.82 172 1.80 -52 0.05 
0.84 172 1.59 -63 0.04 
0.B6 172 1.3B -74 0.04 
O.BB 171 1.23 -B2 0.03 
0.B9 170 1.10 -BB 0.03 
0.90 170 0.99 -94 0.03 
0.90 169 0.89 -100 0.03 
0.90 168 0.80 -107 0.03 

Table 1. Common Emitter S·Parameters 

S12 S22 

Lcp Mag Lcp 
29 0.89 156 
31 0.78 151 
30 0.70 146 
29 0.65 145 
26 0.59 142 
17 0.53 140 
12 0.46 139 
8.0 0.39 138 
0 0.31 142 

-9.0 0.23 157 
-19 0.21 -173 
-30 0.30 -150 
-42 0.43 -147 
-55 0.57 -150 
-66 0.68 -155 
-76 0.77 -161 
-B7 0.B3 -16B 
-96 0.86 -173 
-102 0.B8 -178 
-106 0.B8 17B 
-110 0.B9 175 
-115 0.88 172 
-119 0.87 170 

MOTOROLA RF DEVICE DATA 



MOTOROLA 
• SEMICONDUCTOR 

TECHNICAL DATA 

The RF Line 
NPN Silicon 
RF Power Transistor 

The TPV81 OOB is designed for output stages in band IV and V TV transmitter 
amplifiers. It incorporates high value emitter ballast resistors, gold metalliza
tions and offers a high degree of reliability and ruggedness. 

Including double input and output matching networks, the TPV8100B 
features high impedances. It can easily operate in a full 470 MHz to 860 MHz 
bandwidth in a single and simple circuit. 

• To be used class AB for TV band IV and V. 

• Specified 28 Volts, 860 MHz Characteristics 
Output Power = 125 Watts (peak sync.) 
Output Power = 100 Watts (CW) 
Minimum Gain = 8.5 dB 

• Specified 32 Volts, 860 MHz Characteristics 
Output Power = 150 Watts (peak sync.) 

MAXIMUM RATINGS 

Rating 

Collector-Emitter Voltage 

Collector-Base Voltage 

Emitter-Base Voltage 

Collector-Current - Continuous 

Total Device Dissipation @ 25°C Case 
Derate above 25°C 

Operating Junction Temperature 

Storage Temperature Range 

THERMAL CHARACTERISTICS 

Characteristic 

Thermal Resistance, Junction to Case (1) 

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

I Characteristic I Symbol 

OFF CHARACTERISTICS 

Collector-Emitter Breakdown Voltage 
(lc = 10 mA, Rbe = 75 0) 

V(BR)CER 

Collector-Emitter Breakdown Voltage V(BR)EBO 
(lC=10mAdc) 

Collector-Base Breakdown Voltage V(BR)CBO 
(IE = 20 mAde) 

Collector-Emitter Leakage ICER 
(VCE = 28 V, Rbe = 75 0) 

NOTE: 
1. Thermal resistance is determined under specified RF operating condition. 

MOTOROLA RF DEVICE DATA 

Symbol 

VCER 

VCBO 

VEBO 

IC 

Po 

TJ 

Tstg 

Min 

30 

4 

65 

-

TPV8100B 

150 W, 470-860 MHz 
NPNSILICON 

RF POWER TRANSISTOR 

CASE 398, STYLE 1 

Value 

40 

65 

4 

12 

215 
1.25 

200 

-65 to +150 

Max 

0.8 

Typ Max 

- -

- -

- -

- 10 

Unit 

Vdc 

Vdc 

Vdc 

Adc 

Watts 
wrc 

°c 

°c 

Unit 

Vdc 

Vdc 

Vdc 

mA 

(continued) 
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ELECTRICAL CHARACTERISTICS - continued (Tc = 25"0 unless otherwise noted) 

I Characterlatlc I Symbol I Min Max Unit 

ON CHARACTERISTICS 

DC Current Gain 
(IC = 2 Ado, VCE = 10 Vdc) 

DYNAMIC CHARACTERISTICS 

I Output Capacitance (each side) (2) 
~CB=28V,IE=O, f= 1 MHz) 

FUNCTIONAL TESTS IN CW (SOUND) 

Common-Emitter Ampllflar Power Gain 
(VCC = 28 V, Pout = 100W, ICQ = 2 x50 mAo f=880 MHz) 

Collector Efficiency 
(VCC =28 V, Pout = 100W,IQ = 2 x50 mA, f=880 MHz) 

Output Power @ 1 dB Compression (Pref = 25 W) 
(VCC = 28 V,ICQ = 2 x 50 mA, f = 880 MHz) 

FUNCTIONAL TESTS IN VIDEO (STANDARD BLACK LEVEL) 

Peak Output Power (synch.) 
(VCC = 28 V, ICQ = 2 x 50 mA, f = 880 MHz) 

Peak Output Power (synch.) 
(VCC = 32 V, ICQ ~ 2 x 25 mA, f = 880 MHz) 

Recommended Quiescent Current 

NOTE: 

Cob 

Gp 

11 

Pout 

Pout 

Pout 

ICQ 

44 pF 

8.5 9.5 - dB 

55 58 - % 

100 110 - W 

125 135 - W 

150 180 - W 

- - 2xO.3 A 

2. Value of "Cob" is that of die only. It Is not measurable In TPV8100B beCause of Intemal matching network. 

TPV8100B 
2-836 

f Zin ZoL* 
(MHz) (Ohms) (Ohms) 

470 1.95+J3.67 10.0+ J9.50 
665 3.65+j6.82 9.23+ j1.3O 
860 6.66+j13.8 4.45+J5.22 

ZoL* = Conjugate of optimum load Impedance Into which 
the device operates at a given output power, 
voltage, current and frequency. 

Input and Output Impedances with circuit tuned for maximum lineerity @ VCC = 28 V 'ICQ = 2 x 50 mA' Pout = 100 W 

Figure 1. Series Equivalent Input/Output Impedances 

MOTOROLA RF DEVICE DATA 



10 

~ -I 

8 

450 

-

C1, C9 -Chip Capacitor 15 nF 
02, Cl0-Chip Capacitor 100 nF 
ca, Cll - Chip CapacItOr 100 I1F/40 V 
C4 - Chip capacitor 15 pF ATC 100A 
C5 - Chip Capacitor 5.6 pF ATC 100A 
C6 - Trimmer Capacitor 1-4 pF 
C7 - Chip Capacitor 12 pF ATC 100B 
C8 - Chip Capacitor 15 pF ATC 100A 
C12-Chip capacitor 12 pFATC 100A 
L 1, L3 - Coaxial Wire 25 CI85 MlIsl40 mm 
L2, L4 - Printed Board Inductance. 
R1, R2 - Chip Resistor 1 n 0805 5% 

FIgure 2. Test Circuit 

.... 

TYPICAL CHARACTERISTICS 

CW - WIDEBAND 

60 

'~ 
......... 
~ 

Pout=100W 
VCE=28V - 40 
ICQ=2xSOmA 

I 
900 450 

f, FREQUENCY (MHz) 

OUT 

~ 

Pout=100W 
VCE=28V -
!cQ=2xSOmA 

900 
f, FREQUENCY (MHz) 

Figure 3. Power Gain versus Frequency . Figure 4. Collector Efficiency versus Frequency 
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150 

/' 
./ 

./ 

'" 20 2 4 

TYPICAL VIDEO CHARACTERISTICS @ f = 800 MHz 
VCE=28V 

IRE Black VIDEO SIGNAL 100~ 
~~ 

-k-" 
I'" 

II" 
V 

lL" TEST CONDITIONS: -
V STANDARD BLACK LEVEL-

CHANNa 61 -
lea=2x50mA -
VCE=26V , , , , , , ,-

6 8 10 12 14 16 
Pin. INPUT POWER (WArTS) 

1i) 

~ 
~ 
II: 

~ ... 
=> 
<l. ... 
=> 
0 

rE 

150 

100 

50 

I' 20 
2 4 

-i'""" 

..... ", 
V-

I'" 

TEST CONDITIONS: -
STANDARD BLACK LEVEL_ 
CHANNEL 61 -
lea =2x300 rnA -
VCE=26V , , , , , , ,-

6 8 10 12 14 16 
Pin. INPUT POWER (WAITS) 

Figure 5. Peak Output Power versus Peak 
Input Power 

Figure 6. Peak Output Power versus Peak 
Input Power 

ICQ=2x50rnA 

Pout=l00W 

TPV8100B 
2-838 

P0u1=l30W 

TEST CONDITIONS: 
DIFF. Gain, 10 Steps 
Channel 61 
VCE=28V '1 ~ 1 IRE ~ ,- \.! VIDEO SIGNAL 

lea =2x 150 rnA !CQ=2x300rnA 
% % 

Pou1=l00W Pou1=l30W Poul= 100W Pou1=110W 

Figure 7. Gain versus Output Power 
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150 

I' 20 2 

1,/ 
~ 

./ 

4 

TYPICAL VIDEO CHARACTERISTICS @ f = 800 MHz 
VCE=32V 

l00~ 
IRE ~~ VIDEO SIGNAL 

.J' ~ 
L.-"" 

~ 
.~ VeE =32 V,leo = 2 x 25 mA 

1/ 
./ Pout Galn 

25W 10.6 dB 

-TEST CONDITIONS: 
STANDARD BLACK LEVEL -

SOW 11.1 dB 
l00W 11.3 dB 

CHANNEL 61 - 120W 11.1 dB 

ICO-2x25mA -
VCE-32V = 130W 11.0 dB 

140W 10.7 dB 
lSOW 10.5 dB 

6 8 10 12 14 16 160W 10.2 dB 
Pi'" INPUT POWER (WATTS) (see curve on left) 

Figure 8. Peak Output Power versus Peak 
Input Power 

Pout=l00W 

TEST CONDITIONS: 
DIFF. Gain, 10 Steps 
Channel 61 
Vce=32V 
Ica=2x25mA 

% 

100 
90 
80 
70 
60 
50 
40 
30 
20 
10 
o 

Pout=13OW 

"']~lVOEO-
% 

100 
90 
80 
70 
60 
50 
40 

....: 30 
20 
10 
o 

Pout=l50W 

Figure 9. Differential Gain 
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TPV8100B 
2-840 

60mm 

• • 
~1.~-------------------------1~mm--------------------------~.1 

Figure 10. Photomaster 
(Teflon® Glass 1/50 in., e r = 2.43) 

Figure 11. Components View 

SCALE 0.75:1 
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MOTOROLA 
- SEMICONDUCTOR 

TECHNICAL DATA 

The RF Line 
NPN Silicon 
RF Power Transistor 

The TPV8200B is designed for output stages in band IV and V TV transmitter 
amplifiers. It incorporates high value emitter ballast resistors, gold metalliza
tions and offers a high degree of reliability and ruggedness. 

Including input and output matching networks, the TPV8200B features high 
impedances. It can operate over the 470 MHz to 860 MHz bandwidth using a 
single fixed tuned circuit. 

• To be used class AB for TV band IV and V. 

• Specified 28 Volts, 860 MHz Characteristics 
Output Power = 190 Watts (peak sync.) 
Output Power = 150 Watts (CW) 
Gain = 8 dB Min 

MAXIMUM RATINGS 

Rating 

Collector-Emitter Voltage 

Collector-Base Voltage 

Emitter-Base Voltage 

Collector-Current - Continuous 

Total Device Dissipation @ TC = 250C 
Derate above 25°C 

Quiescent Current (without RF drive) 

Storage Temperature Range 

THERMAL CHARACTERISTICS 

Characteristic 

Thermal ReSistance, Junction to Case (1) 

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

I Characteristic I Symbol 

OFF CHARACTERISTICS 

Collector-Emitter Breakdown Voltage V(BR)CEO 
(IC = 20 mAde, IB = 0) 

COllector-Base Breakdown Voltage V(BR)CBO 
(IC = 20 mAdc, IE = 0) 

Emitter-Base Breakdown Voltage V(BR)EBO 
(IE = 20 mAde, IC = 0) 

Collector-Emitter Leakage Current ICER 
(VCE = 28 Vdc, RBE = 75 0) 

NOTE: 
1. Thermal resistance is determined under specific RF condition. 

Teflon Is a registered trademark of du Pont de Nemours & Co., Inc. 

Preferred devices are Motorola recommended choices for future use and best overall value. 

MOTOROLA RF DEVICE DATA 

Symbol 

VCEO 

VCBO 

VEBO 

IC 

PD 

ICQ 

Tstg 

Min 

30 

65 

4 

-

TPV8200B 

190 W, 470-860 MHz 
RF POWER TRANSISTOR 

NPNSILICON 

CASE 375A, STYLE 1 

Value 

30 

65 

4 

20 

250 
1.43 

2x500 

-65 to +150 

0.7 

Typ Max . 

35 -

80 -

5 -

- 15 

Unit 

Vdc 

Vdc 

Vdc 

Adc 

Walts 
wrc 
mAdc 

OC 

Unit 

Vdc 

Vdc 

Vdc 

mAde 

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

I Characteristic I Symbol I Min 

ON CHARACTERISTICS 

I DC Current Gain (ICE = 2 Adc, VCE = 10 Vdc) 

DYNAMIC CHARACTERISTICS 

Oulput Capacitance (each side) (2) 
(VCB=28 Vdc,lE = 0, 1= 1 MHz) 

FUNCTIONAL TESTS IN CW 

Common-Emitter Amplifier Power Gain 
(VCE =28 Vdc, Pout = 150W,Ica = 2 x75 rnA, 1= 860 MHz) 

Collector Efficiency 
(VCE =28 Vdc, Pout = 150W,Ica = 2 x75 mA, f= 860 MHz) 

Output Power @ 1 dB Compression (Prel = 40 W) 
(VCE = 28 Vdc,lca = 2 x 75 mA, 1 = 860 MHz) 

Input overdrive: no degradation 
(VCE = 28 Vdc, Ica = 2 x 75 rnA, 1 = 860 MHz) 

Output Mismatch Stress: 
(VCE =28 Vdc, Pout = 120 W,lca = 2 x 75 mA, 1= 860 MHz, 
Load VSWR = 3:1, all phase angles at lrequency 01 test) 

FUNCTIONAL TESTS IN VIDEO (Standard Black Level) 

Peak Output Power @ 1 dB Compression 
(VCE = 28 Vdc. Ica = 2 x 75 mA, 1 = 860 MHz) 

NOTE: 

Gpe 8 

11 45 

Pout 150 

Pin 30 

IjI 

Max Unit 

9.5 - dB 

53 - % 

165 - W 

- - W 

No Degradation in Output Power 
Before or After Test 

2. Value 01 ·Cob· Is that of die only. It Is not measurable in TPV8200B because 01 internal matching network. 

INPUT o--J~--<:I 

Cl - Chip capacitor 47 pF ATC 100A 
C2 - Chip Capacitor 12 pF ATC 100B 

+ Trimmer Capacitor 0.5-4 pF 
C3 - Chip Capacitor 8.2 pF ATC 100B 
C4 - Chip Capacitor 12 pF ATC 100B 
C5 - Chip capacitor 100 pF ATC 100A 
C6 - Chip capacitor 2 x 1000 pF Vitramon 
C7 - Chip capaCitor 2 x 0.1 ILF Vitramon 

TPV8200B 
2-842 

C8 - Capacitor 220 ILF/16 V 
C9 - Capacitor 100 ILF/40 V 
Cl0 - Chip capacitor 100 pF Vitramon 
Cll - Chip Capacitor 15 nF Vitramon 
Ll-CoaxiaI250Ilength=41 mm 
L2 - Coaxial 25 O/Iength = 41 mm 
Rl - Chip Resistor 47 0 
R2-2x 1 0 (0.5 0) 

Figure 1. 860 MHz Test Circuit 

p..-·u--o OUTPUT 

R3 - Resistor 0.8 0 
R4 - Resistor 47 0 
R5 - Resistor 1.2 kO 
Pl - Trimmer Resistor 5 kO 
T1 - Transistor BD 135 
T2 - Transistor BD 135 
PC Board: 1/50" Gless Tellon<i!> e r = 2.55 

MOTOROLA RF DEVICE DATA 
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o ~ ....... 

o 
Figure 2.· Photomaster 

IIEI·.I 

Figure 3. Components View 

CAUTION 
The TPV8200B Is a high power transistor and thermal adaptation Is very Important for good RF performance 
(see mechanical drawing for mounting recommendations). 
Maximum Ratings (see page 2-841) are given to avoid destruction of the transistor; another limitation is MMMTBF and the 
user must first determine the minimum wanted life-time In order to choose the right way of use for the device 
(888 MMMTBF curves). especially In case of CW application. 

MOTOROLA RF DEVICE DATA TPV8200B 
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TYPICAL CHARACTERISTICS 
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Figure 4. Output Power @ 1 dB Compo 
versus Frequency 
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Figure 6. Output Power versus Input Power 
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Figure 8. Intermodulatlon versus Peak Power 
(Side Band) 
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Figure 5. Power Gain versus Frequency 
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Figure 7. Collector Efficiency versus Output Power 
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Figure 9. Intermodulation versus Peak Power 
(Dual Sound) 
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TYPICAL VIDEO CHARACTERISTICS @ f = 860 MHz 
VCE=28V 

VCE=28V 
ICQ = 2 x 75 rnA 100 (Input Video Wevefonn) 

VCE=28V 
(Input VIdeo Wevefonn) 

f=860 MHz 
(Channel 69) 400-ut--ut-
Black Level 

Ica =2x75mA 
f= 860 MHz 
(Channel 69) 
Black Level ~ -uI-tt 

30 

'- -..... ...... 
~ 

/ "" 
/' 

/' " '" ...... V 
...... V 

V 

5 10 15 20 

Pin. INPUT POWER (WATTS) 

Figure 10. Peak Output Power versus Peak 
Input Power 

25 

TEST CONDITIONS: (Input Video Wevefonn) 

10% Rest Carne.r 

/\ Channel 69 
VCE=28V 
ICQ=2x 75 rnA 

% 

90 
80 
70 
80 
50 
40 
30 
20 
10 
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Pout=100W Pout = 150W 
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Figure 11. Sync. Pulse versus Peak 
Output Power 

(Input Video Wevefonn) 
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Figure 12. Gain versus Output Power 
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f ZIN ZoL* 
(MHz) (Ohms) (Ohms) 

470 0.80+ 12.11 7.93+jO.94 
567 0.85 + j3.15 5.94+10.30 
665 1.56 + j4.20 4.55-jO.02 
762 2.64+j3.36 3.70-10.52 

860 2.72 + 12.24 2.91 -10.92 

ZoL* = Conjugate of optimum load Impedance Into which 
the device operates at a given output power, 
voltage, current, and frequency. 

Base-base & collector·coIlector Impedances with 

0.80 

~ 0.75 

~ 0.70 
I 

~ 
t; 0.65 

~ 
i O•60 

0.55 
50 -

..,. 
~ 

Circuit Tuned for Maximum Gain @ VCE = 28 V IIca = 2 x 75 rnA/Pout = 150 W 

~ 

Figure 13. Series equivalent Input/Output Impedances 

RELIABILITY DEPENDENCE ON THERMAL CONSIDERATIONS 
MMMTBF: Metal Migration Mean Time Before Failure. 

~ 

L 
/ 

I"-
"-

/ 
/ 

....... 

./ 
./ .......... 

100 150 200 250 
106 

50 100 150 200 

JUNCTION TEMPERATURE (OC) 

250 

JUNCTION TEMPERATURE (OC) 

Figure 14. Thermal Resistance versus 
Junction Temperature 

Figure 15. MMMTBF versus Junction Temperature 

TYPICAL CONDITIONS (120 W CW): 

{

pout=120W 

Pln=15W P =161W 
VCE = 28 V dlss 

1"\ =45% ~ { Tjel = 183°C ~ ::~~RS 
Ica = 9.5 A -/ 4---;-/ 
RTH = O.7"CIW J = (5.64) 10 Alcrw-
Tmax =70°C 

TPV8200B 
2·846 

TYPICAL CONDITIONS (210 W VIDEO): 

{

POUI=70W 
Pin = 7.8 W p. = 123 W 
VCE=28V dlss 
1"\ = 38% ~ { Tjel= 156°C ~ ~B~eAAS 
Ica = 6.6 A -/ 04 m2-::-7' 
RTH = 0.7oolW J = (3.92) 1 Ale 

Tmax = 70°C 

MOTOROLA RF DEVICE DATA 
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MOTOROLA 
- SEMICONDUCTOR 

TECHNICAL DATA 

The RF Line 
Linear Power Amplifier 
· •. a solid state Class A amplifier specifically designed for TV transposers and 
transmitters. This amplifier incorporates microstrip technology ·and discrete linear 
push-pull transistors with gold metallization and diffused emitter ballast resistors to 
enhance ruggedness and reliability. 

• 470-860 MHz 

• 2OW- Pout 
• 26.5V-VCC 
• 10.5 dB Min. Gain, Class A 

MAXIMUM RATINGS 

Rating Symbol 

Collector Voltage Supply Vcc 

Supply Current ICC 

ATV6031 

20 W, 470-860 MHz 
LINEAR 

POWER SUPPLY 

CASE 3898, STYLE 1 
(ATV) 

Value Unit 

27 Vdc 

4 Adc 

Source and Load VSWR (50 n REF.) VSWRS,L 1.2 

Operating Temperature Range (Note 1) Tc -20 to +70 OC 

Storage Temperature Range Tstg -40 to +100 OC 

ELECTRICAL CHARACTERISTICS (Tc = 500c. 50 n system. VCC = 26.5 V unless otherwise noted) 

Characteristic Symbol 

Bandwidth BW 

Power GaIn (Pout = 20 W. CW) Gp 

Power Oulput @ 1 dB Gain Compression Pout(1 dB) 

Supply CUrrent (Pout = 20 W) ICC 

Input Retum Loss (Pout = 20 W) IRL 

Load Mismatch IV 
(Pout=20W. CWo f= 860 MHz. Load VSWR=-:1. 
All Phase Angles) 

GaIn Ripple (Pout = 20 W. CWo BW = 470 to 860 MHz) Gr 

Intermodulation Distortion - 3 tones IMD1 
(f=860 MHz. VCE = 25.5 V. Pref= 20 W. 
Vision CarrIer = -8 dB. Sound Carrier = -7 dB. 
Sideband Signal = -16 dB. Specification TV05001) 

Interrnodulatlon Distortion (IDEM) IMD2 
(f = 860 MHz. VCE = 25.5 V. Pref = 20 W. 
Vision Carrier = -8 dB. Sound Carrier = 10 dB. 
Sideband Signal =-16 dB) 

NOTE: 1. case Temperature Is measured at base plate - on RF tranSistor flange. 

ATV6031 
3-2 

Min Typ Max Unit 

470 - 860 MHz 

10.5 - - dB 

25 28 - W 

- - 3.8 A 

15 - - dB 

No degradation in power output 

- ±0.5 ±1 dB 

- - -50 dB 

- - -53 dB 

MOTOROLA RF DEVICE DATA 



MOTOROLA 
• SEMICONDUCTOR ---________ _ 

TECHNICAL DATA 

The RF Line 
Broadband Linear 
Power Amplifier 

The ATV6060 is a solid state class A amplifier and is specifically deSigned for TV 
transposers and transmitters. This amplifier incorporates microstrip technology and 
reliable MOTOROLA push-pull transistors. 

• Specified 25.5 Volts, 470-860 MHz Characteristics 
Output Power = 40 Watts @ -50 dB IMD (3 tones) 
Output Power = 60 Watts @ 1 dB Compo (CW) 
Gain = 9 dB Min (Small Signal) 

• Will Withstand Infinite Load VSWR 
• High Perfonnance, Gold Metallized Die for UHra Reliable Perfonnance 

MAXIMUM RATINGS 

RatIng 

Supply Voltage 

Storage Temperature Range 

Maxlmum Operating Temperature (1) 

NOMINAL OPERATION CONDmON (Tc = 6O"C) 

Symbol 

Vee 

Tstg 

Top 

I Supply Current (VCC = 25.5 V) Isup 

ELECTRICAL CHARACTERISTICS (Tc .. 250C unless otherwise noted, Zin, lout .. 50 0) 

Chal'llCl8rlstic Symbol Min 

Power Gain (Small Signal) Gp 9 

Gain Ripple (Small Signal) Grpla -
Output Power @ 1.0 dB Compression P1dB 60 

Load Mismatch (Pout = 60 W, Vee = 25.5 V, f .. 860 MHz, \j/ 
Load VSWR = -:1, all phase angles at frequency of test) 

Intermodulation (-8 dBl-7 dBl-16 dB, Pref = 40 W) IMD1 -
Intermodulatlon (-8 dBl-10 dBl-16 dB, Pref" 40 W) IMD2 -
Input Retum Loss IRL -
Output Retum Loss ORL -

NOTE: 1. Temperature Is measured at temperature test point (on the flange of the transistor). 

MOTOROLA RF DEVICE DATA 

ATV6060 

60 W. 470-860 MHz 
CLASS A 

RF POWER AMPUFIER 

CASE 389U, STYLE 1 

value Unit 

26.5- Vdc 

-40 to +100 OC 

-20 to +70 

9.2 

1YP Max 

- -
- +1.0 

- -
No degradation In output 
power before or after test 

- -50 

- -53 

- -15 

- -15 

OC 

A 

Unit 

dB 

dB 

W 

dB 

dB 

dB 

dB 

ATV6060 
3-3 
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TYPICAL CHARACTERISTICS 

11 

iD 
& 

~ 10 
C) 

a: 

~ 
a. 9 

C) 

v- i""""-- -f--' 1""-
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Pout=1OOmW 

I 
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Figure 1. Power Gain versus Frequency 
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3 T?NES:t'dB/-~6d~7dB Pref=4OW 
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Figure 3. Intermodulatlon versus Frequency 

ATV6060 
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Poul=80W 
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Figure 2. Gain Compression versus Frequency 

TEST CONDITIONS: 
Dill. Gain, 10 Steps 
Channel 61 
VCE= 25.5 V 
Isup =9.2A 

% 

'1 ~ 1 IRE ~ ",- Ut VIDEO SIGNAL 

100 -1---:= 
90-
60-
70 -
60-
50-
40-
30 .-
20 -
10 -
o -

Figure 4. Gain versus Output Power 
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MOTOROLA 
• SEMICONDUCTOR 

TECHNICAL DATA 

The RF Line 
VHF/UHF CATV Amplifiers 
• •. designed for broadband applications requiring low-distortion amplification. Specifically 
intended for CATV/MATV market requirements. These amplifiers feature ion-implanted 
arsenic emitter transistors and an all gold metal system. 

• Specified Characteristics at VCC = 24 V, TC = 25·C: 
Frequency Range - 40 to 860 MHz 
Power Gain -17 dB Typ @ f= 40 MHz 
Noise Figure - 6.5 dB Typ @ I = 500 MHz 
120 dBI'V DIN45004B @ 860 MHz 

• All Gold Metallization lor Improved Reliability 

• Superior Gain, Return Loss and DC Current Stability with Temperature 

MAXIMUM RATINGS (T A = 250C unless otherwise noted) 

Rating 

RF Vol18ge Input (Single Tone) 

Supply Vol18ge 

Operating Case Temperature Range 

Storage Temperature Range 

Symbol 

Vln 

Vee 

TC 

Tstg 

ELECTRICAL CHARACTERISTICS (T C = 25OC, Vee = 24 V, 75 n system unless otherwise noted) 

Charac18rlstlc Symbol Min 

Frequency Range BW 40 

Power Gain (I = 40 MHz) , PG 16;5 

Slope (40-860 MHz) S 0.2 

Gain Ratness - -
Input/Output Return Loss 1= 40-100 MHz IRLJORL 20 

1= 100-800 MHz 15 
f = 800-860 MHz 10115 

Second Order Intermodulation Distortion CA901 IM~ -
(Vout = +50 dBmV per ch.) CA901 A -

DIN45004B (See Figure 1) 1= 40-400 MHz DIN 121 
1= 400-860 MHz 120 

Noise Figure 1=500 MHz NF -
1= 860 MHz -

Supply Current IDC -

MOTOROLA RF DEVICE DATA 

CA901 
CA901A 

17dB 
40-860 MHz 

VHFIUHF 
CATVIMATV 
AMPUFIERS 

CASE 714P, STYLE 2 
(CA) 

Value Unit 

+14 dBm 

26 Vdc 

-20 to +100 ·C 

-40 to +100 

Typ Max 

- 860 

17 17.5 

0.8 1.5 

- ±0.3 

- -
17 -

12118 -
- -60 
- -64 

- -
- -
6.5 7.5 
7.0 8.0 

235 255 

·C 

Unit 

MHz 

dB 

dB 

dB 

dB 

dB 

dBIlV 

dB 

rnA 

CA901.CA901 A 
3-5 

• 



II 

DIN -- - - - - - - - - - - - -I.:5di - - - - - - - -
-- ----- .. 

-GOdS 

.J U,---_---I' LJ L 
6 MHz 12MHz 6 MHz .. 

Figure 1. DIN45004B Test 

CA901.CA901A 
3-6 

INPUT 

PIN CONFIGURATION 

R 

C1,2;;:0.01 J.lF(ctip) 
R=110Q,2Walls 

OUTPUT 
+---- VCC 

Figure 2. External Connections 
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MOTOROLA 
• SEMICONDUCTOR 

TECHNICAL DATA 

The RF Line 
VHF/UHF CATV Amplifiers 
• •. designed for broadband applications requiring low-distortion and high output 
capability. Specifically intended for CATV/MATV market requirements. These amplifiers 
feature ion-implanted arsenic emitter transistors and an all gold metal system. 

• Specified Characteristics at TC = 25°C; VCC = 28 V 
Frequency Range - 40 to 860 MHz 
Power Gain - 17 dB Typ @ f = 40 MHz 
Noise Figure - 7.0 dB Typ @ f = 500 MHz 
123 dB~V DIN45004B @ 860 MHz 

• All Gold Metallization lor Improved Reliability 

• Superior Gain, Retum Loss and DC Current Stability with Temperature 

MAXIMUM RATINGS (T A = 25°C unless otherwise noted) 

Rating 

Supply Voltage 

RF Input Power Per Tone 

Storage Temperature 

Operating case Temperature Range 

ELECTRICAL CHARACTERISTICS (Tc = 2500, VCC = 28 V, 75 Ohm System) 

Characteristic Symbol 

Supply Current IDC 

Power Gain (f = 40 MHz) PG 

Bandwidth BW 

Slope (40-860 MHz) S 

Gain Flatness FL 

Input/Output Retum Loss f=40-100MHz IRUORL 
f=100-800MHz 
1= 800-860 MHz 

Second Order Intermodulation Distortion (Vo = + 50 dBmV/ch.) CA902 IMD2 
CA902A 

DIN45004B (See Figure 1) f = 40 - 400 MHz DIN 
f=400-860 MHz 

Noise Figure f = 500 MHz NF 
f= 860 MHz 

MOTOROLA RF DEVICE DATA 

Symbol 

VCC 

Pin 

Tstg 

TC 

Min 

-
16.5 

40 

0.2 

-
20 
15 
10 

-
-
124 
123 

-
-

CA902 
CA902A 

17dB 
4D-860MHz 

VHFIUHF 
CATVIMATV 
AMPUFIERS 

CASE 714P, STYLES 2, 3 
(CA) 

Value Unit 

30 V 

+17 dBm 

-40 to +125 00 

-20to+100 

Typ Max 

400 450 

17 17.5 

- 860 

0.8 1.4 

- ±0.5 

- -
17 -
12 -
- -63 
- -67 

- -
- -
7.0 8.5 
8.0 9.5 

00 

Unit 

rnA 

dB 

MHz 

dB 

dB 

dB 

dB 

dElj.lV 

dB 

CA902.CA902A 
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__ .L. 
D. --~---T------ ;~d8 

-aOdB 

u l u 
6 MHz 12MHz 6 MHz 

Figure 1. DIN45004B Test 

CA902.CA902A 
3-8 

\ 

Input Output 

..... --.. VCC 

C1. 2 ~ 0.01 )1F(chlp) 
R = 90 Ohms. 3 Watts 

Figure 2. External Connections 
Case 7141411, Style 2 
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MOTOROLA 
• SEMICONDUCTOR 

TECHNICAL DATA 

The RF Line 
VHF/UHF CATV Amplifier 
· .. designed for broadband applications requiring low-distortion and high output 
capability. Specifically intended for CATVIMATV market requirements. These amplifiers 
feature ion-implanted arsenic emitter transistors and an all gold metal system. 

• Specified Characteristics at TC = 25°C; VCC = 15 V 
Frequency Range - 40 to 860 MHz 
Power Gain - 17 dB Typ @ f = 40 MHz 
Noise Figure - 7.0 dB Typ @ f = 500 MHz 
·123 dBILV DIN45004B @ 860 MHz 

• All Gold Metallization for Improved Reliability 
• Superior Gain, Return Loss and DC Current Stability with Temperature 

MAXIMUM RATINGS (T A = 250C unless otherwise noted) 

Rating 

Supply Voltage 

RF Input Power Per Tone 

Storage Temperature 

Operating case Temperature Range 

ELECTRICAL CHARACTERISTICS (To = 25°0, VOO = 15 V, 75 Ohm System) 

Characteristic Symbol 

Supply Current IDC 

Power Gain (f = 40 MHz) PG 

Bandwidth BW 

Slope (40-860 MHz) S 

Gain Flatness FL 

Input/Output Retum Loss f=40-100MHz IRUORL 
f=100-800MHz 
f= 800-860 MHz 

Second Order Intermodulation Distortion (VO = + 50 dBmV/ch.) IMD2 

DIN45004B (See Figure 1) f = 40 - 400 MHz DIN 
f= 400-860 MHz 

Noise Figure f = 500 MHz NF 
f=860 MHz 

MOTOROLA RF DEVICE DATA 

Symbol· 

VOO 

Pin 

Tstg 

TO 

Min 

640 

16.5 

40 

0.2 

-
20 
15 
10 

-
124 
123 

-
-

CA912 

17dB 
40-860 MHz 

VHFIUHF 
CATVIMATV 
AMPLIFIER 

CASE 714P, STYLES 2, 3 

Value Unit 

18 V 

+17 dBm 

-40 to +100 °0 

-20 to +100 °0 

Typ Max Unit 

700 760 mA 

17 17.5 dB 

- 860 MHz 

0.8 1.5 dB 

- ±0.5 dB 

- - dB 
17 -
12 -
- -63 dB 

- - dBIlV 
-
7.0 
8.0 

-
8.5 
9.5 

dB 

CA912 
3-9 
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- --Of< -- ----T------F'" 

CA912 
3-10 

...,sodB 

u l 
L-I 

6 MHz 12 MHz 6 MHz 

Figure 1. DIN45004B Test 

I 

Input . Output 

Cl <! O.OlI1F (chip) 

Figure 2. External Connections 
case 714P-G1, Style 3 
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MOTOROLA 
• SEMICONDUCTOR 

TECHNICAL DATA 

The RF Line 
VHF/UHF CATV Amplifiers 

Designed for broadband applications requiring low-distortion and high output capability. 
Specifically intended for CATV/MATV market requirements. These amplifiers feature 
ion-implanted arsenic emitter transistors and an all gold metal system. 

• Specified Characteristics at VCC = 24 V, TC = 25°C. 
Frequency Range - 40 to 860 MHz 
Power Gain -17 dB Typ @ f = 40 MHz 
Noise Figure - 7.0 dB Typ @ f = 500 Mhz 
123 dBIlV DIN45004B @ 860 MHz 

• All Gold Metalization for Improved Reliability 
• Superior Gain, Retum Loss and DC Current Stability with Temperature 

• Improved 2nd Order IMD Available (CA922A) 

MAXIMUM RATINGS 

Rating 

Supply Voltage 

RF Input Power Per Tone 

Storage Temperature 

Operating Case Temperature Range 

ELECTRICAL CHARACTERISTICS (Tc = 2500, VCC = 24 V, 75 Ohm System) 

Characteristic Symbol 

Supply Current Ide 

Power Gain (I = 40 MHz) PG 

Bandwidth BW 

Slope (40 - 860 MHz) S 

Gain Flatness FL 

Input/Output Return Loss 1=40-100 MHz IRLJORL 
f = 100-800 MHz 
1= 800-860 MHz 

Second Order Intermodulation Distortion CA922 IMD2 
(Vo = +50 dBmVlch.) CA922A 

DIN45004B (See Figure 1) 1= 40-400 MHz DIN 
1= 400-860 MHz 

Noise Agure 1=500 MHz NF 
1=860 MHz 

Preferred devices are Motorola recommended choices for future use and best overall value. 

MOTOROLA RF DEVICE DATA 

Symbol 

VCC 

Pin 

Tstg 

TC 

Min 

-
16.5 

40 

0.2 

-
20 
15 

10/13 

-
-
124 
123 

-
-

CA922 
CA922A 
M_ Prafamld DevI ... 

17dB 
40-860 MHz 

VHFIUHF 
CATVIMATV 
AMPURERS 

CASE 714P, STYLE 2 

Value Unit 

26 V 

+16 dBm 

-40to+100 00 

-20to+100 

Typ Max 

400 440 

17 17.5 

- 860 

0.8 1.5 

- ±.5 

- -
17 -

12115 -
- -63 
- -67 

- -
- -
7.0 8.5 
8.0 9.5 

00 

Unit 

rnA 

dB 

MHz 

dB 

dB 

dB 

dB 
dB 

dBIlV 

dB 

CA922.CA922A 
3·11 
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DIN ------T------1 ... ---

CA922-CA922A 
3-12 

-SOd8 

u l 
........ 

6 MHz 12MHz 6 MHz 

Figure 1. DIN45OO4B Test 

\ 

Input 

Pin Configuration 

C1. 2 ~ 0.01 jIf (clip) 
R,. 65 Ohms, 2 Walls 

.... --- Vee 

Figure 2. External Connections 
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MOTOROLA 
• SEMICONDUCTOR 

TECHNICAL DATA 

The RF Line 
Wideband Linear Amplifier 
• .. designed for amplifier applications in 50 ohm systems requiring wide bandwidth, low 
noise and low distortion. This hybrid provides excellent gain stability with temperature and 
linear amplification as a result of the push-pull circuit design. 

• Specified Characteristics at Vcc = 24 V, TC = 25·C: 

• Frequency Range -10 to 450 MHz 
Output Power - 1 W Typ @ 1 dB Compression, f = 200 MHz 
Power Gain - 34 dB Typ @ f = 50 MHz 
PEP - 400 mW Typ @ -32 dB IMD 
Noise Figure - 5 dB Max @ f = 300 MHz 

• All Gold Metallization for Improved Reliability 

MAXIMUM RATINGS 

Rating Symbol Value 

DC Supply Voltage Vee 28 

RF Power Input Pin +5 

Operating Case Temperature Range TC -20 to +100 

Storage Temperature Range Tstg -40 to +100 

Unit 

Vdc 

dBm 

·C 

·C 

ELECTRICAL CHARACTERISTICS (Tc = 25·C, Vee = 24 V, 50 a system unless otherwise noted) 

Characteristic Symbol Min 

Frequency Range BW 10 

Gain Flatness (f = 10-450 MHz) FL -
Power Gain (f = 50 MHz) PG 33 

Noise Figure, Boradband (f = 300 MHz) NF -
Power Output - 1 dB Compression (f = 200 MHz) Po1 dB 800 

Third Order Intercept (See Figure 10, f1 = 300 MHz) ITO -
Input/Output VSWR (f = 10-450 MHz) VSWR -
Second Harmonic Distortion dso -

(Po = 100 mW, f2H = 10-300 MHz) 

Reverse Isolation (f = 10-450 MHz) - -
Peak Envelope Power PEP -

(Two Tone Distortion Test - See Figure 10) 
(f = 10-450 MHz @ -32 dB IMD) 

Supply Current ICC 270 

MOTOROLA RF DEVICE DATA 

CA2810C 

34 dB 
10-450 MHz 
800mWATT 
WIDEBAND 

LINEAR AMPLIFIER 

CASE 714F, STYLE 1 
ICA (POS. SUPPLy)] 

Typ Max 

- 450 

- ±1.5 

34 35 

- 5 

1000 -
43 -
- 2:1 

-55 -45 

40 -
400 -

310 330 

Unit 

MHz 

dB 

dB 

dB 

mW 

dBm 

-
dB 

dB 

mW 

rnA 

CA2810C 
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TYPICAL CHARACTERISTICS 
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Figure 7. Second Harmonic Distortion versus Voltage 

Biased at 24 Volts 

Frequency 511 821 

(MHz) Mag Ang Mag 
10 -13.8 3.5 34.2 

50 -16.0 -3.0 34.2 

100 -14.4 -14 34.4 

200 -13.2 -50 34.6 

300 -13.9 -79 35.0 

400 -14.1 -115 35.0 

450 -16.2 -122 34.6 

Magnitude in dB, Phase Angie In degrees. 

6 

5 

4 

\ 
"-

2 
Vee=24V 
Tc=25°C 

o I 
o 100 200 300 400 500 600 700 

f, FREQUENCY (MHz) 

Figure 8. Group Delay versus Frequency 

T=25°C ZO = 500 

512 522 

Ang Mag Ang Mag Ang 
-145 -46 -131 -13.5 8.2 

150 -47 -172 -18.5 4.6 

88 -48 102 -14.5 -9.2 

2 -42 35 -13.2 -80 

-80 -46 65 -16.7 -49 

-80 -48 -44 -14.2 11 

120 -53 -82 -13.8 -46 

Table 1. S-Parameters 

INPUT--....... L..-__ OUTPUT 

Vee 
* O.OlI1F 

Figure 9. External Connections 

MOTOROLA RF DEVICE DATA 

~- --- ~1~~ 

ITO = Po+ IMD/2 @ IMD> 60 dB 
PEP=4x Po@ IMD=-32dB 

Figure 10. Intermodulation Test 

CA2810C 
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MOTOROLA 
• SEMICONDUCTOR 

TECHNICAL DATA 

The RF Line 
Wideband Linear Amplifier 
· .. designed lor amplilier applications in 50 to 100 ohm systems requiring wide bandwidth, 
low noise and low distortion. This hybrid provides excellent gain stability with temperature 
and linear amplification as a result 01 the push-pull circuit design. 

• Specified Characteristics at VCC = 24 V, TC = 25°C: 
Frequency Range - 0.35 to 400 MHz 
Output Power - 1000 mW Typ @ 1 dB Compression, I = 200 MHz 
Power Gain -18.5 dB Typ @ 1=50 MHz 
PEP -1000 mW Typ @ -32 dB IMD, 1=200 MHz 
Noise Figure - 5 dB Typ @ f = 200 MHz 
ITO - 47 dBm Typ @ 1= 150 MHz 

• All Gold Metallization for Improved Reliability 

• Unconditional Stability Under All Load Conditions 

MAXIMUM RATINGS 

Rating Symbol 

Supply Voltage VCC 

RF Power Input Pin 

Operating case Temperature Range TC 

Storage Temperature Range Tstg 

Value 

28 

+14 

-20 to +100 

-40 to +100 

Unit 

Vdc 

dBm 

°c 

°C 

ELECTRICAL CHARACTERISTICS (T C = 25"C, VCC = 24 V, 50 0 system unless otherwise noted) 

Characteristic 

Frequency Range 

Gain Ratness (I = 0.35-400 MHz) 

Power Gain (I = 50 MHz) 

Noise Figure, Broadband (I = 200 MHz) 

Power Output - 1 dB Compression (I = 200 MHz) 

Third Order Intercept (See Figure 10, 11 = 200 MHz) 

Input/Output VSWR (I = 0.35-400 MHz) 

Second Harmonic Distortion (Po = 100 mW) 12H = 0.35-200 MHz 
12H = 200-400 MHz 

Peak Envelope Power (Two Tone Distortion Test - See Rgure 10) 
1 = 0.35-200 MHz @ -32 dB IMD 
1= 200-400 MHz @ -32 dB IMD 

Supply Current 

CA2818C 
3-16 

Symbol Min 

BW 0.35 

FL -
PG 17.75 

NF -
Po 1dB 800 

ITO 43 

VsWR -
dso -

-
PEP 600 

ICC 190 

Typ 

-
±0.5 

18.5 

5 

1000 

45 

1.7:1 

-65 
-
800 

205 

CA2818C 

18.5 dB 
10-400 MHz 
1000mWATT 
WIDEBAND 

LINEAR AMPLIFIER 

CASE 714F, STYLE 1 
[CA (POS. SUPPLy)] 

Max Unit 

400 MHz 

±1 dB 

19.25 dB 

6 dB 

- mW 

- dBm 

2:1 -

-60 dB 
-50 

- mW 

220 mA 

MOTOROLA RF DEVICE DATA 



TYPICAL CHARACTERISTICS 
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Biased at 24 Volts 

Frequency 811 821 

(MHz) Mag Ang Mag 

0.35 -17.0 18.7 18.4 

1 -17.3 10.7 18.6 

50 -16.3 -7.6 18.7 

100 -15.6 -15.1 18.5 

200 -14.0 -47.3 18.3 

300 -14.1 -85 18.1 

400 -18.0 -137 17.4 

Magnitude in dB, Phase Angle in degrees. 

Ang 

7.4 

3.4 

-38.8 

-70.1 

-149 

135 

58 

5 

4 

I 3 
~ 
~ 2 

-1 
o 

---
VCC=24V 
TC=25°C 

I 
100 200 300 400 500 600 700 

t, FREQUENCY (MHz) 

Figure 8. Group Delay versus Frequency 

T=25°C Zo=50n 

812 822 

Mag Ang Mag Ang 

-24.1 -169 -16.4 11.1 

-24.0 -175 -16.7 6.5 

-23.9 145 -17.0 -38.8 

-24.1 117 -18.4 -65.9 

-24.8 47.9 -20.6 -101 

-25.3 -15 -16.6 -142 

-25.9 -84.3 -14.2 134 

Table 1. S-Parameters 

PIN CONFIGURATION 

INPUT----' L.-__ OUTPUT 

Vee 
10.0111F 

Figure 9. Functional Schematic 

CA2818C 
3-18 

ITO=Po+ IMD/2 @ IMD>60dB 
PEP = 4 x Po @ IMD =-32dB 

Figure 10. Intermodulation Test 
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MOTOROLA 
• SEMICONDUCTOR 

TECHNICAL DATA 

The RF Line 
Wideband Linear Amplifiers 
· .. designed for amplifier applications in 50 to 100 ohm systems requiring wide bandwidth, 
low noise and low distortion. This hybrid provides excellent gain stability with temperature 
and linear amplification as a result of the push-pull circuit design. 

• Specified Characteristics at VCC = 24 V, TC = 25°C: 
Frequency Range - 5 to 200 MHz 
Output Power - 800 mW Typ @ 1 dB Compression, f = 200 MHz 
Power Gain - 34.5 dB Typ @ f = 100 MHz 
PEP - 800 mW Typ @ -32 dB IMD 
Noise Figure - 4.7 dB Typ @ f = 200 MHz 
ITO - 46 dBm @ f = 200 MHz 

• All Gold Metallization for Improved Reliability 

• Unconditional Stability Under All Load Conditions 

MAXIMUM RATINGS 

Rating Symbol 

DC Supply Voltage VCC 

RF Power Input Pin 

Operaling Case Temperature Range TC 

Storage Temperature Range Tstg 

Value 

28 

+5 

-2010+100 

-4010+100 

Unit 

Vdc 

dBm 

°c 

°c 

ELECTRICAL CHARACTERISTICS (T C = 25°C, Vee = 24 V, 50 n system unless otherwise noted) 

Characteristic Symbol Min Typ Max Unit 

Frequency Range BW 5 - 200 MHz 

Gain Flatness (I = 5-200 MHz) - - ±0.5 ±1 dB 

Power Gain (I = 100 MHz) PG 33.5 34.5 35.5 dB 

Noise Figure, Broadband (I = 200 MHz) NF - 4.7 5.5 dB 

Power Output - 1 dB Compression P0 1dB 630 800 - mW 
(I = 5-200 MHz) 

Power Output - 1 dB Compression P0 1dB 1000 1260 - mW 
(I = 5-200 MHz, V CC = 28 V) 

Third Order Intercept (See Figure 10, h = 200 MHz) ITO 44 46 - dBm 

InpuVOutput VSWR (I = 5-200 MHz) VSWR - 1.5:1 2:1 -
Second Harmonic Distortion dso - -60 -50 dB 

(Tone at 100 mW, 12H = 150 MHz) 

Peak Envelope Power PEP 600 800 - mW 
(Two Tone Distortion Test - See Figure 10) 
(I = 5-200 MHz @ -32 dB IMD) 

Supply Current ICC 270 300 330 rnA 

MOTOROLA RF DEVICE DATA 

CA2830C 
CA2833C 

34.5 dB 
5-200 MHz 
800mWAlT 
WIDEBAND 

UNEAR AMPUFIERS 

CASE 714F, STYLE 1 
(CA) 

CA2830C 

CASE 714G, STYLE 1 
ICA, LOW PROFILE] 

CA2833C 

CA2830C.CA2833C 
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TYPICAL CHARACTERISTICS 
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Figure 7. Second Harmonic Distortion versus Voltage Figure 8. Group Delay versus Frequency 

Biased at 24 Volts T = 25°C Zo = son 
Frequency 511 521 512 522 

(MHz) Mag Ang Mag Ang Mag Ang Mag Ang 
5 -18.3 66.2 34.6 15.2 -47.0 17.7 -9.8 87.4 

10 -19.3 45.5 34.6 -0.6 -47.0 2.3 -14.5 76.8 

50 -15.6 35.0 34.2 -56.7 -47.5 -30.3 -12.6 45.0 

100 -13.2 34.4 33.9 -114 -47.9 -62.9 -10.8 10.7 

200 -11.1 30.1 33.5 134 -48.3 -128 -14.9 -42.6 

Magnitude in dB. Phase Angle In degrees. 

Table 1. S-Parameters 

INPUT----' I---OUTPUT 

Vee 

Figure 9. External Connections 

MOTOROLA RF DEVICE DATA 

PO--- ------

ITO = Po + I~D @ IMD > 60dB 

PEP = 4X PO@ IMD = ~2dB 

Figure 10. Intermodulation Test 
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MOTOROLA 
• SEMICONDUCTOR 

TECHNICAL DATA 

The RF Line 
Wideband Linear Amplifier 
• •• designed for amplifier applications in 50 to 100 ohm systems requiring wide bandwidth, 
low noise and low distortion. This hybrid provides excellent gain stability with temperature 
and linear amplification as a result of the push-pull circuit design. 

• Specified Characteristics at VCC = 28 V, TC = 25°C: 
Frequency Range - 1 to 200 MHz 
Output Power - 1580 mW Typ @ 1 dB Compression, f = 200 MHz 
Power Gain - 35.5 dB Typ @ f = 100 MHz 
PEP - 900 mW Typ @ -32 dB IMD 
Noise Figure - 5 dB Typ @ f = 200 MHz 
ITO-47dBm @f=2ooMHz 

• All Gold Metallization for Improved Reliability 
• Unconditional Stability Under All Load Conditions 

MAXIMUM RATINGS 

Rating Symbol Value 

DC Supply Voltage Vee 30 

RF Power Input Pin +5 

Operating Case Temperature Range TC -2010+90 

Slorage Temperature Range Tstg -4010+100 

Unit 

Vdc 

dBm 

°C 

°e 

ELECTRICAL CHARACTERISTICS (T C = 25°C, vee ~ 28 V, 50 n system unless otherwise noted) 

Charactarlstlc 

Frequency Range 

Gain Flatness (f = 1-200 MHz) 

Power Gain (f = 100 MHz) 

NoIse Rgure, Broadband (f = 200 MHz) 

Power Output - 1 dB Compression (f = 1-200 MHz) 

Power Output -1 dB Compression (f = 150 MHz) 

Third Order Intercept (See Figure 10, f1 = 200 MHz) 

InputlOutput VSWR (f = 1-200 MHz) 

Second Hannonlc Distortion (Po = 100mW, f2H = 150 MHz) 

Peak Envelope Power (Two Tone Distortion Test - See Rgure 10) 
(f = 1-200 MHz @ -32 dB IMD) 

Supply Current 

CA2832C 
3-22 

Symbol Min 

BW 1 

- -
PG 34 

NF -
Po 1dB 1260 

Po 1dB -
ITO 45 

VSWR -
dso -
PEP -

lee 400 

Typ 

-
±0.5 

35.5 

5 

1580 

2000 

47 

1.5:1 

-70 

900 

435 

CA2832C 

35.5 dB 
1-200 MHz 
1.6 WATT 

W1DEBAND 
LINEAR AMPLIFIER 

CASE 714F, STYLE 1 
lCA (POS. SUPPLy)] 

Max Unit 

200 MHz 

±1 dB 

37 dB 

6 dB 

- mW 

- mW 

- dBm 

2:1 -
-60 dB 

- mW 

470 rnA 

MOTOROLA RF DEVICE DATA 
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Biased at 28 Volts 

Frequsncy 811 821 

(MHz) Mag Ang Mag 
1 -16.7 64 36.0 

10 -21.5 21 36.2 

50 -18.5 6.8 35.9 

100 -16.9 -1.8 35.7 

200 -12.9 -18 34.7 

Magnitude In dB. Phase Angle In degrees. 
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Figure 8. Group Delay versus Frequency 

TC = 25°C Zo = son 
812 S22 

Ang Mag Ang Mag Ang 

23.3 -42 -5.2 -12.9 73 

-8.4 -47 -1.4 -21.9 28 

-56 -44 2.8 -17.9 -10 

-103 -46 -68 -15.7 -46 

145 -49 -96 -14.9 115 

Table 1. S-Parameters 

PIN CONFIGURATION 

INPUT----I '----OUTPUT 

Vcc 

=J; 0.01 !iF 

Figure 9. External Connections 

CA2832C 
3-24 

ITO=Po+IMO/2@ IMO>60dB 
PEP=4xPo@IMO=-32dB 

Figure 10.lntermodulatlon Test 
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MOTOROLA 
- SEMICONDUCTOR 

TECHNICAL DATA 

The RF Line 
Wideband Linear Amplifier 
· .. designed lor amplifier applications in 50 to 100 ohm systems requiring wide bandwidth, 
low noise and low distortion. This hybrid provides excellent gain stability with temperature 
and linear amplification as a result 01 the push-pull circuit design. 

• Specilied Characteristics at VCC = 24 V, TC = 25°C: 
Frequency Range -10-400 MHz 
Output Power-1580 mW Typ @ 1 dB Compression, I = 200 MHz, VCC = 28 V 
Power Gain - 22 dB Typ @ I = 100 MHz 
PEP - 650 mW Min @ -32 dB IMD 
Noise Figure - 4 dB Typ @ I = 100 MHz 
ITO - 46 dBm @ f = 300 MHz 

• All Gold Metallization for Improved Reliability 

• Unconditional Stability Under All Load Conditions 

MAXIMUM RATINGS 

Rating Symbol Value Unit 

DC Supply Vollage VCC 28 Vdc 

RF Power Input Pin +14 dBm 

Operating Case Temperature Range TC -20 to +100 °e 

Storage Temperature Range Tstg -40 to +100 °C 

ELECTRICAL CHARACTERISTICS (Tc = 25°C, VCC = 24 V, 50 Q system unless otherwise noted) 

Characteristic Symbol Min 

Frequency Range BW 10 

Gain Flatness (f = 10-400 MHz) - -
Power Gain (f = 100 MHz) PG 21 

Noise Figure, Broadband (I = 100 MHz) NF -
Power Output - 1 dB Compression P0 1 dB 1260 

(1= 10-200 MHz, Vee = 28 V) 

Power Output - 1 dB Compression P0 1 dB 630 
(f = 200-400 MHz, VCC = 28 V) 

Third Order Intercept ITO 42 
(See Figure 10, 11 = 10-400 MHz, See Fig. 10) 

Input/Output VSWR (I = 10-400 MHz) VSWR -
Second Harmonic Distortion dso -

(Po = 100mW, 12H =300 MHz) 

Peak Envelope Power PEP 650 
(Two Tone Distortion Test - See Figure 10) 
(I = 200 MHz @ -32 dB IMDl 

Supply Current ICC 200 

MOTOROLA RF DEVICE DATA 

Typ 

-
±0.5 

22 

4 

1580 

-

44 

1.3:1 

-

1000 

230 

CA2842C 

22 dB 
10-400 MHz 
1.2 WATTS 
WIDEBAND 

LINEAR AMPLIFIER 

CASE 714F, STYLE 1 
[CA (POS. SUPPLY)] 

Max 

400 

±1 

23 

5 

-

-

-

1.5:1 

-50 

-

250 

Unit 

MHz 

dB 

dB 

dB 

mW 

mW 

dBm 

-
dB 

mW 

rnA 

CA2842C 
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TYPICAL CHARACTERISTICS 
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Pout = + 20 dBm 

.~ ~ '? 
,,1/ TC=25°C 
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Figure 7. Second Harmonic Distortion versus Voltage 

Biased at 24 Volts 

Frequency S11 S21 

(MHz) Mag Ang Mag Ang 

10 -15.8 62 22.8 -168 

50 -26.5 20 22.5 146 

100 -25.5 25 22.5 111 

200 -20.5 -7 22.5 26 

300 -17.2 -48 22.5 -51 

400 -18.8 -129 22.4 -126 

Magnitude In dB, Phase Angle In degrees. 
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Figure 8. Group Delay versus Frequency 

TC = 25°C Zo = 50a 

S12 S22 

Mag Ang Mag Ang 

-27 15 -20.2 29 

-27 -25 -24 15 

-27.5 -56 -22./i -16 

-27.9 -117 -18.1 -73 

-28.5 -170 -16.5 -125 

-28.3 114 -22.5 156 

Table 1. S-Parameters 

INPUT----' '---- OUTPUT 

Vee 
* O.OlI1F 

Figure 9. External Connections 

MOTOROLA RF DEVICE DATA 

ITO; Po+ IMD/2@ IMD>60dB 
PEP;4x Po@ IMD;-32dB 

Figure 10. Inlermodulalion Test 
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MOTOROLA 
• SEMICONDUCTOR 

TECHNICAL DATA 

The RF Line 
Wideband Linear Amplifiers 
· .• designed for amplifier applications in 50 to 100 ohm systems requiring wide bandwidth, 
low noise and low distortion. This hybrid provides excellent gain stability with temperature 
and linear amplification as a result of the push-pull circuit design. 

• Specified Characteristics at VCC = -19 V, TC = 25°C; 
Frequency Range - 40 to 100 MHz 
Output Power - 320 mW Typ @ 1 dB Compression, f = 100 MHz, 
Power Gain -1"7.5 dB Typ @ f = 100 MHz 
PEP - 300 mW Typ @ -32 dB IMD 
Noise Figure - 4.5 dB Typ @ f = 70 MHz 

• All Gold Metallization for Improved Reliability 

• Lower Power Consumption -ICC = 125 mA Typ @ VCC =-19 V 

MAXIMUM RATINGS 

Rating Symbol Value 

DC Supply Voltage VCC -28 

RF Power Input Pin +14 

Operating Case Temperature Range TC -20 to +100 

Storage Temperature Range Tstg -40 to +100 

Unit 

Vdc 

dBm 

°c 

°C 

ELECTRICAL CHARACTERISTICS (T C = 25°C, VCC = 19 V, 50 a system unless otherwise noted) 

Characteristic 

Frequency Range 

Gain Flatness (f = 40-100 MHz) 

Power Gain (f = 100 MHz) 

Noise Figure, Broadband (f = 70 MHz) 

Power Output - 1 dB Compression 
(f= 40-100 MHz) 

Third Order Intercept (See Figure 9, 11 = 70 MHz) 

Input/Output VSWR (f = 40-100 MHz) 

Second Harmonic Distortion 
(Tone at 250 mW, f2H = 100 MHz) 

Peak Envelope Power 
(Two Tone Distortion Test - See Figure 9) 
(f=40-100 MHz @ -32 dB IMD) 

Supply Current 

CA2850CR.CA2851 CR 
3-28 

Symbol Min 

BW 40 

- -
PG 17 

NF -
Po 1dB 250 

ITO 37 

VSWR -
dso -

PEP 250 

ICC 110 

Typ Max Unit 

- 100 MHz 

±0.1 ±0.2 dB 

17.5 18 dB 

4.5 5 dB 

320 - mW 

40 - dBm 

1.2;1 1.3;1 -
-40 - dB 

300 - mW 

125 140 rnA 

CA2850CR 
CA2851CR 

17.5 dB 
40-100 MHz 
320mWATT 
WIDEBAND 

LINEAR AMPLIRERS 

CASE 714H, STYLE 1 
(CA) 

CA2850CR 

CASE 714L, STYLE 1 
(CA, LOW PROFILE) 

CA2851CR 

MOTOROLA RF DEVICE DATA 



TYPICAL CHARACTERISTICS 
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Biased at - 19 Volts 

Frequency 511 521 

(MHz) Mag Ang Mag 

40 -33.7 -16.0 17.6 

50 -35.8 -8.8 17.6 

70 -38.9 +16.8 17.6 

90 -38.0 53.2 17.6 

100 -36.9 63.5 17.6 

Magnitude In dB, Phase Angle In degrees. 

Ang 

-28.2 

-35.0 

-49.1 

-63.3 

-70.2 
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~ w 
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-1 
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Te=25°e 
Vee=-19V 
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Figure 8. Group Delay versus Frequency 

T = 25°C Zo = SOO 

512 522 

Mag Ang Mag Ang 

-23.7 161 -23.6 4.2 

-23.8 158 -24.1 3.2 

-23.8 149 -25.5 -7.5 

-23.8 141 -27.0 -24.8 

-23.9 136 -27.4 -31.5 

Table 1. S-Parameters 

PO- - - - - - - - - ---r-------
IMD 

_J __ 
ITO = Po + I~D @ IMD > 6CdB 

PEP = 4X Po @ IMD = --32dB 

Figure 9. Intermodulation Test 

CA2850CR.CA2851 CR 
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INPUT--......J '---- OUTPUT 

-Vee 

1o.0111F 

Figure 10. External Connections 
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MOTOROLA 
• SEMICONDUCTOR 

TECHNICAL DATA 

The RF Line 
Wideband Linear Amplifier 
· .• designed for amplifier applications in SO to 100 ohm systems requiring wide bandwidth, 
low noise and low distortion. This hybrid provides excellent gain stability with temperature 
and linear amplification as a result of the push-pull circuit design. 

Two V+ inputs, one for the preamplifier and one for the final stage, provide a convenient 
means of RF leveling by variation of the final stage V+ voltage. Although the uncorrected 
flatness of this module is superb (±O.S dB typical), the leveling provisions provide 
convenient means of correcting for the frequency response of succeeding stages and 
injection of AM modulation. 

• Specified Characteristics at VCC = 24 V, TC = 2SoC: 
Frequency Range - 10-4S0 MHz 
Output Power - 1 W Typ @ 1 dB Compression, f = 200 MHz 
Power Gain - 34 dB Typ @ f = 100 MHz 
PEP - 400 mW Typ @ -32 dB IMD 
Noise Figure - S dB Max @ f = 300 MHz 

• All Gold Metallization for Improved Reliability 

• Amplitude Leveling Provision 

MAXIMUM RATINGS 

Rating Symbol Value 

DC Supply Voltage VCC 28 

RF Power Input Pin +5 

Operating Case Temperature Range TC -20 to +100 

Storage Temperature Range Tstg -40 to +100 

Unit 

Vdc 

dBm 

°c 

°C 

ELECTRICAL CHARACTERISTICS (T C = 2500 Vee = 24 V 50 n system unless otherwise noted) 

Characteristic Symbol Min 

Frequency Range BW 10 

Gain Flatness (I = 10-450 MHz) - -
Power Gain (I = 100 MHz) PG 33 

Noise Rgure, Broadban (I = 300 MHz) NF -
Power Output - 1 dB Compression (I = 200 MHz) P0 1dB 800 

Third Order Intercept (See Figure 10,11 = 300 MHz) ITO -
Input/Output VSWR (I = 10-450 MHz) VSWR -
Second Harmonic Distortion (Po = 100 mW, 12H = 300 MHz) dso -
Reverse Isolation (I = 10-450 MHz) - -
Peak Envelope Power (Two Tone Distortion Test- See Figure 10) PEP -

(I =1 0-450 MHz @ -32 dB IMD) 

Supply Current ICC 270 

MOTOROLA RF DEVICE DATA 

Typ 

-
-
34 

-
1000 

43 

-
-55 

40 

400 

310 

CA2870C 

34 dB 
10-450 MHz 
BOOmWATT 
WIDEBAND 

LINEAR AMPLIFIER 

CASE 714M, STYLE 1 
(CA) 

Max 

450 

±1.5 

35 

5 

-
-
2:1 

-45 

-
-

330 

Unit 

MHz 

dB 

dB 

dB 

mW 

dam 

-
dB 

dB 

mW 

mA 

CA2870C 
3·31 

II 



II 

TYPICAL CHARACTERISTICS 
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Biased at 24 Volts 

Frequency 511 521 

(MHz) Mag Ang Mag 

10 -13.8 3.5 34.2 

50 -16.0 -3.0 34.2 

100 -14.4 -14 34.4 

200 -13.2 -50 34.6 

300 -13.9 -79 35.0 

400 -14.1 -115 35.0 

450 -16.2 -122 34.6 

Magnitude In dB, Phase Angle In degrees. 

Ang 
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Figure 8. Group Delay versus Frequency 

512 522 

Mag Ang Mag Ang 

-46 -131 -13.5 8.2 

-47 -172 -18.5 4.6 

-48 102 -14.5 -9.2 

-42 35 -13.2 -80 

-46 65 -16.7 -49 

-48 -44 -14.2 11 

-53 -82 -13.8 -46 

Table 1. S-Parameters 

PIN CONFIGURATION 

INPUl'·o----' '----oOUTPUT 

O.Olj1fJ RFC IO.OlIlF 

Figure 9. External Connections 

MOTOROLA RF DEVICE DATA 

ITO = Po+ IMD/2@ IMD>60dB 
PEP = 4 x Po @ IMD=-32 dB 

Figure 10.lntermodulatlon Test 
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MOTOROLA 
- SEMICONDUCTOR 

TECHNICAL DATA 

The RF Line 
Wideband Linear Amplifier 
• •• designed for amplifier applications in 50 to 100 ohm systems requiring wide bandwidth, 
low noise and low distortion. This hybrid provides excellent gain stability with temperature 
and linear amplification as a result of the push-pull circuit design. 

• Specified Characteristics at VCC = -19 V, TC = 25°C: 
Frequency Range - 40 to 100 MHz 
Output Power - 400 mW Typ @ 1 dB Compression, f = 100 MHz 
Power Gain -17.5 dB Typ @ f = 100 MHz 
PEP - 300 mW Typ @ -32 dB IMD 
Noise Figure - 4.5 dB Typ @ f = 70 MHz 
ITO - 43 dBm @ f = 70 MHz 

• All Gold Metallization for Improved Reliability 

• Specified for 75 Ohm Systems 

MAXIMUM RATINGS 

Rating Symbol Value 

DC Supply Voltage VCC -28 

RF Power Input Pin +14 

Operating Case Temperature Range TC -20 to +100 

Storage Temperature Range Tstg -40 to +100 

Unit 

Vdc 

dBm 

°c 

°c 

CA2875CR 

17.5 dB 
40-100 MHz 
400mWATT 
WIDEBAND 

LINEAR AMPLIFIER 

CASE 714H, STYLE 1 
(CA) 

ELECTRICAL CHARACTERISTICS (T C = 25°C, VCC = -19 V, 75 n system unless otherwise noted) 

Characteristic 

Frequency Range 

Gain Flatness (f = 40-100 MHz) 

Power Gain (I = 100 MHz) 

Noise Figure, Broadband (I = 70 MHz) 

Power Output - 1 dB Compression (I = 40-100 MHz) 

Third Order Intercept (See Figure 10,11 = 70 MHz) 

Input/Output VSWR (I = 40-100 MHz) 

Second Harmonic Distortion (Tone at 250 mW. 12H = 100 MHz) 

Peak Envelope Power (Two Tone Distortion Test - See Figure 10) 
(I = 40-100 MHz @ -32 dB IMD) 

Supply Current 

CA2875CR 
3-34 

Symbol Min 

BW 40 

- -
PG 17 

NF -
P0 1dB 315 

ITO 42 

VSWR -
dso -

PEP 250 

ICC 140 

Typ Max Unit 

- 100 MHz 

±0.1 ±0.2 dB 

17.5 18 dB 

4.5 5 dB 

400 - mW 

43 - dBm 

- 1.1:1 -
-40 - dB 

300 - mW 

155 170 rnA 

MOTOROLA RF DEVICE DATA 



TYPICAL CHARACTERISTICS 
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Figure 1. Power Gain versus Frequency 
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Figure 3. 1 dB Gain Compression versus Voltage 
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Figure 5. Third Order Intercept versus Voltage 

MOTOROLA RF DEVICE DATA 
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Figure 2. Relative Power Gain versus Temperature 
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Figure 4. Noise Figure versus Voltage 
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Figure 6. Peak Envelope Power versus Voltage 
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Figure 7. Second Harmonic Distortion versus Voltage Figure 8. Group Delay versus Frequency 

Biased at -19 Volts T=25·C Zo = 750 

Frequency 611 621 612 622 

(MHz) Mag Ang Mag Ang Mag Ang Mag Ang 

40 -32.1 14.8 17.6 -27.4 -24.2 161 -40.5 -31.1 

50 -32.7 2.0 17.6 -34.3 -24.3 156 -39.4 -38.1 

70 -33.4 -16.0 17.6 -48.1 -24.3 147 -36.0 -57.2 

90 -32.8 -27.0 17.5 -60.9 -24.4 138 -32.4 -76.7 

100 -32.6 -34.0 17.5 -68.0 -24.5 133 -30.3 -87.7 

Magnitude In dB, Phase Angle In degrees. 

Table 1. S-Parameters 

INPUT--..J L---OUTPUT 

-VCC 
* O.OlJ1F 

Figure 9. External Connections 

CA2875CR 
3-36 

PO- - - - - - - - -

212-11 

ITO = Po + I~D @ IMD > 60dB 

PEP = 4X Po @ IMD = -32dB 

Figllre 10. Intermodulation Test 

MOTOROLA RF DEVICE DATA 



MOTOROLA 
• SEMICONDUCTOR 

TECHNICAL DATA 

The RF Line 
Wideband Linear Amplifiers 
· .. designed for amplifier applications in 50 ohm systems requiring wide bandwidth, low 
noise and low-distortion. This hybrid provides excellent gain stability with temperature and 
linear amplification as a result of the push-pull circuit design. 

• Specified Characteristics at Vcc = 24 V, TC = 25°C: 
Frequency Range -10 to 1000 MHz 
Output Power - 400 mW Typ @ 1 dB Compression, f = 900 MHz 
Power Gain - 17.5 dB Typ @ 1000 MHz 
Noise Figure - 6.5 dB Typ @ f = 500 MHz 
ITO - 38 dBm Typ @ 1000 MHz 

• All Gold Metallization for Improved Reliability 

• CA4812C is Optimized for 12 V Operation 

• CA4815C is Optimized for 15 V Operation 

MAXIMUM RATINGS (TA = 25"C unless otherwise noted) 

Rating Symbol Value 

Supply Voltage CA48ooC,CS VCC 28 
CA4815C,CS 18 
CA4812C,CS 14 

RF Input Power Pin +14 

Storage Temperature Tstg -40 to +100 

Operating Case Temperature Range TC -20 to +100 

ELECTRICAL CHARACTERISTICS (Tc = 25°C, VCC = 24 V, 50 Ohm System) 

Characteristic Symbol 

Supply Current CA4800C,CS IDC 
CA4812C,CS; CA4815C,CS 

Power Gain (I = 1000 MHz) PG 

Bandwidth (3 dB Down at 10 MHz) BW 

Gain Flatness (I = 40-1000 MHz) FL 

Power Output - 1 dB Compression (I = 900 MHz) Po 1dB 

Input/Output VSWR I = 40-900 MHz VSWR 
1= 900-1000 MHz 

Noise Figure, Broadband I = 500 MHz NF 
1= 1000 MHz 

Third Order Intercept (11 = 10-1000 MHz, See Rgure 1) ITO 

Second Harmonic Distortion (Po = 100 mW, '2H = 1000 MHz) dso 

Second Order Intermodulation Distortion 1M2 
(Po = 2.75 dBm, 11 = 373 MHz, 12 = 450 MHz, See Rgure 1) 

Intermodulation Distortion, 3 Tone 1M3 
(I = 860 MHz, Psyne = 200 mW, See Figure 2) 

Unit 

V 

dBm 

°c 

°c 

Min 

-
-

16.5 

10 

-
300 

-
-
-
-
37 

-
-

-

CA4800c,CS 
CA4812C,CS 
CA4815C,CS 

17dB 
10-1000 MHz 

400mW 
WIDEBAND 

LINEAR AMPLIFIERS 

CASE 714P, STYLES 2, 3 
CA48OOC, CA4812C, CA4815C 

Typ 

220 
380 

17.5 

-
1 

400 

-
-
6.5 
7.5 

38 

-50 

-

-60 

CASE 714T, STYLES 1, 2 
CA4800cs, CA4812CS, 

CA4815CS 

Max Unit 

240 rnA 
400 

18.5 dB 

1000 MHz 

2 dB 

- mW 

2:1 -
2.6:1 

8 dB 
9 

- dBm 

-40 dB 

-60 dB 

- dB 

MOTOROLA RF DEVICE DATA CA4800C.CA4800CS.CA4812C.CA4812CS·CA4815C.CA4815CS 
3-37 

.. 
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ITO = Po + IM3/2@ 1M3> 60 dB 

Figure 1. 2-Tone Intermodulation Test A 

t---·VCC 

Cl,2,3,4 ~ O.OIIlF (chip) 
R = 200 Ohms, 1 Wall 

CA4800C (Case 714P-02, Style 2) 
CA4800CS (Case 714T-02, Style 1) 

Figure 3. External Connections 

---=T-id'T-T-~~'; 
-jdB ~ 
-~ 

1M3 

I u l u \ 
11 

I, = Video 
12 = Sideband 
13= Sound 

11 +13-12 12 13 

Figure 2. 3-Tone TV Intermodulation Test 

Input --I 
C1 

Pin Conliguration 

I- Output 

C2 
1..-. ___ ,---" VCC 

Cl,2,32: 0.01 IlF (chip) 

CA4812C, CA4815C (Case 714P-02, Style 3) 
CA4812CS, CA4815CS (Case 714T-02, Style 2) 

Figure 4. External Connections 

CA4800C.CA4800cS.CA4812C.CA4812CS.CA4815C.CA4815CS 
3-38 

MOTOROLA RF DEVICE DATA 



MOTOROLA 
- SEMICONDUCTOR 

TECHNICAL DATA 

The RF Line 
Wldeband Linear Amplifiers 
· .. designed for amplifier applications in 50 to 100 ohm systems requiring wide 
bandwidth, low noise and low-distortion. This hybrid provides excellent gain stability with 
temperature and linear amplification as a result of the push-pull circuit design. 

• Specified Characteristics at Vcc = 24 V, TC = 25·C: 
Frequency Range - 10 to 1200 MHz 
Output Power - 400 mW Typ @ 1 dB Compression, f = 900 MHz 
Power Gain -17.5 dB Typ @ f = 1000 MHz 
Noise Figure - 6.5 dB Typ @ f = 500 MHz 
ITO - 38 dBm Typ @ 1000 MHz 

• All Gold Metallization for Improved Reliability 

• CA4912 is Optimized for 12 V Operation 

• CA4915 is Optimized for 15 V Operation 

MAXIMUM RATINGS (T A = 250C unless otherwise noted) 

Rating Symbol Value 

Supply Voltage CA49oo,S VCC 28 
CA4915,S 18 
CA4912,S 14 

RF Input Power Pin +13. 

Storage Temperature Tstg -40 to +100 

Operating case Temperature Range TC -20 to +100 

ELECTRICAL CHARACTERISTICS (T C = 25OC, VCC = 24 V, 50 Ohm System) 

Characteristic Symbol 

Supply Current CA4900,S IDC 
CA4912,S, CA4915,S 

Power Gain (I = 1000 MHz) PG 

Bandwidth (3 dB down at 10 MHz) BW 

Gain Flatness (1= 40-1200 MHz) FL 

Power Output - 1 dB Compression (I = 900 MHz) Po ldB 

InputlOutput VSWR I = 40-900 MHz VSWR 
1= 900-1200 MHz 

Noise Figure, Broadband 1 = 500 MHz NF 
1= 1200 MHz 

Third Order Intercept (11 = 10-1000 MHz, See Figure 1) ITO 

Second Harmonie Distortion (Po = 100 mW, 12H = 1200 MHz) dso 

Second Order Intermodulation Distortion 1M2 
(Po =2.75 dBm, 11 = 373 MHz, 12 =450 MHz, See Figure 1) 

IntermodulatJon Distortion, 3 Tone 1M3 
(I = 860 MHz, Psyne = 200 mW, See Figure 2) 

Unit 

V 

dBm 

OC 

·C 

Min 

200 
360 

16.5 

10 

-
300 

-
-
-
-
37 

-
-

-

CA4900,S 
CA4912,S 
CA4915,S 

17dB 
10-1200 MHz 

400mW 
W1DEBAND 

UNEAR AMPLIFIERS 

CASE 714P, STYLES 2, 3 
CA4900,CA4912,CA4915 

CASE 714T, STYLES 1, 2 
CA49OOS, CA4912S, CA49158 

Typ Max Unit 

220 240 mA 
380 400 

17.5 18.5 dB 

- 1200 MHz 

1 2 dB 

400 - mW 

- 2:1 -
2.6:1 -
6.5 8 dB 
7.5 9 

38 - dBm 

-50 -40 dB 

-64 -60 dB 

-60 - dB 

MOTOROLA RF DEVICE DATA CA4900eCA4900S.CA4912.CA4912S.CA4915.CA4915S 
3-39 

.. 
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ITO = Po + IM3/2@IM3>60dB 

Figure 1. 2-Tone Intermodulatlon Test A 

t---.. VCC 

Cl,2,3,4 ~ 0.01 I1F (chip) 
R = 200 Ohms. 1 Watt 

CA4900 (Case 714P-02, Style 2) 
CA4900S (Case 714T-02, Style 1) 

Figure 3. External Connections 

CA4900eCA4900S.CA4912.CA4912S.CA4915eCA4915S 
3-40 

---::T-Od'T-T--:r:-;-.; 
-jdB r 

-:-

1M3 

u l 'LJ I 

11 

11 = Video 
12 = SIdeband 
13 = Sound 

11 +13-12 12 13 

Figure 2. 3-Tone TV Intermodulation Test 

Input --I 
C1 

Pin Conliguration 

I-- Output 

C2 
1..----4_-_ VCC 

Cl,2,3, ~ O.OlI1F (chip) 

CA4912, CA4915 (Case 714P-D2, Style 3) 
CM912S, CA4915S (Case 714T-02, Style 2) 

Figure 4. External Connections 

MOTOROLA RF DEVICE DATA 



MOTOROLA 
• SEMICONDUCTOR 

TECHNICAL DATA 

The RF Line 
Wideband Linear Amplifiers 

•.• designed for amplifier applications in 50 to 100 ohm systems requiring wide 
bandwidth, low noise and low distortion. This hybrid provides excellent gain stability with 
temperature and linear amplification as a result of the push-pull circuit design. 

