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Introduction 
This book has been prepared to give the user a concise list of all LSI Products 

offered: by Monolithic Memories. It is divided by products into sections on Military 
Products Division, PROMs, PLE'· devices, PAL® devices, HAL®/ZHAL devices, 
System Building BlocksIHMSI", FIFOs, Memory Support, Arithmetic Elements 
and Logic, Multipliers,. 8-Bit Interface, Double-Density PLUS Interface, (CMOS 
products included), Logic Cell Array, ECL 1 OKH products and a General Informa
tion Section which has definition of Terms and Waveforms. Each section has been 
designed to allow the user the most useable format for the products described. 
Cross reference and se.lection guides are given where applicable. FIFO, PAL 
devices, System Building Blocks/HMSI'·, Multipliers, 8-Bit Interface, Double
Density PLUS Interface and ECL 1 OKH data sheets are shown in detail for each 
product. Advance Information Sheets are included to inform you of soon-to-be 
released products. This LSI databook was formatted with you, the user, in mind. 

For more information, contact the local Monolithic Memories sales representa
tiveor franchised distributor. In section 19 of this book Monolithic Memories Sales 
Reps and Franchised Distributors are listed, for your convenience. 

Products listed in. the Advance Information section were due for imminent 
release at the time ·of printing. Please contact Monolithic Memories for current 
availability and full parametric specifications. 
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Ordering Information 

Prices 
All prices are in U.S. dollars and are subject to change with
out notice. 

Terms 
70%/30 days, 30%/45 days from date of invoice, FOB 
Sunnyvale, california. 

Minimum Order Requirements 
For all orders placed in the factory there is a minimum order 
requirement of $1000 ($100 per line item) except for the 
following: 
HAL- Circuits-A Non-Recurring Engineering (NRE) charge 
is made to cover mask and test vector generation. This charge 
may be amortized over the initial production commitment. 
Minimum production commitments and NRE charges are 
as follows: 

MIN. MIN. QTY 
NRE ANNUALQTY PER DELY 

20 and 24 pin HAL 
devices: 

Combinatorial patterns 
Sequential patterns 
ZHAL "'20/20N24A 
MegaHAL"': 
HAL32R16 
ZHAL64R32 

$2.5K 5,OOOpcs 2,OOOpcs 
$2750 5,OOOpcs 2,OOOpcs 
$4K 5,OOOpcs 2,500pcs 

$5K 2,500pcs 500pcs 
$5K 1,ooopcs 200pcs 

Pro PAL'" Circuits-ProPAL circuits are programmed PAL 
devices which are functionally tested by Monolithic Memories 
prior to shipment. The NRE charge covers setup and test 
vector generation costs and may' be amortized over the 
initial production commitment quantities. A nominal per unit 
programming and testing charge is also made and varies 
according to device type. NREs and minimum order require
ments for ProPAL circuits are as follows: 

MIN. MIN. QTY 
NRE ANNUAL QTY PER DELY 

20 and 24 pin devices: 

Combinatorial patterns $500 2,500 pes 500pcs 
Sequential patterns $750 2,500 pes 500pcs 
MegaPAL"': 
PAL32R16 $1K 1,ooopcs 200pcs 
PAL64R32 $1K 500pcs 100pcs 

General 
Unless otherwise specified, the standard packages are "J" or 
"N" packages. In some instances the "D" package is the only 
package available. Other non-standard packages and military 
Level 883B devices not listed may be available. Contact a 
sales representative of Monolithic Memories. Non-standard 
devices are considered nonreturnable by distribution to 
Monolithic Memories. 

In-House PROM Programming Guidelines 
1) Minimum Order Size. 

XK-8K 5K pcs/yr/pattern 
500 pes/shipment 

16K-32K 2.5K pcs/yr/pattern 
250 pes/shipment 

2) Lead Time: I nitial code acceptance six weeks. 
Standard lead time plus two weeks after 
code acceptance. 

J) Cancellations: 60 Days 
4) Schedule Change: 30 Days 

5) Price Adder: 
A nominal per unit programming and testing charge is 
made and varies according to device type. Price includes 
ink marking with customer pattern number. 

6) Inputs: Truth Table, Paper Tape, Disk, Master; a com
bination of two inputs are required. If only one 
input is supplied, asample lot must be signed 
off by the customer. 

Commerclal/lndu$trlal/Military Codes 
The letter codes "C;' "I;' and "M" are used to denote com
mercial, industrial, and military device limits as follows: 

Cominercial-TA = OOCto +750 C 
Vee = 5V;l:5% 

Ihdustrial-TA =-40oC to +85°C 
Vee = 5V;l:10% 

Military-TA =-55°Cto+125°C 
Vcc =5V;l:10% 

Package Codes 
All devices ordered must include a package code.as a suffix 
to the part number. The package code definitions are shown 
below. 

PACKAGE 
CODE DESCRIPTION 

J Ceramic dual-in-line 
JS Ceramic dual-in-line 

SKINNYDI~ 
N Plastic dual-in-line 

NS Plastic dual-tn-line 
SKINNYDIP-

NL Molded leaded chip carrier 
D Side brazed ceramic dual-in-line 
F Flat Pack-Bottom Brazed 
L Leadless-Ceramic chip carrier 
T Inverted "0" package 
P Pin Grid Array 
W Cerpack 

See "Part Numbering Systems" for complete part descriptions. 

DIP Package Width Configuration 

300 mil 600 mil 900 mil 

16, 18, 20 pin N,J 

24 pin NS,J$ N,J 

28, 40, 48, 52 pin N,J 

64 pin D 

Screening Options 

PART 
PROCESS LEVEL MARKING 

MIL-STD-883 
Method 5004 and 5005 883B 
LevelB (Suffix) 
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Ordering ,:lnfQl'I'I1Iation 

PAL@ 
IPrognlinmable Array LCtglc Circuits 

, : ~ 

PAL 16 L 8 87'4,C N STDH01234 
T , _,LV TYPE:...,-" ---,:'"""""------......J 

PAL ,,=f!\'Og~ArrayLogk: 
PAUGH = I!CL 10KH Programma"'. Array L.ogk: 
HAL" ~;~ArrayLogk: 
ZHAL, ,=Z8ro-power"'-rd Array Logk: 

, "'NU"'8EII0P..iRIiA~"Nr>UtS~-'-' ....... -'-----' 
Ou1PurCiiLL'---~----"-----......J 

L =_Low 
H =_H'gh 
C ,; Coinp'omenhlry 
P = ~bIe_rl" , 
RP = !leg,*," Programm_:PohIrI'Y 
S = S.,.red 
RS = Reg~ SMnid 
X = 'Exc:'Ulhte-OR 
A =_tic 
vx '= VarIed i:Xdusm.:.OR 
RA = R.-Aaynchronous 
G =LIdched 

NUM8EROFOUT~-~~ __ --,,---_--J 

SPEEO-~"':":'----~"'---------I 
IMenk = Shln_ 
A = H'sIhSpead 
8, = Very H~h Spaed 
D" " unr.tftIIh Spead 

POWER~-"'-------------~ 
8W1k=,~, 

'-2 ='112_ 
-4 = 1/4_ 

~~~~,rnoNS'------------~ 
, = hIckInia, ' ' 

'M'=MlIbIry , 

'; PACKAGE-"'", -'---"-'----.,.,_---------..... 
"N' ='_~P 

J=Ceramk:DIP 
NS = ~$KINNyoiP 

'JS .. Cenimki SKlNNYDIP 
NL = _ LeacIed CNp Co ...... 
P = Pin Grid Array , 
L =LeedIeN Chip Comer 

w' '" CoqiIck F = ..... _ 

r:~~S:~r:ilrd 
idCXit" Other ' 

,SIT PAfrERN NIJMBER-.,.,_.,.,...~-.,.,_--------''''',,.--~-c' 



Ordering Information 

PLETM 
Programmable Logic Element 

PLE5P8 CN STD 

P~~~~ programma~. r 1 L ~ .. g~s~~~~ard 
Logic Element XXXX = Other 

NUMBER OF INPUTS PACKAGE 

OUTPUT TYPE -----' 
P = Programmable Polarity 
R = Registered 

NUMBER OF OUTPUTS 

TEMpERATURE CODE ----' 
C = Commerclal 
M = Military 

N = Plastic DJP 
J = Ceramic 011' 
illS = PlnHc SKINNYDIP 
JS = CeramlcSKINNYDIP 
NL = Plastic Le.ded 

Chip Cerrler 
L' = Laadle .. Chip Cerrier 
W = Cerpack 
F = Flat Pack 

EeL 10KH Logic 

MC 10H 101 NL 

STANDARD~I 'L~PACKAGE 
PREFIX N = Plastic DIP 

J 'F Ceramic DIP 
FAMILY' . . NL,. Plastic Leaded 

10KH = High-Speed 10K ECl ..•.. Chip Carrier 

UNIQUE THREE-DIGIT 
PART NUMBER 

FlFOs 

C67401 ANl 

CASCADABILITYJJ r~~-C = Ceacadable N = Plastic DIP 
Blank = Standalone . J = Ceramic DIP 

TEMPERATURE CODE . . . NL = Plastic Leaded. 
67 = Commercial Chip Carrier 

PART NUMBER------' 

SPEED 
Blank = standard 
AlB = "nhanced 

High Performanc.PROMs 

63S3281 A N STD 
TEMPERATURE --I 
CODE 

6 = Commerctal 
5 =Mllltary 

PRODUCT---~ 

3 = Programmable 
Read-Only Memory 
(PROM) 

FAMILY-------' 
S = SchoHky' 
RA = Registered 

Asynchronous 
RS = Registered 

Synchronous 
o = Diagnostic 
DA = Diagnostic 

Asynchronous 

MEMORY SIZE ----:-' 
0= 256 bits 8 = 8182 bits, 
1 = 1024 bits 16 = 16384 bits 
2 = 2048 bits 32 = 32768 bits 
4 = 4096 bits 64 = 65536 bits 

NUMBER OF OUTPUTS-

j. '. L... . PROCESSING StD '" Standard 
XXXX= Other 

PACKAGE 
N = Plastic DIP 
J = Ceramic DIP 
NS = Plastic SKINNYDIP 
J.S = Cer8mlcSKII~IIIYDIP 
IIIL . = Plastic Leaded' 

Chip Cerrler 
L = Laadle .. Chip Cerrier 
W = Cerpack 
F = Flat Peck 

L----PERFORMANCE 
None = Standard 
A = Enhanced 

L-----OUTPIJT DESIGNATOR 
0= Open Collector 
1= Th"","State 
2 = Three-State 

(Alternate Enablea) 
3 = Two..State . 
5 = Altemale Pinout 

Memory Support/ Arithmetic/ 
HSMI/ 

Double-Density PLUSTM Interface 

SN54LS646 J 8838 

STANDARD-=r J T ... L HI-REL. S CRE.EN. ING LEVEL 
PREFIX 883B = MII..std-883, Cia .. B 

TEMPERATURE CODE . . PACKAGE TYPE 
74 = Commercial J = Ceramic DIP 
54 = Military L = Leadless Chip Carrier 

FAMILY-------' 
S = SchoHky 
LS = low-Power SchoHky 

ACT = Advanced CMOS, 
TTL-Compatible 

W = Cerpack 
NS= Plastic SKINNYDIP 
JS = Ceramic SKINNYDIP 
NL~' Plastic Leaded Chip Carrier 

L--__ -'- UNIQUE THREE-DIGIT 
PART NUMBER . 
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Tenns and.Conditions of Sale 

Monolithic Memories 

Terms and Conditions of Sale 

General Provisions 

1. ACCEPTANCE THE TERMS OF SAlE CONTAINED HEREIN APPLY TO 
AlL QUOTATIONS MADE AND PURCHASE ORDERS ENTERED INTO BY THE 
SELLER. SOME OF THE TERMS SET OUT HERE MAY DIFFER FROM THOSE 
IN BUYER'S PURCHASE ORDER AND SOME MAY BE NEW. THIS ACCEPT
ANCE IS CONDITIONAL ON BUYER'S ASSENT TO THE TERMS SETOUT 
HERE IN LIEU OF THOSE IN BUYER'S PURCHASE ORDER. SELLER'S FAIL
URE TO OBJECT TO PROVISIONS CONTAINED IN ANY COMMUNICATION 
FROM BUYER SHALL NOT BE DEEMED A WAIVER OF THE PROVISIONS OF 
THIS ACCEPTANCE. ANY CHANGES IN THE TERMS CONTAINED HEREiN 
MUST SPECIFICALLY BE AGREED TO IN WRITING BUY AN OFFICER OF THE 
SELLER BEFORE BECOMING BINDING ON EITHE'R THE SELLER OR THE 
BUYER. All orders or contracts must be approved and accepted by the Seller at its 
home office. These terms shall be applicable whether or not they are attached to or 
enctosed with the products to be sold hereunder. 

'2. TAxES Unless otherwise specifically provided herein, Ihe amount of any pres
ent or future sales, revenue, excise or other tax applicable to the products covered 
by this order .or the manufacture of sale thereof, shall be added to thePllrch~ 
price and shall be paid by the Buyer, or in lieu thereof the Buyer shall provide the 
Seller with a tax exemption certHicate acceptable to the taxing authorities. In the 
event Seller is required to pay any such tax, fee, or charge, at the time of sale or 
thereafter, the Buyer shall reimburse Seller therefore. . 

3.' RELEASE Prices apply only H the quantity hereunder is released within twelve 
(12) months and shipments scheduled no more than eighteen (18) months from 
the date of Seller's receipt of BUYl!r'" order; otherwise;!jeller's standard prices in 
efleci at the time of release date shall apply to the quantity shipped, and Buyer 
shall be invoiced for the difference in price, If any. . 

4. FOB POINT Shipments of goods within and outside the U.S. shall be delivered 
FOB. Seller's plant, and title. and ,liability for loss or damage thereto shall pass to 
Buyer upon Seller's tender of delivery of the goods' to ·a corrier for shipment to 
Buyer, and any.foss or damage thereafter shall not relieve Buyer of any obligation 
hereunder. Buyer shall reimburse Seller for taxes and any other expanses incurred 
or licenses or clearance required at port of entry and destination. Seller may 
deliver the goods in installments. Unless otherwise agreed, all Items shall be 
packaged and packed in accordance with Seller's normal practices. 

S. DEUVERY All shipping dates are estimates only and are dependent upon 
prompt receipt of all necessary information from Buyer. Shipments may be made in 
installments. Seller shall be excused from performance and shall not be liable for 
any delay in delivery or for nondelivery, in whole or in. part, caused by the occu. 
rence of any contingency beyond the reasonable control of Seller, including but not 
limited to, war (whether or not an actual declaration thereof Is made), sabotage, 
insurrectioo\ riot or other act of civil disobedience, act of a public enemy, failure or 
delay in transportation, act of any govemment or any agency or subdivision thereof 
aftecting the terms 'of this contract or otherwise, judicial action, labor dispute, 
accident, defaults of suppliers, fire, explosion, flood, storm or other acts of God, 
shortage of labor, fuel; raw material or machinQry or technical or yield failures 
where Seller has exercised ordinary care In t~e prevention thereof. If any such 
contingency occurs, Seller may at its sole discretion allocate production and 
delivery among Seller's customers. 

6. PAYMENT TERMS (a) Unless otherwise agreed, payment terms are 70% 
thirty (30) days; 30% forty-five (45) days after date of Invoice. No discounts are 
authorized. Shipments, deliveries, and performance of work shall at all tifl)es be 
subject to the approval of the Seller's credn department and the Seller may at any 
time dectine to make any shipments or deliveries or perform any work except upon 
receipt of payment or upon terms and condition or securi,ty satisfactory to such 
department. 

(b) 'H in the judQment of the Seller, the financial condition of the Buyer at any 
time does not justify continuation of production or shipment on the terms of pay. 
ment Originally specHied, the Seller may require fuU or partilll payment in advance 
and, in the event of the bankruptcy or Insolvency of the Buyer or In the ev&nt any 
proceeding Is brought by or against the Buyer under the bankruptcy or insolvancy 
laws, the Seller shall be entitied to cancel any order then outstanding and shall 
receive reimbursement for its cancellation charges. 

(c) Each shipment shall be considered a separate and independent transaction, 
and payment therefqre shall be made ·accordlngly. If shipments are delayed by the 
Buyer, payments shall become due on the date when the Seller is prepared to 
make shipment. H the work covered by the purchase order is delayed by the Buyer, 
pa~ments shall be made besed on the purchase price and the parcentage of 
completion. Products held for the Buyer shall be at the risk and expanse ofllie 
Buyer. 

7. INSPECTION Unless otherwise specified and agreed upon, the material to be 
fumished under this order shall be subject to the Seller's standard inspaction at the 
place of manufacture. If it has been agreed upon and specified in this order that 
B~yer is to inspact or provide for inspection at place of manufacture such inspec
tian shall be so conducted as to not interfere unreasonably with Seller's operations 
·and consl;lquent approval or rejection shall be made before shipment of the materi
als. Notwithstanding the foregoing, if, upon receipt of such material by Buyer, the 
same shall appear not to Conform to the contract, the Buyer shall immediately 
ilOtify the Seller of such conditions and afford the Seller a reasonable opportunity 
to inspect the material. No material shall be returned without Seller's consent. 
Seller's Return Material AuthOrization form must accompany such returned 
material. 

8. LIMITED WARRANTY AND LIMITED REMEDY The Seller warrants that the 