• Specified Characteristics at Vcc = 28 V, TC = 25·C: 
Frequency Range - 10 to 1000 MHz 
Output Power - 1 W Typ @ 1 dB Compression, f = 900 MHz 
Power Gain -15.5 Typ @ f = 1000 MHz 
Noise Figure - 7.5 dB Typ @ f = 500 MHz 
ITO - 40.5 dBm @ f = 1000 MHz 

• All Gold Metallization for Improved Reliability 
• Optimized for 28 V Operation 

MAXIMUM RAnNGS 

Rating Symbol Value 

DC Supply Voltage Vee 32 

RF Power Input Pin +18 

Operating Case Temperature Range TC -20 to +100 

Storage Temperature Range Tstg -40 to +100 

Unit 

Vdc 

dBm 

·C 

·C 

ELECTRICAL CHARACTERISTICS (Tc = 25OC, VCC = 28 V, 50 n system unless otherwise noted) 

Characteristic Symbol Min 

Frequency Range (3 dB Down at 10 MHz) BW 10 

GaIn Flatness (1 = 40-1000 MHz) - -
Power GaIn (1 = 1000 MHz) PG 14.5 

Noise Figure, Broadband f=500 MHz NF -
f= 1000 MHz -

Power Output- 1 dB Compression (f = 900 MHz) Po 1dB 800 

third Order Intercept (See Figure 1, f1 = 10-1000 MHz) ITO -
Input/Output VSWR f = 40-900 MHz VSWR -

f= 900-1000 MHz -
Second Harmonie Distortion (Po = 100 mW, 12H = 1000 MHz) dso -
Supply Current ICC 360 

Intennodulation Distortion, 3 Tone IMD -
(VIsion Carrier = -8 dB, Sound Carrier = -10 dB, 
Sideband Signal = -17 dB. See Figure 2. 
f = 860 MHz, Psyne = 200 mW) 

Second Order IMD 1M2 
(Pt = 2.75 dBm, f1 = 373 MHz, f2,= 450 MHz, See Figure 1) 

MOTOROLA RF DEVICE DATA 

CA5800C 
CA5800CS 

1YP 
-
1 

15.5 

7.5 
8.5 

1000 

40.5 

-
-

-55 

400 

-58 

-65 

15dB 
10-1000 MHz 

1 WATT 
W1DEBAND 

UNEAR AMPUFIERS 

CASE 714P, STYLE 2 
(CA) 

CA5600C 

CASE 714T, STYLE 6 
CA5800CS 

Max Unit 

1000 MHz 

2 dB 

- dB 

8.5 dB 
9.5 

- mW 

- dBm 

2:1 -
2.6:1 

-45 dB 

440 rnA 

- dB 

-60 dB 

CA5800S.CA5800CS 
3-41 

• 
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-----r ---1- -----Po 

I 2 I 3 

1--:: l:.di" r --r~;~ -_--F~ -

~ Li\,--J~I U ' .......... 
'1 '1 +13-'2 '2'3 

ITO = Po + 1~3 @ 1M3> 60 dB 
'1: video 
12: sideband 
13: sound 

Figure 1. 2-Tone Intermodulation, Test B Figure 2. 3-Tone TV Intermodulatlon Test 

CA5800C.CA5800CS 
3-42 

PIN CONFIGURATION 

~~~~~~-r~~ 
INPUT ~ ~ OUTPUT 

C1 Vcc 

C1, 2, 3, 4 '" 0.0111F (Chip) 
R1 a 90 OHMS, 3 WATTS 

CA5800G (case 714P-G2, Style 2) 
CA5800CS (case 714T-G2, Style 1) 

Figure 3. External Connections 

MOTOROLA RF DEVICE DATA 



MOTOROLA 
• SEMICONDUCTOR 

TECHNICAL DATA 

The RF Line 
Wideband Linear Amplifiers 

Designed for amplifier applications in 50 ohm systems requiring wide bandwidth, low 
noise and low-distortion. This hybrid provides excellent gain stability with temperature and 
linear amplification as a result of the push-pull circuit design. 

• Specified Characteristics at Vcc = 28 V, TC = 25°C 
Frequency Range - 50 to 1000 MHz 
Output Power - 1 W Typ @ 1 dB Compression, f = 900 MHz 
Power Gain -17.5 dB Typ @ f = 1000 MHz 
Noise Figure - 7.5 dB Typ @ f = 500 MHz 
ITO-41.5dBmTyp@ 1000 MHz 

• All Gold Metalization for Improved Reliability 
• Optimized for 28 V Operation 

MAXIMUM RATINGS 

Rating 

Supply Voltage 

RF Input Power 

Storage Temperature 

Operating Case Temperature Range 

Symbol Value 

Vee 32 

Pin +20 

Tstg -40 to +100 

Te -2010+100 

ELECTRICAL CHARACTERISTICS (T e = 25°C, Vee = 28 V, 50 Ohm System) 

Characteristic Symbol 

Supply Current Ide 

Power Gain 1= 1000 MHz PG 

Bandwidth BW 

Gain Flatness (1=50-1000 MHz) FL 

Power Output - 1 dB Compression (f = 900 MHz) Po 1 dB 

Input/Output VSWR (f = 50-900 MHz) VSWR 
(f = 900-1000 MHz) 

Noise Figure, Broadband f = 500 MHz NF 
f= 1000 MHz 

Third Order Intercept ITO 
(11 = 10-1000 MHz, See Figure 1) 

SecOnd Harmonic Distortion (Po = 100 mW, f2H = 1000 MHz) dso 

Second Order Intermodulalion Distortion 1M2 
(Po = 2.75 dBm, f1 =373 MHz, 12 =450 MHz, See Figure 1) 

Intermodulallon Distortion, 3 Tone 1M3 
(f = 860 MHz, Psync = 200 mW, See Figure 2) 

Preferred devices are Motorola recommended choices for future use and best overall value. 

MOTOROLA RF DEVICE DATA 

Unit 

V 

dBm 

°e 

°e 

Min 

-
16.5 

50 

-
800 

-
-
-
-
-

-
-

-

Typ 

400 

17.5 

-
1 

1000 

-
-
7.5 
8.5 

41.5 

-55 

-65 

-60 

CA5801 
CA5801S 

1 W,17dB 
50-1000 MHz 
WIDEBAND 

LINEAR AMPLIFIERS 

CASE 714P, STYLE 2 
CAS801 

CASE 714T, STYLE 1 
CAS801S 

Max Unit 

440 mA 

- dB 

1000 MHz 

2 dB 

- mW 

2:1 -
2.6:1 

8.5 dB 
9.5 

- dBm 

-45 dB 

-60 dB 

- dB 

CA5801.CA5801S 
3-43 

• 
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11 12 11 +12 212-11 

ITO = Po + IM3/2@ 1M3 > 60 DB 

Figure 1. 2-Tone Intermodulation Test 

Input 

--:· .. c--T-T----[ - - -10 dB 

-17 dB --

J_r-

I 
11 

1M3 

u l 
11+13-12 

11 = Video 
12 = Sideband 
13= Sound 

u \ 
12 13 

Figure 2. 3-Tone TV Intermodulatlon Test 

Pin ConflQUration 

Cl, C2 ;:: 0.01 flF (chip) 
R = 90 Ohms, 3 waus 

Output 

Vee 

Figure 3. External Connections 

CA5801.CA5801S 
3,-44 
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MOTOROLA 
• SEMICONDUCTOR 

TECHNICAL DATA 

The RF Line 
Wideband Linear Amplifiers 
· •. designed for amplifier applications in 50 to 100 ohm systems requiring wide bandwidth, 
low noise .and low distortion. This hybrid provides excellent gain stability with temperature 
and linear amplification as a result of the push-pull circuit design. 

• Specified Characteristics at VCC = 15 V, TC = 25·C: 
Frequency Range - 10 to 1000 MHz 
Output Power - 1 W Typ @ 1 dB Compression, f = gOO MHz 
Power Gain -15.5 Typ @ f = 1000 MHz 
PEP-1 WTyp @-32dBIMD 
Noise Figure - 7.5 dB Typ @ f = 500 MHz 
ITO - 40.5 dBm @ f = 1000 MHz 

• All Gold Metallization for Improved Reliability 

• Optimized for 15 Volt Operation 

MAXIMUM RATINGS 

Rating 

DC Supply Voltage 

RF Power Input 

Operating Case Temperature Range 

Storage Temperature Range 

. Symbol Value 

VCC 18 

Pin +18 

TC -2010..,100 

Tstg -40 to +100 

Unit 

Vdc 

dBm 

·C 

·C 

ELECTRICAL CHARACTERISTICS (Tc = 25·C, VCC = 15 V, 50 a system unless otherwise noted) 

Characteristic Symbol Min 

Frequency Range (3 dB Down at 10 MHz) BW 10 

Gain Flatness (f = 40-1000 MHz) - -
Power Gain (f = 1000 MHz) PG 14.5 

Noise Figure, Broadband f = 500 MHz NF -
f= 1000 MHz -

Power Output - 1 dB Compression (f = 900 MHz) P0 1dB 800 

third Order Intercept (See Figure 1, f = 10-1000 MHz) ITO -
Input/Output VSWR f = 40-900 MHz VSWR -

f= 900-1000 MHz -
Second Harmonic Distrotion (Po = 100 mW, f2H = 1000 MHz) dso -
Supply Current ICC -
Intermodulatlon Distortion, 3 Tone IMD -

(Vision Carrier = -8 dB, Sound Carrier = -10 dB, 
Sideband Signal = -17 dB. See Figure 2. 
f = 860 MHz, Psync = 200 mW) 

Second Order IMD 1M2 -
(Po = 2.75 dBm, f1 = 373 MHz, f2 = 450 MHz, See Figure 1.) 

MOTOROLA RF DEVICE DATA 

CA5815C 
CA5815CS 

Typ 

-
1 

15.5 

7.5 
8.5 

1000 

40.5 

-
-

-55 

700 

-58 

-65 

15dB 
10-1000 MHz 

1 WATT 
WIDEBAND 

LINEAR AMPLIFIERS 

CASE 714P 
(CA) 

CA5815C 

CASE 714T 
(SIP) 

CA5815CS 

Max 

1000 

2 

-
8.5 
9.5 

-
-
2:1 

2.6:1 

-45 

760 

-

-60 

Unit 

MHz 

dB 

dB 

dB 

mW 

dBm 

-

dB 

mA 

dB 

dB 

CA5815C.CA5815CS 

3-45 

.. 
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---. ---- ----1--1----- '0 - -: -_1:';';] --]_:~: -}io.; -

~ L..h_J_ u \---. 
-- --

---J U\ - -U_ 
11 12 11 + 12 211-12 

1M3 
ITO - Po +"'2 @ 1M3 < 60 ell 

11 11+1a-I2 12 13 

11: video 
f2:sideband 
f3:scund 

Figure 1. 2-Tone Intennodulatlon, Test B Figure 2. 3-Tone TV Intennodulatlon Test 

CA5815C.CA5815CS 
3-46 

PIN CONFIGURATION 

'-i-rr-;.-;--r-ri-T-' C2 

INPUT ~ ~ OUTPUT 
L..-__ +-__ VCC 

C1, 2, 3 :!; 0.Q1 IlF (CHIP) 

CA5815C (case 714P'()2, Style 3) 
CA5815CS (Case 714-02, Style 2) 

Figure 3. External Connections 

MOTOROLA RF DEVICE DATA 



MOTOROLA 
• SEMICONDUCTOR 

TECHNICAL DATA 

The RF Line 
Wideband Linear Amplifiers 

••. designed for amplifier applications in 50 to 100 ohm systems requiring wide 
bandwidth, low noise and low distortion. This hybrid provides excellent gain stability with 
temperature and linear amplification as a result of the push-pull circuit design. 

• Specified Characteristics at VCC = 28 V, TC = 25°C: 
Frequency Range - 10 to 1200 MHz 
Output Power - 1.0 W Typ @ 1 dB Compression, f = 900 MHz 
Power Gain - 15.5 dB Typ @ f = 1000 MHz 
PEP - 800 mW Typ @ -32 dB IMD 
Noise Figure - 7.5 dB Typ @ f = 500 MHz 
ITO -40.5 dBm Typ @ f = 1000 MHz 

• All Gold Metallization for Improved Reliability 

• Optimized for 28 Volt Operation 

MAXIMUM RATINGS 

Rating 

DC Supply Voltage 

RF Power Input 

Operating Case Temperature Range 

SlOrage Temperature Range 

Symbol Value 

VCC 32 

Pin +20 

TC -2010+100 

Tstg -4010+100 

Unit 

Vde 

dBm 

DC 

DC 

ELECTRICAL CHARACTERISTICS (Tc = 25°C, VCC = 28 V, 50 n system unless olherwise noted) 

Characteristic Symbol Min 

Supply Current ICC -
Frequency Range (3 dB Down at 10 MHz) BW 10 

Gain Flatness (I = 40-1200 MHz) - -
Power Gain (I = 1000 MHz) PG 14.5 

Noise Figure, Broedband 1= 500 MHz NF ~ 

1= 1200 MHz -
Power Output - 1.0 dB Compression (I = 900 MHz) Po 1dB 800 

Third Order Intercept (See Figure 1, 11 = 10-1200 MHz) ITO -
Input/Output VSWR 1= 40-900 MHz VSWR -

f = 900-1200 MHz -
Second Hannonie Distortion (Po = 100 mW, 12H = 1200 MHz) dso -
Intermodulation Distortion, 3 Tone IMD -

(Vision Carrier = -8.0 dB, Sound carrier = -10 dB, 
Sideband Signal = -17 dB. See Figure 2, 
1 = 860 MHz, Psyne = 200 mW) 

Second Order Intermodulation Distortion 1M2 -
(Po = 2.75 dBm, 11 = 373 MHz, 12 = 450 MHz, See Figure 1) 

MOTOROLA RF DEVICE DATA 

Typ 

400 

-
1 

15.5 

7.5 
8.5 

1000 

40.5 

-
2.6:1 

-50 

-58 

-65 

CA5900 
CA5900S 

15dB 
10-1200 MHz 

1 WATT 
WIDEBAND 

UNEAR AMPLIFIERS 

CASE 714P 
(CAl 

CA5900 

CASE 714T 
CA5900S 

Max 

440 

1200 

2 

-
8.5 
9.5 

-
-
2:1 
-

-45 

-

-60 

Unit 

rnA 

MHz 

dB 

dB 

dB 

mW 

dBm 

-

dB 

dB 

dB 

CA590()eCA5900S 
3-47 

• 



• 

-----r ---1- -----Po 

I 2 I 3 

1-- ~-__ F" -r ---_E~~--T~;'; --
IMD 

~ LA_.l_J U 
11 11 +13-12 12 13 
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ITO = Po + I': @ 1M3 > SOdB 

11: video 
12: sideband 
13: sound 

Figure 1. 2-Tone Intermoclulatlon, Test A Figure 2. 3-Tone TV Intermodulatlon Test 

CA59OOeCA5900S 
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PIN CONFIGURATION 

~~~T-T-~~~~~ 
INPUT ~ 1+ OUTPUT 

C1 Vee 

Cl, 2, 3, 4 ~ 0.01 p.F (CHIP) 
Rl = 90 OHMS, 3 WATTS 

CA5900 (Case 714P..()2, Style 2) 
CA5900S (Case 714T-02, Style 1) 

Figure 3. External Connections 
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MOTOROLA 
• SEMICONDUCTOR 

TECHNICAL DATA 

The RF Line 
Wideband Linear Amplifiers 

••. designed for amplifier applications in 50 to 100 ohm systems requiring wide 
bandwidth, low noise and low dist!)rtion. This hybrid provides excellent gain stability with 
temperature and linear amplification as a result of the push-pull circuit design. 

• Specified Characteristics at VCC = 15 V, TC = 25°C: 
Frequency Range - 10 to 1200 MHz 
Output Power - 1.0 W Typ @ 1 dB Compression, f = 900 MHz 
Power Gain - 15.5 dB Typ @ f = 1000 MHz 
Noise Figure - 7.5 dB Typ @ f = 500 MHz 
ITO - 40.5 dBm Typ @ f = 1000 MHz 

• All Gold Metallization for Improved Reliability 

• Optimized for 15 Volt Operation 

• CA5915 is Optimized for 15 V Operation 

MAXIMUM RATINGS 

Rating Symbol Value 

DC Supply Voltage Vee 18 

RF Power Input Pin +20 

Operating case Temperature Range TC -40 to +100 

Storage Temperature Range Tstg -55 to +125 

Unit 

Vdc 

dBm 

OC 

OC 

ELECTRICAL CHARACTERISTICS (T C = 25OC, VCC = 15 V, 50 n system unless otherwise noted) 

Characteristic Symbol Min 

Supply Current ICC -
Frequency Range (3 dB Down at 10 MHz) BW 10 

Gain Flatness (I = 40-1200 MHz) - -
Power Gain (f = 1000 MHz) PG 14.5 

Noise Figure, Broadband 1=500 MHz NF -
1= 1200 MHz -

Power Output -1.0 dB Compression (I = 900 MHz) P0 1dB 800 

Third Order Intercept (See Figure 1, 11 = 10-1200 MHz) ITO -
Input/Output VSWR I" 40-900 MHz VSWR -

1= 900-1200 MHz -
Second Harmonic Distortion (Po = 100 mW, 12H = 1200 MHz) dso -
Interrnodulation Distortion, 3 Tone IMD -

(Viston Carrier =-8.0 dB, Sound Carrier = -10 dB, 
Sideband Signal = -17 dB. See Figure 2, 
1 = 860 MHz, Psync = 200 mW) 

Second Order Interrnodulation Distortion 1M2 -
(Po·= 2.75 dBm, 11 ,,373 MHz, 12 = 450 MHz, See Figure 1) 

MOTOROLA RF DEVICE DATA 

Typ 

700 

-
1 

15.5 

7.5 
8.5 

1000 

40.5 

-
2.6:1 

-50 

-.60 

-65 

CA5915 
CA5915S 

15dB 
10-1200 MHz 

1.0 WATT 
WIDEBAND 

UNEAR AMPUFIERS 

CASE 714p, STYLE 3 
(CA) 

CA5915 

CASE 7141; STYLE 2 
CA5915S 

Ml\x Unit 

760 mA 

1200 MHz 

2 dB 

- dB 

8.5 dB 
9.5 

- mW 

- dBm 

2:1 -
-

-45 dB 

- dB 

-60 dB 

CA5915eCA5915S 
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ITO = Po + 1~3 " 1M3 >.6OdB 

nc " "_ "" T-d " t" " " " 1 ~1~~B " " " " "-;odB " " 
I -----

f1:video 
12: sideband 
13: sound 

IMD 

.I 

Figure 1. 2" Tone Intennodulatlon, Test A Figure 2. 3-Tone TV Intennodulatlon Test 

CA5915.CA5915S 
3-50 

PIN CONFIGURATION 

C1. 2, 3 2: O.01I1F (Clip) 

CA5915 (Case 714P-G2, Style 3) 
CA5915S (Case 714T-02, Style 2) 

Figure 3. External Connections 
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MOTOROLA 
• SEMICONDUCTOR 

TECHNICAL DATA 

The RF Line 
36-Channel (450 MHz) CATV Hi-Slope 
Input/Output Trunk Amplifier 

.•. allows increased trunk length. Effectively reduces trunk distortion. 5.0 dB less output 
noise at low end. 

Designed lor broadband applications requiring low-distortion amplification. Specilically 
intended lor CATV market requirements. These amplifiers leature ion-implanted arsenic 
emitter transistors and an all gold metallization system. The input amplifier Is tuned for 
minimum noise ligure while the output amplifier is tuned lor minimum distortion. 
• Specified Characteristics at VCC = 24 V, TC = 25·C: 

Frequency Range - 40 to 450 MHz 
Power Gain-15.6 dB Typ @ 1=50 MHz 

- 20.7 dB Typ @ 1=450 MHz 
Noise Figure - 5.7 dB Typ @ I = 450 MHz 
CTB - -66 dB @ Vout = 46 dBmV 

• All Gold Metallization System lor Improved Reliability 

MAXIMUM RATINGS 

Rating 

RF Voltage Input (Single Tone) 

DC Supply Voltage 

Operating Case Temperature Range 

Storage Temperature Range 

Symbol 

Vin 

Vee 

TC 

Tstg 

ELECTRICAL CHARACTERISTICS (Vee = 24 V, TC = 25°C, 75 n system unless otherwise noted) 

Characteristic Symbol Min 

Frequency Range BW 40 

Power Gain -50 MHz Gp 14.8 
-450 MHz 20.2 

GalnSlope S 4.7 

Galn Flatness (Note 1) - -
Return Loss - Input/Output (f=4O MHz) IRL/ORL 22 

(f = 50-60 MHz) 20 
(f = 80-160 MHz) 19 
(f = 160-450 MHz) 18 

Composite Second Order Distortion eso -
(Vout = +46 dBmV per ch., Ch. H20, 36-CH Flat) (Note 2) 

Cross Modulation Distortion XMD -
(vou! = +46 dBmV per ch., Ch. 2, 36-CH Flat) (Note 2) 

Composite Triple Beat CTB -
(Vout = +46 dBmV per ch., Ch. H20, 36-CH Flat) (Note 2) 

Noise Figure (f=50MHz) NF -
(f=450MHz) -

DC Current IDC -
NOTE 1 and NOTE 2 - See Next Page. 

MOTOROLA RF DEVICE DATA 

CA97901 

15-20 dB 
40-450 MHz 
36-CHANNEL 

CATVINPUT/OUTPUT 
TRUNK AMPUFIER 

CASE 714F, STYLE 1 
rCA (POS. SUPPLy») 

Value Unit 

69 dBmV 

28 Vdc 

-20 to +100 ·C 

-55 to ",,100 

Typ Max 

- 450 

15.6 16.4 
20.7 21.2 

5.1 5.5 

- ±O.2 

26 -
24 -
22 -
20 -

-68 -65 

-66 -65 

-66 -65 

4.6 6.0 
5.5 6.8 

220 240 

°C 

Unit 

MHz 

dB 

dB 

dB 

dB 

dB 

dB 

dB 

dB 

mA 

CA97901 
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NOTES: 
1. Flatness calculated Is based upon the following gain curve: 

Gt = GSO + AG [IX (f-50) + P (f-50)2 + y (f-50)3) 
.where: GSO = Gain at 50 MHz 

Gf = Gain at frequency f MHz . 
AG = Gain slope between SO MHz and 450 MHz 
n=3.132" 1~ 
P=1.993·1~ 
y=-8.934·1o-S 

2. The following Channels are turned on for the CTB. XMOD and CSO measurement: 

Channel # Frequency (MHz) Channel # Frequency (MHz) 

CA97901 
3-52 

1 55.25 13 235.25 
2 ~~ M ~25 

3 133.25 15 253~ 

4 139.25 16 259.25 
5 145~ 17 265.25 
6 151.25 18 271.25 
7 163.25 19 283.25 
8 175.25 20 289.25 
9 187.25 21 295.25 
10 205.25 22 301.25 
11 217.25 23 313.25 
12 229.25 24 319.25 

Channel # Frequency (MHz) 

25 325.25 
26 337.25 
27 349.25 
·28 361.25 
29 367.25 
30 373.25 
31 365.25 
32 391.25 
33 409.25 
34 415.25 
35 421.25 
36 433.25 

MOTOROLA RF DEVICE DATA 



MOTOROLA 
• SEMICONDUCTOR 

TECHNICAL DATA 

The RF Line 
Video Driver 
Hybrid Amplifiers 

• • • designed specifically for use as the video channel final stage In high resolution 
monitors. 

• Typical 10-90% Transition Times are 2.5 ns 

• 130 MHz Minimum Bandwidth at 40 Vp-p Output 

• Low Power Consumption 

• Excellent Grey-Scale Unearity 

• Unconditional Stability 

• Gold Metallization System for the Ultimate In Reliability 

• Reverse Polarity Version CR2424R (Negative Supply) for Grid Drive Application 

MAXIMUM RATINGS 

Rating Symbol Value 

Supply Voltage Vee 70 

Case Operatlng Temperature Range TC -20 to +100 

Storage Temperature Range Tstg -40 to +100 

ELECTRICAL CHARACTERISTICS (VCC = 60 V. TC = 25·C. CLoed = 8.5 pF. 40 V 
Peak-to-Peak output swing with 30 Vdc offset; R1 = 215 ohms. C1 = 90 pF typ.) 

Characteristic Symbol Min lYP Max 

SUpply Current (WIth Input Open Circuited) ICC 39.5 43.5 47.5 

Input DC Voltage (WIth Input Open Circuited) VinDC 1.15 1.4 1.65 

Output DC Voltage (With Input Open Circuited) VoutDC 26 30 34 

Voltage Gain (1) (2) fJoJ - 12.4 -
Transient Response (2) 

- Rise lime (10% to 90%) Ir - 2.5 2.9 

-Overshoot Vos•r - 8.0 15 

- Fall lime (10"1. to 90%) tf - 2.5 2.9 

-Overshoot Vos.f - 6.0 10 

Operating Supply Current (Vout = 40 V Peak-to-Peak. lee. max - - 100 
50 MHz Square Wave with 30 V offset) (3) 

Unearity Error (Vout = + 5.0 V to + 55 V) - - - 5.0 

NOTES: 
1. AV=VoutfVs 

Unit 

Vdc 

·C 

·C 

Unit 

rnA 

V 

V 

VN 

ns 

% 

ns 

% 

mA 

% 

2. Input Signal is nominally a 62.5 KHz square wave of 3.25 V peak-to-peak with 1.4 Vdc offset. 
Input tr• tf < 1.0 ns. 

3. Output is not short circuit protected. 

MOTOROLA RF DEVICE DATA 

CR2424A 
CR2424R 
CR2425A 

2.5n • 
130 MHz 

VIDEO DRIVER 
HYBRID 

AMPUFIERS 

CASE 7140, STYLE 1 
(CALP) 

CR2424A 

CASE 714L, STYLE 1 
(CA LP, NEG SUPPLy) 

CR2424R 

CASE 714F, STYLE 1 
(CA) 

CR2425A 

CR2424A.CR2424R. CR2425A 
3-53 

• 



II 

TYPICAL CHARACTERISTICS 

j 

5 

o 

-1 

14 

12 
10 

~ 8 
~ 6 

ffi 4 
g§ 2 
a 0 

~-2 
~-4 
. 5 
--6 

-a 
-10 

t 

\. 
....... 

~ 
~ 

........... 
r---..... 

....... 
~ 

o 20 40 
Vout. OUTPUT DC LEVEL (VOLTS) 

Figure 1. Voltage Ratio at RF Input Port 

I 
_\. 

""-
r---..... 

....... 
.......... 

"-
......... 

.......... 
....... 

............ 
o 20 40 

Vout. OUTPUT DC LEVEL (VOLTS) 

Figure 3. Output Voltage versus Input Current 

Cl 
to-12OpF 

60 

60 

+60V 

1.7 

1.65 

en 1.6 
!:i 
~ 1.55 

iii 1.5 

~ 1.45 
g 
!5 1.4 

~ 1.35 

~ 1.3 
1.25 

1.2 

o 
-0.5 

i -1 

~ E -1.5 

~ -2 

~ -2.5 

; -3 

-3.5 

-4 

9 

"-
............... 

............... 
............... -..... 

"\ 

o 20 40 60 
Vou~ OUTPUT DC LEVa (VOLTS) 

Figure 2. Voltage Ratio at Port 1 

- -r-t- ~OUI= ~YP-P 
........... r-.,. 

1'1\ 
1\ 

1\ 
1\ 

\ 

o 20 40 60 60 100 120 140 160 180 200 

f. FREQUENCY (MHz) 

Figure 4. Frequency Response 

+ 4.711F O.II1F 

1 160V T lOOV 

I 
Vout 

1«-"-
.". Cprobe = 8 pF TYP 

10.8pFMAX 

Figure 5. CRT Driver Test Circuit 

CR2424A.CR2424R.CR2425A 
3-54 

MOTOROLA RF DEVICE DATA 



MOTOROLA 
• SEMICONDUCTOR 

TECHNICAL DATA 

The RF Line 
Video Driver 
Hybrid Amplifier 

The CR2428 is designed specifically for use as the video channel final stage in high 
resolution monitors. 

• Typical 10-90% Transitions limes are 2.5 ns 

• 130 MHz Minimum Bandwidth at 40 Vp-p Output 

• Up to 50 Vp-p Output Swing with 60 V Supply Voltage 

• Low Power Consumption 

• Excellent Grey-Scale Linearity 

• Unconditional Stability 

• Gold Metallization System for the Ultimate in Reliability 

MAXIMUM RATINGS 

Rating Symbol 

Supply Voltage Vee 

Operating case Temperature Range TC 

Storage Temperature Range Tstg 

CR2428 

2.5 ns 
130 MHz 

VIDEO DRIVER 
HYBRID 

AMPLIFIER 

CASE 431A, STYLE 1 
(CRLP) 

Vslue Unit 

70 Vdc 

-20 to +100 "C 

-40 to +100 "C 

ELECTRICAL CHARACTERISTICS (T C = 25"C. VCC = 60 V. CLOAD = 8.5 pF. 40 V peak-to-peak output swing with 30 Vdc offset; 
Rl =2150. Cl =90 pFlyp) 

Characteristic Symbol Min ~p 

Supply Current (With Input Open Circuited) ICC 39.5 43.5 

input DC Voltage (With Input Open Circuited) VinDC 1.15 1.4 

Output DC Voltage (With Input Open Circuited) VoutDC 26 30 

Voltage Gain (1) (2) I'o,j 11.2 12.4 

Translent Response (2) 
- Rise lime (10% to 90"10) tr - 2.5 

-Overshoot Vos•r - 8.0 
- FaJllime (90% to 10%) tf - 2.5 

-Overshoot Vos.f - 6.0 

Operating Supply Current (Vout = 40 V Peak-to-Peak. ICC - 100 
50 MHz Square Wave with 30 V offset) (3) 

Linearily Error (Vou! = +5.0 V to +55 V) - - -
NOTES: 

1. AV= VoutfVs 
2. Input Signal is nominally a 62.5 kHz square wave of 3.25 V peak-to-peak with 1.4 Vdc offset. Input tr• If < 1.0 ns. 
3. Output Is not short circuit protected. 

MOTOROLA RF DEVICE DATA 

Max 

47.5 

1.65 

34 

13.2 

2.9 
15 
2.9 
10 

-

5.0 

Unit 

rnA 

V 

V 

VN 

ns 
% 
ns 
% 

rnA 

% 

CR2428 
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TYPICAL CHARACTERISTICS 
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MOTOROLA 

-SEMICONDUCTOR -----------TECHNICAL DATA 

The RF Line 
Video Driver 
Hybrid Amplifiers 
• Designed Specifically for use as the Video Channel Final Stage in High Resolution 

Monitors 

• Low Power Consumption 

• Typical 10-90% Transitions Times are 2.7 ns 
• 115 MHz Minimum Bandwidth at 40 Vp_p Output Swing 

• Excellent Grey-Scale Unearity 

• Unconditional Stability 
• Gold Metallization System for the Ultimate in Reliability 

• 80 Volt Supply Operation Provides Large DC Offset Range and Large Output Swing 
Capability for Color Applications 

• Reverse Polarity Version CR3424R (Negative Supply) for Grid Drive Application 

MAXIMUM RATINGS 

Rating Symbol Value Unit 

Supply Voltage VCC 90 Vdc 

Case Operating Temperature Range TC -2010 +100 ·C 

Storage Temperature Range Tstg -4010 +100 ·C 

ELECTRICAL CHARACTERISTICS (Ycc = 80 Vdc, TC= 25·C, CLoad = 10 pF, Rl = 287 ohms, 
Cl = 60 pF Typ., Vout = 40 V Peak-ta-Peak with 40 Vdc offset). See Figure 410r test circuit 

Characteristic Symbol Min Typ Max Unit 

Supply Current (With Input Open Circuited) ICC 41 45 49 mA 

DC Input Voltage (With Input Open Circuited) VinDC 1.3 1.55 1.8 Vdc 

DC Output Voltage (With Input Open Circuited) VoutOC 36 40 44 Vdc 

Voltage Gain (1) (2) tv - 12.7 - VN 

Transient Response (2) 
- Rise Time (10% 10 90%) tr - 2.7 3.1 ns 

-Overshoot Vas,r - - 10 % 

- Fall Time (90% 10 10%) tf - 2.7 3.1 ns 

-Overshoot Vas,f - - 10 % 

Bandwidth (-3.0 dB Point) 115 - - MHz 

Operating Supply Current (Yout = 40 V ICc,max - - 100 rnA 
Peak-to-Peak, 
50 MHz Square Wave with 40 V offset) (3) 

Unearity Error (Yout = +5.0 V to +55 V) - - - 5.0 % 

NOTES: 
1. AV = VoutfVs 
2. Signal source output signal (V s in Figure 1) is nominally a 62.5 KHz square wave of 3.25 V peak

ta-peak with 1.4 Vdc offset 
3. Output is not short circuit protected 

MOTOROLA RF DEVICE DATA 

CR3424A 
CR3424R 
CR3425A 

2.7ns 
115 MHz 

VIDEO DRIVER 
HYBRID 

AMPLIFIERS 

CASE 714G. STYLE 1 
(CALP) 

CR3424A 

CASE 714L. STYLE 1 
(CA LP. NEGATIVE SUPPLy) 

CR3424R 

CASE 714F. STYLE 1 
(CA) 

CR3425A 

CR3424A.CR3424R.CR3425A 
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MOTOROLA 
• SEMICONDUCTOR 

TECHNICAL DATA 

The RF Line 
Video Driver 
Hybrid Amplifier 

The CR3428 is designed specifically for use as the video channel final stage in high 
resolution monitors. 

• 80 V Supply Operation Provide Large DC Offset Range for Color Applications 

• Typical 10-900/0 Transitions Times are 2.7 ns 

• 115 MHz Minimum Bandwidth at 40 Vp-p Output 

• Up to 70 Vp-p Output Swing with 80 V Supply Voltage 

• Low Power Consumption 

• Excellent Grey-Scale Linearity 

• Unconditional Stability 

• Gold Metallization System for the Ultimate in ReliBbility 

MAXIMUM RATINGS 

Rating Symbol 

Supply Voltage VCC 

Operating case Temperature Range TC 

SlOrage Temperature Range Tstg 

CR3428 

2.7ns 
115 MHz 

VIDEO DRIVER 
HYBRID 

AMPUFIER 

CASE 431 A, STYLE 1 
(CR LP) 

Value Unit 

90 Vdc 

-2010+100 OC 

-4010+100 OC 

ELECTRICAL CHARACTERISTICS (Tc = 25°C, VCC = 80 V, CLOAD = 10 pF, 40 V peak-to-peak output swing with 40 Vdc offset; 
Rl = 287 a, Cl = 60 pF typ) 

Characteristic Symbol Min Typ 

Supply Current (With Input Open CircuHed) ICC 41 45 

Input DC Voltage (With Input Open Circuited) VinDC 1.3 1.55 

Output DC Voltage (With Input Open Circuited) VoutDC 36 40 

Voltage Gain (1) (2) AV 11.5 12.7 

Transient Response (2) 
- Rise Time (10% to 90%) Ir - 2.7 

-Overshoot Vos,r - -
- Fall TIme (90% 10 10%) If - 2.7 

-Overshoot Vos,f - -
Operating Supply Current (Vout = 40 V Peak-to-Peak, ICC - 100 

50 MHz Square Wave with 30 V offset) (3) 

linearity Error (Vout = +5.0 V 10 +55 V) - - -
NOTES: 

1. AV = VoutfVs 
2. Inpul Signal Is nominally a 62.5 kHz square wave of 3.25 V peak-to-peak with 1.4 Vdc offset. Input tr,lf < 1.0 ns. 
3. Output is not short circuit protected. 

MOTOROLA RF DEVICE DATA 

Max 

49 

1.8 

44 

13.5 

3.1 
10 
3.1 
10 

-

5.0 

Unit 

rnA 

V 

V 

VN 

ns 
% 
ns 
% 

rnA 

% 
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MOTOROLA 
• SEMICONDUCTOR 

TECHNICAL DATA 

The RF Line 
450 MHz CATV 
Feedforward Amplifier 
• .. designed for broadband applications requiring low-distortion amplification. Specifically 
intended for CATV market requirements. Two hybrid amplifiers along with couplers and 
delay lines are packaged together to provide extremely low distortion products at 
conventional CATV amplifier output levels. 

• Specifically Designed to Provide Improved Performance in 450 MHz CATV Applications 

• Distortion Components Reduced more than 20 dB from Conventional CATV Hybrid 
Amplifiers 

• Specified for 50-Channel Performance 

• Fully Shielded Metal Package 

MAXIMUM RATINGS 

Rating Symbol Value Unit 

RF Voltage Input (Single Tone) Yin +55 dBmV 

DC Supply Voltage VCC 28 Vdc 

Operating Case Temperature Range TC -20 to +100 °c 

Storage Temperature Range Tstg -40 to +100 °c 

ELECTRICAL CHARACTERISTICS (VCC = 24 V, TC = 50°C, 75 n system unless otherwise noted) 

Characteristic Symbol Min 

Frequency Range BW 40 

Power Gain - 50 MHz Gp 23.4 

Slope S +0.2 

Gain Flatness - -

Return Loss - Input (I = 40-450 MHz) IRL 18 

Return Loss -,. Output (I = 40-450 MHz) ORL 18 

Second Order Intermodulation Distortion IMD -
(Vout = +50 dBmV per ch., ch. A, H2, H22) 

Cross Modulation Distortion XMD60 
(Vout = 46 dBmV per ch., ch. 2, 6O-channels) -
(Vout = 46 dBmV per ch., ch. 2, ---, H22) -

Composite Triple Beat CTB 
(Vout = 46 dBmV per ch., ch. 2, 60-channels) -
(Vout = 46 dBmV per ch., ch. 2, ---, H22) -

Noise Rgure (1=50 MHz) NF -
(1=450 MHz) -

OCCurrent IDC -

MOTOROLA RF DEVICE DATA 

Typ 

-
24 

-
-
-
-
-

-80 
-

-85 
-
-
-
660 

MFF124B 

24 dB 
40-450 MHz 
6O-CHANNEL 

CATV 
FEEDFORWARD 

AMPLIFIER 

CASE 825A, STYLE 1 

Max 

550 

24.6 

+1.4 

±0.2 

-
-

-80 

-
-75 

-
-79 

9 
10 

725 

Unit 

MHz 

dB 

dB 

dB 

dB 

dB 

dB 

o:lB 

dB 

dB 

rnA 

MFF124B 
3-61 
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PERFORMANCE DERATE versus TEMPERATURE (TYP) 

MFF124B 
3-62 

Symbol 

G 

IN_ 

Characteristics Test cOnditions 

Gain 50 MHz ±O.5dB 

CIRCUITRY BLOCK DIAGRAM 

PERFORMANCE MEASUREMENT 
Motorola test fixture: PIN MFF124BTF is n~ for 
accurate measurement . 

-20+100"C 

. ±O.6dB 

_OUT 

MOTOROLA RF DEVICE DATA 



MOTOROLA 
• SEMICONDUCTOR 

TECHNICAL DATA 

The RF Line 
550MHzCATV 
Feedforward Amplifier 
· .. designed for broadband applications requiring low-distortion amplification. Specifically 
intended for CATV market requirements. Two hybrid amplifiers along with couplers and 
delay lines are packaged together to provide extremely low distortion products at 
conventional CATV amplifier output levels. 

• Specifically Designed to Provide Improved Performance in 550 MHz CATV Applications 

• Distortion Components Reduced more than 20 dB from Conventional CATV Hybrid 
Amplifiers 

• Specified for n-Channel Performance 

• Fully Shielded Metal Package 

MAXIMUM RATINGS 

Rating Symbol Value Unit 

RF Voltage Input (Single Tone) Vln +55 dBmV 

DC Supply Voltage VCC 28 Vdc 

Operating Case Temperature Range TC -20 to +100 ·C 

Storage Temperature Range Tstg -40 to +100 ·C 

ELECTRICAL CHARACTERISTICS (VCC = 24 V, TC = 50·C, 75 a system unless otherwise noted) 

Characteristic Symbol Min 

Frequency Range BW 40 

Power Gain - 50 MHz Gp 23.4 

Slope S +0.2 

Gain Flatness - -
Return Loss - Input (I = 40-550 MHz) IRL 18 

Return Loss - Output (I = 40-550 MHz) ORL 18 

Second Order Intermodulation Distortion IMD -
(Vout = +50 dBmV per ch., ch. A, H2, H22) 

Cross Modulation Distortion XMDn 
(Vout = 44 dBmV per ch., ch. 2, n-channels) -
(Vout = 44 dBmV per ch., ch. 2, ---, H39) -

CompOSite Triple Beat CTB 
(Vout '" 44 dBmV per ch., ch. 2, 77-channels) -
(Vout = 44 dBmV per ch., ch. 2, ---, H39) -

Noise Figure (1=50 MHz) NF -
(1=550 MHz) -

OCCurrent IDC -

MOTOROLA RF DEVICE DATA 

Typ 

-
24 

-
-
-
-
-

-80 
-

-85 
-
-
-

660 

MFF224B 

24 dB 
40-550 MHz 
n-CHANNEL 

CATV 
FEEDFORWARD 

AMPLIFIER 

CASE 825A, STYLE 1 

Max 

550 

24.6 

+1.8 

±0.25 

-
-
-80 

-
-70 

-
-75 

9 
11 

725 

Unit 

MHz 

dB 

dB 

dB 

dB 

dB 

dB 

dB 

dB 

dB 

rnA 

MFF224B 
3-63 
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PERFORMANCE DERATE versus TEMPERATURE (TYP) 

MFF224B 
3-64 

Symbol 

G 

IN_ 

Characteristics Test Conditions -20 +80"C 

Gain 50 MHz ±O.5dB 

CIRCUITRY BLOCK DIAGRAM 

PERFORMANCE MEASUREMENT 
Motorola testflxture: PIN MFF124BTF is necessary for 
accurate measurement. 

-20+100"C 

±O.6dB 

_OUT 

MOTOROLA RF DEVICE DATA 



MOTOROLA 
• SEMICONDUCTOR 

TECHNICAL DATA 

The RF Line 
600 MHz CATV 
Feedforward Amplifier 

Designed for broadband applications requiring low-distortion amplification. Specifically 
intended for CATV market requirements. Two hybrid amplifiers along with couplers and 
delay lines are packaged together to provide extremely low distortion products at 
conventional CATV amplifier output levels. 

• Specifically Designed to Provide Improved Performance in 600 MHz CATV Applications 

• Distortion Components Reduced more than 20 dB from Conventional CATV Hybrid 
Amplifiers 

• Specified for a5-Channel Performance 

• Fully Shielded Metal Package 

MAXIMUM RATINGS 

Rating Symbol Value Unit 

Supply Voltage VCC 28 V 

RF Input Power Pin +55 dBmV 

Storage Temperature Range Tstg -40 to +100 °c 

Operating Case Temperature Range TC -20 to +100 °c 

ELECTRICAL CHARACTERISTICS (Tc = 50°C, VCC = 24 V, 75 n System) 

Characteristic Symbol Min 

Frequency Range BW 40 

Power Gain - 50 MHz Gp 23.4 

Slope S +0.4 

Gain Flatness - -
Return Loss - Input IRL 18 

Retum Loss - Output ORL 18 

Cross Modulation Distortion XMD85 -
(Vout = +44 dBmV per ch., ch. 2, --, H47) 

CompOSite Triple Beat CTB85 -
(Vout = +44 dBmV per ch., ch. 2, ---, H47) 

Noise Figure (I = 50 MHz) NF -
(1=600 MHz) -

OCCurrent IDC -

PERFORMANCE DERATE versus TEMPERATURE (TYP) 

Characteristics Test Conditions -20+ 8O"C 

Change in Gain wrremp. 50 MHz ±0.5dB 

Preferred devices are Motorola reoommended choices for future use and best overall value. 

MOTOROLA RF DEVICE DATA 

Typ 

-
24 

-
-
-
-
-

-

-
-

660 

MFF324B 
Motorola Preferred DevIce 

24 dB 
40-600 MHz 
as-CHANNEL 

CATV 
FEEDFORWARD 

AMPLIFIER 

CASE 825A, STYLE 1 

Max Unit 

600 MHz 

24.6 dB 

+2.0 dB 

±0.25 dB 

- dB 

- dB 

-68 dB 

-73 dB 

9.0 dB 
12.5 

725 rnA 

-20+ 1000C 

±0.6dB 

MFF324B 
3-65 
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MFF324B 
3-66 

MAIN AMP. 

OUTPUT 

INPUo.T __ ~~---''Y'f'Y'f'Y"\_-+-~ __ --1 ") ___ ....1 

ERROR AMP. 

PERFORMANCE MEASUREMENT 
Motorola test fixture: PIN MFF124BTF is necessary for accurate measurement. 

Figure 1. Block Diagram of Circuit 
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MOTOROLA 
• SEMICONDUCTOR 

TECHNICAL DATA 

The RF Line 
VHF Power Amplifier 

The MHW105 is designed specifically for portable radio applications. The MHW105 is 
capable of 5.0 watts power output, operates from a 7.5 volt supply and requires only 1.0 
mW of RF input power. 

• Specified 7.5 Volt Characteristics: 
RF Input Power - 1.0 mW (0 dBm) 
RF Output Power - 5.0 W 
Minimum Gain - 37 dB 
Harmonics - -40 dBc Max @ 2 fO 

• 50 Ohm Input/Output Impedances 

• Guaranteed Stability and Ruggedness 

• Epoxy Glass PCB Construction Gives Consistent Performance and Reliability 

MAXIMUM RATINGS (Flange Temperature = 25°C) 

Rating Symbol 

DC Supply Voltage Vs3 

DC Control & Bias Voltage Vs1,2 

DC Control Voltage Veont 

RF Input Power Pin 

RF Output Power (V cont = 9.0 Vdc) Pout 

Operating Case Temperature Range TC 

Storage Temperature Range Tstg 

MHW105 

5.0W 
68 to 88 MHz 
VHF POWER 
AMPLIFIER 

CASE 301 K, STYLE 3 

Value Unit 

9.0 Vdc 

9.0 Vdc 

9.0 Vdc 

5.0 mW 

7.0 W 

-30 to +100 °c 

-30 to +100 °C 

ELECTRICAL CHARACTERISTICS (Vsl = Vs2 = Vs3 = 7.5 Vdc; Vcont" 7.0 Vdc; TC = +25°C, 50 n system, unless otherwise noted) 

Characteristic Symbol 

Frequency Range BW 

Power Gain (Pout = 5.0 W) (1) Gp 

Control Voltage (Pin = 1.0 mW; Pout = 5.0 W) (1) Vcont 

Efficiency (Pout = 5.0 W) (1) 11 

Harmonics (Pout = 5.0 W) (1) 2fO,3fO -
InputVSWR (Pout = 5.0 W) (1) VSWRin 

Load Mismatch (Vs1 = Vs2 = Vs3 = 9.0 Vdc; Load VSWR = 20:1; 'II 
Pout = 5.0 W)(1) 

Stability (Pin = 1.0 to 3.0 mW; Vsl = Vs2 = Vs3 = 6.0 to 9.0 Vdc; -
Pout = 1.0 Wto 5.0 W; Load VSWR = 8:1, All Phase Angles) (1) 

Quiescent Current (Vs1 = Vs2 = Vs3 = 7.5 Vdc; Vcont = 7.0 Vdc; Pin = 0) IQ 

NOTE: 
1. Adjust V cont for specified Pout 

MOTOROLA RF DEVICE DATA 

Min Max 

68 88 

37 -
- 7.0 

40 -
- -40 

- 2.0:1 

No Degradation in 
Power Output 

Before and After Test 

All Spurious Outputs 
More Than 60 dB 

Below Desired Signal 

- 200 

Unit 

MHz 

dB 

Vdc 

% 

dBc 

-

rnA 

MHW105 
3-67 
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38 

.----+ __ ---=-! __ ~I_----=.f_---....:....j---.,..._.;.;PIN NUMBERS 

Cl 

ZI 

Vsl, Vs2 
+7.5V 

@100mA 
(TYPICAL) 

SIGNAL GENERATOR 

Veon! 
7Vdc 

@230mA 
(TYPICAL) 

Vs3 -= 
+7.5V 

@124A 
(TYPICAL) 

Cl, C2, C3, 04, C6, C7, C8, C9 - 18,000 pF CHIP 
C5, Cl0 - 3.31lF TANTALUM CHIP 
Ll, L2, L3, L4-0.2IlH 
ZI, Z2 - 50 Q MICROSTRIP LINE 

Figure 1. VHF Power Module Test Circuit Diagram 

- 45 

RFOUT 

50Q 
LOAD 

37 TC = 100°C, Veon!= 2.73 V 

~'ll I I 40 

15 

"E 36 
al 
:5!. 35 a: w 34 
~ 
Il- 33 
~ 
Il- 32 ~ 
0 31 
o? 

30 

29 

/ 1/ ~ TC = -30°C, Veon! = 3 V 

V / / I I I 
I I-. 'I- T C = 25°C, V cont = 2.56 V 

II I I I I 
II Vsl = Vs2 = Vs3 = 7.5 V I--

I I f=7BMHz , II / I I I 
I I I 28_15 -10 -5 o 5 10 

Pin, INPUT POWER (dBm) 

Figure 2. Output Power versus Input Power 

MHW105 
3-68 

"E 
al 
:5!. 
a: w 
~ 
0 
a.. 
I-
::> 
ll-
I-
:::> 
0 

o? 

35 

30 

25 

20 

lS 

10 

5 

o 
-5 o 

IJ 
1', 

f=7BM~ 

~ 
..-: BBMHz 

r /;'MHZ 

11/ 

" Pin=OdBm _ 
Vsl = Vs2 = Vs3 = 7.5 V 
TC = 25°C -

2 3 4 5 6 
Veon!, CONTROL VOLTAGE (VOLTS) 

7 B 

Figure 3. Output Power versus Control Voltage 
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45 

40 ~ Vsl=Vs2=Vsa=9V 7.5 V 

E 
ED 
:8-
a: 

~ 
I-
=> a. 
l-
=> 
0 

rE 

35 

30 

25 

20 

15 

10 

5 

o 
-5 

1.5 

1.4 

o 

~ 
I- 1.3 
~ 
;!!; 

j 1.2 

~ 
1.1 

1 
65 

// 
III 
rll 

J I 
rll 

/1 
I I , 

6V 

/" 

f=78MHz 
I'jn=OdBm 
TC = 25°C 

2 3 4 5 6 

Vcont. CONTROL VOLTAGE (VOLTS) 

-
~ 

7 8 

Figure 4. Output Power versus Control Voltage 

/ 
.......... Vsl = Vs2= Vs3= 6V / " 7.5 V 

/ 9V'- --V L I 
~ V 

f..- .- I - Pin = 0 dBm -
TC=25OC -

I I 
70 75 80 85 90 95 

f. FREQUENCY (MHz) 

Figure 6. Input VSWR versus Frequency 
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t 'I Vsl = Vs2 = Vsa = 7.5 V 
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Figure 5. Efficiency versus Control Voltage 
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Figure 7. Control Voltage versus Frequency 
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Figure 8. Control Voltage versus Frequency 
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MOTOROLA 
- SEMICONDUCTOR 

TECHNICAL DATA 

The RF Line 
VHF Power Amplifiers 

••• designed for 7.5 volt VHF power amplifier applications in industrial and commercial 
equipment primarily hand portable radios. 

• MHW607-1: 136-150 MHz 

• MHW607-2: 146-114 MHz 

• MHW607-3: 174-195 MHz 

• MHW607-4: 184-210 MHz 

• Specified 7.5 Volt Characteristics: 
RF Input Power = 1.0 mW (0 dBm) 
RF Output Power = 7.0 Watts (MHW607-1,-2); 6.5 W (MHW607-3,-4) 
Minimum Gain (VControl = 7.0 V) = 38.5 dB 
Harmonics = -40 dBc Max @ 2.0 fo 

• 50 n InpuVOutput Impedance 

• Guaranteed Stability and Ruggedness 

• Epoxy Glass PCB Construction Gives Consistent Performance and Reliability 

MAXIMUM RATINGS (Flange Temperature = 25°C) 

Rating Symbol 

DC Supply Voltage (Pins 2, 4, 5) Vsl,2,3 

DC Control Voltage (Pin 3) VCont 

RF Input Power Pin 

RF Output Power (Vsl = Vs2 = Vsa = 9.0 V) Pout 

Operating Case Temperature Range TC 

Storage Temperature Range Tstg 

MHW607-1 
MHW607-2 
MHW607-3 
MHW607-4 

7.0W-136to210 MHz 
6.5 W -174 to 210 MHz 

VHF POWER 
AMPUFIERS 

CASE 301 K, STYLE 3 

Value Unit 

9.0 Vdc 

9.0 Vdc 

5.0 mW 

10 W 

-30 to +100 °c 
-30 to +100 OC 

ELECTRICAL CHARACTERISTICS (Vsl = vs2 = Vsa = 7.5 Vdc, (Pins 2, 4, 5), TC = 25°C, 50 Q System) 

Characteristic 

Frequency Range MHW607-1 
MHW607-2 
MHW607-3 
MHW607-4 

Control Voltage (Pout = 7.0 W, Pin = 1.0 MW)(l) 

Quiescent Current (Vs1 = Vs2 = Vs3 = 7.5 Vdc, VCont = 7.0 Vdc) 

Power Gain (Pout = 7.0 W, VCont = 7.0 Vdc) 

Efficiency (Pout = 7.0W, Pin = 1.0 mW)(l) 

Harmonics (Pout = 7.0 W)(l) 210 
(PJn = 1.0 mW) 310 

InputVSWR (Pout = 7.0W, Pin = 1.0 mW), 50 Q Ref. (1) 

Load Mismatch (Vsl = Vs2 = Vs3 = 9.0 Vdc) 
VSWR = 20:1, Pout = 8 W, Pln'= 5.0 mW)(l) 

Stability (Pin = 1.0-30 mW, Vsl = Vm = Vsa = 6.0-9.0 Vdc) 
Pout between 1.0 W and lOW 
Load VSWR = 8:1 

Control Current (Vsl = Vs2 '" Vsa = 7.5 V, 
Pin = 0 dBm, VCont Set lor Po = 7.0 W) 

(1) Adjust V Cont for specified Pout. 

MHW607-1.MHW607-2.MHW607-3.MHW607-4 
3-70 

Symbol 

-

VCont 

Isl (q) + Is2(q) 

Gp 

1] 

-

-

Min Max Unit 

136 150 MHz 
146 174 
174 195 
1~ 210 

0 7.0 Vdc 

- 160 rnA 

38.5 - dB 

40 - % 

- -40 dBc 
-45 

- 2.0:1 -
No Degradation 
in Power Output 

All spurious outputs 
more than 60 dB 

below desired signal 

- 325 rnA 

MOTOROLA RF DEVICE DATA 
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PIN 
NO. 

-' 

R.F. 
IN 

........... 

10dB 
ATTENUATOR 

SIGNAL 
GENERATOR 

Pin=lm\'l 
Pout =7W 

VCONTROL 
+7.0 Vdc 

@250mA 
(TYPICAL) 

Cl - 0.018 IlF Chip 
C2, ca, C4, C5, CS, C7, C8-0.018IlFChip 
C9, Cl0 - 3.3 IlF Tantalum 
L1, L2, L3, L4-0.2IlH 
Zl, Z2 - 50 Q Microstrip 

Figure 1. Power Module Test 
System Block Diagram 

Vsl, Vs2 
+7.5Vdc 

@145mA 
(TYPICAL) 

TYPICAL CHARACTERISTICS 

14 
Vsl = Vs2 = Vs3 = 7.5 Vdc ~ 12 

...... r-... 
V;:Ont - T\ 

SWR 

~ 
50 ~ :z 
45 

w 
5 

40 
u:: 
LL w 

1.2:1 
1.1:1 ~ 
1.0:1 ~ 

rr w 

~ 10 
"-
!5 8 
"-
!5 
0 6 

~ 4 "-
/ 

// 
VI 2 

Vs3 
+7.5Vdc 
@1.75A 

(TYPICAL) 

Z2 

6 

50 
OHM 
LOAD 

Vsl = Vs2 = Vs3= 7.5 V 

f=116MH~ -

.....-:: ~ 155 

P. r 174 

'A '/ 
~/ 

/ 

140 150 160 170 180 2 3 4 5 6 7 8 9 10 
VCont, CONTROL VOLTAGE (Vdc) f, FREQUENCY (MHz) 

Figure 2. Control Voltage, Efficiency and VSWR 
versus Frequency 

MOTOROLA RF DEVICE DATA 

Figure 3. Output Power versus Control Voltage 

MHW607-1.MHW607-2.MHW607-3.MHW607-4 
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TYPICAL CHARACTERISTICS 

16 

14 

~ 12 

110 
I : 
~ 4 

2 

14 

~ 12 

110 

I 8 

6 

; 4 

2 

V.1" Vs2 = Vsa i 7.5 Vile 

V.t Vs2I= vsa! 6 Vdc r--
1-

Pin=lm 
Vcr7V I 

140 1~ lro lro 180 190 
f. FREQUENCY (MHz) 

Figure 4. Output Power versus Frequency 

PinLJ I I I 1_ r--
Vsl = Vs2= Vsa= 7.5 Vdc -Vec",SETFORPout,,7W@TC=2OOC -

1=1741 1HZ 

146~ Hz 

-80 -60 -40 -20 0 20 40 ro 80 100 
TC. CASE TEMPERATURE (OC) 

Figure 6. Output Power versus case Temperature 

MHW607-1.MHW607-2.MHW607-3.MHW607-4 
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PinLm~ 
POI =7W 

f .. l46~Hz 

174~ Hz 
i""""-l- V 

"""'-... ----
Vsl =Vs2=Vsa=7.5V~ 

-80 -60 -40 -20 0 20 40 ro 80 100 
TC. CASE TEMPERATURE (0C) 

Figure 5. Control Voltage versus case Temperature 

--,~ MHz 

17 MHz 

~n .. lm~ 
sl .. Vs2 = Vsa" 7.5 Vdc 

VCo,nI" 7 Vdc 
2 

-80 -60 -40 -20 0 20 40 ro 80 100 
T Co CASE TEMPERATURE ("C) 

Flgure.7. Output Power versus case Temperature 
at Maximum Control Voltage 
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APPLICATIONS INFORMATION 

NOMINAL OPERATION 
All electrical specifications are based on the nominal 

conditionsofVs1 = Vs2= Vs3= 7.5Vdc(Pins2, 4, 5) and Pout 
equal to 7.0 watts. With these conditions, maximum current 
density on any device is 1.5 x 105 Alcm2 and maximum die 
temperature with 100°C case operating temperature is 
165°C. While the modules are designed to have excess gain 
margin with ruggedness, operation of these units outside the 
limits of published specifications is not recommended unless 
prior communications regarding illtended use have been 
made with the factory representative. 

GAIN CONTROL 
The module output should be limited to 7.0 watts. The pre

ferred method of power output control is to fix V sl = Vs2 = Vs3 
=7.5Vdc (Pins 2, 4, 5), Pin (Pin 1) at 1.0mW, and vary VCont 
(Pin 3) voltage. 

DECOUPLING 
Due to the high gain of the three stages and the module 

size limitation, extemal decoupling networks require careful 
consideration. Pins 2, 3, 4 and 5 are intemally bypassed with 
a 0.018 ILF chip capacitor which is effective for frequencies 
from 5.0 MHz through 174 MHz. For bypassing frequencies 
below 5.0 MHz, networks equivalent to that shown in Figure 1 
are recommended. Inadequate decoupling will result in spuri
ous outputs at certain operating frequencies and certain 
phase angles of input and output VSWR. 

Figure 8. Test Fixture Assembly 

LOAD MISMATCH 
During final test, each module is load mismatoh tested in a 

fixture having the identical decoupling networks described in 
Figure 1. Electrical conditions are V sl = V s2 = V s3 equal to 
9.0 Vdc, VSWR equal to 20:1, and output power equal to 8.0 
watts. 

-~ III 11,,-----

MOTOROLA RF DEVICE DATA 

SCALE 0.75:1 

Figure 9. Photomaster For Test Fixture 

MHW607-1.MHW607-2.MHW607-3.MHW607-4 
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MOTOROLA 
• SEMICONDUCTOR 

TECHNICAL DATA 

The RF Line 
UHF Power Amplifier 

Designed for 6.0 V UHF power amplifier applications in industrial and commercial 
equipment, primarily hand portable radios. 

• Specified 6.0 Volt Characteristics: 
RF Input Power - 1.0 mW (0 dBm) 
RF Output Power - 3.0 W 
Minimum Gain (VControl = 6.0 V). = 34.8 dB 
Harmonics - -40 dBc Max @ 2 fo 

• 50 n Input/Output Impedances 
• Guaranteed Stability and Ruggedness 
• Epoxy Glass PCB Construction Gives Consistent Performance and Reliability 

MAXIMUM RATINGS 

Rating Symbol 

DC SUpply Voltage (Pins 2, 4, 5, 6) Vs1,2,3,4 

DC Control Voltage (Pln3) Vcont 

RF Input Power Pin 

RF Output Power (Vs1 = Vs2 = Vs3 = Vs4 = 7.5 Vdc) Pout 

Operating case Temperature Range TC 

Storage Temperature Range Tstg 

MHW704 

3.0W 
440 to 470 MHz 
UHHPOWER 
AMPLIFIER 

CASE 301J, STYLE 1 

Value Unit 

7.5 Vdc 

6.0 Vdc 

3.0 mW 

4.5 W 

-25 to +100 OC 

-25 to +100 OC 

ELECTRICAL CHARACTERISTICS (Vs1 = Vs2 = Vs3 = Vs4 = 6.0 Vdc (Pins 2, 4, 5, 6); TC = +25·C, 50 ohm system) 

Characteristic 

Frequency Range 

Power GaIn (Pout = 3.0 W; Veont = 6.0 V) 

Control Voltage (Pin = 1.0 mW; Pout = 3.0 W) (1) 

Efficiency (Pin = 1.0 mW; Pout = 3.0 W) (1) 

Harmonics (Pout = 3.0 W; Pin = 1.0 mW) (1) 210 

InputVSWR (Pout = 3.0 W; Pin = 1.0 mW) (1) 

Load Mismatch (Vs1 =Vs2=Vs3= Vs4 = 7.5 VdC; Load VSWR= 10:1, 
All Phase Angles At Frequency of Test; Pout = 4.0 W; Pin = 3.0 mW) (1) 

Stability (Pin = 1.0 to 3.0 mW; Vs1 = Vs2 = Vs3 = Vs4 = 5.0 to 7.5 Vdc; 
Pout = 100 mW to 4.0 W; Load VSWR = 8:1, 
All Phese Angles At Frequency of Test) (1) 

Control Current (Pout = 3.0 W; Pin = 1.0 mW) (1) 

Quiescent Current (Pin = 0 mW; Veont = 0 VdC) 

Leakage Current (Vs1 = Vs2 = Veont = 0 Vdc; Vs3 = Vs4 = 7.5 VdC; Pin = 0 mW) 

(1) Adjust VCont for specified Pout. 

MHW704 
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Symbol 

BW 

Gp 

Veont 

11 

-
VSWRln 

IJ1 

-

leont 

IQ 

IL 

Min Max Unit 

440 470 MHz 

34.8 - dB 

- 6.0 Vdc 

38 - % 

- -40 dBc 

- 2.0:1 -
No Degradiation in 

Power Output 

All Spurious Outputs 
More Than 60 dB 

Below Desired Signal 

- 80 mA 

- 150 mA 

- 0.2 mA 
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MOTOROLA RF DEVICE DATA 

VCONTROL Vsl + Vs2 
t6Vdc t6Vdc 

Cl-G7 -O.OlBILF 
CB. C9 - 3.3 !1F 
Ll-L5-0.2ILH 
Zl. Z2 - 50 n MICROSTRIP 

Vs3+ Vs4 
t6Vdc 

Figure 1. UHF Power Amplifier Test System Diagram 

RF 
OUT 
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MOTOROLA 
• SEMICONDUCTOR 

TECHNICAL DATA 

The RF Line 
UHF Power Amplifiers 
• •• designed for 7.5 Volt UHF power amplifier applications in industrial and commercial 
equipment primarily hand portable radios. 

• MHW707-1, 1=403-440 MHz 

• MHW707-2, f = 440-470 MHz 
• MHW707-3, f = 470-500 MHz 

• MHW707-4, f = 490-512 MHz 

• SpecHled 7.5 Volt Characteristics: 
RF Input Power = 1.0 mW (0 dBm) 
RF Output Power = 7.0 Watts (2) 
Minimum Gain (VControl = 7.0 V) = 38.5 dB (2) 
Harmonics = -40 dBc Max @ 2 fo 

• 50 n Input/Output Impedance 

• Guaranteed Stability and Ruggedness 
• Epoxy Glass PCB Construction Gives Consistent Performance and Reliability 

MAXIMUM RATINGS (Flange Temperature = 25"C) 

Rating Symbol 

DC Supply Voltage (Pins 2,4,5,6) Vsl,2,3,4 

DC Control Voltage (Pin 3) VCont 

RF Input Power Pin 

RF Output Power (Vsl = Vs2 = Vs3 = Vs4 = 9.0 Vdc) Pout 

Operating case Temperature Range TC 

S10rage Temperature Range Tstg 

MHW707-1 
MHW707-2 
MHW707-3 
MHW707-4 

7.0 W, 403 to 500 MHz 
6.5 W, 490 to 512 MHz 

UHF POWER 
AMPUFIERS 

CASE 301J. STYLE 1 

Value Unit 

9.0 Vdc 

7.0 Vdc 

3.0 mW 

9.0 W 

-3010 +80 "C 

-3010+80 "C 

ELECTRICAL CHARACTERISTICS Vsl = Vs2 = Vsa = Vs4 = 7.5 Vdc, (Pins 2,4,5,6), TC = 25°C, 50 g System 

Characteristic 

Frequency Range MHW707-1 
MHW707-2 
MHW707-3 
MHW707-4 

Control Voltage (Pout = 7.0 W, Pin = 1.0 MW)(1) 

Quiescent Current 
(Vsl = Vs2" Vsa= Vs4 = 7.5 Vdc, Pin = 0 mW, VCont = 0 Vdc) 

Power Gain (Pout = 7.0 W, VCont = 7.0 Vdc) (2) 

Efficiency (Pout = 7.0W, Pin = 1.0 mW) (1) (2) 

Harmonics (Pout = 7.0 W) (1)(2) 2fo 
(Pin = 1.0 mW) 

InputVSWR (Pout = 7.0W, Pin = 1.0 mW), 50 g Ref. (1) (2) 

Control Current(Vsl =Vs2 = Vsa = Vs4 = 7.5 Vdc, Pin = 1.0 mW) (1) 

Load Mismatch (Vsl = Vs2 = Vsa = Vs4 = 9.0 Vdc) 
VSWR= 10:1, Pout = 9.0W, Pin =3.0 mW(l) 

Stability (Pin = 1.0-3.0 mW, Vsl .. Vs2 = Vsa = Vs4" 6.0-9.0 Vdc) 
Pout between 1.0 Wand 9.0 W (1) 
Load VSWR = 8:1, All Phase Angles 

NOTES. 
1. Adjust Veontfor specified Pout. 
2. MHW707-4 Specifications: Pout = 7.0 W @ 490 MHz 

Pout = 6.5 W @ 512 MHz 

MOTOROLA RF DEVICE DATA 

Symbol Min Max Unit 

- 403 440 MHz 
440 470 
470 500 
490 512 

VCont 0 7.0 Vdc 

- 150 mA 

Gp 38.5 - dB 

11 40 - % 

- - -40 dBc 

- - 2.0:1 -
- - 95 rnA 

No Degradation 
in Power Output 

All spurious outputs 
more than 60 dB 

below desired signal 
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Figure 1. Power Module Test System 
Block Diagram 

TYPICAL CHARACTERISTICS 
(MHW707-1) 
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versus Frequency 

Figure 3. Output Power versus Control Voltage 
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TYPICAL CHARACTERISTICS 
(MHW707-1) 
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Figure 4. Output Power versus Frequency 
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Figure 6. Output Power versus Case Temperature 

7 

l - 6 w 

~ 5 
~ 
~ 4 
!z 3 
8 
-E 2 
.§ 

:---

'---

---- 1=44OMHz 
~ MHz 

Pin- 1mW 
Vsl" Vs2" Vs3" Vs4=7.5Vdc 

poutr W I I I 
~ -60 -40 -20 0 20 40 60 60 ~ 

T C. CASE TEMPERATURE ("C) 

Figure 5. Control Voltage versus Case Temperature 
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TYPICAL CHARACTERISTICS 
(MHW707-2) 
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TYPICAL CHARACTERISTICS 
(MHW707-2) 
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TYPICAL CHARACTERISTICS 
(MHW707-3) 
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TC. CASE TEMPERATURE rC) 

Figure 18. Output Power versus case Temperature at 
Maximum Control Voltage 
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TYPICAL CHARACTERISTICS 
(MHW707-4) 

r----
1--

1-

55 ~ 

50 
t; 
ifi 

45 ~ u.. w 

"'" 

a: 
2.0:1 ~ 

I-

1.0:1 ~ 
~ 

9r--r-.--,--.-,--.--.--.-.--, 

Sr--+-r--+-r--r-r--r-r--r~ 

~ 7 1---1---1---11--+ 

! 
!:i 

§ 4~-r-~-h~~~-~~-~~~ 
'5 
tf?3~-r-~iM'-~~-l-~-l-~~ 

2 1--t:.~L-+-

1~~~--~~~--~-L~~~~ 
490 495 500 505 510 

f. FREQUENCY (MHz) 
515 520 2 3 U 4 U 5 U 6 U 7 

Veont. CONTROL VOLTAGE (Vdc) 

Figure 19. Control Voltage, Efficiency and VSWR 
versus Frequency 
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APPLICATIONS INFORMATION 

NOMINAL OPERATION 
All electrical specifications are based on the nominal 

conditionsofVs1 =Vs2 = Vs3 =Vs4=7.5Vdc (Pins 2, 4, 5, 6) 
and Pout equal to 7.0 watts (6.5 W for MHW707-4). With 
these conditions, maximum current density on any device is 
1.5 x 105 Alcm2. While the modules are designed to have ex
cess galri margin with ruggedness, operation of these units 
outside the limits of published specifications is not recom
mended unless prior communications regarding intended 
use have been made with the factory representative. 

GAIN CONTROL 
The module output should be limited to 7.0 watts. The pre

ferred method of power output control is to fix Vs1 = Vs2 = Vs3 
= Vs4 = 7.5 Vdc (Pins 2, 4, 5, 6), Pin (Pin 1) at 1.0 mW, and 
vary Vcont (Pin 3) voltage. 

DECOUPLING 
Due to the high gain of the four stages and the module size 

limitation, external decoupling networks require careful con
sideration. Pins 2, 3, 5 and 6 are internally bypassed with a 
0.018 j,LF chip capacitor which is effective for frequencies 
from 5.0 MHz through 940 MHz. For bypassing frequencies 
below 5.0 MHz, networks equivalent to that shown in Figure 1 
are recommended. Inadequate decoupling will result in spuri
ous outputs at certain operating frequencies and certain 
phase angles of input and output VSWR. 

Figure 24. Test Fixture Assembly 

LOAD MISMATCH 
During final test, each module Is load mismatch tested in a 

fixture having the identical decoupling networks described In 
Figure 1. Electrical conditions are Vs1 = Vs2 = Vs3 = Vs4 
equal to 9.0 Vdc, VSWR equal top 10:1, and output power 
equal to 9.0 watts. 

INPUT -...111111,,--- OUTPUT 

MOTOROLA RF DEVICE DATA 

SCALE 0.75:1 

Figure 25. Photomester For Test Fixture 
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MOTOROLA 
• SEMICONDUCTOR 

TECHNICAL DATA 

The RF Line 
UHF Power Amplifiers 
· .. capable of wide power range control as encountered in UHF cellular telephone 
applications. 

• MHW720A1 400-440 MHz 

• MHW720A2 440-470 MHz 

• MHW720A3 450-458 MHz 

• Specified 12.5 Volt, UHF Characteristics
Output Power = 20 Watts 
Minimum Gain = 21 dB 
Harmonics = -40 dB (Max) 

• 500 Input/Output Impedance 

• Guaranteed Stability and Ruggedness 

• Epoxy Glass PCB Construction Gives Consistent Performance and Reliability 

• MHW720A3 Specifically Designed for C-NETZ Mobile Applications 

• MHW720A3 Guaranteed for Dynamic Range and Extreme Condition Performances 

MAXIMUM RATINGS (Flange Temperature = 25°C) 

Rating Symbol 

DC Supply Voltages Vs1 Vs2 

RF Input Power Pin 

RF Output Power (@ Vs1 = Vs2 = 12.5 V) Pout 

Operating Case Temperature Range TC 

Storage Temperature Range MHW720A1, MHW720A2 
MHW720A3 

Tstg 

MHW720A1 
MHW720A2 
MHW720A3 

20 W, 400 to 70 MHz 
RFPOWER 

AMPLIFIERS 

CASE 700, STYLE 2 

Value Unit 

15.5 Vdc 

250 mW 

25 W 

-30 to +100 °c 

-40 to +100 °c 
-30 to +100 

ELECTRICAL CHARACTERISTICS (Vs1 and Vs2 set at 12.5 Vdc, TC = 25°C, 50 g system unless otherwise noted) 

Characteristic 

Frequency Range MHW720A1 
MHW720A2 
MHW720A3 

Input Power (Pout = 20 W) 

Power Gain (Pout = 20 W) 

Efficiency (Pout = 20 W) MHW720A1, MHW720A2 
MHW720A3 

Harmonics (Pout = 20 W, Reference) 

Input Impedance (Pout = 20 W, 50 g Reference) 

Gain Degradation (1) (Pout = 20 W, Reference 
Gain @ TC = + 25°C) TC=-30°C 

TC = +80°C 

Load Mismatch 
(VSWR = 30:1, Vs1 = Vs2 = 15.5 Vdc, Pout = 30 W) 

Stability (Pin = Ot0250 mW, Vs1 = Vs2 = 10 to 15.5 Vdc) MHW720A1, MHW720A2 
1. Load VSWR = 4:1, 50 g Reference 
2. Source VSWR = 2:1, 50 g Refernece 

Stability (Pin = 0 to 250 mW, Vs1 = Vs2 = 7.5-15.5 Vdc) MHW720A3 
1. Load VSWR = 6:1, 50 g Reference 
2. Source VSWR = 3:1, 50 g Reference 

Quiescent Current MHW720A 1, MHW720A2 
(ls1 No RF Drive Applied) MHW720A3 

NOTE: 
1. See Figure 5, Input Power versus Case Temperature 

MHW720A 1-MHW720A2-MHW720A3 
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Symbol 

-

Pin 

GD 

t\ 

-
Zin 

-

-

-

-

Is1 (q) 

Min Max Unit 

400 440 
440 470 MHz 
450 458 

- 150 mW 

21 - dB 

35 - % 
37 -
- -40 dB 

- 2:1 VSWR 

dB 
- -0.7 
- -0.7 

No degradation 
in Pout 

All spurious outputs 
more than 60 dB 

below desired signal 

All spurious outputs 
more than 60 dB 

below desired signal 

- 200 rnA 
- 75 
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APPLICATIONS INFORMATION 

Nominal Operation 
All electrical specifications are based on the nominal 

conditions of VS1 (Pin 5) and Vs2 (Pin 3) equal to 12.5 Vdc 
and with output power equaling 20 watts. With these condi
tions, maximum current density on any device is 1.5 x 105 AI 
cm2 and maximum die temperature with 100° base plate 
temperature is 165°. While the modules are designed to have 
excess gain margin with ruggedness, operation of these 
units outside the limits of published specifications is not rec
ommended unless prior communications regarding intended 
use has been made with the factory representative. 

Gain Control 
This module is designed for wide range Pout level control. 

The recommended method of power output control, as 
shown in Figure 3, is to fix Vs1 and Vs2 at 12.5 Vdc and vary 
the input RF drive level at Pin 7. 

In all applications, the module output power should be lim
ited to 20 watts. 

Decoupliilg 
Due to the high gain of the three stages and the module 

size limitation, the external decoupling network requires 
careful consideration. Both Pins 3 and 5 are internally by-

Pin 7 

10\." \,11 

Zl, Z2 50 Q Microstripline 

passed with a 0.018 J.LF chip capaCitor effective for frequen
cies from 5 through 470 MHz. For bypassing frequencies 
below 5 MHz, networks equivalent to that shown in the test 
fixture schematic are recommended. Inadequate decoupling 
will result in spurious outputs at certain operating frequencies 
and certain phase angles of input and output VSWR less 
than 4:1. 