products to be delivered under this purchase order will be free from defects in 
material and workmanship under normal use and service. Seller's obligations un
der this Warranty are limned to replacing or repairing or giving credit for, at ns 
option, at its factory, any of said products which shall, within one (1) year alier 
shipment, be retumed to the Seller's factory of origin, transportation charges 
prepaid, and which are, alier examination, disclosed to the Seller's satisfaction to 
be thus defective. THIS WARRANTY IS EXPRESSED IN LIEU OF AlL OTHER 
WARRANTIES, EXPRESSED, STATUTORY OR IMPLIED, INCLUDING THE 
IMPLIED WARRANTIES OF MERCHANTABILITY AND FITNESS FOR A PAR
TICULAR PURPOSE, AND OF ALL OTHER OBLIGATIONS OR LIABILITIES ON 
THE SELLER'S PART, AND IT NEITHER ASSUMES NOR AUTHORI?ES .ANY 
OTHER PERSON '1'0 ASSUME FOR THE SELLER ANY OTHER LIABILITIES IN 
CONNECTION WITH THE SALE OF THE SAID ARTICLES. This Warranty shall 
not apply to any of such products which shall have been repaired or altered, except 
by the Seller, or which shall have been subjected to misuse, negligence, or· acci
dent. The aforementioned provisions do not extend the original warranty pariod of 
'any product which has either been repaired or replaced by Seller. 

It is understood that If this order cells for the delivery of semiconductor devices 
which are not fumlshed and fully encapsulated, that no warranty, statutory, ex
pressed or Implied, including the implied warranty of merchantability and fitness for 
a particular purpose, shall apply. All such devices are sold as-is, where-is. 

9. PATENT INDEMNIFICATION Buyer shall hold Seller harmless from and 
defend Seller against any cost, expenses, damages or liabilHies arising from Sei
ler's compliance with Buyer's designs or specifications. Except as set forth above, 
the Seller agrees to protect and hold harmless the Buyer from any and all claims, 
demands, pfOCE!adings, actions, liabilities and costs resulting from any alleged 
infringement of patents in the United States owned by third parties by Products 
PlIrchased by B~yer from Seller, provided the Buyer gives to Seller prompt notice 
of any such claim made against the Buyer and authorizes the Seller to settle or 
defend any such claim, demand, proceeding or action and assists the Seller In so 
doing (at the Seller's expense) upon request by the Seller. Should, as a result of 
any such claim, demand, proceeding or action, the Eiuyer be enjoined from selling 
or using the product, the Seller shall either (1.) procure for the·Buyer the right to use 
or sell the product; (2) modify the product so that it becomes noninfrlnging; (3) 
upon return olthe product provide to the Buyer a noninfringing product meeting the 
same functional specifications as the product; or (4) authorize the return 01 the 
product to the Seller and upon its receipt refund to the Buyer the cost of the product 
plustransportaoon charges. The foregoing states 'the entire liability of the Seller for 
infringement of the patents. of third parties and, In particular, the Seller has no 
obligation to indemnify the buyer for infringement of patents resulting from combin
ations of the product with other products whether or not supplied by the Seller. 
THIS PROVISION IS STATED IN LIEU OF ANY OTHER EXPRESSED, IMPLIED, 
OR STATUTORY WARRANTY AGAINST INFRINGEMENT AND SHAl.L BE THE 
SOLE AND EXCLUSIVE REMEDY FOR PATENT INFRINGEMENT Ot: ANY 
KIND. 

10, DAMAGE LIMITATION INDEPENDENTLY OF ANY OTHER LIMITATION 
HEREOF AND REGARDLESS OF WHETHER THE PURPOSE OF SUCH 
LIMITATION IS SERVED, IT IS AGREED THAT IN NO EVENT SHALL SELLER 
BE LIABLE FOR SPECIAL, INCIDENTAl OR CONSEQUENTIAL DAMAGES OF 
ANY KIND UNDER THIS Oi'lDER. 

11. SALE CONVEYS NO UCENSE Seller's products are offered for sale and are 
sold by Seller subject in every case to the condition that such sale does not convey 

. any license, expressly or by implication, estoppel or otherwise, under any' patent 
claim with respecl to which Seller can grant licenses covering a cc>mpleted equip
ment, or any assembly. circuit, combination, method or'process in which any such 
products are used as components (notwHhstanding the fact that such products 
may have been designed for use in or may only be useful In, such patented 
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Monolithic Memories 

Terms and Conditions of Sale 

General Provisions 

equipment, assembly, circuit, combination, method or process and that such prod
ucts may, have been purchased and sold for such use). Seller expressly reserves 
all its rights under such patent claims. 

12. RETURNS AND ADJUSTMENTS Products may only be returned with prior 
written approval of Seller. Adjustments for defective products are subject to SeI
ler's concurrence that the alleged defects exist, to SaUer's satisfaction, after 
suitable inspection and test by Seller: "Adjustments may include credit or replace
ment at the option of the Seller. 

13. TERMINATION AND CANCELLATION (a) Buyer may terminate this oon· 
tract in whole or, from time'to time, in part upon written notice to Seiter. In such 
event Buyer shall be liable for termination charges which shall include a price 
adjustment based on the quantity of goods actually delivered, and all costs, direct 
and indirect, incurred and committed for this contract together with it. reasonable 
allowance for prorated expenses and anticipated profits. 

(b) 4nless othelWis~ specified on the faoe hereof, all quantities must be 
released no more than twelve (12) months ,and shipments scheduled no more than 
eighteen (18) months from the dateof Seller's receipt of Buyer's order, otherwise 
this contract may be cancelled by Seller and Buyer shall be liable for termination 
charges as provided herein. 

14. NONWAIVER OF DEFAULT Inthe event of any default by Buyer, Seller may 
decline to make further shipments. If Seller elects to continue to make shipments, 
SeUer's action shall not constitute remedies for any such default. 

15. 'APPLICABLE LAW The validity, performance and oonstruction of this con' 
tract shall be governed by the laws of the State of California. 

16. U.S. GOVERNMENT CONTRACTS If Buyer's original purchase order indi
cates by contract number, that it is placed under a government contract, only the 
following provisions of the current Federal Acquisition Regulations are applicable 
in accordance with the terms thereof, with an appropriate substitution of parties, as 
the case may be-i.B., "Contracting Officer" shall mean "Buyer," "Contractor" 
shall mean "Seller," and the "Contract" shall mean this order. 

52.202-1. Definitions: 52:232'11, Extras; 52.212·9, Variation in Quantity; 52.232· 
23, Assignment of Claims; 52.228·2, Additional Bond Security; 52.225-11, Certain 
Communist Areas; 52.222-4, Contract Work Hours and Safety Standards Act 
·-Overtime Compensation; 52.222·20, walsh·Healy Public Contracts Act; 52.22· 
25, Equal Opportunity; Officials Not to Benefit; 52.203-5, Covenant Against Contin-

gent Fees; 52.249~1, Termination for Convenience of the Government (Fixed 
Price) (Short Form) (only to the extent that Buyer's oontract is terminated for the 
convenience of the government); 52.2-1, Contractor Inspection Requirements; 
52.227·1, Authorization and Consent; 52.227-2, Nolice and Assistance Regarding 
Patent and Copyright Infonmation; 52.247·1, Commercial Bills of Lading Notations; 
52.223-35, Affirmative Action for Special Disabled and Vietnam Era Veterans; 
52.222-1, Notice to the Government of Labor Disputes; 52.215-1 ; Examination of 
Records by Comptroller General; 52.220-3, Utilization of Labor Surplus Area 
Concerns. 

17. ASSIGNMENT This oontract shall be binding upon and inure to the benefit of 
the parties and the successOrs and assigns of the entire business and good will of 
either Seller or Buyer, Or of that part of the business of either used in the perfor· 
mance of this contract, but shall not be otherwise assignable. 

18. MODIFICATION This contract constitutes the entire agreement between the 
parties relating to the sale of goods described on the face hereof, and no addition 
to or modification of any provision upon the face or reverse of this contract shall be 
binding upon Sell~r unless made in writing and signed by a duly authorized repre
sentative of Seller located in Santa Clara, California. Buyer hereby acknowledges 
that he has not entered into this agreement in reliance upon any warranty -or 
representation by any person or entity except-for the warranties or representatiorts 
specifically set forth herein. 

19. GENERAL The Seller represents that with respect to the production of the 
articles and/or the performance of the services oovered by this order, it will fully 
oomply with all requirements of the Fair Labor StandardsAct of 1938, as amended. 

20. PROPERTY RIGHTS AND TOOLING The design. development or 
manufacture by Seller of a product for a specific customer shall not be deemed to 
produce a work made· for hire and shall not give to the customer any copyright 
interest in the product or any interest in all or,any portion of the mask, WI;>rJ(s relating 