Load Mismatch 
During final test, each module is load mismatch tested in a 

fixture having the identical decoupling network described in 
Figure 1. Electrical conditions are V s1 and V s2 equal 15.5 V, 
load VSWR infinite, and output power equal to 30 watts. 

Mounting .Conslderations 
To insure optimum heat transfer from the flange to heat

sink, use standard 6-32 mounting screws and an adequate 
quantity of silicon thermal compound (e.g., Dow Corning 
340). With both mounting screws finger tight, alternately 
torque down the screws to 4-6 inch pounds. The heatsink 
mounting surface directly beneath the module flange should 
be flat to within 0.005 inch to prevent fracturing of ceramic 
substrate material. For more information on module mount
ing, see EB-107. 

MHW720A BLOCK DIAGRAM 

Pin 1 

Z2 

MHW720A Text FIXture Schematic 

C2, C3 0.1 I1F Ceramic ~ICROLABI FXR AD 10N V
s
l 

Signal L l,l2 Ferroxcube VK2OQ-20/4B C7 47 J.LF Tantalum, 25 V 
Generator 

NOTE: No Intemal D.C. blocking on input pin. 

MOTOROLA RF DEVICE DATA 

Cl, C4, C5, C6 1.0 I1F Tantalum 25 V 

Figure 1. UHF Power Amplifier Test Setup 
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Figure 3. Output Power versus Input Power 
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• 
Figure 11. Test Fixture Assembly 

Input Line 
Width = 0.085~ Pin 7 Pin 5 

Body Clearance 
for 4-40 Screw 

Pin3 Pin 1 
SCALE 0.75:1 

OutputUne 
Width = 0.085" 

NOTE: 

Teflon Glass Board 
1=0.031" 
er= 2.56 

Mount board and module on 112" thick a1u!T1inum block for 
heat sinking and electrical ground. Pins 2, 4 and 6 are not 
directly connected to ground in this test fixture. Ground is 
provided through module heat sink. 

Figure 12. UHF Power AmplHler Test Fixture Printed Circuit Board 
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MOTOROLA 
• SEMICONDUCTOR 

TECHNICAL DATA 

The RF Line 
UHF Power Amplifiers 
• •• capable of wide power range control as encountered in portable cellular radio 
applications (30 dB typical). 

• MHW803-1 820-850 MHz 
• MHW803-2 806-870 MHz 
• MHW803-3 870-905 MHz 
• SpecHied 7.5 Volt Characteristics 

RF Input Power = 1 mW (0 dBm) 
RF Output Power = 2 Watts 
Minimum Gain (VControl = 4 V) = 33 dB 
Harmonics = -45 dBc Max @ 2 fo 

• 50 n Input/Output Impe!lance 
• Guaranteed Stability and Ruggedness 
• Epoxy Glass PCB Construction Gives Consistent Pelformance and Reliability 

MAXIMUM RATINGS (Flange Temperature = 2500) 

Rating Symbol 

DC Supply Voltage (Pins 2,3,4) Vs1,2,3 

DC Control Voltage (Pin 1) VCont 

RF Input Power Pin 

RF Output Power (Vs1 = Vs2 = Vsa = 10 V) Pout 

Operating case Temperature Range TC 

Storage Temperature Range Tstg 

MHW803·1 
MHW803·2 
MHW803·3 

2 W, 806 to 905 MHz 
UHF POWER 
AMPLIFIERS 

CASE 301 E, STYLE 1 

Value Unit 

10 Vdc 

4 Vdc 

3 mW 

3 W 

-30 to +100 00 

-30 to +100 00 

ELECTRICAL CHARACTERISTICS Vs1 .. Vs2 = Vsa = 7.5 Vdc, (Pins 2,3,4), TC = 2500, 50 g System 

Characteristic Symbol 

Frequency Range MHW803-1 -
MHW803-2 
MHW803-3 

Control Voltage (Pout = 2 W, Pin = 1 mW) (1) VCont 

Quiescent Current (VS1, Pin 2= 7.5Vdc) (2) Is1(q) 

Power Gain (Pout=2W, VCont= 4 Vdc) Gp 

Efficiency (Pout = 2 W, Pin =1 mW) (1) " Harmonics (Pout = 2 W) (1) 2fo -
(Pin = 1 mW) 3fo 

InputVSWR (Pout = 2 W, Pin = 1 mW), 50 g Ref. (1) -
Noise power 30 kHz Bandwidth, 45 MHz above to 

(Pout = 2 W (1) TC = +2500 -
(Pin = 1 mW) TC=+100·C -

Load Mismatch (Vs1 = Vs2 = Vsa = 10 Vdc) 
VSWR= 10:1, Pout=3W, Pin=3mW (1) 

Stability (Pin = 0.5-2 mW, Vs1 = Vs2 = Vsa = 6-9 Vdc) 
Pout between OmW and 2W (1) 
Load VSWR = 6:1, Source VSWR = 3:1) 

NOTES: 
1. Adjust Vcont for specified Pout. 
2. VCont= 0 Vdc. 

MOTOROLA RF DEVICE DATA 

Min Max Unit 

820 850 MHz 
806 870 
870 905 

0 4 Vdc 

- 65 rnA 

33 - dB 

37 - % 

- -45 dBc 
-55 

- 2.0:1 -

- -85 dBm 
- -82 dBm 

No Degradation 
In Power Output 

All spurious outputs 
more than 60 dB 

below desired Signal 
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Zl L1 

R.F. 
IN VCONTROl 

+4Vdc 
@100f'A 
(TYPICAl) 

10dS 
ATTENUATOR 

SIGNAl 
GENERATOR 

":' 
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5 

L2 
~C3 

L4 Z2 

~C4 C8~ 

R.F. 
Vsl Vs2 Vs3 OUT 

+ 7.5 Vdc + 7.5Vdc + 7.5Vdc 
@l20mA @l00mA @450mA 
(TYPICAL) (TYPICAl) (TYPICAl) 

Cl, C2 - 0,018 mF CHIP 50 
C3, C5, C7-0.1 mF OHM 

LOAD 04, C6, C8, C9 - 1 mF Tantalum 
Ll, L2, L3, L4-0.15 mH 
Zl, Z2 - 50 W MICROSTRIP 

":' 

Figure 1. Power Module Test System 
Block Diagram 
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TYPICAL CHARACTERISTICS 
(MHW803-1.-2) 

4 Pm-I mW ~ 

i 
50 M i 

r- Pout=2W 
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r- Pi~=lrr:w I I 
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f.JMHz 3 
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45 r: ~ -- ~ 635~Hz 

~ 
670 MHz 

1 VSWR 
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f, FREQUENCY (MHz) 

FIgure 2. Control Voltage, EffIciency and VSWR 
versus Frequency 
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Figure 4. Output Power versus Frequency 
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FIgure 6. Output Power versus case Temperature 
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FIgure 3. Output Power versus Control Voltage 
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TYPICAL CHARACTERISTICS 
(MHW803-3) 

4 
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- Pout=2W 
VCo 1 

50 ~ 
> 

45 
~ w 

40 
g 
w 
r: 

VSWR 

860 880 900 920 940 

2.0:1 ~ 
g! 

1.5:1~ 

9601.0:1 ;;; 
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Figure 8. Control Voltage, Efficiency and VSWR 
versus Frequency 
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Figure 10. Output Power,versus Frequency 
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Figure 12. Output Power versus case Temperature 
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Figure 11. Control Voltage versus case Temperature 
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Figure 13. Output Power versus case Temperature 
at Maximum Control Voltage 
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APPUCATIONS INFORMATION 

NOMINAL OPERATION 
All electrical specifications are based on the nominal 

conditions of Vs1 = Vs2 = Vs3 = 7.5 Vdc (Pins 2, 3, 4) and Pout 
equal to 2 watts. With these conditions, maximum current 
density on any device is 1.5 x 105 Alcm2 and maximum die 
temperature with 100·C case operating temperature is 
165·C. While the modules are designed to have excess gain 
margin with ruggedness, operation of these units outside the 
limits of published specifications Is not recommended unless 
prior communications regarding intended use have been 
made with the factory representative. 

GAIN CONTROL 
The module output should be limited to 2 watts. The pre

ferred method of power output control is to fIX Vs1 = Vs2 = Vs3 
= 7.5 Vdc (Pins 2,3,4), Pin (Pin 1) at 1 mW, and vary VCont 
(Pin 1) voltage. 

DECOUPUNG 
Due to the high gain of the three stages and the module 

size limitation, extemal decoupllng networks require careful 
consideration. Pins 2, 3 and 4 are Internally bypassed with a 
0.018 I1F chip capacitor which is effective for frequencies 
from 5 MHz through 905 MHz. For bypassing frequencies be
low 5 MHz, networks equivalent to that shown in Figure 1 are 
recommended. Inadequate decoupllng will result in spurious 
outputs at certain operating frequencies and certain phase 
angles of Input and output VSWR. 

Figure 14. Test Fixture Assembly 

LOAD MISMATCH 
During final test, each module is load mismatch tested in a 

fIXtUre having the Identical decoupling networks described in 
Figure 1. Electrical conditions are V s1 = Vs2 = Vs3 equal to 10 
Vdc, VSWR equal to 10:1, and output power equal to 3 watts. 

SCALE 0.75:1 

figure 15. PIIotomaster For Test Fixture 
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MOTOROLA 
• SEMICONDUCTOR 

TECHNICAL DATA 

The RF Line 
UHF Power Amplifiers 
• .. designed specifically for portable radio applications. The MHW804 Series is capable 
of wide power range control, operates from a 7.5 volt supply and requires only 1.0 mWof 
RF input power. 

.. 

• MHW804-1 - 800 to 870 MHz 
MHW804-2 - 896 to 940 MHz 

• Specified 7.5 Volt Characteristics: 
RF Input Power - 1.0 mW (0 dBm) 
RF Output Power - 4.0 W 
Minimum Gain - 36 dB 
Harmonics --45 dBc Max @'2.0 fo 

• 50 Ohm Input/Output Impedances 
• Guaranteed Stability and Ruggedness 

MAXIMUM RATINGS (Flange Temperature = 25°C) 

Rating 

DC Supply Voltage 

DC Control Voltage 

RF Input Power 

RF Output Power 

Operating Case Temperature Range 

Storage Temperature Range 

Symbol Value Unit 

Vs 10 Vdc 

Vcont 4.0 Vdc 

Pin 5.0 mW 

Pout 6.0 W 

TC -30to+100 °C 

Tstg -30to+100 °C 

ELECTRICAL CHARACTERISTICS (TC = + 25°C, 50 ohm system, unless otherwise noted) 

Characteristic 

Frequency Range MHW804-1 
MHW804·2 

Power Gain (Vs1 = Vs2 = Vs3= Vs4= Vs5= 7.5 V; Vcont=3.75 V) 

Control Voltage (Pin =OdBm, Pout = 4.0 W, Vs1 = Vs2=Vs3=Vs4=VSS=7.5 V, 
Adjust V cont for specified Pout> 

Efficiency (Same condition as for Vcontl 

Current Drain (Same conditions as for Vcontl 151 + 154 (Pins 2, 5) 
IS2 + 183 + 185 (Pins 3, 4, 6) 
Icontrol (Pin 1) 

Inpul VSWR (Same conditions as for V contl 

Harmonic Content (Same conditions as for Vcont> 2.0fo 
3.0fo 

Leakage Current-ls2 + Is3+ Iss (Vs2 = Vs3= Vs5= 7.5 V; Vs1 = Vs4 = 0 V 
Vcont = 0 V; Pin = 0 mW) 

Standby Current -ls1 + Is4 (Vs1 = Vs2 = Vs3 = Vs4 = Vs5 = 7.5 V 
Vcont = 4.0 V; Pin = 0 mW) 

Load Mismatch Stress (Vs1 = Vs2 = Vs3 = Vs4 = Vs5 = 9.0 V; 
Pin = 2.0 mW; Pout = 6.0 W; Load VSWR = 20:1, All Phase Angles. 
Adjust Vcont for Specified Pout> 

Stability (Vs1 = Vs2 = Vs3 = Vs4 = Vs5 = 6.0 to 9.0 V; PIN =-1.0 dBmto + 3.0 dBm; 
Pout = 1.0 W to 4.0 W; Load VSWR = 6:1, All Phase Angles; 
Adjust V cont for Specified Pout> 

MHW804-1.MHW804-2 
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Symbol 

BW 

Gp 

Vcon! 

1'( 

ID 

VSWRln 

-

IL 

IS 

'I' 

-

MHW804-1 
MHW804-2 

Min 

800 
896 

36 

-

32 

-
-
-
-
-
-
-

-

4.0 WAlTS 
800 to 940 MHz 

RFPOWER 
AMPUFIERS 

CASE 301 F, STYLE 1 

Max Unit 

870 MHz 
940 

- dB 

3.75 Vdc 

- % 

210 rnA 
1430 
0.2 

2.0:1 -
-45 dBc 
-50 

0.3 rnA 

220 rnA 

No Degradation 
In Output Power 

All Spurious Outputs 
More Than 60 dB Below 

Desired Signal 
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Ll 

VCONTROL 
+3.75Vdc 

26211A 
(TYPICAL) 

SIGNAL 
GENERATOR 

MOTOROLA RF DEVICE DATA 

3 4 

TEST FIXTURE 

Vd'ls4 
+ 7.5 Vdc 
360mA 

(TYPICAL) 

Cl, C2 - 0.01811F Chip 
03, C5, C7, C9-0.1I1F 

VS1NS2 
+ 7.5Vdc 
178mA 

(TYPICAL) 

C4, ce, C8, Cl0 -1 I1F Tantalum 
C11- 15 11F 
Ll,l2,L5-0.29I1H 
L.a, L4, L6 - 0.15 !1H 
50 Ohm Microstrip 

L5 

Figure 1. Power Module Test System Block Diagram 

lClO 

Vs5 
+ 7.5Vdc 
986mA 

(TYPICAl) 

50 
OHM 
LOAD 
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TYPICAL CHARACTERISTICS 

5 
r- Pin=lmW 

Pout=4W 
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t, FREQUENCY (MHz) 

Figure 2. Control Voltage, Efficiency and 
VSWR versus Frequency 
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Figure 4. Output Power versus Frequency 
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Figure 6. Output Power versus Case Temperature 
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Figure 3. Output Power versus Control Voltage 
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Figure 5. Control Voltage Case Temperature 
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Figure 7. Output Power versus Case Temperature 
at Maximum Control Voltage 

MOTOROLA RF DEVICE DATA 



APPLICATIONS INFORMATION 

NOMINAL OPERATION 
All electrical specifications are based on the nominal con

ditlonsof Vs1 = Vs2 =Vs3 = Vs4= Vs5= 7.5Vdc (Pins 2, 3,4, 
5,6) and Pout equal to 4.0 watts. With these conditions, maxi
mum current density on any device is 1.5 x 105 Alcm2 and 
maximum die temperature with 100·C case operating tem
perature is 165·C. While the modules are designed to have 
excess gain margin with ruggedness, operation of these 
units outside the limits of published specifications is not rec
ommended unless prior communications regarding intended 
use have been made with the factory representatIVe. 

GAIN CONTROL 
The module output should be limited to 4.0 watts. The pre

ferred method of power output control is to fix Vs1 = V s2 = Vs3 
= Vs4 = Vs5 = 7.5 Vdc (Pins 2,3,4,5,6), Pin (Pin 1) at 1.0 
mW, and vary Vcont (Pin 1) voltage. 

DECOUPLING 
Due to the high gain of the three stages and the module 

size limitation, extemal decoupling networks require careful 
consideration. Pins 2, 3, 4, and 6 are internally bypassed with 
a 0.018 I1F chip capacitor which is effective for frequencies 
from 5.0 MHz through 925 MHz. For bypassing frequencies 
below 5.0 MHz, networks equivalent to that shown in Figure 1 
are recommended. Inadequate decoupling will result in spuri
ous outputs at certain operating frequencies and certain 
phase angles of input and output VSWR. 

• 

Figure 8. Test Fixture Assembly 

LOAD MISMATCH 
During final test, each module is load mismatch tested in a 

fixture having the identical decoupling networks described in 
Figure 1. Electrical conditions are Vs1 = Vs2 = Vs3 = Vs4 = Vs5 
equal to 9.0 V, VSWR equal to 20:1, .and output power equal to 
6.0 watts . 

• 

(Not to Scale) 

Figure 9. Photomaster For Test Fixture 

MOTOROLA RF DEVICE DATA MHW804-1-MHW804-2 

3-97 

• 



• 

MOTOROLA 
- SEMICONDUCTOR 

TECHNICAL DATA 

The RF Line 
UHF Power Amplifiers 
· .. designed for 12.5 Volt UHF power amplifier applications in industrial and commercial 
FM equipment operating from 806 to 950 MHz. 

• MHW806A 1 820-850 MHz 
MHW806A2 806-870 MHz 
MHW806A3 890-915 MHz 
MHW806A4 870-950 MHz 

• Specified 12.5 Volt, UHF Characteristics 
Output Power = 6 Watts 
Minimum Gain = 23 dB (MHW806A 1,2) 

= 21.7 dB (MHW806A3,4) 
Harmonics = -42 dBc Max (2fo) 

= -60 dBc Max (3fo and higher) 

• 50 n InpuVOutput Impedances 

• Guaranteed Stability and Ruggedness 

• Features Three Common-Emitter Gain Stages 

• Epoxy Glass PCB Construction Gives Consistent Performance and Reliability 

• Gold-Metallized and Silicon Nitride-Passivated Transistor Chips 

• Controllable, Stable Performance Over More than 35 dB Range in Output Power 

MAXIMUM RATINGS 

Rating Symbol 

DC Supply Voltages Vs1 

RF Input Power Pin 

RF Output Power Pout 

Storage Temperature Range Tstg 

Operating Case Temperature Range TC 

DC Control Voltage VCont 

MHW806A1 
MHW806A2 
MHW806A3 
MHW806A4 

Value 

16 

18 

7.5 

6 W, 806-950 MHz 
HIGH GAIN RF POWER 

AMPLIFIERS 

CASE 301 H, STYLE 2 

Unit 

Vdc 

mW 

W 

..,'3() to +100 °c 

-30 to +100 °c 

12.5 Vdc 

ELECTRICAL CHARACTERISTICS (Flange Temperature = 25°C, 50 Q system, and Vs1 = 12.5 V unless otherwise noted) 

Characteristic Symbol Min 

Frequency Range MHW806A1 BW 820 
MHW806A2 806 
MHW806A3 890 
MHW806A4 870 

Power Gain MHW806A1,2 Gp 23 
(\iCont= 12.5 Vdc, Pout = 6 W) MHW806A3,4 21.7 

Efficiency (1) 1'\ 30 
(Pout = 6 W) 

Harmonic Output (1) 210 - -
(Pout = 6 W Reference) 310 and Higher -

Input VSWR (1) - -
(Pout = 6 W, 50 g Reference, Reflected Signal Filtered to 
Eliminate Harmonic Content) 

NOTE: 
1. Pin = 30 mW (MHW806A1,2) or Pin = 40 mW (MHW806A3,4), adjust VCont for specified Pout. 

MHW806A1.MHW806A2-MHW806A3-MHW806A4 
3-98 

1)p Max Unit 

- 850 MHz 
- 870 
- 915 
- 950 

24 - dB 
22.7 -
35 - % 

- -42 dBc 

- -60 

- 2:1 -

(continued) 

MOTOROLA RF DEVICE DATA 



ELECTRICAL CHARACTERISTICS - continued 
(Flange Temperature: 25°C. 50 g system. and Vsl : 12.5 V unless otherwise noted) 

Characteristic Symbol Min Typ Max 

Power Degradation (-30 to + BO°C) (1) - - - 1.7 
(Reference Pout: 6 W'@ TC : 25°C) 

Load Mismatch Stress (1) -
(Vsl: 16Vdc. Pout: 7.5 W. VSWR: 30:1. No degradation in Power Output 
all phase angles) 

Stability (Pin: 0 to 30 mW. [MHWB06Al.2] or 0 to 40 mW 
All spurious outputs '" 70 dB below 

[MHW806A3,4]. Vsl: 10to 16 Vdc. VCont: 0 to 12.5 Vdc. desired output signal level 
Load VSWR: 4:1. Pout Max: 7.5 W) (2) 

Quiescent Current @ Vsl : 12.5 V, VCont: 0 V Isl(q) - - 1 
(ICont with no RF drive applied) 

Control Voltage Pin: 30 mW (MHWB06A 1,2). VCont 0 9 12.5 
Pin: 40 mW (MHWB06A3,4) 

Control Current Pout: 6W VCont: 12.5 V ICont 0 155 225 

NOTES: 
1. Pin: 30 mW (MHWB06A 1.2) or Pin: 40 mW (MHWB06A3,4) adjust VCont for specified Pout. 
2. Combination of Pin. Vsl. and VCont can not exceed max Pout: 7.5 W. 

MHW806A INTERNAL DIAGRAM 

ttt TEST 
FIXTURE 

4 

Z2 

OUTPUT 
POWER 
METER 

Unit 

dB 

rnA 

Vdc 

rnA 

C2 C3 C4 CS C6 DIAGRAM 
20 dB 

ATIENUATOR 

10 dB RF SIGNAL 
MINIMUM GENERATOR 

ATIENUATION 

MOTOROLA RF DEVICE DATA 

VCon! 
G-12.5Vdc 

Vsl 
+ 12.S Vdc 

0.155 A @1.2SA 
(NOMINAL) (NOMINAL) 

Cl.C4-1 mF 
C2,C5-0.1 mF 
C3. C6 - 0.018 mF 
Zl. Z2 - 50 W MICROSTRIP 

20 dB DUAL DIRECTIONAL 
COUPLER 

POWER 
TERMINATION 

"Module input power is forward power as sampled by the directlonal 
coupler and read on the input power meter. 

Figure 1. UHF Power Amplifier Test System Diagram 

MHW806A 1.MHW806A2.MHW806A3.MHW806A4 
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MHW806A1, A2 
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Figure 2. Output Power versus Input Power 
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Figure 4. Output Power versus Case Temperature 
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Figure 6. Gain Control Voltage Input VSWR, 
Efficiency versus Frequency 

MHW806A1.MHW806A2.MHW806A3.MHW806A4 
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0 

/ / 
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o 2 4 6 8 10 
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Figure 3. Output Power versus Gain Control Voltage 
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Figure 5. Output Power versus Frequency 
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Figure 7. Gain Control Voltage versus Case 
Temperature 
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MHW806A3, A4 
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VCant=+10Vde 
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Figure 8. Output Power versus Input Power 
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Figure 10. Output Power versus Case Temperature 
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Figure 12. Gain Control Voltage, Input VSWR, 
Efficiency versus Frequency 
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+40 I I I 
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Figure 9. Output Power versus Gain Control Voltage 
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Figure 11. Output Power versus Frequency 
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APPLICATIONS INFORMATION 

Nominal Operation 
All electrical specifications are based on the following nom

inal conditions: (Pout = 6W, Vsl = 12.5 Vdc). This module is 
designed to have excess gain margin with ruggedness, but 
operation outside the limits of the published specifiCations is 
not recommended unless prior communications regarding 
the intended use have been made with the factory represen
tative. 

Gain Control 
In general, the module output power should be limited to 

7.5 watts. The preferred method of power output control is to 
fix Vsl at 12.5 volts, set RF drive level and vary the control 
voltage from 0 to 12.5 Volts. As designed, the module exhib
its a gain control range greater than 35 dB using the method 
described above. 

RF 
INPUT 

TopVJew 

(4 x 4 x 0.5 INCH ALUMINUM BASE) 
FLANGE GROUND 

RF 
OUTPUT 

(LINE WIDTH = O.I17j (LINE WIDTH = 0.117j 

Cross Section View 
0.0625" THICK 

RF V V RF TEFLON FIBERGLASS 

OM ;:To id~·i 
Cl, C2, 04, C5 . 

Bring capacitor leads through fiberglass board and solder to 
Val and VContlines as close to module as possible. 

Figure 15. Test Fixture Construction 

MHW806A1.UHW806A2.UHW806A3.MHW806A4 
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Figure 14. Test Fixture Assembly 

Decoupllng 
Due to the high gain of each of the three stages and the 

module size limitation, extemal decoupling networks require 
careful consideration. Both Pins 2 and 3 are intemally by
passed with a 0.0181LF chip capacitor which is effective for 
frequencies from 5 MHz through 960 MHz. For bypassing fre
quencies below 5 MHz, networks equivalent to that shown in 
the test fixture schematic are recommended. Inadequate de
coupling will result in spurious outputs at specific operating 
frequencies and phase angles of input and output VSWR. 

Load Mismatch Stress 
During final test, each module is load mismatch stress 

tested in a fixture having the identical decoupling network de
scribed in Figure 1. Electrical conditions are Vsl equal to 16 
volts, load VSWR 30:1 and output power equal to 7.5 watts. 

Mounting ConsideraUons 
To insure optimum heat transfer from the flange to heat

sink, use standard 6-32 mounting screws and an adequate 
quantity of silicone thermal compound (e.g., Dow Coming 
340). With both mounting ·screws finger tight, alternately 
torque down the screws to 4-6 inch pounds. The heatsink 
mounting surface directly beneath the module flange should 
be flat to within 0.0015 inch. For more information on module 
mounting, see EB-l07. 
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MOTOROLA 
• SEMICONDUCTOR 

TECHNICAL DATA 

The RF Line 
UHF Power Amplifier 
· •. designed for 13 Volt UHF power amplifier applications in industrial and commercial FM 
equipment operating from 890 to 915 MHz. 

• Specified 13 Volt, UHF Characteristics 
Output Power = 12 Watts 
Minimum Gain = 20.8 dB 
Harmonics = -42 dBc Max (2fo) 

-60 dBc Max (3fo and Higher) 

• 50 n Input/Output Impedances 

• Guaranteed Stability and Ruggedness 

• Features Three Common-Emitter Gain Stages 

• Epoxy Glass PCB Construction Gives Consistent Performance and Reliability 

• Gold-Metallized and Silicon Nitride-Passivated Transistor Chips 

• Controllable, Stable Performance Over More Than 35 dB Range in Output Power 

MAXIMUM RATINGS 

Rating Symbol 

DC Supply Voltages Vs1 

RF Input Power Pin 

RF Output Power Pout 

Storage Temperature Range Tstg 

Operating Case Temperature Range TC 

DC Control Voltage VCont 

MHW812A3 

12 W, 890-915 MHz 
HIGH GAIN RF POWER 

AMPLIFIERS 

CASE 301 H, STYLE 2 

Value Unit 

16 Vdc 

200 mW 

15 W 

-30 to +100 ·C 

-30 to +100 ·C 

12.5 Vdc 

ELECTRICAL CHARACTERISTICS (Flange Temperature = 25·C; 50 g system, and Vs1 = 13 V unless otherwise noted) 

Characteristic Symbol 

Frequency Range BW 

Power Gain Gp 
(VCont = 12.5 Vdc, Pout = 12 W) 

Efficiency (1) '1 
(Pout=12W) 

Harmonic Output (1) 2fo -
(Pout = 12 W Reference) 310 and Higher 

InputVSWR (1) VSWRin 
(Pout = 12 W, 50 g Reference, Reflected Signal Filtered to 
Eliminate Harmonic Content) 

NOTE: 
1. Pin = 100 mW; adjust VCont for specified Pout. 

MOTOROLA RF DEVICE DATA 

Min 1YP Max 

890 - 915 

20.8 21.5 -

40 45 -

- - -42 
- - -60 

- - 2:1 

Unit 

MHz 

dB 

% 

dBc 

-

(continued) 

MHW812A3 
3·103 

• 



.. 

ELECTRICAL CHARACTERISTICS - continued 
(Flange Temperature = 25OC. 50 g system. and V s1 = 13 V unless otherwise noted) 

Characteristic Symbol 

Power Degradation (-30 to +8OOC) (1) -
(Reference Pout = 12 W @ TC = 25°C) 

Load Mismatch Stress (1) " (Vs1 = 16 Vdc. Pout = 13W. VSWR .. 30:1. 
all phase angles) 

Stability (Pin = 0 to 200 mW.Vs1 = 10 to 16 Vdc. 
VCent= 0 to 12.5 Vdc. Load VSWR= 4:1. 
Pout Max = 13 W) (2) 

Quiescent Current @ VCont = 12.5 V ICent 
(ICont with no RF drive applied) 

Control Voltage I Pin=100mW VCont 

Control Current t Pout = 12W VCent-12.5V ICent 

NOTES: 
1. Pin = 100 mW; adjust VContfor specified Pout. 
2. Combination of Pin. Vs1 and VCont can not exceed max Pout .. 15 W • 

C2 C3 

10 dB RF SIGNAL 
MINIMUM GENERATOR 

AlTENUATION 

C4C5C6 

VSI 
+13Vdc 
@1.9A 

(NOMINAL) 

C1.C4-1 mF 
C2.C5-0.1 mF 
03. C6 - 0.018 mF 
ZI. Z2 -50 W MICROSTRIP 

.n 

-

-

0 

0 

1Wt Max 

- 1.7 

No degrIIdaIIon In Power OuIput 

All spurious outputs .. 70 dB baIow 
desired output slgnalleval 

-

9 

165 

225 

12.5 

225 

POWER 
TERMINATION 

'Module Input power Is forward power as sampled by the dlractlonal 
coupler and read on the input power metar. 

Figure 1. UHF Power AmplHler Test Syatam Diagram 

Unit 

dB 

rnA 

Vdc 

rnA 

MHW812A3 
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TYPICAL CHARACTERISTICS 

:g-
C:. 
w 
<!l 
i:!; 
~ 

~ 
c! 
!i 
8 
i: 
,§ 

16 I 

14 11-

12 
~ --. 

/' 
10 

- VCont i,...-
8 

6 - Pout=12W 
Pin=O.lW 

4 

2 

- Vsl =13V 
'1 I 

-t- VSWR roo- ,-
I 

880 890 900 910 920 930 940 950 960 
f, FREQUENCY (MHz) 

Figure 2. Control Voltage, Efficiency and VSWR 
versus Frequency 

2.0:1~ 
g? 

1.5:1 5 
1.0:1~ 

+40 

~+30 
ffi 

40.~dBm 

3:: +20 
~ 
5 +10 
0-

B 0 

;-1 0 

-7 ...... Pin = 0.1 W ./ r- Vsl =13V 
/ / 
/j 

/ / 
f=915MHz II 890 MHz 

2 4 6 8 

VConl, CONTROL VOLTAGE (Vdc) 

Figure 4. Output Power versus Control Voltage 

6 II I I 
Pin =0.1 W f= 915 MHz 

2 
Pout=12W ./ 
Vsl =13V k? K MHz 

0 
~ :::;;-

~ ....--. 

-60 -40 -20 0 +20 +40 +60 +80 +100 

TC, CASE TEMPERATURE (OC) 

Fig\lre 6. Control Voltage versus Case Temperature 

MOTOROLA RF DEVICE DATA 

10 

18 

16 

~ 14 
a: 
~ 12 
o 
~ 10 

~ 8 

--
f= 890 MHz -

,....-~ 950 MHz 

61--
Vs= 13V 

- VCont = 12.5 V ; 
4 

-1- 1 1 

2 o 25 50 75 100 125 150 175 200 
Pin, INPUT POWER (mW) 

Figure 3. Output Power versus Input Power 
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APPUCAnONS INFORMATION 

Nominal OpersUon 
All electrical specifications are based on the following nom

lnalconditions: (Pout = 12W, Vs1 = 13Vdc). this module Is 
designed to have excess gain margin with ruggedness, but 
operation outside the limits of the published specifications Is 
not recommended unless prior communications regarding 
the Intended use have been made with a factory representa
tive. 

GaIn Control 
In general, the module output power should be limited to 

13 watts. The preferred method of power output control is to 
flxVs1 at 13 volts, sat RF drive level and vary the control volt
age from 0 to 12.5 Volts. As designed, the module exhibits a 
gain control range greater than 35 dB using the method de
scribed above. 

RF 
INPUT 

Top VIew 

(4 x" x 0.5 INCH ALUMINUM BASE) 
FLANGE GROUND 

RF 
OUTPUT 

(LINE WIDTH" 0.177'") (LINE WIDTH = 0.177'") 

Cross SectIon VIew 
0.0625' THICK 

RF V V RF TEFLON FIBERGLASS 

-~t7:·i 
C1,C2, C4,CS 

Bring capacitor leads through fiberglass board and solder to 
Val and VCOnt IInss as close to module as possible. 

MHW812A3 
3-106 

Figure 9. Teat Fixture Construction 

Figure 8. Teat fixture Assembly 

Decoupllng 
Due to the high gain of each of the three stages and the 

module size limitation, extemal decoupling networks require 
careful consideration. Both Pins 2 and 3 are Intemally by
passed with a 0.0181LF chip capacitor which Is effective for 
frequencies from 5 MHz through 960 MHz. For bypassing fre
quencies below 5 MHz, networks equivalent to that shown In 
the test fixture schematic are recommended. Inadequate de
coupling will result in spurious outputs at specIDc operating 
frequencies and phase angles of input and output VSWR. 

Load Mismatch Stress 
During final test, each module Is load mismatch stress 

tested In a fixture having the Identical decoupling network de
scribed in Figure 1. Electrical conditions are Vs1 equal to 16 
volts, load VSWR 30:1 and output power equal to 13 watts. 

Mounting Considerations 
To insure optimum heat transfer from the flange to heat

Sink, use standard 6-32 mounting screws and an adequate 
quantity of silicone thermal compound (e.g., Dow Coming 
340). With both mounting screws finger tight, altemately 
torque down the screws to 4-6 inch pounds. The heatsink 
mounting surface dlrecUy beneath the module flange should 
be flat to within 0.0015 inch. For more information on module 
mounting, see EB-107. 
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MOTOROLA 
- SEMICONDUCTOR 

TECHNICAL DATA 

The RF Line 
UHF Power Amplifiers 
• .. capable 01 wide power range control as encountered in portable cellular radio 
applications (30 dB typical). 

• High Efficiency 

• MHW85H: 1 = 820-850 MHz 

• MHW851-2: f = 870-905 MHz 

• MHW851-3: f = 890-915 MHz 

• MHW851-4: f = 915-925 MHz 

• Specified 6.0 Volt Characteristics 
RF Input Power = 1.0 mW (0 dBm) 
RF Output Power = 1.6 Watts (MHW851-1,-2,-4) 

= 2.0 Watts (MHW851-3) 
Minimum Gain (VControl = 3.5 V) = 32 dB (MHW851-1,-2,-4) 

(VControl = 3.5 V) = 33 dB (MHW851-3) 
Harmonics = -45 dBc Max @ 2.0 10 

• 50 n Input/Output Impedance 

• Guaranteed Stability and Ruggedness 

• Epoxy Glass PCB Construction Gives Consistent Performance and Reliability 

MAXIMUM RATINGS (Flange Temperature = 25°C) 

Rating Symbol 

DC Supply Voltage (Pins 2, 3, 4) Vsl,2,3 

DC Control Voltage (Pin 1) VCont 

RF Input Power Pin 

RF Output Power (Vsl = Vs2 = Vs3 = 7.5 V) Pout 

Operating Case Temperature Range TC 

Storage Temperature Range Tstg 

MHW851-1 
MHW851-2 
MHW851-3 
MHW851-4 

1.6 W, 820-925 MHz 
RFPOWER 

AMPLIFIERS 

CASE 301N, STYLE 1 

Valua Unit 

7.5 Vdc 

4.0 Vdc 

3.0 mW 

3.0 W 

-30 to +100 OC 

-30 to +100 °c 

ELECTRICAL CHARACTERISTICS (Vsl = Vs2 = Vs3 = 6.0 Vdc, (Pins 2,3,4), TC = 25°C, 50 g System) 

CharacteristIc 

Frequency Range MHW851-1 
MHW851-2 
MHW851-3 
MHW851·4 

Control Voltage (Pout = 1.6 W, Pin = 1.0 mW) (1)(3) 

Quiescent Current (V sl, Pin 2 = 6.0 Vdc) (2) 

Power Gain (Pout = 1.6 W, VCont = 3.5 Vdc) (3) MHW851-1,-2,-4 
(Pout = 2.0 W, VCont = 3.5 Vdc) MHW851-3 

Efficiency (Pout = 1.6 W, Pin = 1.0 mW) (1) (3) 

NOTES: 
1. Adjust V cont for specified Pout. 
2. VCont = 0 Vdc. 
3. Pout = 2.0 watts for MHW851-3 only. 

MOTOROLA RF DEVICE DATA 

Symbol Min Max UnIt 

BW 820 850 MHz 
870 905 
890 915 
915 925 

VCont 0 3.5 Vdc 

Isl(q) - 85 mA 

Gp 32 
33 

- dB 

'1 45 - % 

(continued) 
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ELECTRICAL CHARACTERISTICS (Vsl = Vs2" Vsa = 6.0 Vdc, (Pins 2, 3, 4), TC = 25OC, 50 g System) 

Characteristic 

Harmonics (Pout = 1.6W) (1)(3) 2.0 to 
(Pout = 1.0 mW) 3.0 to 

InputVSWR (Pout = 1.6W, VCont =3.5 V) (3)(4) 

Noise Power 30 kHz Bandwidth, 45 MHz, above to 
(Pout = 1.6 W) (1 )(3) TC=+25OC 
(P]n" 1.0 mW) TC=+100OC 

Load Mismatch (Vsl =Vs2= Vsa= 7.5 Vdc) 
VSWR= 10:1, Pout,,3.0W, P]n" 3.0 mW) (1) 

Stability (Pin" 0.5-2.0 mW, Vsl = Vs2 = Vsa = 4.8-7.5 Vdc 
Pout between 0 mW and 1.6W (1)(3) 
Load VSWR = 6:1, Source VSWR = 3:1) 

NOTES: 
1. Adjust VCont for specified Pout. 
2. VCont=OVdc. 
3. Pout = 2.0 watts for MHW651-3 only. 
4. Adjust Pin for specified Pout . 

SIGNAL 
GENERATOR 

PIN 
NO. 

Cl 

R.F. 
IN 

2 

L1 

VCONTROL 
"",Vdc 

@10011A 
(TYPICAl.) 

TEST FIXTURE 

TC3 
L2 .... 

TC4 .... 

Vsl 
+6Vdc 

@80mA 
(TYPICAl) 

Cl, C2 - 0.018 mF CHIP 
C3,C5, C7-0.1 mF 

Symbol Min 

- -

VSWRln -
-

-
-

'II 

L4 

CST .... 

Vs2 Vs3 
+6Vdc +6Vdc 

@80mA @380mA' 
(TYPICAL) (TYPICAl.) 

Max 

-45 
-55 

2.0:1 

-65 
-62 

No Degradation 
in Power Output 

All spurious outputs 
more than 60 dB 

below desired signal 

R.F. 
OUT 

C4, ca, ca, C9 -1 mF TANTALUM '480 mA for MHW651-3 
Ll, L2, L3, L4-0.15 mH 
Zl,Z2 -~WMICROSTRIP 

Figure 1. Power Module Test System Block Diagram 

Unit 

dBc 

-
dBm 

MHW851-1-MHW851-2-MHW851-3-MHW851-4 
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TYPICAL CHARACTERISTICS 

MHW851-1 and MHW851-2 

4 

1] 

'> k 
Pin=lmW 

VWNT 

Pout=1.6W 
VSl =Vs2=Vs3=6Vdc 

- v iWR -
825 850 875 900 925 

I. FREQUENCY (MHz) 

Rgure 2. Control Voltage, Efficiency and Input 
VSWR versus Frequency 

4 I I I 
I- Pin=l mW 

VCONT=4 Vdc 

Vsl = Vs2 = Vs3 = 6 Vdc--

.- I t--I-, .' , .' 
VSl =Vs2= Vs3- 5Vdc_ 

f.---

2.0:1 

1.5:1 ~ 
~ 

1.0:1 !5 
!il; 

0 800 825 850 875 900 925 
I. FREQUENCY (MHz) 

Figure 4. Output Power versus Frequency 

4 
I J I I I I I 

- Pin=l mW 
Vsl = Vs2 = Vs3 =6 Vdc 

- VCONT SETFOR Pout = 1.6 W@TC=+20°C 
I I I 

...-- ~20~905JHz 

o 
-80 -60 -40 -20 0 20 40 60 80 100 120 

TC. CASE TEMPERATURE (OC) 

Figure 6. Output Power versus case Temperature 

MOTOROLA RF DEVICE DATA 

4 ! I I I 
_ Pin=l mW 

Vsl = Vs2 = Vs3.6 V 

V r- 1=85,MHz 
800 MHz 

~ p--- 920 MHz 

~ '/ 
j V 
" o 

o 2 3 4 5 
VCONT. CONTROL VOLTAGE (Vdc) 

Figure 3. Output Power versus Control Voltage 

4 

1=8: o MHz -905 MHz - ..... 

1 

~ -80 -40 -20 0 20 40 60 80 100 120 
TC. CASE TEMPERATURE (OC) 

Figure 5. Control Voltage versus Case Temperature 

4 
Pin=lmW 

- Vsl = Vs2 =Vs3 =6 Vdc 
VCONT = 4 Vdc (Max.) 

1=90 MHz' 

I 
~ --_ 820 MHz 

o 
-130 -60 -40 -20 0 20 40 60 80 100 120 

TC. CASE TEMPERATURE (OC) 

Figure 7. Output Power versus Case Temperature at 
Maximum Control Voltage 
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TYPICAL CHARACTERISTICS (continued) 

MHW851-3 and MHW851-4 

4 

~ -
~ VCont 

Pin=lmW 
Pout = 2 W (MHW851-3) 

1 Pout = 1.6W(MHW851-4) 
Vsl = Vs2 = Vs3 = 6Vde 

o \.-t- VSWR 

4 

55 ~ 

50 t S"3 15 c:. 
45 Q !Ii 

tb ~ 
40 ~ ~ 2 

~ o 
2.0:1 ~ ~ 1 

~ n: 
.5:1 !5 1 

0-
1.0:1;0; 0 

II I I 

f-Pin=lmW 
Vsl =Vs2 = Vs3= 6 Vde 

./. :::: I=~!ll MHz 
910 MHz 

,e." 940 MHz 

~ 
,/J 

850 860 870 880 890 900 910 920 930 940 950 0 2 3 4 5 
I. FREQUENCY (MHz) 

FIgure 8. Control Voltage, Efficiency and VSWR 
versus Frequency 

4 
Pin=l mW 

r- VCONT = 3 Vde (MHW851-3) I---
VCONT = 4 Vde (MHW851-4) 

3 

I I I 'MHW 51-3 

1 I. t" ........... 
2 Vsl =Vs2=Vs3=6V 

MHV 851-4 -r-. , , , 
I I r- ~MHW !s1-3 

1 Vsl =Vs2=Vs3=5V M wa511 I I I 
0 I I I 
850 860 870 860 890 900 910 920 930 940 950 

I. FREQUENCY (MHz) 

Figure 10. Output Power versus Frequency 

4 
Pin=lmW 
Vsl =Vs2=Vs3=6Vde -

3 VCONT SET FOR Pout = 2 W @TC=+2()OC(MHW851-3) _ 
VCONT SET FOR Pout = 1.6 W@TC=+2O°C(MHW851-4) 

2 1=89 MHz --,.... -V ---li- 1MHz 

0 
-ao -ao -40 -20 0 20 40 60 80 100 120 

TC. CASE TEMPERATURE (OC) 

Figure 12. Output Power versus Case Temperature 

VConio CONTROL VOLTAGE (Vde) 

Figure 9. Output Po_r versus Control Voltage 

4 

1=9~MHZ '"- -
890 MHz 

- Pin=l mW 
Vsl =Vs2=Vs3=6Vde 

- Pout=1.6W 
I I I I 

~ -ao -40 -20 0 20 40 60 80 100 120 
TC. CASE TEMPERATURE (OC) 

Figure 11. Control Voltage versus Case Temperature 

4 II I I 
'"- Pin = 1 mW 

Vsl = Vs2 = Vs3= 6 Vde 
'- VCONT = 4 Vde (Max.) , 
1=89 MHz 

925 MHz -
o -ao -ao -40 -20 0 20 40 60 80 100 120 

TC. CASE TEMPERATURE (OC) 

Figure 13. Output Po_r versus Case Temperature 
at Maximum Control Voltage 
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APPLICATIONS INFORMATION 

NOMINAL OPERATION 
All electrical specifications are based on the nominal 

conditions of Vs1 = Vs2 = Vs3 = 6.0 Vdc (Pins 2, 3, 4). With 
these conditions, maximum current density on any device is 
1.5 x 105 A/cm2 and maximum die temperature with 100°C 
case operating temperature is 165°C. While the modules are 
designed to have excess gain margin with ruggedness, op
eration of these units outside the limits of published specifica
tions is not recommended unless prior communications 
regarding intended use have been made with the factory rep
resentative. 

GAIN CONTROL 
The module output should be limited to specified value. 

The preferred method of power output control is to fix Vs1 = 
Vs2 = Vs3 = 6.0 Vdc (Pins 2,3,4), Pin (Pin 1) at 1 mW, and 
vary VCont (Pin 1) voltage. 

DECOUPLING 
Due to the high gain of the three stages and the module 

size limitation, external decoupling networks require careful 
consideration. Pins 2, 3 and 4 are internally bypassed with a 
0.018 IlF chip capacitor which is effective for frequencies 
from 5 MHz through 940 MHz. For bypassing frequencies be
low 5 MHz, networks equivalent to that shown in Figure 1 are 
recommended. Inadequate decoupling will result in spurious 
outputs at certain operating frequencies and certain phase 
angles of input and output VSWR. 

Remember that the modules are NOT hermetic. Do not im
merse a module in a flux cleaning solution or other liquids un
der any circumstances. 

Figure 14. Test Fixture Assembly 

LOAD MISMATCH 
During final test, each module is load mismatch tested in a 

fixture having the identical decoupling networks described in 
Figure 1. Electrical conditions are V s1 = V s2 = V s3 equal to 
7.5 Vdc, VSWR equal to 10:1, and output power equal to 3 
watts. 

PIN NUMBERS 
2 34 5 

-~IIIII~-
• • 
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(Not to Scale) 
Figure 15. Photomaster For Test Fixture 
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MOTOROLA 
- SEMICONDUCTOR 

TECHNICAL DATA 

The RF Line 
UHF Power Amplifiers 
· .• designed specifically for the Pan European digital 2.0 watt, GSM hand-held radio. The 
MHW903, MHW953 and MHW954 are capable of wide power range control, operate from 
a 7.2 volt supply and require 1.0 mW (MHW903/953) or 100 mW (MHW954) of RF input 
power. 

• Specified 7.2 Volt Characteristics: 
RF Input Power - 1.0 mW (0 dBm) MHW903/953; 100 mW (20 dBm) MHW954 
RF Output Power - 3.5 W 
Minimum Gain - 35.4 dB (MHW903/953) or 15.4 dB (MHW954) 
Harmonics - -35 dBc Max @ 2.0 fa (MHW930/953) or 

-30 dBc Max @ 2.0 fa (MHW954) 

• New Biasing and Control Techniques Providing Dynamic Range and Control 
Circuit Bandwidth Ideal for GSM 

• Low Control Current 

• 50 Ohm Input/Output Impedances 

• Guaranteed Stability and Ruggedness 

MAXIMUM RATINGS (Range Temperature = 25°C) 

Rating Symbol Value 

DC Supply Voltage Vsl, Vs2, Vs3 9.0 

DC Bias Voltage (MHW903/953) Vb 5.25 
(MHW954) 4.75 

DC Control Voltage (MHW903/953 only) Veant 3.0 

RF Input Power (MHW903/953) Pin 2.0 
(MHW954) 400 

RF Output Power ()Is = 9.0 Vdc) Pout 4.5 

Operating Case Temperature Range TC -30 to +100 
Storage Temperature Range Tstg 

Unit 

Vdc 

Vdc 

Vdc 

mW 

W 

°C 

MHW903 
MHW953 
MHW954 

3.5W 
890 to 915 MHz 

RFPOWER 
AMPLIFIERS 

CASE 413A, STYLE 1 
(MHW903) 

CASE 301V, STYLE 1 
(MHW953) 

CASE 301Y, STYLE 1 
(MHW954) 

ELECTRICAL CHARACTERISTICS ()Isl = Vs2 = Vs3 = 7.2 Vdc; Vb = 5.0 Vdc for MHW903/953) 
(Vsl = Vs2 = 7.2 Vdc; Vb = 4.5 Vdc for MHW954) 
(T C = 25°C; 50 ohm system, unless otherwise noted) 

Characteristic 

Frequency Range 

Power Gain (Pout = 3.5 mW) MHW903/953 (1) 
MHW954 (2) 

Control Current 
(Pout = 3.5 W; Pin = 1.0 mW) MHW903/953 only (1) 

Supply Current 
(Pout = 3.5 W; Pin = 1.0 mW) MHW903/953 only (1) 

Leakage Current (Pin = 0 mW; Vcont = Vb = 0 Vdc; 
Vsl = Vs2 = Vs3 = 9.0 Vdc for MHW903/953. 
Pin = 0 mW; Vb = 0 Vdc; Vsl = Vs2 = 9.0 Vdc for MHW954) 

InputVSWR (Pout = 3.5 W; Pin = 1.0 mW) MHW903/953 (1) 
(Pout = 3.5 W) MHW954 (2) 

NOTES: 
1. Adjust V cant for specified Pout; duty cycle = 12.5%, period = 4.6 ms 
2. Adjust Pin for specified Pout; duty cycle = 12.5%, period = 4.6 ms 

MHW9m.MHW9~.MHW9~ 
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Symbol Min Max Unit 

BW 890 915 MHz 

Gp 35.4 - dB 
15.4 -

lcant - 1.0 rnA 

Ib - 85 rnA 

IL 
- 1.0 rnA 
- 200 . IIA 

VSWRin - 2.0:1 -

(continued) 
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ELECTRICAL CHARACTERISTICS - continued (Vsl = Vs2 = Vs3 = 7.2 Vdc; Vb = 5.0 Vdc for MHW903/953) 
(Vsl = Vs2 = 7.2Vdc; Vb = 4.5 Vdcfor MHW954) 
(T C = 25°C; 50 ohm system, unless otherwise noted) 

Characteristic Symbol Min Max Unit 

Efficiency (Pout = 3.5 W; Pin = 1.0 mW) MHW903/953 (1) 1'1 40 - % 
(Pout = 3.5 W) MHW954 (2) 

Harmonics (Pout = 3.5 W; Pin = 1.0 mW) MHW903/953 (1) 2.0fo - - -35 dBc 
3.0fo - -45 

(Pout = 3.5 W) MHW954 (2) 2.0fo - -30 
3.0fo - -40 

Noise Power (In 30 kHz Bandwidth, 20 MHz above fo) (TC = 25°C-100°C) - dBm 
(Pout = 0.3-3.5 W; Vsl = Vs2 = Vs3= 6.25-9.0 Vdc, Pin = 1.0 mW) MHW903/953 (1) - -65 
(Pout = 0.3-3.5 W; Vsl = Vs2 = 6.25-9.0 Vdc) MHW954 (2) - -75 

Output Power, Low Voltage (Pin = 1.0 mW; Vsl = Vs2 = Vs3 = 6.25 VdC; Vcont = 3.0 Vdc) MHW9031953 Pol 2.0 - W 
(Pin = 100 mW; Vsl = Vs2 = 6.25 Vdc) MHW954 2.3 -

Isolation (Pin = 1.0 mW; Veont= 0 Vdc; Vsl = Vb= 0-5 Vdc) MHW903/953 only (1) - - -36 dBm 

3.0 dB Veon! Bandwidth (Pin = 1.0 mW; Pout = 0.03-3.5 W) MHW903/953 only (1) - 1.0 - MHz 

% AM In Output - - 6 % 
(Pout = 0.035-3.5 W; 135 kHz, 1% AM on Input) MHW954 only (2) 

Load Mismatch Stress (Pin = 2.0 mW; Pout = 3.5 W; Vsl = Vs2 = Vs3 = 9.0Vdc) MHW903/953 (1) 'I' No degradation 
(Pout = 3.5 W; Vb = 4.75 Vdc; Vsl = Vs2= 9.0 Vdc) MHW954 (2) in output power 
(Load VSWR = 10:1, All Phase Angles at Frequency oITest) before and after test 

. Stability - All spurious outputs 
(Pin = 0.5 to 2.0 mW; Pout = 0.03-3.5 W; Vsl = Vs2 = Vs3 = 6.0 to 9.0 Vdc) MHW903/953 (1) more than SO dB 
(Pout = 0.03-3.5 W; Vsl = Vs2 = 6.0 to 9.0 Vdc) MHW954 (2) 
(Load VSWR = 6:1, Source VSWR = 3:1, All Phase Angles at Frequency of Test) 

NOTES: 
1. Adjust Veontfor specified Pout; duty cycle = 12.5%, period = 4.6 ms 
2. Adjust Pin for specified Pout; duty cycle = 12.5%, period = 4.6 ms 

CIRCUIT BLOCK DIAGRAM 

3 

RF INPUT V cont 

PIN DESIGNATIONS: 

Pin 1 - RF Input Power @ 0 dBm and Control Voltage @ 0-3.0 Vdc 
Pin 2 - First and Seeond Stage Collector Supply Voltage @ 7.2 Vdc 
Pin 3 - Trickle Base Bias Voltage @ 5.0 Vdc 
Pin 4 - Third Stage Collector Supply Voltage @ 7.2 Vdc 
Pin 5 - Fourth Stage Collector Supply Voltage @ 7.2 Vdc 
Pin 6 - RF Output Power @ 3.5 W 

below desired signal 

6 

Z2 

RFOUTPUT 

ELEMENT VALUES: 

Cl=C2= 0.0181lF 
C4=C6=C8=Cl0= O.lIlF 
C3=C5=C7=C9 = 1.0 IlF Tant. 
L l-L3 = 0.29 IlH Choke 
L4,15 = 0.151lH Choke 
Zl, Z2 = 50 Ohm Microstrip 

Figure 1. Test Circuit Diagram - MHW903/953 
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CIRCUIT BLOCK DIAGRAM 

Cl 

ZI 

RFiNPUT Vsl 

PIN DESIGNATIONS: 

Pin 1 - RF Input Power @ 20 dBm Max Adjust for 
Output Power 

Pin 2 - First Stage Collector Voltage @ 7.2 Vdc 
Pin 3 - Trickle Bias Voltage @ 4.5 Vdc 
Pin 4 - Third Stage Collector Supply @ 7.2 Vdc 
Pin 5 - RF Output Power @ 3.5 W Nominal 

Vs2 

ELEMENT VALUES: 

Cl=C2=04=C6= 0.0181lF 
C3=C5=C7= 2.21lF 
Ll. L2=0.29IlH 
L3= 0.2 IlH 

RFOUTPUT 

Zl. Z2 = 50 Ohm Microstrip 

Figure 2. Test Circuit Diagram - MHW954 

3 

" 2.5 
~ 
~ 2 
!:i 
~ 1.5 

i 
E 
~ 0.5 

11 

- Vcon! 

-Pin=lmW 
Pout = 3.5 W 

_ Vsl aVs2=Vs3=7.2V 
Vb=5V 

VSWR 

o 
890 895 900 905 910 

f. FREQUENCY (MHz) 

Figure 3. Control Voltage, Efficiency and Input 
VSWR versus Frequency 

55 g 
~ 
z 

50 w 

~ 
LL 

45 
w 
r:i 

1.5:1 ~ 
> 

1.0:1 ~ 
;;:; 

915 

5 
f=890MHz 

..,I. ~91~MHZ_ 
AI ~ 

Pin=1 mW ~ff.. I-- 90 MHz 
f-- Vsl =Vs2=Vs3=72.V 

If' Vb=5V 

J. ' 

I 
~ 

/ 
0.5 1 1.5 2 2.5 3 3.5 

Vcont. CONTROL VOLTAGE (Vdc) 

Figure 4. Output Power versus Control Voltage 

4 

MHW903-MHW953-MHW954 
3-114 

MOTOROLA RF DEVICE DATA 



5 

~ 4 
a: 
w 

is 3 
a. 

Pin=l mW 
- Vb=5V ~ 2 

o 

J 

o 
890 

Vcont=3V 

895 

1 I. 
Vsl = Vs2= Vs3 = 7.2 V 

1 I. 
Vsl = Vs2 = Vs3 = 6 V 

900 905 910 915 
f. FREQUENCY (MHz) 

f= 890 MHz -~--- -.:.:: --;:::::::t 
;' 915 MHz 

Pin=l mW 
Vsl = Vs2 = Vs3 = 7.2 V 

- Vb=5V 
VcontSET FOR Pout = 3.5 W@TC=25°C 

fiT I I o 
-40 -20 o 20 40 60 80 100 120 

T C. CASE TEMPERATURE (OC) 

Figure 5. Output Power versus Frequency Figure 6. Output Power versus Case Temperature 

5 

4 
~ 

~ 3 

~ 
D. 

~ 2 
o 
S 
rEl 

o 

I---

- f=8JOMHz 

----~ -
Pin=lmW 
Vsl =Vs2=Vs3=7.2V 

I- Vb=5V 
V cont = 3 V (MAX) 

'r I I 
-40 -20 o 20 40 60 80 100 120 

MHW903 
MHW953 
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TC. CASE TEMPERATURE (0C) 

Figure 7, Output Power versus Case Temperature 
at Maximum Control Voltage 

MHW954 

• • 

• • • 

· EEEI:l · 
• • • 

Figure 8, Photomasters for Test Fixture 
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APPLICATIONS INFORMATION 

NOMINAL OPERATION 
All electrical specifications are based on the nominal 

conditions of Vs1 = Vs2 = Vs3 = 7.2 Vdc (Pins 2, 4, 5) and Vb 
=5.0 Vdc (Pin 3) for MHW903I953. Nominal conditions are Vs1 
= Vs2 = 7.2 Vdc (Pins 2 and 4) and Vb = 4.5 Vdc (Pin 3) for 
MHW954. With these conditions, maximum current density on 
any device is 1.5 x 10S Alcm2 and maximum die temperature 
is 165°C. While the modules are designed to have excess galn 
margin with ruggednesS, operation of these units outside the 
published specifications is not recommended unless prior 
communications regarding intended use have been made 
with the factory representative. 

GAIN CONTROL 

The module output power should be limited to specified 
value. The preferred method of power control for the 
MHW903I9531stoflxVs1 = Vs2=Vs3= 7.2 Vdc, Vb= 5.0 Vdc, 
Pin (Pin 1) at 1.0 mW, and vary Vcont (Pin 1) voltage. For the 
MHW954, fix Vs1 = Vs2 = 7.2 Vdc and Vb = 4.5 Vdc; then vary 
Pin (Pin 1) to control Pout (Pin 5). 

DECOUPLING 

Due to the high gain of the four stages and the module size 
limitation, extemal decoupling networks require careful con
Sideration, Pins 2, 3, 4 and 5 are intemally bypassed with a 
0.018 jJ.F chip capacitor which is effective for frequencies from 
5.0 MHz through 940 MHz. For bypassing frequencies below 
5.0 MHz, networks equivalent to that shown in Figure 1 are 
recommended. Inadequate decoupling will result in spurious 
outputs at certain operating frequencies and certain phase 
angles of input and output VSWR. 

MOUNTING CONSIDERATIONS 
For the MHW903 Series module, mounting Is generally 

accomplished by soldering the flange to a suitable heat sink. 
This can be done with a low temperature solder such as 52% 
In, 48% Sn and type "R" F.lux which liquifles below 150°C. 
Under no circumstances should the MHW903 Series modules 
be heated to a temperature greater than .. 165°C. Internal 

MHW903.MHW953-MHW954 
3-116 

figure 8. Teet fixture Aaaambly 

construction of the module has been achieved using 36% lin, 
62% lead, 2% silver solder which liquifies at 179-1 aooC • 

The modules are NOT hermetic. Do not Immerse a module 
in a flux cleaning solution or other liquids under any circum
stances. 

LOAD MISMATCH 
During final test each module Is load mismatch tested in a 

fixture having the identical decoupling networks described in 
Figure 1. Electrical conditions are Vs1 = Vs2 = Vs3 = 9.0 Vdc 
(Pins 2, 4, 5), and Vb = 5.0 Vdc (Pin 3), Pin = 2.0 mW (12.5% 
duty cycle, 4.6 ms period), VSWR equal to 10:1, and output 
power equal to 4.5 watts. 
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MOTOROLA 
- SEMICONDUCTOR 

TECHNICAL DATA 

Advance Information 
The RF Line 
UHF Power Amplifier 
· .• designed specifically for the Pan European digital 5.0 watt, GSM handheld radio. The 
MHW909 is capable of wide power range control, operates from a 7.2 volt supply and 
requires 100 mW of RF input power. 

• Specified 7.2 Volt Characteristics: 
RF Input Power -100 mW (20 dBm) 
RF Output Power - 9.0 W 
Minimum Gain -19.5 dB 
Harmonics - -35 dBc Max @ 2.0 fo 

• New Biasing and Control Techniques Providing Dynamic Range and Control Circuit 
Bandwidth Ideal for GSM 

• 50 Ohm Input/Outputlmpedances 

• Guaranteed Stability and Ruggedness 

MAXIMUM RATINGS (Flange Temperature = 25°C) 

Rating Symbol 

DC Supply Voltage Vs 

DC Bias Voltage VB 

RF Input Power Pin 

RF Output Power (Vs = 9.0 Vdc) Pout 

Operating Case Temperature Range TC 

Storage Temperature Range Tstg 

MHW909 

9.0W 
890 to 915 MHz 

RFPOWER 
AMPLIFIER 

CASE 301T, STYLE 1 

Value Unit 

9.0 Vdc 

4.75 Vdc 

400 mW 

10 W 

-30 to +100 °c 

-30 to +100 °c 

ELECTRICAL CHARACTERISTICS (VS1 = VS2 = VS3 = 7.2 Vdc; VB = 4.5 Vdc, TC = + 25°C, 50 ohm system, unless otherwise noted) 

Characteristic Symbol Min Max Unit 

Frequency Range BW 890 915 MHz 

Power Gain (POUT = 9.0 W) (1) Gp 19.5 - dB 

Leakage Current (Pin = 0 mW, VB = 0 Vdc, VS1 = VS2 = VS3 = 9.0 Vdc) IL - 5.0 rnA 

Efficiency (Pout = 9.0 W) (1) 11 30 - % 

Input VSWR (Pout = 9.0 W) (1) VSWRin - 2.0:1 -
Harmonics (Pout = 9.0 W) (1) 2.0fo - -35 dBc 

3.0 fo to 5.0 fo -40 

Noise Power (In 30 kHz Bandwidth, 935 to 960 MHz frequency range; - -75 dBm 
(Pout = 0.03 to 9.0 W; VS.1 = VS2 = VS3 = 6.25 to 9.0 Vdc) (1) 

Linearity-%AM in Output (Pout = 0.2 to 9.0 W; 135 kHz - - 6.0 % 
1%AM in Input) (1) 

Output Power, Low Voltage (PIN = 100 mW; VS1 = VS2 = VS3 = 6.25 Vdc) POUT2 6.8 - W 

Load Mismatch Stress (VS1 = VS2 = VS3 = 9.0 Vdc; VB = 4.75 Vdc; POUT = 10 W; 'V No Degradation In Output Power 
Load VSWR = 10:1, All Phase Angles at Frequency of Test) (1) Before! After Test 

Stability (VS1 = VS2 = VS3 = 6.0 to 9.0 Vdc; POUT = 0.03 to 9.0 W; - All Spurious Outputs 
Load VSWR = 6:1, Source VSWR = 3:1, More Than 60 dB 
All Phase Angles at Frequency of Test) (1) Below Desired Signal 

NOTE: 
1. Adjust PIN for Specified POUT; Duty Cycle = 12.5%, Period = 4.6 msec 

This document contains infonnation on a new product. SpecHications and infonnation herein are subject to change without notice. 
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MHW909 
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Cl 

Z1 

RFINPUT 

3 

VS2 

Pin Designations: 

Pin 1 - RF Input Power @ 20 dBm Max Adjust 
for Output Power 

Pin 2 - First S1age Collector VoI1age @ 7.2 Vdc 
Pin 3 - Second Stage Collector VoI1age .. 7.2 Vdc 
Pin 4 - Trickle Bias VoI1age .. 4.5 Vdc 
Pin 5 - Third S1age Collector Supply" 7.2 Vdc 
Pin 7 - RF Output Power @ 9.0 W Nomlnal 

4 

VB 

5 

Vss 

ElementValues: 

Cl = C2 = C4 = C6 = C6 = O.OlB jIF 
C3=C5=C7=C9=2.2I1F 
Ll-L3= 0.29 p.H 
L4= O.2I1H 
Zl. Z2 = 50 Ohm Microstrlp 

6 

Z2 

RFOUTPUT 

Figure 1. Test Circuit Diagram 
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MOTOROLA 
• SEMICONDUCTOR 

TECHNICAL DATA 

The RF Line 
UHF Power Amplifier 
· .. designed specifically for the Pan European digital 8.0 watt, GSM mobile radio. Other 
applications exist in standard analog cellular radios. The MHW912 is capable of wide 
power range control, operates from a 12.5 volt supply and requires only 1.0 mW of RF 
input power. 

• Specified 12.5 Volt Characteristics: 
RF Input Power - 1.0 mW (0 dBm) 
RF Output Power - 12.5 W 
Minimum Gain - 41 dB 
Harmonics - -30 dBc Max @ 2.0 fo 

• New Biasing and Control Techniques Providing Dynamic Range 
and Control Circuit Bandwidth Ideal for GSM 

• Low Control Current 

• 50 Ohm InpuVOutput Impedances 

• Guaranteed Stability and Ruggedness 

MAXIMUM RATINGS (Flange Temperature = 25°C) 

Rating 

DC Supply Voltage 

DC Supply Voltage - With RF AppliedlWithout RF Applied 

DC Control Voltage 

RF Input Power 

RF Output Power IYs = 15.6 Vdc) 

Operating Case Temperature Range 

Storage Temperature Range 

Symbol 

Vsl,b 

Vs2,3 

Veont 

Pin 

Pout 

TC 

Tstg 

MHW912 

12.5W 
884 to 915 MHz 

RFPOWER 
AMPLIFIER 

CASE 301 R, STYLE 1 

Value Unit 

8.5 Vdc 

15.6130 Vdc 

4.0 Vdc 

3.0 mW 

14 W 

-3010+100 °c 

-30to+l00 °c 

ELECTRICAL CHARACTERISTICS IYs2 = Vs3 = 12.5 Vdc; Vsl = Vb = 8.0 Vdc; TC = +25°C, 50 ohm system, unless otherwise noted) 

Characteristic Symbol 

Frequency Range BW 

Output Power (Pin = 1.0 mW; Veont = 3.0 Vdc) Poutl 

Output Power, Reduced Voltage Pout2 
(Pin = 1.0 mW; Veont = 3.0 Vdc; Vsl = Vb = 8.0 V; Vs2 = Vs3 = 10.8 Vdc) 

Control Current (Pout = 12.5 W; Pin = 1.0 mW) (1) Icont 

Current Consumption in 8.0 V Pins (Pout = 12.5 W; Pin = 1.0 mW) lsi + Ib 

Leakage Current (Pin = 0 mW; Vcont = 0; Vsl = Vb = 0) 'L 
Efficiency (Pout = 12.5 W; Pin = 1.0 mW) (1) 1= 890-915 MHz 11 

1= 884-890 MHz 

InputVSWR (Pout = 0.03 to 12.5 W; Pin = 1.0 mW) (1) VSWRin 

Harmonics (Pout = 12.5 W; Pin = 1.0 mW) (1) 210 -
310 

Noise Power (In 30 kHz Bandwidth, 20 MHz Above 10 ; -
Pout = 12.5W; P'n= 1.0 mW) (1) 

NOTE: 
1. Adjust Vcont lor specilied Pout; Duty Cycle = 12.5%, Period =4.6 ms. 

MOTOROLA RF DEVICE DATA 

Min Max 

884 915 

12.5 -
8.5 -

- 1.0 

- 220 

- 1.0 

35 -
33 -
- 2.0:1 

- -30 

- -40 

- -70 

Unit 

MHz 

W 

W 

mA 

mA 

mA 

% 

-
dBc 

dBm 

MHW912 
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ELECTRICAL CHARACTERISTICS - continued 
(Vs2 = Vs3 = 12.5 Vdc; Vs1 = Vb" 8.0 Vdc; To" +2500, 50 ohm·system, unless o!herwise noted) 

Characteristic 

Isolation 
(Pin = 1.0 mW; Vcont = 0 Vdc; Vs1 = Vb" 0 10 8.0 V) 

3.0 dB Vcont Bendwldlh 
(Pin = 1.0 mW; Pout = 0.03 10 12.5 W) (1) 

Load Mismatch Stress 
(Vs= 15.6Vdc; Pin =3.0 mW; Pout = 14 W; LoadVSWR .. 10:1, 
All Phase Angles at Frequency of Test) (1) 

stability 
(Vs2" Vs3 = 10.810 15.6 Vdc; Pin = 0.5 10 3.0 mW; Pout = 12 mW 10 12.5 W; 
Load VSWR .. 6:1, All Phase Angles; Source VSWR = 3:1, All Phase Angles at 
Frequency of Test) (1) 

NOTE: 
1. Adjust Vcont for specified Pout; Duty Oycle = 12.5%, Period = 4.6 ms. 

CIRCUIT BLOCK DIAGRAM 

2 

I C1 
R 

~" 
RFINPUT Vcont Vs1 Vs2 Vb 

PIN DESIGNAll0NS: 

PIN 1 - RF INPUT POWER 0 0 dBm AND CONTROL VOLTAGE 0 o-a Vdc 
PIN 2 - FIRST & SEOOND STAGE COLLECTOR SUPPLY VOLTAGE 0 8 Vdc 
PIN 3 - THIRD STAGE COLLECTOR VOLTAGE 0 12.5 Vdc 
PIN 4 - TRIOKLE BIAS VOLTAGE @ 8 Vdc 
PIN 5 - FOURTH & FIFTH STAGE COLLECTOR SUPPLY VOLTAGE 0 12.5 Vdc 
PIN 6 - RF OUTPUT POWER @ 12.5 W 

Symbol Min Max Unit 

- - -36 dBm 

- 1.0 - MHz 

V No degradation 
In output power 

before and after test 

- All spurious outputs 
more !han 60 dB 

below desired signal 

6 

a~ 
VaS RFOUTPUT 

ELEMENT VALUES: 

01 = C2= 04= 06 .. 08= 010 = 0.0181'F 
03 .. 05=07=09-011 .. 11'F 
L1-L4 = 0.291'H 
L5=0.2j1H 
R=200HMS 
Z1, Z2 .. 50 OHM MIOROSTRIP 

Figure 1. UHF Power Module Test Circuit Diagram 
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TYPICAL CHARACTERISTICS 

3 

0" 2.5 

~ 
~ 2 
~ 
S! 1.5 

Pin=1 mW 
Pout = 12.5 W 

- Vs2 =Vs3= 12.5 V 
Vsl = Vb = 8 V 

45 
~ 

11 [) 
40 :z 

Veont w 
Q 
u.. 

35 u.. 
w 
~ 

a: i 1.5:1 ~ 
> 
I-E 

.} 0.5 
VSWR 

1.0:1 ir 

o 
880 885 890 895 900 905 910 915 920 

18 

17 

~ 16 

~ 15 

~ 14 

§ 13 

o...~ 12 

11 

10 

f. FREQUENCY (MHz) 

Figure 2. Control Voltege, Efficiency and 
Input VSWR versus Frequency 

Vs2= s3=12.5V - - -
Pin=lmW 
Vsl = Vb = 8 V 
Veont=3V 

Vs2= 1s3~10'rV 

I 
880 885 890 895 900 905 910 915 920 

f. FREQUENCY (MHz) 

Figure 4. Output Power versus Frequency 

20 
Pin=lmW 

18 I- Vs2 = Vs3 = 12.5 V 

~ 16 
a: w 

~ 
I-
:::J 
0... 
I-
:::J 

~ 
"5 

0...0 

14 

12 

10 

8 

6 

4 

2 

o 
-40 

_ Vsl = Vb=8V 
_ VeontSET FOR Pout = 12.5 W@TC=25"C 

I I --- ---
-f=915MHz~ 

-'# 
~#"l 

# 884MHz 

-20 o 20 40 60 80 100 120 
T C. CASE TEMPERATURE ("C) 

Figure 6. Output Power versus Case Temperature 
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18 

16 

~14 

~ 12 

:;( 10 
I-
:::J 
0... B I-

1!~~Hzl-
~ ~ f= 900 MHz 

'f' 
915MHz.-

II , 
::> 
0 6 

"5 
0...0 4 II Pin=1 mW r Vs2 = Vs3: 12.5 V 

.J 
Vsl: Vb: 8V 
I I i I I I o 

0020.40.60.81 1.21.41.61.82 2.22.42.62.8 33.23.43.63.84 
Veont. CONTROL VOLTAGE (Vde) 

Figure 3. Output Power versus Control Voltege 

3 

I:JMHZ 

91 MHz 
Pin:l mW 
Vs2 : Vs3 : 12.5 V 
Vsl ~Vb:8V 
Pout=12.5W 

~4O -20 20 40 60 80 100 120 

~ 
ffi 

20 

18 

~ 12 

~ 10 

§ 8 

-5 6 
0...0 

4 

2 

o 

TC. CASE TEMPERATURE (OC) 

Figure 5. Control Voltage versus Case Temperature 

I --- ::--- F===:::: ~MHZ 
1=915 ~~ 

r--- Pin: 1 mW 
t---- Vs2 = Vs3 = 12.5 V 

Vsl =Vb=8V 
r--- Veont = 3 V (MAX) 

i I I 

-40 -20 o 20 40 60 80 100 120 
T C. CASE TEMPERATURE (OC) 

Figure 7. Output Power versus case Temperature 
at Maximum Control Voltege 
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APPLICATIONS INFORMATION 

NOMINAL OPERATION 
All electrical specifications are based on. the nominal 

conditions of Vb = Vs1 = 8.0 Vdc (Pins 2, 4), and Vs2 = 
Vsa = 12.5 VdC (Pins 3; 5). With these conditions, maximum 
current density on any device is 1.5 x 105 Alcm2 and 
maximum die temperature is 165°C. While the modules 
are designed to have excess gain margin with ruggedness, 
operation of these units outside the published specifica
tions is not recommended unless prior communications 
regarding intended use have been made with the factory 
representative. 

GAIN CONTROL 
The module output power should be limited to specified 

value. The preferred method of power control is to fix Vb = 
Vs1 =8.0Vdc(Pins2,4), Vs2 = Vs3 = 12.5Vdc(Pins3,5), Pin 
(Pin 1) at 1.0 mW, and vary V cont (Pin 1) voltage. 

DECOUPLING 
Due to the high gain of the five stages and the module size 

limitation, external decoupling networks require careful con
sideration. Pins 2, 3, 4, and 5 are internally bypassed with a 
0.018 jlF chip capacitor which is effective for frequencies 
from 5.0 MHz through 940 MHz. For bypassing frequencies 
below 5.0 MHz, networks equivalent to that shown in Figure 1 
are recommended. Inadequate decoupling will result in spuri
ous outputs at certain operating frequencies and certain 
phase angles of input and output VSWR. 

• 

Figure 8. Test. Fixture Assembly 

LOAD MISMATCH 
During final test, each module is load mismatch tested in a 

fixture having the identical decoupling networks described In 
Figure 1. Electrical conditions are Vb = Vs1 = 8.0 V (Pins 2,4), 
and Vs2 = Vsa = 15.6 Vdc (Pins 3,5), Pin = 3.0 mW, VSWR 
equal to 10: 1, and output power equal to 15 watts • 

• 

SCALE 0.75:1 

Figure 9. Photomaster for Test Fixture 
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MOTOROLA 
• SEMICONDUCTOR 

TECHNICAL DATA 

The RF Line 
UHF Power Amplifiers 
· •• designed specifically for the Pan European digital 8.0 watt, GSM mobile radio. The 
MHW914 and MHW915 are capable of wide power range control, operate from a 12.5 volt 
supply and require only 1 mW (MHW914) or 100 mW (MHW915) of RF input power. 

• Specified 12.5 Volt Characteristics: 
RF Input Power-1.0 mW (0 dBm) MHW914 or 100 mW (20 dBm) MHW915 
RF Output Power - 14 W 
Minimum Gain - 41.5 dB (MHW914) or 21.5 dB (MHW915) 
Harmonics - -30 dBc Max @ 2.0 fo 

• New Biasing and Control Techniques Providing Dynamic Range and Control 
Circuit Bandwidth Ideal for GSM 

• Low Control Current 
• 50 Ohm Input/Output Impedances 

• Guaranteed Stability and Ruggedness 

MAXIMUM RATINGS (Flange Temperature = 25°C) 

Rating Symbol MHW914 MHW915 

DC Supply Voltage Vs1 8.5 15.6 

DC Supply Voltage Vb 8.5 5.25 

DC Supply Voltage Vs2,3 15.6 15.6 

DC Control Voltage Veant 4.0 -
RF Input Power Pin 3.0 400 

RF Oulput Power Pout 15 

Operating case Temperature Range TC -30 to +100 
Storage Temperature Renge Tstg 

Unit 

Vdc 

Vdc 

Vdc 

Vdc 

mW 

W 

°C 

ELECTRICAL CHARACTERISTICS MHW914 - Vs2 = Vs3 = 12.5 Vdc; Vs1 = Vb = 8.0 Vdc; 

MHW914 
MHW915 

14W 
890 to 915 MHz 

RFPOWER 
AMPUFIERS 

CASE 301 R, STYLE 1 
(MHW914) 

CASE 301T, STYLE 1 
(MIflOI915) 

MHW915 - Vs1 = Vs2 = Vs3 = 12.5 Vdc; Vb = 5.0 Vdc (T C = 25°C, 50 ohm system, unless otherwise noted) 

Characteristic Symbol 

Frequency Range BW 

Power Gain (Pout = 14 W) MHW914 (1) Gp 
MHW915 (2) 

Control Current (Pout = 14 W; Pin = 1.0 mW) MHW914 only (1) lcont 

Supply CUrrent (Pout = 14 W; Pin = 1.0 mW) MHW914 only (1) Is1+lb 

Leakage Current (Pin = 0 mW; Vcont. = Vs1 = Vb = 0 Vdc; IL 
Vs2 = Vs3 = 15.6 V for MHW914. Vs1 = Vs2 = Vs3 = 15.6 V; 
Vb = 0 Vile; Pin = 0 mW for MHW915 

Efficiancy (Pout = 14 W, Pin = 1.0mW) MHW914 (1) T\ 
(Pout = 14 W) MHW915 (2) 

InputVSWR (Pout = 14 W, Pin = 1.0 mW) MHW914 (1) VSWRln 
(Pout= 14 W) MHW915 (2) 

Harmonics (Pout = 14 W, Pin = 1.0 mW) MHW914 (1) 2.0fo -
3.0 fo to 5.0 fo 

(Pout = 14 W) MHW915 (2) 2.0fo 
3.0 fo to 5.0 fo 

NOTES: 
1. Adjust y cant for specified Pout; duty cycle = 12.5%, period = 4.6 ms 
2. Adjust Pin for specified Pout; duty cycle = 12.5%, period = 4.6 ms 

MOTOROLA RF DEVICE DATA 

Min 

890 

41.5 
21.5 

-
-
-

35 
35 

-
-
-
-
-
-

Max Unit 

915 MHz 

- dB 

-
1.0 mA 

220 rnA 

1.0 rnA 

- % 

-
2.0:1 -
2.0:1 

-30 dBc 
-40 
-30 
-35 

(continued) 

MHW914eMHW915 
3·123 

.. 