to the product. All such rights shall remain the property of Seller. Notwithstanding 
the foregoing, Seller will provide a custom product (e.g., personalized gate array, 
cell library or full custom) utilizing a logic design supplied by a customer exclusively 
to that customer absent written agreement to the contrary-wlth-tbe, customer. 

21. VARIATION IN QUANTITY If this order calls for a product nellisted in Sel· 
ler's current catalog, or for a product which is specially programmed for Buyer, ~ is 
agreed that Seller may ship a quantity which is five peraent (5%) more or less than 
the ordered quantity and that such quantity shipped will be acoepted and paid for in 
full satisfaction of each party's obligation hereunder for the quantity ordered. 
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Product Assurance Program 

Quality System 
The quality system at Monolithic Memories is based. on 
MIL-Q-9858, "Quality Program Requirements:' MIL-I-45208, 
"Inspection System Requirements:' and MIL-M-38510, 
Appendix A, "Product Assurance Program:' Mil-M-3851 0 
plays a significant role in structuring Monolithic Memories' 
Quality Program as specified herein. 

Monolithic Memories has facilities certified by DESC, 
Defense Electronics Supply Center. to qualify and manufac
ture Class e. Schottky Bipolar PROMS and Programmable 
Array Logic devices, in accordance with the requirements of 
MIL-M-38510. This certification included a successful audit 
of our quality system to thE! stringent requirements of Appen
dix A of MIL-M-38510 which defines a Product Assurance 
Program tailored for integrated circuit manufacturers by 
DESC .. This same quality system has also met the strict 
requirements of b.oth "controlled" and "captive" line pro
grams connected with our special Hi-Rei programs. 

The quality accent at Monolithic Memories is on process 
control as reflected in the use of many monitors and audits 
rather than gate inspection. This philosophy is consistent 
with building in quality and reliability rather than attempting 
to screen for it. 

Process Control 
Monolithic Memories manufacturing process uses advanced 
techniques to Jeduce random defects and produce consis
tent optimum quality. Typical techniques employed are: 
• Redundant Masking 
• Pellicalized Masks 
• Direct Step on Wafer Processing 

These processes although more costly, result in significant 
quality andreliability improvements. During the initial pro
duction stages of new designs and periodically thereafter, 
engineering characterizes the design process compatibility 
by careful sample selection of lots reflecting process variable 
extremes. 

Product Reliability Programs 
Monolithic Memories has an ongoing reliability program for 
military and commercial products, each utilizing the appro
priate test methods of MIL-STD-883. This program provides 
for a consistent database in the following areas: 
• Product/Process Reliability Data 
• Qualification of Raw Materials 

• Customer Quality Conformance 
• Reliability verification of state of the art design and pro

duction techniques. 

Quality Monitors 
MMi constantly monitors product quality and reliability 
through the following ongoing programs: 
• Reliability assessments of all products, processes and 

packages. 
• Inprocessand Final product quality measurements. 
• Process and product quality feedback at all key manufac

turing points. 
• Positive corrective action and verification. 

Screening 
Much of the assembly and processing is performed offshore 
at facilities owned by or qualified by MMI. These facilities 
are routinely monitored by Monolithic Memories.personnel 
to our quality system requirements. 

Standard Commercial product receives the following screens 
and monitors to insure the highest possible quality. 

• Precap Inspection MIL-Standard 883 Level B 

• Temperature Cycle Ongoing daily monitor to 
• Constant Acceleration confirm the AQL levels are met 
• Fine and Gross Leak or exceeded. 
• Final Electrical Test 
• Visual and Mechanical 

Inspection 

The standard product AQL levels which Monolithic Memories 
guarantees are listed in the table on this page. 

Quality Assurance (AQL) Levels 

TEST AQL 
TEMPERANCE 

Hermeticity (includes fine and gross) .1 
Electrical 
DC at 25°C .065 
Functional at 25°C .065 
ACat25°C .25 
DC at Temperature Extremes .25 
Functional at Temperature Extremes .25 

AC at Temperature Extremes .25 
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Introduction 
In August, 1982 MonolithicMemori~ Inc. formed a Military 
Products Division. Although Monolithic Memories has partici
pated in the defense marketfor some time, we teel that by 
focusing on this very demanding customer base with a totally 
dedicated resource, we can provide aerospace and military 
systems manufacturers with a new industry standard of service 
and reSponsiveness., ' 

Monolithic:Memories offers;devicesto a full Complement of 
military screening ,levels:' ' " 

Monolithic Memoril:lS Inc. levelS 
JAN 38510 Class B 

• DeSC DraWing Program ' 
MiI:Std~ Class B 

'Mon'olithic Memories Inc MiI.:femp Product 

In 8/Jiiiti~n, we \\I.eleomethe hpl>ortu~'i~to;evi~~and qu()te to 
customer sourc,e ~ontrol ,drawin,gs., Oil' speC ,R~view group is 
measu~ toa~ week tur:n.~around time on drawing reviews, so 
our customers will receive a timely response on our ability ,to 
meet custom requirements. ' " 

Monolithic Memories is Certified by'the Defense Electronics 
Supply Centerto assemble and~JAN 38510 Class Bdevices 
at its Sunnyvale, California. , 

OffshoAl Msem"tlIY faqiliti8$ for Ma~td~ Class I3devices are 
lOcated inPenang, Malaysia. ' ,.,'. 

Standard Processing Flows 
Monolithic Memories ProCessing and Screening flows are 
organi:!:ed to prdV!4e a broad selection of processing options, 
structured around the most commonly requestect customer 
flows. ,,' 

Standard processing fl~WS Which the Military Prod~cts Division 
currently opera~s to in~lude: ' 

, Monolithic Memories'lnc; MOdilie'd Level S 
JAN 38510 Class B ' 
DESC Drawing Program' 
Mil-Std-883 Class B 
Monolithic Memories Inc. MiI-T~mp Proc:luc~ 

In addition, these flows are expanded to provide for f!lctQry 
programming on pAL circuits and PROMS, when required by 
oufcustomers.' " ' ",' 

Major benefits can be reali:!:ed by ordering product to standard 
flows wh$neverpossible: 

- Minimi:!:e need for source control drawings. 

- Cost savings on unit cost- no price adde,rs for custom 
processing. . 

-Improved lead time -no spec review or n~gotiation 'time, 
plus the ability to pull product from various work:in-prQC8SS 
stages or purchase product from finished goods inventory. 

It is the policY of Monolithic Memories tQalways operate to the 
most currEi(ltrevision of Mil-$td"883; . 
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Quality Programs 
The Military Product Division quality systell:! conforms to the 
following MiI-5tandards: . 

MiI-M-38510, Appendix A, "Product Assurance Program" 
MiI-Q-9858, "Quality Program,Requirements" 
Mil-l-45208, "Inspection System Requirements" . 

Monolithic Memories .facilities in SUl)nyvale are .certified by the 
Defense EleCtronics Supply Center (DESC), to·manufacture 
and qualify Schottky Sipolar PROMs and PAL circuits in aecor, 
dance with MiI-M-38510 Class S. This certification was a 
result of a ·successfUi. audit of our production and quality 
systems to the stril)gent requirements of MiI-M-38510. Monolithic 
Memori.es has .also demonstrated ,compliance with the strict 
requirements of both controlled and <captive lines connected 
wit.h special Military programs" 

Quality AsSurance 
FOllo.",ing 1 QO"Ioscree~ing, tM Military Products Division sam
ples ail products p'rocessed in c6nformance with MIL-ST[)..883 
Class S to the following LTPD levels: _I L~D 

DC 25°C 2 
DC ,+125° C . 3 
DC -55°C 5 
Functional at 25°C 2 
Functional at Temperature EXtremes " 5 
'AC 25°C ' ,. , 2 
AC+125°C '3 
AC-55"C 5 

The Military Proc:i~cts Divisicln.ensures outgoing~rodut:tq~l~ 
ity and integrity by performing insPE!Ction Lot Group~s and .S's 
per MiI-5td-883 Method 5005,coriducting self audits in all areas 

, involved in screening tests per Method 5OQ4 of Mil-Std,883,. 
gating all shipments to our customers, and maintaining a cali~ 
bration control system in accordance with MiI-5td-45662. 

For products requiring programming prior to AC tests, testing 
is performed utilizingMIL-M-38510 Slash Sheet sample plans. 

ProcIuctQualltlcation/ 
Quality Conformance Inspection (QCI) 
The Military Products Division has a quality conformance test
ing program in ac;cordance with Mil-Std-883, Method 5005 .. 

Quality Conformance Testing provides necessary feedback 
and monitors several areas: 

• Reliability. of Product/Processes 
• Vendor Qualification telr Raw Materials 
• Customer Quality Requirements 
• Maintain Product Qualification .• . 
• Engineering Monitor onProduct$lP~C)ce~S .' , 
$taridardprocedures' for new 'produot releese specify. that 
Monolithic Memories' Reliability Department, as a minimum, 
conduct full qualification testing per Method 5005 of Mil-Std-