.. 

ELECTRICAL CHARACTERISTICS - continued MHW914 - Vs2 - Vsa = 12.5 Vdc; Vs1 = Vb = 8.0 Vdc; 
MHW915-Vs1 = Vs2 = Vsa= 12.5 Vdc; Vb= 5.0 Vdc (Tc = 25°C, 50 ohm system, unless otherwise noted) 

Characteristic Symbol 

Noise Power (In 30 kHz Bandwidth, 20 MHz above fo) -
(Pout = 0.03 to 14 W, Vs2 = Vsa= 10.8 to 15.6 Vdc, Pin = 1.0 mW) MHW914 (1) 
(Pout = 0.03 to 14 W, Vs1 =Vs2 = VS3= 10.8 to 15.6Vdc) MHW915 (2) 

3.0 dB Vcont Bandwidth (Pin = 1.0 mW, Pout = 0.03 to 14 W) MHW914 only 

Output Fower Reduced Voltage (Pin = 1.0 mW; Vs2 = Vsa= 10.8 Vdc) MHW914 POUT2 
(Pin = 100 mW; Vs1 = Vs2 = VS3 = 10.8 Vdc) MHW915 

Unearity-% AM in Output (Pout = 0.02 to 14 W; 135 kHz, 1%AM on Input) MHW915 only (2) -
Load Mismatch Stress (Vs2 = VS3= 15.6 Vdc, Pin = 3.0 mW, Pout = 15 W) MHW914 (1) IJI 

(Vs1 = Vs2 = Vsa = 15.6 Vdc, Pout = 15 W) MHW915 (2) 
(Load VSWR = 10:1, All Phase Angles at Frequency of Test) 

Stability (Vs2 = Vsa = 10.B to 15.6 Vdc; Pin = 0.5 to 3.0 mW; Pout = 0 mW to 14 W) MHW914 (1) -
(Vs1 = Vs2= VS3 = 10.8 to 15.6 Vdc, Pout = 0.03 to 14 W) MHW915 (2) 
(Load VSWR = 6:1, Source VSWR = 3:1, All Phase Angles at Frequency of Test) 

NOTES: 
1. Adjust Vcont for specified Pout; duty cycle = 12.5%, period = 4.6 ms 
2. Adjust Pin for specified Pout; duty cycle = 12.5%, period = 4.6 ms 

CIRCUIT BLOCK DIAGRAM 

Min Max Unit 

dBm 
- -70 
- -70 

1.0 - MHz 

10 - W 

- 6.0 % 

No degradation 
In output power 

before and after test 

All spurious outputs 
more than 60 dB 

below desired signal 

Z2 

RF INPUT V cont Vs1 Vs2 Vs3 RFOUTPUT 

PIN DESIGNATIONS: ELEMENT VALUES: 

Pin 1 - RF Input Power @ 0 dBm and Control Voltage 
@0-3.0Vdc 

C1=C4--C6=CB=C10 = 0.01B I1F 
C2=0.II1F 

MHW914-MHW915 
3·124 

Pin 2 - First and Second Stage Collector Supply 
Voltage @ B.O Vdc 

Pin 3 - Third Stage Collector Voltage @ 12.5 Vdc 
Pin 4 - Trickle Bias Voltage @ 8.0 Vdc 
Pin 5 - Fourth and Fifth Stage Collector Supply 

Voltage @ 12.5 Vdc 
Pin 6 - RF Output Power @ 14 W 

Ca..-C5=C7=C9=Cl1 = 1.0 I1F 
L1-L4= 0.2911H 
L5 = 0.211H 
R=200hms 
ZI, Z2= 50 Ohm Microstrip 

Figure 1. Test Circuit Diagram - MHW914 
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CIRCUIT BLOCK DIAGRAM 

3 

Cl 

Zl 

RFINPUT Vsl 

PIN DESIGNATIONS: 

Pin 1 - RF Input Power @ 20 dBm Max Adjust for 
Output Power 

Pin 2 - First Stage Collector Vollage @ 12.5 Vdc 
Pin 3 - Secend Stage Collector Voltage @ 12.5 Vdc 
Pin 4 - Trickle Bias Vollage @ 5.0 Vdc 
Pin 5 - Third Stage Collector Supply @ 12.5 Vdc 
Pin 6 - RF Output Power @ 14 W Nominal 

ELEMENT VALUES: 

C1=C2=C4--C6=C8 = 0.01811F 
C3=C5=C7=C9 = 2.211F 
L 1-1.3 = 0.29 i1H 
L4= O.2I1H 
Zl. Z2 = 50 Ohm Microstrip 

Figure 2. Test Circuit Diagram - MHW915 
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Z2 

RFOUTPUT 
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3 

:g 2.5 
c:. 

o 

-
Pinel mW 
Pout = 14W 
Vs2 = Vs3 = 12.5 V 
Vsl=Vb=8V 

Tj-~ ---
Veont 

VSWR .... 

TYPICAL CHARACTERISTICS 
(MHW914) 

~ 
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Figure 3. Control Voltage, Efficiency and Input 
VSWR versus Frequency 

I 
vs, = Vs3 = 12.5 V 

I 
I 

Vs =Vs3=10.8V 

I 
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Vsl =Vb=8V _ 
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Veont. CONTROL VOLTAGE (Vdc) 

Figure 4. Output Power versus Control Voltage 
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Figure 5. Output Power versus Frequency Figure 6. Output Power versus Case Temperature 
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Figure 7. Output Power versus Case Temperature 
at Maximum Control Voltage 
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TYPICAL CHARACTERISTICS 
(MHW915) 
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Figure 8. Input Power, Efficiency and Input 
VSWR versus Frequency 
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Figure 10. Output Power versus Frequency 
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Te. CASE TEMPERATURE (OC) 

Figure 12. Input Power versus Case Temperature 
for Pout = 14 W 
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Figura 9. Output Power versus Input Power 
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Figure 11. Output Power versus Supply Voltage 
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Figura 13. Output Power versus case Temperature 
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INPUT 
~ ____ • OUTPUT 

SCALE 0.75:1 

Figure 14. Photomaster for Test Fixture - MHW914 

~ _____ • OUTPUT 

SCALE 0.75:1 

Figure 15. Photomaster for Test Fixture- MHW915 

APPLICATIONS INFORMATION 

NOMINAL OPERATION 
For the MHW914, all electrical specifications are based 

on the nominal conditions of Vb = Vs1 = 8.0 Vdc (Pins 2, 4), 
and Vs2 = Vs3 = 12.5 Vdc (Pins 3, 5). For the 
MHW915 the nominal conditions are Vs1 = Vs2 = Vs3 = 12.5 
Vdc (Pins 2, 3, 5) and Vb = 5.0 Vdc (Pin 4). With these 
conditions, maximum current density on any device is 1.5 x 
105 A1cm2 and maximum die temperature is 165°C. While the 
modules are designed to have excess gain margin with 
ruggedness, operation of these units outside the published 
specifications is not recommended unless prior communica
tions regarding intended use have been made with the 
factory representative. 

GAIN CONTROL 
The module output power should be limited to specified 

value. The preferred method of power control for the 
MHW914 is to fix Vb =Vs1 =8.0Vdc, Vs2=Vs3= 12.5 Vdc, 
Pin (Pin 1) at 1.0 mW, and vary Vcont (Pin 1) voltage. The 
preferred method for the MHW915 is to fix all voltages at 
nominal and vary Pout (Pin 6) by changing Pin (Pin 1) from 0 
to 100mW. 
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Figure 16. Test Fixture Assembly 
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APPLICATIONS INFORMATION (continued) 

DECOULPING 
Due to the high gain of the five stages and the module size 

limitation, extemal decoupling networks require careful con
sideration, Pins 2, 3, 4 and 5 are internally bypassed with a 
0.018 J.LF chip capacitor which is effective for frequencies 
from 5.0 MHz through 940 MHz. For bypassing frequencies 
below 5.0 MHz, networks equivalent to that shown in Figure 1 
and Figure 2 are recommended. Inadequate decoupling will 
result in spurious outputs at certain operating frequencies 
and certain phase angles of input and output VSWR. 

MOTOROLA RF DEVICE DATA 

LOAD MISMATCH 
During final test each module is load mismatch tested in a 

fixture having the identical decoupiing networks described in 
Figures 1 and 2 for the MHW914 and MHW915 respectively. 
Electrical conditions are Vb = Vs1 = 8.0 V (Pins 2, 4) and Vs2 
= Vs3 = 15.6Vdc (Pins 3, 5) for the MHW914and Vs1 = Vs2= 
Vs3 = 15.6 Vdc (Pins 2, 3, 5) and Vb= 5.0Vdc (Pin 4) for the 
MHW915. Pout = 15 W, Pin = 3.0 mW, load VSWR equals 
10:1 at all phase angles for both modules. 
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MOTOROLA 
- SEMICONDUCTOR 

TECHNICAL DATA 

The RF Line 
UHF Linear Power Amplifiers 

Designed specifically for the United States digital 3.0 W, mobile radio. The 
MHW927A1B are capable of wide power range control, operate from a 12.5 V supply and 
require 1.0 mW of RF input power. 

• MHW927 A Operates from a 9.5 Volt Bias Supply (VB) 
MHW927B Operates from a 8.0 Volt Bias Supply (VB) 

• Specified 12.5 Volt Characteristics for MHW927A1B: 
RF Input Power - 1.0 mW (0 dBm) Max 
RF Output Power - 6.0 W 
Power Gain - 40 dB Typ 
Harmonics - -30 dBc Max @ 2 fO 

• Linearity (IMD) - -29 dBc Max for 3rd Order; -34 dBc Max for 5th Order 

• New Biasing and Control Techniques Providing Dynamic Range and Control Circuit 
Bandwidth Ideal for USDC 

• 50 Q Input/Output Impedances 

• Guaranteed Stability and Ruggedness 

MAXIMUM RATINGS (Recommended Values lor Sale Operation - Not Guaranteed Performance) 

Rating Symbol 

DC Supply Voltage VS2, VS3 

DC Bias Voltage VB 

RF Input Power MHW927A,B Pin 

RF Output Power Pout 

Operating Case Temperature Range TC 

Storage Temperature Range Tstg 

MHW927A* 
MHW9278 

*MotoroJa Preferred Device 

6.0W 
824 to 849 MHz 

RFLINEAR 
POWER AMPLIFIERS 

CASE 301 AA, STYLE 1 

Value Unit 

16.5 Vdc 

10 Vdc 

3.0 mW 

13 W 

-30 to +100 °C 

-30 to +100 OC 

ELECTRICAL CHARACTERISTICS (VS2 = VS3 = 12.5 Vdc; VB = 9.5 Vdc (MHW927 A); VB = 8.0 Vdc (MHW927B); Pin :s; 1.0 mW 
(MHW927A/B); TC = +25°C, 50 ohm'system, unless otherwise noted) 

Characteristic 

Frequency Range 

Input Power (Pout = 6.0 W) (1) 

Efficiency (Pout = 6.0 W) (1) 

Efficiency, Two Tone (Pout (Avg.) = 6.0 W; 11 & 1210 kHz apart) (1) 

Input VSWR (Pout = 6.0 W) (1) 

Harmonics (Pout = 6.0 W) (1) 210 
310 

Noise Power (In 30 kHz Bandwidth, 45 MHz Above 10; T C = +25°C to T C = + 100°C; 
Pout = 6.0 W)(1) 

Unearlty (Pout (Avg.) = 6.0 W; 11 & 12 are 10 kHz apart) (1) 3rd Order IMD 
5th Order IMD 

Load Mismatch Stress (VS2 = VS3 = 16 Vdc; Pout = 12.5 W; Pulsed at 50% Duty 
Cycle; Load VSWR = 20:1, All Phase Angles At Frequency 01 Test) (1) 

Stability (VS2 = VS3 = 10 to 16 Vdc; Pout = 0.012 to 12 W; 
Load VSWR = 4:1, All Phase Angles At Frequency oiTest) (1) 

NOTE: 
1. Adjust Pin lor Specified Pout. 

Prafarrad devices are Motorola recommended choices for future use and best overall value. 
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Symbol Min 

BW 824 

Pin -

111 28 

112 28 

VSWRin -

- -
-

- -

- -
-

IJI 

-

Typ Max Unit 

- 849 MHz 

- 1.0 mW 

30 - % 

30 - % 

- 2.5:1 -
- -30 dBc 
- -45 

- -82 dBm 

-31 -29 dBc 
-36 -34 

No Degradation 
In Output Power Between 

Before and After Test 

All Spurious Outputs 
More Than 70 dB 

BelOW Desired Signal 
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INPur 
POWER 
METER 

10dB 
MINIMUM 

ATTENUATION 

90 DEGREE 
HYBRID 

JUNCTION 

MHW927 INTERNAL DIAGRAM 

VBIAS 
(TYPICAL)!l) 

500 
TERMINATION 

CIRCULATORS 

500 
TERMINATION 

VS2 
12.5 V 

@160mA 
(TYPICAL) 

RFSIGNAL 
GENERATOR 

RFSIGNAL 
GENERATOR 

Cl, 2, 3-0.D18 IlF 
C4, 5, 6-0.1 IlF 

VS3 
12.5V 

@l.25mA 
(TYPICAL) 

C7, 8, 9-1.0 IlF (tanl) 
Zl, Z2 - 50 0 MICROSTRIP 

(1) VBIAS = 9.5 V @ 140 rnA (MHW927A) or 8.0 V @ 140 rnA (MHW927B) 

·Module input power is forward power as sampled by the directional 
coupler and read on the input power meter. 

Figure 1. MHW927A/B Test Circuit Diagram 
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SPECTRUM 
ANALYZER 

POWER 
TERMINATION 
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TYPICAL CHARACTERISTICS 

(MHW927A) 
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TYPICAL CHARACTERISTICS 

(MHW927B) 
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MOTOROLA 
• SEMICONDUCTOR 

TECHNICAL DATA 

The RF Line 
UHF Power Amplifier 
· .. designed specifically for the Pan European digital 20 watt, GSM mobile radio. The 
MHW932 is capable of wide power range control, operates from a 12.5 volt supply and 
requires 100 mW of RF input power. 

• Specified 12.5 Volt Characteristics: 
RF Input Power - 100 mW (20 dBm) 
RF Output Power - 32 W 
Minimum Gain - 25 dB 
Harmonics - -35 dBc Max @ 2.0 fa 

• New Biasing and Control Techniques Providing Dynamic Range and Control Circuit 
Bandwidth Ideal for GSM 

• 50 Ohm Input/Output Impedances 

• Guaranteed Stability and Ruggedness 

MAXIMUM RATINGS (Flange Temperature = 25·C) 

Rating Symbol 

DC Supply Voltage Vs 

DC Bias Voltage VB 

RF Input Power Pin 

RF Output Power Pout 

Operating Case Temperature Range TC 

Storage Temperature Range Tstg 

ELECTRICAL CHARACTERISTICS 

MHW932 

32W 
890 to 915 MHz 

RFPOWER 
AMPLIFIER 

CASE 301S, STYLE 1 

Value Unit 

15.6 Vdc 

5.25 Vdc 

400 mW 

40 W 

-30 to +100 ·C 

-30 to +100 ·C 

(VS1 = VS2 = VS3 = VS4 = 12.5 Vdc; VB = 5.0 Vdc, TC = +25·C, 50 ohm system, unless otherwise noted) 

Characteristic 

Frequency Range 

Power Gain (Pout = 32 W) (1) 

Leakage Current (Pin = 0 mW, VB = 0 Vdc, VS1 = VS2 = VS3 = VS4 = 15.6 Vdc) 

Efficiency (Pout = 32 W) (1) 

InputVSWR (Pout = 32 W) (1) 

Harmonics (Pout = 32 W) (1) 2.0fo 
3.0 fo to 5.0 fo 

Noise Power (In 30 kHz Bandwidth, 935 to 960 MHz frequency range; 
(Pout = 0.03 to 32 W; VS1 = VS2 = VS3 = VS4 = 10.8 to 15.6 Vdc) (1) 

Unearity-%AM in Output (Pout = 0.02 to 32 W; 135 kHz, 1%AM in Input) 

Output Power, Low Voltage (PIN = 100 mW; VS1 = VS2 = VS3 = VS4 = 10.8 Vdc) 

Load Mismatch Stress (VS1 = VS2 = VS3 = VS4 = 15.6 Vdc; POUT = 40 W; 
Load VSWR = 10:1, All Phase Angles at Frequency of Test) (1) 

Stability (VS1 = VS2 = VS3 = VS4 = 10.8 to 15.6 Vdc; POUT = 0.03 to 32 W; 
Load VSWR = 6:1, Source VSWR = 3:1, 
All Phase Angles at Frequency of Test) (1) 

NOTE: 
1. Adjust PIN for Specified POUT; Duty Cycle = 12.5%, Period = 4.6 msec 

MHW932 
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Symbol 

BW 

Gp 

IL 

11 

VSWRin 

-
Pout2 

IJI 

-

Min Max Unit 

890 915 MHz 

25 - dB 

- 10 rnA 

23 - % 

- 2.0:1 -

- -35 dBc 
-45 

- -65 dBm 

- 6.0 % 

24 - W 

No Degradation 
In Output Power 

Before and After Test 

All Spurious Outputs 
More Than 60 dB 

Below Desired Signal 
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MHW932 BLOCK DIAGRAM 

6 7 

C1 

Z1 

RFINPUT 

Pin Designations: 

Pin 1 - RF Input Power @ 20 dBm Max Adjust 
for Output Power 

Pin 2 - First Stage Collector Voltage @ 12.5 Vdc 
Pin 3 - Second Stage Collector Voltage @ 12.5 Vdc 
Pin 4 - Trickle Bias Voltage @ 5.0 Vdc 
Pin 5 - Third Stage Collector Supply @ 12.5 Vdc 
Pin 6 - Fourth Stage Collector Supply @ 12.5 Vdc 
Pin 7 - RF Output Power @ 32 W Nominal 

VB Vsa VS4 

ElementValues: 

C1 = C2 = C4 = C6 = CB = C10 = 0.018 J1F 
O3=05=C7=09=C11 = 2.2 J1F 
L 1-L3 = 0.29 p.H 
L4=0.2J1H 
L5 - VR200, Up to 10 A Max 154 
Z1, Z2 = 50 Ohm Microstrip 

Figure 1. Test Circuit Diagram 

MOTOROLA RF DEVICE DATA 

Z2 

RFOUTPUT 

MHW932 
3-135 

II 



II 

TYPICAL CHARACTERISTICS 
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Figure 8. Photomaster for Test Fixture 

Figure 9. Test Fixture Assembly 
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APPLICATIONS INFORMATION 

NOMINAL OPERATION 
All electrical specifications are based on the nominal 

conditions of Vs1 = Vs2 = Vs3 = Vs4 = 12.5 Vdc (Pins 2, 3, 
5, 6), and Vb = 5.0 Vdc (Pin 4). With these conditions, maxi
mum current density on any device is 1.5 x 105 A/cm2 and 
maximum die temperature is 165°C. While the modules are 
designed to have excess gain margin with ruggedness, op
eration of these units outside the published specifications is 
not recommended unless prior communications regarding in
tended use have been made with the factory representative. 

GAIN CONTROL 
The module output power should be limited to specified 

value. The preferred method of power control is to fix Vs1 = 
Vs2= Vs3=Vs4= 12.5Vdc (Pins2,3, 5, 6), Vb=5.0 Vdc (Pin 
4), and vary Pin (Pin 1) from 0 to 100 mW. 

MHW932 
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DECOUPLING 
Due to the high gain of the four stages and the module size 

limitation, external decoupling networks require careful con
sideration, Pins 2, 3, 4, 5, and 6 are internally bypassed with 
a 0.018 /!F chip capaCitor which is effective for frequencies 
from 5.0 MHz through 940 MHz. For bypassing frequencies 
below 5.0 MHz, networks equivalent to that shown in Figure 1 
are recommended. Inadequate decoupling will result in spuri
ous outputs at certain operating frequencies and certain 
phase angles of input and output VSWR. 

LOAD MISMATCH 
During final test each module is load mismatch tested in a 

fixture having the identical decoupling networks described in 
Figure 1. Electrical conditions are Vs1 = Vs2 = Vs3 = Vs4 = 
15.6 Vdc (Pins 2,3,5,6), and Vb = 5.0 Vdc (Pin 4), VSWR 
equal to 10: 1, and output power equal to 40 watts. 
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MOTOROLA 
• SEMICONDUCTOR 

TECHNICAL DATA 

The RF Line 
Low Distortion 
Wldeband Amplifiers 
· •• designed specifically for broadband applications requiring low distortion characteris
tics. Specified for use as retum amplifiers for mid-split and high-split 2-way cable TV 
systems. Features all gold metallization system. 
• Guaranteed Broadband Power Gain @ f = 5.0-200 MHz 
• Guaranteed Broadband Noise Figure @ f = 5.0-175 MHz 
• Superior Gain, Retum Loss and DC Current Stability with Temperature 

• All Gold Metallization 
• All lon-Implanted Arsenic Emitter Transistor Chips with 7.0 GHz fr's 

• Circuit Design Optimized for Good RF Stability Under High VSWR Load Conditions 

• Transfonners Designed to Insure Good Low Frequency Gain Stability versus 
Temperature 

ABSOLUTE MAXIMUM RATINGS 

RatIng Symbol 

RF Voltage Input (Single Tone) Vin 

DC Supply Voltage VCC 

Operating Case Temperatura Range Tc 

Storage Temperatura Range Tstg 

ELECTRICAL CHARACTERISTICS (Vee = 24 Vdc, TC = +3000, 7S g system) 

Characteristic Symbol MHW1134 

Power Gain @ 10 MHz Gp 13.0±0.S 

Frequency Range (RespOllseJRetum Loss) Note 1 BW 

MHW1134 
MHW1224 
MHW1244 

13.0 dB 
18.SdB 
22.0 dB 
24.0 dB 

5.0-200 MHz 
CATV HIGH-sPL1T 

REVERSE AMPUFIERS 

CASE 714, STYLE 1 

Value Unit 

+65 dBrnV 

+28 Vdc 

-20 to +100 ·C 

-40 to +100 00 

MHW1224 MHW1244 Unite 

22.0±0.S 24.0±0.S dB 

S.D-200 MHz 

cable Slope Equivalent (S.0-2OO MHz) S -0.2 Minl+0.8 Max dB 

Gain Fiatness (S.0-200 MHz) F ±0.2Max dB 

InputlOutput Retum Loss (S.0-200 MHz) Nota 1 IRUORL 18.0 Min dB 

Cross Modulation Distortion @ +50 dBmV per ch. 
12-Channel FLAT (S.0-120 MHz) XM12 -70Typ -67Typ -66Typ dB 
22-Channel FLAT (S.0-17S MHz) (2) (3) XM22 -65 Max -82 Max -61 Max dB 
26-Channel FLAT (S.0-2OO MHz) XM26 -65Typ -82Typ -61 Typ dB 

NOTES: (continued) 

1. Response and retum loss charactaristlcs are tasted and guaranteed for the fulIS.0-200 MHz frequency range. 
2. Motorola 1 oo%distortionand nolsellguretestlng IsperforrnedovertheS.0-17S MHzlrequency range. Cross modulatlonandcompositetriple 

beat testing are with 22-channelloadlng; Video carriers used are: 
T7-T13 7.0-43.0 MHz 7-Channels 

2-6 55.25-83.25 MHz 5-Channels 
A-7 121.25-17S.25 MHz 1O-Channels 

3. Videocarriers used for 12-Channel typical perfonnancesare T7 -6; For26-Channel typical performance, Channels 8, 9, 10 and 11 areadded 
to the 22-Channel carriers listed above. 
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ELECTRICAL CHARACTERISTICS - continued (VCC = 24 Vile, TC = +aO"c, 75 g system) 

Cl)aracteristic Symbol MHW1134 MHW1224 MHW1244 Units 

Composite Triple Beat Distortion @ +50 dBmV per·ch. 
22-Channel FLAT (5.0-175 MHz) Notes 2 and 3 CTB22 -73 Max -69 Max -68 Max dB 
26-Channel FLAT (5.0-200 MHz) CTB26 -71Typ -68.5Typ -67.5Typ dB 

Individual Triple Beat Distortion @ +50 dBmV per ch. 
Mid-Split (5.0-120 MHz) Tll, T12 and CH2 @ 123.25 MHz TBa -90Typ -88Typ -87Typ dB 
High-Split (5.0-175 MHz) T13, CH2 and CH5 @ 175.5 MHz TBa -87Typ -85Typ -84Typ dB 

Second Order Distortion @ +50 dBmV per ch. IMD -72 Max -72 Max -72 Max dB 
High-5plit (5.0-175 MHz) CH2, CHA @ 176.5 MHz 

Noise Figure NF 7.0 Max 5.5 Max 5.0 Max dB 
Hlgh-5pllt (5.0-175 MHz) Note 2 

DC Current IDC 210 Typl240 Max mAde 

NOTES: 

1. Response and return loss characteristics are tested and guaranteed for the full 5.0-200 MHz frequency range. 
2. Motorola 1 OO%distortion and nolseflgurelesting isperiormed overthe5.0-175 MHz frequency range. Cross modulation andcompositetriple 

beat testing are with 22-channelloadlng; Video carriers used are: 
T7-T13 7.0-43.0 MHz 7-Channels 

2-6 55.25-83.25 MHz 5-Channels 
A-7 121.25-175.25 MHz 10-Channels 

3. Video carriers used for 12-Channel typical periorrnsncesare T7 -6; For 26-Channel typical performance, Channels 8, 9, 1 0 and 11 are added 
to the 22-Channel carriers listed above . 

MHW1134-MHW1224-MHW1244 
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MOTOROLA 
• SEMICONDUCTOR 

TECHNICAL DATA 

The RF Line 
450 MHz CATV Amplifier 
• •• designed for broadband applications requiring low distortion characteristics. Specified 
for use as a CATV trunk-line amplifier. Features ion-implanted arsenic emitter transis.tors 
with 7.0 GHz fr, and an all gold metallization system. 

• Specified for 53- and SO-Channel Performance 

• Broadband Power Gain - @ f = 40-450 MHz 
Gp = 12.5 dB (Typ) 

• Broadband Power Gain - @ f = 40-450 MHz 
Gp = 12.5 dB (Typ) 

• Broadband Noise Figure - @ f = 450 MHz 
NF = 7.0 dB (Typ) 

• Superior Gain, Retum Loss and DC Current Stability with Temperature 

ABSOLUTE MAXIMUM RATINGS 

Rating 

RF Vollage Input (Single Tone) 

DC Supply Vollage 

Operating Case Temperature Range 

Storage Temperature Range 

Symbol 

Vin 

VCC 

TC 

Tstg 

MHW5122A 

12.5 dB GAIN 
450 MHz 

6O-CHANNEL 
CATV TRUNK AMPUFIER 

CASE 714, STYLE 1 

Value Unit 

+70 dBmV 

+28 Vdc 

-2010+100 "C 

-4010+100 "C 

ELECTRICAL CHARACTERISTICS (Vee = 24 Vdc, TC = +3O"C, 75 g system unless otherwise noted) 

Characteristic Symbol 

Frequency Range BW 

Power Gain - 50 MHz Gp 

Slope S 

Gain Flatness (Peak To Valley) -
Retum Loss -Input/Oulput 40-450 MHz IRLJORL 

!Zo = 75 Ohms) 

Second Order Interrnodulation Distortion IMD 
(Vout = +46 dBmV per ch., Ch 2, M6, M15) 
(Vout = +46 dBmV per ch., Ch 2, M13, M22) 

Cross Modulation DislOrtion 53-Channel FLAT XMD53 
(Vout = +46 dBmV per ch.) 60-Chennel FLAT XMD60 

Composite Triple Beat 53-channel FLAT CTB53 
(Vout = +46 dBmV per ch.) 6O-Channel FLAT CTBso 

DIN (European Applications Only)' 
3OOMHz-(CHV+Q-P@W) DIN1 
400MHz-(CH M8+M15-M9@ M14) DIN2 
450 MHz - (CH M20 + M23 - M22 @ M21) DIN3 

Noise Figure NF 
(f= 450 MHz) 

OCCurrent IDC 

MOTOROLA RF DEVICE DATA 

Min lYP 
40 -
12 12.5 

+0.2 +0.7 

- 0.2 

18 -

- -78 

- .-
- -63 
- -63 

- -63 
- -61 

- 125 
- 124 

- 123 

- 7.0 

- 200 

Max 

450 

13 

+1.5 

0.4 

-

-
-72 

-
-61 

-
-58 

-
-
-
8.0 

240 

Unit 

MHz 

dB 

dB 

dB 

dB 

dB 

dB 

dB 

dBIlY*' 

dB 

mA 

MHW5122A 
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"DIN (European Applications Only) 

NCTA Channel Frequency 
Designation (MHz) 

p 253.25 
Q 259.25 
V 289.25 
W(Ref.) 295.25 

M8 361.25 
M9 387.25 
M14(Ref.) 397.25 
M15 403.25 

M20 433.25 
M21 (Ref.) 439.25 
M22 445.25 
M23 451.25 

•• DIN (dBp.v) = Reference Channel Level (dBmV) +60 dB 

MHW5122A 
3-142 

DIN Output Level DIN Beat Level 
(dBmV)" (Typ) dB Relative to Ref. Ch. 

+59 
+59 :$:-60 
+65 
+65 

+58 
+58 :$:-60 
+64 
+64 

+63 
+63 :$:-60 
+57 
+57 

MOTOROLA RF DEVICE DATA 



MOTOROLA 
- SEMICONDUCTOR 

TECHNICAL DATA 

The RF Line 
450 MHz CATV Amplifier 
• •. designed specifically for 450 MHz CATV applications. Features ion-implanted arsenic 
emitter transistors with 7.0 GHz fT and an all gold metallization system. 

• Specified for 6O-Channel Performance 

• Broadband Power Gain - @ f = 40-450 MHz 
G p = 14 dB (Typ) @ 50 MHz 

14.5 dB (Min) @ 450 MHz 

• Broadband Noise Figure @ 450 MHz 
NF = 7.0 dB (Max) 

• Superior Gain, Return Loss and DC Current Stability with Temperature 

• All Gold Metallization 

• 7.0 GHz lon-Implanted Transistors 

ABSOLUTE MAXIMUM RATINGS 

Rating 

RF Voltage Input (Single Tone) 

DC Supply Voltage 

Operating Case Temperature Range 

Slorage Temperature Range 

Symbol 

Vin 

VCC 

TC 

Tsta 

MHW5142A 

14 dB GAIN 
450 MHz 

6O.cHANNEL 
CATVINPUTAOUTPUT 
TRUNK AMPUFIER 

CASE 714, STYLE 1 

Value Unit 

+70 dBmV 

+28 Vdc 

-2010+100 °c 
-4010 +100 OC 

ELECTRICAL CHARACTERISTICS (VCC = 24 Vdc, TC = +3OOC, 75 0 system unless otherwise noted) 

Characteristic " Symbol 

Frequency Range BW 

Power Gain - 50 MHz Gp 

Power Gain - 450 MHz Gp 

Slope S 

Gain Flatness (Peek To Valley) -
Return Loss -lnputlOutput 40-450 MHz IRUORL 

(Zo = 75 Ohms) 

Second Order Intermodulation Distortion IMD 
(Vout= +46 dBmV perch., Ch 2,.M6, M15) 
(Vout = +46 dBmV per ch., Ch2, M13, M22) 

Cross Modulation DistortiOn 
(Vout = +46 dBmV per ch.) 53-Channel FLAT XMD53 

6O-Channel FLAT XMD60 

Composite Triple Beat 
(Vout = +46 dBmV per ch.) 53-Channel FLAT CTB53 

60-Channel FLAT CTB6Q 

DIN (European Applications Only)" 
300 MHz-(CHV +Q-P @W) DIN1 
400MHz-(CH M8+M15-M9 @ M14) DIN2 
450 MHz - (CH M20 + M23 - M22 @ M21) DIN3 

Noise Figure (f = 450 MHz) NF 

DC Current IDC 

MOTOROLA RF DEVICE DATA 

Min Typ 

40 -
13.5 14 

14.0 -
0.2 -
- 0.2 

18 -

- -78 

- -

- -63 
- -63 

- -63 
- -62 

- 127 
- 126 
- 125 

- 6.0 

- 210 

Max 

450 

14.5 

15.5 

1.5 

0.4 

-

-
-74 

-
-62 

-
-61 

-
-
-
7.0 

240 

Unit 

MHz 

dB 

dB 

dB 

dB 

dB 

dB 

dB 

dB 

dBILV-" 

dB 

rnA 

MHW5142A 
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'DIN (European Applications Only) 

NCTA Channel Frequency 
Designation (MHz) 

P 253.25 
Q 259.25 
V 289.25 
W(Ref.) 295.25 

M8 361.25 
M9 367.25 
M14(Ref.) 397.25 
M15 403.25 

M20 433.25 
M21 (Ref.) 439.25 
M22 445.25 
M23 451.25 

··DIN (dBItV) = Reference Channel Level (dBmV) +60 dB 

MHW5142A 
3-144 

DIN Ouput Level DIN Beat Level 
(dBmV)**(Typ) dB Relative to Ref. Ch. 

MHW5181A MHW5182A 

+59 +61 
+59 +61 .. -60 
+65 +67 
+65 +67 

+58 +60 
+58 +60 .. -60 
+64 +66 
+64 +66 

+63 +65 
+63 +65 .. -60 
+57 +59 
+57 +59 
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MOTOROLA 
• SEMICONDUCTOR 

TECHNICAL DATA 

The RF Line 
450 MHz CATV Amplifier 
· •• designed specifically for 450 MHz CATV applications. Features lon-Implanted arsenic 
emitter transistors with 7.0 GHz fr and an all gold metallization system. 

• Specified for 53- and SO-Channel Performance 

• Broadband Power Gain - @ f = 40-450 MHz 
Gp = 17.4 dB (Typ) 

• Broadband Noise Figure 
NF = 7.0 dB (Max) 

• Superior Gain, Return Loss and DC Current Stability with Temperature 

• All Gold Metallization 
• 7.0 GHz lon-Implanted Transistors 

ABSOLUTE MAXIMUM RATINGS 

Rating 

RF Voltage Input (Single Tone) 

DC Supply Voltage 

Operating Case Temperature Range 

Storage Temperature Range 

Symbol 

Vin 

Vee 

TC 

Tstg 

MHW5172A 

17dBGAIN 
450 MHz 

6O-CHANNEL 
CATV INPUTIOUTPUT 
TRUNK AMPUFIER 

CASE 714, STYLE 1 

Value Unit 

+70 dBmV 

+28 Vdc 

-20 to +100 ·C 

-40 to +100 ·C 

ELECTRICAL CHARACTERISTICS (VCC= 24 Vdc, TC = +3O"C, 75 n system unless otherwise noted) 

Characteristic Symbol 

Frequency Range BW 

Power Gain - 50 MHz Gp 

Power Gain - 450 MHz Gp 

Slope S 

Gain Flatness (Peak To Valley) -
Retum Loss -Input/Output 40-450 MHz IRL/ORL 

(Zo = 75 Ohms) 

Second Order Intermodulatlon Distortion IMD 
(Vout= +50dBmV perch., Ch 2, M6, M15) 
(Vout = +46 dBmV perch., Ch 2, M13, M22) 

Cross Modulation Distortion 53-Channel FLAT XMD53 
(Vout= +46dBmV perch.) 6O-Channel FLAT XMD60 

Composite Triple Beat 53-Channel FLAT CTBss 
(Vout = +46 dBmV per ch.) .60-Channel FLAT CTBoo 

DIN (European Applications Only)' 
300 MHz-(CHV +Q-P @W) DIN1 
400MHz-(CH M8+M15-M9 @ M14) DIN2 
450 MHz - (CH M20 + M23 - M22 @ M21) DiNa 

Noise Figure (f = 450 MHz) NF 

OCCurrent IDC 

MOTOROLA RF DEVICE DATA 

Min Typ 

40 -
16.8 17.4 

17.4 18.4 

0.3 0.5 

- 0.2 

18 -

- -78 

- -
- -65 
- -64 

- -63 
- -61 

- 127 
- 126 

- 125 

- 6.0 

- 210 

Max 

450 

17.8 

19.0 

1.5 

0.4 

-

-
-74 

-
-62 

-
-60 

-
-
-
7.0 

240 

Unit 

MHz 

dB 

dB 

dB 

dB 

dB 

dB 

dB 

dB 

d8j1V*' 

dB 

mA 

MHW5172A 
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·DIN (European Applications Only) 

NCTA Channel Fraquency 
Designation (MHz) 

P 253.25 
Q 259.25 
V 289.25 
W(Ref.) 295.25 

M8 361.25 
M9 367.25 
M14(Ref.) 397.25 
M15 403.25 

M20 433.25 
M21 (Ref.) 439.25 
M22 445.25 
M23 451.25 

··DIN (dBI1V) = Reference Channel Level (dBmV) +60 dB 

MHW5172A 
3-146 

DIN Output Level DIN Beat Level 
(dBmV)**(Typ) dB Relative to Ref. Ch. 

+61 
+61 ",-60 
+67 
+67 

+60 
+60 ",-60 
+66 
+66 

+65 
+65 ",-60 
+59 
+59 
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MOTOROLA 
• SEMICONDUCTOR 

TECHNICAL DATA 

The RF Line 
450 MHz CATV Amplifier 
· .. designed specifically for 450 MHz CATV applications. Features ion-implanted arsenic 
emittertransistors with 7.0 GHz fT and an all gold metallization system. 

• Specified for 53- and SO-Channel Performance 

• Broadband Power Gain - @ f = 40-450 MHz 
Gp = 18.2 dB (Typ) @ 50 MHz 

19.0 dB (Typ) @ 450 MHz 

• Broadband Noise Figure 
NF = 6.5 dB (Max) 

• Superior Gain, Return Loss and DC Current Stability with Temperature 

• All Gold Metallization 

• 7.0 GHz lon-Implanted Transistors 

ABSOLUTE MAXIMUM RATINGS 

Rating 

RF Voltage Input (Single Tone) 

DC Supply Voltage 

Operating Case Temperature Range 

Storage Temperature Range 

Symbol 

Vin 

VCC 

TC 

Tstg 

MHW5182A 

18 dB GAIN 
450 MHz 

6O-CHANNEL 
CATV INPUT/OUTPUT 
TRUNK AMPLIFIER 

CASE 714, STYLE 1 

Value Unit 

+70 dBmV 

+28 Vdc 

-20 to +100 ·e 

-40 to +100 ·e 

ELECTRICAL CHARACTERISTICS (Yec = 24 Vdc, TC = +30OC, 75 Q system unless otherwise noted) 

Characteristic Symbol 

Frequency Range BW 

Power Gain - 50 MHz Gp 

Power Gain - 450 MHz Gp 

Slope 5 

Gain Ratness (Peak To Valley) -
Return Loss -lnputlOutput 40-450 MHz IRUORL 

(Zo = 75 Ohms) 

Second Order Intermodulation Distortion IMD 
(Yout = +46 dBmV per ch., Ch 2, M6, M15) 
(Vout = +46 dBmV per ch., Ch 2, M13, M22) 

Cross Modulation Distortion 53-Channel FLAT XMD53 
(Vout = +46 dBmV per ch.) 60-Channel FLAT XMD60 

Composite Triple Beat 53-Channel FLAT CTB53 
(Yout = +46 dBmV per ch.) 60-Channel FLAT CTB60 

DIN (European Applications Only)· 
300MHz-(CHV+Q-P@W) DINl 
400 MHz- (CH MB + M15 - M9 @ M14) DIN2 
450 MHz - (CH M20 + M23 - M22 @ M21) DIN3 

Noise Figure (I = 450 MHz) NF 

OCCurrent IDC 

MOTOROLA RF DEVICE DATA 

Min Typ 

40 -
17.8 18.2 

18.5 19 

0.3 -
- 0.2 

18 -

- -B5 
- -BO 

- -62 
- -61 

- -64 
- -62 

- 126 
- 126 

- 125 

- 5.5 

- 210 

Max 

450 

18.8 

20 

1.5 

0.4 

-

-
-72 

-
-59 

-
-61 

-
-
-

6.5 

240 

Unit 

MHz 

dB 

dB 

dB 

dB 

dB 

dB 

dB 

dB 

dBItV·· 

dB 

rnA 

MHW5182A 
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·DIN (European Applications Only) 

NCTA Channel Frequancy 
Designation (MHz) 

P 253.25 
Q 259.25 
V 289.25 
W(Ref.) 295.25 

M8 361.25 
M9 367.25 
M14(Ref.) 397.25 
M15 403.25 

M20 433.25 
M21 (Ref.) 439.25 
M22 445.25 
M23 451.25 

··DIN (dB"V) = Reference Channel Level (dBmV) +60 dB 

MHW5182A 
3-148 

DIN Output Lavel DIN Baat Level 
(dSmV)"{1'yp) dB Relative to Ref. Ch. 

+60 
+60 .. -60 
+66 
+66 

+60 
+60 .. -60 
+66 
+66 

+65 
+65 .. -60 
+59 
+59 

MOTOROLA RF DEVICE DATA 



MOTOROLA 
• SEMICONDUCTOR 

TECHNICAL DATA 

The RF Line 
60·Channel (450 MHz) & 
77·Channel (550 MHz) 
CATV Low Noise Amplifiers 
· .. designed specifically for up to 550 MHz CATV systems as input amplifiers in trunk and 
line extender applications. Both amplifiers feature ion-implanted, arsenic emitter 
transistors with 8.0 GHz tr and an all gold metallization system. 
• Specified lor 60n7 -Channel Performance 
• Broadband Power Gain- @ I = 40 - 550 MHz 

Gp = 18.5 dB Typ @ 50 MHz 
19.1 dB Typ @ 450 MHz 
19.5 dB Typ @ 550 MHz 

• Broadband Noise Figure 
NF = 4.5 dB Typ - MHW5183 

5.0 dB Typ - MHW6183 
• Superior Gain, Return Loss and DC Current Stability with Temperature 

MAXIMUM RATINGS 

Rating 

DC Supply Voltage 

RF Input Voltage (Single Tone) 

Operating Case Temperature Range 

Storage Temperature Range 

Symbol 

VCC 

VIN 

TC 

Ts!Jl 

MHW5183 
MHW6183 

18dBGAIN 
4501550 MHz 

60117 CHANNEL 
LOW NOISE 

CATV AMPUFIERS 

CASE 714, STYLE 1 

Value Unit 

+28 Vdc 

+70 dBmV 

-30 to +100 ·C 

-30 to +100 ·C 

ELECTRICAL CHARACTERISTICS (VCC = 24 Vdc, TC = +30·C, 75 ohm system, unless otherwise nolad) 

Characteristic Symbol 

Frequency Range MHW5183 BW 
MHW6183 

Power Gain 50 MHz Gp 
450 MHz 
550 MHz 

Slope MHW5183 S 
MHW6183 

Gain Aatness (Peak To Valley) MHW5183 -
MHW6183 

Input/Output Return Loss MHW5183 IRUORL 
MHW6183 

Composite Second Order MHW5183; VOUT= +46 dBmV/ch CS060 
MHW6183; V6UT = +44 dBmv/ch CS077 

Cross Modulation Distortion 
(Vout = +46 dBmV/ch, 60-Channel FLAT) MHW5183 XMD60 
(Vout = +44 dBmV/ch, 77-Channel FLAT) MHW6183 XMD77 

Composite Triple Beat 
(Vout = +46 dBmV/ch, 60-Channel FLAT) MHW5183 CTB60 
(Vout = +44 dBmV/ch, 77-Channel FLAT) MHW6183 CTB77 

Noise Rgure f=50MHz NF 
MHW5183 f=450MHz 
MHW6183 f=550MHz 

DC Current IDC 

MOTOROLA RF DEVICE DATA 

Min Typ 

40 -
40 -
18 18.5 

18.7 19.1 
19 19.5 

0.3 0.7 
0.5 1.0 

- 0.3 

- 0.4 

18 -

- -65 
- -60 

- -59 

- -60 

- -62 
- -60 

- 3.6 
- 4.5 

- 5.0 

- 245 

Max Unit 

450 MHz 
550 

19 dB 
20.2 
20.5 

1.8 dB 
2.0 

0.4 dB 
0.5 

- dB 

-62 dB 
-58 

dBc 
-57 
-58 

dBc 
-58 
-58 

4.0 dB 
5.0 
5.5 

265 rnA 

MHW5183.MHW6183 
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MOTOROLA 
- SEMICONDUCTOR 

TECHNICAL DATA 

The RF Line 
High Output Doubler 450/550/600 
MHz CATV Amplifier Modules 

The MHW5185B, MHW6185B, and MHWS185-S are designed specifically for 
45015501600 MHz CATV applications. Features ion-implanted arsenic emitter transistors 
and an all gold metallization system. 
• 5th Generation Die Technology 
• Specified for 60177/87-Channel Performance 
• Broadband Power Gain - @ f = 40-550 MHz 

Gp = 18.5 dB Typ @ 50 MHz 
19.2 dB Typ @ 450 MHz 
19.5 dB Typ @ 550 MHz 
19.8 dB Typ @ 600 MHz 

• Broadband Noise Figure 
NF = 4.5 dB Typ @ 50 MHz 

= 6.5 dB Typ @ SOO MHz 
• Improvement in Distortion Over Conventional Hybrids 
• Allows Higher Output Level Operation 

ABSOLUTE MAXIMUM RATINGS 

Rating 

RF Voltage Input (Single Tone) 

DC Supply Voltage 

Operating case Temperatura Range 

Slorage Temperature Range 

Symbol 

Vln 

Vee 

Te 

Tstg 

MHW5185B 
MHW6185B 
MHW6185-6 MotaroI. ___ 

18dBGAlN 
450l55Ol6OO MHz 

6OI77187-CHANNEL 
CATV AMPUFIERS 

CASE 714, STYLE 1 

Value Unit 

+70 dBmV 

+28 Vdc 

-2010+100 ·0 

-4010+125 ·e 

ELECTRICAL CHARACTERISTICS (YOO = 24 Vdc, TO = +30·0, 75 Q system unless otherwise nOled) 

Characteristic 

Frequency Range MHW5185B 
MHW6185B 
MHW6185-6 

Power Gain 50 MHz All 
450 MHz MHW5185B 
SSOMHz MHW6185B 
600 MHz MHW61B5-6 

Slope 40-450 MHz MHW51B5B 
4O-SSOMHz MHW61B5B 
40-600 MHz MHW6185-6 

Gain Flatness (Peak To Valley) MHW51B5B 
MHW6185B 
MHW6185-6 

RetUm Loss -Input/Output <Zo = 75 Ohms) 40-450 MHz MHW5185B 
40-SSOMHz MHW6185B 
40-600 MHz MHW61B5-6 

Composite Second Order 
60 00, (yout= +46dBmV) MHW5185B 
77 00, (yout = +44 dBmV) MHW61B5B 
8700, (Vout = +44 dBmV) MHW61B5-6 

Preferred devices are Motorola recommended Choices for future use and best overall value. 

MHW5185B-MHW6185B-MHW6185-6 
3-150 

Symbol 

BW 

Gp 

S 

-

IRLIORL 

CSOoom/87 

Min Typ Max Unit 

40 - 450 MHz 
40 - SSO 
40 - 600 

18 18.5 19 dB 
18.5 19.2 20 
18.8 19.5 20.5 
19 19.8 21 

0.3 - 1.8 dB 
0.3 - 2.0 
0.5 - 2.5 

- - 0.4 dB 
- - 0.5 
- - 0.6 

18 - - dB 
18 - -
18 - -

dB 
- -70 -67 
- -68 -65 
- -60 -60 

(continued) 
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ELECTRICAL CHARACTERISTICS - continued (VCC = 24 Vdc, TC = ..aO·C, 75 Q system unless otherwise noted) 

Characteristic 

Cross Modulation Distortion 
(60 ch, Vout = +46 dBmV @ Fm = 55 MHz) MHW5185B 
(77 ch, Vout = +44 dBmV @ Fm = 55 MHz) MHW6185B 
(87 ch, Vout = +44 dBmV @ Fm = 55 MHz) MHW6185-6 

Signal-to-Triple Beat Noise 
(60 ch, Vout = +46 dBmV) MHW5185B 
(n ch, Vout = +44 dBmV) MHW6185B 
(87 ch, Vout = +44 dBmV) MHW6185-6 

Noise Figure 450 MHz MHW5185B 
550 MHz MHW6185B 
600 MHz MHW6185-6 

DC Current (VDC = 24 Vdc, TC = 30·C) 

MOTOROLA RF DEVICE DATA 

Symbol Min Typ Max Unit 

XMD60ml87 dB 

CTB60m187 

NF 

IDC 

- -70 -67 

- -78 -68 
- -70 -66 

dB 
- -68 -67 
- -66 -65 
- -62 -62 

- 5.5 7.0 dB 
- 6.0 7.5 

- 6.5 8.0 

380 415 440 rnA 

MHW5185B.MHW6185B.MHW6185-6 
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MOTOROLA 
• SEMICONDUCTOR 

TECHNICAL DATA 

The RF Line 
High Output Doubler 
450 MHz CATV Amplifier 
• •• designed specifically for 450 MHz CATV applications. Features ion-implanted arsenic 
emitter transistors with 6.0 to 8.0 GHz tr and an all goid metallization system. 

• 24 V Supply Voltage 

• 4th GeneratioR Die Technology 

• Specified for 6Q-Channel Performance 

• Broadband Power Gain - @ f = 40-450 MHz 
Gp = 20 dB (Typ) @ 50 MHz 

22 dB (Typ) @ 450 MHz 

• Broadband Noise Figure 
NF = 6.5 dB (Typ) 

• Improvement in Distortion Over Conventional Hybrids 

• Allows Higher Output Level Operation 

ABSOLUTE MAXIMUM RATINGS 

Rating 

RF VOltage Input (Single Tone) 

DC Supply Voltage 

Operating Case Temperature Range 

Storage Temperature Range 

Symbol 

Vln 

Vee 

Te 

Tstg 

MHW5205 

20 dB GAIN 
460 MHz 

6O-CHANNEL 
CATV AMPLIFIER 

CASE 714. STYLE 1 

Value Unit 

+70 dBmV 

+28 Vdc 

-2010+100 ·e 

-4010+100 ·e 

ELECTRICAL CHARACTERISTICS (Vee = 24 Vdc, TA = +2500, 75 Col system unless otherwise noted) 

Charactarlatlc 

Frequency Range 

Power Gain 50 MHz 
450 MHz 

Slope 

Gain Flatness (Peak 10 Valley) 

Rstum Loss -Input/Output (Zo = 75 Ohms) 40-450 MHz 

Composite Second Order -Intennodulation Distortion 
(Vout .. +46 dBmV per ch.) 

Cross Modulation Distortion 
(Vout = +46 dBmV per ch.) 

Composite TrtpleBeat 
(Vout = +46 dBmV per ch.) 

Noise Figure 

ee Current (Vee = 24 ±0.5 Vdc, Te = 3000) 

MHW5205 
3-152 

6O-Channel FLAT 

6O-Channel FLAT 

6O-Channel FLAT 

50 MHz 
450 MHz 

Symbol Min 

BW 40 

Gp 20 
21 

S 0.5 

- -
IRUORL 18 

e8000· -

XMDOO -

CTBso -

NF -
-

IDC -

Typ Max Unit 

- 450 MHz 

20.5 21 dB 
21.7 23 

- 2.5 dB 

- 0.5 dB 

- - dB 

-63 -58 dB 

-67 -64 dB 

-65 -64 dB 

4.5 5.0 dB 
5.5 6.5 

415 440 rnA 

MOTOROLA RF DEVICE DATA 



MOTOROLA 
• SEMICONDUCTOR 

TECHNICAL DATA 

The RF Line 
450 MHz CATV Amplifier 
· .. designed for broadband applications requiring low distortion characteristics. 
Specifically intended for CATV market requirements. Features ion-implanted arsenic 
emitter transistors with 7.0 GHz fT, and an all gold metallization system. 

• Broadband Power Gain - @ f = 40-450 MHz 
Gp = 22 dB (Typ) 

• Broadband Noise Figure- @ f = 40-450 MHz 
NF = 4.5 dB (Typ) 

• Superior Gain, Return Loss and DC Current Stability with Temperature 

• All Gold Metallization 

• 7.0 GHz lon-Implanted Transistors 

ABSOLUTE MAXIMUM RATINGS 

Rating Symbol Value Unit 

RF Voltage Input (Single Tone) Vin +70 dBmV 

DC Supply Voltage VCC +28 Vdc 

Operating Case Temperature Range TC -20 to +100 ·C 

Storage Temperature Range Tstg -40 to +100 ·C 

MHW5222A 

22 dB GAIN 
450 MHz 

aO-CHANNEL 
CATV TRUNK AMPLIFIER 

CASE 714, STYLE 1 

ELECTRICAL CHARACTERISTICS (VCC = 24 Vdc, TC = +30·C, 75 n system unless otherwise noted) 

Characteristic Symbol 

Frequency Range BW 

Power Gain - 50 MHz Gp 

Power Gain - 450 MHz Gp 

Slope S 

Gain Flatness (Peak To Valley) -
Retum Loss -Input/Output 40-450 MHz IRUORL 

(Zo = 75 Ohms) 

Second Order Interrnodulation Distortion IMD 
(Vout = +46 dBmV, Ch 2, M6, M15) 
(Vout = +44 dBmV, Ch 2, M13, M22) 

Cross Modulation Distortion 53-Channel FLAT XMD53 
(Vout = +46 dBmV) 60-Channel FLAT XMD60 

Composite Triple Beat 53-Channel FLAT CTB53 
(Vout = +46 dBmV) 50-Channel FLAT CTBso 

DIN (European Applications Only) 
300 MHz-(CH V +Q-P @W) DINl 
400 MHz-(CH M8+M15-M9 @ M14) DIN2 
450 MHz - (CH M20 + M23 - M22 @ M21) DIN3 

Noise Rgure NF 
(f = 450 MHz) 

DC Current IDC 

MOTOROLA RF DEVICE DATA 

Min Typ 

40 -
21.4 22 

22.0 22.9 

0.2 0.5 

- 0.2 

18 -

- -80 

- -78 

- -60 
-60 

- -63 
- -61 

- 125.5 
- 125 
- 124 

- 4.5 

- 210 

Max 

450 

22.6 

23.5 

1.5 

0.4 

-

-
-72 

-
-59 

-
-60 

-
-
-
5.0 

240 

Unit 

MHz 

dB 

dB 

dB 

dB 

dB 

dB 

dB 

dB 

dB(.LV 

dB 

mA 

MHW5222A 
3-153 

• 



• 

*DIN (European Applications Only) 

NCTA Channel Frequency 
Designation (MHz) 

p 253.25 
Q 259.25 
V 289.25 
W(Ref.) 295.25 

M8 361.25 
M9 367.25 
M14(Ref.) 397.25 
M15 403.25 

M20 433.25 
M21 (Ref.) 439.25 
M22 445.25 
M23 451.25 

""DIN (dBILV) = Reference Channel Level (dBmV) +60 dB 

MHW5222A 
3-154 

DIN Output Level DIN Beat Level 
(dBmV)**(1Yp) dB Relative to Ref. Ch. 

+59.5 
+59.5 

... -60 
+65.5 
+65.5 

+59 
+59 ... -60 
+65 
+65 

+64 
+64 ... -60 
+58 
+58 

MOTOROLA RF DEVICE DATA 



MOTOROLA 
• SEMICONDUCTOR 

TECHNICAL DATA 

The RF Line 
High Output Doubler 
450 MHz CATV Amplifier 
· •. designed specifically for 450 MHz CATV applications. Features ion-implanted arsenic 
emitter transistors with 6.0 to 8.0 GHz tr and an all gold metallization system. 

• 24 V Supply Voltage 

• 4th Generation Die Technology 

• Specified for eO-Channel Performance 

• Broadband Power Gain - @ f = 40-450 MHz 
Gp = 22 dB (Typ) @ 50 MHz 

23 dB (Typ) @ 450 MHz 

• Broadband Noise Figure 
NF = 4.5 dB (Typ) 

• Improvement in Distortion Over Conventional Hybrids 

• Allows Higher Output Level Operation 

ABSOLUTE MAXIMUM RATINGS 

Rating 

RF Voltage Input (Single Tone) 

DC Supply Voltage 

Operating case Temperature Range 

Storage Temperature Range 

Symbol 

Yin 

VCC 

TC 

Tslg 

MHW5225 

22 dB GAIN 
450 MHz 

50-CHANNEL 
CATV AMPLIFIER 

CASE 714. STYLE 1 

Value Unit 

+70 dBmV 

+28 Vdc 

-20 to +100 ·C 

-40 to +100 ·C 

ELECTRICAL CHARACTERISTICS (VCC = 24 Vdc, TA = + 25OC, 75 Q system unless otherwise noted) 

Characteristic Symbol 

Frequency Range BW 

Power Gain 50 MHz 
450 MHz 

Gp 

Slope S 

Gain Flatness (Peak To Valley) -
Retum Loss - Input/Output <Zo = 75 Ohms) 40-450 MHz IRLIORL 

Second Order Intermodulation Distortion IMD 
(Vout = + 46 dBmV per ch., Ch 2, M13, M22) 

Cross Modulation Distortion XMD60 
(Vout= +46 dBmV perch.) 6O-Channel FLAT 

Composite Triple Beat CTB60 
(Vout = +46 dBmV per ch.) 60-Channel FLAT 

Noise Figure 450 MHz NF 

OCCurrent IDC 

MOTOROLA RF DEVICE DATA 

Min Typ 

40 -
21.4 22.0 
22.3 23.0 

0.3 1.0 

- 0.25 

18 -
- -74 

- -67 

- -65 

- 4.5 

- 415 

Max 

450 

22.6 
23.7 

1.8 

0.5 

-
-69 

-60 

-62 

6.0 

440 

Unit 

MHz 

dB 

dB 

dB 

dB 

dB 

dB 

dB 

dB 

rnA 

MHW5225 
3-155 

• 



• 

MOTOROLA 
• SEMICONDUCTOR 

TECHNICAL DATA 

The RF Line 
450 MHz CATV Amplifier 
• •. designed specifically for 450 MHz CATV applications. Features ion-implanted arsenic 
emitter transistors with 7.0 GHz tr and an all gold metallization system. 

• Specified for 53- and SD-Channel Performance 

• Broadband Power Gain - @ f = 40-450 MHz 
Gp = 27 dB (Typ) 

• Broadband Noise Figure 
NF = 5.0 dB (Typ) 

• Superior Gain, Return Loss and DC Current Stability with Temperature 

• All Gold Metallization 

• 7.0 GHz lon-Implanted Transistors 

ABSOLUTE MAXIMUM RATINGS 

Rating Symbol Value 

RF Voltage Input (Single Tone) Vln +55 

DC Supply Voltage VCC +28 

Operating case Temperature Range TC -20 to +100 

Storage Temperature Range Tstg -40 to +100 

Unit 

dBmV 

Vdc 

00 

00 

MHW5272A 

ZTdBGAIN 
450 MHz 

6O-CHANNEL 
CATV UNE EXTENDER 

AMPUFIER 

CASE 714, STYLE 1 

ELECTRICAL CHARACTERISTICS (VCC = 24 Vdc, TC = +3000, 75 n system unless otherwise noted) 

Characteristic 

Frequency Range 

Power Gain - 50 MHz 

Power Gain - 450 MHz 

Slope 

Gain Aatness (Peak To Valley) 

Retum Loss -lnputlOutput 
<Zo = 75 Ohms) 

Second Order IntermodulaUon Distortion 
(Vout = +46 dBmV per ch., Ch 2, M 6, M15) 
(Vout = +46 dBmV per ch., Ch 2, M13, M22) 

Cross Modulation Distortion 
(Vout = +46 dBmV) 

Composite Triple Beat 
(Vout=+46dBmV) 

DIN (European Applications Only) 
300 MHz-(CH V +Q-P @W) 

4OOMHz-(CH M8+M15-M9@M14) 
450 MHz - (CH M20 + M23 - M22 @ M21) 

Noise Figure 
(f=450 MHz) 

DC Current 

MHW5272A 
3-156 

Symbol 

BW 

Gp 

Gp 

S 

-
40-450 MHz IRLJORL 

IMD 

53-Channel FLAT XMD53 
5O·Channel FLAT XMD50 

53-Channel FLAT CTB53 
6O-ChanneiFLAT CTBeo 

DIN1 
DIN2 
DIN3 

NF 

IDC 

Min Typ Max Unit 

40 - 450 MHz 

26.2 27 27.8 dB 

27.0 28.0 29.0 dB 

0 +1.0 +2.5 dB 

- 0.4 0.6 dB 

18 - - dB 

dB 
- -78 -
- -76 -68 

- -63 - dB 
-63 -60 

- -63 - dB 
- -61 -59 

dBILV 
- 126 -
- 125 -
- 124 -
- 5.0 6.0 dB 

- 310 340 rnA 

MOTOROLA RF DEVICE DATA 



ODIN (European Applications Only) 

NCTA Channel Frequency 
Designation (MHz) 

P 253.25 
Q 259.25 
V 289.25 
W(Re!.) 295.25 

M8 361.25 
M9 367.25 
M14(Re!.) 397.25 
M15 403.25 

M20 433.25 
M21 (Re!.) 439.25 
M22 445.25 
M23 451.25 

"DIN (dB(tV) = Reference Channel Level (dBmV) +60 dB 

MOTOROLA RF DEVICE DATA 

DIN Output Level 
(dBmV)"(Typ) 

+60 
+60 
+66 
+66 

+59 
+59 
+65 
+65 

+64 
+64 
+58 
+58 

DIN Beat Level 
dB Relative to Ref. Ch. 

.. -60 

.. -60 

.. -60 

MHW5272A 
3-157 

• 



.. 

MOTOROLA 
• SEMICONDUCTOR 

TECHNICAL DATA 

The RF Line 
450 MHz CATV Amplifier 
• •• designed specifically for 450 MHz CATV applications. Features ion-implanted arsenic 
emitter transistors with 7.0 GHz tr and an all gold metallization system. 

• Specified for 53- and SO-Channel Performance 
• Broadband Power Gain - @ f = 40-450 MHz 

Gp = 34.5 dB Typ @ 50 MHz 
35.5 dB Typ @ 450 MHz 

• Broadband Noise Figure 
NF = 5.0 dB (Typ) 

• Superior Gain, Retum Loss and DC Current Stability with Temperature 

• All Gold Metallization 

• 7.0 GHz lon-Implanted Transistors 

ABSOLUTE MAXIMUM RAnNGS 

Rating Symbol Value 

RF Voltage Input (Single Tone) Vln +55 

DC Supply Voltage Vee +28 

Operating case Tempersture Range TC -20 to +100 

Storage Tempersture Range Tstg -40 to +100 

Unit 

dBmV 

Vdc 

OC 

OC 

MHW5342A 

34 dB GAIN 
460 MHz 

so-CHANNEL 
CATV UNE EXTENDER 

AMPUFIER 

CASE 714, STYLE 1 

ELECTRICAL CHARACTERlsnCS (VCC = 24 Vdc, TC = +3OOC, 75 n system unless otherwise noted) 

Characteristic 

Frequency Range 

Power Gain - 50 MHz 

Power Gain - 450 MHz 

Slope 

Gain Flatness (Peak To Valley) 

Retum Loss -lnput!OU\put 
<Zo = 75 Ohms) 

Second Order Intermodulation Distortion 
(Vout = +46 dBmV per ch., Ch 2, MS, M15) 
(Vout';' +46 dBmV per ch., Ch 2, M13, M22) 

Cross Modulation Distortion 
(Vout = +46 dBmV) 

Composite Triple Beat 
(Vout=+46dBmV) 

DIN (European Applications Only) 
3OOMHz-(CHV+Q,..P@W) 
4OOMHz-(CH M8+M15-M9@ M14) 
450 MHz - (CH M20 + M23 - M22 @ M21) 

Noise Rgure 
(f=450MHz) 

OCCurrent 

MHW5342A 
3-158 

Symbol 

BW 

Gp 

Gp 

S 

-
40-450 MHz IRLJORL 

IMD 

53-ChanneJ FLAT XMD53 
6O-Channel FLAT XMDSO 

53-ChannelFLAT CTBsa 
SO-Channel FLAT CTBeo 

DINl 
DIN2 
DIN3 

NF 

IDC 

Min Typ Max Unit 

40 - 450 MHz 

33.5 34.5 35.5 dB 

34.5 35.5 37 dB 

0 +1.0 +2.5 dB 

- 0.3 O.S dB 

18 - - dB 

dB 
- -78 -
- -74 -68 

- -63 - dB 
-63 -59 

- -63 - dB 

- -62 -59 

dBIlV 

- 126 -
- 125 -
- 124 -
- 5.0 5.5 dB 

- 310 340 mA 

MOTOROLA RF DEVICE DATA 



'DIN (European Applications Only) 

NCTA Channel Frequency 
Designation (MHz) 

p 253.25 
Q 259.25 
V 289.25 
W(Re!.) 295.25 

M8 361.25 
M9 367.25 
M14(Ref.) 397.25 
M15 403.25 

M20 433.25 
M21 (Re!.) 439.25 
M22 445.25 
M23 451.25 

""DIN (dBJ1V) = Reference Channel Level (dBmV) +60 dB 

MOTOROLA RF DEVICE DATA 

DIN Output Level 
(dBmV)"(Typ) 

+60 
+60 
+66 
+66 

+59 
+59 
+65 
+65 

+64 
+64 
+58 
+58 

DIN Beat Level 
dB Relative to Ref. Ch. 

",-60 

",-60 

",-60 

MHW5342A 
3-159 

.. 



• 

MOTOROLA 
- SEMICONDUCTOR 

TECHNICAL DATA 

The RF Line 
450 MHz CATV AMPLIFIER 
· .• designed specifically for 450 MHz CATV applications. Features ion-implanted arsenic 
emitter transistors with 7.0 GHz tr and an all gold metallization system. 

• Specified for 53- and SO-Channel Performance 

• Broadband Power Gain - @ f = 40-450 MHz 
Gp = 38 dB (Typ) . 

• Broadband Noise Figure 
NF = 4.0 dB (Typ) 

• Superior Gain, Return Loss and DC Current Stability with Temperature 

• All Gold Metallization 
• 7.0 GHz lon-Implanted Transistors 

ABSOLUTE MAXIMUM RATINGS 

Rating Symbol Value Unit 

RF Voltage Input (Single Tone) Yin +55 dBmV 

DC Supply Voltage VCC +28 Vdc 

Operating case Temperature Range TC -2010+100 ·C 

SlOrage Temperature Range Tstg -4010+100 00 

MHW5382A 

38 dB GAIN 
450 MHz 

6O-CHANNEL 
CATV UNE EXTEN.DER 

AMPUFIER 

CASE 714, STYLE 1 

ELECTRICAL CHARACTERISTICS (VCC = 24 Vdc, TC = +3000, 75 n system unless otherwise noted) 

Characteristic 

Frequency Range 

Power Gain - 50 MHz 

Power Gain - 450 MHz 

Slope 

Gain Flatness (Peak To Valley) 

Retum Loss -Input/Output 
<Zo = 75 Ohms) 

Second Order Intermodulatlon Distortion 
(Vout= +46dBmV perch., Ch 2, M6, M15) 
(Vout= +46dBmV perch.; Ch 2, M13, M22) 

Cross Modulation Distortion 
(Vout= +46dBmV) 

Composite Triple Beat 
(Vout = +46 dBmV) 

DIN (European Applications Only) 
300MHz-(CHV+Q-P@W) 
400 MHz- (CH M8 + M15 - M9 @ M14) 
450 MHz - (CH M20 + M23 - M22 @ M21) 

Noise Rgure 
(f=450 MHz) 

OCCurrent 

MHW5382A 
3·160 

Symbol 

BW 

Gp 

Gp 

S 

-
40-450 MHz IRLJORL 

IMD 

53-Channel FLAT XMD53 
6o-Channel FLAT XMD60 

53-Channel FLAT CTB53 
6O-Channel FLAT CTB6Q 

DIN1 
DIN2 
DIN3 

NF 

IDC 

Min Typ Max Unit 

40 - 450 MHz 

37 38 39.5 dB 

38 39 40 dB 

0 +1.0 +2.5 dB 

- 0.3 0.6 dB 

18 - - dB 

dB 
- -78 -
- -72 -64 

- -63 - dB 
-61 -59 

- -63 - dB 
- -60 -59 

dBI1V 
- 125 -
- 124 -
- 123 -
- 4.0 5.0 dB 

- 310 340 mA 

MOTOROLA RF DEVICE DATA 



·DIN (European Applications Only) 

NCTA Channel Frequency 
Designation (MHz) 

p 253.25 
Q 259.25 
V 289.25 
W(Ref.) 295.25 

M8 361.25 
M9 367.25 
M14(Ref.) 397.25 
M15 403.25 

M20 433.25 
M21 (Ref.) 439.25 
M22 445.25 
M23 451.25 

""DIN (dB .. V) = Reference Channel Level (dBmV) +60 dB 

MOTOROLA RF DEVICE DATA 

DIN Output Level 
(dBmV)**(Typ) 

+59 
+59 
+65 
+65 

+58 
+58 
+64 
+64 

+57 
+57 
+63 
+63 

DIN Beat Level 
dB Relative to Ref. Ch. 

",-60 

=Et-60 

",-60 

MHW5382A 
3-161 

• 



.. 

MOTOROLA 
• SEMICONDUCTOR 

TECHNICAL DATA 

The RF Line 
550 MHz CATV AMPLIFIER 

... designed specifically for 550 MHz CATV applications. Features 
ion-Implanted arsenic emitter transistors with 7.0 GHz IT and an all gold 
metallization system. 

• Specified for 77-Channel Performance 

• Broadband Power Gain - @ f = 40-550 MHz 
Gp = 12.5 dB (Typ) @ 50 MHz 

13 dB (Min) @ 550 MHz 

• Broadband Noise Figure @ 550 MHz 
NF = 8.5 dB (Max) 

• Superior Gain, Return Loss and DC Current Stability with Temperature 

• All Gold Metallization 
• 7.0 GHz lon-Implanted Transistors 

ABSOLUTE MAXIMUM RATINGS 

Rating 

RF Voltage Input (Single Tone) 

DC Supply Voltage 

Operating Case Temperature Range 

Storage Temperature Range 

Symbol 

Y'n 

VCC 

TC 

Tstg 

MHW6122 

12 dB GAIN 
550 MHz 

77-CHANNEL 
CATV INPUT/OUTPUT 
TRUNK AMPUFIER 

CASE 714, STYLE 1 

Value Unit 

+70 dBmV 

+28 Vdc 

-20 to +100 °c 

-40 to +100 °c 

ELECTRICAL CHARACTERISTICS (VCC = 24 Vdc, TC = +3000, 75 Q system unless otherwise noted) 

Characteristic 

Frequency Range 

Power Gain - 50 MHz 

Power Gain - 550 MHz 

Slope 

Gain Flatness (Peek To Valley) 

Retum Loss -Input/Output 
(Zo = 75 Ohms) 

Second Order Intermodulation Distortion 
(Vout = +46 dBmV, Ch 2, M13, M22) 
(Vout = +44 dBmV, Ch 2, M30, M39) 

Cross Modulation Distortion 
(Vout = +46 dBmV) 
(Vout=+44dBmV) 

Composite Triple Beat 
(Vout=+46dBmV) 
(Vou! = +44 dBmV) 

Noise Figure 
(f = 550 MHz) 

DC Current 

MHW6122 
3·162 

Symbol 

BW 

Gp 

Gp 

S 

-
40-550 MHz IRUORL 

IMD 

60-Channel FLAT XMDOO 
77-Channel FLAT XMD77 

60-Channel FLAT CTB60 
77-Channel FLAT CTB77 

NF 

'DC 

Min Typ Max Unit 

40. - 550 MHz 

12 12.5 13 dB 

12.5 - - dB 

0.2 - 1.5 dB 

- 0.2 0.4 dB 

18 - - dB 

dB 

- - -72 
- - -72 

dB 
- -63 -
- -65 -62 

dB 
- -62 -
- -58 -56 

- 7.0 8.5 dB 

- 210 240 rnA 

MOTOROLA RF DEVICE DATA 



MOTOROLA 
- SEMICONDUCTOR 

TECHNICAL DATA 

The RF Line 
550 MHZ CATV Amplifier 
• .. designed specifically for 550 MHz CATV applications. Features ion-implanted arsenic 
emitter transistors with 7.0 GHz fT and an all gold metallization system. 

• Specified for 77 Channel Performance 

• Broadband Power Gain - @ f = 40-550 MHz 
Gp = 14 dB (Typ) @ 50 MHz 

14.5 dB (Min) @ 550 MHz 

• Broadband Noise Figure 
NF = 7.5 dB (Max) 

• Superior Gain, Return Loss and DC Current Stability with Temperature 

• All Gold Metallization 

• 7.0 GHz lon-Implanted Transistors 

ABSOLUTE MAXIMUM RATINGS 

Rating 

RF Voltage Input (Single Tone) 

DC Supply Voltage 

Operating Case Temperature Range 

Storage Temperature Range 

Symbol 

Yin 

VCC 

TC 

Tstg 

MHW6142 

14dBGAIN 
550 MHz 

77-CHANNEL 
CATVINPUT/OUTPUT 
TRUNK AMPUFIER 

CASE 714, STYLE 1 

Value Unit 

+70 dBmV 

+28 Vdc 

-20 to +100 °C 

-40 to +100 °C 

ELECTRICAL CHARACTERISTICS (VCC = 24 Vdc TC = +3QoC 75 Q system unless otherwise noted) 

Characteristic Symbol 

Frequency Range BW 

Power Gain - 50 MHz Gp 

Power Gain - 550 MHz Gp 

Slope S 

Gain Flatness (Peak To Valley) -
Return Loss -Input/Output 40-550 MHz IRUORL 

(Zo = 75 Ohms) 

Second Order Intermodulation Distortion IMD 
(Vout = +46 dBmV per ch., Ch 2, M13, M22) 
(Vout = +44 dBmV per ch., Ch 2, M30, M39) 

Cross Modulation Distortion 
(Vout = +46 dBmV per ch.) 60·Channel FLAT XMD60 
(Vout = +44 dBmV per ch.) 77·Channel FLAT XMD77 

Composite Triple Beat 
(Vout = +46 dBmV per ch.) 60-Channel FLAT CTB60 
(\(out = +44 dBmV per ch.) 77-Channel FLAT CTB77 

Noise Figure NF 
(f=550MHz) 

DC Current IDC 

MOTOROLA RF DEVICE DATA 

Min Typ 

40 -
13.5 14 

14.5 -
0.2 -
- 0.2 

18 -

- -78 

- -75 

- -64 
- -65 

- -62 
- -65 

- 6.5 

- 210 

Max 

550 

14.5 

-
1.5 

0.5 

-

-
-72 

-
-62 

-
-59 

7.5 

240 

Unit 

MHz 

dB 

dB 

dB 

dB 

dB 

dB 

dB 

dB 

dB 

rnA 

MHW6142 
3-163 

• 



• 

MOTOROLA 
• SEMICONDUCTOR 

TECHNICAL DATA 

The RF Line 
77-Channel (550 MHz) CATV 
Input/Output Trunk Amplifier 
• •• designed specifically for 550 MHz CATV applications. Features ion-implanted arsenic 
emitter transistors with 7 GHz fT and an all gold metallization system. 

• SpecHied for 77-Channel Performance 

• Broadband Power Gain - @ f = 40-550 MHz 
Gp = 17.2 dB (Typ) 

• Broadband Noise Figure - @ f = 550 MHz 
NF = 6 dB (Typ) 

• Superior Gain. Return Loss and DC Current Stability with Temperature 

• All Gold Metallization 
• 7 GHz lon-Implanted Transistors 

ABSOLUTE MAXIMUM RATINGS 

Rating Symbol Value 

RF Voltage Input (Single Tone) Yin +70 

DC Supply Voltage VCC +28 

Operating Case Temperature Range TC -20 to +100 

Storage Tempereture Range Tstg -40 to +100 

Unit 

dBmV 

Vdc 

·C 

·C 

ELECTRICAL CHARACTERISTICS (Vee = 24 Vdc TC = +3000 75 C system unless otherwise noted) . , 
Cheracterlstic 

Frequency Range 

Power Gain 

Slope 

Gain Flatness (Peak To Valley) 

Retum Loss -Input/Output 
<Zo = 75 Ohms) 

Second Order Intermodulation 
(Vout= +46dBmV perch., Ch 2, M13, M22) 
(Vout = +44 dBmV per ch., Ch 2, M30. M39) 

Cross Modulation Distortion 
(Vout = +46 dBmV per ch.) 
(Vout = +44 dBmV per ch.) 

Composite Triple Best Noise 
(Vout = +46 dBmV per ch.) 
(Vout = +44 dBmV per ch.) 

Noise Figure 

OCCurrent 

MHW6172 
3·164 

50 MHz 

40-550 MHz 

6O-Channel FLAT 
77-ChannelFLAT 

6O-Channel FLAT 
n-Channel FLAT 

450 MHz 
550 MHz 

Symbol Min 

BW 40 

Gp 16.8 

S 0 

- -
IRIJORL 18 

iMD 
-
-

XMD60 -
XMDn -

CTB60 -
CTBn -

NF -
-

IDC -

MHW6172 

17dBGAIN 
550 MHz 

n-CHANNEL 
CATV AMPLIFIER 

CASE 714, STYLE 1 

Typ Max Unit 

- 550 MHz 

17.2 17.8 dB 

+0.5 +1.5 dB 

0.2 0.4 dB 

- - dB 

dB 
-80 -
-78 -70 

dB 
-63 -
-65 -62 

dB 
-62 -
-60 -59 

. ,5.5 - dB 
6 7 

210 240 rnA 

MOTOROLA RF DEVICE DATA 



MOTOROLA 
• SEMICONDUCTOR 

TECHNICAL DATA 

The RF Line 
550 MHz CATV Amplifier 
· .. designed specifically for 550 MHz CATV applications. Features ion-implanted arsenic 
emitter transistors with 7.0 GHz t-r and an all gold metallization system. 

• Specified for 77 Channel Performance 

• Broadband Power Gain - @ f = 40-550 MHz 
Gp = 18.2 dB (Typ) @ 50 MHz 

18.8 dB (Min) @ 550 MHz 

• Broadband Noise Figure @ 550 MHz 
NF = 7.0 dB (Max) 

• Superior Gain, Return Loss and DC Current Stability with Temperature 

• All Gold Metallization 

• 7.0 GHz lon-Implanted Transistors 

ABSOLUTE MAXIMUM RATINGS 

Rating 

RF Voltage Input (Single Tone) 

DC Supply Voltage 

Operating Case Temperature Range 

Storage Temperature Range 

Symbol 

Yin 

VCC 

TC 

Tstg 

MHW6182 

18dB GAIN 
550 MHz 

77-CHANNEL 
CATVINPUT/OUTPUT 
TRUNK AMPLIFIER 

CASE 714, STYLE 1 

Value Unit 

+70 dBmV 

+28 Vdc 

-20 to +100 ·C 

-40 to +100 ·C 

ELECTRICAL CHARACTERISTICS (VCC = 24 Vdc, TC = ..aO·C, 75 Q system unless otherwise noted) 

Characteristic Symbol 

Frequency Range BW 

Power Gain - 50 MHz Gp 

Power Gain - 550 MHz Gp 

Slope S 

Gain Flatness (Peak To Valley) -

Return loss - InpuVOutput 40-550 MHz I RUORl 
<Zo = 75 Ohms) 

Second Order Intermodulation Distortion IMD 
(Vout = +46 dBmV per ch., Ch 2, M13, M22) 
(Vout = +44 dBmV per ch., Ch 2, M30, M39) 

Cross Modulation Distortion 
(Vout = +46 dBmV per ch.) 60-Channel FLAT XMD60 
(Vout = +44 dBmV per ch.) n-Channel FLAT XMOn 

Composite Triple Beat 
(Vout = +46 dBmV per ch.) 60-Channel FLAT CTBso 
(Vout = +44 dBmV per ch.) n-Channel FLAT CTBn 

Noise Figure NF 
(f=550 MHz) 

OCCurrent IOC 

MOTOROLA RF DEVICE DATA 

Min Typ 

40 -
17.7 18.2 

18.8 19.2 

0.5 -
- 0.2 

18 -

- -85 
- -80 

- -61 
- -64 

- -62 
- -60 

- -

- 210 

Max 

550 

18.7 

20 

2.0 

0.5 

-

-
-72 

-
-62 

-
-58 

7.0 

240 

Unit 

MHz 

dB 

dB 

dB 

dB 

dB 

dB 

dB 

dB 

dB 

rnA 

MHW6182 
3-165 
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MOTOROLA 
• SEMICONDUCTOR 

TECHNICAL DATA 

The RF Line 
550 MHz CATV AMPLIFIER 
· .. designed specifically for 550 MHz CATV applications. Features ion-implanted arsenic 
emitter transistors with 7.0 GHz f,- and an all gold metallization system. 

• Specified for n-Channel Performance 
• Broadband Power Gain - @ f = 40-550 MHz 

Gp = 22 dB (Typ) @ 50 MHz 
22 dB (Min) @ 550 MHz 

• Broadband Noise Figure @ 550 MHz 
NF = 6.0 dB (Max) 

• Superior Gain, Return Loss and DC Current Stability with Temperature 

• All Gold Metallization 
• 7.0 GHz lon-Implanted Transistors 

ABSOLUTE MAXIMUM RATINGS 

Rating 

RF Voltage Input (Single Tone) 

DC Supply Voltage 

Operating case Temperature Range 

Storage Temperature Range 

Symbol 

Vln 

Vee 

TC 

Tstg 

MHW6222 

22 dB GAIN 
560 MHz 

77-CHANNEL 
CATV INPUTIOUTPUT 
TRUNK AMPUFIER 

CASE 714, STYLE 1 

Value Unit 

+60 dBmV 

+28 Vdc 

-20 to +100 DC 

-40 to +100 DC 

ELECTRICAL CHARACTERISTICS (Yee = 24 Vdc, TC = +3O"C, 75 n systam unless oIherwise notad) 

Characteristic 

Frequency Range 

Power Gain - 50 MHz 

Power Gain - 550 MHz 

Slope 

Gain Flatness (Peak To Valley) 

Retum Loss - InputlOutjJut 
<Zo = 75 Ohms) 

Second Order Intermodulation Distortion 
(Yout = +46 dBmV per ch., Ch 2, M13, M22) 
(Vout = +46 dBmV per ch., Ch 2, M30, Mae) 

Cross Modulation Distortion 
(Vout = +46 dBmV per ch.) 
(Yout = +44 dBmV per ch.) 

Composite Triple Beat 
(Yout = +46 dBmV per ch.) 
(Yout = +44 dBmV per ch.) 

Noise Rgure 
(f = 550 MHz) 

OCCurrent 

MHW6222 
3·166 

Symbol 

BW 

Gp 

Gp 

S 

-
IRLIORL 

40-550 MHz 

IMD 

50-Channel FLAT XMD60 
77-Channel FLAT XMD77 

6O-channel FLAT CTBso 
77-Channel FLAT CTB77 

NF 

IDC 

Min Typ Max Unit 

40 - 550 MHz 

21.4 22 22.6 dB 

22 - - dB 

0.2 - 1.5 dB 

- 0.2 0.4 dB 

16 - - dB 

dB 
- -60 -
- -72 -66 

dB 
- -60 -
- _60 -57 

dB 
- -61 -
- ·-59 -57 

- 5.0 6.0 dB 

- 210 240 rnA 

MOTOROLA RF DEVICE DATA 



MOTOROLA 
• SEMICONDUCTOR 

TECHNICAL DATA 

The RF Line 
77-Channel (550 MHz) CATV 
Line Extender Amplifier 
• Specified for 60- and 77-Channel Performance 

• Broadband Power Gain - @ f = 40-550 MHz 
Gp = 27 dB (Typ) 

• Broadband Noise Figure 
NF = 6 dB (Typ) @ 550 MHz 

• Superior Gain, Return loss and DC Current Stability with Temperature 

• All Gold Metallization 

• 7 GHz IT lon-Implanted Transistors 

MAXIMUM RATINGS 

Rating Symbol Value 

RF Voltage Input (Single Tone) Vin +55 

DC Supply Voltage VCC +28 

Operating Case Temperature Range TC -20 to +100 

Storage Temperature Range Tstg -40 to +100 

Unit 

dBmV 

Vdc 

°c 
°c 

ELECTRICAL CHARACTERISTICS (VCC = 24 Vdc, TC = +3OoC, 75 Q system unless oth9IWise noted) 

Characteristic Symbol Min 

Frequency Range BW 40 

Power Gain 50 MHz Gp 26.2 
550 MHz 27 

Slope S 0 

Gain Flatness (Peak To Valley) - -
Return Loss - InpuVOulput (Zo = 75 Ohms) 40-450 MHz IRUORL 18 

450-550 MHz 16 

Second Order Intermodulation Distortion IMD 
(Vout = +48 dBmV per ch., Ch 2, 13, R) -
(Vout = +46 dBmV per ch., Ch 2, M6, M15) -
(Vout= +46dBmV perch., Ch 2, M13, M22) -
(Vout = +44 dBmV per ch., Ch 2, M30, M39) -

Cross Modulation Distortion @ Ch 2 
(Vou! = +46 dBmV per ch.) 53-Channel FLAT XMD53 -

60-Channel FLAT XMD60 -
(Vou! = +44 dBmV per ch.) 70-Channel FLAT XMD70 -

77-Channel FLAT XMD77 -
Composite Triple Beat 

(Vout = +46 dBmV per ch.) 53-Channel FLAT TB53 -
60-Channel FLAT TB60 -

(Vout = +44 dBmV per ch~) 70-Channel FLAT TB70 -
77'Channel FLAT TB77 -

Noise Figure 550 MHz NF -
OCCurrent IOC -

MOTOROLA RF DEVICE DATA 

MHW6272 

Typ 

-
27 
-

1 

0.4 

-
-

-80 
-78 
-76 
-69 

-63 
-62 
-61 
-59 

-63 
-62 
-61 
-59 

6.0 

310 

27 dB GAIN 
550 MHz 

77-CHANNEL 
CATV AMPLIFIER 

CASE 714, STYLE 1 

Max 

550 

27.8 
29.2 

2 

0.8 

-
-

-
-
-

-64 

-
-
-

-fiT 

-
-
-

-57 

6.5 

340 

Unit 

MHz 

dB 

dB 

dB 

dB 

dB 

dB 

dB 

dB 

rnA 

MHW6272 
3-167 
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MOTOROLA 
• SEMICONDUCTOR 

TECHNICAL DATA 

The RF Line 
77-Channel (550 MHz) 
CATV Amplifier 

•.• designed specifically for 550 MHz CATV applications. Features ion-implanted 
arsenic emitter transistors with 7 GHz tr and an all gold metallization system. 

• Specified for n-Channel Performance 

• Broadband Power Gain - @ f = 40-550 MHz 
~p = 34.5 dB (Typ) @ 50 MHz 

35 dB (Min) @ 550 MHz 

• Broadband Noise Figure @ 550 MHz 
NF = 5.5 dB (Typ) 

• Superior Gain, Return Loss and DC Current Stability with Temperature 

• All Gold Metallization 
• 7 GHz lon-Implanted Transistors 

ABSOLUTE MAXIMUM RATINGS 

Rating 

RF Voltage Input (Single Tone) 

DC SuPPly Voltage 

Operating Case Temperature Range 

Siorage Temperature Range 

Symbol 

Vln 

Vee 

TC 

Tstg 

MHW6342 

34dBOAIN 
550 MHz 

77-CHANNEL 
CATV AMPUFIER 

CASE 714, STYLE 1 

Valua Unit 

+55 dBmV 

+28 Vdc 

-2010+100 ·C 

-4010+100 OC 

ELECTRICAL CHARACTERISTICS (Vee = 24 Vdc, TC = +300C, 75 n system unless otherwise noted) 

Characteristic 

Frequency Range 

Power Gain 

Power Gain 

Slope 

Gain Aatness (Peek To Valley) 

Retum Loss -Input/Output 
(Zg = 75 Ohms) 

Second Order Intermodulatlon Distortion 
(Vout = +46 dBmV per ch., Ch 2, M13, M22) 
(Vout = +44 dBmV per ch., Ch 2, M30, M39) 

Cross Modulation Distortion 
(Vout = +46 dBmV per ch.) 
(Vou! = +44 dBmV per ch.) 

Composite Triple Beet 
(Vout = +46 dBmV per ch.) 
(Vout = +44 dBmV per ch.) 

NOise Rgure 

DC Current 

MHW6342 
3-168 

50 MHz 

550 MHz 

40-550 MHz 
450-550 MHz 

60-Channel FLAT 
77-Channel FLAT 

6O-Channel FLAT 
77-Channel FLAT 

550 MHz 

Symbol Min 

BW 40 

Gp 33.5 

Gp 35 

S 0 

- -
IRUORL 18 

16 

IMD 
-
-

XMD60 -
XMDn -

CTBao -
CTB77 -

NF -
IDC -

lYP Max Unit 

- 550 MHz 

34.5 35.5 dB 

- - dB 

1 2 dB 

0.4 0.8 dB 

- - dB 
- -

dB 
-75 -
-70 -84 

dB 
-61 -
-59 -57 

dB 
-60 -
-58 -57 

5.5 6.5 dB 

310 340 rnA 
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MOTOROLA 
• SEMICONDUCTOR 

TECHNICAL DATA 

The RF Line 
110·Channel (750 MHz), 128·Channel 
(860 MHz) & 152·Channel (1000 MHz) 
CATV Amplifiers 

The MHW7182, MHW8182, and MHW9182 are designed specifically for up to 1000 
MHz CATV systems as output amplifiers in trunk and line extender applications. These 
amplifiers feature ion-implanted, arsenic emitter transistors and an all gold metallization 
system. 

• Specified for 11 0/128/152-Channel Performance 

• Broadband Power Gain - @ f = 40-1000 MHz 
Gp = 18.2 dB Min @ 750, 860 & 1000 MHz 

• Broadband Noise Figure 
NF = 5.5 dB Typ - MHW7182 

6.0 dB Typ - MHW8182 
6.5 dB Typ - MHW9182 

• Superior Gain, Return Loss and DC Current Stability with Temperature 

• All Gold Metallization 

MAXIMUM RATINGS 

Rating 

DC Supply Voltage 

RF Input Voltage (Single Tone) 

Operating Case Temperature Range 

Storage Temperature Range 

Symbol 

VCC 

Vin 

TC 

Tstg 

MHW7182 
MHW8182 
MHW9182 

Motorola Preferred DevIces 

18dBGAIN 
750l860I1 000 MHz 

11011281152 CHANNEL 
CATV AMPLIFIERS 

CASE 714, STYLE 1 

Value Unit 

+28 Vdc 

+70 dBmV 

-20 to +100 °C 

-40 to +125 °C 

ELECTRICAL CHARACTERISTICS (VCC = 24 Vdc; TC = +30°C, 75 ohm system, unless otherwise noted) 

Characteristic Symbol 

Frequency Range MHW7182 BW 
MHW8182 
MHW9182 

Power Gain 50 MHz All Gp 
750 MHz MHW7182 
860 MHz MHW8182 
1000 MHz MHW9182 

Slope MHW7182, MHW8182, MHW9182 S 

Gain Flatness (Peak To Valley) Gf 
MHW7182, MHW8182 
MHW9182 

Input/Output Return Loss @ f = 40 MHz MHW7182, MHW8182, MHW9182 IRUORL 

Derate Return Loss @ f> 40 MHz MHW7182 RLD 
MHW8182 

(Ref = 20 dB @ 40 MHz) MHW9182 

Composite Second Order 
(Vou! = +40 dBmV/ch; 110 Channels) MHW7182 CS0110 
(Vout = +38 dBmV/ch; 128 Channels) MHW8182 CS0128 
(Vout = +38 dBmV/ch; 152 Channels) MHW9182 CS0152 

Preferred devices are Motorola recommended choices for future use and best overall value. 

MOTOROLA RF DEVICE DATA 

Min 1YP Max Unit 

40 - 750 MHz 
40 - 860 
40 - 1000 

17.6 18.2 18.8 dB 
18.2 18.9 20.5 
18.2 19.0 20.5 
18.2 19.2 20.7 

0 1.0 2.5 -
- 0.4 0.6 -
- 0.4 0.8 

20 24 - dB 

- - 0.007 dBIMHz 
- - 0.008 
- - 0.009 

dB 
- -67 -62 
- -67 -60 
- -67 -59 

(continued) 

MHW7182.MHW8182.MHW9182 
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ELECTRICAL CHARACTERISTICS - continued (VCC = 24 Vdc; TC =+30OC. 75 ohm system. unless otherwise noted) 

Characteristic 

Cross Modulation Distortion 
(Vout = +40 dBmVlch. 110-Channel @ Fm = 55.25 MHz) 
(Vout = +38 dBmVlch. 128-Channel @ Fm = 55.25 MHz) 
(Vout. +38 dBmVlch. 152-Channel @ Fm = 55.25 MHz) 

ComposIte Triple Beat 
(Vout = +40 dBmVlch. 110-Channels. Worst case) 
(Vout = +38 dBmVlch. 128-Channels. Worst case) 
(Vout = +38 dBmVlch. 152-Channels. Worst case) 

Noise Agure 

OCCurrent 

MHW7182-MHW8182-MHW9182 
3-170 

f=50MHz 
f=750MHz 
f=860 MHz 
f= 1000 MHz 

Symbol 

MHW7182 XMD110 
MHW8182 XMD128 
MHW9182 XMD152 

MHW7182 CTB110 
MHW8182 CTB128 
MHW9182 CTB152 

NF 
MHW7182 
MHW8182 
MHW9182 

IDC 

Min Typ Max Unit 

dBc 
- -68 -64 
- -68 -60 
- -68 -59 

dBc 
- -64 -82 

- -82 -60 

- -61 -59 

- 3.6 5.0 dB 
- 5.5 6.5 
- 6.0 7.0 

- 6.5 8.0 

160 210 240 rnA 
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MOTOROLA 
• SEMICONDUCTOR 

TECHNICAL DATA 

The RF Line 
UHF GaAs FET Power Amplifiers 

Designed for use in a wide variety of telecommunications equipment, including portable 
cellular applications, satellite cellular applications, gateways and satellite stations. All 
MHW9002 Series modules are capable of wide power range control (30 dB typical), 
operate from a 5.8 volt supply and require only 5 mW of RF input power. 

• High Efficiency 
• Specified 5.8 Volt Characteristics: 

RF Input Power - 5.0 mW (7 dBm) 
RF Output Power - 1.41 W (31.5 dBm) 
Minimum Gain - 24.5 dB 
Minimum Efficiency - 55% 
Harmonics - -30 dBc Max @ 2 fo 

• 50 Ohm Input/Output Impedances 
• Guaranteed Stability and Ruggedness 
• Epoxy Glass Substrate Eliminates Possibility of Substrate Fracture 

MAXIMUM RATINGS (Range Temperature = 25°C) 

Rating 

DC Supply Voltage 

DC Bias Voltage 

DC Control Voltage 

RF Input Power 

RF Output Power (Vs = 9 Vdc) 

Operating Case Temperature Range 

Storage Temperature Range 

Symbol 

VDD2 

VGG1,2 

VDD1 

Pin 

Pout 

TC 

Tstg 

MHW9002·1 
MHW9002·2 
MHW9002·3 
MHW9002·4 

Motorola _ Device. 

31.5dBm 
824 to 925 MHz 

HIGH EFFICIENCY 
RFPOWER 

AMPLIFIERS 

CASE 420A, STYLE 1 

Value Unit 

10 Vdc 

-6 Vdc 

10 Vdc 

15 dBm 

33 dBm 

-30 10+100 °c 

-3010+100 °c 

ELECTRICAL CHARACTERISTICS (VDD1 S5.8 Vdc, VDD2 = 5.8 Vdc, VGG1 = VGG2 =-4.0 Vdc, Pout = 31.5 dBm for MHW9002-1, -2, 
-4; VD01 S6.0 Vdc, V002 = 6.0 Vdc, VGG1 = VGG2 = -4.0 Vdc, Pout = 32 dBm for MHW9002-3; Pin = 7 dBm; TC = +25°C, 50 ohm system, 
unless otherwise noted) 

Characteristic Symbol Min Typ Max Unit 

Frequency Range MHW9002-1 BW 824 849 MHz 
MHW9002-2 870 905 
MHW9002-3 890 915 
MHW9002-4 898 925 

Output Power, Low Voltage (T C = -30 to +80°C, VDD1 = V002 = 5.0 Vdc) Pout1 29.3 30 - dBm 

Output Power, Zero Control Voltage (V001 = 0 Vdc; Pin = 7 dBm) Poul2 - - 6 dBm 

Gate Current (1) IGG - - 5 rnA 

Efficiency (1) 'l1 55 60 % 

InputVSWR (1) VSWRin - 3.0:1 -
Harmonics (1) 210 10410 -30 dBc 

NOTE: (continued) 
1. AdjustV001 for Specified Pout, V001 =5.8 Vdc Max lor MHW9002-1, -2, & -4. V001 = 6.0Vdc Max forMHW9002-3. 

PnIIarred devices are Motorola reoommended choices for future use and best overall value. 

MOTOROLA RF DEVICE DATA MHW9002-1-MHW9002-2-MHW9002-3-MHW9002-4 
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ELECTRICAL CHARACTERISTICS - continued (V001 S 5.S Vdc, V002 = 5.S Vdc, VGG1 = VGG2 = -4.0 Vdc, Pout = 31.5 dBm for 
MHW9002-1, -2, -4; V001 S 6.0 Vdc, V002 = 6.0 Vdc, VGG1 = VGG2 = -4.0 Vdc, Pout = 32 dBm for MHW9002-3; Pin = 7 dBm; 
TC = +25'C, 50 ohm system, unless otherwise noted) 

Characteristic Symbol 

Noise Power (In 20 kHz Bandwidth, 45 MHz Above fo, PN1 
V002 = 5 to 7 Vdc, V001 = 0 to 5.S Vdc) 

Noise Power (In 20 kHz Bandwidth, 45 MHz Above fo, PN2 
V002= 5 10 7 Vdc, V001 =0 105.S Vdc, TC=-30'CtoTC=+SO'C) 

Stability (V001 = 0 to 7 Vdc, Pin = 4 to 10 dBm, -
V002 = 4.5 to 6 Vdc, Load VSWR = 3:1, 
All Phase Angles at Frequency of Test) 

Load Mismatch Stress (V002 = S Vdc, Pout = 31.5 dB Load Ijf 

VSWR = 20:1, All Phase Angles at Frequency of Test) (2) 

NOTE: 
2. Adjust V001 for Specified Pout, V001 = S.O Vdc Max for MHW9002-1, -2, -3, &-4. 

Inpul' 
Power 
Meter 

10dB 
Minimum 

Attenuation 

RFSignal 
Generalor 

MHW9002 INTERNAL DIAGRAM 

VOOl 
0-+5.8V 
@50mA 
(Typical) 

VGG1, 2 
-4.0 V 
@2mA 
(TypicaQ 

C1, 2, 3, 4-0.01S/IF 
C5, 6, 7 - 1.0 /IF (!anl) 
CS, 9,10 - O.l/1F 
Zl, Z2 - 50 n Microstrip 

V002 
+5.8V 

@375mA 
(TyplcaQ 

Min 

-

-

Typ Max 

- -95 

- -92 

All Spurious Outputs 
more than 60 dB 

Below Oeslred Signal 

No Degradation 
In Output Power 

Before and After Test 

Power 
Termination 

'Module input power Is forward power as sampled by the directional coupler and 
read on the input power meter. 

Figure 1. UHF Power Module Test Circuit Diagram 

Unit 

dBm 

dBm 

MliW9002-1.MHW9002-2.MHW9002-3.MHW9002-4 
3-172 
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TYPICAL CHARACTERISTICS 
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TYPICAL CHARACTERISTICS 
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APPLICATIONS INFORMATION 

Mounting Considerations 
For the MHW9002 Series module, mounting is done by 

soldering the four 'eet" to a suitable heatsink. This can be 
done with a low temperature solder such es 52% In, 48% Sn 
and type "R" flux which liquifies below lS0·C. Under no cir
cumstances should the MHW9002 Series modules be 
heated to a temperature greater than 165·C (temperature of 
the flange proper). Internal· construction of the module has 
been achieved using 36% tin, 62% lead, and 2% silver solder 
which Iiquifies at about lBO·C. Also, remember that the mod
ules are NOT hermetic. 

Nominal Operation 
All electrical specifications are based on the nominal 

conditionsofVoop;;S.8Vdc, V002= S.8Vdc, VGG1,2=-4 
Vdc, and Pout equal to 31.5 dBm (V002 = 6.0 Vdc, VOOl s 
6.0 Vdc, VGG1,2=-4VdcandPoutequaIt032.0dBmforthe 
MHW9002-3). While the modules are designed to have ex
cess gain margin with ruggedness, operation of these units 
outside the published specifications is not recommended un
less prior communications regarding intended use have 
been made with a factory representative. 

Gain Control 
The module output power should be limited to specified 

value. The preferred method of power control is to fix V002 = 
5.8 Vdc (Pin 5) (6.0 Vdc for the MHW9002-3) and VGG1, 2 = 
-4 Vdc (Pins 2, 4), Pin (Pin 1) at 5 mW, and Vary'VOOl (Pin 3) 
voltage. 

Oecoupling 
External decoupling networks are recommended to ensure 

stable operation of the device. Pins 2, 3, 4, and 5 are internal
ly bypassed with a 1000 pF chip capacitor. Additional exter-

MOTOROLA RF DEVICE DATA 

nal decoupling is recommended as shown in Figure 1. 
Inadequate decoupling will result in spurious outputs at cer
tain operating frequencies and certain phase angles of input 
and output VSWR. 

Handling Considerations 
GaAs FETs are more sensitive to eiectrostatic discharge 

(ESO) than Si bipolar transistors. Therefore, steps should be 
taken in handling GaAs products to prevent damage. The 
use of ground straps, grounded breakers and test equipment 
is strongly recommended. 

Soldering Leads 
Be sure the soldering iron is grounded. Temperature of the 

iron should not exceed 350·C. Apply heat to a lead to be sol
dered for not more than 5 seconds. 

LOad Mismatch 
During final test each module is load mismatch tested in 

a fixture having the identical decoupling networks described 
in Figure 1. Electrical conditions are V002 = 8.0 Vdc and 
VGGl 2 = -4 Vdc, Pin at 5 mW, and VOOl selfor 31.5 dBm 
output' power (32;0 dBm for the MHW9002-3), and VSWR 
equal to 20: 1. 

Biasing and Use Considerations 
In all cases, RF input power should not be applied until the 

bias voltages have been applied, and RF input power should 
be tumed off prior to removing the bias voltages. Bias ap
plication should be timed such that gate voltage (VGG1, 2) is 
always applied before the drain voltages (VOO), and, when 
retuming to the standby mode, gate voltage should only be 
removed once the drain voltages have been removed. 

MHW9002-1.MHW9002-2.MHW9002-3-MHW9002-4 
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MOTOROLA 
• SEMICONDUCTOR 

TECHNICAL DATA 

The RF Line 
Broadband RF Array for 
TV Transmitter 

The MRFA2600 is a solid state class A amplifier and is specifically designed for TV 
transposers and transmitters. This amplifier incorporates microstrip technology and 
reliable Motorola push-pull transistors. 

• Specified 26.5 Volts, 470-660 MHz Characteristics 
Output Power - 25 Watts Min @ 1 dB Compo (CW) 
Gain - 10.5 dB Min (Small Signal) 

• Suitable for 28 Volts Application 

• 50 n Input and Output Impedance 

MAXIMUM RATINGS 

Rating 
Supply Voltage 

Current 

Storage Temperature Range 

Operating Temperature (1) 

NOMINAL OPERATION CONDITION 

Transposer Application 

Transmltter Application 

Symbol 

Vee 

Imax 

Tstg 

Top 

Vee = 26.5 V 

Vee=28V 

MRFA2600 

25 W, 470-880 MHz 
CLASS A 

RF POWER AMPUFIER 

CASE 429A, STYLE 1 

value Unit 
29 Vdc 

4 Adc 

-40 to +100 "C 

-20 to +70 "C 

Isup = 3.8 A 

Isu =3.6A 

ELECTRICAL CHARACTERISTICS (Tc = 25°C, Vee = 26.5 V, lsup = 3.8 A, unless otherwise noted). 

Characteristic Symbol 

Instantaneous Bandwidth BW 

Power G,ain (small signal) Gp 

Gain Ripple (small signal) Grple 

Output Power @ 1 dB Compression Pout 

Mismatch Tolerance (Pout = 25 W) VSWR 

Intermodulatlon (-8 dBf-16 dB/-10 dB, Pref = 20 W) IMD 

Intermodulatlon (-8 dB/-16 dB/-7 dB, Pref= 20 W) IMD 

Input Return Loss IRL 

NOTE: 
1. Temperature is measured at temperature test point (on the flange of the transistor). 

MRFA2600 
3-176 

Min Max Unit 
470 860 MHz 

10.5 - dB 

- ±1 dB 

25 - W 

20:1 - -
- -53 dB 

- -50 dB 

- -15 dB 

MOTOROLA RF DEVICE DATA 



RF DETECTION 

VO=1 V@25W 
on infinite load 

BIAS ENABLE 

If B.E. = "1" (TTL signal) 
bias circuit Is off 

MOTOROLA RF DEVICE DATA 

Figure 1. Test Circuit Components View 

R1 ........ 22kn 
R2 ........ 6800 
R3 .•..... 2.2kO 
C1 ........ 22pF 
01 .... MMB0701 

R1 01 
R o-J\IV'oo )~ .. , I 1 0 VIDEO 

F ~ Rl JC1 

R1 ....... 4.7kn 
R2 ....... 4.7kn 
T1 ........ BCX20 
~

1 T1---
B.E. 

R2 

- -- -

MRFA2600 
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MOUNTING RECOMMENDATIONS 

HEATSINK TOOUNG 

o '-----------~ 
o 9 Fixing holes M3 

Minimum useful depth: - Copper/Aluminum: 6 mm 

THERMAL COMPOUND 

• Paste with silicones: SICERONT KF Ref. 1201 Recommended. 
• Thickness: OptImum between 0.06 mm and 0.15 mm, on the whole 

back surface of the amplifier. 
(Typical volume: 700 mm 3 for 0.1 '!'1m thickness) 
(Equivalent weight: 1.5g for 2.2 density paste). 

SCREWS 

• Socket head cap screws: CHC M3 x 10 for Copper/Aluminum Heatsink. 
• Material: Nickel plated steel. 

WASHERS 

• Split lock washers WZ 03 + Aat washers ZU 03. 
• Split lock washers WZ 03 + Aat washers ZU 03. 

MRFA2600 
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MOTOROLA 
• SEMICONDUCTOR 

TECHNICAL DATA 

The RF Line 
Broadband RF Power 
Amplifier for TV Transmitter 

The MRFA2602 is a solid state class A amplmer and is specifically designed for TV 
transposers and transmitters. This amplifier Incorporates microstrip technology and 
reliable Motorola push-pull transistors. 
• Specified 25.5 Volts, 470-860 MHz Characteristics 

OUtput Power - 40 Watts @ -50 dB (3 Tones) 
Output Power - 60 Watts Min @ 1 dB Compo (CW) 
Gain - 9 dB Min (Small Signal) 

MAXIMUM RATINGS 

RatIng 

Supply Voltage 

Input Power 

Storage Temperature Range. 

Operating Temperature (1) 

NOMINAL OPERATION CONDITION (Te = 600C) 

Symbol 

Vee 

Pin 

Tstg 

Top 

MRFA2602 

60 W, 470-860 MHz 
CLASS A 

RF POWER AMPLIFIER 

CASE 429C, STYLE 1 

Value Unit 

26.5 Vdc 

15 W 

-40\0+100 OC 

·-20\0+70 OC 

I Supply Vee = 25.5 V lsup = 9.2 A 

ELECTRICAL CHARACTERISTICS (Tc = 25OC, Nominal Supply, 470-860 MHz Bandwidth, unless otherwise ncted) 

Characteristic Symbol Min 1flI Max 

Power Gain (small signal) Gp 9 - -
Gain Ripple (small signal) Grple - - ±1 

Output Power @ 1 dB Compression Pout 60 - -
Mismatch Tolerance (Pout = 60 W) VSWR 20:1 - -
Intennodulation (-8 dBl-7 dBl-16 dB, Pre! = 40 W) IMD1 - - -50 

Intennodulation (-8 dBl-10 dBl-16 dB, Pre! = 40 W) IMD2 - - -53 

Input Retum LosslOutput Retum Loss IRlJORL - - -15 

NOTE: 
1. Temperature is measured at temperature test point (on the flange of the transistor). 

MOTOROLA RF DEVICE DATA 

Unit 

dB 

dB 

W 

-
dB 

dB 

dB 

MRFA2602 
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TYPICAL CHARACTERISTICS 

11 

m 
~ 

~ 10 a: w 

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

... 
C!I 

9 VCC=25.5V _ 
1sup-9.2A 

Pout- 1OOmW 
I I 1-

450 900 

f, FREQUENCY (MHz) 

Figure 1. Power Gain versus Frequency 

-50 

.I 
V V 

/' ~ 
!--

...... -' 
VCC=25.5V -

3 TONES: -8 dB/-16 dBl-7 Isup = 9.2 A 

-
I I dB I I 

I--f-- Praf=4OW -
I I I 

450 900 

f, FREQUENCY (MHz) 

Figure 3. Intermoclulation versus Frequency 

MRFA2602 
3-.180 

o 

2 

-""---I-- - ~ 

VCC=25.5V _ 
lsup = 9.2 A 
Pout=80W 
I I 1-

450 900 

f, FREQUENCY (MHz) 

Figure 2. Gain Compression versus Frequency 

TEST CONDITIONS: 
DIFF. Gain, 10 Steps 
Channel 61 
VCE = 25.5 V 
Isup =9.2A 

% 
100-1~---: 

90-
80-
70 -
60 -
50 -
40-
30 -
20 -
10 -
o -

Pout=55W 

VIDEO SIGNAL 

[ZkJ 
% r-===;;) -100 

-90 
- 80 
- 70 
- 60 
-50 
-40 
-30 
-20 
- 10 
- 0 

Pout=80W 

Figure 4. Differential Gain 
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MOUNTING RECOMMENDATIONS 

HEATSINK TOOLING 
10.8 12.2 

29 
37.5 

9 ....L.._f- _____ ~ _____ +-_.L-

• 
o o • 0 o 

~ '------------~ 
o 9 Fixing holes M3 

Minimum useful dep1h: -Iroo: 4 mm 
- Copper/Aluminum: 6 mm 

• 4 Cevities 05 
Minimum depth: 1 mm 

THERMAL COMPOUND 

• Paste with silicones: SICERONT KF Ref. 1201 Recommended. 
• Thickness: Optimum between 0.06 mm and 0.15 mm, on the whole 

back surface of the amplifier. 
(Typical volume: 680 mm 3 for 0.1 mm thickness) 
(Equivalent weight: 1.5g for 2.2 density paste) 

SCREWS 

• Socket head cap screws: - CHC M3 x 8 for Iron Heatsink. 
- CHC M3 x 10 for Copper/Aluminum Heatsink. 

• Material: Nickel plated steel. 

WASHERS 

• Split lock washers WZ 03 + Flat washers ZU 03. 

MOTOROLA RF DEVICE DATA 
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MOUNTING RECOMMENDAnONS (continued) 

TIGHTENING ORDER 

00 0 0 CJ:/ 0 CD 

INPUT 
CD 

OUTPUT 0 

CD CD CD CD 0' 0 0 '0 

Recommended Torque: 12 Kg.em (10.5 in.lbs.) 

MOUNTING VERIFICATION 

Supply the amplifier (25.5 Vdc) without RF signal, and measure temperature on points 1, 2, 3, and 4. 

Characteristic 

T1, T2, Ta, T4 
o A(T1, T2), A(T3, T4) 

CLEANING 

RF Transistors are not hermetic, so DO NOT clean the amplifier In a solvent bath. 
Local cleaning is recommended. 

MRFA2602 
3-182 

1)p Max Unit 

- 70 ·0 

3 5 OC 
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MOTOROLA 
• SEMICONDUCTOR 

TECHNICAL DATA 

The MRFIC Line 
900 MHz Downconverter 
(LNA/Mixer) 

The MRFlC2001 is an integrated downconverter designed for receivers operating in the 
800 MHz to 1.0 GHz frequency range. The design utilizes Motorola's advanced MOSAIC 
3 silicon bipolar RF process to yield superior performance in a cost effective monolithic 
device. Applications for the MRFIC2001 include CT-1 and CT-2 cordless telephones, 
remote controls, video and audio short range links, low cost cellular radios, and ISM band 
receivers. A power down control is provided to minimize· current drain with minimum 
recovery/tum-on time. 
• Conversion Gain = 23 dB (Typ) 
• Supply Current = 4.7 mA (Typ) 
• Power Down Supply Current = 2.0 IIA (Max) 
• LowLODrive=-10dBm(Typ) 
• LO Impedance Insensitive to Power Down 
• No Image Filtering Required 
• No Matching Required for RF IN Port 
• All Ports are Single Ended 
• Available in Tape and Reel 

ABSOLUTE MAXIMUM RATINGS (T A = 25·C unless otherwise noted) 

Rating Symbol 

Supply Voltage Vee 

Control Voltage ENABLE 

Input Power, RF and LO Ports PRI' PLQ 

Operating Ambient Temperature TA 

Storage Temperature Tstg 

RFIN t---; 8 ENABLE 

GND 7 Vee 

GND 3 6 GND 

MRFIC2001 
_101. __ 

900 MHz 
DOWNCONVERTER 

LNAIMIXER 
SILICON MONOLITHIC 
INTEGRATED ClRCUrr 

Value 

5.5 

5.0 

+10 

• 
CASE 751 

(SO-S) 

-35to+85 

-65to+150 

Unit 

Vdc 

Vdc 

dBm 

OC 

·C 

LOIN 4 5 IFOUTNee 

Pin Connections and Functional Block Diagram 

_ devices are Motorola recommended choices tor future use and beot ovetall value. 

MOTOROLA RF DEVICE DATA MRFIC2001 
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RECOMMENDED OPERATING RANGES 

Parameter Symbol Value 

Supply Voltage Range VCC 2.7105.0 

Control Vollage Range ENABLE 0105.0 

RF Pert Frequency Range fRF 50010 1000 

IF Pert Frequency Range flF o (de) 10 250 

ELECTRICAL CHARACTERISTICS (Vee, ENABLE .. 3.0 V, TA .. 25OC, RF @ 900 MHz, La @ 1.0 GHz, PLO = -7.0 dBm, 
IF @ 100 MHz unless otherwise noted) 

Characteristic (1) Min Typ Max 

Supply Current: On-Mode - 4.7 5.5 

Supply Current: Off-Mode (ENABLE < 1.0 Volts) - 0.1 2.0 

ENABLE Response TIme - 1.0 -
Conversion Gain 20 23 26 

Input Rlllum Loss (RF IN Port) - 13 -
Single Sideband Noise Figure - 5.5 -
Input 3rd Order Intercept Point -26 -22.5 -
OUtput Power at 1.0 dB Gain Compression - -10 -
LO - RF Isolation (1.0 GHz) - 37 -
LO -IF Isolation (1.0 GHz) - 33 -
RF -IF Isolation (900 MHz) - 4.0 -
RF - La' Isolation (900 MHz) - 19 -

NOTE: 
1. All Electrical Charecteristics measured in test circuit schematic shown in Figure 1 below: 

C1 

I 8 

2 71--~~ .......... 
O.U.T. 

3 6 

'----14 LOIN>e---f 
SOO. I . 5 t--"'-1f.--~2t-+« ~~UT 

........ ........ _---' 

C1, 02, 04, C7 - 100 pF Chip C8pac1tor 
ca, C5, C6 - 1000 pF Chip C8pacItor 
C6 - 6.8 pF Chip Capacitor 
L 1 - 8.2 nH Chip Inductor 
L2 - 270 nH Chip Inductor 

'---__ ---0 + VCC 

L3 - 150 nH Chip Inductor 
RF Connectors - SMA Type 

1--

Board Material- 0.025' Thick Durold, 
0.062' Copper Clad, 0.5 oz. Copper. er= 10.2 

Figure 1. Test Circuit Configuration 

Unit 

Vdc 

Vdc 

MHz 

MHz 

Unit 

rnA 

JIA 
JIB 

dB 

dB 

dB 

dBm 

dBm 

dB 

dB 

dB 

dB 

MRFlC2001 
3-184 
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30 
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26 
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20 

VCC=3V 
'IF=l00MHz 

p.,.,----+-'''''''''',.--t----; HIGH SIDE LO INJECTION 
PLO =-7 dBm 

500 600 700 800 900 1000 

36 

24 

21 

'RFo RF FREQUENCY (MHz) 

Figure 3. Conversion Gain versus RF Frequency 

TA = 25°C 
'IF= 100 MHz 

1-----.:==!'-0C':......;;....:....t----j HIGH SIDE LO INJECTION 
PLO =-7 dBm 

500 600 700 800 900 1000 

'RFo RF FREQUENCY (MHz) 

Figure 2. Port Impedances versus Frequency (GHz) Figure 4. Conversion Gain versus RF Frequency 

Vee f 
(Volts) (MHz) Mag 

3.0 50 0.998 

100 0.996 

150 0.993 

200 0.990 

250 0.987 

500 -
600 -
700 -
800 -
900 -
1000 -
1100 -
1200 -

MOTOROLA RF DEVICE DATA 

l)F TRF 
Lcp Lcp 

Degrees Mag Degrees 

-2.5 -
-4.9 -
-7.2 -
-10 -
-12 -
- 0.36 

- 0.32 

- 0.29 

- 0.26 

- 0.23 

- 0.20 

- 0.18 

- 0.17 

Table 1. Port Reflection Coefficients 
(ENABLE = 3.0 V, Zo = 50 n, TA = 25°C) 

-
-
-
-
-

-70 

-70 

-69 

-68 

-63 

-58 

-51 

-44 

ILo 

Mag 

-
-
-
-
-

0.58 

0.55 

0.53 

0.51 

0.50 

0.49 

0.47 

0.45 

Lcp 
Degrees 

-
-
-
-
-

-31 

-36 

-42 

-48 

-54 

-61 

-68 

-76 

MRFIC2001 
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TYPICAL CHARACTERISTICS 

~r-----.------r-----'------r-----. 

i 24~-~~~'*===j::=-...d::------J 
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VCC=3 V 8 21 hoI''---,~_+_----__'_lr------+-- 'RF = 900 MHz 

'LO=l GHz 

-12 -9.0 -S.O -3.0 o 
PLO. LO INPUT POWER (dBm) 

Figure 5. Conversion Gain versus LO Input Power 
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o 

Figure 6. Conversion Gain versus LO Inpu1; Power 
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'RFo RF FREQUENCY (MHz) 'RFo RF FREQUENCY (MHz) 

Figure 7. Input Third Order Intercept Point Figure 8. Input Third Order Intercept Point 
versus RF Frequency versus RF Frequency 
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Figure 9. Noise Figure versus RF Frequency Figure 10. Noise Figure versus LO Input Power 
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TYPICAL CHARACTERISTICS 

8.0 

iii" ::s 
w a: 
=> 6.0 ~ 
w 

~ 
..: z 5.0 

4.0 

I--~'-----+ _____ ~-+----hi~ TA = 25"C 
fRF= 900 MHz 
PLO=-7dBm 
flo = 1 GHz 

7.0 
VCC=3V 

6.0 

5.0 

4.0 

3.0 

2.0 

1.0 

0 
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flrM, REFLECTION COEFFICIENT PHASE ANGLE OF ENABLE, ENABLE VOLTAGE (VOLTS) 
RF PORT IMAGE TERMINATION (") 

Figure 11. Noise Figure versus Reflection CoefIJcIent 
Phase Angle of RF Port Image TermInation 

Figure 12. Supply Current versus Enable Voltage 
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Figure 13. Supply Current versus Enable Voltage 

APPLICATIONS INFORMATION 

DesIgn PhIIoaophy 
The MRFIC2001 was designed for low cost, small size, 

and ease of use. This is accomplished by minimizing the 
number of necessary external components. 

The most significant external component eliminated was 
an Image filter between the LNA and mixer. It was found the 
ensuing Image noise entering the mixer from the LNA could 
be minimized by optimizing the LNA input termination at the 
image frequency. Also, a double-balanced mixer was used to 
reject the IF noise from the LNA. This results in excellent LO 
and spurious rejection. 

To eliminate the need for extemal baluns or decoupIing 
elements, the unused LO and RF ports of the mixer are de
coupled Intemally. Only one of the IF outputs is used, elimi
nating the need for an extemal balun on the IF port as well. 
Also, the LNA input is matched to 50 ohms intemally. exter
nal matching is required for the LO and IF ports. 

MOTOROLA RF DEVICE DATA 

To minimize current drain in various TDDITDMA systems, 
the MRFIC2001 has a nUCMOS compatible enable pin. 

Theory of Operation 
Optimizing the LNA input termination to minimize image 

noise is quite Simple. The optimum LNA input (RF IN pin) ter
mination is 1L30' at the image frequency (regardless of 
what the image frequency is). A reflection coefficient magni
tude close to 1 is automatically obtained from a front-end fil
ter, since the image frequency would be in the stop-band. 
The 30' phase angle can be obtained by rotating the phase 
angle of the front:-end filter with a series 50 ohm transmission 
line. The dependance of single-sideband noise figure on the 
image phase angle is shown in Figure 11. As the plot indi
cates, there is a little over 1.0 dB of variation across all pos
sible phase angles for a 3.0 V supply. Therefore, setting the 
phase angle is not critical. At higher supply voltages setting 
the phase angle is more critical (and more rewarding). 

MRFIC2001 
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Matching the LO port to 50 ohms can be clone several 
ways. The recommended approach is a series Inductor as 
close to the IC as possible. The Inductor value Is small 
enough (-8-15 nH depending on LO frequency) to be 
printed on the board. A DC block is required and should not 
be placed between the Inductor and IC since this will prevent 
the Inductor from being close enough to the IC to provide a 
good match. 

The IF port Is an open collector resulting in a very high out
put Impedance. For optimum linearity (IP3). the IF port should 
be loaded with a 1000 ohm load-line. Since the output re
quires a bias Inductor and blocking capacitor. the IF filter im
pedaoce can be transfonned to 1000 ohms with these two 
elements. If a low output VSWR is desired (to reduce IF filter 
ripple). a 2.0-4.0 K ohm resistor can be placed in parallel 

MRFIC2001 
3-188 

with the bias Inductor. This will reduce the conversion gain by 
1.0-2.0 dB. 

The RF port is nearly 55 ohms resistive In series with a 
small amount of capacitive reactance. which results In a 
12-13 dB retum loss. If a higher retum loss is desired. a 
3.0-4.0 nH serie.s Inductor printed on the board as close to 
the IC as possible will Improve it to over 20 dB. A DC block Is 
also required. 

Supply decoupling must be done as close to the IC as p0s
sible. A 1000 pF capacitor Is recommanded. An additional 
100 pF capacitor and an RF choke are recommended to 
keep the LO signal off the supply line. 

EnablinglDisabling the MRFIC2OO1 can be done with its 
TTUCMOS compatible Enable pin. The trip point Is between 
1.0 and 2.0 volts. 
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- SEMICONDUCTOR 

TECHNICAL DATA 

The MRFIC Line 
900 MHz Transmit Mixer 

The MRFIC2002 is a double-balanced, active mixer designed for transmitters operating 
in the 800 MHz to 1.0 GHz frequency range. The design utilizes Motorola's advanced 
MOSAIC 3 silicon bipolar RF process to yield superior performance In a cost effective 
monolithic device. Applications for the MRFIC2002 include cn and CT2 cordless 
telephones, GSM, remote controls, video and audio short range links, low cost cellular 
radios, and ISM band transmitters. A power down control is provided to minimize current 
drain with minimum recovery/turn-on time. 

• Conversion Gain = 10 dB (Typ) 

• Supply Current = 5.5 mA (Typ) 

• Power Down Supply Current = 2.0 j.i.A (Max) 

• LO-RF Isolation = 25 dB (Typ) 

• Low LO Drive Required =-10 dBm (Typ) 

• LO Impedance Insensitive to Power Down 

• No Matching Required for RF OUT Port 

• All Ports are Single Ended 

• Available in Tape and Reel 

ABSOLUTE MAXIMUM RATINGS (TA = 25"C unless otherwise noted) 

Rating Symbol 

Supply Voltage Vee 

Control Voltages ENABLE, VRAMP 

Input Power, LO and IF Ports PLO, PIF 

Operating Ambient Temperature TA 

Storage Temperature Tstg 

IFIN 1 8 LOIN 

VRAMP(1) 2 7 Vee 

ENABLE 4 

MRFIC2002 
Motorola """"rnd Device 

900 MHz TX-MIXER 
SIUCON MONOLITHIC 
INTEGRATED CIRCUIT 

Value 

5.5 

5.0 

+10 

• 
CASE 751 

(SO-8) 

-3510+85 

-6510+150 

Unit 

Vdc 

Vdc 

dBm 

"C 

·C 

(1) For CT2 _lic:atIons. apply ramp '"""- provided in MRRC2004. For n0n-CT2. leave open circuited. 

Pin Connections and Functional Block Diagram 

_ dovJcos 8J8 MOioroJa recommended choJcos for Mure use and best overall value. 
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RECOMMENDED OPERATING RANGES 

Parameter Symbol Value Unit 

Supply Voltage Range VCC 2.7 to 5.0 Vdc 

Conlrol Voltage Ranges ENABLE, VRAMP 0105.0 Vdc 

RF Port Frequency Range fRF 500 to 1000 MHz 

IF Port Frequency Range ftF o (dc) to 250 MHz 

ELECTRICAL CHARACTERISTICS (VCC, Enable = 3.0 V and VRamp(l) Open Circuited, PLO = -7.0 dBm, IF @ 100 MHz, LO @ 1.0 
GHz, RF @ 900 MHz, TA = 25°C unless otherwise noled) 

Characteristic (2) Min 1YP 
Supply Current On-Mode - 5.5 
Supply Currenl: Off-Mode (Enable < 1.0 V) - 0.1 

Enable Response lime - 1.0 

Conversion Gain B.O 10 

Single Sideband Noise Figure - 10 

Outpul Power at 1.0 dB Gain Compression - -18 

Output Power at Saturation -i6 -14 

LO-RF Isolation (1.0 GHz) - 25 

LO-IF Isolation (1.0 GHz) - 65 

IF-RF Isolation (100 MHz) - 18 

IF-LO Isolation (100 MHz) - 50 

NOTES: 
1. For CT2 applications, apply ramp voltage provided in MRFIC2oo4. For non-CT2, leave open circuited. 
2 •. All Electrical Characteristics are measured in test circuit schematic as shown in Figure 1. 

IFIN>2 
Cl Ll 
I 

!¥C2 
8 son 

2 7 
D.U.T. 

VRAMP' 3 6 

L2 C4 
( 

La 

C5!¥!¥ C6 + 

Max 

7.0 
2.0 

-
12 

-
-
-
-
-
-
-

1 VCC 
'::' C7 0 

r-~~--',-4-,-_____ 5~------~(r-----+(),::,~<R~~ 
ENABLE ~ I 

Cl, ca, C6 - 1000 pF Chip Capacitor 
C2 - 6.B pF Chip Capacitor 
C4 - 3.9 pF Chip Capacitor 
C5 - 100 pF Chip Capacitor 
C7 - 5.6 pF Chip Capacitor 
L 1 - 270 nH Chip Inductor 

l2 - 10 nH Chip Inductor 
L3 - 390 nH Chip Inductor 
RF Connectors - SMA Type 
Board Materlal- 0.025* Tlilck Duroid, 
0.062" Copper Clad, 0.5 oz. Copper, er= 10.2 

Figure 1. Test Circuit Configuration 
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Figure 3. Gain versus RF Frequency 
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rlF rRF 

Lfj> Lfj> 
Mag Degrees Mag Degrees 

0.83 "':2.4 - -
0.82 -4.7 - -
0.82 -7.1 - -
0.81 -9.6 - -
0.81 -11.7 - -
- - 0.42 100 
- - 0.41 94 
- - 0.40 88 
- - 0.39 80 
- - 0.36 71 
- - 0.33 63 
- - 0.31 55 
- - 0.28 45 

Table 1. Deembedded Port Reflection Coefficients 
(Enable = 3.0 V, Zo = 50 n, TA = 25°C) 

Ti.o 

Mag 

-
-
-
-
-

0.57 
0.55 
0.54 
0.52 
0.51 
0.50 
0.49 
0.49 

Lfj> 
Degrees 

-
-
-
-
-

-29 
-35 
-41 
-48 
-54 
-60 
-65 
-70 
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Figure 6. Gain versus LO Input Power 
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Figure 9. Output Power at 1.0 dB Gain Compression 
versus LO Input Power 
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Figure 10. ICC versus VCC 
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APPLICATIONS INFORMATION 

Design Philosophy 
The MRFIC2002 was designed to have excellent LO and 

spurious rejection. This is accomplished by using a double
balanced configuration and using a symmetrical die layout. 

To eliminate the need for external baluns or decoupling 
elements, the unused LO and IF ports are decoupled inter
nally. Only one of the RF outputs is used, eliminating the 
need for an external balun on the RF port as well. Also, the 
RF port is buffered to provide a 50 ohm output impedance. 
External matching is required for the LO and IF ports. 

To minimize current drain in various TDDITDMA systems, 
two methods of enabling/disabling the MRFIC2002 are pro
vided: one that is nUCMOS compatible and one that is trig
gered from a ramp, such as the one provided in the 
MRFIC2004. The former method must be used if a ramp is 
not available. The latter method is more desirable since the 
MRFIC2002 can remain off during guard times and while in 
idle mode. 

Theory of Operation 
Matching the LO port to 50 ohms can be done several 

ways. The recommended approach is a series inductor as 
close to the IC as possible. The inductor value is small 
enough (-8-15 nH depending on LO frequency) to be 
printed on the board. A DC block is required and should not 
be placed between the inductor and IC since this will prevent 

MOTOROLA RF DEVICE DATA 

the inductorfrom being placed close enough to the IC to pro
vide a good match. 

The IF port is approximately 500 ohms resistive in parallel 
with 1.3 pF of capacitance. If 50 ohms is the desired IF port 
impedance, a shunt capacitor followed by a series inductor 
will provide the transformation. A DC block is required and 
can be placed on either side of the matching network. 

The RF port is nearly 50 ohms resistive in series with a 
small amount of inductive reactance, which results in an 
8-11 dB return loss. However, a series 5.6 pF capacitor 
placed as close to the IC as possible will typically provide 
greater than a 15 dB return loss. The series capacitor also 
serves as a DC block which is required. 

Supply decoupling must be done as close to the IC as pos
sible. A 1000 pF capacitor is recommended. An additional 
100 pF capacitor and an RF choke are recommended to 
keep the RF and LO signals off .the supply line. 

For systems that use a ramp, like the one provided in the 
MRFIC2004, enabling/disabling can be done by applying the 
ramp voltage to the VRAMP pin which trips the IC between 0.6 
and 1.0 volts. The Enable pin must either be tied high or to 
the inverse of the receiver enable control line, RXEN. An In
verter is provided in the MRFIC2004 to invert RXEN. 

For systems that do not use a ramp, the VRAMP pin can be 
left open circuited and enabling/disabling the MRFIC2002 
can be done with its nUCMOS compatible Enable pin. The 
trip point is between 1.0 and 2.0 volts. 

MRFIC2002 
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TECHNICAL DATA 

The MRFIC Line 
900 MHz GaAs Antenna Switch 

The MRFIC2003 is an integrated GaAs SPOT Antenna Switch designed for 
transceivers operating in the 800 MHz to 1.0 GHz frequency range. The design utilizes 
Motorola's CS-1 advanced GaAs RF process to yield superior performance in a cost 
effective monolithic device. Applications for the MRFiC2003 include CT-2 and the ISM 
band cordless telephones. 

• Surface Mount SQ-8 Package 

• Low Power Consumption 
• 50 mW Power Handling Capability 
• Single Source Low Operating Supply Voltage (2.8 - 6.0 Volts) 

• LowCost 
• Available In Rape and Reel 

ABSOLUTE MAXIMUM RATINGS (TA = 2500 unless otherwise noted) 

RatIng Symbol 

Operating Voltages, Supply and Control VOO,Vc,VC 

Supply CUrrent 10 

Input Power, All Ports (Voo = 3.0 V) RF1, RF2, RF3 

Operating AmbIent Temperature TA 

Storage Temperature Tstg 

Nle 1 0 .------1 8 RF2 

~------~ 5 RF3 

Pin Connections and Functional Block Diagram 

__ are Motorola recommended ch-'Iorfutln use and _ ....... a value. 

MRFIC2003 
3-194 

MRFIC2003 

900 MHz GaAs 
ANTENNA SWITCH 
GaAs MONOLITHIC 

INTEGRATED CIRCUIT 

• 
CASE 751 

(80-8) 

Value 

6.5 

100 

25 

-35\0+65 

-65\0+150 

Unit 

Vdc 

jIA 

dBm 

00 

00 
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RECOMMENDED OPERATING RANGES 

Parameter Symbol value Unit 

Nomlnallmpedance Zo 50 n 
Supply Voltage Range VDD 2.8 to 6.0 Vdc 

Control Voltage Range, High VC,Vc 2.8 to 6.0 Vdc 

Control VoIIage Range, Low VC,Vc OtoO.2 Vdc 

Frequency Range f 1 OG-l 000 MHz 

ELECTRICAL CHARACTERISTICS (VDD = 3.0 V, TA = 25"C, f = 900 MHz, Pin = 50 mW (17 dBm) unless otherwise noted) 

Characteristic (1) Min 

RFl to RF2 on: 
RFl SWR -
RF2VSWR -
Insertion Loss (RF1IRF2) -
Isolation 19 

RFl to RF3 on: 
RFl SWR -
RF3SWR -
Insertion Loss (RF1/RF3) -
Isolation 17 

Input Power @ 1.0 dB Compression -
NOTE: 

1. All Electrical Characteristics measured In test circuit schematic shown In Figure 1 below. 

Vc 

VDD 

OVol1S 

VOO + 
-.1. 
-:- Cl 

RFl~~>£ I 
-:-

Vc RF1-RF2 

o VoIlS Isolation 

VDD Insertion Loss 

Table 1. logic Table 

8 

Vc 
2 7 

O.U.T. 

3 6 
VC 

4 5 

-:-

Cl, C2, C3 - 100 pF 50 mil Chip Cspacitor 
Sl - DPDT SWitch with Aluminum Switch Bracket 
RF Connectors SMA Type 

1YP Max Unh 

1.1:1 1.4:1 
1.2:1 1.4:1 
0.8 1.0 dB 
23 - dB 

1.1:1 1.4:1 
1.1:1 1.4:1 
0.5 0.8 dB 
20 - dB 

21 - dBm 

RF1-RF3 

Insertion Loss 

Isolation 

C3 ( £< ~PORT 

( £< ~~PORT 
C2 

-:-

Board Material- 0.025* Thick Duriod, 0.5 oz. Copper, e r = 10.2 

Figure 1. Test Circuit Configuration 
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TYPICAL CHARACTERISTICS 
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Figure 2. Insertion Loss versus Frequency 
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Figure 4. RF1 Port Return Loss and SWR 
versus Frequency 
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versus Frequency 
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TECHNICAL DATA 

The MRFIC Line 
900 MHz Driver and Ramp 

The MRFIC2004 is an integrated Driver and Ramp designed for transmitters operating 
in the 800 MHz to 1.0 GHz frequency range. The Ramp is an integrator which can be used 
for burst control for TDDITDMA systems. The Driver uses a cascode configuration for high 
gain and reverse isolation. A power down control is provided to minimize current drain with 
minimum recoverylturn-on time. Also, an on-board inverter is included .to provide 
complementary control for an antenna switch, such as the MRFIC2003. The design 
utilizes Motorola's advanced MOSAIC 3 silicon bipolar RF process to yield superior 
performance in a cost effective monolithic device. Applications for the MRFIC2004 include 
CT1 and CT2 cordless telephones, GSM, remote controls, video and audio short range 
links, low cost cellular radios, and ISM band transmitters. 
• Small Signal Gain = 21.5 dB (Typ) 
• Small Signal Gain Control = 34 dB (Typ) 

• P0 1.0dB=-1.0dBm(Typ) 
• On Board Ramp for Burst Control 
• Power Down Supply Current = 0.7 rnA (Typ) 
• Low Operating Supply Voltage (2.7 to 4.0 Volts) 
• Input/Output VSWR Insensitive to Gain Control 

• Available in Tape and Reel 

ABSOLUTE MAXIMUM RATINGS (T A = 25°C unless otherwise noted) 

Rating Symbol 

Supply Voltages VCC1 
VCC2 

Control Voltages RXEN, TXEN, Vcont 

Input Power, RF IN Port PRF 

Operating Ambient Temperature TA 

Storage Temperature Tstg 

RXEN 

GND GND 

VCC1 RFOUTNCC2 

GND GND 

GND 

RFIN 

GND 

'------t--.Vcont 

MRFIC2004 ---
900 MHz DRIVER 

& RAMP 
SIUCON MONOLITHIC 
INTEGRATED CIRCUrr 

CASE 751B 
(80-16) 

Value 

4.5 
6.0 

6.0 

+10 

-3510+85 

-8510+150 

Unit 

Vdc 

Vdc 

dBm 

OC 

OC 

(GAIN CONTROL) 

Pin Connections and Functional Block Diagram 

Preferred devices are Motorola recommended choices for future use and best overall value. 
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II 

RECOMMENDED OPERATING RANGES 

Parameter Symbol Value Unit 

Supply Voltage Ranges VCC1, VCC2 2.7 to 4.0 Vdc 

Control Voltage Ranges TX EN, RX EN, V cant OtoVCCl Vdc 

Frequency Range f 800 to 1000 MHz 

ELECTRICAL CHARACTERISTICS (VCC1' VCC2 = 3 0 V CINT = 2.0 nF TA = 25°C, f = 900 MHz, VCONT = 1.3 V) 

Characteristics (1) Min Typ Max Unit 

Supply Current, TX EN High, AX EN Low - 11 13 rnA 

Supply Current, TX EN Low, RX EN High - 0.7 1.5 rnA 

Driver Characteristics (1) 

Gain (Small Signal) '19 21.5 24 dB 

Gain Control (Small Signal) - 34 - dB 

Power Out @ 1.0 dB Gain Compression -4.0 -1.0 - dBm 

Third Order Intercept Point (out) - +7.5 - dBm 

Reverse Isolation - 32 - dB 

Ramp Characteristics (1) 

Ramp Up Delay lime - 4.0 - I1s 
Rise lime - 18 -
Total lime - 22 -

Ramp Down Delay lime - 4.0 - I1S 
Fall lime - 18 -
Total lime - 22 -

LOGIC LEVELS (VCCI = 2 7 to 4 0 V TA = 25°C) , 
RX EN & TX EN Input Voltage Min Typ Max Unit 

High VCC1- 0.8 - - V 
Low - - 0.8 

RX EN Output Voltage 

High VCC1- 0.2 - - V 
Low - - 0.2 

NOTE: 
1. All electrical characteristics measured in test circuit schematic shown in Figure 1 below. 

l2 

CINT C6 

'---'--1--rTYY~o+ 

CSyC7 1: V~C 

TX +0-------, .,:~r---------o + 
EN -.1 ~8 --=-"'-~~ ......... -"'-~~'-'-..., .1- AX EN 

D.U.T 

L.....------o + AX EN 

r 
C~3 so n LINE ':' .--+--1 RF OUT 

son 

so n LINE 

R1 

VCC +0--+---+ 
2 1- Cl~ ~C2 

Cl, C7, C9-1000 pF Chip Capacitor RF Connectors - SMA Type 
Board Material - 0.025" Thick Duroid, C2, C5, C6, Cl0 - 100 pF Chip Capacitor 

C3 - 1.6 pF Chip Capacitor 

Cll - 6.2 pF Chip Capacitor 
L 1 - 4.7 nH Chip Inductor 
L2 -150 nH Chip Inductor 0.062" Copper Clad, 0.5 oz. Copper, e r = 10.2 

CINT - 2000 pF Chip Capacitor 

MRFIC2004 
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Rl - 330 n Chip Resistor 

Figure 1. Typical Biasing Configuration 
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Figure 2. S11 versus Frequency versus Veont Figure 3. S22 versus Frequency 

f 511 521 512 ~2 
Vcont (MHz) 1511 1 Lej> 1~11 Lei> 15121 Lei> 15221 Lej> 

1.0 100 0.85 -11.3 10.48 171.5 0.0002 142.7 0.99 -2.9 
300 0.83 -32.8 10.33 156.3 0.0020 129.0 0.99 -7.3 
500 0.79 -56.9 10.15 140.5 0.0030 130.6 0.98 -15.9 
550 0.79 -62.5 10.04 135.9 0.0030 132.6 0.98 -17.9 
600 0.78 -68.5 9.85 130.2 0.0040 133.3 0.98 -20.0 
650 0.77 -74 9.47 126.9 0.0040 135.9 0.98 -22.3 
700 0.76 -79 9.23 123.6 0.0050 137.2 0.98 -24.7 
750 0.76 -84.4 9.02 119.4 0.0050 138.1 0.97 -27.0 
800 0.75 -89.6 8.69 113.8 0.0060 139.7 0.97 -29.3 
850 0.74 -94.5 8.33 110.8 0.0070 140.3 0.97 -31.4 
900 0.73 -99.1 8.13 108.9 0.0080 141.2 0.96 -33.2 
950 0.73 -102 7.98 105.4 0.0090 138.3 0.98 -36.3 
1000 0.72 -108.9 7.70 101.0 0.0100 133.7 0.95 -38.4 

1.9 100 0.85 -11.3 0.53 -173.5 0.0002 104.3 0.99 -2.9 
300 0.86 -33.5 0.69 -169.7 0.0009 118.7 0.98 -8.7 
500 0.87 -59.3 0.89 -179.5 0.0010 134.3 0.98 -15.5 
550 0.87 -65.7 0.96 175.1 0.0020 136.3 0.98 -17.5 
600 0.88 -73.1 1.02 169.9 0.0020 138.9 0.97 -19.6 
650 0.88 -78.7 1.04 167.3 0.0020 142.6 0.97 -21.8 
700 0.88 -84.7 1.07 165.0 0.0030 147.8 0.97 -24.1 
750 0.89 -90.7 1.14 161.5 0.0030 153.4 0.96 -26.4 
800 0.89 -98.2 1.17 155.8 0.0040 161.0 0.96 -28.8 
850 0.88 -104.6 1.22 151.2 0.0050 161.13 0.96 -30.7 
900 0.87 -110.1 1.24 144.6 0.0060 162.7 0.95 32.8 
950 0.86 -114.6 1.26 139.9 0.0070 160.3 0.95 -35.1 
1000 0.85 -118.8 1.27 134.1 0.0080 158.2 0.94 -37.2 

3.0 100 0.85 -10.9 0.003 -85.9 0.0001 115.0 0.99 -2.8 
300 0.86 -31.9 0.014 -78.8 0.0008 121.0 0.99 -8.5 
500 0.87 -56.9 0.032 -61.1 0.0010 128.0 0.98 -15.1 
550 0.88 -62.4 0.038 -65.8 0.0010 136.2 0.98 -17.0 
600 0.89 -69.4 0.048 -68.3 0.0010 140.0 0.98 -19.2 
650 0.90 -75.1 0.058 -75:1 0.0020 145.1 0.98 -21.3 
700 0.90 -81.3 0.069 -82.4 0.0020 150.8 0.97 -23.6 
750 0.91 -87.3 0.081 -89.4 0.0020 156.8 0.97 -25.8 
800 0.91 -93.8 0.092 -113.4 0.0030 160.3 0.97 -28.1 
850 0.92 -100.7 0.092 -121.8 0.0040 163.3 0.96 -30.1 
900 0.91 -106.8 0.089 -128.2 0.0050 163.3 0.96 -32.3 
950 0.90 -111.4 0.083 -137.1 0.0060 155.2 0.95 -34.5 
1000 0.89 -115.2 0.077 -151.9 0.0060 150.0 0.95 -36.6 

Table 1. Small Signal Deembedded S Parameters 
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Figure 4. Small Signal Gain versus Frequency 
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APPLICATIONS INFORMATION 

DesIgn Philosophy 
The MRFIC2004 was designed as a support IC for a CT2 

chip-set. The other chips making up the Chip-set are the 
MRFIC2001 downconverter, the MRFIC2002 transmit mixer, 
the MRFIC2003 antenna switch and the MRFIC2006 PA. A 
complete CT2 front-end solution requires a ramp for burst 
control, an Inverter for complementary antenna switch control 
and galn control (or an attenuator) for the transmitter low 
power mode. In order to keep the other chips in the chip-set 
relatively general purpose, yet provide the system designer 
with an easily controlled solution, these functions were com
bined with a driver amplifier Into one IC, the MRFIC2004. 

Theory of Operation 
The driver Is a cascode design that exits the IC open

collector. Impedance matching must be done externally. 
Since the output requires a bias Inductor and DC blocking ca
pacitor, the output can be matched with these two elements. 
To keep the driver unconditionally stable, It is recommended 
that a 300-400 ohm resistor be placed In parallel with the 
bias inductor as close to the IC as possible. Since the output 
Impedance of the driver by itself is very high, the resistor sets 
the output Impedance. The input can be matched with a se
ries inductor followed by a shunt capacitor. Alternatively, a 
series transmission line followed by a shunt capacitor can be 
used. A DC block is also required on the input. 

Gain control is provided to meet the CT2 low power mode 
requirement. The CT2 Common Air Interface specification re-

MOTOROLA RF DEVICE DATA 

quires the transmitter to be capable of dropping the output 
power by 16 ± 4.0 dB. Although the driver has 34 dB of small 
signal galn control, it can be reduced by adding a resistor in 
series with the galn control pin. The value of the resistor de
pends on the logic levels being used and the amount of gain 
compression after the driver. Also, the amount of gain control 
Is a function of the driver input power level. The Input power 
should be kept less than -10 dBm to allow for sufficient gain 
control to achieve the low power mode. The gain control can 
also be used for PA output power trimming. However, this Is 
not an efficient method. 

The ramp is an Integrator which is used to slow down the 
driver and PA tum-on and tum-off times to reduce AM splat
ter. By applying a pulse wavelorm to the input, a linear ramp 
waveform is created at the output which is then applied to the 
current mirrors of the driver and PA. An extemal integrating 
capacitor is used so that the riselfall time can be pro
grammed extemally. A minimum value of 2.0-2.4 nF is need
ed to meet the CT2 Common Air Interface splatter 
specification. For non-TDDITDMA systems the ramp reverts 
to an enable/disable function. 

The Inverter Is CMOSITTL compatible and was included to 
provide complementary control for an antenna switch such 
as the MRFIC2003. By applying the receiver enable control 
line, RXEN, to the Inverter the inverse RXEN will be created. 
RXEN and RXEN can then be used to control the 
MRFIC200a antenna switch. 

MRFIC2004 
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TECHNICAL DATA 

The MRFIC Line 
900 MHz 2 Stage PA 

The MRFIC2006 is an Integrated PA designed for linear operation in the 800 MHz to 1.0 
GHz frequency range. The design utilizes Motorola's advanced MOSAIC 3 silicon bipolar 
RF process to yield superior performance in a cost effective monolithic device. 
Applications for the MRFIC2006 include CT-1· and CT-2 cordless telephones, remote 
controls, video and audio short range links, low cost cellular radios, and ISM band 
transmitters. 

• 50 n Input and Output Impedance 
• Typical Gain", 23 dB @ 900 MHz 
• Bias Current Extemally Adjustable 
• Bias Pin can be used to Ramp or Disable 
• Class A or AB Unear Operation 

• Unconditionally Stable 
• S0-8 Leaded Plastic Package 
• Available in Tape and Reel 

ABSOLUTE MAXIMUM RATINGS (TA'" 25OC, Zo = 50 n unless otherwise noted) 

Rating Symbol 

Supply Voltages VCC1,VCC2 
Bias Voltage Vbias 
RF Output Power IYCC2 :s; 4.0 V) Pout 

RF Output Power IYCC2 > 4.0 V) Pout 

RF Input Power Pin 
Operating Ambient Temperature TA 

Storage and Junction Temperature Tstg 

Thermal Resistance, Junction to Case ReJc 

(VCC2l 

Pin Connections and Functional Block Diagram 

Prafenad devices are Motorola recommended choices lor future use and basi .......u.aJue. 

MRFIC2006 
3-202 

MRFIC2006 
__ DevIce 

800 MHz 2 STAGE PA 
SlUCON MONOLITHIC 
INTEGRATED CIRCUIT 

• 
CASE 751 

(s0-8) 

Velue 

5.0 

6.0 

+21 

+13 

+10 

-35to+85 

-85to+150 

63 

Unit 

Vdc 

Vdc 

dBm 

dBm 

dBm 

OC 

OC 

"C/W 
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RECOMMENDED OPERATING RANGES 

Paflllllltlllr Symbol Value Unit 

Supply Voltage Ranges VCC1, VCC2 1.8104.0 Vdc 

Bias Voltage Range Vbias 0105.0 Vdc 

RF Frequency Range f 50010 1000 MHz 

ELECTRICAL CHARACTERISTICS (VCCl VCC2 Vblas = 3 0 V TA = 25"0 f = 900 MHz Zo = 50 n unless otherwise noted) 

Characteristics (1) Min 1)p Max Unit 

Supply Current - Total - 46 55 rnA 
ICCl - 14 - rnA 
1CC2 - 29 - rnA 
I Bias - 3.0 - mA 

Small Signal Gain 19 23 26 dB 

Input Retum Loss, RF IN Port - 15 - dB 

Output Retum Loss, RF OUT Port - 15 - dB 

Reverse Isolation - 35 - dB 

Output Power at 1.0 dB GaIn Compression +12 +15.5 - dBm 

3rd Order Intercept Point (Out) - +25 - dBm 

5th Order Intercept Point (Out) - +21 - dBm 

NOTE: 
1. All electrical characteristics measured in test circuit schematic shown in Figure 1· below. 

Cl 

I 5 4 

6 3 
D.U.T. 

"::" "::" 
7 2 

C2 

Ll 8 ( £< :gUT 
"::" 

VCC1 + 

:t 
Vbias + 

VCC2 + :t IC4 -.!. 

Cl, C2 - 100 pF Chip Cepacitor 
03, C5 - 1.0 nF Chip Cepacitor 
C4 - 10 nF Chip capacitor 
Ll-l50 nH Chip Inductor 
L2 -10 nH·Chlp Inductor 

Rl - ResIs\()r Optional 
RF Connectois - SMA Type 
Board Material- 0.025- Thick Durold, 
0.062" 
Copper Clad 0.5 oz. Copper, e r = 10.2 

Figure 1. 'TYPIcal Biasing Configuration 
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TYPICAL CHARACTERISTICS 
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Figure 2'-Gain versus Frequency 
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Figure 4. Output Power versus Input Power 
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Figure 6. Input Return Loss versus Frequency 

MRFIC2006 
3-204 
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Figure 3. Gain versus Frequency 
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Figure 5. Output Power versus Input Power 
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Figure 7. Output Return Loss versus Frequency 
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TYPICAL CHARACTERISTICS 
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Figure 8. Reverse Isolation versus Frequency 
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Figure 10. Output Power at 1 dB Gain 
Compression versus Frequency 
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Figure 12. Output Power versus Bias Voltage 
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30 

-30 

12 14 16 18 
Paulo OUTPUT POWER (cIIm) 

Figure 9. Power Added Efficiency versus 
Output Power 
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Figure 11. Output Power at 1 dB Gain 
Compression versus Frequency 
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Figure 13. Output Power versus Bias Voltage 
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TYPICAL CHARACTERISTICS 
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Figure 14. Supply Current versus Bias Voltage Figure 15. Supply Current versus Bias Voltage 
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Figure 16. Bias Current versus Bias Voltage 

APPLICATIONS INFORMATION 

Design Philosophy 
The MRFIC2006 was designed for low cost and flexibility. 

Low cost was achieved by minimizing external components 
and using an SOIC package. Flexibility was achieved by al
lowing the bias current to be externally adjustable resulting in 
a broad range of output power capability. The bias pin can be 
ramped to reduce AM splatter in TDDfTDMA systems and 
can be used to trim the RF output power. 

Theory of Operation 
The Input port is internally matched to 50 ohms. Return 

loss is typically 15-16 dB in the 800-1000 MHz range. The 
output port Is nearly 5.0 ohms but is an open collector and 
therefore requires an external bias inductor. Using an RF 
choke will result in a 11-12 dB output return loss. However, a 
10 nH inductor will improve it to 15-20 dB. A 10 nH inductor 
is small enough in value to be printed on the board. DC 
blocks are required on the input and output. Values of 100 pF 
are recommended. 

Supply decoupling must be done as close to the IC as pos
sible. A 1000 pF capacitor is recommended. A series RF 
choke is recommended to keep the RF signal off the supply 
line. A 10 nF decoupling capacitor is recommended on the 
Vbias line but does not need to be very close to the IC. 

The Vbias pin can be used several ways. Tying it directly to 
VCC will maximize the bias current which will maximize linear
ity. Adding a series resistor will reduce the bias current which 
will improve efficiency. Figure 9 shows the efficiency versus 
output power with Vbias tied to VCC. The series resistor will 
cause these curves to shift to the left. The RF output power 
can be trimmed by using a variable resistor. The Vbias pin can 
also be used to power down the IC or, in the case of TDDI 
TDMA systems, to ramp the IC. By applying a linear ramp 
voltage, such as the one provided by the MRFIC2004, it has 
been demonstrated to meet the CT2 Common Air Interface 
splatter specHications. 

The MRFIC2006 is internally temperature compensated. 
For input powers of -5.0 to 0 dBm the output power tempera
ture variation is typically less than 0.2 dB from -35 to +85°C. 