883. Once qualified, each package type (from each assembly 
line) and devi.ce (by technology,group as delineated in Mil-Mc 
38510) are incorporated into Monolithlq MemoFi.es Quality Con
formance Inspection program which utilizes the requirements 
of MiI-M~8510. ,,' . 

When Military Programs do not require that qCldata be run on 
the specific lot shipped, MonolithicMemorillS Qua,lity Confor
mance program allows oustomel'l! ,to obtain 9Emeric data on all 
product families manufactured by the Military Products Div
ision. Generic Qualification Data enables 'customers. to enml~ 
nate costly qualificationanddesctruct unitctlarges, and also 
improves delivery time by a factor of eightto ten weeks" The 
following generic data is available: 

Group Eb-Pacqge rel.ated IllS'" 
• QCI is performed every 6 Weeks of ma,nufljcture on el!qh 

paCkage .type. '. ' 

·;Any d~icetypein.the sa~ep'!-c::~liIge ty~~ay/;le used 
regardless of the specific part nU!T1l)er. ' .. . " . , 

• Purpose: to monitor assembly integrity; . 

Group C-ProductJPrOceII related tests 
• QCI is performed every 13weeks of manufacture, onrepre

sentative devices from the same microcircuit groLJp. 
• Life test data may be used to qualify similar technOlogieS. 
• Purpose: To monitor the reliability of thfilprocess and para" 

metric performance for each product technology. 



Ordering Information 

Prices 
All prices are in U.S. dollars and are subjectto change without 
notice. . 

"Inlmum Order Requirements 
For all orders placed in the factory there is a minimum order 
requirement of $1000($250 per line item) except for the .. 
foilowing: 

HAL" Circuits~ The $3-4K N.R.E. and mask charge can be 
amortized qver the .initial prot;luction commitment: The mini~ 
mumJnitial production commitment is 5K unitS within one·year; 
the minimum Quantity per line item release is 2K. 

RroPAl Circuits-;Whenpurchaset;l, the initial phase o(HAl 
'. CIrCuit. there is no additionalN;R.E. and there .is a nO!y!inal 

add.Eir for progliiJ1lming ;mdtesting.· The. minimu!Y' Quantity 
per ~leaseis5OO .units. When pUrc:hased without a follow:on 
the$1~2K NJ:fE. Cantie.amortiZEldover aminim~m initial 
prOdl.lctioncomrriitm~rJ 0'.$2500 units. ..' . . 

There will bea minimum. of $250 and $50 per line item for 
drolHlhip orders; 

'fttnns 
70%/30 days,30%/45 days from date of invoice, FOB 
Sunnyvale,California. 

.. 
·CommercialCode 
The letter code' "C'; is used to denote commercial device 
limitS·asfoIlOWs: 

Commercifll-,-TA' = O<?C to + 75°C 
VCC=5V:!:5% 

~I 
Unle~othetwise speciHedtheStandar'dpackages are "J"or . 
"N" papkages.ln some instances the "0" package isthe only 
package available. Other non-standard packages may be 
available. contact a sales representative of Monolithic 
Memo,ries. Non-standard devices. afeconsidered nonretlJrn-
ab1l3 bY distribution ~ Monolithic Memories. . 

Allclevices ()rQered mO$t include apaokt\ge code as a Suffix 
to the Part number. TheJ)ackage code definitions are shown 
beloW. .. . 

I PACKAGE 
CODE . DESCRIPTION 

J 
;.IS 
N 
!liS 
Nl 

Ceramic dual-in"line" 
,Cetamicdual-in~line' 
F?leStie; dl.la~in-line* 
Plastic pua,l~in-lin~* 
MoJdecJ [eadless Chip Carrier 

osee ·""'rtNumb.rlng.~~" for complete part descrlptloris: 

Dip Package Width ConfIguration 
.. 

300 mil 

,20pin .N,J 
'. 

.. '~ 24 pin NS,JS 

1 .. .iNouse PROM Programming 
Guidelines . 
1) Minimum Order Size; 
.,' .1/4K-8K '. 5K'!Xls/yr/pa\tern' 

. . . 500 Pes/Shipment ' 

800 mil 

-
N,J 

. 16K-321< . ?5Kpcs/yr/pattern 
.25,0 pC\l/~itlr'rlent 

2) Lead Time: ",Initialcodeacceptance..,.-six weeks .. 
Standard lead time plus weeks after code 
acceptance,' . 

3) CancellatiOmi:.60 Days .' . 
4} Schedule Change: 30 Days 
5) Price Adder: .' . 

Price includes ink markingwith 'customer pattern number. 
6)lliputs: Truth lape 

P8p~Tap,e 
Disk" .. ,' .... , 
Master 

. ~9oJ:nbit:mtjon QftwQ iilputs;wreQtliret;i'. ' , 
.. ' tt.only.oAe.input is.supplied,a I18mplelotmust be 

sigtledoffby the customer. . . . 

Order Size 
• J. 

25K+ 

~ ..... , 
~., 

4K-8K; '. '" .60¢ . '.' I' 
16k~2K '" 

'REG1DIAG '55¢ 

Monolithic Memories SoftWare 
2 

SYstEM I' PALASM2 PALAaM2 
. ... OeJECT SOURCE. 

. .... 
$200 $sP<5' 

DECVACVMSMT PAl2.-VMSE-MT PAl2-VMSS-MT 

IBM PC (DOS).5D PAL2-IPCE;'sD . PAl2-IPCS-5D 

ASCIIMT . PAL2-ASCS-NJ ... " : 

! 



JAN Program 
Monolithic Memories is certified by the Defense Electronics 
Supply Center to fabricate wafers in our 4-inch fab lines and 
to assemble and test MIL-M-38510 Class B PROMs and PAL 
circuits in our Sunnyvale facilities. MonolithiC Memories has, 
in addition, been awarded full laboratory suitability to conduct 
all qualification and conformance testing in accordancewith 
MIL-STD-883, Method 5005. 

Selected devices will be further ql)alified .in lead less chi~ 
carriers. 

Long term QPLI plans include FIFO's Double-Density PLUS 
Interface, New PAL Families aslhey are introduced, and 
Registered/Standard PROMs.' . 

Our goal,jn the Military Products Oivision is to support the 
JAN38510 Program with Ii 'contihualflow of new high
performance, Advanced Technology Products. 

Monolithic Memories Products for which slash sheet specifi-. 
cations currently exist are Iiste<:\Jn the" M38510 Slash Sheet 
Cross Reference to Generic Part Number:' . 

Ustings are based on QPL-38610-65, dated October 1985 
M38510 (Part I Qualified DeVices) 
Slash Sheet Cross Refe ...... to Genertc Part Number 

M38510 01 02. 

206 . 538441 

209 

503 10H8 12H6 

504 16L8A 16R8A 

Near future QPL I plans include: 

PAL16L8A-2 
PAL16R8A-2 
PAL16R6A-2 
PAL16R4A-2 
PAL20L8A 
PAL20RSA 
PAL20RSA 
PAL20R4A 

03 '. 04 05 06 

.. 

"'14H4 10L8 

16R6A 16R4A 

07 08 2 09 10 . 

"., 

53S841 

12L6 14L4 .. \ 

.!',', 



DESC Drawing PrOgram. 
Monolithic Memories is an active participant illtfte:DESC' 
OraWing, Prqgrl!m. for contractSif\voking MIL-8TD-454 we 
offer our full PAL prodl,l.ctline to DESe Drawings 81035a'1G1 
81036. Monalithic Memqries isalso apprqved to sl,lpplythe 
32KPROM;to. OESC Drawin!l 82008. The idel! behind.th~ 
DESe Drawi,n.9"Program is to standardize MIL-STD-88\3"~ 
micrOCircuit&;where'fully qualified JAN product is not avaH-·, 
able: The actVa[ltage to the l,Iser is that DESe Drawingsare~: 
cost ~ectiVe altemative to source control drawings and are 
offered as ¢f~the-shelf stocking items by Ie manufacturers '. 
participating in theprog'ram. 

ings. It is standard practic::eat MrinolithicM'9in(lI;l~ to cohverl 
our 8838 processing to DESC Drawings for all prqductswhich 
~ are l!PProved to supply. Monolithic Memorie.slnc.then 

.' dual marks devices with bOth thE! DEse Drawing NumbE!r 
andJhe Generic Part Nuniber. DEse approved pro~uctscan 
then be procured to either part number as standard ,product 
through both OEM and distributor channels.' .. 

The following cross reference will allow you to de~rmine the 
apprbpriatE! DESC Drawingpart numberS f()feach PAL 
product and the 32K PROM. Futui'eDESCprintactivity will, 
includ!:tnew PAL products and registered PROMs. Monolithic 
Memories will work with DESe to continuailygenerate new 
drawings, Which will provide a steady flow of advanced tech-

Since semiCOtlduCfor demand is on the rise, and lead times 
,will be a major con.cern. DESC Drawings should always be . 
considered to improve availability over source control draw- ,nolQgyproducts to standardized specifications. . 

." DE$C DRAWING PART NP.: 
"8t~5 .' 

DRAWING 

DESC DRAWING 

. 81()3$01RA*' 
81035012C 

~~=~~ 
Si035Q22C' 
8103502YC 
8103503RA 
81035032C 
81~503YC 

:~~g:~ 
,. 81035Q4YC 

8103505RA 
81035052C' 
8103505YC 
8103506RA 
81035062C 

·a103500YC 
... 8103507RA 
81035072C 
8103507YC 
ald3508R~ 
81Q35~2C 
8103508YC 
8103509RA 
8103,5092q , 
S103509YC 

"Lead Flriisl)e$ . fl.,,:, Solder Dip 
9,:,GofdcF'late 

01 R 
..... 

DEVICE TYPE CASE OUTLINE 
" 

GENEFlICPARTNUMBIOR 

PALt.Ol:lgMJ~ 
PAL10F:{l3ML~saB . 
PAL10HlilMF8838 
PAL12HSMJ883a 
PAL 12HSML883B 
PAL 1~H6MF8838 . 
PAL 14H4MJ883B 
PAL14H4ML883a 

. ~~t~i~Wle!' .. 
PAL lSH2MF8838· 
PAL lSCl MJ~~B 
PAL l~Ciflt1l88aB 
PAL 16C1 MF8838 

:t~&~~t=~· 
PAI.:lt>L8MF8a3B 
PAL12LSMJ883a 
PAL 12LElML8838 
PAC12LSMF883B 
PAL14L4MJ883B 
PAL 14L.4ML8838 . 
PAL 14L4MF883B 
PAL 161.2MJ883B 
PAL1SL2ML.883B 
PAL 16L.2MF883B· 

, 

X* 
.'. 

LEADFINlsi-t 

REPLACEMENT JANSPIOCij:ICATION 
PARr NUMSER 

M38510/s03018RX 
M3851Qf5030tB2X 
M38510/503P.1BYX 
M38510/50302BRX 
M3a510/~2B2~, • 
M38510/50302BYX;· . 
M38510/50303aRX',' . 
M~10/50303B2X > 

M38510/~BYX •. : 
M38510/50304SRX 
M38510/5~2X ' .', 
M38510/5(l304f:1YX 
M38510/50305BRX 
M3851OJ503Q5B2C 
M38?10/5~I3YX 
M38510/50306BRX 
M38510/5030682X 
M38510/50306BYX 
M3851 Q/50307BRX., 
M38510.15030782X 
M38510/503Q78)'X 
M38510/50308B~X 

, M3851 O/50308B2)( 
M38510/50308BYX 
M38510/503Q9BRX 
M3851Q/50309B2X 
M38510/50309Syx. 
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QESC Drawl!ll8lGaneric Part ~pe Cross Rete,... continued 
, .' . '. ; , . , 

. DESC DRAWING 

8103607RA' 
8103e072C 
81036075A 
8103608RA 
81036082C 
8103608SA 
8103609RA 
81~~2C 
8103609SA 
81 0361 ORA 
81 0361 02C 