MRFIC2006 
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TECHNICAL DATA 

The RF Line 
Broadband RF Array for 
TV Transmitter 

The RFA8090B is a solid state class AB amplifier and is specifically designed for TV 
transposers and transmitters. This amplifier incorporates microstrip technology and 
reliable Motorola push-pull transistors. 

• Specified 28 Volts, 470-860 MHz Characteristics 
Output Power - 95 Watts (CW) 
Output Power - 140 Watts (peak) 
Gain - 8 dB min (@ 95 Watts) 

• 50 n Input and Output Impedance 

MAXIMUM RATINGS 

Rating 

Supply Voltage 

Quiescent Current 

InpulPower 

S10rage Temperature Range 

Operating Temperature (1) 

Symbol 

VCC 

lea 

Pin 

Tstg 

Top 

RFA8090B 

140 W, 470-860 MHz 
CLASSAB 

RF POWER AMPLIFIER 

CASE 429E, STYLE 1 

Value Unit 

32 Vdc 

2x300 mAde 

20 Walls 

-4010+100 "C 

-2010+70 "C 

ELECTRICAL CHARACTERISTICS (Tc = 25"C, VCC = 28 V, lea = 200 rnA, unless otherwise noted) 

Characteristic Symbol 

Instantaneous Bandwidth BW 

FUNCTIONAL TESTS IN CW (SOUND) (Tc = 25"C, Vee = 28 V, ICQ = 200 rnA, unless otherwise noted) 

CharaCleristlc Symbol Min 

Power Gain (Pout = 95 W) Gp 8 

Gain Ripple (Pout = 95 W) Grple -
Output Power @ 1 dB Compression Pout 95 

Mismatch Tolerance (Pout = 95 W) VSWR 3:1 

Efficiency (Pout = 95 W) 11 50 

FUNCTIONAL TESTS IN VIDEO (standard black level) 

CharaClllristic Symbol Min l)p 

Peak Output Power (synch.) Pout 120 -
(VCC = 28 Vdc, lea = 200 rnA, f = 860 MHz) 

Peak Output Power (synch.) Pout 140 -
(VCC = 32 Vdc. lea = 100 mAo f = 860 MHz) 

NOTE: 
1. Temperature is measured at temperature test point (on the flange of tha transismr). 

MOTOROLA RF DEVICE DATA 

Max 

-
iO.7 

-
-
-

Max 

-

-

Unit 

dB 

dB 

Watts 

-
% 

Unit 

Walls 

Walls 
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TYPICAL CHARACTERISTICS 
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Figure 1. Power Gain versus Frequency 
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Figure 3. Supply Current versus Frequency 
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versus Temperature 
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TYPICAL VIDEO CHARACTERISTICS 
TEST CONDITIONS: 

DIFF. Gain, 10 Steps 
Channel 61, 10% rest carrier 
VCE=28V 
la=02A 

Pout=75W 
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Figure 7. Differential Gain 

MOUNTING RECOMMENDATIONS 

HEATSINK TOOLING 

• Planarity: Better than 0.03 mm 
• Roughness: Typical value 0.8 
• 6 fixing holes M3 

THERMAL COMPOUND 

• Paste with silicones: SICERONT KF Ref. 1201 Recommended. 
• Thickness: Optimum between 0.06 mm and 0.15 mm, on the whole back 

surface of the amplifier. 
(Typical volume: 215 mm 3 for 0.1 mm thickness) 
(Equivalent weight: 0.5g for 2.2 density paste). 

SCREWS 

• Socket head cap screws: CHC M3 x 10 for Copper/Aluminum Heatsink. 
• Material: Nickel plated steel. 

WASHERS 

• Split lock washers WZ 03 + Flat washers ZU 03. 
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Pout = 125W 
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TIGHTENING ORDER 

RFINPUT 

CLEANING 

MOUNTING RECOMMENDATIONS (continued) 

0) 
o 

® 
o 

RECOMMENDED TORQUE: 12 Kg.em (10.5 in.lbs) 

RFOUTPUT 

Some components of the RFA8090B are not qualified for every kind of cleaning solvent; do not clean 
the amplifier in a solvent bath. Local cleaning is recommended. 

RFA8090B 
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TECHNICAL DATA 

The RF Line 
Broadband RF Array for 
TV Transmitter 

The RFA8180B is a solid state class AB amplifier and is specifically designed for TV 
transposers and transmitters. This amplifier incorporates microstrip technology and 
reliable Motorola push-pull transistors. 

• Specified 28 Volts, 470-860 MHz Characteristics 
Output Power - 180 Watts (CW) 
Gain - 8 dB Min (@ 180 W) 

• 50 n Input and Output Impedance 

MAXIMUM RATINGS 

Rating 

Supply Voltage 

auiescent Current 

Input Power 

Storage Temperature Range 

Operating Temperature (1) 

Symbol 

Vee 

lea 

Pin 

Tstg 

Top 

RFA8180B 

180 W C.W. (28 V) 
270 W P. SYNC. (32 V) 

470-860 MHz 
RF POWER AMPLIFIER 

CASE 429, STYLE 1 

Value Unit 

32 Vdc 

2 [2 x 3001 rnAdc 

35 W 

-40 to +100 OC 

-20 to +70 °e 

ELECTRICAL CHARACTERISTICS (T e = 25OC, Vee = 28 V, lea = 2 x 200 rnA, unless otherwise noted) 

Characteristic Symbol Min Typ Max Unit 

Instantaneous Bandwidth BW 470 - 860 MHz 

Input Retum Loss IRL - - -15 dB 

FUNCTIONAL TESTS IN CW (SOUND) (T e = 25°C, Vee = 28 V, lea = 2 x 200 rnA, 1 = 470-860 MHz, unless otherwise noted) 

Characteristic Symbol 

Power Gain (Pout = 180W) Gp 

Gain Ripple (Pout = 180 W) Grple 

Output Power @ 1 dB Compression Pout 

Mismatch Tolerance (Pout = 180 W) VSWR 

Efficiency (Pout = 180 W) 11 

FUNCTIONAL TESTS IN VIDEO (standard black level) 

Characteristic Symbol 

Peak Output Power (synch.) Pout1 
(Vee = 28 Vdc) 

Peak Output Power (synch.) Pout2 
(Vee = 32 Vdc) 

NOTE: 
1. Temperature is measured at temperature test point (on the flange 01 the transistor). 
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Min Typ 

8 -
- -

180 -
3:1 -
48 51 

Min TyP 

230 -

270 -

Max 

-
±1 

-

-
-

Max 

-

-

Unit 

dB 

dB 

W 

-
% 

Unit 

W 

W 
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TYPICAL CHARACTERISTICS 
CW - WIDEBAND 

..". r--
'\ 

Vcc c 28V 
r-IQ=0.4A 2 

Pout = l~W 

900 450 

-- -
VCC=28V 

r-IQ=0.4A 
Pout=l~W 

900 

t, FREQUENCY (MHz) 

Figure 1. Power Gain versus Frequency Figure 2. Gain Compression versus Frequency 

14 

~ 13 
:s. 
I-

ffi 12 
IE 
::> 

~11 

10 

I-- I-"""" 

450 

--- "' """-
VCC=28 V 

r-1Q=0.4A 
Pout=l~W 

900 
I, FREQUENCY (MHz) 

!i"200 
~1~ 
~ 160 

1~ 

~ 120 

w 100 
!;2 80 
ffi 
~ 60 
~ ~ 

~ 20 

00 

" " " " 

10 20 30 ~ 50 60 70 80 

TRANSISTOR FLANGE TEMPERATURE (OC) 

Figure 3. Supply Current versus Frequency Figure 4. Maximum Average Output Power 
versus Temperature 

RFA8180B 
3-212 

~@~~--~~--~~--~~r-~ 

! ::~--+---+---+---~--~~~---r--~ 
5 2~F===*===~===F==~==~==~==~r---l § 2~~--+---~---r---+---+---4--~~--1 
'" 200 0 

~ 160 

"" i:i 120 
D.. 
::::; ~ ::> 
::::; 

~ ~ 0 
0 10 20 30 40 50 60 70 ~ 

TRANSISTOR FLANGE TEMPERATURE (OC) 

Figure 5. Maximum Peak Synch. Output Power 
(BIG Standard) versus Temperature 

MOTOROLA RF DEVICE DATA 



Pout=l60W 

MOTOROLA RF DEVICE DATA 

TYPICAL VIDEO CHARACTERISTICS @ f = 860 MHz 

TEST CONDITIONS: 
DIFF. Gain, 10 Steps 
Channel 61 
VCE=28V 
la=0.4A 

% 
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Figure 6. Differential Gain 
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Figure 7. RFA8180B Amplifier 
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APPLICATIONS INFORMATION 

HEATSINK TOOLING 

26 30.5 

~~r-----~---• 

• 
o 

-o 8 Fixing holes M3 
MInimum useful depth: 6 mm 

• 2 cavities ((J5 

Minimum depth: 1 mm 

MOUNTING RECOMMENDATIONS 

THERMAL COMPOUND 

• Paste with silicones: SICERONT KF Ref. 1201 Recommended. 
• Thickness: Optimum between 0.06 mm and 0.15 mm, on the whole 

back surface of the amplHier. 
(Typical volume: 700 mm 3 for 0.1 mm thickness) 
(Equivalent weight: 1.5g for 2.2 density paste). 

SCREWS 

• Socket head cap screws: CHC M3 x 10forCopper/Aiuminum Heats/nk. 
• Material: Nickel plated steel. 

WASHERS 

• Split lock washers WZ 03 + Rat washers ZU 03. 

i 
I 
~ 

I 
@ 
I 
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MOUNTING RECOMMENDATIONS (continued) 

TIGHTENING ORDER 

INPUT 00 

o 
CD 

® 
o 

OUTPUT 

Recommended Torque: 12 Kg.em (10.5 in.lbs) 

MOUNTING VERIFICATION 
Make the amplifier work at nominal RF conditions, and 
measure temperature on points 1, 2, 3, and 4. 

o o 
Characteristic 

n, T2, T3, T4 

Q! A{T1, T2), A{T3, T4) 

CLEANING 
Some components of the RFA8180B amplifier are not 
qualified for every kind of cleaning solvent; do not clean the 
amplifier in a solvent bath. Local cleaning is recommended. 
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1YP Max 
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Case Dimensions 

CASE DIMENSIONS 
4·2 

~B 

O=-j 
K 

r!==R 
I LF t 
K 

L 

STYLE 1: 
PIN 1. 

2. 
3. 

CASE 29-04 

CASE 51-G2 

NOTES: 
1. DIMENSIONING AND TOlERANCING PER ANSI 

Y14.5M.1982. 
2. CONTROLLING DIMENSION: INCH. 
3. CONTOUR OF PACKAGE BEYOND DIM R IS 

UNCONTROlLED. 
4. DIM F APPliES BETWEEN P AND L DIM D AND J 

APPUES BETWEEN L AND K MINIMUM. LEAD DIM 
IS UNCONTROLLED IN P AND BEYOND DIM K 
MINIMUM. 

I HES MILUM 
Dill IN MAX IIIN 
A 0.175 0.205 4.45 520 
B 0.170 0210 4.32 5.33 
C 0.125 0.165 3.18 4.19 
D 0.016 0.022 0.41 0.55 
F 0.016 0.019 0.41 0.48 
0 0.045 0.065 1.15 1.39 
H 0.095 0.105 2.42 2.66 
J 0.015 0.020 0.39 0.50 
K 0.500 12.70 
L 0250 a35 
N 0.080 0.105 2.04 2.66 
P 0.100 2.54 
R 0.115 2.93 
V 0.135 3.43 

STYLE 2: 5TYLE15: 
EMITTER PINt BASE PIN 1. ANODE 1 
BASE 2. EMITTER 2. CATHODE 
COLLECTOR 3. COLLECTOR 3. ANODE2 

NOTES: 
1. PACKAGE CONTOUR OPTIONAL WITHIN DIA B 

AND LENGTH A. HEAT SLUGS, IF ANY, SHALL BE 
INCLUDED WITHIN THIS CYUNDER, BUT SHALL 
NOT BE SUBJECT TO THE MIN LIMIT OF DIA B. 

2. LEAD DIA NOT CONTROLLEO IN ZONES F, TO 
ALLOW FOR FLASH, LEAD FINISH BUILDUP, 
AND MINOR IRREGULARITIES OTHER THAN 
HEATSLUG5. 

MILUMETERS 
DIM IIIN MAX 
A 5.84 7.62 
B 2.16 2.72 
D 0.45 0.56 
F 1.27 
K 25.40 38.10 

AU JEDEC dimensions and notes app~ 

MOTOROLA RF DEVICE DATA 



CASE DIMENSIONS (continued) 

-.II.- D3PL 
""1~:;'10;::;'0.36~(O""'.Ol"""4)®=IT:rI""'A"",@:-rI"""H,",,®:::-II 

CASE 79-05 

[T -j A r-
l' ; f f EJ I SEA11NG 

C 

PJ 
PLANE 

832UNCo2A 

WRENCH FLAT 

CASE144~ 

MOTOROLA RF DEVICE DATA 

NOlES: 
1. DIMENSIONING _ TOI..ERANCING PEIl ANSI 

Y.lo1511,l9B2. 
2. CONTROUING DtMEN510It INCH. 
3. DIMENSION J MEASURED FROM DIMENSION A 

MAXIMUM. 
4. DIMENSION B SHAll NOT VAlfi MORE THAN 

0.25 (0,010) tlZONE R. 1H1S ZONE 
COtIJHOI.lED FOR AUTOMA11C HAMlI..ING. 

5. DIMENSION F APPUES BETWEEN DIMENSION 
P AND L DIMENSION 0 APPUES BETWEEN 
DIIo1ENS1ON L AND K IIIIIMJM. LEAD 
DIAMETER IS UNCONTIIOUBlIN DIMENSION 
P AND BEYOND DIMENSION K MINIMUM. 

itCHES 

9.29 
.01 8.50 

0.180 4.20 451 
0JI21 OM 
0.1135 OM 0.88 
0.019 0.41 0.48 

BSC 5.08BSC 
0.1134 0.72 0.88 
0.040 0.74 1.01 
0.750 12.70 19.05 

6.35 
45"BSC 

0.050 127 
2.54 

STYLEs: STYLE 7: 
PIN 1. COLLECTOR PlNI. DRAIN 

2. BASE 2. GATE 
3. EMITTER 3. SOURCE 

NOTES: 
1. DIMENlSJDNlNG AND TDLERANCING PER ANSI 

YI4.51!,1982. 
2. CONTRDLLING DIMENSION: INCH. 

Dill 
A 
B 
C 
0 
E 
F 
J 
K 
II 
N 
P 
R 
S 
T 
U 
V 

INCHES IIUIIIElBIS 
liN IIAX IIIN IIAX 
0.370 0.385 9.40 9.78 
0.320 0.330 813 6.38 
0.670 0.790 17.02 20.07 
0.025 0.1135 0.64 0.69 
0.070 1.78 
0.215 0.235 5.64 5.97 
0.003 0.007 0.08 0.18 
0.490 12.45 

45"NDM 45"HOM 
0.050 0.060 127 1.52 

0.050 127 
0.299 0.307 7.59 7.60 
0.158 0.178 4.01 4.52 
0.083 0.100 2.11 2.54 
0.098 0.132 2.49 3.35 

10' 20' 10' 20' 

STYLE 1: 
PIN 1. EMITTER 

2. BASE 
3. EMITTER 
4. COLLECTOR 

CASE DIMENSIONS 
4-3 

a 
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CASE DIMENSIONS (continued) 

CASE DIMENSIONS 
4-4 

CASE 145A-Il9 

CASE 145A·10 

NOTES: 
I. DIMENSION1NG AND TOL£RANClNG PER ANSI 

YI4.5M,I982. 
2. CONTROI.LtlG DIMENSION: INCH. 

Dill 
A 

NOTES: 

B 
C 
D 
E 

K 
L 
II 
P 
R 
S 
T 
U 

MlWMETERS 
1111 IIAX 
9AO 9.78 
8.13 8.38 

17.02 20.07 
5.46 5 
1.78 
0.08 018 

12.45 
1 1.78 

45" NOM 
1.27 

7.59 7.80 
4,01 4.52 
2.11 2.54 
2.49 3.35 

STYLE!: 
PIN 1. EMITTER 

2. RASE 
3. EMITTER 
4. COLLEC7OR 

1. DIMENSIONING AND TOL£RANCING PER ANSI 
YI4.5M,I982. 

2. CONTROLLING DIMENSION: INCH. 

INCHES IILLIllETERS 
DIM 

11 A ° 1 
12.95 

B 0.415 10.54 10.80 
C 0.775 19.68 22.73 
D 0.215 5.46 5.97 
E 0.072 - 1.83 
J 0.003 0.007 0.08 0.18 
K 0.490 12A5 
L 0.085 0.075 1.65 1.90 
II 45' NOM 45' NOM 
P 0.050 1.27 
R 0.383 0.396 9.73 10.06 
S 0.151 0.177 3.84 4.50 
T 0.083 0.100 2.11 2.54 
U 0.098 0.132 2A9 3.35 

SffiEl: 
PIN 1. EMITTER 

2. RASE 
3. EMITTER 
4. COLLECTOR 

MOTOROLA RF DEVICE DATA 



CASE DIMENSIONS (continued) 

CASE 1450-02 

~ 
t 

SECTJONX-X 

CASE 182-02 

MOTOROLA RF DEVICE DATA 

NOlES: 
1. DIMENSIONING AND lOLEAANCING PER ANSI 

Y14.5M. 1982. 
2. CONTROLLING DIMENSION: INCH. 

IICHES MR.LIIE'lERS 
1011 Mil MAX MIN IIAX 

A 0.365 0.385 9.28 9.n 
B 0.320 0.330 8.13 8.38 
C 0.700 O.ns 17.78 19.78 
D 0.220 0.230 5.59 5.84 
H 0.180 0.170 4.07 4.31 
J 0.003 0.006 0.08 0.15 
K 0.490 0.520 12.45 13.20 
R 0.248 0.275 6.30 72.3 
V 0.100 0.130 2.54 3.30 
W 0.055 0.D65 1.40 1.65 

STYLE 1: 
PIN I. EMITTER 

2. BASE 
3. EMITTER 
4. COLlECTOR 

NOTES: 
1. DlMENSIONIIG AI'Il TOlERANCING PER ANSI 

YI4.5M,I962. 
2. CONTROWNG DIMENSION: HCH. 
3. CONTOUR OF PACKAGE BEYOND ZONE R IS 

UNCONTROU.ED. 
4. DIMENSION F APPUES BETWEEN P AND L 

DIMENSIONS D AND J APPLY BETWEEN L AND K 
MINIMUM. LEAD DIMENSION IS UNCONTROLlED 
IN P AND BEYOND DIM K MINIMUM. 

STYLE 1: 
PIN 1. ANODE 

2. CATHODE 

CASE DIMENSIONS 
4-5 

• 
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CASE DIMENSIONS (continued) 

CASE DIMENSIONS 
4-6 

IJ. 
EJ 

t 
C 

SEATIIG 

f PLANE 

CASE 211-4)7 

CASE 211-11 

NOTES: 
1. DIMENSIONING AND TOlERANCING PER ANSI 

Y14.5M, 19112. 
2. CONTROWNG DIMENSION: INCH. 

DIM IIIN' IIAX 
A 0.960 0 
B 0.370 0.390 
C 0.229 0.281 
D 0.215 0.235 
E 0.1185 0.105 
" 0.150 0.160 
J 0.004 0.D06 
K D.395 0.405 
II 40' 50' 
Q 0.113 0.130 
R 0.245 0.255 
S 0.790 D.610 
U 0.720 0.730 

SlYLE1: 
PIN 1. EMITTER 

2. BASE 
3. EMITTER 
4. COLLECTOR 

NOTES: 

IIILLIME1BIS 
1111 !lAX 

24.39 25.14 
9.40 9.90 
5.82 7.13 
5.47 5.96 
2.16 2.66 
3.81 4.57 
0.11 0.15 

lD.04 10.26 
40' 50' 

2.66 3.30 
6.23 6.47 

20.111 20.57 
16.26 18.54 

STYLE2: 
PIN 1. SDlJICE 

2. GATE 
2. SOURCE 
2. ORAl! 

1. DIMENSIONtIG AND lCLERANCINCl PER ANSI 
Y14.511.1982. 

2. COtITROILt«l DIMENSION: INCH. 

'DII 
INCHES IIILL11ETERS 

liN IIAX IIIN !lAX 
A 0.960 0.9110 24.39 25.14 
B 0.466 0.510 11.82 12.95 
C 0.229 0.275 5.82 .6.98 
D 0.216 0.235 5.49 5.911 
E 0.084 0.110 2.14 2.79 

" 0.144 0.178 3.66 4.52 
J 0.0D3 0.007 0.08 0.17 
K 0.435 11.05 
II WHOM WHOM 
Q 0.115 0.130 2.93 3.30 
R 0.246 0.255 6.25 6.47 
U 0.720 0.730 16.26 18.54 

SlYLE1: S7YLE2: 
PIN 1. EMITTER PIN 1. SOURCE 

2. BASE 2. GATE 
3. EMITTER 3. SOURCE 
4. CQU.EC7DR 4. DRAIN 

MOTOROLA RF DEVICE DATA 



CASE DIMENSIONS (continued) 

/ 
( 

\ 
'-

--

MOTOROLA RF DEVICE DATA 

CASE 244-04 

CASE 244A-G1 

IIILLIlEmIS INCHES 
DIll lIN MAX MIN MAX 
A 7.06 72S 0.278 Il.2lI6 
B 6.20 6.50 0.244 0.256 
C 14.99 16.51 0.590 0.660 
D 5.40 5.96 0215 0236 
E lAO 1.65 0.1J55 0.0116 
F 1.52 0.060 
J 0.06 0.17 0.003 0.007 
K 11.115 0A35 
M 45'NQM WNOM 
P 1.27 0.050 
S 3.00 3.25 0.118 0.128 
T 1.40 1.77 0.055 0.070 
U 2.92 3.68 0.115 0.145 

STYlE 1: STYlE 3: 
PIN 1. EMmER P1N1. SOURCE 

2. SASE 2. GATE 
3. EMmER 3. SOURCE 
4. COUECTOR 4. DRAIN 

IIILLIIIETERS INCHES 
Dill IIIN IIAX MIN IIAX 
A 7.06 72S 0.278 0.256 
B 6.20 6.50 0244 0.256 
C 1524 16.51 0.600 0.650 
D 0.66 Q.66 0.028 0.034 
E 1.40 1.65 0.055 0.065 
F 1.52 0.060 
J 0.10 0.15 0.004 0.006 
K 11.17 0.440 
II 45'NQM 45'NQM 
P 1.27 0.050 
S 2.74 3.35 0.108 0.132 
T lAO 1.78 0.055 0.070 
U 2.92 3.68 0.115 0.145 

STYlE 1: SlYl.E2: SlYl.E3: 
PIN 1. EMITTER PIN 1. COMMON PIN 1. BASE 

2. SASE 2. OUTPUT 2. EMITTER 
3. EMITTER 3. COMMON 3. BASE 
4. COLLECTOR 4. INPUT 4. COU£CTOR 

CASE DIMENSIONS 
4-7 

• 
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CASE DIMENSIONS (continued) 

CASE DIMENSIONS 
4-8 

r-AI 
: I 

"" SEATING PLANE 

.-l" 
t 

CASE 244C-02 

CASE 249-05 

NOTES: 
1. DlMENS10NING AND 'TOI.ERANCNl PER ANSI 

Yl4.5M, 1982. 
2. CONTROWNG DIMENSION: INCH. 

INCIIES 1IWME1ERS 
I DIll III II IIIN IIAX 

A 0.271 0281 6.88 7.14 
B 0.245 0.255 6.22 6.48 
C 0.435 0A65 11.05 llBl 
0 0.220 0.230 5.58 5.84 
H 0.113 0.123 U7 3.12 
J 0.004 0.00& 0.10 0.15 
K 1.000 1.0&0 2SAO 26.92 
N 0.273 0283 6B3 7.19 
R 0.175 0.197 4.45 5.00 

S'MEl: 
PIN 1. EMITTER 

2. BASE 
3. EMITTER 
4. COlLECTOR 

NOTES: 
1. DIMENSIONING AND TOlERANCING PER ANSI 

Y14.5M.1962. 
2. CONTROWNG DIMENSION: INCH. 
3. SEATING PlANE. GROUND AND IS CONNECTED 

TO PIN 1 AND 3. 

INCHES III.LIIIElERS 
DIN MIN IIAX IIIN IIAX 
A 0.276 0.286 7.D6 7.26 
C 0.112 0.136 2.84 3.45 
D 0.25 0.235 5.46 5.97 
H 0.055 0.065 1.40 1.65 

0.003 0.007 0.06 0.18 
K 0.435 11.05 
II 45" REF 45" REF 

S'MEl: smE2: 
PIN 1. EMITTER PIN 1. EMITIER 

2. BASE 2. BASE 
3. EMITTER 3. EMITIER 
4. CClLECTOR 4. COLLECTOR 

MOTOROLA RF DEVICE DATA 



CASE DIMENSIONS (continued) 

~----~-A-~----~ 

~-----G------~ 

B---I 

DSPL 

1-$-10.13(0.005) ® ITI zl 

r:;:-r--'~r-I 1-- . --I 
~~l:::t:J 

PSPL 

1-$-10.13 (0.005) ® ITI 

l:::t:J 
SEATING 

PLANE 

MOTOROLA RF DEVICE DATA 

0Q2PL 

1-$-10 0.13 (0.005)®1 TI s®1 

-z-

CASE 301 AA-G1 

o Q2PL 

1-$-10 0.13 (0.005)® ITlsl 

CASE 301 E-114 

NOTES: 
1. DIMENSIONING AND 10LERANCING PER ANSI 

Y14.5M.1982. 
2. CONTROLUNG DIMENSION: INCH. 
3. DIMENSION F 10 CENTER OF lEADS. 

SlYLE1: 
PlIO. RF INPUT 

2. VBIAS (8.0 V) 
3. VCC2(12.5V) 
4. VCC3 (12.5 V) 
5. RFOUTPl/T 

NOTES: 
1. DIMENSIONING AND lOLERANClNG PER ANSI 

Yl4.5M.l982. 
2. CDNTROlUNG DIMENSION: INCH. 
3. DIMENSION Fro CENTER OF lEADS. 

DII 
A 
8 
C 
D 
E 
F 

H 
J 

L 
N 

V 
X 

INCHES IIILUIlETERS 
IIIN AX liN MAX 

1.760 1.780 44.71 4521 
1.370 1.390 34.80 35.30 
0245 0265 6.23 6.73 
0.018 .022 DAB 0.55 
0.080 .1 2.04 2.54 

0.13085C 3.30BSC 
1.650BSC 41S1 BSC 
1. BSC 37.72BSC 

0 7. 
5B5 7J!t1. 

O. BSC 19 BSC 
1 32. BSC 

0 o 1 0.30 
0 . 3.05 3.30 

13.59 14.09 
1.31 11.81 

0.886 17AOBSC 
O.3B5BSC 9.78BSC 

SlYLE1: 
PIN 1. RF INPl/TN CDNT 

2. VSl 
3. VS2 
4. VS3 
5. RF 0l/TPl/T 

CASE: GROUND 

CASE DIMENSIONS 
4-9 

• 
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CASE DIMENSIONS (continued) 

D7PL 

1$IO:~~:c!!>I*1 
_ :: eJ.--

~ ,_ .... 

CASE DIMENSIONS 
4-10 

_.J 

CASE 301F-G3 

IZIQ2PL 

1$1121 O.13(O.005)@ITI S@ 1 
~ 

f 

CASE 301G-03 

NOTES: 
1. DIMENSIONING ANl1OlBlANCl«l PER ANSI 

Y14.511, 1182. 
2. CONTROUJNCl DIMENSION: INCH. 
3. DIIIENSION FlO CEHlBI OF LEADS. 

NOTES: 

STYLE 1: 
PIN 1. RF IllPUTN CONT 

2. VS1 
3. VS2 
4. VS3 
5.VS4 
8.VS5 
7. RFOUlPUT 

CASE: GROUND 

1. IlIIIENSIONIIIG AND TOLERANCING PER ANSI 
Y14.&11.1182. 

2. CONlROUING DIMENSION: INCH. 
3. DIMENSION F 10 CEHlBI OF LEADS. 

STYLE 1: 
PIN 1. RF INPUT 

2. +DC 
3. +00 
4. +DC 
5. RFOUlPUT 

CASE: GROUND 

MOTOROLA RF DEVICE DATA 



CASE DIMENSIONS (continued) 

oZ· 

~ I ... • •• 1 
L:t::J P 4PL 

~I r.<9ij=O.25=(O.-:-:Ol::::0)"':;:@""'I=rl 

CASE 301 H-G3 

oZ· 
·A· 

CASE 301J.G2 

MOTOROLA RF DEVICE DATA 

NOlES: 
1. DIMENSIONING AND 1llI..ERANC1NG PER ANSI 

Y14.5M.1982. 
2. CON11lOWNG OlIIENSION: INCH. 
3. DIMENSION FTO CfNlER OF u:AIlS. 

NOlES: 

Sl'Il.E2: 
PIN 1. IF INP\If 

2. +DC (CONT1IOIl 
3. +DC(SUPPLy) 
4. IFOUTPUT 

CASE: GROUND 

1. DIIIENSIONING AND TOlERANCING PSI 
ANSIY14.511.11182. 

2. CONlROU.ING DNENSlON: INCH. 
3. DIMENSION F TOCENTCR OFLEADS. 

Sl'Il.El: 
PIN 1. RFINPIIf 

2.VSi 
3. VCONT 
4. VS2 
5.VS3 
8.VS4 
7. IFOUTPUT 

CASE: GROUND 

CASE DIMENSIONS 
4-11 

• 
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CASE DIMENSIONS (continued) 

-z-
Iot-----I-A-I----+I 

D 8 PL --o-o>+
r:i1$:T1 0=-=.2::-5 (::-0.0:710=-) -;;:;®~I T=rl~zl 

b oJ - -

CASE DIMENSIONS 
4-12 

Q2PL 

1$100.13(0.005~TI s® I 

b 

CASE 301 K-112 

• • tc 

CASE 301 N-112 

NOTES: 
1. DIMENSIONING AND lllLERANClNG PERANSI 

YI4.5M.I982. 
2. CONTROllING DIMENSION: INCH. 
3. DIMENSION F TO CENTER OF LEADS. 

NOTES: 

STYlE 3: 
PIN 1. RF INPIIT 

2. VSl 
3. VCONT 
4. VS2 
5. VS3 
6. RFOIITPIIT 

CASE: GROUND 

1. DIMENSIONING AND TOLERANCING PER ANSI 
YI4JiM,I982. 

2. COHTROll.ING DIMENSION: MIWMETER. 
3. DIMENSION F TO CENTER OF LEADS. 

I 

iBSC 
0.21 0.008 

0.120 
0.545 

10.291 0.405 
2.67Bl 0.105 
38.991 1.635 

STYlE 1: 
PIN 1. RF INPIITN CONT 

2. VSl 
3. VS2 
4. VS3 
5. RFOIITPIIT 

CASE: GROUND 

012 
130 
560 
460 

MOTOROLA RF DEVICE DATA 



CASE DIMENSIONS (continued) 

GT:J 
SEATING 
PlAI£ 

GT:J 
SEATING 
PLAIIE 

D7PL 

1$10.25 (0.010) @ I liz I 

MOTOROLA RF DEVICE DATA 

-A- -z-

t 
DePL 

1+1 O.25(o.olo)@ITlzl 

~ 
c 

CASE 301 Ro01 

CASE 3018-02 

NOTES: 
1. DlIIENSIONINGAND TOLERANCING PER ANSI 

Yl •. 5I!, 1982. 
2. CONlROWNG DIMENSION: INCH. 
3. IlJIIENSION FlO CENTER OF LEADS. 

10111 
A 

D 

G 

" 

.250 0 6.35 6.73 
0.018 0.022 0.46 0.55 
0.G85 0.100 2.16 2.54 

o.1328SC 3.35BSC 
2.260 esc 57.40 8SC 
2.0428SC 51.878SC 

L 1.142 8SC 29.o18SC 
II 1.342 esc 34.09 8SC 

1.542esc 39.17_ 
21 .30 

3 

11.31 11 
0.8428SC 16.318SC 

X 0.342 8SC 8.69 BSC 

N01CS: 

STYLE 1: 
PIN 1. RF INPUTNCONT 

2. val 
3.VS2 
4. Vb 
5.VS3 
6. RFOUTPUT 

1. DIMENSIONING AND TOLERANCING PER ANSI 
Y1UM.l_ 

2. CONTROLLING DIMENSION: INCH. 
3. DIMENSION F 10 CENTER OF LEADI • 

• UI.!17 
sse 
sse 
sse 

10J 0.012 0' 
10. 0.146 3, 

IOJ 0.690 
BSC 1.",,,,,,,-.. "'-~-• DOBSC 2.548SC 

STYLE 1: 
PIN 1. RF INPUT 

2. DC lBlMlNAL. val 
3. DC lERMINAL. Vs2 
4.DClERMINAL.Vb 
5. DC teRMINAL. Vs3 
6. DC lERMINAL. Vs4 
7. RFOUTPUT 

CASE DIMENSIONS 
4-13 

• 
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CASE DIMENSIONS (continued) 

·z· 

D8PL 

@I 0.25 (0.010) @ I T I z I 

CASE301T-G2 

t 
o Q2PL 

o 0.13(0.005)@ T S 

~ll====ad~·-·~~~~~s~~E w [P8PL 
1$-10.25 (0.010) @ I T I 

CASE DIMENSIONS 
4-14 

CASE301V-02 

NOTES: 
1. DIMENSIONING AND TOlERANCING PER ANSI 

Y14.5M.19112. 
2. CONTROllING DIMENSION: INCH. 
3. DIMENSION FTO CENTER OF LEADS. 

..J!,! !ll!.. !J!!. 

....!!; ~ 
!.!!§!; 
!.!!§!; 
!.!!§!; 

~ ...E!!. 
~ .£!!!. 

STYLE 1: 
PIN 1. RF INPUT 

2. DC l13lMINAL. Val 
3. DC TERMINAl. Va2 
4. DC l13lMINAL. Vb 
5. DC l13lMINAL. Va3 
6. RFOUTPUT 

NOTES: 
1. DIMENSIONING AND TOL£RANCING PER ANSI 

Y14.5M.19112. 
2. CONTROU.ING DIMENSION: INCII. 
3. DIMENSION FTO CENTER OFLEADS. 

SffiEl: 
PIN 1. RF INPUTNCONT 

2. VSl 
3. Vb 
4. VS2 
5. VS3 
6. RFOUTPUT 

CASE: GROUND 

MOTOROLA RF DEVICE DATA 



CASE DIMENSIONS (continued) 

GT:J 
SEAlING 

PLANE 

t d-
PSPL 

1$10.25(0.010) ® ITI 

MOTOROLA RF DEVICE DATA 

-z-

DsPL 
1$10.25(0.010) ® ITlzl 

--k±! t 

CASE 301Y-02 

CASE 305-01 

DIM 
A 
C 
D 
E 
F 
J 
K 
L 
M 
P 
S 
T 
U 
V 

NOTES: 
1. DIMENSIONING AND TOI.ERANCING PER ANSI 

YI4.5M. 1982. 
2. CONTROIJ.ING DIMENSION: INCH. 
3. DIMENSION F 10 CENTER Of LEADS. 

STYLE 1: 
PIN 1. RF INPUT 

2. DC TERMINAl.. VII 
3. DC TERMINAL, Vb 
4. DC TERMINAL, Vs2 
5. RFOUTPUT 

STYLE 1: 
PIN 1. EMITTER 

2. BASE 
3. EMITTER 
4. COLLECTOR 

CASE DIMENSIONS 
4-15 

• 
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CASE DIMENSIONS (continued) 

~-/ 

F 

~ 
r---rA 

0 r.;-

IrrD 
tF 4 

3 

-IDI-

~~~ 
:-~ 

CASE DIMENSIONS 
4-16 

f 
D1 K 

T 

~ 
C 

f 

CASE 305A-01 

t 
R 

f t 
C 

i 

CASE 3058-02 

NOTES: 
I. DIMENSIONING AND TOlERANCING PER ANSI 

Y14.511,19112. 
2. CONTROUING DIMENSION: INCH. 

III.lJIIE1l!RS 
MIN IIAX 
5.08 5.59 
2.41 3.30 
1.40 1.65 
0.64 0.89 
1.02 1.27 
0.08 0.18 

K 11.05 
M 45° REF 

ST'II.El: ST'II.E2: 
Ptll. EIITTER PIN 1. SOURCE 

2. BASE 2. GATE 
3. EMITTER 3. SOURCE 
4. COlLECTOR 4. DRAIN 

NOTES: 
1. DIMENSIONING AND TOlERANCING PER ANSI 

Y14.511, 1982. 
2. CONTROlLING DIMENSION: INCH. 

INCHES II 
Dill MIN II 
A 0.2011 0.210 5.08 5.33 
C 0.425 OABS 10.80 11.81 
D 0.120 0.130 3.05 3.30 
F 0.025 .G35 0 
H 0.1 2.34 2.74 
J .004 0 0.11 0.15 
K .111 1 26 26.18 

4.57 

STYLE 1: 
PIN 1. EMrrtcR 

2. BASE 
3. EMrrtcR 
4. COUECTOR 

MOTOROLA RF DEVICE DATA 



CASE DIMENSIONS (continued) 

CASE 305C-02 

f 

L.---I 
K 

D 

T 

F-ll-

~~I = I _____ i 
~f__A~ 

CASE 3050-01 

MOTOROLA RF DEVICE DATA 

NOTES: 
1. DIMENSIONING AND TOLERANCING PER ANSI 

YI4.5M. 1982. 
2. CONTROLLING DIMENSION: INCH. 

INCHES MILLllETERS 
DIM IIIN MAX Mill MAX 
A 0.200 0.210 5.08 5.33 
C 0.1253.17 
D 0.120 0.1'3Il 3.05 3.30 
F 0.025 0.035 0.64 0.88 
H 0.035 0.045 0.88 1.14 
J 0.004 0.008 0.11 0.15 
K 0.970 1.030 24.64 26.16 

STIlE 1: 
PIN 1. EMITIER 

2. BASE 
3. EMITIER 
4. COLLECTOR 

NOTES: 

1. DIMENSIONING AND TOLERANCING PER ANSI 
Y14.5M.1982. 

2. CONTROLLING DIMERNSION: INCH. 

IlIIi 
A 
C 
D 
E 
F 
J 
K 
M 

INCHES MWMETERS 
MIN MAX IIIN !lAX 

0.200 0.220 5.08 5.59 
0.095 0.130 2.41 3.30 
0.055 0.065 lAO 1.65 
0.040 0.050 1.02 1.27 
0.025 0.035 0.64 0.89 
0.003 0.007 0.1)8 0.18 

0.265 5.97 6.73 
4So NOU OS'NOM 

6TYLE1: 
PIN1. EMITTER 

2. BASE 
3. EMITTER 
4. COLLECTOR 

CASE DIMENSIONS 
4·17 

a 
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CASE DIMENSIONS (continued) 

D-r-11 F r 

CASE DIMENSIONS 
4·18 

CASE 316-01 

Q 

CASE 316A-(11 

NOTES: 
1. RANGE IS ISOlATED IN ALL Sl'IlES. 

MWIlETERS itCHES 
DII II IIAX IIIN MAX 
A 24.38 25.14 0.960 0.990 
B 12.45 12.95 0.490 0.510 
C 5.97 Uti 0.235 0.300 
D 5.33 5.58 0210 0.220 
E 2.16 3.04 0.0115 0.120 
F 5.06 5.33 0.200 0.210 
H 18.29 18.54 0.720 0.730 
J 0.10 0.15 0.004 0.006 
K 10.29 11.17 0.405 0A40 
L 3.81 4.06 0.150 0.180 
N 3.81 4.31 0.150 0.170 
Q 2.92 3.30 0.115 0.130 
R 3.05 3.30 0.120 0.130 
U 11.94 12.57 0.470 0.495 

S1YLfl: S1YLf3: 
PIN 1. EMITTER PINt SOURCE 

2. COlLECTOR 2. DRAIN 
3. EMIlTER 3. SOURCE 
4. BASE 4. GATE 

NOTES: 
1. DIMENSIONING AND TOlERANCING PER ANSI 

Y14.5M.1982. 
2. CONTROWNG DIMENSION: INCH. 

itCHES MILLIIETERS 
DIM IIIH IIAX. .~ .MAX 
A 0.970 0.980 24.64 24.89 
B 0.495 0.505 12.58 12.82 
C 0.300 7.62 
D 0.200 0.210 5.08 5.33 
E 0.095 0.105 2.42 2.66 
F 0.150 0.180 3.81 4.06 

0.720 O. 18.29 18.54 
H 0.160 0.180 4.07 4.57 
J 0.004 0 0.11 0.1 
K 
L 0.080 1.112 1.27 
Q .115 0.130 2 3.30 
R 0.255 6.47 
U 0.730 18.54 
V 0.075 1 1.80 

S1YLf 1: 
PIN 1. EMIlTER 

2. COLLECTOR 
3. EMITTER 
4. BASE 

MOTOROLA RF DEVICE DATA 



CASE DIMENSIONS (continued) 

C ---tlG 

[ ~ 
t~lF 

CASE 317-01 

t 
A 

+ 

CASE 317A-01 

MOTOROLA RF DEVICE DATA 

NOTES: 
1. DIMENSION 0 NOT APPLICABlE IN ZONE N. 

IIILLIMETERS 
Oil IIIN IIAX 
A 4.44 521 
C 1.90 2.54 
o 0.84 0.99 
F 0.20 0.30 
G 0.76 1.14 
K 7.24 .13 
L 10.54 11.43 
N 1.65 

STYLE 2: STYLE 3: 
PIN 1. COLLECTOR PIN 1. OUTPUT 

2. EMITTER 2. GROUND 
3. BASE 3. INPUT 
4. EMITTER 4. GROUND 

NOTES: 
1 DIMENSION 0 NOT APPLICABLE IN ZONE N 

MILLIMETERS INCHES 
DIM IIIN IIAX MIN MAX 
A 4.44 5.21 Q175 0.205 
C 1.90 2.54 0.075 0.100 
0 0.84 0.99 Q033 0.039 
F 0.20 0.30 0.008 0.012 
G 0.76 1.14 0.030 0.045 
K 7.24 B.13 0.265 0.320 
L 1. 11. .41 .450 
N 1. 

S1YLE2: 
PIN 1. COLLECTOR 

2. EMITTER 
3. BASE 

CASE DIMENSIONS 
4-19 

• 
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CASE DIMENSIONS (continued) 

SlYLE8: 

SEA1IIG 
PUlE 

Pill. BASE 
2. EMITTER 
3. COUECTOR 

SlYLEll: 
PIN 1. ANODE 

2. CAlHODE 

l 
c 
f 

3. CAlllDDf!.AHDDE 

CASE DIMENSIONS 
4-20 

SlYLE8: 
PIll. ANODE 

2. NO CONNECI1ON 
3. CAlllDDE 

SlYLE19: 
PIN 1. CAlllDDE 

2. ANODE 
3. CAlllDDE-ANODE 

f 
H 

t1 
K 

NOlB!: 
1. DIMENSIONING AND TOlERANCING PER ANSI 

Y14.5M.19112. 
2. CONllIOI.lING DIMENSION: INCH. 
3. LEAD DIMENSIONS UNCONTROllED W1111IN 

DIMfNSION N AND R. 

INCHES MIWIIElERS 
DIM 1111 II IIIH 
A 0.175 0.205 4.48 5~ 
C 0.075 0.100 1.91 2.54 
D 0.033 0.039 0.84 0.99 
F 0.097 0.104 2.46 2.64 
H 0.348 0.383 8.84 9.72 
J 0.008 0.G12 0.21 0.30 
K G.295 0.320 7.24 8.12 
H 0.085 1.85 
fL _QJ2L = 0.025 0.64 1.01 

SlYLE2: 
PIN 1. COlLfCTOR 

2. EMITTER 
3. BASE 
4. EMITTER 

CASE317~ 

SlYLE9: 
PINt ANODE 

2. ANODE 
3. CAlllODE 

SOT-23 
FOOTPRINT 

NOTES: 
1. DIMENSIONING AND TOLERANCING PER 

ANSI Y14.5M, 19112. 
2. CONTROLLING DIMENSION: INCH. 
3. MAXIMUM LEAD llllCKNESS INClUDES 

LEAD fillS/! llllCKNESS. MlIiMUM lEAD 
llf1CKNESS IS lllE MINIMUM llllCKNESS 
OF BASE MATERIAL 

CASE 318-07 

MOTOROLA RF DEVICE DATA 



CASE DIMENSIONS (continued) 

lal 0.08 (0.003) I 

STYLE 1: 
PIN 1. COLlECTOR 

2. EMITTER 
3. EMITTER 
4. BASE 

STYLE 4: 
PIN1.0UTPlIT 

2. GROUND 
3. GROUND 
4.INPlIT 

---.hro~fl rP=4 t I ~1 l 3-.-1 
~" "-J~D 
L~C~ 
L~c 

MOTOROLA RF DEVICE DATA 

NOTES: 

I.. 0.047 -I ~.03; I· 0.0'; 1 
- - - (InchmmeS) 1.2 0.8 0.85 

SOT-143 
FOOTPRINT 

MILLIMETERS INCHES 
1. DIMENSIONING AND TOLERANCING PER ANSI 

YI4.5M,I982. 
DIM 
A 

IIIN 
2.80 

!lAX MIN MAX 
3.04 0.110 0.120 

2. CONTROLLING DIMENSION: MILLIMETER. 

CASE 318A-DS 

CASE 318E-114 

B 120 1.39 0.047 0.D55 
C 0.84 1.14 0.033 0.045 
D 0.39 0.50 0.015 0.020 
F 0.79 0.93 0.031 0.037 
G 1.78 2.03 0.070 0.080 
H 0.013 0.10 0.0005 0.004 
J 0.08 0.15 0.003 O.OOS 
K 0.46 0.60 0.018 0.024 
L O.~ 0.60 0.0175 0.024 
R 0.72 0.83 0.028 0.033 
S 2.11 2.48 0.083 0.098 

NOTES: 
1. DIMENSIONING AND TOLERANCING PER ANSI 

YI4.5M,I982. 
2. CONTROlliNG DIMENSION: INCH. 

STYLE2: 

IIILLIMETERS 
MIN MAX 
6.30 6.70 
320 3.70 
1~0 1.75 
0.80 0.89 
2.90 320 
220 2.40 

0.020 0.100 
024 025 
1.50 2.00 
0.85 1.05 

00 10" 
S.70 720 

PIN 1. ANODE 
2. CATHODE 
3. NC 
4. CATHODE 

CASE DIMENSIONS 
4-21 

• 
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CASE DIMENSIONS (continued) 

QZPL 

IDENllFICATION -!.~14---
NOTCH 

1$10 0.15 (O.OO6)® ITI A®I N®I 

~ 

iii 0.38(o.o15)@)ITI A® I N® I 

r B ~.lo.38(o.o15)®ITI A®I N®I 

~ fJ I I ----.i f 
~ I !I ! I C 

.. I E * ~~~----------~~'--Tt--~G8~_~ ~ 

ST'/LEl: ST'/LE2: ST'/LE3: 
PIN 1. BASE (COMMON) PIN 1. EMITTER (COMMON) Pllll. SOURCE (COMMON) 

2. EMITTER (INPUT) 
3. BASE (COMMON) 
4. BASE (COMMON) 
5. COllECTOR (0UlPIII) 

2. BASE (INPUT) 
3. EMITTER (COMMON) 
4. EMITTER (COMMON) 
5. COllECTOR (OUTPUT) 

2. GATE (INPUT) 
3. SOURCE (COIIMON) 
4. SOURCE (COMMON) 
5. DRAIN (0Ul1'III) 

6. BASE (COMMON) 6. EMImR (COMMON) 6. SOURCE (COMMON) 

CASE 319-07 

NOTES: 

NOTES: 
1. DIMENSIONING AND TOlERANCING PER 

ANSI Y14.5M. 1982. 
2. CONTROLLING 1lIIIENSIOH: INCH. 

IICIIES IIUIIE'IBI 
DIll 
A O.9llli O.9llli 24.52 25.01 
B 0.355 0.375 9.02 9.52 
C 0.230 0.260 5.85 6.60 
D 0.115 0.125 2.93 3.17 
E 0.102 0.114 2.58 2.90 
F 0.D75 O.oas 1.91 2.15 
H 0.160 0.170 4.07 4.31 
J 0.G04 0.1106 0.11 0.15 
K O.GllO 0.110 2.29 2.79 
L O.725BBC 18.42J!!!C 
N 0.225 0.241 5.72 6.12 
Q 0.125 0.135 3.18 3A2 

IDENllFICAnON 
NOTCH 

1. DIMENSIONING AND TOLERANCING PER ANSI 
Y14.5M.1982. 

CASE DIMENSIONS 
4·22 

SEA'I1NG 
PLANE 

CASE 319A-02 

2. CONTROWNG DIMENSION: INCH. 

hi£!li FIi IIWIIETERS 
011 lIN !lAX 
A 0.356 0 9.02 9.27 

0 0.235 5.72 5.96 
C 0.110 0.125 2.80 3.17 
D 0.115 0.125 2.93 3.17 
F 0.075 0.085 1.91 2.15 
H 0.035 0.Q45 0.89 1.14 
J 0.004 0.1106 0.11 0.15 
K 0.090 0.110 2.29 2.79 

ST'/LE2: 
PIN 1. EMITTER 

2. BASE 
3. EMITTER 
4. EMITTER 
5. COllECTOR 
6. EMITTER 

MOTOROLA RF DEVICE DATA 



CASE DIMENSIONS (continued) 

IDENTIFICA~ _+-+---,. 

L~ .......... .,....,....L-...:.""" 
TK ____ 1 

t D-:L/t- F4PLI$1 O.38(O.015)@ ITI A@I N ®I 

L:T:J SEATING 
PLANE 

CASE 3198-02 

L....----.t?~--~ 
·A· D 

f 

t 
c 

t 

CASE 328A-G3 

MOTOROLA RF DEVICE DATA 

NOTES: 
1. DIIENSIONtIG AND TOIBIANCING PER ANSI 

Y14.5M.1982. 
2. CON1lIOLIJN(l DIMENSION: INCH. 

iDII 
A 
8 

D 
E 
F 
H 
J 

L 

NOTES: 

INCIES MLLIIEIEIIS 
l1li 

.965 0 24.51 25.02 
0.375 9.02 9.52 
0 5.84 6. 
O. 1.40 1.65 

.102 0.114 2.59 2.90 

.065 1.40 1.65 
O. .1 4.D8 4.31 

.004 .1 15 
1 1 .05 

16.42 

STYlE 1: 
PIN 1. GATE (INPUT) 

2. GATE (INPUT) 
3. DRAIN (OUTPUT) 
4. DRAIN (OUTPUT) 

SOIIICE IS FLANGE 

1. DIMENSIONING AND TOLERANCING PERANSI 
Yl4.5M.l982. 

2. CONTROLUNG DIIoIENSION: INCH. 

II 

A 0.795 
8 0.245 

0.145 
D 0.115 
E O. 
F 
G 
J 
K 
N 

MILLIIElERS 
!lIN 
20.20 20.45 
8.23 8.47 
3.89 4.31 
2.93 3.17 
1.40 1.65 
1.1 1 
14.27 

CASE DIMENSIONS 
4-23 

• 
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CASE DIMENSIONS (continued) 

CASE DIMENSIONS 
4-24 

STYLE 1: 
PIN 1. BASE 

2. COLLECTOR 
3. EMITTER 

_~_--.L 
D 

f 

STYLE 2: 
PIN 1. EMITTER 

2. COlLECTOR 
3. BASE 

CASE 328Fo01 

CASE 332-04 

STYLE 3: 
PIN 1. BASE 

NOTES: 
1. DIMENSIONING AND TOLEAANCING PER ANSI 

YI4.5M, 1982. 
2. CONTROWNG DIMENSION: INCH. 

INCHES 

~ 011 MIN MAX 
A 0.790 0.810 
B 0.240 0.260 ~ 
C 0.144 0.170 4.31 
0 0.115 0.125 3.17 
E 0.055 O.oss 1.65 
F 0.045 0.055 1.39 
H 0.115 0.135 3.42 
J 0.003 0.00& 0.15 
K 0.225 0.275 6.98 
N 0.220 0.240 6.09 
Q 0.125 0.135 3.42 
U 0.552 0.572 1 14.52 

2. EMITTER 
3. COllEClOR 

NOTES: 
1. DIMENSION KAPPUESTWO PlACES. 
2. DIMENSIONING AND TOLERANCING PER ANSI 

YI4.5M,1973. 

MIlLIMElERS INCHES 
DIM MIN MAX 1111 MAX 
A 6.86 7.62 0.270 0.300 
B 6.10 6.60 0.240 0.260 
C 16.26 16.76 0 .660 
D 4.95 5.21 0.195 0.205 
E 1.40 1.65 0.055 0.065 
F 2.67 4.32 0.105 0.170 
H lAO 1.65 0.055 0.065 
J O.ll8 0.18 0.003 0.007 
K 15.24 0.600 
L 2Al U7 0.095 0.1 
II 4S"NQM 4S"NOM 
N 4.57 .22 1 0 

.11 1 

STYLE 1: STYLE2: 
PINI. BASE PIN 1. EMITTER 

2. EMmER 2. BASE 
3. BASE 3. EMmER 
4. COllECTOR 4. COllEC1OR 

MOTOROLA RF DEVICE DATA 



CASE DIMENSIONS (continued) 

~~i-!:C=H ::::::t8=A""1:::t:::::3-{ 
f ===f-i 

CASE 332A-113 

Q2PL 

1$ll2Jo.13(o.005)®lrl A® I 8®1 

E t 
=oJ 
I c 

f f l::t::l~ 

CASE 333-04 

MOTOROLA RF DEVICE DATA 

NOTES: 
1. DIMENSIONING AND lOLERANCING PER ANSI 

YI4.5M.I9112. 
2. CONTROLLING DtII£NSION: INCH. 

INCIES IlWUETERS 
DII - !lAX 1111 MAX 
A 0.270 O.m~ 6.86 7.36 
C 0.115 0.135 2.93 3.42 
D 0.195 OlOS 4.16 5.20 
F 0.095 0.105 2.~ 2.66 

" 0.050 .Q,01i 1.27 l.n 
J O. 0.007 O.IIB 0.17 
K 0.600 15.24 

STYLf 1: STYLf2: 
PIN 1. BASE PI! 1. EMmeR 

2. EMITlCR 2. BASE 
3. BASE 3. EMmeR 
4. COLLECTOR 4. COUECTOR 

NOTES: 
1. DIMENSIONING AND TOLERANCING PER ANSI 

Y14.511.19112. 
2. CONTROLUNG DIMENSION: INCH. 

DII 
A 

K 
L 
N 
P 
Q 

INCI£S IULLIlETERS 
IN IN 

0965 O. 24.51 25.02 
0.390 0.410 9.91 10.41 
0.250 0.290 6.73 7.36 
0.190 0.210 4.93 5.33 
0.095 0.115 2.42 2.92 
0.215 0.235 5A7 5.96 

O.725BSC lB.42BSC 
0.155 0.175 3.94 
0.004 0.0118 0.10 
0.195 0.205 4.95 
0.740 o.no 18.80 
0.415 0.425 10.54 
0.390 0.400 9.91 
0.120 0.135 3.05 

STYLf 1: 
PIN 1. EMllTER 

2. COLLECTOR 
a EMmeR 
4. BASE 

4A4 
0.15 
5.21 

19.55 
10.BO 
10.16 
3.42 

CASE DIMENSIONS 
4-25 

• 
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CASE DIMENSIONS (continued) 

I-
IDEN11F1C~ __ :--+_, 

T 
-8-

:;:...l ==:t1;-r(;"2 TTat-r---:-' 1 
K2PL J Q2PL 

DCPL --l 1+1 1 1-$-10 0.13(0.Dos)@ITI A@I B@I 
F2PL --l I--

b ...l 
E II 

l:EI t I-SEATING 
PLANE 

CASE DIMENSIONS 
4-26 

-tNI
iii I 

= 

[±J 

d J3 t f 
lit ;1 
-I 

CASE 333A-02 

o Q2PL 

1-$-100.25 (O.OlD)@ I TI A@ I B@ 1 

C 

t l:El 
SEATIIG 

PLANE 

CASE 336E-02 

NOlES: 

1. DIMENSIONING AND TOLERANCING PER ANSI 
YI4.5M. 1982. 

2. CONTROlUNG DIMENSION: INCH. 

INCHES MIUIiElERS 
DIM III 

0 24 .01 
B 0.390 0.410 9.91 10.41 
C O. 635 7.36 

0.075 0.D90 1.91 2.28 
E 0.095 0.115 2.42 2 
F 11 1 
H 1 0.17 4.44 
J 0.0 O. .11 .1 
K 0.090 0.116 229 2.94 
L 0.725B5C 18.41 B5C 
N 0.415 0.435 10.55 11.04 
Q 0.120 0.135 3.05 3.42 

SlYLE1: SlYLE2: 
PINI. BASE PIN 1. EMITTER 

2. EMITTER 2. BASE 
3. BASE 3. EMITTER 
4. BASE 4. EMITTER 
5. CQUECTOR 5. COUECTOR 
6. BASE 6. EMITTER 

NOTES: 
1. DIMENSIONING AND TOLERANCING PER ANSI 

YI4.5M.I992. 
2. CONTROLLING DIMENSION: INCH. 

~~ 
MIUIiElERS 

IIAX 1111 MAX 
20.57 0.790 0.810 

6.78 0253 0.267 
3.66 4.06 0.144 0.160 
2.37 2.71 0.093 0.107 
1.89 2.03 0.074 0.D60 

F 0.06 0.15 0.002 0.006 
G 14.22BSC O.560BSC 
H 1.10 1.44 0.D43 0.057 
K .1 
N .8 

A2 
0 

Q 3.8 O. .135 
U 2.98 3.25 0.117 0.128 

SlYLE1: 
PIN 1. COUECTOR 

2. EMITTER 
3. BASE 

MOTOROLA RF DEVICE DATA 



CASE DIMENSIONS (continued) 

M 

J 

! , 
H 

[:t:J t SEAlING 
PLANE 

~ c j.N71~ Itt [:t:J 
SEA11NG 
PLANE 

MOTOROLA RF DEVICE DATA 

E t 
=i 

I 
c 

t t 
CASE 355C'{)2 

CASE 355D-02 

NOTES: 
1. DIMENSIONING AND TOLERANCING PER 

ANSIY14.5M.1982. 
2. CONTROllING DIMENSION: INCH. 

INCHES MILUMETERS 
DIM MIN MAX MIN MAX 
A 0.890 OSlO 22.61 23.11 
B 0.375 0.395 9.53 10.03 
C 0.150 0.165 3.81 4.19 
D 0.145 0.155 3.69 3.93 
E 0.055 0.065 lAO 1.65 
H 0.120 0.130 3.05 3.30 
J 0.003 0.006 0.06 0.15 
K O.no 0.830 19.56 21.08 
M 45"R F 45'R 
N 0.490 0510 12A5 12.95 
Q 0.115 0.125 2.93 3.17 

O. 10.28 
U 0.700BSC 17.78BSC 

STYlE 1: 
PIN 1. COLLECTOR 

2. EMITTER 
3. BASE 

NOTES: 
1. DIMENSIONING AND TOLERANCING PER ANSI 

Y14.5M,l982. 
2. CONTROLUNG DIMENSION: INCH. 

INCHES MILLIllETERS 
DII MIN MAX MIN MAX 

A 0.990 1.010 25.15 25.65 
B OJ75 0.395 9.53 10.03 
C 0.150 0.165 3.61 4.19 
D 0.195 0.205 4S5 5.21 
E 0.055 0.065 lAO 1.65 
H 0.120 0.130 3.05 3.30 
J 0.003 0.006 0.08 0.15 
K 0.570 0.830 14A8 16.00 
M 45' REF 45' REF 
N 0.590 0.610 14.99 15A9 
Q 0.115 0.125 2.92 3.18 
R 0.395 oAGS 10.03 10.29 
U O.800BSC 2O.32BSC 

STYlE 1: 
PIN 1. COlLECTOR 

2. EMITTER 
3. BASE 

CASE DIMENSIONS 
4-27 
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CASE DIMENSIONS (continued) 

t [J 
H 

Gtdf 
SEAllNG f 

PLANE 

M 

[ ~ 
H f 

GEl f SEATING 
PI.ANE 

CASE DIMENSIONS 
4-28 

J 

o QZPL 

/~/00.76(O.030@/T/ A@ / B@/ 

rrNj El! 
i 

TT 

CASE 355E'()1 

--l D I-
r=N---j 3 I I 

, 
c 

I * f 

CASE 355G'()1 

NOlES: 
1. DIMENSIONING AND TOlERANCING PER ANSI 

Y14.5M, 1982. 
2. CONTROU.ING DIMENSION: INCH. 

MILLIlETflIS 
DII 
A 0.890 
B 0.375 
C 0.190 
D 0.1<15 
E 0.055 
H 0.120 
J 0.003 
K O.no 
II <15" 
N OAIIO 
Q 0.115 
R 0.395 
U 0.700 

SlYLE1: 
PIN 1. COLlECTOR 

2. EMITTER 
3. BASE 

NOlES: 
1. DIMENSIONING AND TOlERANCING PER ANSI 

Y14.5M, 1982. 
2. CONTROLLING DIMENSION: INCH. 

INCItES IIILUIlETflIS 
DIll MIN MAX 
A 0.890 0.910 22.61 23.11 
B 0.375 0.395 9.53 10.03 
C 0.190 0.210 4.83 5.33 
D 0.1<15 0.155 3.69 3.93 
E 0.055 0.065 1.40 1.65 
H 0.120 0.130 3.05 3.30 
J 0.003 0.006 0.08 0.15 
K o.no 0.830 19.56 21.08 
II WR 45"REl' 
N OA90 0.510 12.45 12.95 
Q 0.115 0.125 2.93 3.17 
R 0.395 0.405 10.04 10.28 
U 0.650 16.51 esc 

SlYLE 1: 
PIN 1. COllECTOR 

2. EMITTER 
3. BASE 

MOTOROLA RF DEVICE DATA 



CASE DIMENSIONS (continued) 

CASE 360A-01 

K Q2PL 

t ~_.:.J2 1-$-10 0.25(O.o10)@ITIA@IB@1 

I-D-I 

H E I--- N --I ffii± 
...L.t -±1:-;:;:::;:=r:-l1-==-..L1 

.. I .... 1 ... 1 ....... ______ 1 II I C 

TT I. [:&1 .1 f 

CASE 3608-01 

MOTOROLA RF DEVICE DATA 

NOTES: 
1. DIMENSIONING ANDTOlERANCING PEIl ANSI 

YI4.511,1982. 
2. COIIlHOUJNG DIMENSION: INCH. 

STYLE 1: 
Ptj 1. COllECTOR 

2. EMITTEFI 
3. BASE 

NOTE3: 
1. DIMENSIONING AND TOLERANCING PER ANSI 

YI4.5M, 1982. 
2. COIIlHOLLING DIMENSION: INCH. 

INCHES 
Q!M _M!!L AX 
-~ O.1l!!l 1 
B .220 .240 
C .1 .175 

J) O~ O~ 
E 0.050 0.070 
F 0.004 O~ 
G 0.562 BSC 
H 0.070 0.090 
K 0.215 0.255 
N .370 
~ OJ_~ O.l~ 

STYLE 1: 
PINI. DRAIN 

2. GATE 
3. SOURCE 

IIIWIIETERS 
111M IIAX 
.7 

5.59 6.1l9 
3.18 4.45 

.21 71 
1.27 177 
0. 0.15_ 
14 BSC 

1.78 2.29 
5.47 6.47 
8 9.38 

CASE DIMENSIONS 
4-29 

• 
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CASE DIMENSIONS (continued) 

c 

K 

f 

* 
El 

H '"--

L I t f 

CASE DIMENSIONS 
4-30 

L 
E I 
f 

r-Ni 
I : I 

Q4PL 

CASE 368-02 

Q RADRlS2PL 

@\O.25(O.010)®ITI A®I 8®1 

I .I r J l±I:a 

CASE 375-03 

NOTES: 
1. DlMeNSIONIIICl AND lOlERANClNG PER ANSI 

YI4.SM.I982. 
2. COHIROI.UNG DIIENSION: INCH. 

S1YlEl: S1YlE2: 
PIN 1. COLLECTOR PINI. DAAtI 

2. BASE 2. GATE 
3. EMITTER 3. SOURCE 

NOTES: 
1. DIMENSIONING AND TOlERANCtIG PER ANSI 

Y14.5M.1982. 
2. CONTROWNG DIMENSION: INCH. 

INCHES .. IMETERS 
1011 II 

A 1.330 1 33. 
8 0.370 0.410 9.40 10.41 
C 0.190 0.230 4.83 5.84 
0 0.215 D.235 5.47 5.96 
E 0.1160 0.070 1.27 l.n 

0A30 0.440 10.92 11.18 
H 0.102 0.112 2.59 2.84 
J 0.D04 0.006 0.11 0.15 
K 0.185 D.215 4.83 5.33 
N 0.845 0.875 21.48 22.23 

0.053 0.074 1.35 1.87 
R 0.390 0.410 9.91 10.41 
U 1.I00BSC 27.94.Jl!!!i 

S1YlE2: 
PIN 1. DRAIN 

2. DRAIN 
3. GATE 
4. GATE 
S. SOURCE 

MOTOROLA RF DEVICE DATA 



CASE DIMENSIONS (continued) 

+ 
El iNI 

f fl. I " l--r-.-fJ 
I A I .1 c:::r::J SEATING 

PlANE 

CASE 375A-D1 

Q2PL 
1-$-I¢o.25(O.010)®lrl A®I 8®1 

f D2PL 
1-$-lo.25(o.o10)®lrl A®I 8®1 

i+N--I [F2PL Hl E.l : !-.-i 1-$-lo,25(O.010)®lrl A®I 8®1 

.--r\:I: ~ :1:1 t c:::r::JSEATING 
II~c PLANE 

CASE 3768-02 

MOTOROLA RF DEVICE DATA 

NOTES: 
1. DIMENSIONING AND TOLERANCING PER ANSI 

Y14.5M.1982-
2. CONTROWNG DIMENSION: INCH. 

ul' MILLIMETERS 
DIM IN MAX 
A 1.330 33.79 34.29 
B 0.375 9.52 10.03 
C 0.180 4.57 5.21 
D 0.320 8.13 8.64 
E 0.060 1.52 l.n 
F 0.004 0.11 0.15 
G 1.100 27.94BSC 
H 0.082 2.08 2.48 
K 0.580 14.73 15.75 
L 0A35 II.D5BSC 
N 0.645 21.48 22.23 
Q 0.118 3.00 3.30 
R 0.390 9.91 10.41 

STYLE 1: 
P1N 1. COllECTOR 

2. COLlECTOR 
3. BASE 
4. BASE 
5. EMITlEfI 

NOTES: 
1. DlMENSIONINGAND TOLERANCING PER ANSI 

YI4.5M, 1982-
2. CONTROLUNG DIMENSION: INCH. 

DIM 
A 23.11 
B 10.16 
C 4.06 
D 4.06 
E 1.40 1.65 
F 0.08 0.15 
G 16.51 BSC 
H 2.80 3.30 
K 4.57 5.59 
N 9.91 10.41 
Q 2.93 3.42 
R 9.91 10.41 

STYLE 1: 
PIN 1. COLlECTOR 

2. EMITTER 
3. BASE 

CASE DIMENSIONS 
4-31 

a 
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CASE DIMENSIONS (continued) 

CASE DIMENSIONS 
4-32 

CASE 376C-01 

CASE382-G1 

NOTES: 
1. DIMENSIONING AND TOLERANCtlG PER ANSI 

Y14.5M, 1l1li2. 
2. CONlROU.JIG IlIIENSION: INCH. 

MlLLII 
1-

A D.89O 0.910 22.81 23.11 
B 0.370 OAOO 9AO 10.18 

-'t 0.190 0.210 4.83 5.33 
D 0.140 0.190 3.5S 4.08 
E O.llSli O.oss lAO 1.65 
F 0.003 0.00& 0.08 M5 
G O.850BSC 16.51BSC 
H 0.110 0.130 2.90 3.30 
K 0.190 0,220 4.57 6.59 
N G.39O 0,410 9.91 10.41 

0.11 0.136 2.93 3.42 
R G.39O 0,410 9.91 10.41 

STYLE 1: 
PIN 1. COLLECTOR 

2. EMITTER 
3. BASE 

NOTES: 
1. DIIIENSIONING AND TOlERANCING PER ANSI 

Y14.5N,ll1112 
2. CONTROIJ.ING DIMENSIDN: 1Nai. 

011 MIN 
A 0.890 
B 0.370 

0.105 

E 0.055 
F 
G 

o 12. 
0. .53 1. 

1 .91 10 1 

STYLE 1: 
PIN 1. COUECTOII 

2. COUECTOR 
3. BASE 
4. BASE 
5. EMrnsl 

MOTOROLA RF DEVICE DATA 



CASE DIMENSIONS (continued) 

MOTOROLA RF DEVICE DATA 

QSPL 

NOTES: 
1. DIMENSIONING AND TOLERANCING PER ANSI 

Y14.5M.1982. 
2. CONTROlliNG DIMENSION: MILUMETER. 

1$100.38(0.015)@lrl A@I 8®1 
STYLE 1: 

CASE 389B-G2 

CASE 389U-01 

PIN 1. +V SUPPLY26.5V 
2. DO NOT USE 
3. GROUNO 
4. TESTPOINT(Ic1) 
5. TEST POM (1c2) 
6. OPTION 
7. RFINPUT 
8. RFOUTPUT 

NOTES: 1fI10.05 (0.002)1 
-T-

STYLE 1: 
P1N1. RFINPUT 

2. Veel 
3. Veel 
4. Veel 
5. Veel 
6. Veel 
7. Veel 
8. GROUND 
9. BIAS SWITCH (OPTIONALl 

10. GROUND 
11. RF DETECTOR (OPTIONALl 
12. VCC2 
13. VCC2 
14. VCC2 
15. VCC2 
16. VCC2 
17. VCC2 
18. RF OUTPUT 

1. DIMENSIONING AND TOLERANCING PER ANSI 
Y14.5M. 1962. 

2. CONTROllING DIMENSION: MILUMETER. 

CASE DIMENSIONS 
4-33 
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CASE DIMENSIONS (continued) 

CASE DIMENSIONS 
4-34 

o Qlp\' 

@100.51 (0.020)@ ITI B@ I 

a 4 

I.- D 4 PI. 

1$10.51 (0.020) @ I TI A@ I 

CASE 3908-01 

rr===y1 
i i 

I 
f f GT::l~ 

CASE 391-03 

NOlES: 
1. DIMENSIONIIIl AND ltllERANClNG PER ANSI 

Y14.511, 18B2. 
2. CONIROWNCl DIMENSION: INCH. 

INCHES II 
1l1li 

A 1.190 1.210 30 30. 
8 G.375 O.AOO 9.53 10.18 
C 0.190 11230 4.113 5.84 
D G.215 0.235 5A8 5.98 
E 1.27 I.TI 
G G.385 9. 
H 0.090 0.115 2.29 2.92 
J 0.Q02 0.005 0.08 0.12 

D.5II5 0.585 13.58 14 
N 0.750 0.780 19.08 19 1 

--'l 0.108 0.148 2.70 3.75 
R 0.375 0.3115 9.53 10.111 

--'! 0.935..!!!!!< 23.75 

SNLEl: 
PWI. DRAIN 

2. DRAIN 
3. GAlE 
4. GAlE 
5. S01JICE 

NOTES: 
1. D1MENS1ONING AND 1llLERANC1NG PER ANSI 

Y1UM,19112. 
2. CONIROWNCl DIMENSION: INCH. 

INCIIEE 
I Dill 

A 0.895 D.905 22.73 
.8 o.aso 0.390 9.65 1 
C 0.172 0.2118 4.37 sa 
D 0.075 0.085 1.81 2.18 
E 0.D55 0.085 1.40 1.85 
G 0.075 0.085 1.81 2.18 
H 0.115 0.125 2.92 3.18 
J o.ooa 0.008 0.08 0.15 
N 0.383 0.403 .98 10.24 

0.123 0.133 3.13 3.38 
-~ 0.705 0.745 17.91 18.92 
U D.85O..!!!!!< 18.5~ 

-'L 0.383 0.403 9.98 lD.24 

SNLEl: 
PIN 1. caJ.ECTOR 

2. COUEClllR 
3. BASE 
4. BASE 
5. EMITIER 

MOTOROLA RF DEVICE DATA 



CASE DIMENSIONS (continued) 

Q2PL 

1$10o.25(o.o10)@ITI A® I B®I 

r-N~ __ ::t--l---"-Lct 
c=J --.i Itt 

MOTOROLA RF DEVICE DATA 

CASE 392-113 

CASE 394-03 

NOTES: 
1. DIMENSIONING AND 1Ol.ERANClNG PER ANSI 

V14.511,lm 
2. CONTROI.LtIG DIMENSION: INCH. 

IIILLJIIElERS 
DIll IIIN !lAX lilt !lAX 
A 22.73 22.99 D.895 0.905 
B 9.65 9.91 Q.38O 0.390 
C 4.32 5.33 0.170 0210 
D 3.68 3.94 0.145 0.155 
E lAO 1.66 0,055 0.055 
H 2.711 3.30 0.110 0,130 
J 0.08 0.12 0.003 0.005 
K 4.70 5.59 0.166 0.220 
N 10.03 lQ.29 0.395 0.405 
Q 3.12 3.38 0.123 0.133 
U 6.51 0.650 
y 10.03 10.29 0.395 0M5 

. STYLE 1: 
PIll. COIJ.ECTOR 

2. EMITTER 
3. BASE 

NOTES: 
1. DIMENSIONING AND TOl.EJWICJNG PER ANSI 

VI4.5M, 1962. 
2. CONlROWNG DIMENSION: INCH. 

INCIES 
III !lAX 

A 0.795 0.805 
B 11256 0.26Ii 
C 0.155 0.176 
D 0.055 O. 1.66 
E 0.057 0.063 1.60 
H 0.081 0.089 2.34 
J 0.1112 0.Q06 0.15 
N 0.316 0.326 8.28 
Q 0.125 0.135 3A3 
S 0.1120 0.680 15.75 17 Z1 
U Il.552 0.572 14.112 14.53 

STYLE 1: 
PIN 1. CIlU.ECTOR· 

2. EMITTER 
3. BASE 

CASE DIMENSIONS 
4-35 
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CASE DIMENSIONS (continued) 

~ 
K 

r 
L 
K 

f 

bE-H 

CASE DIMENSIONS 
4-36 

I 

,,:lll 
+1 : : I Gil] 

I I 
Q 

I-D - I-G 

r-N~ 3 t 
I I 

I C 

Tf 

CASE 395-02 

CASE 3958-01 

NOTES: 
1. DIMENSIONING AND lOLERANCING Pea ANSI 

.Y14.5M,11182. 
2. CONTROU.ING DIMENSiON: INCH. 

INCHES IILLIMElERS 
011 MIN ~ ~ JJIAll 
A 0.795 0.805 20.19 20.45 
B 0.255 Il.265 6.48 6.73 
C 0.161 0.169 4.09 4.80 
D 0.066 0.1165 1.48 1.65 
E 0.1165 0.065 1.48 1.65 
G 0.055 0.065 lAO 1.65 
H 0.075 0.065 1.90 2.41 
J O.ooa 0.006 0.0& 0.15 
K 0.170 0220 4.32 5.59 
N 0.260 0 6. 6.76 
Q 0.125 0.135 3.18 3A2 
U 0.552 0.572 14.oa 14.52 

STYLE 1: 
PIN1. BASE 

2. BASE 
3. COLLECTOR 
4. COLLECTOR 
5. EMITTER 

NOTES: 
1. DlMENSlONtlG AND TOLERANCING PEa ANSI 

Y14.5M,1982. 
2. CONIROLUNG DIMENSION: INCH: 

~ ~ IIILLlllEi'EIIS 
10111 IIIN --"M IIIN IIAK 

A 0.795 0.805 20.19 20.45 
B 0.255 0.265 6.46 6.73 

0.161 0.166 4.09 4.60 
0 0.066 0.065 1.40 1.65 
E 0.055 0.1165 1.48 1.65 
G 0.066 0.065 1.48 1.65 
H 0.075 0.095 1.90 2.41 
J 0.003 0.006 0.06 0.15 
K 0.170 0220 4.32 5.59 
N 0.260 0.268 6.60 !ill 
Q 0.125 0.135 3.18 3.42 
U 0.552 0.572 14.oa 14.52 

STYLE 1: 
PIN 1. BASE 

2. BASE 
·3. COLLECTOR 
4. COLLECTOR 
5. EMITTER 

. MOTOROLA RF DEVICE DATA 



CASE DIMENSIONS (continued) 

0Q2PL 

'.'00.51(O.020)@ITI A®I 8®1 

K 

f --I D 

I--N--I E} 

CASE 395C-01 

btl! c 
" f 

CASE 398-02 

MOTOROLA RF DEVICE DATA 

NOTES: 
1. DIMENSIONING AND TllLERANCING PER ANS1 

Y14.511, 1982. 
2. CONTROU.ING 0I11B1S1ON: INCH. 

IICIIES IIllIIElERS 
cOlli 

A 0 1 19.115 
B 0 

1 4.1 
D 0 72 

1.78 
2 

J .15 
0 .10 

N 0 
.1 1 

4 

S1YlEl: 
P1N1. BASE 

2. COllECTOR 
3. EMITTER 

NOleS: 
1. OIIIfNSIONING AND TOlERANCING PER ANSI 

Y14.511, 1982. 
2. CONTROllING DIMENSION: INCH. 

IlII 
A 
B 
C 
D 
E 
G 
H 
J 
K 
N 
Q 
U 

IICHES IIILLII 
II lilt II 

1.094 1.110 '0.78 28.19 
0.457 0.465 11.61 11.81 
0.172 0.182 UI 4.82 
0.121 

I 
3.09 3.32 

0.055 lAO 1.65 
0.177 4.50 4.69 
0.081 2.08 2.31 
D.OO2 0.06 0.10 
0.142 0.163 3.BO 4.14 
0.510 0.520 12.95 13.21 
0.125 0.135 3.18 3.42 

o.B44 21.44 

S1YlEl: 
PIN 1. COUECTOR 

2. COllECTOR 
3. BASE 
4. BASE 
s. EMITTER 

CASE DIMENSIONS 
4-37 

• 
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CASE DIMENSIONS (continued) 

f 
K 

~ ~1~ 
.~-- 4(f)2 

~3~ 

--1 r- F 

H1+==~ 
~ 'A l-

CASE DIMENSIONS 
4-38 

~ 
I 

D~ 

Cl 
f 

CASE4DO-01 

CASE 401002 

NOTES: 

1. DIMENSIONING AND TOLERANCING PER ANSI 
Y14.5M,1982. 

2. CONTROlLING DIMENSION: INCH. 

NOTES: 

IICHES 
II II 

A 
C o. 
D O. 

2fJ7 
o 

H 0.017 O. 3 

IIUIMETEIIS 
MIN IIAX 
5.16 5.25 

5 
1 
0.64 0.88 

l& 
0.1102 O. ~ 0.10 
~~ o. 7.2 8.12 
0.1~ 0.1 

S1YLE 1: 
PIN 1. COLLECTOR 

2. EMIlTER 
3. SASE 
4. EMI1TER 

1. DIMENSIONING AND TOLERANCING PER ANSI 
Y14.5M, 1962. 

2. CONIROLUNG DIMENSION: INCH. 

DIM 
A 
C 
D 0.095 
F 0.115 
H 0.115 
J 0.003 
K 02fJQ 5.08 
L 0.280 0.300 7.12 7.62 
S O.oso 1.27 
v 0.045 0.055 1.15 1.39 
W 0.115 0.145 2.92 3.66 
X 0.110 0.120 2.60 3.04 
Y OA2 0 lJfI 11.66 

SlYLE1: 
PIN1. BASE 

2. COLLECTOR 
3. EMIlTER 
4. EMllTER 

MOTOROLA RF DEVICE DATA 



CASE DIMENSIONS (continued) 

0Q2PL 

@100.51(0.020)@ITI A®I B®I 

-II-D4PL 
";I$:TI ::';0"='.51'"'(0:-:.0207:':"":) ®..-r.:1 T:T"I -:-A""®:-TI""::B'-;®;:"11 

CASE 412-G1 

-T- .4-J_o-. .4f 'f 
~'P6PL 
PLAIE ":"1."='lro.-25-(0-.01-0)-=®:"1I""T I=zl 

CASE 413A-G1 

MOTOROLA RF DEVICE DATA 

NOTES: 
1. DIMENSIONING AND roLERANCING 

PERANSIY14.5M.1982. 
2. CONTROUING DIMENSION: INCH. 

1-
INCHES .. 

A o,ses 0.985 24.52 25.01 
B 0.245 0.265 8.23 6.73 
C 0.165 0.185 4.20 4.69 
D 0.050 0.G70 1.27 1.77 
E 0.070 0.080 1.78 2.03 
G 02S4 6.45 
H 0.095 0.105 2.42 2.66 
J 0.003 0.006 0.08 0.15 
K 0.825 0.675 15.88 17.14 
N 0.495 0.520 12.58 lUO 
Q 0.120 0.140 3.05 3.55 
U o'725BSC 16.42BSC 

SlYlEl: 
""1. DRAIN 

2. DRAIN 
3. GATE 
4. GATE 
5. SOURCE 

NOTES: 
3. DIMENSIONING AND TOlERANCING PER ANSI 

Yl4.6M.l982. 
4. CONIROLUNG DIMENSION: INCH. 
5. DIMENSION FTO CENTER OF LEADS. 

SlYlEl: 
PlN 1. RF INPUTN CONT 

2. DC TERMtIAL, VSl 
3.DCTERIIINAL,W 
4. DC TERMINAL, VS2 
5. DC TERIIINAL, VS3 
6. RFOIITPUT 

CASE: GROUND 

CASE DIMENSIONS 
4-39 

• 
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CASE DIMENSIONS (continued) 

LlIL]ll 
lr-c-'lc-o-.05-(O-.OO2---r) 1--=i[=H 

CASE DIMENSIONS 
4-40 

SlYLE3: 
PINI. BASE 
. 2. EMITTER 

3. COlLECTOR 

~41-:t'&' 
tp . ~ f 

oo~L 
. J 0.0281_ 
"10.7 r 

NOlES: 
1. DIMENSIONING AND TOLERANCING PER ANSI 

YI4.5M.I982. 
2. CONTROlUNG DIMENSION: INCH. 

CASE 419-02 

SC·701S0T-323 
FOOTPRINT 

INCHES 
Dill 1111 MAX 
A 0.071 O.oe7 
B O.ll45 0.053 
C 0.035 0.049 
D 0.012 0.016 
G 0.047 0.055 
H 0.000 0.004 
J 0.004 0.010 
K 0.017 REF 
L 0.026~ 
N 0.028 REF 
R 0.031 0.039 
S 0.079 0.067 
V 0.012 0.016 

0.075 
1:9 

MlUIiETERS 
1111 .MAX 
1.80 220 
1.15 1~5 
0.90 1.25 
O~ OAO 
120 lAO 
0.00 0.10 
0.10 0.25 
OA25ReF 
0.65~ 
0.70 REF 

0.80 1.00 
2.00 220 
O~ OAO 

MOTOROLA RF DEVICE DATA 



CASE DIMENSIONS (continued) 

1$10 0.13 (0.005)® ITI S® I 
0Q4PL 

I+------,"---/-A-f-----+j 

I+--~~--G-----+j 

B 

-z-

~~!J;NG~~bJF~Y~Y~YLi~iy~y~~yJL ~~~~A=A==~ 
PLANE P6PL r 

IrA~:T1 0:"':.2""5 (::-0.""'01'::"0) -;;::®"I::;T IF-.z I 

CASE 420A-G1 

MOTOROLA RF DEViCE DATA 

NOTES: 
1. DIMENSIONING AND TOlERANCING PEA ANSI 

Y14.5M, 1982. 
2. CONTROlLING DIMENSION: MILUMETER. 

STYLE 1: 
PIN1. PIN 

2. VGGl 
3. VDD1 
4. VGG2 
5. VOD2 
6. POUT 

CASE DIMENSIONS 
4-41 

.. 
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CASE DIMENSIONS (continued) 

--±---

CASE 429-02 

m*~4=n-m ~C~ 
Hrr~ . r-,:l±I I L r! llbtr- i ',~~:n i __ .. .... __ L. 

D~dJ 

CASE DIMENSIONS 
4-42 

Q9PL E-l~ 

STYLE 1: 
PIN 1. RF ~PUT 

2. RFOUTPUT 
3. +VCC1-(GROUNDTOCASE) 
4. +VCc2-(GROUNDTOCASE) 
5. BIAS REMOTE 
6. GROUND (BIAS REMOTE ONLY) 
7. RF DETECTION 
8. GROUND (RF DETECTION ONLY) 

CASE 429A-01 

NOTES: 
1. DIMENSIONING AND TOLERANCING PER ANSI 

Y14.5M.1982. 
2. CONTROllING DIMENSION: MIUlMETER. 

DIM 
A 
B 
C 
D 
E 
F 
G 
H 
J 
K 
L 
II 
N 
P 
Q 

R 
S 

NOTES: 

MILLIllETERS INCi£S 
MIN !lAX IN IlAX 

114.88 115.12 4.523 4.532 
84.88 85.12 3.342 3.351 

15.00 0.591 
3.40 3." 0.134 0.142 
4~0 4.90 o.m 0.193 
3.40 3.60 0.134 0.142 

14." 15.40 0~75 0.606 
69.60 70.40 2.740 2.772 
76.90 77.10 3.205 3.035 
81.40 81.60 3205 3213 

7.90 B.l0 0.311 0.319 
27.40 27.60 1.019 1.087 
42.40 42." 1.669 1.677 
54.90 55.10 2.161 2.169 
3.10 3AO 0.122 0.134 

111.40 111.60 4.386 4.394 
BO.90 BUD 3.185 3.193 

STYLE 1: 
PIN 1. RF INPUT 

2. DC VOLTAGE 
3. RFOUTPUT 

GROUND TO PLANE 

1. DIMENSIONING AND TOLERANCING PER ANSI 
Y14.5M.1962. 

2. CONTROLLING DIMENSION: INCH. 

INCHES MLLIIETERS 
DIM MIN MAX liN IlAX 
A 4.523 4.532 114.88 11512 
B 3.342 3.351 84.88 85.2 
C .472 12.0 
D 0.134 0.142 3.4 .6 
E o.m 0.193 ~. 4. 
F 0.134 0.142 .4 .6 
G O.~ 0.6O!i 1 .6 1 A 
H 2.740 2.772 69.6 70.4 
J 3.141t 3.15''- 19.9 8.1 
K 3.205 3.213 81.4 81.6 
L 0.193 0.201 4.9 5.1 
II 1.728 1.736 43.9 44.1 
N 1.669 1.677 42.4 42.6 
P 2.154 2.161 54.7 54.9 
Q 0.122 0.134 3.1 3.4 
R 4.386 4.394 111.4 11Ut 
S 2.634 2.642 66.9 67.1 
T 1.539 1.571 39.1 39.9 
U 3.492 3.524 88.7 89~ 

V 4.311 4.343 109.5 110.3 
W 1.776 1.807 45.1 45.9 
X 0.906 0.937 23.0 23.8 

MOTOROLA RF DEVICE DATA 



CASE DIMENSIONS (continued) 

CASE 429C-01 

CASE 429E-II1 

MOTOROLA RF DEVICE DATA 

NOTES: 
1. DIMENSIONING AND TOLERANCING PER ANSI 

Y14.5M,1962. 
2. CONTROLLING DIMENSION: INCH. 

INCHES 
DIM IIIN IIAX 
A 4 4. 
B 3.342 3.351 
C 0.669 
D 0.134 0.142 

. m .193 
F 0.134 0.142 
G 0.5 0.606 
H 2.7 2.m 

31 3.154 
K 320! 3.213 
L 0.193 0.201 
II 1.728 1.736 
N 1.669 1.677 
P 2.155 2.163 
Q 0.122 0.134 
R 4.366 4.394 
S 2.634 2.642 
T 2.106 2.138 
U 1.602 1.634 
V 1.713 1.744 

STYLE 1: 
PIN 1. RF INPUT 

2. RFOUTPUT 
3. +Vcc1 
4. +Vcc2 

IIILLIllElERS 
MIN !lAX 

114.88 11 .12 
84.88 85.12 

17.0 
3.4 3 . 
4.5 4.9 
3.< 3.6 

14.6 15.4 
69.6 70.4 
79.9 80.1 
1.4 81.6 
4.9 5.1 

43.9 44.1 
42.4 42.6 

54.73 54.93 
3.1 3.4 

111.4 111.6 
66.9 67.1 
53.5 54.3 
40.7 41.5 
43.5 44.3 

5. RF DETECTION GROUND TO CASE 

NOTES: 
1. DIMENSIONING AND TOLERANCING PER ANSI 

Y14.5M,19112. 
2. CONTROLLING DIMENSION: INCH. 

Dill 
A 
B 
C 
D 
E 
F 
G 
H 
J 
K 
L 
N 
P 
Q 

R 

INCI£S MIWMETERS 
MIN IIAX MIN IIAX 

3.342 3.351 84.88 85,12 
1.669 1.678 42.38 42.62 

0.669 17.00 
0.124 0.132 3.15 3.35 
O.m 0.193 4.50 4.90 
0.124 0.132 3.15 3.35 
0.476 0.508 12.10 12.90 
0.909 0.941 23.10 23.90 
1.354 1.362 34.40 34.60 
1.541 1.549 39.15 39.35 
0.488 0.496 12.40 12.60 
0.909 0.941 23.10 23.90 
1.569 1.577 39.85 40.05 
0.122 0.134 3.10 3.40 
3215 3.222 81.65 81.85 

STYLE 1: 
PIN 1. RF INPUT 

2. RFOUTPUT 
3. +Vcc 

GROUND TO CASE 

CASE DIMENSIONS 
4-43 
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CASE DIMENSIONS (continued) 

Q 

w 

L 
.J 

CASE DIMENSIONS 
4-44 

NOlES: 
1. DIMENSIONING AND TOLfRANCING PER ANSI 

Y14.5M. 1982. 
2. CONTROLlING DIMENSION: INCH. 

5mE2: 
PIN 1. GATE 

2. DRAIN 
3. SOURCE 

INCHES _IIILUI 
DIll II\N . MAl --'lit 
A ~- 0.270 660 
B 0.200 0210 5.08 
C 0.090 0.104 2.29 
0 0.040 0.050 1.02 
E 0.022 0.028 0.56 
f 0.015 0.025 0.38 
G 0.005 0.015 0.13 
L 0.100 0.110 2.54 
N 0.226 0.236 5.74 
R 0.166 0.176 4.22 
S 0.025 0.035 0.64 

CASE43D-01 

CASE 431A-G2 

I- ~~!s -J -I 
r+l 2 r;:I~ 

1l2J LJ-r I 
0.075 0.041 0.108 
1.9 I-- 0.071 --I 1.05 2.75 

j~ 1.8 r+l-lo.ma I 
L2...J L:.J 1!ll 

0lEQ 
JWl 

6.86 
5.33 
2.64 
1.27 
0.71 
0.64 
0.38 
2.79 
5.99 
4.47 
0.89 

I- 0.047 -I ~.03~ I-0.03; 1 
1.2 o:s 0.85 

SOT-143 
FOOTPRINT 

NOTES: 

3. DIMENSIONING AND TOLERANCING PER ANSI 
Y14.5M.19112. 

4. CONTROWNG DIMENSION: INCH 

INCHES MlLLIIIETERS 
Dill II IIAX MIN MAX 

1 1. 27. 
0.550 O • 4 

C . 175 0.1 4 
D 0 1 
E 0.045 0.055 1.14 1.40 
F 0.195 0.205 4 5 1 

O.t25 0.1 3.18 
0 

J 0.010 0 

Q 0.145 0.1 3. 3 
R O. 0.320 7. .1 
S O. O. 114 1 
U 0.1 0.1 4.1 
V 0.470 0.480 11 12.1 
W O. 0.740 18.54 18 
X 0 o. 

smEl: 
PINs. Vin 

7. GROUNO 
8. tVee 
9. GROUNO 

10. VUut 

MOTOROLA RF DEVICE DATA 



CASE DIMENSIONS (continued) 

L:I:J 
SEAliNG 
PLANE 

I---G---I 

J I--B--I 

MOTOROLA RF DEVICE DATA 

CASE 700-04 

CASE 714-06 

NOTES: 
1. CONTROWNG DIMINSION: INCH. 
2. DIMENSIONING AND TOLEllANCING 

PER ANSI Y14.5M, 19112. 

INCHES IIILUIIETERS 
DIM MIN IIAX MIN MAX 
A 2.640 2.660 67.06 67.56 
B 2.040 2.085 51.112 52.95 
C 0.335 0.360 8.51 9.14 
E 0.100 0.115 2.54 2.92 
F 0.085 0.115 2.16 2.92 
G 2.405BSC 61.09BSC 
H 1.885 1.915 47.88 48.64 
J 0.400 0.440 10.16 11.18 
K 0.230 0.300 5.85 7.62 
L 1.785 1.815 46.34 46.10 
N 1.565 1.615 4026 41.02 
Q 0.136 0.146 3.46 3.70 
R 0.800 0.820 20.32 20.82 
S 0.670 0.690 17.02 17.52 
U ~485 M15 12.32 13.08 
V 0.385 0.415 9.78 10.54 
W ~185 0215 4.70 5.46 

~085 0.115 2.16 2.92 

STYLE 1: STYLE 2: 
PIN 1. RF OlITPUT PIN 1. RF OUTPUT 

2. GROUND 2. GROUND 
3. D.C. TERMINAL 3. Vs2 
4. GROUND 4. GROUND 
5. D.C.GAIN 5. Vs1 
6. GROUNO 6. GROUND 
7. RFINPUT 7. RFINPUT 

NOTES: 
1. DIMENSIONING AND TOLERANCING PER ANSI 

Y14.5M,l9112. 
2. CONTROLUNG OIMENSION: INCH. 

STYLE 1: 
PIN 1. RF INPUT 

2.. GROUND 
3. GROUND 
4. DELETED 
5. VDC 
6. DELETED 
7. GROUND 
8. GROUND 
9. RFOUTPUT 

CASE DIMENSIONS 
4-45 

• 



II 

CASE DIMENSIONS (continued) 

k~ ~Q t 
f R ! i f w 

f 

t ~u y -, C 
E 

* 
* W + KDI-H o D7PL 

1-$-100.25(O.010)@ITI A@ 1 

CASE 714F-G2 

I---N---I 

112 3 5 7 8 91--E-~-·t 
""""""-w c::::=mIlI[::l:::1 u:tt:lll =1 ~--.-K 

t 

CASE DIMENSIONS 
4-46 

1-$-10 O.25(O.010)®ITI A®I 

CASE 714G-02 

NOlES: 
1. DIMENSIONJNG AND TOLERANCING PER ANSI 

YI4.5M.111112. 
2. CONTROlLING DIMENSION: INCH 

INCHES MILLIIIElBIS 
I DIll IIIN ...MIll ....IW. 
_A 75.. ---B O. !!§.. 4.lIS 

22.09 

...i. ...I!I 1 1 12. 
G .1 BSC 
H .1 2. 
K O. 0.110 1.78 

1.040 1.1160 26A2 26.92 
Q 0.148 
R 0.325 7.75 8~ 
U 1.490 1.510 37.85 .as 
y .1 7 4.14 
W 1 0.175 4. 4. 
X O. 1.010 25.1 
Y .1 0.170 4.07 

STYLE 1: 
PIN 1. RF INPUT 

2. GROUND 
3. GROUND 

~~D 
8. GROUND 
9. RFOUTPUT 

NOTES: 

1. DIMENSIONING AND TOLERANCING PER ANSI 
YI4.5M.I9B2. 

2. CONTROlLING DIMENSION: INCH 

IN IIILLII 

SlYLE 1: 
PIN 1. RFINPUT 

2. GROUND 
3. GROUND 
5. +VCC 
7. GROUND 
8. GROUND 
9. RFOUlPUT 

MOTOROLA RF DEVICE DATA 



CASE DIMENSIONS (continued) 

""-irii-ii-1r---i-1i-oj-1"""", T 1 
r;:-.,--r .... --t--it-----+--' U 
t::t:J y J 

o D7PL 

1+100.25(0.10) ®ITI A®I 

CASE 714H-Q2 

CASE 714L-Q2 

MOTOROLA RF DEVICE DATA 

NOTES: 

1. DIMENSIONING AND lOlERANCING PER ANSI 
YI4.5M. 1982. 

2. CONTROWNG DIMENSION: INCH. 

011 
A 
B 
C 
0 
E 
G 
H 
K 
N 
Q 

R 
U 
v 
W 
X 
Y 

NOTES: 

INCHES MILLIMETERS 
IIIN IIAX IIIN IIAX 

1.n5 45.09 
0.585 14.85 
0.870 22.09 

0.019 0.Q22 OAIL .~-
0.490 0.510 12.45_ !2.9IL 

O.looBSC 2.54 BSC 
0.100 BSC 2.54BSC 

0.070 0.1 1.1Il 
1.040 1. .26.42. 
0.148 o 1 
.1).305. 7.75 
1.490 11 
0.152 1 7 
0.165 0.17 4 
0.990 11 25 

.1 .1 4.07 

STY1.£ 1: 
PIN 1. RF INPUT 

2. GROUND 
a GROUND 
4. -Vee 
7. GROUND 
8. GROUND 
aRFOUTPUT 

VIL 
~ 

8.25 

4.14 
4. 

1 

1. DIMENSIONING AND TOLERANCING PER ANSI 
Y14.5M.1982. 

2. CONTROWNG DIMENSION: INCH. 

DIM 
A 
B 
C 
0 
E 
G 
H 
K 
N 
Q 

R 
u 
V 
W 

INCHES IIILLIMETERS 
MIN MAX MIN IIAX 

1.755 45.09 
0.550 0.570 13.97 14.47 
0.430 0.470 10.93 11.93 
0.017 0.020 0.44 0.50 
0.205 0.130 3.05 3.30 

0.100 2.54BSC 
0.100 2.54BSC 

0255 0.305 8.48 7.74 
1.040 1.060 26.42 26.92 
0.150 0.160 3.81 4.06 
0.310 0.320 7.88 8.12 
1.490 1.510 37.85 38.35 
0.155 0.160 3.94 4.06 
0.160 0.180 4.07 4.57 

STY1.£ 1: 
PlNI. RFINPUT 

2. GROUND 
3. GROUND 
4. -Vee 
7. GROUND 
8. GROUND 
9. RFOliTPUT 

CASE DIMENSIONS 
4-47 
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II 

CASE DIMENSIONS (continued) 

;!k~Q t B 
! 

t iNi 
632UN(:-2B =:l f Lla 1 23 56789 ~ Yl I _\J !i IIlUe I~ L:t:J t 

~~jL Kn~H 008PL 
I-$-I 0 0.25 (0.010)®1 TI A® 1 

~x-

CASE 714M-02 

I I ~ 
rn 
u 

f 
B i Q i-i=Ei 

f r-N~ 
t 

Y ~t-tr-'""""I~ i D 
C L!U L:El ..L,-;!-- E 1 .---t I 

00SPL T KJ --II-- H 
0.1-$-"1'-0:-:0""'.25:-:-(0""'.0-:1 0"")®'""1 To:Tl =A..::;®'==tl 

CASE DIMENSIONS 
4-48 

CASE 714P.Q2 

NOlES: 
1. DIMENSIONING AND TDLERANCING PER ANSI 

Y14.5M,1982. 
2. CONTROWNG DIMENSION: INCH. 

INCHES MILLIMETERS 
DIll MIN M~ MIN MAX 
A - 1.755 44.09 
B 0.585 14.85 
C 0.870 22.09 
D 0.019 0.022 0.49 0.55 
E 0.490 0.510 12A5 12.95 
G O.looBSC 2.54BSC 
H O.lOOBSC 2.54BSC 
K 0.070 0.110 1.78 2.79 
N 1.040 1.060 26A2 26.92 
Q 0.148 0.210 3.76 5.33 
R 0.305 0.325 7.75 825 
u 1.490 1.510 37.85 38~5 

V 0.152 0.163 3.87 4.14 
w 0.165 0.175 4.20 4M 
X 0.990 1.010 25.15 25.65 
Y 0.160 0.170 4.07 4.31 

STYLE 1: STYLE 2: 
PIN 1. RF INPUT PIN 1. RF INPUT 

2. GROUND 2. GROUND 
3. GROUND 3. GROUND 
5. VCCl 5. Veel 
6. VCC2 6. Vee2 
7. GROUND 7. GROUND 
8. GROUNO 8. GROUND 
9. RFOUTPUT 9. RF OUTPUT, Vee 3 

NOlES: 
1. DIMENSIONING AND TOLERANCtNG PER ANSI 

Y14.5M,1982 
2. CONTROLLING DIMENSION: INCH. 

INCItES 
DIM MIN M~ 
A 1.755 
B 0.585 
C 0.870 
D 0.019 0.022 
E 0.490 0.510 

O.looBSC 
H 0.1 esc 
K 0.070 0.110 
N 1.040 1.060 
Q 0.148 0210 
R 0~05 0.325 
U lA90 1.510 

• 0.152 0.163 
W 0.185 0.175 
X 0.990 1.010 

0.160 10.170 

STYLE2: 
PIN 1. RF INPUT 

2. GROUND 
3. GROUND 
4. RESISTDR-GROUNO 
5. GROUND 
6. GROUND 
7. GROUND 
a Vee 1 
9. RFOUTPUT 

MILLIMETERS 
MIN MAX 

44.57 
14.85 
22.09 

0.49 0.55 
12A5 12.95 

2.54BSC 
2.54BSC 

1.76 2.79 
26A2 26.92 

3.76 5~3 
7.75 8.25 

37.85 38.35 
3.87 4.14 
420 4M 

25.5 25.85 
4.0 4.31 

STYLE 3: 
PIN 1. RF INPUT 

2. GROUND 
3. GROUND 
4. Vee 1 
5. GROUND 
6. GROUND 
7. GROUND 
8. Vee2 
9. RFOUTPUT 

MOTOROLA RF DEVICE DATA 



CASE DIMENSIONS (continued) 

1$10 0.76 (0.030)@1 A ® 1 B ® I 
Q 

D4PL 

MOTOROLA RF DEVICE DATA 

f 

S1YLEl: 
PIN 1. RFINPUT 

2. GROUND 
3. GROUND 
4. RESISTllft.GROUND 
5. GROUND 
6. GROtHl 
7. GROUND 
8. Vec l 
9. RFOUTPUT 

CASE 714T..(J2 

CASE 744A-Q1 

S1YLE2: 
PIN 1. RF INPUT 

2. GROUND 
3. GROUND 
4. Vec l 
5. GROUND 
8. GROUND 
7. GROUND 
8. Vec2 
9. RFOUTPUT 

NOTES: 

1. DIMENSIONING AND TOLERANCING PER ANSI 
Y14.5M,1982. 

2. CONTROUUNG DIMERNSION: INCH. 

1M IIWI 
I 

3.180 3.81 1.06 
0.320 7.88 8.12 
1.510 37.85 38.35 
0.180 3.94 1.1]6 
0.180 1.07 1.57 

NOTES: 
1. DIMENSIOIING AND TOLERANCING PER ANSI 

Yl4..5M,l982. 

IIIUIIIETERS INCHES 
DIll IIIN IIAX l1li !lAX 
A 22.80 23.11 0.890 0.910 
B 9.52 10.03 0.375 0.395 
C 8.65 7.18 0.282 0.282 
D 1.80 1.95 0.063 o.on 
E 2. 3.40 0.118 0.134 
F 2.87 3.22 0.113 0.127 
G 16.51 0.850 BSC 
H 4.01 4.36 0.158 0.172 
J 0.07 0.15 0.G03 0.006 
K 4.34 4.90 0.171 0.193 
L 12.44 12.95 G.490 0.510 
II 45' 10M 45'NQM 
N 10.51 11.02 G.414 OA34 

9.90 1.41 
U 1.02 1.27 0.040 O.IJIiQ 
V 0.114 0.89 O. 

S1YLEl: 
PIN 1. EMITTER (COMMON) 

2. COlLECTOR 
3. COUECTOR 
4. EMITTER (COMMON) 
5. EMITTER (COMMON) 
6. BASE 
7. BASE 
8. EMITTER (COMMON) 

CASE DIMENSIONS 
4-49 
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CASE DIMENSIONS (continued) 

rn- - - n K SEAnNG 
o 8 PL -+II-- PLANE 

'-$-'0.25(0.010)@'T' B®' A®, 

STYLE 1: 
P~I. 

2. 
3. 
4. 
5. 
6. 
7. 
8. 

EMrrrER 
COLLECTOR 
COLLECTOR 
EMITTER 
EMrrrER 
BASE 
BASE 
EMrrrER 

K 

r-;:-rJClClCl C1C1C1C1~¥. 
L.:!:.J - - - - - - - -tt 
SEp~ Jl016PL 

,;:"-$-";';''':'';0.:'''25-(0-.0-10-=) @=-r" T"T',-B--=®:"'>,-A-=.®::-'S , 

CASE DIMENSIONS 
4-50 

0.060 
1.52 

rDDDD~ 
0.275 0.155 
7F" 4:0 

1 0 0 0 0 -L (~:;S) 
0.024 I I I I 0.050 o.s ~ r- ~ r- 1.270 

NOTES: 
1. DlMENSION~G AND TOI.ERANCING PER 

ANSI YI4~M. 1962. 
2. CONTROlliNG DIM: MIlliMETER 
3. DIMENSION A AND B DO NOTINCLUDE 

MOLD PROTRUSION. 
4. MAXIMUM MOLD PROTRUSION 0.15 (0.006) 

PER SIDE. 
5. DIMENSION D DOES NOT INCLUDE 

DAMBAR PROTRUSION. ALLOWABLE 
DAMBAR PROTRUSION SHALL BE 0.127 
(0.005) TOTAL IN EXCESS OF THE D 
DIMENSION AT MAXIMUM MATERIAL 
CONDInON. 

CASE 751-(14 

SO-8 
FOOTPRINT 

MILLIMETERS 
DIM M 
A 4BO 5.00 
B 3BO 4.00 
C 1.35 1.75 
D 0.35 OA9 
F 0.40 125 
G 1.27BSC 
J 0.18 025 
K 0.10 025 
M 0' 'fO 
P 5BO 6.20 
R 0.25 0.50 

INCHES 
MIN MAX 

0.189 0.196 
0.150 0.157 
0.054 0.068 
0.014 0.019 
0.016 0.049 
O.05OBSC 

0.007 0.009 
0.004 0.009 

0.229 0.244 
0.010 0.019 

0.060 
1.52 

rDDDD~ 
0.275 
~ 

0.155 
4.0 

10000 
-L 

0.024 . I I I I 0.050 
o:s ~ r- ~ r- 1.270 

NOTES: 
1. DIMENSIONING AND TOLERANCING PER ANSI 

YI4~M. 1982. 
2. CONTROlliNG DIMENSION: MILLIMETER. 
3. DIMENSION A AND B DO NOT INCLUDE MOLD 

PROTRUSION. 
4. MAXIMUM MOLD PROTRUSION 0.15 (0.006) 

PER SIDE. 
5. DIMENSION D DOES NOT INCLUDE DAMBAR 

PROTRUSION. ALLOWABLE DAMBAR 
PROTRUSION SHALL BE 0.127 (0.005) TOTAL 
IN EXCESS OF THE D DIMENSION AT 
MAXIMUM MATERIAL CONDInON. 

CASE 751 e-05 

DIM 
A 
B 
C 
D 
F 
G 
J 
K 
M 
P 
R 

SO-16 
FOOTPRINT C::es) 

MOTOROLA RF DEVICE DATA 



CASE DIMENSIONS (continued) 

f4---A---I 

L.J======Lrr , _--1 ! 
ft":fb :fIi~ 

101 0.13 (0.005) 1 I __ t 
0D _i--K 

N--.-.I 

CASE825A-02 

J r-N-j 
.~I I ..----rF' I 

r-

CASE 827-01 

MOTOROLA RF DEVICE DATA 

NOTES: 
1. DIMENSIONING AM) TOLERANCING PER ANSI 

Y14.sM. 1982. 
2. CONTROLUNG DIMENSION: INCH. 

DIM 
A 
B 
C 
D 
G 
H 
K 
L 
N 
S 
U 
W 
X 
Y 
Z 

NOTES: 

INCHES R. 
II1II _MAX IIIN 

2.107 2.150 53.52 
1.225 1.250 31.12 
O.~ 0.845 20.45 
0.018 0.022 OA6 
0.190 0210 4.83 
OAiO 0.510 12.45 
0.100 0.120 2.54 
0.910 0.930 23.12 
2.053 2.083 52.15 
0.310 0.330 71fT 
1.785 1.815 45.34 
0.890 0.710 17.53 
0.090 0.110 2.29 
0.290 0.310 7.37 
0.230 0270 5.84 

STYLE 1: 
P1N1.24V 

2. GROUND 
3. INPUT 
4. GROUND 
5. TEST 
6. TEST 
7. GROUND 
8. OUTPUT 
8. GROUND 

10.24V 

!lAX 
54.61 
31.75 
21.46 
0.56 
5.33 

12.95 
3.05 

23.82 
52.90 
8.38 

46.10 
18.03 
2.79 
7.87 
6.86 

1. DIMENSIONING AND TOLERANCiNG PER ANSI 
YI4.sM.I982. 

2. CONTROWNG DIMENSION: iNCH. 

I ... 
A 
B 
C 
D 
E 
F 
G 
H 
J 
K 
L 
N 
Q 

R 
U 

iNCHES IIILLIM£TERS 
MIN !lAX lIiN 

0.892 0.908 22.66 
0.378 0.394 9.81 
0.245 0266 625 
0.110 0.130 2.80 
0.115 0.135 2.83 
0.060 0.080 1.53 
0.020 0.040 0.51 
0.157 0.173 3.99 
0.004 0.1106 0.11 
0.624 0.768 15.85 
0.035 0.055 0.89 
0A23 !1M3 10.75 
0.120 0.140 3.05 
0.394 0AQ4 9.76 
0.640 0.660 1628 

STYLE 1: 
PiNl. EMJTmI 

2. COLLECTOR 
3. COLLECTOR 
4. EMITTER 
5. EMITTER 
8. BASE 
7. BASE 
8. EMilTER 

23.08 
10.00 
6.75 
3.30 
3A2 
2.03 
1.01 
4.39 
0.15 

19.50 
1.39 

11.25 
3.55 

1028 
16.76 

CASE DIMENSIONS 
4-51 
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CASE DIMENSIONS (continued) 

~l ~1 4~ 
I I -.l i--OSPL 

j G l 1-$-10.13(0.005)®lrl A® I 

III II IIlJ 
101 0.038 (0.0015)1 
L:!:J~~~G 

CASE DIMENSIONS 
4-52 

~ Lg + r 
HJ r; 

CA5E846-01 

0.060 
1.52 

rDDDD~ 
0.275 0.155 7F 4.0 

lOODO-*- (::s) 
0.024 --I 
0.6 f---I I- 0.050 

1.270 

50-8 
FOOTPRINT 

NOTES: 
1. DIMENSIONING AND TOlERANCING PER ANSI 

YI4.5M,I982. 
2. CONTROlUNG DIMENSION: INCH. 

INCHES MUIMmRS 
• DIM IN II 

A 0.182 0202 4.63 5.13 
B 0.144 0.164 3.66 4.16 
C 0.123 0.143 3.13 3.63 
D 0.011 0.021 0.28 0.53 
G 0.050BSC 1.278SC 
H 0.003 lJl.008 0.08 0.20 
J 0.006 0.010 0.16 0.25 
K 0.224 0244 5.69 6.19 

MOTOROLA RF DEVICE DATA 
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Index and Cross Reference 

The Index and Cross Reference provides a listing of 
Motorola's closest replacement devices to industry standard 
devices. It is Motorola's intent to provide suitable replacement 
devices and to encourage the device user to investigate these 
altematives. 

Several guidelines are used to determine Motorola's closest 
replacement devices. For low power devices, guidelines are 
based on dc voltage ratings, cutoff frequency, current rating, 

Industry Motorola 
Part Closest 

Number Replacement 

2N1491 MRF5812 
2N2857 MMBR5179LT1 
2N2876 MRFl34 
2N3296 MRF134 
2N3375 MRF134 
2N3478 MMBR5179LT1 
2N3600 MMBR5179lT1 
2N3632 MRF134 
2N3733 MRF134 
2N3818 MRF134 

2N3839 MMBR5179LT1 
2N3866 MRF3866 
2N3866A MRF3866 
2N3880 MMBR5031LT1 
2N3924 MRF5003 
2N3925 MRF5003 
2N3927 MRF2628 
2N3948 MRF4427 
2N3959 MRF9011lT1 
2N3960 MRF9011LT1 

2N3961 MRF134 
2N4012 MRF134 
2N4040 MRF321 
2N4072 MRFS003 
2N4073 MRF4427 
2N4130 MRF464 
2N4427 MRF4427 
2N4428 MRF3866 
2N4932 MRF2628 
2N4957 MMBR4957LT1 

2N4958 MMBR4957LT1 
2N4959 MMBR4957LT1 
2NS016 MRF323 
2NS031 MMBR5031 LT1 
2NS032 MMBR5031LT1 
2N5070 MRF426 
2N5109 MRF5943 
2N5179 MMBR5179LTl 
2N5180 MMBR5179LTl 
2N5421 MRF4427 

CROSS REFERENCE AND SALES OFFICES 
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Page 
No. 

2-647 
2-52 
2-101 
2-101 
2-101 
2-52 
2-52 
2-101 
2-101 
2-101 

2-52 
2-613 
2-613 
2-51 
2-619 
2-619 
2-601 
2-615 
2-42 
2-42 

2-101 
2-101 
2-311 
2-619 
2-615 
2-367 
2-615 
2-613 
2-601 
2-49 

2-49 
2-49 
2-315 
2-51 
2-51 
2-351 
2-651 
2-52 
2-52 
2-615 

junction capacitance, and noise figure. The high power 
guidelines are dc voltage ratings, output power, gain, frequen
cy of operation and output capacitance_ 

New chip technologies and packaging requirements are 
constantly evolving to meet the explosive demands of the 
Communications market. Motorola's portfolio of RF devices 
reflects this growth and the changes in the Communications 
market. 

Industry Motorola 
Part Closest Page 

Number Replacement No. 

2N5424 MRF2628 2-601 
2N5583 MRF5583 2-645 
2N5589 MRF5003 2-619 
2N5590 MRF2628 2-601 
2N5591 MRF19461A 2-593 
2N5636 MRF321 2-311 
2N5637 MRF323 2-315 
2N5641 MRFl34 2-101 
2N5642 MRF166C 2-215 
2N5643 MRF137 2-120 

2N5644 MRFS003 2-619 
2N5645 MRF652 2-428 
2N5646 MRF653 2-432 
2N5688 MRF2628 2-601 
2N5689 MRF2628 2-601 
2N5690 MRF19461A 2-593 
2N5697 MRF5003 2-619 
2N5698 MRFS003 2-619 
2N5699 MRF652 2-428 
2N5710 MRF4427 2-615 

2N5711 MRFl34 2-101 
2N5713 MRF137 2-120 
2N5774 MRF321 2-311 
2N5775 MRF325 2-319 
2N5829 MMBR4957LTl 2-49 
2N5835 MRF9011LTl 2-42 
2N5836 MRF951 2-533 
2N5837 MRF951 2-533 
2N5941 MRF571 2-395 
2N5842 MRF571 2-395 

2N5847 . MRF2628 2-601 
2N5848 MRF19461A 2-593 
2N5862 MRF316 2-303 
2N5914 MRF5003 2-619 
2N5915 MRF653 2-432 
2N5918 MRF321 2-311 
2N5919A MRF323 2-315 
2N5941 MRF138 2-128 
2N5942 MRF464 2-367 
2N5943 MRF5943 2-651 
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Index and Cross Reference (continued) 

Industry Motorola 
Part Closest Page 

Number Replacement No. 

2N5944 MRF5003 2-619 
2N5945 MRF652 2-428 
2N5946 MRF653 2-432 
2N5947 MRF587 2-407 
2N5992 MRF2626 2-601 
2N5993 MRF19461A 2-593 
2N5994 MRF315 2-299 
2N5995 MRF2628 2-601 
2N5996 MRFl946/A 2-593 
2N6080 MRF5003 2-619 

2N6081 MRF2628 2-601 
2N6082 MRFl946/A 2-593 
2N6083 MRFl946/A 2-593 
2N6084 MRF1946/A 2-593 
2N6093 MRF464 2-367 
2N6104 MRF325 2-319 
2N6105 MRF325 2-319 
2N6136 MRF644 2-418 
2N6166 MRF173 2-230 
2N6197 MRFl34 2-101 

2N6199 MRF137 2-120 
2N6200 MRF137 2-120 
2N6201 MRF317 2-307 
2N6203 MRF321 2-311 
2N6204 MRF323 2-315 
2N6205 MRF325 2-319 
2N6206 MRF891 2-476 
2N6207 MRF892 2-480 
2N6255 MRF5003 2-619 
2N6256 MRF559 2-366 

2N6366 MRF5003 2-619 
2N6366 MRF455 2-365 
2N6439 2N6439 2-2 
2N6455 MRF19461A 2-593 
2N6457 MRF492 2-371 
2N6460 MRF492 2-371 
2N6603 MRF901 2-508 
2N6604 MMBR911LTl 2-72 
2N8985 2N6965 2-7 
2N8966 2N6986 2-11 

2SAl161 MMBR536LTl 2-53 
2SAl223 MMBR536LT1 2-53 
2SAl228 MMBR536LT1 2-53 
2SAl230 MMBR536LTl 2-53 
2SA1245 MMBR4957LTl 2-49 
2SA711 MRF9011LTl 2-42 
2SASOO MMBR536LTl 2-53 
2SC1043 MRF587 2-407 
2SC1081 MRF654 2-436 
2SC1090-1 MMBR911LT1 2-72 

2SCll19 MRF901 2-508 
2SCl251 MRF587 2-407 
2SCl252 MRF5812 2-647 
2SCl253 MRF5812 2-647 
2SCl256 MRF5003 2-619 
2SCl257 MRF2628 2-601 
2SCl258 MRF2628 2-601 
2SCl259 MRFl946/A 2-593 
2SCl260 MMBR5179LTl 2-52 
2SCl266 MRF571 2-395 

MOTOROLA RF DEVICE DATA 

Industry Motorola 
Pari Closest Page 

Number Replacement No. 

2SC1275 MMBR5179LTl 2-52 
2SCl297 MRF137 2-120 
2SCl298 MRF315 2-299 
2SCl336 MRF571 2-395 
2SCl365 MRF5812 2-647 
2SC1366 MRF5812 2-647 
2SC1424 MRF571 2-395 
2SC1426 BFR96 2-22 
2SC1560 MRF571 2-395 
2SC1592 MRF587 2-407 

2SCl593 MRF587 2-407 
2SCl594 MRF587 2-407 
2SCl600 MRF5812 2-647 
2SCl605A MRF2628 2-601 
2SCl606 MRF5003 2-619 
2SCl669 MRF315 2-299 
2SC1729 MRF2628 2-601 
2SC1763 MRF464 2-367 
2SC1764 MRF464 2-367 
2SC1804 MRF321 2-311 

2SCl605 MRF323 2-315 
2SC1808 MRF652 2-428 
2SCl946 MRFl946/A 2-593 
2SCl946A MRFl9461A 2-593 
2SCl947 MRF5003 2-619 
2SCl949 MRF951 2-533 
2SC1955 MRF5003 2-619 
2SC1966 MRF652 2-428 
2SC1967 MRF653 2-432 
2SC1968A MRF641 2-414 

2SC1970 MRF553 2-374 
2SC1988 MRF571 2-395 
2SC2025 BFR96 2-22 
2SC2026 MPS911 2-72 
2SC2040 MRF587 2-407 
2SC2065 MRF587 2-407 
2SC2081 MRF5003 2-619 
2SC2082 MRF653 2-432 
2SC2083 MRF654 2-436 
2SC2100 MRF492 2-371 

2SC2101 MRF2628 2-601 
2SC2102 MRF2628 2-601 
2SC2103A MRFl946/A 2-593 
2SC2104 MRF652 2-428 
2SC2105 MRF653 2-432 
2SC2106 MRF654 2-436 
2SC2131 MRF5003 2-619 
2SC2148 MMBR911LT1 2-72 
2SC2149 MRF571 2-395 
2SC2174 MRF571 2-395 

2SC2181 MRF224 2-283 
2SC2217 MRF571 2-395 
2SC2218 MRF571 2-395 
2SC2222 MRF653 2-432 
2SC2280 MRF5003 2-619 
2SC2281 MRF653 2-432 
2SC2282 MRF2628 2-601 
2SC2290 MRF454 2-363 
2SC2350 MRF571 2-395 
2SC2351 MMBR571LT1 2-58 
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Index and Cross Reference (continued) 

Industry Motorola 
Part Closest 

Number RepIac:ement 

2SC2367 MRF571 
2SC2369 MRF0211LT1 
2SC2420 MRF19461A 
2SC2498 MPS911 
2SC2499 MPS901 
2SC2508 MRF19461A 
2SC2510 MRF422 
2SC2570 MPS571 
2SC2586 MRF5003 
2SC2627 MRF5003 

2SC2628 MRF2628 
2SC2629 MRF19461A 
2SC2630 MRF247 
2SC2642 MRF841 
2SC2643 MRF844 
2SC2852 MRF448 
2SC2694 MRF247 
2SC2753 MPS571 
2SC2759 MMBR911LT1 
2SC2782 MRF247 

2SC2876 MRF571 
2SC2879 MRF421 
2SC2888 MRF321 
2SC2887 MRF321 
2SC2888 MRF314 
2SC2889 MRF315 
2SC2890 MRF316 
2SC2891 MRF317 
2SC2893 MRF321 
2SC2894 MRF323 

2SC2895 MRF325 
2SC2896 2N6439 
2SC2897 MRF327 
2SC2915 MRF658 
2SC2917 MRF247 
2SC2931 MRF557 
2SC2932 MRF840 
2SC2933 MRF842 
2SC2952 MRF5812 
2SC2953 MRF587 

2SC2954 BFR96 
2SC3011 MMBR901LT1 
2SC3019 MRF559 
2SC3020 MRF652 
2SC3021 MRF653 
2SC3022 MRF844 
2SC3099 MMBR901LT1 
2SC3101 MRF5003 
2SC3102 MRF658 
2SC3105 MRF844 

2SC3120 MMBR911LT1 
2SC3139 MRF890 
2SC3147 MRF247 
2SC319 MRF4427 
2SC3288 MRF5711LT1 
2SC3282 MRF842 
2SC3283 MRF844 
2SC3301 MRF5711LT1 
2SC3302 MRF571 
2SC3355 MPS571 

CROSS REFERENCE AND SALES OFFICES 
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No. 

2-395 
2-279 
2-593 
2-72 
2-68 
2-593 
2-347 
2-58 
2-619 
2-619 

2-601 
2-593 
2-290 
2-414 
2-418 
2-359 
2-290 
2-58 
2-72 
2-290 

2-395 
2-343 
2-311 
2-311 
2-295 
2-299 
2-303 
2-307 
2-311 
2-315 

2-319 
2-2 

2-327 
2-440 
2-290 
2-383 
2-453 
2-457 
2-647 
2-407 

2-22 
2-42 
2-388 
2-428 
2-432 
2-418 
2-42 
2-619 
2-440 
2-461 

2-72 
2-472 
2-290 
2-615 
2-58 
2-457 
2-461 
2-58 
2-395 
2-58 

Industry Motorola 
Pan Closest Page 

Number Replacement No. 

2SC3358 MMBR571LT1 2-58 
2SC3358 MRF571 2-395 
2SC3429 MMBR571LT1 2-58 
2SC3445 MMBR571LT1 2-58 
2SC3484 MRF571 2-395 
2SC3582 MPS571 2-58 
2SC3583 MMBR571LT1 2-58 
2SC3604 MRF571 2-395 
2SC3660A TPV6200B 2-841 
2SC4093 MRF9411LT1 2-514 

2SC4226 MRF957T1 2-544 
2SC4228 MRF947T1 2-527 
2SC4321 MRF947T1 2-527 
2SC4394 MRF957T1 2-544 
2SC567 MMBR5179LT1 2-52 
2SC568 MMBR5179LT1 2-52 
2SC573 MRF2628 2-601 
2SC585 MRF134 2-101 
2SC600 MRF134 2-101 
2SC63s MRF134 2-101 

2SC636 MRF134 2-101 
2SC638 MRF2628 2-601 
2SC651 MRF3886 2-613 
2SC652 MRF3886 2-613 
2SC730 MRF4427 2-615 
2SC821 MRF4427 2-615 
2SC822 MRF4427 2-615 
2SC623 MRF5943 2-651 
2SC824 MRF5943 2-651 
2SC831 MRF321 2-311 

2SC852 MRF5943 2-651 
2SC890 MRF5003 2-619 
2SC891 MRF652 2-428 
2SC892 MRF653 2-432 
2SC988 MRF571 2-395 
2SC988A MRF571 2-395 
2SC990 MRF323 2-315 
2SC894 MRF4427 2-615 
2SC998 MRF5003 2-619 
ATOO17 MRF9011LT1 2-42 

ATOO17A MRF9011LT1 2-42 
ATOO4 MRF9011LT1 2-42 
ATOO45 MRF9011LT1 2-42 
AT1425 BFR90 2-15 
AT1825 MMBR911LT1 2-72 
AT1845 MRF901 2-508 
AT1845A MRF901 2-508 
AT25 MRF901 2-508 
AT25A MRF901 2-508 
AT25B MRF901 2-508 

AT2625 MRF901 2-508 
AT2645 MRF901 2-508 
AT2645A MRF901 2-508 
AT2715 MRF951 2-533 
ATSO BFR90 2-15 
AT51 BFR90 2-15 
AT52 BFR90 2-15 
ATV6030 ATV6031 3-2 
ATV6031 ATV6031 3-2 
ATV6060 ATV6060 3-3 
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Index and Cross Reference (continued) 

Industry Motorola 
Part Closest Page 

Number Replacement No. 

ATV7060 ATV6060 3-3 
BF1Q0-35 MRF174 2·235 
BFl4-35 MRFl36 2·110 
BF25-35 MRF137 2·120 
BF430 MRF5711LTl 2·58 
BF431 MRF9011lT1 2-42 
BF432 MRF9331LT1 2-677 
BF433 MRF5812 2-647 
BF50-35 MRF173 2·230 
BF679 MMBR536LTl 2·53 

BF7-35 MRFl34 2·101 
BF751 MPS911 2·72 
BFGl34 MRF581 2-401 
BFGl95 MRF571 2-395 
BFG1971X MRF5711LT1 2·58 
BFG25NX MRF9331LTl 2-677 
BFG33 MRF9411LT1 2·514 
BFG33H MRF9411LT1 2-514 
BFG34 MRF557 2-383 
BFG5201X MRF9411LTl 2·514 

BFG540IX MRF9511LTl 2-533 
BFG65 MRF941 2-514 
BFG67 MRF9411LT1 2-514 
BFG671X MRF9411lT1 2-514 
BFG90A MRF901 2-506 
BFG91 A MRF0211LT1 2·279 
BFG92AIX MRF9011LTl 2-42 
BFG93AIX MRF5211LTl 2·34 
BFG96 MRF581 2-401 
BFG97 MRF5812 2-647 

BFP10 MRF571 2-395 
BFP520 MRF951 2-533 
BFPOOA MRF571 2-395 
BFP91A MRF0211lT1 2·279 
BFP96 MRF581 2-401 
BFOl63 MRF5812 2-647 
BF017 MRF017 2·721 
BFOl8A MRF5812 2-647 
BF019 BFR96 2·22 
BFQ22 MRF9011LTl 2-42 

BFQ22S MRF571 2-395 
BFQ23 MMBR536LTl 2·53 
BFQ24 MMBR536LTl 2·53 
BFQ32M MMBR521LTl 2·34 
BFQ34 MRF587 2-407 
BF034T MRF5812 2-647 
BFQ43 MRF5003 2-619 
BFQ43S MRF5003 2-619 
BFQ51 MMBR536LTl 2·53 
BF063 MRF571 2-395 

BFQ66 MRF571 2-395 
BFQ67 MMBR951LTl 2-533 
BFQ67W MRF947T1 2-527 
BF085 MRF571 2-395 
BFRl34 MRF5812 2-647 
BFR38 MMBR4957LTl 2-49 
BFR49 MRF901 2·506 
BFR520 MMBR941LTl 2·514 
BFR53 MMBR920LTl 2-47 
BFR540 MMBR951LTl 2·533 

MOTOROLA RF DEVICE DATA 

Industry Motorola 
Part Closest Page 

Number Replacement No. 

BFR541 MRF951 2·533 
BFR63 MRF587 2-407 
BFR64 MRF587 2-407 
BFR65 MRF587 2-407 
BFR90 BFR90 2·15 
BFR90A BFR90 2·15 
BFR91 MMBR911LT1 2·72 
BFR91A MRF571 2·395 
BFR92 BFR92ALTl 2·18 
BFR92A BFR92ALTl 2·18 

BFR93 BFR93ALTl 2·20 
BFR93A BFR93ALTl 2·20 
BFR93ALTl BFR93ALTl 2·20 
BFR94 MRF587 2-407 
BFR95 MMBR536LT1 2·53 
BFR96 BFR96 2·22 
BFR96S MRF581 A 2-401 
BFR99 MMBR4957LTl 2-49 
BFS17 BFS17LTl 2·26 
BFS17LTl BFS17LTl 2·26 

BFS17S BFS17LTl 2·26 
BFS520 MRF947T1 2·527 
BFS540 MRF957T1 2·544 
BFT24 MMBR931LT1 2-48 
BFT25A MMBR931LT1 2-48 
BmO MRF9011LTl 2-42 
BFT92 MMBR536LT1 2·53 
BFT95 MMBR536LTl 2·53 
BFT96 MMBR536LTl 2·53 
BFW93 MRF571 2·395 

BFW94 MRF559 2·388 
BGD102 MHW5185B 3-150 
BGD104 MHW5205 3-152 
BGD106 MHW5225 3-155 
BGD502 MHW6185B 3-150 
BGXB85 CA901 3-5 
BGYll0A MHW851·1 3-107 
BGYll0B MHW851·2 3-107 
BGYll0D MHW803-1 3-B9 
BGYll0E MHW803-3 3-B9 

BGYll0F MHW803-3 3-B9 
BGYl12B MHW607·1 3-70 
BGYl12C MHW607·2 3-70 
BGYl13A MHW707·1 3-77 
BGYl13B MHW707·2 3-77 
BGYl14C MHW909 3-117 
BGYl15A MHW9002·1 3-171 
BGYl15B MHW9002·2 3-171 
BGYl15C MHW9002-3 3-171 
BGY200 MHW903 3-112 

BGY201 MHW914 3-123 
BGY49A MHW720Al 3-84 
BGY49B MHW72OA2 3-84 
BGY50 MHW5122A 3-141 
BGY51 MHW5122A 3-141 
BGY52 MHW5172A 3-145 
BGY53 MHW5172A 3-145 
BGY54 MHW5172A 3-145 
BGY55 MHW5172A 3-145 
BGY56 MHW5222A 3-153 
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Index and Cross Reference (continued) 

Industry Motorola 
Part Closest 

Number Replacement 

BGY57 MHW5222A 
BGY580 MHW6122 
BGY581 MHW6122 
BGY582 MHW6142 
BGY583 MHW6142 
BGY584 MHW6172 
BGY584A MHW6182 
BGY585 MHW6172 
BGY585A MHW6182 
BGY586 MHW6222 

BGY587 MHW6222 
BGY587B MHW6272 
BGY588 MHW6342 
BGY58A MHW5342A 
BGY59 MHW5382A 
BGY61 MHWI134 
BGY67 MHW1224 
BGY67A MHWI244 
BGY70 MHW5122A 
BGY71 MHW5122A 

BGY78 MHW5342A 
BGY80 MHW5122A 
BGY81 MHW5122A 
BGY82 MHW5142A 
BGY83 MHW5142A 
BGY84 MHW5172A 
BGY84A MHW5182A 
BGY85 MHW5172A 
BGY85A MHW5182A 
BGY86 MHW5222A 

BGY87 MHW5222A 
BGY87B MHW5272A 
BGY88 MHW5342A 
BGY89 MHW5382A 
BGY90A MHW806A2 
BGY90B MHW806A4 
BGY92C MHW812A3 
BGY95A MHW803-1 
BGY95B MHW803-3 
BlF145 MRF138 

BlF147 MRF141 
BlF175 MRFI48 
BlF177 MRF151 
BlF241 MRF158R 
BlF242 MRF134 
BlF244 MRF136 
BlF245 MRF137 
BlF245B MRF136Y 
BlF246 MRF173 
BlF246B MRF177 

BlF248 MRF141G 
BlF277 MRF151 
BlF278 MRF151G 
BlF346 MRF173 
BlF348 MRF175GV 
BlF368 MRFI75GV 
BlF378 MRF151G 
BlF521 MRFI58 
BlF544 MRF166C 
BlF544B MRFI64W 

CROSS REFERENCE AND SALES OFFICES 
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3-153 
3-162 
3-162 
3-163 
3-163 
3-164 
3-165 
3-164 
3-165 
3-166 

3-166 
3-167 
3-168 
3-158 
3-160 
3-139 
3·139 
3-139 
3-141 
3-141 

3-158 
3-141 
3-141 
3·143 
3-143 
3-145 
3·147 
3-145 
3·147 
3-153 

3-153 
3-156 
3-158 
3-160 
3·98 
3-98 
3-103 
3-89 
3·89 
2-128 

2-138 
2·148 
2-158 
2-181 
2-101 
2-110 
2-120 
2-110 
2·230 
2·265 

2-143 
2-158 
2-164 
2-230 
2·243 
2·243 
2-164 
2·181 
2-215 
2·211 

Industry Motorola 
Part Closest Page 

Number Replacement No. 

BlF548 MRF175GU 2-243 
BlT90 MRF557 2-363 
BlT90Sl MRF557 2-363 
BlUl0/12 MRF653 2-432 
BlUI5!12 MRF654 2-436 
BlU20/12 MRF644 2-418 
BLU53 MRF392 2-335 
BLU80112 MRF658 2-440 
BlU97 MRF653 2·432 
BlU98 MRF581 2-401 

BLU99 MRF652 2-428 
BlVl0 MRF2628 2·6(11 
BlVl03 MRF891 2-476 
BlV12 MRFI9461A 2-593 
BlV13 MRFI946/A 2-593 
BlV193 MRF842 2-457 
BlVI94 MRF842 2-457 
BlV20 MRFI34 2-101 
BlV21 MRF314 2-295 
BlV57 TPV695A 2-825 

BlV59 TPV5055B 2-826 
BlV75!12 MRF247 2-290 
BlV80128 MRF316 2-303 
BlV90 MRF557 2-383 
BlV90lSl MRF557 2-363 
BlV91 MRF840 2-453 
BlV92 MRF840 2-453 
BlV93 MRF840 2-453 
BlV94 MRF842 2-457 
BlV945A MRF897 2-493 

BlV948 MRF899 2-502 
BlV95 MRF844 2-461 
BlV96 MRF847 2-464 
BlV97 MRF894 2-484 
BlV98 MRF892 2-480 
BlV99 MRF894 2-484 
BlW29 MRF2628 2-601 
BLW30 MRFI946/A 2-593 
BlW31 MRFI9461A 2-593 
BlW32 TPV586A 2-817 

BlW33 TPV597 2-820 
BlW40 MRF240 2-286 
BlW50F MRF464 2-367 
BlW60 MRFI946/A 2·593 
BlW60C MRFI946/A 2-593 
BlW76 MRF464 2-367 
BlW77 MRF422 2·347 
BlW78 MRF484 2-367 
BlW79 MRF5003 2-619 
BlW80 MRF652 2-428 

BlW81 MRF653 2-432 
BlW82 MRF644 2-418 
BlW83 MRF426 2-351 
BlW84 MRF314 2-295 
BlW85 MRF224 2-283 
BlW86 MRF315 2-299 
BlW87 MRFI946/A 2-593 
BlW91 MRF321 2-311 
BlW91/Sl MRF321 2-311 
BlW95 MRF429 2-355 

MOTOROLA RF DEVICE DATA 



Index and Cross Reference (continued) 

Industry Motorola 
Part Closest Page 

Number Replacement No. 

BlW96 MRF448 2·359 
BlW97 MRF422 2·347 
BlW98 TPV598 2·823 
BlW99 MRF421 2-343 
BLX13 MRF426 2·351 
BLXl3C MRF426 2·351 
BLX14 MRF464 2-367 
BlX39 MRF315 2·299 
BLX65 MRF5003 2-619 
BLX65ES MRF5003 2-619 

BLX66 MRF5003 2-619 
BLX67 MRF653 2-432 
BLX68 MRF653 2-432 
BLX69A MRF654 2-436 
BlX91 MRF313 2·293 
BlX91A MRF313 2·293 
BlX93 MRF321 2-311 
BLX93A MRF321 2-311 
BLX94A MRF325 2-319 
BLX94C MRF323 2·315 

BLX95 MRF325 2-319 
BlX96 TPV596A 2-817 
BlX97 TPV597 2-820 
BLX98 TPV598 2-823 
BLY53A MRF653 2-432 
BLY58 MRF2628 2-601 
BLY59 MRFl34 2·101 
BlY60 MRFl34 2·101 
BlY87A MRF2628 2-601 
BLY87C MRF2628 2-601 

BlY88A MRF2628 2-601 
BLYBBC MRF2628 2-601 
BlYBBClOl MRF2628 2-601 
BlY89A MRFl9461A 2·593 
BLY89C MRFl946/A 2-593 
BLY91 A MRFl34 2·101 
BLY91C MRFl34 2·101 
BLY93A MRF314 2·295 
BLY93C MRF314 2·295 
BLY94 MRF315 2·299 

BM10G-28 MRF317 2-307 
BM45-12 MRF247 2·290 
BM70·12 MRF247 2·290 
BM80·12 MRF247 2·290 
BRF521 MRF941 2·514 
CAl 00 MHW5172A 3-145 
CA200 MHW5172A 3·145 
CA2100 MHW5172A 3·145 
CA2101 MHW5172A 3-145 
CA2200 MHW5172A 3-145 

CA2201 MHW5172A 3-145 
CA2300 MHW5222A 3-153 
CA2301 MHW5222A 3-153 
CA2422 MHWl224 3·139 
CA2600 MHW5342A 3-158 
CA2700 MHW5382A 3·160 
CA2800 CA2818C 3-16 
CA2810 CA2810C 3·13 
CA2810B CA2810C 3·13 
CA2810C CA2810C 3·13 

MOTOROLA RF DEVICE DATA 

Industry Motorola 
Part Closest Page 

Number Replacement No. 

CA2810CH CA2810C 3-13 
CA2810H CA2810C 3-13 
CA2813 CA2810C 3-13 
CA2813B CA2810C 3-13 
CA2813C CA2810C 3-13 
CA2813CH CA2810C 3-13 
CA2818 CA2818C 3-16 
CA2818B CA2818C 3-16 
CA2818C CA2818C 3-16 
CA2818H CA2818C 3-16 

CA2828CH CA2818C 3-16 
CA2830 CA2830C 3-19 
CA2830B CA2830C 3-19 
CA2830C CA2830C 3-19 
CA2830H CA2830C 3-19 
CA2832 CA2832C 3-22 
CA2832B CA2832C 3-22 
CA2832C CA2832C 3-22 
CA2832H CA2832C 3-22 
CA2833 CA2833C 3-19 

CA2833C CA2833C 3-19 
CA2840 CA2842C 3-25 
CA2840H CA2842C 3-25 
CA2842 CA2842C 3-25 
CA2842B CA2842C 3-25 
CA2842C CA2842C 3·25 
CA2842H CA2842C 3·25 
CA2846 CA2842C 3-25 
CA2850 MHW5182A 3-147 
CA2850CR CA2850CR 3-28 

CA2650R CA2850CR 3-28 
CA2650RH CA2850CR 3-28 
CA2851CR CA2851CR 3-28 