81 0361 OSA 
8103611RA 
81036112C 
'8103611SC 
8103612RA 
81036122C 
8103612SC 
8103613RA 
81036132C 
8103613SC 
8103614RA 
81036142C 
8103614SC 
8412901 LA 
84129013C' 
8412901KA 
8412902LA 
84129023C 
8412902KA 
8412903LA 
84129033C 
8412903KA 
8412904LA 
841l!0043C 
841~KA 
8412905LA 
84.12905:3C 
8412906LA 
84129063c 
841l!907LA 
841.29073C 

"Converting from ''p;' to"8" PAL in third quarter 1986. 

GENERIC PART NUMBER 

PAL 1sL8AMJ883B' 
. PAL16L8,6.ML8838 
PAL 18LBAMW883B 
PAL 16R8AMJ883B' 
PAL 16R/3AML883B' 
PAL 16RBAMW883B 
PAL 16R6AMJ883B' 
PAL16R6AML883B 
PAL 16R6AMW883B 
PAL 16R4AMJ883B' 
PAL 16R4AML883B 
PAL 16R4AMW883B 

"PAL 16L8A-2MJ883B 
"PAL 1SL8A-2Ml883B 

PAL 16L8A-2MF883B 
"PAL 16R8A-2MJ883B 
"PAL 16RBA-2ML883B 

PAL 16RBA-2MF883B 
"PAL 16R6A-2MJ883B 
"~L 16R6A-2Ml883B 

PAL 16R6A-2MF88~!3 
"PAL 16R4A-2MJ883B 
"PAL 16R4A-2ML883B 

PAL 16R4A-2MF883B' 
PAL20LBAMJS883B 
PAL20LSAMLa838 
PAL20L8AMW883B 
PAL20RBAMJS8838 
PAL20R8AMl883B 
PAL20RaAMW8838 
PAL20R6AMJS883B 
PAL20R6AML883B 
PAL20R6AMW883B 
PAL20R4AMJS88~B 
PAL20R4!'ML883B 
PAL20R4AMW883B 
PAL20L 1 OAMJS883B 
PAL20L10~ML883E3 . 
PAL20XBAMJS8838 
PAL20XBAMl883B· . 
PAL20X10AMJS883Ei 
PAL20X10AML883B 

1. Inactive for new desigrtes using R Case OutHne only. Use applicable QPL 3851 0 d8llice; 

2·8 

R~PI.,Ac1:;MENTJAN SPECIFICATION 
"PART'NUMBER 

Maa510/50401,BRX 
M~10/504Q1B2X 
M3851 0/50401 BYX 
M38510/50402BRX 
M38510/50402B2X 
M38510/50402BYX 
M38510/50403BRX 
M38S10/504Q3B2X . 
M36510/50403BYX 
M38510!50404BRX 
M38510/50404B2X 
M36510/50404BYX 
t.l!36510/504Q7BRX . 
M38510/ilOi407B2X 

M38510/50408BRX 
M36510/5Q408B2X 

M38510/50409BRX 
M38510/50409B2X 

M38510/50410BRX 
M38510/50410B2X 

M36510/50501BJX 
M36510/50501B3X 

. M36510/50502BJX 
M38510/50502B3X 

M38510/50503BJX 
M38510/50503B3X 

M38510/50504BJX" 
M36510/5Cl5O:4B3X 
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DESC Drawing/Generic Pal"t ~p8C~ Reference continued 

DESC DRAWING 

8412908LA 
84129oa3c 
8506501RA 

, 85065012C 
8506501SC 
8506502RA 
85085022C 
8508502SC 
8506503I1A' 
85065032C 
8506503SC . 
8506504RA 
850s5042C 
8508504SC 
8515501RA' 
85155012C' 

.8515502RA' 
85155022C' 
8515503RA' 
85155032C' 
8515504RA' 
85155042C' 
8515505RA' 
85155052C' 
.8515506RA' 
85155062C' 
8515507RAi 
85155072C' 
8515508RA' 
85155082C' 

. PROM: 8200881 JA 
82008B13C 
82008B2JA 
82008B23C 

"Converting from "";' to "8" PALin fourth Citlarfei 19as. 
'OESC Print 85155 to be.reieased approx. $186 . ,: 

GENERIC PART NUMBER 

pAL2QX4AM.J88;>B 
PAL2dx4AMLSaaB. 

**PAI.A6L8MIMJ883B 
"PAL 16L8A-4ML8838 

. "PAL 16L8A-4MF883B 
"PAL16R8A-4MJ8838 ' 
·'PAL 16R8A-4ML883B 

. **PAL 1~R8A-4MF~B 
"PAL 16R6A-4MJ883B 
"PAL 16R6A-4ML8838' 
"PAL 16R6A-4MF883B 
"PAL 16R4A-4MJ883B 
"PAL 16R4A-4ML883B 

, , "PAL 18R4A-4MF889B 
PAL 16L8BPJ883B 
PAL 16L88PL883B. 
PAL 16R8BPJ883B 
PAL 16R8BPL883B. 

: PAL 16R6BPJ889I3' 
pAL16R6BPL883B . 
PAL 16R4BPJ883B" 
PAL16R4BPL883B 
PAL 16L8BM-2J8898 
PAL 18L8BM-2L8838 
PAL 16R8BM~2J8838 
PAL 16118BM-2L883B 
PAL 16R6BM-2J8838 
PAL 16A6BM-2L8898 
pAL16R4BM,2J883B 
PAL18R48M-2LB83B 

REPLACEMENT JAN SPECIFICATION 
PART NUMBER 

.-

-. 

M38510/21102BJX 
M38510/21102B3X 



Group D-In-depth package related tests 
• QCI is conducted every 26 weeks using devices which 

represent the same package construction and lead finish. 
• Any device type in the same package type may be used 

regardless of the specific part number. 
• Purpose: T() monitor the reliability and integrity of various 

package materials and assembly processes. 

Generic Data: 
Monolithic Memories Generic Data Program is based on 
MIL-M-38510, which allows for shipments based 'on 26 weeks' 
of coverage for Group C Testing and 36 weeks o/coverage . 
fofGroiip D Testing. 

Should circumstances arise where generic coverage to • 
MIL-M-38510is not possible, Monolithic Memories reserves' 
the right to ship product based on 52 weeks of generic Group 
C and/or D coverage per M I L-M-883 Revision C. 

Manufacturing and Screening Locations 
JAN Products, Monolithic Memories Modified Level "S;' and· 
customer orders which call for U.S.A. assembly, are man ii
factured in our DESC certified assembly line in Sunnyvale, 
California. 

Mil-Std-883 Class B products, and orders to source control 
drawings, where stateside build is not required, are assem-, 
bled at our Penang, Malaysia facility. This facility is qualified 
by Monolithic Memories Quality Department, as well as by 
many of our customers, to manufacture Mil-Std-883 Class B 
product. Conformance to Mil-Std-883 requirements is rou
tinely monitored through audits at the Penang facility, as well 
as incoming inspections in Sunnyvale. Manufacturing capa~ 
bilities for each Monolithic Memories facility are highlighted 
on the chart below. 

Manufacturing Capabilities 

Assembly 
Precap Inspection 
Environmental Testing 
Electrical Prll-Test 

, Bum-In', ' . 
Post Burn~ln Electricals', 
Group A Tllsting , 
Mark 

· ,Faptory prog~mming (when applicablllj 
Qualification and Quality 
Conformance TllSting 

Sunnyvale Penang 

x 
X 
X 
X 
X 
X 
X 
X 
X 
X 

X 
X. 
X 
X 
X 
X 
X 
X 

To identify the assembly location of each military device, the 
Country of origin is marked on all products prior to shipment. 
Products assembled in our stateside facility in Sunnyvale, 
california, will have "USA" marked on the topside of the 
device. The exception to this is JAN 3851() product, which is 
marked to the Mil-M-38510 requirements only. 

Offshore built product, which is manufactured in Penang, 
Malaysia, will have "Malaysia" or "Malay" marked on the 
bottom side of the device. 

Marking Example: 

USA 

ESD Designator 

Process Audits 
Process Audits are performed in accordance with Mil-M-
38510, Appendix A, paragraph 20.1.3.9, self audits by the 
Quality Assurance Department. 

AC1Hting 
Altllough Monolithic Memories offers a large selection of 

;:programmable products, it must be pointed out that AC Test
ing cannot be performed on many of our product types with
,out theiri:>eing programmed. For those devices which mu~t 
'be programrned prior to AC Tests and are ordered unprd:
grammed, Monolithic Memories must "guarantee" their AC 
Performance. 

" Ne~~r d~vices in the PROM/PLE and PAL families do allow 
'. ,preprogram AC testability at 25°C. 

Since:the guaranteeing of parameters can be a serious con~ 
cern for the Military user, we have outlined several approaches 
to address the AC screening issue. 

1. : Monolithic Memories can pull a Sample from a lot using 
our own Standard patterns (designed to blow in excess of 
50 percent of the fuses) and perform AC testing. 

a) PAL/PROM products processed to DESC prints 
include programmability samples and AC testing 
at 25°C. 

. b) PROM/PLE AC testing can be performed at 25°C, 
, -55°C, 125°C temperatures. 

2. Monolithic Memories can program PROM/PLE's using 
custom patterns submitted by the customer. AC can then 
be done with the following options: 
a) Sample AC at 25°C 
b) sample AC at 25°C, -55°C, 125°C 
c) 100% AC at 25°C 
d) 100% AC at 25°C, -55°C and 125°C 

Note: For PALs contact the factory 

On PAL products where custom programming is performed 
and AC testing is required, additional vector generation and 
fault coverage analysis is required, as well as AC program 
generation and checkout. 

To give you an idea of delivery differences for the options 
discussed above, general lead times are as follows: 

• Unprogrammed: 
Cerdip, 4-6 weeks 
Cerpack/Flat pack, 8-12weeks 
Leadless chip carrier, 6-12 weeks 
(consult monthly leadtime guide for. individual part types). 

• Unprogramrned produqt using our standard pattern to 
verify AC at room temperature on sample basis (option 1). 
Add 2 weeks to standard delivery. 

• Programmed product using customer programs with 
sample AC (option 2a and b). Contact factory for delivery. 
Delivery quoted will be after receipt of customer design 
package. 

• 100% AC testing at 25°C-Standard Monolithic Memories 
pattern ,or customer pattern, (option c). Contact factory. 

Remember, for ProPALs, customer must provide deSign 
package including Boolean Equations; "Seed" function test 
sequence, package stipulation and AC test vectors, when 
required. Delivery quotes for this type of product begin after 
receipt of this data from the customer. 

Mnto/IthIc IFJF.D ""em",.le. 



VIL/VIH Parametric Information 
V1L and V1H parameters are, in effect, input conditions of D.C. 
and Functional output tests and are not directly tested. V1L is 
specified at :S0.8 V, and V1H is specified at", 2.0 V. 

. ElectroStatic Discharge 
The Military Products Division of Monolithic Memories has 
fully implemented static control procedures throughout its 
facilities in Penang, Malayasia and Sunnyvale, Ci\.lifornia. 

All manufacturing areas where product is processed or han
dled, including our Reliability Labs, Engineering Labs, etc., 
have full static control such as wrist straps, antistatic smocks, 
grounded stainless steel tables, conductive mats and ion 
generators wherever necessary. 

All product is moved throughout our facilities and shipped to 
customers in static shielded containers. 

In addition, MPD distributors must demonstrate that they 
meet the same stringent standards governing ESD handling 
and control procedures as the factory. Individual distributor 
locations are .audited and approved annually by MPD's 
Quality Assurance Department. 

An ESD identifier is marked on all products in front of the 
date code, and all shipping containers are labeled with an 
ESD Caution Message. These procedures have been imple
mented, and will continually be reviewed, to ensure that our 
customers receive only the highest quality product from the 
Military Products Division. 

Package Information 
Leadless Chip Carrier/Pin Grid Array 
Monolithic Memories' Military Products Division offers, with 
few exceptions, our entire product line in square, ceramic 
lead less chip carriers . 

8-BIT INTERFACE 
• 20 squi\re LCC 

PROM CIRCUITS (Programmable Read Only Memories) 
• 20 square LCC 
• 28 square LCC 

PLE CIRCUITS (Programmable Logic Elements) 
• 20 square LCC 
• 28 square LCC 

PAL/HAL'" CIRCUITS (Programmable Array Logic) 
• 20 square LCC 
• 28 square LCC 
• 44 square LCC 
HMSI CIRCUITS (High-Complexity 
Medium Scale Integration) 
• 28 square LCC 

FIFO CIRCUITS (First-In-First-Out Memories) 
• 20 square LCC 

DOUBLE-DENSITY INTERFACE CIRCUITS 
• 20 square LCC 
• 28 square LCC 

MULTIPLIER CIRCUITS 
• 44 square LCC 
* HALs are the mask-programmable versions of PAL. 

Monollthio WMemorles. 2-11 



Military 
Ordering Information 

PAL/PROM/PLE.Programmlng Inputs: 
A Two masters (programmed device) and checksum 

B. Master and truthta!lleJorp,foduct terms for PAL) 
C. Master and magnetiC; ~p~(VAX compatible) 
D. Master and floppy disk (vAi.. rompafible) 

E. PALASM/PLEASM IBM compatible floppies, VAX com
patible magnetic tape or floppies 

F. Master ori Iy (least preferred) 
NOTES: 

If,options A" B, C, 0 or Earesu~mitted,:Monolithic Memories may require 
custbmer approval of prototypes befor,! proceeding with programming.' . 

Military Ordering Infonnation 
MinlmulIIOrder Guicl8lines: 
o Standard (unprogrammed/non-programmable) product 

Mil-Std-883, Cla$s B ' 
DESC Print Devices 
JAN Devices , 
Requires a $1000.00 ($250 per line item) per'order 

o Source Control Drawings (unprogrammed! 
non-programmable) product 
Requires a $1000.00 ($250 per line item) per order 

ProPAL32R16 
$5K per pattern 
500 units min per pattern 
200 units min per request date per pattern 

HAL20RA10&24RS Family 
$5K per pattern* 
2500 units min per pattern 
1000 units min per request date per pattern 

HAL20!24 
$3K per combinatorial pattern 
$4K per sequential pattern 
2500 units min per pattern 
1000 units min perreQuestdate per pattern 

• Applicable to 20RA10 only; Assumes customers provide a set of test vectors, 
Verifiable to 90% faullgrading for all HAL devices. 

2-12. 

If option F is submitted, Monolithic Memories will require customer approval 
of factory generated prototypes before proceeding, ' 

MilitarY,Ordering'lnfonnation 
Cancellation Policy: 
HAL (MaslfProgrammable DeviCes) 
• 60 days firm. 
o 90 daysuncancellable;: 
o 61 ~90 days can be rescheduled once up to 60 days out. 
o Any line item shortage of less than 5% can be rescheduled 

for nextdeliverydate(or cancelled),' 

ProPAL!ProPROM/ProPLE (Programmed Devices) 
o 30 days firm. 
o 5O'days uricancellable. 
o 31-60 days can be rescheduled once up to 60 days out. 
o Any line item shortage of less than 5% can be rescheduled 

,for next delivery date (or cancelled). 

Tenns: 
70%!30 DaYs;30%!45 Days from date of invoice; F.O.B. 
Sunnyvale,'California. 



Military Ordering Information 

PAL® 
Programmable Array Logic Circuits 

PAL 16L88 -4 M J 8838 

-'" IT" -'-J -. PAL = Programmable Array Logic 
HAL = Hard Array Logic 

NUMBER OF ARRAY INPUTS 

OUTPUT CELL---------...J 
A = Arithmetic 
C :::: Complementary 
H = Active High 
L = Active Low 
R = Registered 
RA = Registered Asynchronous 
RS = Registered Shared 
S = Shared 
X = Exclusive-OR 

NUMBER OF OUTPUTS-------......J 

SPEED 
Blank = Standard 
A = High Speed 
B = Very High Speed 

POWER-------------~ 
Blank = Standard 
-2 = 1/2 Power 
-4 = 1/4 Power 

TEMPERATURECODE~~----------------...l 
M = Military 

PACKAGETYPE------------------------------J 
F = Ceramic SOlder Seal 

Flat Pack 
J = Ceramic DIP 
JS = Ceramic SKINNYDIP 
l = Ceramic Leadless 

Chip carrier 
W = Cerpack 

PROCESSING-----------------....J 
883B = Mil-Std-883 

Class B 

High Performance PROMs PLETM 
Programmable Logic Element 

53S328 1 A J 8838 

"w'~"Jr~ I L~.EL S.CREENING LEVEL CODE 883B = Mil-Std-883 
5 = Military Class B 

PRODUCT . PACKAGE TYPE 
3 = Programmable JS = Ceramic SKINNYDIP 

FAMILY ----------' 
S = Schottky 
RA = Registered 

Asynchronous 
RS = Registered 

Synchronous 
o = Diagnostic 
DA = Diagnostic 

Asynchronous 

MEMORY SIZE ____ ...J 
0=256blls 
1 = 1024 bits 
2 = 2048 bits 
4 = 4096 bits 
8 = 8192 bits 

16 = 18384 bits 
32 = 32768 bits 

J = Ceramic DIP 
F =, Ceramic Solder 

Seal Flat Pack 
= Ceramic Leadless 

Chip carrier 
W = Ce'l!ack 

'----:--PERFORMANCE 
A = Enhanced 
None = Standard 

'--------OUTPUT DESIGNATOR 
o = Open Collector 
1 = Three State 
3 = lINo State 

'---------- NUMBER OF OUTPUTS 
4=4bits 
8=8bits 

PLE5P8 M J 8838 

PREFIX ..... . .. :::J. Jf 1. L HI-REL SCREENING LEVEL PROGRAMMABLE . 883B = Mil-Std-883 
LOGIC ELEMENT Class B 

NUMBER OF INPUTS . PACKAGE TYPE 
JS = CeramiC SKINNYDIP 

OUTPUT TYPE J = Ceramic DIP 
p = Programma~le F = Ceramic Solder 

Polarily Seal Flat Pack 
RA = Registered L = Leadleso Chip carrier 

Asynchronous W = Cerpack 
RS = Registered 

Synchronous 

NUMBER OF OUTPUTS 

'-'--'---- TEMPERATURE CODE 
M = Military 

Monolithic W Memo,./es 2-13 

E 



Military Ordering Information' 

FIFO Power Strobe 

PREFIX jf57401 A c:J ~HI-REL 
C = Cascadable SCREENING LEVEL 
None = Standalone 883B = MII-Std-883 

Class B 
TEMPERATURE CODE 

57 = MIlitary PACKAGE TYPE 

HDI6600 -8 J 
PREFIX .' TT LPACKAGE TYPE 

J = Ceramic DIP 
UNIQUE FOUR.DIGIT NUMBER 

TEMPERATURE CODE 
SCREENING LEVEL 

-2 = Military Temperature 

POWER--------~--~ 
None = Standard Power 

UNIQUE THREE-DIGIT NUMBER 

J = Ceramic DIP 
l = Ceramic Leadless 

Chip Carrier 

'----'-- PERFORMANCE 
A = Enhanced 
None = Standard 

-8 = MII-Std-883. Class B 

Bipolar Digital Logic DESCDrawing Numbering System 

SN54S730 -1 J 8838 8200882 J X 
PREFIX TIJ 1 C~a~_~~a 

883B = MII-SId-883 
TEMPERATURE CODE Class B 

54 = Military 
PACKAGE TYPE 

FAMILY TYPE JS = Ceramic SKINNYDIP 

,-,~ ,~,,,-=:J r1"-"'" ",., FOR PRODUCT OR. A = Hot Solder DIP 
FAMILY . C = Gold Plate 

X = Any Lead Finish 
PROGRAMMING 

S = Schottky J = Ceramic DIP 
PROCEDURE! CASE OUTLINE 
DEVICE TYPE . (same a. JAN 

385100ulline.) LS = Low-Power Schottky L = Ceramic Leadless 

UNIQUE THREE-DIGIT 
NUMBER 

2-14 

Chip Carrier 
W=Cerpack 

-1 = Resistor Option 
None = Standard 

JAN Part Numbering System 

JM38510/ 503 018 RA 
JAN DESIGNATOR J U' [. LEAD.FINISH Parts cannot be marked with . . A = Hot Solder DIP 
a "J" unless qualHied and . . C = Gold Plate 
approved for listing on QP. L.' . .' X = Any Lead Finish 

GENERAL . PACKAGE TYPE 
PROCUREMENT SPEC R = 20 Lead 1/4x1-1/16 DIP 

V = 18 Lead 1/4x15/16 DIP 
REFERS TO DETAIL SPEC 2 = 20 Lead O.35xO.35 LCC 

206 = 4K PROM (1Kx4) 
209 = 8K PROM (2Kx4) PROCESSING LEVEL 
503 = Programmable Array Logic Class B 
504 = Programmable Array Logic 

DEFINES DEVICE TYPE -------------' 

Monolithic W.emorles 
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~:l ::t < .'~(nW);. '. J (Re::eK:r~Ly}" . .,. ... li,.,,,, It@*llCCtPartNo/1 TAAlICCIP;ltt40. 
1/4K(32x8~OC6330-1 'Sim5 2751lt 

215lsA 
5IJ,.l125 ,.27519 

27519A 

rK(?56i4) ,.55/1:11 27820 
. 27S2OA 

.. ROM Perform~nce ~naly'sis 
(M~ximu.,.C9mmel'C?ial Limits) 

AMI} I . RJ;JITSIlI IfAllUS '1 NATIONAL I. SIGNE1lCS 

T~*ltCCIPart No. , . . ,IJM*liCCIPaitNo. . hAAfJOO P)It No.j TAA*IICC~ No. ,jTAAlICCI Pall No. 

'40. Ill5 ··.'.1.71.l1E. ilW .. ' 100 .. ' 7602:~: "50/130 7.45.188"311/110 ·iSl3 . "'150/96 .118SA030 251] j,5 711," ~S(l!IQ .' 3A 25/96 
4IlTlfli • 7H2E35f100 7603 50/130 745288 35/110 5123 50/96 18SOOC1 
25/115 . 7112H '25/100 . 25123A 25/96 

7112Y 20/100 

:~~ l7t1t, ,,··30/100 7610 60/130 
7610A 451l10' 
1610B 35/11 0 

50/120 1 245Al0 
30/120 

6301-155/130 ~~~A' ::~ 7114 001100. ~!~A .~~~~ 
.'. " ..... " 7611/1 35/110 

50/1201.24510 
271120 

n 
TAAIICC 
40/110 

40/110 

651100 

55/100 

6308-1 70/155" 71HE 45/1'10 75/100 
. . 7117lf .35/140 

6:119'1 70/155' 7lJJlE 4W140 70/100 
7f1 BH . 35/140 

2~ (Z$x8) .Irs '1~~Ji 
24-J>jnDIJ> . . > C' 

~/t60 j63:l&2 /70/155 r 
145/130 js305-1j6P1130 127512 

27512)\ 
63'5240 

:J~/l~'I~l 
35{t3O 

60I130'f 27513 
• 27S13A 

',f'," '( '0 

F' 
" . 

5Of13Q '17115~ 
30/130 ,711SH 

50/1 .. 30 '17116E 
30/130 . 'T1161l 

. .71i6Y 

~1l55.~ '.' -1 70/155 27S21r' "155116Cl 712aE 
" . '.' .'. . ' ..... '. . .' 27S28A" 35/160 7jl!3H 

TS.··t.6 ... 3 .. S .... ·.4B ... ·.· .. l.·· .. · ,1,4,5./1.5.5.' .. 34.·,9'.'.1. "7.0.1.155' 27529 55. /160 ]l24E . 

4It.l51'2X_~r loC 16:3S:.jOO 