CA2851R CA2851CR 3-28 
CA2870 CA2870C 3-31 
CA2870B MHW5342A 3-158 
CA2870C CA2870C 3-31 
CA2870H CA2870C 3-31 
CA2875CR CA2875CR 3-34 
CA2875R CA2875CR 3-34 

CA2875RH CA2875CR 3·34 
CA2880R CA2875CR 3-34 
CA2885 MHW5185B 3-150 
CA28BB CA2832C 3-22 
CA28BBH CA2832C 3-22 
CA2889 CA2832C 3-22 
CA28B9H CA2832C 3-22 
CA2890 CA2870C 3-31 
CA2890B CA2870C 3-31 
CA2890H CA2870C 3-31 

CA3100 MHW5172A 3-145 
CA3101 MHW5172A 3-145 
CA3170 MHW5172A 3-145 
CA3180 MHW5142A 3-143 
CA3200 MHW5172A 3-145 
CA3201 MHW5172A 3-145 
CA3220 MHW5182A 3-147 
CA3270 MHW5172A 3-145 
CA3280 MHW5142A 3-143 
CA3300 MHW5222A 3-153 

CROSS REFERENCE AND SALES OFFICES 
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Index and Cross Reference (continued) 

Industry Motorola 
Part Closest 

Number Replacement 

CA3301 MHW5222A 
CA3600 MHW5342A 
CA3700 MHW5382A 
CA4101 MHW5172A 
CA4170 MHW5172A 
CA4180 MHW5142A 
CA4201 MHW5172A 
CA4220 MHW5182A 
CA4270 MHW5172A 
CA4280 MHW5142A 

CA4300 MHW5222A 
CA4301 MHW5222A 
CA4411 MHWl134 
CA4412 MHWll34 
CA4422 MHWl224 
CA4424 MHW1244 
CA4600 MHW5342A 
CA4700 MHW5342A 
CA4800 CA4800C 
CA4800C CA4800C 

CA4800cS CA4800CS 
CA4800H CA4800CS 
CA4812 CA4812C 
CA4812C CA4812C 
CA4812CS CA4812CS 
CA4812H CA4812CS 
CA4815 CA4815C 
CA4815C CA4815C 
CA4815CS CA4815CS 
CA4815H CA4815CS 

CA4900 CA4900 
CA4900S CA4900S 
CA4912 CA4912 
CA4912S CA4912S 
CA4915 CA4915 
CA4915S CA4915S 
CA5001 MHW5182A 
CA5101 MHW5182A 
CA5170 MHW5172A 
CA5180 MHW5142A 

CA5201 MHW5182A 
CA5270 MHW5172A 
CA5260 MHW5142A 
CA5300 MHW5222A 
CA5301 MHW5222A 
CASSOl MHW5185B 
CASS20 MHW5185B 
CA5600 MHW5342A 
CA5700 MHW5382A 
CMSOO CA5800C 

CA5800c CA5800C 
CA5800cS CA5800CS 
CA5800H CA5800CS 
CASSOI CA5801 
CA5801S CA5801S 
CA581S CA5815C 
CA5815C CA5815C 
CA5815CS CA5815CS 
CA58l5H CA5815CS 
CA5900 CA5900 

CROSS REFERENCE AND SALES OFFICES 
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Page 
No. 

3-153 
3-158 
3-160 
3-145 
3-145 
3-143 
3-145 
3-147 
3·145 
3-143 

3·153 
3-153 
3-139 
3-139 
3-139 
3-139 
3-158 
3-158 
3-37 
3-37 

3-37 
3-37 
3-37 
3-37 
3-37 
3-37 
3-37 
3-37 
3-37 
3-37 

3-39 
3-39 
3-39 
3-39 
3-39 
3-39 
3-147 
3-147 
3-145 
3-143 

3-147 
3-145 
3-143 
3-153 
3-153 
3-150 
3-150 
3-158 
3·160 
3-41 

3-41 
3-41 
3-41 
3-43 
3-43 
3-45 
3-45 
3-45 
3-45 
3-47 

Industry Motorola 
ParI Closest Page 

Number Replacement No. 

CA5900S CA5900S 3-47 
CA5915 CA5915 3-49 
CA5915S CA5915S 3-49 
CA601B1U MHW5342A 3-158 
CA6101 MHW6182 3-165 
CA6201 MHW6182 3-165 
CA6220 MHW6182 3-165 
CA636 MHW5342A 3-158 
CA6501 MHW6185B 3-150 
CA6520 MHW6185B 3-150 

CA900 CA901 3-5 
CA901 CA901 3-5 
CA901A CA901A 3-5 
CA902 CA902 3·7 
CA902A CA902A 3-7 
CA912 CA912 3-9 
CA922 CA922 3-11 
CA922A CA922A 3-11 
CA97901 CA97901 3-51 
CAB914 CA901 3-5 

CAR2424H CR2424A 3-53 
CF4-28 MRF161 2-187 
00125 MRF901 2-508 
OO125A MRF901 2-508 
CGl25B MRF571 2-385 
CG125C MRF571 2-395 
CG125D MMBR911LTI 2·72 
CG125L MMBR911LTI 2-72 
00127 MRF571 2-385 
OO127A MRF571 2-385 

OO127B MRF571 2-395 
CR2424 CR2424A 3-53 
CR2424A CR2424A 3-53 
CR2424H CR2424A 3-53 
CR2424R CR2424R 3-53 
CR2425 CR2425A 3·53 
CR2425A CR2425A 3-53 
CR2425R CR2424R 3-53 
CR2428 CR2428 3-55 
CR3424 CR3424A 3-57 

CR3424A CR3424A 3-57 
CR3424H CR3424A 3-57 
CR3424R CR3424R 3-57 
CR3425 CR3425A 3-57 
CR3425A CR3425A 3-57 
CR3425R CR3424R 3-57 
CR3428 CR3428 3-59 
DME10 MRF1015MA 2-561 
DMEl20L MRFll50MA 2·582 
DMEl50 MRF10150 2-695 

DME2 MRF1002MA 2·553 
DME25 MRF1035MA 2·573 
DME250 MRF10350 2-698 
DME30L MRF1035MA 2·573 
DME375 MRF10350 2-698 
DME375A MRF10350 2·698 
DMESO MRF1090MA 2-577 
DME75 MRF1090MB 2-577 
DMEG250 MRF10350 2-698 
DMEG70 MRF1090MA 2·577 

MOTOROLA RF DEVICE DATA 



Index and Cross Reference (continued) 

Industry Motorola 
Part Closest Page 

Number Replacement No. 

DU28120U MRF174 2·235 
DU2820S MRFlsa 2·215 
DU2840S MRF171 2·222 
FFl24 MFF124B 3-61 
FF124B MFF124B 3-61 
FF224 MFF224B 3-63 
FF224B MFF224B 3-63 
H1QO-28 MRF422 2·347 
H1QO.liO MRF429 2·355 
Hl75-50 MRF429 2-355 

H50-28 MRF464 2-367 
HMIL·11lO-28 MRF422 2·347 
HMIL·l50-50 MRF429 2-355 
HXTR2102 MMBR911LT1 2·72 
HXTR6104 MRF901 2-508 
HXTR610S MRF901 2-508 
1MD2001 MRW2001 2-723 
1MD2003 MRW2003 2·723 
IMD2005 MRW2005 2·723 
1MD2010 MRW2010 2·723 

IMD604HA MRW2001 2·723 
IM0604HB MRW2003 2·723 
IM0604HC MRW2005 2·723 
JOl006 MRF317 2-307 
J02000 MRF325 2-319 
J02005 MRF325 2-319 
J02007A 2N6439 2·2 
J02009 MRF325 2-319 
J02014 MRF326 2-323 
J02015A 2NS439 2·2 

J02016 MRF327 2-327 
J03012 MRF641 2-414 
J03015 MRF641 2-414 
J03025 MRF644 2-418 
J03028 MRF644 2-418 
J03037 MRF658 2-440 
J03055 MRF658 2-440 
J03060 MRF658 2-440 
J03401 MRF840 2-453 
J03402 MRF842 2-457 

J03403 MRF844 2-461 
J03404 MRF844 2-461 
J03405 MRF847 2-464 
J0340S MRF847 2-464 
J03501 MRF892 2-480 
J03502 MRF894 2-484 
J04020 MRF247 2·290 
J04028 MRF247 2·290 
J04030 MRF247 2·290 
J04036 MRFl946 2·593 

J04040 MRF247 2·290 
J04045 MRF19461MRF247 2-59312·290 
J04070 MRF247 2·290 
J04075 MRF247 2·290 
J04080 MRF247 2·290 
LF40100M MRF177M 2·265 
LF4030C MRFl82 2·273 
LMILl MRF890 2-472 
LP1001 LP1001 2·27 
LP1001A LP1001A 2·27 

MOTOROLA RF DEVICE DATA 

Industry Motorola 
Part CIosesI Page 

Number RepJacemenI No. 

LPl983 LPl983 2-30 
LT1001A MRF5812 2-647 
LT2001 MRF581 2-401 
LT300S MRF581 2-401 
LT3014 MRF581 2-401 
LT3046 MRF5812 2-647 
LT3047 MRF9011LT1 2-42 
LT3072 MRF9011LT1 2-42 
LT3203 MRF581 2-401 
LT3204 MRF581 2-401 

LT3700 MRF901 2-508 
LT3703 MRF901 2-508 
LT3704 MRF901 2-508 
LT3746 MRF5812 2-647 
LT3772 MRF9011LT1 2-42 
LT4403 BFR96 2-22 
LT4404 MRF951 2-533 
LT4485 MRF951 2·533 
LT4700 MRF901 2·508 
LT4703 MMBR911LT1 2·72 

LT4704 MRF571 2-395 
LT4746 BFR96 2·22 
LT4772 MRF571 2-395 
LT5217 MRF521 2-34 
LT5239 MRF521 2-34 
M57729IL MHW720Al 3-64 
M57729H MHW720A2 3-64 
M57734 MHW720A2 3-64 
M57739 MHW806A2 3-98 
M57739A MHW806A2 3-98 

M57744 MHW812A3 3-103 
M57765 MHW804-1 3-94 
M57768 MHW812A3 3-103 
M57769 MHW806A4 3-98 
M57773 MHW803-1 3-89 
M57783H MHW607·2 3-70 
M57783L MHW607·1 3-70 
M57765H MHW607·2 3-70 
M577asL MHW607·1 3-70 
M577asM MHW607-2 3-70 

M577SSM MHW707·2 3-77 
MS7789 MHW812A3 3-103 
M57794 MHW806A3 3-98 
M57795 MHW803-2 3-89 
M57799M MHW707·2 3-77 
M6n29H MHW720A2 3-64 
M6n29L MHW720Al 3-64 
M6n43 MHW10S 3-67 
MS7748H MHW607·2 3-70 
M6n48L MHW607·1 3-70 

M6n49H MHW707·2 3-77 
M6n49L MHW707·1 3-77 
M6n49SH MHW707-4 3-77 
M6n49UH MHW707-3 3-77 
M6nsa MHW927A 3-130 
M67768 MHW932 3-134 
MS7769 MHW909 3-117 
M67770 MHW912 3-119 
MSm1 MHW953 3-112 
M67779L MHW806A1 3-98 

CROSS REFERENCE AND SALES OFFICES 
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II 

Index and Cross Reference (continued) 

Industry Motorola 
Part Closest 

Number Replacement 

MSm9M MHW806A4 
M67780l MHW85H 
M67780M MHW851·2 
MC5381 MHW5182A 
MC5382 MHW5182A 
MC5383 MHW5272A 
MC5384 MHW5182A 
MC5385 MHW5182A 
MC5386 MHW5342A 
MC5387 MHWS182 

MC5368 MHW6182 
MC5389 MHW5342A 
MC5813 MHWl134 
MC5814 MHW5222A 
MC5815 MHW5222A 
MC5816 MHW6222 
MC5817 MHW6222 
MC5819 MHW6182 
MC5820 MHW6182 
MC5821 MHW5342A 

MC5822 MHW1224 
MC5824 MHW1244 
MFF124 MFF124B 
MFF124B MFF124B 
MFF224 MFF224B 
MFF224B MFF224B 
MFF324 MFF324B 
MFF324B MFF324B 
MHW105 MHW105 
MHWl121 MHW5122A 

MHWll22 MHW5122A 
MHWll34 MHWl134 
MHWl222 MHW5222A 
MHW1224 MHW1224 
MHW1244 MHW1244 
MHWl341 MHW5342A 
MHWl342 MHW5342A 
MHW2172 MHW5172A 
MHW3171 MHW5172A 
MHW3172 MHW5172A 

MHW3181 MHW5182A 
MHW3182 MHW5182A 
MHW3222 MHW5222A 
MHW3272A MHW5272A 
MHW3342 MHW5342A 
MHW3382A MHW5382A 
MHW4524F MFF124B 
MHW5122A MHW5122A 
MHW5141A MHW5142A 
MHW5142 MHW5142A 

MHW5142A MHW5142A 
MHW5162A MHW5172A 
MHW5171 MHW5172A 
MHW5171A MHW5172A 
MHW5172 MHW5172A 
MHW5172A MHW5172A 
MHW5181 MHW5182A 
MHW5181A MHW5182A 
MHW5182 MHW5182A 
MHW5182A MHW5182A 

CROSS REFERENCE AND SALES OFFICES 
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No. 

3·98 
3-107 
3·107 
3·147 
3-147 
3·156 
3-147 
3-147 
3·158 
3-165 

3-165 
3·158 
3·139 
3·153 
3·153 
3·166 
3-166 
3·165 
3·165 
3-158 

3·139 
3·139 
3·61 
3·61 
3·63 
3·63 
3·65 
3-65 
3·67 
3·141 

3-141 
3·139 
3-153 
3·139 
3-139 
3-158 
3·158 
3-145 
3·145 
3-145 

3·147 
3·147 
3·153 
3-156 
3·158 
3·160 
3·61 
3·141 
3·143 
3·143 

3·143 
3·145 
3·145 
3·145 
3·145 
3·145 
3·147 
3·147 
3·147 
3·147 

Industry Motorola 
Part Closest Page 

Number Replacement No. 

MHW5182R MHW5182R -
MHW5183 MHW5183 3·149 
MHW5185 MHW5185B 3·150 
MHW5185B MHW5185B 3·150 
MHW5205 MHW5205 3-152 
MHW5222 MHW5222A 3·153 
MHW5222A MHW5222A 3·153 
MHW5225 MHW5225 3-155 
MHW5272A MHW5272A 3·156 
MHW5332 MHW5342A 3·158 

MHW5332A MHW5342A 3·158 
MHW5341 MHW5342A 3-158 
MHW5342 MHW5342A 3·158 
MHW5342A MHW5342A 3·158 
MHW5382 MHW5382A 3·160 
MHW5382A MHW5382A 3-180 
MHW580 MHW5342A 3-158 
MHW594 MHW5172A 3-145 
MHW595 MHW5172A 3·145 
MHW607·1 MHW607·1 3-70 

MHW607·2 MHW807·2 3·70 
MHW607·3 MHW607·3 3-70 
MHW607-4 MHW607-4 3·70 
MHW6122 MHW6122 3-162 
MHW6141 MHW6142 3-163 
MHW6142 MHW6142 3-163 
MHW6171 MHWS172 3-164 
MHW6172 MHW6172 3-164 
MHW6181 MHW6182 3·165 
MHW6182 MHW6182 3-165 

MHW6183 MHW6183 3-149 
MHW6185 MHW6185B 3-150 
MHW6185-6 MHW6185·6 3·150 
MHW6185B MHW6185B 3·150 
MHW6222 MHW6222 3-166 
MHW6272 MHW6272 3-167 
MHW6342 MHW6342 3-168 
MHW6342F MHW5342A 3·158 
MHW703 MHW704 3-74 
MHW704 MHW704 3·74 

MHW707·1 MHW707·1 3-77 
MHW707·2 MHW707·2 3·77 
MHW707·3 MHW707·3 3·77 
MHW707-4 MHW707·4 3·77 
MHW7182 MHW7182 3·169 
MHW720·1 MHW720Al 3-84 
MHW720·2 MHW720A2 3-84 
MHW720Al MHW720Al 3·84 
MHW720A2 MHW720A2 3-84 
MHW720A3 MHW720A3 3-84 

MHW721A2 MHW720A3 3·84 
MHW801·1 MHW851·1 3·107 
MHW801·2 MHW851·2 3·107 
MHW801·3 MHW851·3 3-107 
MHW801-4 MHW851-4 3-107 
MHW802·1 MHW803·1 3·89 
MHW802·2 MHW803·3 3·89 
MHW803·1 MHW803-1 3·89 
MHW803·2 MHW803-2 3-89 
MHW603·3 MHW803·3 3-89 

MOTOROLA RF DEVICE DATA 



Index and Cross Reference (continued) 

Industry Motorola 
Part Closest Page 

Number Replacement No. 

MHW804-1 MHW804-1 3-94 
MHW804-2 MHWB04-2 3-94 
MHW806·1 MHW806Al 3-98 
MHW806-2 MHW806A2 3-98 
MHW806-3 MHW806A3 3-98 
MHW806-4 MHW806A4 3-98 
MHW806Al MHW806Al 3-98 
MHW806A2 MHW806A2 3-98 
MHW806A3 MHW806A3 3-98 
MHW806A4 MHW806A4 3-98 

MHW808-1 MHW806Al 3-98 
MHW808-2 MHW806A2 3-98 
MHW808-3 MHW806A3 3-98 
MHW808-4 MHW806A4 3-98 
MHW812-3 MHW812A3 3-103 
MHW812A3 MHW812A3 3·103 
MHW8182 MHW8182 3-169 
MHW851·1 MHW851·1 3-107 
MHW851·2 MHW851·2 3·107 
MHW851-3 MHW851-3 3-107 

MHW851-4 MHW851-4 3-107 
MHW9002-1 MHW9002-1 3-171 
MHW9002·2 MHW9002·2 3-171 
MHW9002-3 MHW9002-3 3-171 
MHW9002-4 MHW9002-4 3-171 
MHW903 MHW903 3-112 
MHW909 MHW909 3-117 
MHW912 MHW912 3-119 
MHW914 MHW914 3-123 
MHW915 MHW915 3-123 

MHW9182 MHW9182 3-169 
MHW927A MHW927A 3-130 
MHW927B MHW927B 3-130 
MHW932 MHW932 3-134 
MHW953 MHW953 3-112 
MHW954 MHW954 3-112 
MKBl2040WS MAF1035MA 2-573 
MKB12100WS MAF1090MA 2·577 
MKB12140W MAF1090MA 2-577 
MM1500 MAF5812 2-£47 

MMl500A MAF5812 2-647 
MMl501A MAF5812 2-£47 
MM1550 MAF321 2-311 
MM1551 MAF323 2-315 
MM1557 MAFl34 2·101 
MM155g MAF137 2·120 
MM1601 MAF5003 2-619 
MM1602 MAF2628 2-601 
MM1603 MAF19461A 2-593 
MMl605 MAF571 2-395 

MMl606 MAF571 2-395 
MM1607 MAF571 2-395 
MMl608 MAF5003 2-619 
MM1612 MAF5003 2-619 
MM1632 MAF138 2-128 
MM1633 MAF464 2-367 
MMl660 MAF5003 2-619 
MMl661 MAF652 2-428 
MMl662 MAF653 2-432 
MM1665 MAF644 2-418 

MOTOROLA RF DEVICE DATA 

Industry Motorola 
Part Closest Page 

Number Replacement No. 

MMl666 MAFl9461A 2-593 
MMl667 MAFl9461A 2-593 
MM1666 MAFl9461A 2-593 
MMl669 MAFl9461A 2-593 
MM1680 MAF5003 2-619 
MMl681 MAF2628 2-601 
MM1713 MAF559 2-388 
MMl943 MAF559 2-388 
MMl945 MAF55g 2-388 
MM4018 MAF5583 2-645 

MM4049 MMBA536LTl 2-53 
MM439 MMBA4957LT1 2-49 
MM4500 MAF5583 2-645 
MM5177 MAF325 2-319 
MMBOOO MAF5g43 2-651 
MM8001 MAF5g43 2-651 
MM8003 MAF587 2-407 
MM8006 MMBA5031LT1 2-51 
MM8007 MMBA5031LT1 2-51 
MM8008 MAF5812 2-£47 

MM801 0 MAF5812 2-£47 
MMBOll MAF5812 2-£47 
MMB012 MAF587 2-407 
MM8020 MAF951 2-533 
MMB021 MAF951 2-533 
MM8023 MAF5g43 2-651 
MMBA2060 BFS17LT1 2-26 
MMBA2060L BFS17LTl 2-26 
MMBA2857 MMBA517aT1 2-52 
MMBA2857L MMBA5179LTl 2-52 

MMBA4957 MMBA4957LTl 2-49 
MMBA4957L MMBA4957LT1 2-49 
MMBA4957LT1 MMBA4957LT1 2-49 
MMBA5031 MMBA5031LTl 2·51 
MMBA5031L MMBA5031LT1 2-51 
MMBA5031 LT1 MMBA5031LT1 2-51 
MMBA5179 MMBA5179LT1 2-52 
MMBA5179L MMBA5179LT1 2-52 
MMBA5179LT1 MMBA5179LTl 2-52 
MMBA521L MMBA521LT1 2-34 

MMBA521LT1 MMBA521LT1 2-34 
MMBA536 MMBA536LT1 2-53 
MMBA536L MMBA536LT1 2-53 
MMBA536LT1 MMBA536LT1 2-53 
MMBA571 MMBA571LT1 2-58 
MMBA571L MMBA571LT1 2-58 
MMBA571LT1 MMBA571LTl 2-58 
MMBA901 MMBA901LT1 2-42 
MMBA901L MMBA901LT1 2-42 
MMBA901LT1 MMBA901LT1 2-42 

MMBA911 MMBA911LTl 2·72 
MMBA911L MMBA911LTl 2·72 
MMBA911LT1 MMBA911LT1 2·72 
MMBA920 MMBA920LTl 2-47 
MMBA920l MMBA92OLT1 2-47 
MMBA920lT1 MMBA920LTl 2-47 
MMBA930 MMBA911LT1 2·72 
MMBA930L MMBA911LT1 2·72 
MMBA931 MMBA931LT1 2-49 
MMBA931L MMBA931LT1 2-49 

CROSS REFERENCE AND SALES OFFICES 
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Index and Cross Reference (continued) 

Industry Motorola 
Part Closest 

Number Replacement 

MMBR931LTI MMBR931LTI 
MMBR941 MMBR941LT1 
MMBR941BLTI MMBR941BLTI 
MMBR941L MMBR941LT1 
MMBR941LT1 MMBR941LT1 
MMBR951 MMBR951LTI 
MMBR951ALTI MMBR951ALTI 
MMBR951L MMBR951LTI 
MMBR951LTI MMBR951LTI 
M010llBI50Y MRF1150MA 

M010llB250Y MRF10350 
MPSI983 MPS901 
MPS3866 MPS3866 
MPS536 MPS536 
MPS571 MPS571 
MPS901 MPS901 
MPS911 MPS911 
MR10llBl50Y MRF1150MA 
MR1011B300Y MRF10350 
MRA0204-30V MRF325 

MRA0204-60 2N6439 
MRA0204-60V 2N6439 
MRA0204-70 MRF327 
MRA100o-I4L MRA100o-14L 
MRA1000-7L MRA1000-7L 
MRA1214-55H MRF10120 
MRA1417-6 MRA1417-6 
MRA200o-5L MRF2000-5L 
MRAL 1720-20 MRAL 172a-2O 
MRAL2023-18 MRAL2023-18 

MRAL2023-3 MRAL2023-3 
MRAL2023-6 MRAl2023-6 
MRAL2327-1.3 MRAL2023-3 
MRAL2327-3 MRAL2327-3 
MRAL2327-12 MRAL2327-12 
MRBI2175YR MRFII50MA 
MRBl2350YR MRF10350 
MRF0211 MRF0211LTI 
MRF0211L MRF0211LTI 
MRF0211LTI MRF0211LT1 

MRF10005 MRF1000S 
MRF1000MA MRF1000MA 
MRF1000MB MRF1000MB 
MRF1000MC MRF1000MA 
MRF1001A MRF5812 
MRF1002MA MRF1002MA 
MRF1002MB MRF1002MB 
MRF1002MC MRF1002MA 
MRF10030 MRF10031 
MRF10031 MRF10031 

MRF1004MA MRF1004MA 
MRF1004MB MRF1004MB 
MRF1004MC MRF1004MA 
MRF10070 MRF10070 
MRF10120 MRF10120 
MRF10150 MRF10150 
MRF1015MA MRF1015MA 
MRF1015MB MRF1015MB 
MRF1015MC MRF1015MA 
MRF1029 MRF1029 

CROSS REFERENCE AND SALES OFFICES 
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Page 
No. 

2-48 
2-514 
2·514 
2-514 
2-514 
2-533 
2-533 
2-533 
2-533 
2-582 

2-698 
2-68 
2-78 
2-53 
2-58 
2-68 
2-72 
2-582 
2-698 
2-319 

2-2 
2-2 

2-327 
2-64 
2-80 

2-691 
2-86 

2-597 
2-89 
2-96 

2-92 
2-92 
2-92 
2-98 
2-98 

2-582 
2-698 
2-279 
2-279 
2-279 

2-681 
2-549 
2-549 
2-549 
2-647 
2-553 
2-553 
2-553 
2-685 
2-685 

2-557 
2-557 
2-557 
2-688 
2-691 
2-695 
2-561 
2-561 
2-561 
2-565 

Industry Motorola 
Part Closest Page 

Number Replacement No. 

MRF1030 MRF1030 2-567 
MRF1031 MRF1031 2-569 
MRF1032 MRF1032 2-571 
MRF10350 MRF10350 2-698 
MRF1035MA MRF1035MA 2-573 
MRF1035MB MRF1035MB 2-573 
MRF1035MC MRF1035MA 2-573 
MRF10500 MRF10SOO 2-701 
MRF1090MA MRF1090MA 2-577 
MRF1090MB MRF1090MB 2-577 

MRF1090MC MRF1090MA 2-577 
MRF1150M MRF10150 2-695 
MRFII50MA MRFII50MA 2-582 
MRFII50MB MRF1150MB 2-582 
MRFII50MC MRF1150MA 2-582 
MRF1250M MRF10350 2-698 
MRFI325M MRF10350 2-698 
MRFl34 MRFI34 2-101 
MRFI36 MRF136 2-110 
MRFI36Y MRF136Y 2-110 

MRF137 MRF137 2-120 
MRF1375 MRF1375 2-587 
MRFI36 MRF138 2-128 
MRF140 MRF140 2-133 
MRF141 MRF141 2-138 
MRF141G MRF141G 2-143 
MRF148 MRFI48 2-148 
MRF150 MRFI50 2-153 
MRFISOO MRFI500 2-590 
MRFI5030 MRF15030 2-704 

MRFI5090 MRFI5090 2-712 
MRF151 MRF151 2-158 
MRF151G MRF151G 2-164 
MRF153 MRF157 2-175 
MRFI54 MRFI54 2-169 
MRF157 MRF157 2-175 
MRFI58 MRF158 2-181 
MRFI58R MRF158R 2-181 
MRF161 MRF161 2-187 
MRF162 MRF162 2-195 

MRF163 MRF163 2-203 
MRFI64W MRFI64W 2-211 
MRFI66 MRF166 2-215 
MRFI66C MRFI66C 2-215 
MRF171 MRF171 2-222 
MRF172 MRF173 2-230 
MRF173 MRF173 2-230 
MRF173CQ MRF173CQ 2-230 
MRF174 MRF174 2-235 
MRF175GU MRF175GU 2-243 

MRF175GV MRFI75GV 2-243 
MRF175LU MRF175LU 2-250 
MRF175LV MRF175LV 2-250 
MRF176GU MRF176GU 2-257 
MRF176GV MRF176GV 2-257 
MRFln MRFI77 2-265 
MRFI77M MRF177M 2-265 
MRF182 MRF182 .2-273 
MRFI83 MRF183 2-276 
MRFI948 MRFI948 2-593 

MOTOROLA RF DEVICE DATA 



Index and Cross Reference (continued) 

Industry Motorola 
Part Closest 

Number Replacement 

MAFI946A MAFI946A 
MAF2000-5L MRF2OOO-5L 
MAF2001 MRW2001 
MAF2003 MRW2003 
MAF2003B MRW2003 
MAF2003M MAAL2023-3 
MAF2005 MRW2005 
MAF2005B MRW2005 
MAF2005M MRAL2023-6 
MRF201 MRF5003 

MRF2010 MRW2010 
MRF2010B MRW201 0 
MRF2016M MAAL2023-18 
MRF203 MRF247 
MRF212 MRF2628 
MRF216 MRF247 
MRF221 MRF5015 
MRF222 MRFI9461A 
MRF223 MRFI9461A 
MRF224 MRF224 

MRF228 MRF5015 
MRF227 MRF5003 
MRF229 MRF5003 
MRF231 MRF5003 
MRF232 MRF2828 
MRF233 MRF2628 
MRF234 MRFI946/A 
MRF2369 MRF0211LTI 
MRF237 MRF5003 
MRF238 MRFI9461A 

MRF239 MRFI9461A 
MRF240 MRF240 
MRF240A MRFI946 
MRF243 MRF247 
MRF245 MRF247 
MRF247 MRF247 
MRF248 MRF247 
MRF2!l28 MRF2828 
MRF3001 MRW3001 
MRF3001F MRW3001 

MRF3003 MRW3003 
MRF3003F MRW3003 
MRF3005 MRW3005 
MRF3005F MRW3005 
MRF305 MRF325 
MRF306 2N6439 
MRF309 2N6439 
MRF3094 MRF3094 
MRF3095 MRF3095 
MRF3096 MRF3096 

MRF3104 MRF31 04 
MRF3105 MRF31 05 
MRF3106 MRF3106 
MRF313 MRF313 
MRF313A MRF313 
MRF314 MRF314 
MRF314A MRF314 
MRF315 MRF315 
MRF315A MRF315 
MRF316 MRF316 

MOTOROLA RF DEVICE DATA 

Page 
No. 

2-593 
2-597 
2-723 
2-723 
2-723 
2-92 
2-723 
2-723 
2-92 
2-619 

2-723 
2-723 
2-96 

2-290 
2-601 
2-290 
2-629 
2-593 
2-593 
2-283 

2-629 
2-619 
2-619 
2-619 
2-601 
2-601 
2-593 
2-279 
2-619 
2-593 

2-593 
2-286 
2-593 
2-290 
2-290 
2-290 
2-290 
2-601 
2-728 
2-728 

2-728 
2-728 
2-728 
2-728 
2-319 
2-2 
2-2 

2-605 
2-605 
2-605 

2-610 
2-610 
2-610 
2-293 
2-293 
2-295 
2-295 
2-299 
2-299 
2-303 

Industry Motorola 
Part Closest Page 

Number Replacement No. 

MRF317 MRF317 2-307 
MRF321 MRF321 2-311 
MRF323 MRF323 2-315 
MRF325 MRF325 2-319 
MRF326 MRF326 2-323 
MRF327 MRF327 2-327 
MRF329 MRF329 2-331 
MRF331 MRF321 2-311 
MRF338 MRF393 2-339 
MRF3866 MRF3866 2-613 

MRF390 MRFln 2-265 
MRF392 MRF392 2-335 
MRF393 MRF393 2-339 
MRF401 MRF426 2-351 
MRF402 MRF4427 2-615 
MRF4070 MRF247 2·290 
MRF412 MAF492 2-371 
MRF412A MRF492 2-371 
MRF415 MRF5003 2-619 
MRF417 MRF455 2-365 

MRF418 MRF455 2-365 
MRF420 MRF454 2-363 
MRF421 MRF421 2-343 
MRF422 MRF422 2-347 
MRF422A MRF422 2-347 
MRF426 MRF426 2-351 
MRF426A MRF426 2-351 
MRF427 MRFI38 2-128 
MRF427A MRFI38 2-128 
MRF428 MRF429 2-355 

MRF428A MRF429 2-355 
MRF429 MRF429 2-355 
MRF430 MRF157 2-175 
MRF433 MRF2628 2-601 
MRF435 MRF422 2-347 
MRF4427 MRF4427 2-615 
MRF448 MRF448 2-359 
MRF449 MRFI9461A 2-593 
MRF449A MRFI9461A 2-593 
MRF450 MRF455 2-365 

MRF450A MRF455 2-365 
MRF451 MRF455 2-365 
MRF452 MRF455 2-365 
MRF453 MRF455 2-365 
MRF453A MRF455 2-365 
MRF454 MRF454 2-363 
MRF454A MRF454 2-363 
MRF455 MRF455 2-365 
MRF455A MRF455 2-365 
MRF458 MRF454 2-363 

MRF458A MRF454 2-363 
MRF460 MRF455 2-365 
MRF464 MRF464 2-367 
MRF464A MRF464 2-367 
MRF466 MRF138 2-128 
MRF492 MRF492 2-371 
MRF492A MRF492 2-371 
MRF5003 MRF5003 2-619 
MRF501 MMBR5179LT1 2-52 
MRF5015 MRF5015 2-629 

CROSS REFERENCE AND SALES OFFICES 
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Index and Cross Reference (continued) 

Industry Motorola 
Part Closest 

Number ReplIICM*II 

MRF502 MMBR5179LT1 
MRF5035 MRF5035 
MRF504 MRF587 
MRF511 MRF587 
MRF515 MRF559 
MRF5176 MRF323 
MRF5177 MRF325 
MRF5177A MRF325 
MRF5178 2N6439 
MRF521 MRF521 

MRF5211 MRF5211LT1 
MRF5211L MRF5211LT1 
MRF5211LT1 MRF5211LT1 
MRF522 MRF521 
MRF524 MRF521 
MRF525 MRF5003 
MRF526 MRF5812 
MRF534 MPS536 
MRF536 MPS536 
MRF553 MRF553 

MRF555 MRF555 
MRF557 MRF557 
MRF5583 MRF5583 
MRF559 MRF559 
MRF571 MRF571 
MRF5711 MRF5711LT1 
MRF5711L MRF5711LT1 
MRF5711LT1 MRF5711LT1 
MRF572 MRF571 
MRF580 MRF581 

MRF580A MRF581A 
MRF581 MRF581 
MRF5812 MRF5812 
MRF581 A MRF581 A 
MRF586 MRF5812 
MRF587 MRF587 
MRF5943 MRF5943 
MRF601 MRF559 
MRF602 MRF644 
MRF603 MRF2628 

MRF604 MRF4427 
MRF605 2N6439 
MRF616 MRF652S 
MRF618 MRF641 
MRF619 MRF644 
MRF620 MRF644 
MRF628 MRF559 
MRF629 MRF5003 
MRF630 MRF5003 
MRF6401 MRF6401 

MRF6402 MRF6402 
MRF6403 MRF6403 
MRF6404 MRF6404 
MRF6406 MRF6406 
MRF641 MRF641 
MRF644 MRF644 
MRF646 MRF650 
MRF64B MRF650 
MRF650 MRF650 
MRF652 MRF652 

CROSS REFERENCE AND SALES OFFICES 
5-14 

Page 
No. 

2-52 
2-637 
2-407 
2-407 
2-388 
2-315 
2-319 
2-319 
2-2 
2-34 

2-34 
2-34 
2-34 
2-34 
2-34 
2-619 
2-647 
2-53 
2-53 
2-374 

2-379 
2-383 
2-645 
2-388 
2-395 
2-58 
2-58 
2-58 
2-395 
2-401 

2-401 
2·4111 
2-647 
2-401 
2-647 
2-407 
2-651 
2-388 
2-418 
2-601 

2-615 
2-2 

2-428 
2-414 
2-418 
2-418 
2-388 
2-619 
2-619 
2-653 

2-657 
2-661 
2-664 
2-669 
2-414 
2-418 
2-422 
2-422 
2-422 
2-428 

Industry Motorola 
Part CIOASt Page 

Number Replacement No. 

MRF652S MRF852S 2-428 
MRF653 MRF653 2-432 
MRF653S MRF653S 2-432 
MRF654 MRF654 2-436 
MRF658 MRF658 2-440 
MRF750 MRF557 2-383 
MRF752 MRF5003 2-619 
MRFB16 MRF837 2-444 
MRFB37 MRF837 2-444 
MRFB372 MRF8372 2-673 

MRF83B MRF557 2-383 
MRF83BA MRF557 2-383 
MRFB39 MRFB40 2-453 
MRFB39F MRF83BF 2-450 
MRFB40 MRFB40 2-.453 
MRF842 MRF842 2-457 
MRFB43 MRF842 2-457 
MRFB43F MRF842 2-.457 
MRF844 MRF844 2-461 
MRF846 MRF847 2-484 

MRF847 MRF847 2-484 
MRF870 MRFB40 2-453 
MRFB70A MRFB40 2-453 
MRF880 MRF880 2-467 
MRF890 MRF890 2-472 
MRF890S MRF890S 2-472 
MRF891 MRF891 2-476 
MRF891S MRF891S 2-476 
MRF892 MRF892 2-480 
MRF894 MRF894 2-484 

MRF898 MRF896 2-488 
MRFB96S MRF898S 2-488 
MRFB97 MRF897 2-493 
MRF898 MRF898 2-498 
MRF899 MRF899 2-502 
MRF901 MRF901 2-508 
MRFB011 MRF9011LT1 2-42 
MRF9011L MRF9011LT1 2-42 
MRF9011LT1 MRF9011LT1 2-42 
MRF902 MRF901 2-508 

MRF904 MRF9011LT1 2-42 
MRF905 MRF5812 2-647 
MRFB11 MRF571 2-395 
MRFB12 MMBR911LT1 2-72 
MRFB14 MRF571 2-395 
MRF931 MRF9331LT1 2-677 
MRF9331 MRF9331LT1 2-6n 
MRF9331L MRF9331LT1 2-6n 
MRF9331LT1 MRF9331LT1 2-6n 
MRF941 MRF941 2-514 

MRF9411 MRF9411LT1 2-514 
MRF9411BLT1 MRF9411BLT1 2-514 
MRF9411L MRF9411LT1 2-514 
MRF9411LT1 MRF9411LT1 2-514 
MRF942 MRF941 2-514 
MRF947 MRF947T1 2-527 
MRF947B MRF947BT1 2-527 
MRF947BT1 MRF947BT1 2-527 
MRF947T1 MRF947T1 2-527 
MRFB51 MRF951 2-533 

MOTOROLA RF DEVICE DATA 



Index and Cross Reference (continued) 

Industry Motorola 
Part Closest Page 

Number Replacement No .. 

MRF9511 MRF9511LT1 2-533 
MRF9511L MRF9511LT1 2-533 
MRF9511LT1 MRF9511LT1 2-533 
MRF952 MRF951 2-533 
MRF957 MRF957T1 2-544 
MRF957T1 MRF957T1 2-544 
MRF961 MRF951 2-533 
MRF962 MRF951 2-533 
MRF965 BFR96 2-22 
MRFA2600 MRFA2600 3-176 

MRFA2602 MRFA2602 3-179 
MRFIC2001 MRFIC2001 3-183 
MRFIC2002 MRFIC2002 3-189 
MRFIC2003 MRFIC2003 3-194 
MRFIC2004 MRFIC2004 3-197 
MRFIC2006 MRFIC2006 3-202 
MRF017 MRF017 2-721 
MRF019 BFR96 2-22 
MRT0105-75 MRF393 2-339 
MRT0105-75V MRF393 2-339 

MRT0204-110V MRF392 2-335 
MRT0204-125 MRF392 2-335 
MRW2001 MRW2001 2-723 
MRW2001F MRW2001 2-723 
MRW2003 MRW2003 2-723 
MRW2003F MRW2003 2-723 
MRW200S MRW2005 2-723 
MRW2005F MRW2005 2-723 
MRW2010 MRW2010 2-723 
MRW2010F MRW2010 2-723 

MRW3001 MRW3001 2-728 
MRW3001F MRW3001 2-728 
MRW3003 MRW3003 2-728 
MRW3003F MRW3003 2-728 
MRW3005 MRW3005 2-728 
MRW3005F MRW3005 2-728 
MRW52102 MRW52602 2-733 
MRW52104 MRW52804 2-736 
MRW52202 MRW52602 2-733 
MRW52204 MRW52604 2-736 

MRW52402 MRW52602 2-733 
MRW52502 MRW52602 2-733 
MRW52602 MRW52602 2-733 
MRW52604 MRW52604 2-736 
MRW53101 MRW53601 2-742 
MRW53201 MRW53601 2-742 
MRW53401 MRW53601 2-742 
MRW53402 MRW53502 2-739 
MRW53502 MRW53502 2-739 
MRW53601 MRW53601 2-742 

MRW54001 MRW54001 2-745 
MRW54601 MRW54601 2-745 
MSC1000M MRF1000MA 2-549 
MSC1002M MRF1002MA 2-553 
MSC1004M MRF1004MA 2-557 
MSC1015M MRF1015MA 2-561 
MSC1035M MRF1035MA 2-573 
MSC1075M MRF1090MA 2-sn 
MSC1090M MRF1090MA 2-577 
MSC1175M MRF10150 2-695 

MOTOROLA RF DEVICE DATA 

Industry Motorola 
Part Closest Page 

Number Replacement No. 

MSC1250M MRF10350 2-698 
MSC1325M MRF10350 2-698 
MSC2001 MRW2001 2-723 
MSC2003 MRW2003 2-723 
MSC2005 MRW2005 2-723 
MSC2010 MRW2010 2-723 
MSCB020M MRAL2023-18 2-96 
MSC82001 MRW2001 2-723 
MSC82003 MRW2003 2-723 
MSC8200S MRW2005 2-723 

MSC82005M MRAL2023-6 2-92 
MSC82010 MRW201 0 2-723 
MSC82201 MRW2001 2-723 
MSC82203 MRW2003 2-723 
MSC82304M MRAL2023-6 2-92 
MSC82313M MRAL2023-18 2-96 
MWA5121 MHW5172A 3-145 
MX20-1 MHW720A1 3-84 
MX20-2 MHW720A2 3-84 
MXR100 MRF5812 2-847 

MXR3866 MRF3866 2-613 
MXR5583 MRF5583 2-645 
MXR571 MRF5711LT1 2-58 
MXR5943 MRF5843 2-651 
MXR911 MMBR911LT1 2-72 
NE020320-12 MRF5003 2-619 
NE020320-28 MRF321 2-311 
NE020620-07 MRF653 2-432 
NE021 020-12 MRF653 2-432 
NE021 020-28 MRF321 2-311 

NE02107 MRF571 2-395 
NE02132 MPS571 2-58 
NE02133 MMBR571LT1 2-58 
NE02137 MRF0211LT1 2-279 
NE022025-12 MRF2628 2-601 
NE022025-28 MRF314 2-295 
NE022526-12 MRF19461A 2-593 
NE024027-28 MRF315 2-299 
NE028029-12 MRF247 2-290 
NE028029-28 MRF316 2-303 

NE050214-12 MRF5003 2-619 
NEOS0320-12 MRF5003 2-619 
NE051020-28 MRF321 2-311 
NE051025-12 MRF653 2-432 
NEOS1525-12 MRF654 2-436 
NE052025-28 MRF323 2-315 
NE080420-12 MRF840 2-453 
NE21935 MRF571 2-395 
NE21937 MRF571 2-395 
NE22120 MRF587 2-407 

NE24615 MRF5812 2-847 
NE24620 MRF587 2-407 
NE32702 MMBR911LT1 2-72 
NE32707 MMBR911LT1 2-72 
NE41603 MRF951 2-533 
NE41607 MRF951 2-533 
NE41610 BFR96 2-22 
NE41612 BFR96 2-22 
NE41615 BFR96 2-22 
NE41620 MRF587 2-407 

CROSS REFERENCE AND SALES OFFICES 
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Index and Cross Reference (continued) 

Industry Motorola 
Part Closest 

Number Replacement 

NE41635 MRF951 
NE57510 MRF5812 
NE57520 MRF587 
NE57B03 MRF941 
NE57807 MRF941 
NE59312 MMBR536LTI 
NE59335 MRF5812 
NE59503 MRF581 
NE64310 MRF5812 
NE64320 MRF587 

NE68132 MPS571 
NE68133 MMBR571LT1 
NE68137 MRF571 
NE73412 MRF571 
NE73432 MMBR911LT1 
NE73433 MMBR911LTl 
NE73435 MMBR911LTI 
NE73437 MMBR911LT1 
NE74014 MRF5812 
NE74020 MRF587 

NE74113 MRF5812 
NE74114 MRF5812 
NE77320 MRF587 
NE85632 MPS571 
NE85633 MMBR571LT1 
NE85637 MRF571 
NE88912 MMBR536LT1 
NE88933 MMBR536LT1 
NEL080120-24 MRF890 
NEM020C29-28 MRF317 

NEM050C29-28 MRF327 
NEM054029-28 MRF325 
NEM056029-12 MRF658 
NEM056029-28 2N6439 
NEM0S00\81 E-12 MRF839F 
NEM0810s18-12 MRF840 
NEM081081E-12 MRF842 
NEM0820818-12 MRF842 
NEM0840818-12 MRF844 
NEM0850818-12 MRF8f 

NEM090701-7 MRF840 
NEM0920818-28 MRF892 
NEM0940818-28 MRF894 
NEM23058-20 MRAL2023-6 
ON4184 MPS901 
PEEOO15U MRF323 
PEEOO2OU MRF323 
PEE0035U MRF325 
PH0105-100 MRF393 
PH0412H MRF321 

PH0425H MRF325 
PH0450D 2N6439 
PH0450H 2N6439 
PH0506H MRF321 
PH0512H MRF321 
PH0525H MRF325 
PH0550H 2N6439 
PH1100c MRF1150MA 
PH1100H MRF1150MA 
PH1110C MRF1015MA 

CROSS REFERENCE AND SALES OFFICES 
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Page 
No. 

2-533 
2-647 
2-407 
2-514 
2-514 
2-53 
2-647 
2-401 
2-647 
2-407 

2-58 
2-58 

2-395 
2-395 
2-72 
2-72 
2-72 
2-72 
2-647 
2-407 

2-647 
2-647 
2-407 
2-58 
2-58 
2-395 
2-53 
2-53 
2-472 
2-307 

2-327 
2-319 
2-440 
2-2 

2-450 
2-453 
2-457 
2-457 
2-461 
2-464 

2-453 
2-480 
2-484 
2-92 
2-68 
2-315 
2-315 
2-319 
2-339 
2-311 

2-319 
2-2 
2-2 

2-311 
2-311 
2-319 
2-2 

2-582 
2-582 
2-561 

Industry Motorola 
Part Closest Page 

Number Replacement No. 

PH1150C MRF1090M.A 2-577 
PH1175 MRF1150MA 2-582 
PH2OO3C MRAL2023-3 2-92 
PH2005C MRAL2023-6 2-92 
PH2020C MRAL2023-18 2-96 
PH8193 MRF5812 2-647 
PHA3317-1 MHW5172A 3-145 
PHA3317-2 MHW5172A 3-145 
PHA3318-1 MHW5182A 3-147 
PHA3318-2 MHW5182A 3-147 

PHA3334-2 MHW5272A 3-156 
PHM517-1 MHW5172A 3-145 
PHM517-2 MHW5172A 3-145 
PHA4518-1 MHW5182A 3-147 
PHA4518-2 MHW5182A 3-147 
PHM534 MHW5342A 3-158 
PHASOI8-1 MHW6182 3-165 
PHASOl8-2 MHW6182 3-165 
PHA5034 MHW5342A 3-158 
PKB20010U MRW2010 2-723 

PME04030U MRF325 2-319 
PT3501 MRF4427 2-615 
PT3503 MRF5003 2-619 
PT3535 MRF4427 2-615 
PT3536 MRF553 2-374 
PT3537 MRF5003 2-619 
PT3570 MRF587 2-407 
PT3571 MRF5943 2-651 
PT3571A MRF5943 2-651 
PT3690 MRFI34 2-101 

PT4537 MRF5003 2-619 
PT4555 MRFI946/A 2-593 
PT4570 MRF587 2-407 
PT4572A MRF587 2-407 
PT4574 MRF587 2-407 
PT4579 MAF5812 2-647 
PT4599G MRF5812 2-647 
PT4617 MRF587 2-407 
PT5695 MRF2828 2-601 
PT5701 MRF4427 2-615 

PT5740 MRF2628 2-601 
PT5741 MRFI946/A 2-593 
PT5788 MRF484 2-367 
PT6665A MRF484 2-367 
PT8549 MRF5003 2-619 
PT8554A MRF492 2-371 
PT8717 MRF5003 2-619 
PT8789 MRF2828 2-601 
PT8809 MRF5003 2-619 
PT8809A MRF5003 2-619 

PT8809S MRF652S 2-428 
PT8810 MRF652 2-428 
PT8811 MRF653 2-432 
PT8811 A MRF653 2-432 
PT8825 MRF644 2-418 
PT8837 MRF2828 2-601 
PT8638 MRFI946/A 2-593 
PT8851A MRF2628 2-601 
PT8852 MRFl946/A 2-593 
PT8852A MRFI946/A 2-593 

MOTOROLA RF DEVICE DATA 



Index and Cross Reference (continued) 

Industry Motorola 
Part Closest Page 

Number Replacement No. 

PT8854 MAF492 2·371 
PT8854A MRF492 2·371 
PT8860 MRF4427 2-615 
PT8861A MAF5003 2-619 
PT8863 MAFI946/A 2·593 
PT8863A MAFI946/A 2·593 
PT8864 MAF224 2·283 
PT8864A MAFI946/A 2·593 
PT8865 MAF492 2-371 
PT8865A MAF492 2-371 

PT8866 MAF5003 2-619 
PT8870A MAF2628 2-601 
PT8871 MAF6525 2-428 
PT8871 A MRF5003 2-619 
PT8873A MAF2628 2·601 
PT8874 MRF224 2-283 
PT8874A MAFI946/A 2-593 
PT8en MAF5003 2-619 
PT8881 MRF6525 2-428 
PT8881A MAF5003 2-619 

PT8869 MAF5812 2-647 
PT9073B MAF321 2-311 
PT9701B MAF321 2-311 
PT9702 MAF323 2-315 
PT9702B MAF323 2-315 
PT9703 MAF321 2-311 
PT9703B MAF321 2-311 
PT9704 MAF325 2-319 
PT9704A MRF325 2-319 
PT9704B MAF163 2-203 

PT9730 MAF161 2-187 
PT9731 MRF314 2-295 
PT9732 MRF321 2-311 
PT9734 MRF323 2-315 
PT9776 MRF492 2-371 
PT9n6A MRF492 2-371 
PT9780 MRF422 2-347 
PT9780A MRF422 2-347 
PT9782 MRF317 2-307 
PT9782A MRF317 2-307 

PT9783 MRF464 2-367 
PT9783A MRF464 2-367 
PT9784 MRF454 2-363 
PT9784A MAF454 2-363 
PT9785 MRF421 2-343 
PT9788 MRF426 2-351 
PT9788A MRF426 2-351 
PT9790 MRF429 2-355 
PT9795 MRFI946/A 2·593 
PT9795A MRF2628 2-601 

PT9796 MRFI946/A 2-593 
PT9796A MRFI946/A 2-593 
PT9798 MRF429 2-355 
PT9847 MRF421 2-343 
PTE801 MRF890 2-472 
RF1004 MRFI946/A 2-593 
RF1023 MRF321 2-311 
RF1023R MRF321 2-311 
RF1029 MRF1029 2-565 
RF1030 MRF1030 2-567 

MOTOROLA RF DEVICE DATA 

Industry Motorola 
Part Closest Page 

Number Replacement No. 

RF1031 MRF1031 2-569 
RF1032 MRF1032 2-571 
RF105 MRF421 2-343 
AFll0 MRF421 2-343 
RF14 MRF455 2-365 
RF15 MRF455 2-365 
RF16 MRF455 2-365 
RF2081 MRF247 2-290 
RF2092 MRF455 2-365 
RF2123 MRFI946/A 2-593 

RF2127 MRF247 2-290 
AF2135 MAFI946/A 2-593 
RF2143 MRF454 2-363 
RF2144 MRF224 2-293 
RF23 MRF224 2-293 
RF25 MRF455 2-365 
RF3094 MRF3094 2-605 
RF3095 MRF3095 2-605 
RF3096 MRF3096 2-605 
RF31 04 MRF31 04 2-610 

RF3105 MRF31 05 2-610 
RF31 06 MRF31 06 2-610 
RF35 MRF455 2-365 
RF45 MRF455 2-365 
RF46 MRFI946/A 2-593 
RF48 MRFI946/A 2-593 
AF49 MRFI946/A 2-593 
RF85 MRF454 2-363 
AFA6031 MRFA2600 3-176 
RFAS060 MRFA2602 3-179 

RFA8090B RFA8090B 3-207 
RFA8180B RFA8180B 3-211 
5-AUll MHW806A3 3-98 
5-AUI6H MHW707-2 3-n 
5-AU27L MHW720Al 3-84 
5-AU27M MHW720A2 3-84 
5-AU31 MHW806A3 3-98 
5-AU9 MHW812A3 3-103 
5-AVI6H MHW607-2 3-70 
5-AVI6L MHW607-1 3-70 

5·AVI6VH MHW607-2 3-70 
501005 MRF587 2-407 
501006 MRF5943 2-651 
501007-1 MRF587 2-407 
501012 MRF5003 2-619 
501013 MRFI34 2-101 
501014-2 MRF2628 2-601 
501015 MRF314 2-295 
501018 MRFI946/A 2-593 
501018-15 MRF224 2-293 

501018-6 MRF224 2-293 
501019 MRF316 2-303 
50102-6 MRF313 2-293 
50102-7 MRF313 2-293 
SDl021 MRF2628 2-601 
501022 MRFI946/A 2-593 
501074 MRF455 2-365 
501076 MRF454 2-363 
501078 MRF464 2-367 
501080-4 MRF4427 2-615 

CROSS REFERENCE AND SALES OFFICES 
5-17 

• 



• 

Index and Cross Reference (continued) 

Industry Motorola 
Pan Closest 

Number Replacement 

501080·7 MRF557 
501087 MRF641 
501088 MRF644 
501095 MRF840 
501096 MRF842 
501096 MRF844 
501099 MRF847 
501124 MRF247 
501127 MRF5003 
801131 MRF5003 

501132·5 MRF557 
801133 MRF2628 
801133·1 MRF2628 
801134 MRF5003 
801134·1 MRF5003 
801135 MRF652 
801135·3 MRF6525 
801136 MRF653 
801143 MRF2628 
801146 MRF2628 

501148 MRF321 
801149 MRF323 
501150 MRF652 
501150·3 MRF6525 
801168 MRFI9461A 
801174 MRF5003 
801177 MRF5003 
801200 MRF3866 
801212·2 MRF5003 
801214-12 MRF2628 

801216 MRF1946/A 
801218 MRFI946/A 
501220 MRFI34 
801220·1 MRF134 
801224-10 MRF138 
801224-2 MRF315 
801224-4 MRF138 
801229·1 MRFI9461A 
801229·7 MRF1946/A 
801242·5 MRF134 

801245 MRF321 
801256 MRF5003 
801272 MRF1946/A 
501272·2 MRFI946/A 
801273 MRF240 
801274 MRFI946/A 
801274-1 MRF1946/A 
501275 MRF240 
801275-1 MRF224 
801278 MRF240 

501288 MRF455 
801289 MRF455 
801295 MRF421 
501299 MRF326 
501308 MRF5612 
801309 MMBR5179LTI 
801315 MRF587 
801316 MRF5812 
801317 MRF587 
801330 MRF571 

CROSS REFERENCE AND SALES OFFICES 
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Page 
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2·383 
2-414 
2-418 
2-453 
2-457 
2-461 
2-464 
2·290 
2·619 
2-619 

2·383 
2-601 
2·601 
2·619 
2·619 
2-428 
2-428 
2-432 
2·601 
2·601 

2·311 
2·315 
2-428 
2-428 
2·593 
2·619 
2·619 
2-613 
2-619 
2·601 

2·593 
2·593 
2·101 
2·101 
2·128 
2·299 
2·128 
2·593 
2·593 
2·101 

2·311 
2·619 
2·593 
2·593 
2·286 
2·593 
2·593 
2·286 
2·283 
2·286 

2·365 
2·365 
2·343 
2·323 
2·647 
2·52 
2-407 
2-647 
2-407 
2·395 

Industry Motorola 
Pan Closest Page 

Number Replacement No. 

801331 MRF571 2·395 
801332 MRF901 2·508 
801333 MRF951 2·533 
801334 MRF581 2·401 
801347·7 MRF4427 2·615 
801375 MMBR4957LTl 2·49 
801398 TP3006 2·752 
801400·2 MRF892 2·480 
801400·3 MRF892 2·480 
801401 MRF894 2-484 

801402 MRF559 2·388 
501403 MRF429 2·355 
501405 MRF454 2·363 
801407 MRF422 2·347 
801407·8 MRF317 2·307 
801409 MRF840 2·453 
501410 MRF840 2-453 
801410·1 MRF842 2-457 
501410·3 MRF840 2-453 
801411 MRF448 2·359 

501412 MRF842 2-457 
501412·3 MRF842 2-457 
501414 MRF847 2-484 
501415 MRF247 2·290 
501416 MRF247 2·290 
501418 MRF842 2-457 
501420 TP3020A 2·768 
801420·1 MRF8905 2·472 
501421 MRF844 2·461 
501422 MRF644 2-418 

501423 TP3022B 2·773 
501424 TP3024B 2·774 
501426 MRF898 2·498 
501427 MRF247 2·290 
501428 MRF247 2·290 
801429 MRF641 2·414 
501429·3 MRF641 2·414 
501430 MRFI946/A 2·593 
501433 MRF653 2-432 
801438 MRF316 2·303 

801438·2 MRF317 2·307 
S01439 TPV596A 2·817 
501444 MRF5003 2·619 
501446 MRF492 2·371 
501448 TPV598 2·823 
S01449 TPV597 2·820 
501450 MRF422 2·347 
501451 MRF455 2·365 
501451-1 MRF455 2·365 
501452 MRF454 2·363 

801461 MRF313 2·293 
801462 MRF327 2·327 
801463 MRF392 2·335 
801464 MRF393 2·339 
801466 MRF326 2·323 
801467 MRF326 2·323 
801468 MRF327 2·327 
801469 MRF329 2·331 
801470 MRF329 2·331 
801475 MRF321 2·311 

MOTOROLA RF DEVICE DATA 



Index and Cross Reference (continued) 

IndustIy Motorola 
Part Closest Page 

Number Replacement No. 

801484-10 MRF4427 2-615 
801487 MRF421 2-343 
801490 TPV7025 2-832 
801492 TPV8200B 2-841 
801495 MRF894 2-484 
801495-3 MRF894 2-484 
801496 MRF898 2-498 
801496-3 MRF898 2-498 
801499 MRF393 2-339 
801499-1 MRF658 2-440 

801512 MRF10005 2-681 
801513 MRF10031 2-685 
801514 MRF10150 2-695 
801520 MRF1000MA 2-549 
801520-3 MRF1000MB 2-549 
801522 MRF1000MA 2-549 
801522-3 MRF1002MB 2-553 
801522-4 MRF1002MA 2-553 
801524 MRF1004MA 2-557 
801524-1 MRF1004MB 2-557 

801528 MRF1035MA 2-573 
801528-6 MRF1035MB 2-573 
801530 MRF1035MA 2-573 
801530-1 MRF1035MB 2-573 
801532 MRF1090MA 2-577 
801534 MRF1090MA 2-577 
801534-1 MRF1090MB 2-577 
801536 MRF1090MA 2-577 
801536-3 MRF1090MB 2-577 
801538 MRFl150MA 2-582 

801538-2 MRF10150 2-695 
801538-8 MRF10150 2-695 
801540 MRF10350 2-698 
801540-8 MRF10350 2-698 
801541 MRF10SOO 2-701 
801541-1 MRF10500 2-701 
801541-9 MRF10500 2-701 
801542 MRF10500 2-701 
801546-1 MRF1090MB 2-577 
501554 MRF10070 2-688 

801555 MRF10070 2-688 
501556 MRF10350 2-698 
501557 MRF10350 2-698 
501650 TP3061 2-783 
801658 TP3062 2-787 
501680 TP3069 2-796 
501724-1 MRF464 2-367 
801726 MRF429 2-355 
801727 MRF429 2-355 
501728 MRF448 2-359 

801729 MRF422 2-347 
501730 MRF422 2-347 
801731 MRF448 2-359 
801732 TPV595A 2-813 
501847 TP62601 2-810 
501900 MRFl34 2-101 
501900-1 MRF161 2-187 
501902 MRFl36 2-110 
501902-1 MRF162 2-195 
501904 MRF137 2-120 

MOTOROLA RF DEVICE DATA 

Industry Motorola 
Part Closest Page 

Number Replacement No. 

501904-1 MRFl63 2-203 
801905 MRF171 2-222 
501906-1 MRF173 2-230 
801907 MRF173 2-230 
801908-1 MRF174 2-235 
501912 MRF141 2-138 
801912-2 MRF141G 2-143 
S01918 MRF148 2-148 
S01920 MRF151 2-158 
S0192O-2 MRF151G 2-164 

804011 TPV598 2-823 
S04590 MRFB99 2-502 
STl00l MRF166 2-215 
STl002 MRF171 2-222 
STl004 MRF173CQ 2-230 
STl005 MRF173 2-230 
STl006 MRF175LV 2-250 
STl007 MRFl64W 2-211 
STl0l0 MRF174 2-235 
STl0ll MRF174 2-235 

STl014 MRFl66C 2-215 
ST1015 MRF177M 2-265 
8Tl016 MRF136Y 2-110 
STl019 MRF177 2-265 
8n020 MRF175GU 2-243 
STl027 MRF141G 2-143 
STl028 MRF141G 2-143 
STM915-12 MHW912 3-119 
TAN15 MRF1015MA 2-561 
TAN150H MRF1150MA 2-582 

TAN250A MRF10350 2-698 
TAN75 MRF1090MA 2-577 
TCC0105-100 MRF393 2-339 
TCC0204-125 MRF392 2-335 
TCC1720-20 MRAL 1720-20 2-89 
TCC2023-16 MRAL2023-18 2-96 
TCC2023-6 MRAL2023-6 2-92 
TCC20L08 MRF3095 2-605 
TCC20L15 MRF3098 2-605 
TCC2100 MRF3094 2-605 

TCC2223-18 MRAL2023-18 2-96 
TCC2223-3 MRAL2023-3 2-92 
TCC3000 MRW3001 2-728 
TCC3001 MRW3001 2-728 
TCC3003 MRW3003 2-728 
TCC3005 MRW3005 2-728 
TCC598 TPV598 2-823 
T05570 TPV595A 2-813 
TOSS95 TPV595A 2-813 
TPl940 MRF151G 2-164 

TP2031 MRF5003 2-619 
TP2033 MRFl946/A 2-593 
TP2034 MRFl946/A 2-593 
TP2034F MRF224 2-283 
TP2037 MRFl946/A 2-593 
TP212 MRF5003 2-619 
TP21BO MRF247 2-290 
TP2300 MRF5003 2-619 
TP2304 MRFl946/A 2-593 
TP2314 MRF5003 2-619 

CROSS REFERENCE AND SALES OFFICES 
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Index and Cross Reference (continued) 

Industry Motorola 
Part Closest 

Number Replacement 

TP2317 MRFl946JA 
TP2325 MRFl946JA 
TP2330 MRFl946JA 
TP2330F MRFl946JA 
TP2335 MRFl946JA 
TP2370 MRF247 
TP2502 MRF652S 
TP2503 MRF652 
TP2505 MRF652 
TP2505S MRF652 

TP251 0 MRF653 
TP2511 MRF653 
TP2520 MRF644 
TP254 MRF652 
TP3004 TP3006 
TP3005 TP3005 
TP3006 TP3006 
TP3007S TP3007S 
TP3008 TP3008 
TP3009 MRF557 

TP3009S MRF557 
TP301 MRF557 
TP3010 MRF557 
TP3010S MRF557 
TP3011 MRF840 
TP3011S MRF840 
TP3012 MRF842 
TP3013 MRF840 
TP3015 MRF842 
TP3019S TP3019S 

TP301S MRF557 
TP302 MRF840 
TP3020A TP3020A 
TP3021 TP3021 
TP3022A TP3022B 
TP3022B TP3022B 
TP3023 TP3005 
TP3024A TP3024B 
TP3024B TP3024B 
TP302S MRF840 

TP303 MRF840 
TP3032 TP3032 
TP3034 TP3034 
TP303S MRF840 
TP3040 TP3061 
TP3060 TP3061 
TP3061 TP3061 
TP3062 TP3062 
TP3064 TP3064 
TP3069 TP3069 

TP3093 MRF5612 
TP312 BFR96 
TP3401 MRF587 
TP3401S MRF581 
TP393 MMBR911LT1 
TP394 MRF5812 
TP4001 MRF6401 
TP4001S MRF6401 
TP4004 MRF6402 
TP4012 MRF6406 

CROSS REFERENCE AND SALES OFFICES 
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No. 

2-593 
2-593 
2-593 
2-593 
2-593 
2-290 
2-428 
2-428 
2-428 
2-428 

2-432 
2-432 
2-418 
2-428 
2-752 
2-748 
2-752 
2-756 
2-760 
2-383 

2-383 
2-383 
2-383 
2-383 
2-453 
2-453 
2-457 
2-453 
2-457 
2-764 

2-383 
2-453 
2-768 
2-769 
2-773 
2-773 
2-748 
2-774 
2-774 
2-453 

2-453 
2-m 
2-779 
2-453 
2-783 
2-783 
2-783 
2-787 
2-791 
2-796 

2-647 
2-22 
2-407 
2-401 
2-72 
2-647 
2-653 
2-653 
2-657 
2-669 

Industry Motorola 
Part Closest Page 

Number Replacement No. 

TP4025 MRF6403 2-661 
TP4035 MRF6404 2-664 
TP491 MMBR911LT1 2-72 
TP5002S TP5002S 2-801 
TP5015 TP5015 2-604 
TP5050 TP5051 2-805 
TP5051 TP5051 2-805 
TP62601 TP62601 2-810 
TP8828 MRF2628 2-801 
TP9390 MRF151G 2-164 

TPA0102-13O MRF392 2-335 
TPR10 MRF1015MB 2-561 
TPR150 MRFl150MB 2-582 
TPR50 MRF1090MB 2-5n 
TPVl325B MRF151G 2-164 
TPV3250B MRF151G 2-164 
TPV5055B TPV5055B 2-826 
TPV595A TPV595A 2-813 
TPV596 TPV596A 2-817 
TPV596A TPV596A 2-817 

TPV597 TPV597 2-820 
TPV598 TPV598 2-823 
TPV6030 TPV6030 2-830 
TPV6080B TPV8200B 2·841 
TPV657 TPV595A 2-813 
TPV695A TPV695A 2-825 
TPV695B TPV5055B 2-826 
TPV698 TPV598 2-823 
TPV7025 TPV7025 2-832 
TPV8100B TPV8100B 2-835 

TPV8200B TPV8200B 2-841 
mF559 MRF559 2-388 
TRW2001 MRW2001 2-723 
TRW2003 MRW2003 2-723 
mW2005 MRW2005 2-723 
TRW2010 MRW201 0 2-723 
TRW3001 MRW3001 2-728 
TRW3003 MRW3003 2-728 
TRW3005 MRW3005 2-728 
mW52102 MRW52602 2-733 

TRW52104 MRW52604 2-736 
TRW52202 MRW52602 2-733 
TRW52402 MRW52602 2-733 
mW52502 MRW52602 2-733 
TRW52602 . MRW52602 2-733 
TRW52604 MRW52604 2-736 
TRW53101 MRW53601 2-742 
TRW53201 MRW53601 2-742 
TRW53401 MRW53601 2-742 
TRW53502 MRW53502 2-739 

TRW53601 MRW53601 2-742 
mW54001 MRW54001 2-745 
TRW54402 MRW53502 2-739 
TRW54601 MRW54601 2-745 
TRW62601 TP62601 2-810 
UF2801KI MRF158R 2-181 
UF28100V MRF1n 2-265 
UF2815B MRF166C 2-215 
UF2820P MRF136Y 2-110 

MOTOROLA RF DEVICE DATA 



Index and Cross Reference (continued) 

Industry Motorola 
Part Closest Page 

Number Replacement No. 

UTV005 TPV596A 2-817 
UTV010 TPV597 2-820 
UTV040 TPV598 2-823 
UTV080 TPV695A 2-825 
UTVl20 TPV695A 2-825 

MOTOROLA RF DEVICE DATA 

Industry Motorola 
Part Closeat . Page 

Number Replacement No. 

UTVl50 TPV7025 2-832 
UTVl500 TPV8100B 2-835 
UTV200 TPV7025 2-832 
VTVl250 MRF141 2·138 
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MOTOROLA DISTRIBUTOR AND WORLDWIDE SALES OFFICES 

AUTHORIZED NORTH AMERICAN DISTRIBUTORS 

UNITED STATES 

ALABAMA 

Huntsville 
ArrowlSchweber Electronics . (205)837-6955 
Future Electronics. . . . . . . .. (205)830-2322 
Hamilton HaIlmaJk .....•.... (205)837-6700 
Newark. • . . . • . . . • . . . . . . .• (205)837-9091 
TIme Electronics ..•..•••... (205)721-1133 

Arizona 

Phoenix 
Future Electronics •..•...•. (602)968-7140 
Hamilton HaUmark .•••.•.... (602)437-1200 
Newark Electronics. . • . . • •. (602)864-9905 
Wyle Laboratortes • • . . . . . .. (602)437-2088 

Tempe 
Arrow/Schweber Electronics . (602)431-0030 
TIme Electronics ....•..•.• (602)967-2000 

CALIFORNIA 

Agoura Hills 
Time Electronics CoIporate •• (818)707-2890 

Belmont 
Richardson Electronics •... (415)592-9225 

Calabassas 
Arrow/Schweber Electronics . (818)880-9688 
Wyle laboratories . • . . . . . .• (818)680-9000 

Chatsworth 
Future Electronics . • . . . • . .. (818)n2-6240 
TIme Electronics ••..•.•... (818)998-7200 

Costa Mesa 
Hamilton Halmerk •••••••.• (714)641-4100 

Culver City 
Hamilton l-lailmark . . . . • . . .• (213)558-2000 

Irvine 
Arrow/Schweber Electronics (714)587-0404 
Future Electronics ..•.....• (714)250-4141 
WyIe laboratories CoIporate. (714)753-9953 
Wyle laboratories ......... (714)863-9953 

Mountain View 
Richardson Electronics .... (415)960-6900 

Orange 
Newark •...•..•.......... (714)634-8224 

Rocklin 
HamiHon Hallmark .......• (916)624-9781 

Sacramento 
Newark ..•••••.•.•••..••. (916)721-1633 
Wyle Laboratortes . • . • . • . .. (916)638-5282 

San Diego 
Arrow/Schweber Electronics (619)565-4800 
Future Electronics. . . . . . . .. (619)625-2800 
Hamilton Hallmark ........• (619)571-7540 
Newark •••.....•........• (619)569-9877 
Wyle Laboratories. . . . • . . .• (619)585-9171 

San Francisco 
Newark .•......•......... (415)571-5300 

San Jose 
Arrow/Schweber Electronics . (408)441-9700 
Arrow/Schweber Electronics • (403)428-6400 
Future Electronics ......•.•. (408)434-1122 

Santa Clara 
Wyle laboratories . • . • . . . .. (408)727-2500 

Sunnyvale 
HamIlton Halmark ....•..•. (403)743-3300 
TIme Electronics ..••...••. (408)734-9888 

Torrance 
TIme Electronics .....•...• (310)320-0880 

Tustin 
TIme Electronics .•...•...• (714)669-0100 

West Hills 
Newark . . . . . . • . . . • . . . . . .• (818)888-3718 

Woodland Hills 
Hamilton Hallmerk •........ (818)594-0404 
Richardson Electronics (615)594-5800 

COL.ORADO 
L.akewood 

Future Electronics. . . . . . . .. (303)232-2008 
Colorado Springs 

Newark •....•...•........ (719)592-9494 
Denver 

Newark. . . . . . . . . . . . . . . . .. (303)757-3351 
Englewood 

Arrow/Schweber Electronics . (303)799-0258 
Hamilton Hallmark •.....•. (303)790-1662 
TIme Electronics .......... (303)721-8882 

Thornton 
Wyle Laboratortes . . . . . . . .• (303)457-9953 

CONNECTICUT 
Chesire 

Future Electronics. • . . . . • •. (203)250-0083 
HamiHon Hallmark •....... (203)271-2844 

Southbury 
TIme Electronics ..•....... (203)271-3200 

Wallln!lfort 
ArrowiSchweber Electronics . (203)265-n41 

Windsor 
Newark . . . • . . . • . . . • . . • . .. (203)683-8860 

FL.ORIDA 
Altamonte Springs 

Future Electronics ..•..•... (407)767-8414 
Clearwater 

Future Electronics ..•.•.... (813)530-1222 
Deerfield Beach 

Arrow/Schweber ElectronIcs • (305)429-8200 
Ft. L.auderdale 

Future Electronics ....•.••. (305)351-0660 
Hamilton Hallmark ......... (305)767-63n 
TIme Electronics .••.••.... (305)484-1n8 

L.ake Mary 
Arrow/Schweber Electronics . (407)333-9300 

L.argolTampalSt. Petersburg 
Hamilton Hallmark •........ (813)541-7440 
Newark •......•.•.•..•... (813)267-1578 
TIme Electronics ..••...... (407)841-6585 

Orlando 
Newark ..••..•...••.••... (407)896-8350 
TIme Electronics •......... (407)841-6585 

Plantation 
Newark •. . • . . • • • • • . . • . . •• (305)424-4400 

Winter Park 
Richardson Electronics .... (407)644-1453 
Hamilton Hallmark (407)857-3800 

GEORGIA 
Atlanta 

TIme Electronics .....•.••• (404)351-3545 
Duluth 

Arrow/Schweber Electronics . (404)497-1300 
Hamilton Hallmark .•.•..•. (404)623-5475 

Norcross 
Future Electronics ......... (404)441-7676 
Newark ..•••.•...••...... (404)448-1300 
TIme Electronics .......... (404)368-0969 

IL.LlNOIS 
Bensenville 

Hamilton Hallmark ......... (708)860-n80 
Chicago 

Newark Electronics Corp ... (312)784-5100 
Hoffman Estates 

Future Electronics ......... (708)882-1255 
Itasca 

ArrowlSchweber Electronics (708)250-0500 
L.aFox 

Richardson Electronics .... (708)208-2401 
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Schaumburg 
Newark. . • . . . . . . • . . . . . . .. (708)310-8980 
TIme Electronics .........• (708)303-3000 

INDIANA 
Indianapolis 

ArrowISchweber Electronics . (317)299-2071 
Hamilton Hallmark .....•.. (317)672-8875 
Newark . . . . . . . . . • . . . . . • .. (317)259-0085 
TIme ElectroniCS •....•...• (708)303-3000 

Ft.Wayne 
Newark •. . . . • . . . . • . . . . . .. (219)484-0766 

IOWA 
Cedar Rapids 

Newark . . . . • . . . • . . . . . • . .. (319)393-3800 
TIme Electronics ...•..••.. (314)391-6444 

KANSAS 
L.enexa 

Arrow/Schweber Electronics . (913)541-9542 
Hamilton Hallmark .•..••.. (913)888-4747 

Overland Park 
Future Electronics. . • • . • • .• (913)649-1531 
Newark. • • . • • • • . . . • • • . • •• (913)6n-0727 
TIme Electronics ..••..•••. (314)391-6444 

MARYL.AND 
Beltsville 

Newark .•••.•••..•••••••• (301)604-1700 
Columbia 

Arrow/Schweber Electronics • (301 )596-7800 
Future Electronics •...••••• (410)290-0600 
HamlHon Hallmark .•..••.• (410)988-9800 
TIme ElectroniCS •..••••••• (301 )964-3090 

MASSACHUSETTS 
Boston 

Arrow/Schweber Electronics . (508)658-0900 
Bolton 

Future Corporate. • • • • • • • •• (508)n9-30oo 
Burlington 

Wyle laboratories •.•..••.• (617)272-7300 
Methuen 

Newark . . . . . . . . • • . • . . • • .• (508)683-0913 
Norwell 

Richardson Electronics ••.• (617)871-5182 
Peabody 

TIme Electronics •••.••.... (508)532-9800 
HamilUon Hallmark .••••••• (508)532-3701 

MICHIGAN 
Detroit 

Newark. . . . . . . . • • • • • • . • •• (313)967-0600 
Grand Rapids 

Future Electronics •..•••... (616)698-6800 
Livonia 

Arrow/Schweber Electronics . (313)462-2290 
Future Electronics. • . . . . • .. (313)261-5270 
HamiHon Hallmark ....••.• (313)416-5800 
TIme Electronics .•••..•.•• (614)794-3301 

MINNESOTA 
Eden Prairie 

Arrow/Schweber Electronics . (612)941-5280 
Future Electronics. . . . . • • .. (612)944-2200 
Haminon Hallmark •.••.... (612)881-2800 
TIme Electronics •.••••..•• (612)943-2433 

Minneapolis 
Newark .• . . . • . . . . . . . . . • .. (612)331-6350 

MISSOURI 
Earth City 

Hamilton Hallmark ...••... (314)291-5350 
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AUTHORIZED DISTRIBUTORS - continued 

UNITED STATES - continued 

MISSOURI- continued 

St. Louis 
ArrowISchweber Bectronics . (314)56Hl888 
Future Electronics .••...... (314)469-6805 
Newark ........•......... (314)298-2505 
lime Electronics ..•....... (314)391-6444 

NEW JERSEY 

Cherry Hili 
HamiHon Hallmark ......... (609)424-0100 

Fairfield 
Newark . . . . . • . . . . . . . . . . .. (201 )882-0300 

Marlton 
Anow/Schweber Electronics . (609)596-8000 
Future Electronics •.•.•...• (609)596-4080 

Pinebrook 
ArrowISchweber Electronics . (201)227-7880 

Parsippany 
Future Electronics •..•..... (201)299-0400 
Hamilton Hallmark .....•.. (201)515-1641 

Wayne 
lime Electronics ....•..... (201)785-8250 

NEW MEXICO 

Albuquerque 
Alliance Electronics (505)292-3360 
HamiHon Hanmark •........ (505)828-0360 
Newark ............•.•... (505)828-1878 

NEW YORK 

Commack 
Newark .•...••.......•... (516)499-1216 

Fairport 
Hamilton Hallmark Electronics(71 6)425-3300 

Hauppauge 
ArrowISchweber Electronics. (516)231-1000 
Future Electronics ••....... (516)234-4000 

Konkoma 
Hamilton Hallmark ....•... (516)737-0600 

Pittsford 
Newark . . . . . . . . . . . • . . . . .. (716)381 -4244 

Rochester 
ArrowISchweber Electronics . (716)427-0300 
Future Electronics ...•...... (716)272-1120 
Hamilton Hallmark ..•••••.. (716)292-0730 
Richardson Electronics ..... (716)264-1100 
lime Electronics ....•..... (315)432-0355 

Rockville Centre 
Richardson Electronics .••. (516)872-4400 

Svracuse 
J:uture Electronics. . . . . . • .. (315)451-2371 
lime Electronics •...•..... (315)432-0355 

NORTH CAROLINA 

Charlotte 
Future Electronics ......... (704)455-9030 
Richardson Electronics .... (704)548-9042 

Greensboro 
Newark. . • . • . . . . . • . • . . . .. (919)292-7240 

Raleigh 
Anow/SchweberBectronics . (919)876-3132 
Future Electronics ••.•....•. (919)790-7111 
Hamilton Hallmark •.•.•... (919)872-0712 
lime Electronics .....•.... (919)693-5166 

OHIO 

Centerville 
ArrowISchweber Electronics . (513)435-5563 

Cleveland 
Newark ...•.....•...•.... (216)391-9330 
lime Electronics •.....•... (614)794-3301 

Columbus 
Newark .....•...•..•..... (614)43"0809 
lime Electronics .......... (614)794-3301 
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Dayton 
Future Electronics ....•.... (513)439-5700 
Newark ................•. (513)294-8980 
lime Electronics .•......•. (614)794-3301 

Mayfield Heights 
Future Electronics ......... (216)449-8996 

Solon 
ArrowlSchweber Bectronics . (216)248-3990 
Hamilton Hallmark ......... (216)498-1100 

Worthington 
Hamilton Hallmark ........ (614)888-3313 

OKLAHOMA 
Tulsa 

Hamilton Hallmark ........• (918)254-8110 
Newark ...........•...... (918)252-5070 

OREGON 
Beaverton 

Arrow/Almac Electronics Corp. (503)629-8090 
Future Electronics. . . . . . . .. (503)645-9454 
Wyle Laboratories. . . . . . . .. (503)643-7900 
Hamilton Hallmark •....... (503)526-6200 

Portland 
Newark .................. (503)297-1964 
lime Electronics ...•.•...• (503)626-2979 

PENNSYLVANIA 
King of Prussia 

Newark .•..•......•....•. 

M~i~~~~~rr,~~nlcs •... 
Philadelphia 

lime Electronics ...•...... 
Pittsburgh 

Arrow/Schweber Electronics . 
Newark ...........•...... 
lime Electronics ......... . 

TENNESSEE 
Franklin 

(215)265-0933 

(215)628-Q805 

(609)596-6700 

(412)963-6807 
(412)78&4790 
(614)794-3301 

Richardson Electronics (615)791-4900 
Knoxville 

Newark .................. (615)58&6493 

TEXAS 
Austin 

AnowlSchweber Electronics. (512)835-4180 
Future Electronics ....•.... (512)502-0991 
Hamilton Hallmark ........ (512)258-8848 
Newark. . . . . • • . . . • . . . . • .. (512)338-0267 
lime Electronics .......... (512)346-7346 
Wyle Laboratories. . . . . . . .. (512)345-8853 

Carollton 
ArrowISchweber Electronics . (214)380-6464 

Dallas 
Future Electronics ••..•...• (214)437-2437 
Hamilton Hallmark ........ (214)553-4300 
Richardson Electronics .... (214)239-3680 
lime Electronics •......... (214)644-4644 
Wyle Laboratories. . . . . . . .. (214)235-9953 

Ft. Worth 
Allied Electronics •..•...... (817)336-5401 

Houston 
ArrowISchweber Electronics . (713)53O-4700 
Future Electronics .......... (713)785-1155 
Hamilton Hallmark .....•.. (713)781-6100 
Newark ..••....•......... (713)270-4800 
lime Electronics ..•....... (713)530-08oo 
Wyle Laboratories. • . . . . . .. (713)879-9953 

Richardson 
Newark .................. (214)235-1998 

UTAH 
Salt Lake City 

AnowlSchweber Electronics . (801)973-8913 
Future Electronics •......•. (801)467-4448 
Hamilton Hallmark ......... (801 )266-2022 
Newark . . . . . . . . • . . . . . . . •. (801 )261-5660 

West Valley City 
lime Electronics .......... (801 )973-8494 
Wyle Laboratories .••...... (801)974-9953 

WASHINGTON 

Bellevue 
Almac Electronics Corp. 
Newark ................. . 
Richardson Electronics .•.. 

Bothell 

(206)643-9992 
(206)641-9800 
(208)648-7224 

Future Electronics. • . . • . . .. (208)489-3400 
Redmond 

Hamnton Hallmark ....•...• (206)881-8697 
lime Electronics .••.•....• (208)820-1525 
Wyle Laboratories .......... (206)881-1150 

Spokane 
Arrow/Almac Electronics Corp. (509)924-9500 

WISCONSIN 

Brookfield 
ArrowISchweber Electronics . (414)792-0150 
Future Electronics ••.•.•... (414)879-0244 

Milwaukee 
lime Electronics •...•.•..• (708)303-3000 

New Barlin 
Hamilton Hallmark .......• (414)797-7844 

Wauwatosa 
Newark .•...•••....•.•.•. (414)453-9100 

CANADA 

ALBERTA 

Calgary 
Electro Sonic Inc. ......•. (403)255-9550 
Future Electronics •..••.... (403)250-5550 
HamiHon Hellmark ...•..•.. (600)663-5500 

Edmonton 
Future Electronics. . . • • . . .• (403)438-2858 
Hamilton Hallmark ...•.•.. (800)663-5500 

BRmSH COLUMBIA 

Vancouver 
Arrow Electronics •..•••••. (604)421-2333 
Electro Sonic Inc. . •.•••.•.• (604)273-2911 
Future Electronics ..•...•.•. (604)294-1188 
Hamiton HaDmark ......••. (604)420-4101 
Newark . . . • . . . . . . . • . . . • •• (800)463-9275 

MANITOBA 

Winnipeg 
Electro Sonic Inc. .••.•••. (204)783-3105 
Future Electronics •..••...• (204)944-1448 
HamiHon Hallmark (800)663-8500 

ONTARIO 

Ottawa 
Arrow Electronics .•....••. (613)226-8903 
Electro Sonic Inc ••.•••.... (613)726-8333 
Future Electronics. • . . . • • •• (613)820-8313 
Hamilton/AVIlet ElectronICS •• (613)226-1700 

Toronto 
Arrow Electronics ..•..•••• (416)670-n69 
Electro Sonic Inc ••.•••...• (416)494-1_ 
Future Electronics. • • • • . • •. (416)612-9200 
HamiHon Hallmark •.•••.••• (905)564-8060 
Newark .. . . . . . . • . • . . • • . •• (800)483-9275 
Richardson ElectronICS .••• (800)348-5530 

QUEBEC 

Montreal 
Arrow Electronics •.•••..••. (514)421-7411 
Future ElectronICS. • • . . • • •• (514)694-n10 
Hamnton HaDmark •••••...• (514)335-1000 
Newark •. . • • • . • • • • . • • • • .. (800)463-9275 
Richardson Electronics •••• (800)348-8530 

Quebec City 
Future ElectronICS •.•.•..•• (418)8n-6666 
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UNITED STATES 

ALABAMA, Huntsville .•.. (205)464-6800 
ARIZONA, Tempe ........ (602)897-5056 
CALIFORNIA, Agoura HiUs. (818)706-1929 
CAUFORNIA, Los Angeles (310)417-8848 
CAUFORNIA, Irvine ••••.• (714)753-7360 
CAUFORNIA, Roseville .•• (916)922-7152 
CALIFORNIA, San Diego •. (619)541-2163 
CAUFORNIA, SU1nyvale .. (408)749-0510 
COLORADO, 

Colorado Springs .•.•.... (719)599-7497 
COLORADO, Denver ....• (303)337-3434 
CONNECTICUT, 

Wallingford. . . • . . . . . • . .• (203)949-4100 
FLORIDA, Maitland. . • • . .. (407)626-2636 
FLORIDA, Pompano Beach! 

Fl Lauderdale .......... (305)351-6040 
FLORIDA, Clearwater .... (813)536-7750 
GEORGIA, Atlanta •...••• (404)729-7100 
IDAHO, Boise .•.........• (208)323-9413 
ILUNOIS, Chicagol 

Hoffman Estates ........ (708)419-2500 
INDIANA, Fort Wayne ..•. (219)436-5818 
INDIANA, Indianapolis .... (317)571-0400 
INDIANA, Kokomo .•.•... (317)455-5100 
IOWA, Cedar Rapids ..... (319)378-0383 
KANSAS, Kansas Cityl 

Mission ................ (913)451-8555 
MARYLAND, Columbia ... (410)361-1570 
MASSACHUSETTS, 

Marlborough .•..•.•.••.. (508)461-8100 
MASSACHUSETTS, 

Woburn ••..•.••...•.•.• (617)932-9700 
MICHIGAN, Detroit ••.•••. (313)347-6600 
MINNESOTA, Minnetonka .. (612)932-1500 
MISSOURI, Sl Louis •••.• (314)275-7380 
NEW JERSEY, Fairfield ... (201 )608-2400 
NEW YORK, Fairport ..... (716)425-4000 
NEW YORK, Hauppauge .. (516)361-7000 
NEW YORK, Poughkeepsie! 

Fishkill .•.•...•••.••... (914)896-0511 
NORTH CAROUNA, 

Raleigh •• • • • • . . • • • • • • .. (919)670-4355 
OHIO, Cleveland ...•..... (216)349-3100 
OHIO, Columbus! 

Worthington ............ (614)431-8492 
OHIO, Dayton .•.......••. (513)495-6600 
OKLAHOMA, Tulsa .....• (800)544-9496 
OREGON, Portland •.••... (503)641-3661 

SALES OFFICES 

PENNSYLVANIA, Colmar .. (215)997-1020 
Philadelphia/Horsham ... (215)957-4100 

TENNESSEE, Knoxville ... (615)690-5593 
TEXAS, Austin ..•....••.• (512)873-2000 
TEXAS, Houston •.•.•..•• (600)343-2692 
TEXAS, Plano ........... (214)516-5100 
VIRGINIA, Richmond ..... (604)265-2100 
WASHINGTON, Bellevue .• (206)454-4160 

Seattle Access ......... (206)622-9960 
WISCONSIN, Milwaukee! 

Brookfield .....•........ (414)792-0122 

Field Applications Engineering Available 
Through All Sales Offices 

CANADA 

BRITISH COLUMBIA, 
Vancouver .............. (604)293-7650 

ONTARIO, Toronto .....•. (416)497-8181 
ONTARIO, Ottawa ........ (613)226-3491 
QUEBEC, Montreal ....... (514)333-3300 

INTERNATIONAL 

AUSTRAUA, Melbourne .. (61-3)887-0711 
AUSTRAUA, Sydney ..... 61(2)906-3855 
BRAZIL, Sao Paulo ..... 55(11)815-4200 
CHINA, Beijing ...•...•..... 86-505-2160 
FINLAND, Helsinki ..... 356-0-35161191 

car phone .............. 358(49)211501 
FRANCE, ParisNenves ... 33(1)40955900 
GERMANY, Langenhagen/ 

Hannover .............. 49(511)769911 
GERMANY, Munich ..•••.. 498992103-0 
GERMANY, Nurenberg ..• 49911 64-3044 
GERMANY, Sindelfingen .. 497031 69910 
GERMANY, Wiesbaden •.. 49611 761921 
HONG KONG, Kwai Fong .. 852-489-1111 

Tai Po .................. 852-6668333 
INDIA, Bangalore ....... (91-812)627094 
ISRAEL, Tel Aviv ...•.... 972(3)753-6222 
ITALY, Milan ..•...•......... 39(2)82201 
JAPAN, Atsugi .......... 61-462-23-0761 
JAPAN, Gotanda ........ 61-3-5487-6448 
JAPAN, Kumagaya ...... 61-465-26-2600 
JAPAN, Kyushu ......... 61-92-771-4212 
JAPAN, Nagoya .......• 61-52-232-1621 
JAPAN, Osaka .....••... 61-06-305-1601 
JAPAN, Sendai ......... 81-22-266-4333 
JAPAN, Tachikawa ..... 81(0425)23-6700 
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JAPAN, Takamatsu ...... 81-878-37-9972 
JAPAN, Tokyo ......••.... (03)587-8311 
JAPAN, yokohama •..... 61-45-472-2751 
KOREA, Pusan ......... 82(51)4635-035 
KOREA, Seoul ...••...... 82(2)554-5118 
MALAYSIA, Penang •.•.•.•. 60(4)374514 
MEXICO, Mexico City. . . .. 52(5)282-0230 
MEXICO, Guadalajara .... 52(36)21-8977 

Marketin9 ...........••. 52(36)21-2023 
Customer Service . . . • •• 52(36)669-9160 

NETHERLANDS, Best ... (31)499861211 
PUERTO RICO, San Juan . (809)793-2170 
SINGAPORE ........•....• (65)2945438 
SPAIN, Madrid ......•.... 34(1)457-8204 

or ..................... 34(1)457-8254 
SWEDEN, Solna ......••. 46(8)734-8800 
SWITZERLAND, Geneva. 41(22)7991111 
SWITZERLAND, Zurich ... 41(1)730-4074 
TAIWAN, Taipei .•.....•. 886(2)717-7069 
THAILAND, Bangkok .•... 66(2)254-4910 
UNITED KINGDOM, 

Aylesbury ..........•... 44(296)395-252 

FULL LINE REPRESENTATIVES 

CAUFORNIA, Loomis 
Galena Technology Group • (916)652-0266 

COLORADO, Grand Junclion 
Cheryl Lee Whitely •. . • .. (303)243-9658 

KANSAS, Wichita 
Melinda Shores! 
Kelly Greiving .•....•....• (316)838-0190 

NEVADA, Reno 
Galena Tech. Group .• . .. (702)746-0642 

NEW MEXICO, Albuquerque 
S&S Technologies,lnc ..• (505)298-7177 

UTAH, Salt Lake City 
Utah Compo Sales, Inc. . .. (801 )561-5099 

WASHINGTON, Spokane 
Doug Kenley .....••.... (509)924-2322 

ARGENTINA, Buenos Aires 
Argonics, S.A. .......... (541)343-1767 

HYBRIDIMCM COMPONENT 
SUPPLIERS 

Chip Supply .•..•.•...••• (407)296-7100 
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