I:.~JA ~/l~ •. '.~<! 5j5/155 27529A '31V1SO 7124H 

4K (512x8) 1 TSla ... 3S485 14S1ioo. 'r. -.· ... 1~.1 j70/. 155 . "127581 "'1 551175 
24:-~nplf' '"'. ....; .• ' ~-2 . ~9fi. 21S31A 35m!> 

• '. '.' '.' . J 

. 45/120 
35/120 

7620 
7620A 
7620B 

·4$11211 .. /7621 
35/120 . 762.1A. 
30/120 7621B 
45,1.,0' 

I 

70/130 
501120 
40/120 

.• 70/130 
50/120 
lIOI120 

748570 
74S57OA 

745571 
74S571A 
748571B 

351170 '. . ... 
45/17Q '17649 1601170 

745473 
745473A 
745472 
745472A 
7454728 

3511?tl7649A451170 

7641 
7641A 70/1. 70 174547.4 

.451170 7~74A 
.• . 7454148 

~K(512XilJ·IT5·r1!3AA46.1 .' 'j2O./illO \. '1' 'J~1S2 ... 5 .. I 27118!i. ···17226RA1RS-251251170 
Reoistered .' 63ltwllA Ifj/lao '. ] 27S25A 20/185 7226RA1R$:'2O lOme. 

875R25 
87SR2!ia 

. . .' ". 27532A 35/140 7l211! 35/150 . 7642A. 50/140 '.' 748572A 

551130 ,C13O 45/1:11 . 5130A 

55/130 . 13t 
~/1308131A 
35/130 . 

1: 

50/140 
33/140 

150/140 
30/140 

60/155 
451l~ 
60/155 
45/155 
35/155 

28SA42 

L.?!I 5. 147 160. VI55 '1 28L42 ~147A 451155 28542 

651170 
451170 
3511.70 
271185 
20/185 

60/140 
45/140 

~5141 

-

60/1151 28546 

245Ml 

I5 1635441'.' [45/140 
!l3S441A 35/140 

4K (lKX41 I il!:taaS449' ···I4S/J40 P .2-.t...... .60/. US .21:;32. 55/140.. 7{2.1E •. 45/. 1501.' 764. i j.'.IlO.. 11.40 ....• '17!1S572 
"'.... . . . 7642B .': 45/140 

\6353-1." 601175 27533 551140 7122E 45/150 7643. . 60/140 
~353-2 50/140 27S33A 35/140 7122H 35/150 . 7643A 50/140 

7122'{ 30/150' 76438 45/140 

'7455731 60/140 ~25.1 37 \60/140 I 24541 
74S573A 45/140 5137A 45/140 
7455738 35/140 5137B 35/140 

,~ .' i' J~'~_ ... "~ < "." .~ . 

~ 

85/135 

95/85 
60/135 

60/135 

60/140 

60/140 
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MMI(TiW) 
Oul 

Type put Part No. TAA*/ICC 
4K(lKx41 T8 ~30A441 18/180 
Oiagnostic 63DA442 18/180 

8K(lKx81 T8 638881 45/160 
6OD-miiOlP 63S881A 30/160 

8K.(lKx81 T8 638881N8 45/160 
3OQ-mil DIP 638881AN8 30/160 

8K (1 Kx81 T8 63R8881 20/180 
Registered 63RS881A 15/180 

8K(2Kx41 T8 638841 50/150 
63S841 A 35/150 

8K(2Kx41 T8 63DA841 20/185 
Diagnostic 

16K (2Kx81 T8 6381681 50/185 
6OO-mil DIP 6381681A 35/185 

16K (2Kx81 T8 6381681N8 50/185 
3OQ-mil OIP 6381681AN8 35/185 

16K (2Kx81 rs 63RAlR81681 2Q/185 
Registered 63RAlR81681 A 15/185 

16K 14Kx41 T8 6381841 501175 
6381641 A 35/175 

16K (4Kx41 T8 6301641 20/190 
Diagnostic 

28 63DAl643 20/190 

32K(4Kx81 T8 6383281 45/190 
6383281 A 35/190 

64K(8Kx81 TS. 6386481** 55/190 
63S6481A 45/190 

'telK lor Registered and Diagnostic PROMs 
*'Preliminary Information 

MMI(NiCr) AMD 
(REFERENCE ONLY 

PROM Performance Analysis 
(Maximum Commercial Limits) 

FUJITSU HARRIS NATIONAL 

Part No. TAA/ICC Part No. TAA*/ICC Part No. TAA*/IC( Part No. TAA/ICC Part No. TAA*/ICC 
27865 15/185 
27865A 12/185 

6381-1 901175 278181 60/185 7132E 551175 7681 701170 878181 55/170 
6381-2 551170 278181A 35/185 7132H 451175 7681 A 501170 878181A 451170 

7132Y 351175 

6381-1N8 901175 278281 60/185 7132E-8K 551175 6-7681 701170 878281 55/170 
6381-2N8 551170 27S281 A 35/185 7132H-8K 451175 6-7681 A 50/170 

7132Y-8K 35/175 

27835/37 25/185 7232RAlR8-25 25/185 878R181 201175 
27S35/37A 20/185 7232RAlA8-20 20/185 

6389-1 701170 278185 50/150 7128E 55/155 7685 70/170 878185 55/140 
6389-2 55/155 27S185A 35/150 7128H 45/155 7685A 50/170 878185A 45/140 

7128Y 35/155 8781858 35/140 

27875 15/185 
.... 27875A lVl85 

278191 50/185 7138E 55/180 76161 60/180 878191 65/175 
278191A 35/185 7138H 45/180 76161A 50/180 878191A 45/175 

7138Y 35/180 8781918 351175 

278291 50/185 7138E-8K 55/180 6-76161 60/180 878291 65/175 
278291 A 35/185 7138H-8K 45/180 6-76161A 50/180 

7138Y-8K 35/180 

27845/47 25/185 
27S45/47A 20/185 

27841 50/165 7152E 55/170 76165 60/170 878195A 45/170 
27841 A 35/165 7152H 45/170 8781958 35/170 

7152Y 351170 

278B.~. 15/185 
27885A 12/185 

27843 55/185 7142E 65/185 76321 65/190 878321 55/185 
27S43A 40/185 7142H 55/185 

27849 55/190 7144E 65/190 7~1 . 85/190 
I 27849A 40/190 7144H 55/100 

SIGNETICS TI 

Part No. ~AA/lc( Part No. TAA/ICC 

828181 1701175 28S86A 65/165 
828181A ~1175 
8281818 1451175 
828181N3 ~01175 
828181AN3 ~/175 

828185 100/120 24881 70/175 
~28185A ~/155 
8281858 45/155 

828191 80/185 .288166 75/175 
~28191A 5/185 
8281918 45/185 

8281918N~ 45/185 

82H8195 45/155 

82S321 701175 
82H8321 45/175 



HighPetformance 
32x8PROM' 
TiW PROM Family 

Features/BenefitS 
• 1!tns maximum access .irne. .•. . 
• Reliable tltanluin-tungtten fuses(11W}guarantee 

greater lhan:Wtoprogrammlng yjelda 

• ~volblge. generic programmIng 
• PNP Inputs for low Input current 

• OpencolleCtbr pr three-state outputs. 

Applications 
, ' "., 

• Programma~Ieloglc element (PLE"') 5 Inputs, 8 outputs, 
32 product terms . 

• A1idress decoder 

• PrlorHy en~ 

Selection Guide 

MEMORY PACKAGE 

SI2;E ORGANIZATION OUTPUT PINS TYPE 

TS'" ... ' 

1I4K 32><8 TS 
16 .N.J.W 

(20) (NL),(L) 
.OG .. ' 

Pin Configurations 

PIntle Chip Carrier " 

Description 

53/635080 
53:/635081 

63S0$1A, 

The 53/635080, 53/638081. ail(:l63S081Af~atuie·lbVv.input cure 
rent PNP inputs, full Schottky clamping and three-state and 
open collector .Qutputs. The titanium-tungsten fuses store' a 
logical low. and are programmed to the high-state. Special on
chip circuitry and extra fuSllS provide preprogramming testing 
which assureS highprogrllmming yieldSl¥ld high reliability. 

" ., , " 

The 63 series is specified for operation eWer the commercial· 
temperature and voltage range. The 53 series is specified for the 
military ranges. 

Programming 
The 53/638080,·53/638081 ana63soa1A are programmed with 
thesameprogramming algorithm 1IiI aU ot~er Monolithic Memo
ries' generic TiW PROMs. For detai"ls contact the factory. 

PARTNIJAiB!5R 
PERFORMANCE .'. 

O"C to :l"75°C -WCto+1.25~C: 

.... !=nhanced 63S081A •. ,1"",; . 
,---. 

. 63S081 .'. 53S081 
Standard 

...... ' .. 63S080 .. ,·53S080 

Block Diagram 

321<8 
Pl'OGRAMIlABlE 

ARRAY' ' 

PLE"'rsalrildema,kof·MonolilhicMemoties. ,-=: .. , .......... '.' , ... II!:. ,., .... ,~m" ...... ,. '. 
'. , " '. '. '... . . . TWX: Sl10.33a;;2376 

2175M ... lOnCO .... BlVd. Santa Clara, C~95054"1.5Sl2 TeI:~4CJ81 SllO'-Sl700TWX:Sl1G'-G38-2374 

3·5 

El 



53/635080 53/635081 635081 A 

Absolute. Maximum lJatings Operl.tlng· 
Programming 

8upply voltage Vee ...........................•.....•....•..................... -0.5 V to 7 V 
Input voltage .. ; .: ... ~ .. , •..•. ', ...... ' ..........•.....................• , ......... >:;t5V to 7 V 
Input current. ..................... i ........................................ -30 mA to +5 mA 

................... 12V 

., ... .' .............. 7V ' 

Off-state output voltage .......... ; ........... ; ................................ -0.5 V to 5;5 V ................... 12V 
Storage temperature ....................................................... -65 °e to +150 °e 

Operating Conditions 

I; MILITARY . COMMERCIAL I 
SYMBOL PARAMETER MIN NOM MAX MIN NOM MAX UNIT 

Vee 8upply voltage 4.5 5 5.5 4.75 5 5.25 I V 

TA Operating free-air temperature -55 125 0 75 I °e 

Electrical Characteristics Over Operating Conditions 

SYMBOL PARAMETER TEST CONDITION MIN TYPt MAX UNIT 

Vil low-level input voltage 0.8 V 

VIH High-level input voltage 2 V 

Vie Input clamp voltage Vee = MIN II = -18 mA -1.5 V 

III low-level input current Vee = MAX VI = OAV -0.25 mA 

IIH High-level input current Vee = MAX VI = Vee MAX 40 /LA 

I eom OA5 
VOL low-level output voltage Vee = MIN 10l = 16 mA 

I 
V 

Mil 0.5 

VOH High-level output voltage * Vee = MIN 
eom 10H = -3.2 mA 

2A V 
Mil 10H = -2 mA 

10Zl 
Off-state outputcurrent* 

Vo = OA V -40 

10ZH 
Vee = MAX 

VO=2AV 40 
/LA 

VO=2AV 40 
leEX Open collector output cu rrent Vee = MAX 

Vo = 5.5V 100 
/LA 

108 Output short-circuit current:* Vee = 5V Vo = OV -20 -90 mA 

lee 8upply current Vee = MAX. All inputs grounded. All outputs open. 90 125 mA 

5witching Characteristics Over Operating Conditions (See standard test load) 

tAA (ns) 
tEA AND tER (ns) 

OPERATINQ ENABLE ACCESS TIME 
ADDRESS ACCESS TIME 

RECOVERY TIME UNIT 
CONDITIONS DEVICE TYPE 

TYPt MAX TYPt MAX 

638081 A 9 15 9 20 
COMMERCIAL 

638080,638081 9 25 9 20 ns 

MILITARY 538080,538081 9 35 9 30 

* Three-state only. 

* * Not more than one output should be shorted at a time and duration of the short-circuit should not exceed one second. 

t Typicals at 5.0 V Vee and 25°C TA' 

3·6 IIIIonoIIthIc m IIIemories 



HlghPerformance 
256x4 PROM 
TiWPROM Family 

Fea"'res/Benefits 
• 3();.ns maximum ~s time 

• Reliable titanium-tungsten fuses (TIW) gllarantee 
greater than 980f0prollrammlng yield, ' 

, .. Lqw-voltage generic programming 

• PNP Inpuis for low Input current 

• Open co!lector or three-state outputs 

Applications 
• Microprogram ,control store 

• Microprocessor program store 

• L.ook-up table 

~ Character generator 

• Code conv,erter 

• Programmable Logic Element (PLE'") with 8 inputs, 
4 outputs, and 256 product terms 

" 

MEMOR~ " PACKAGE 

SIZE ORGANIZATION OUTPUT PINS TYPE 

TS 

1K 256X4 T5 
16 N,J,W, 

(20) (NL),(L) 
Oc ! 

Pi,n ~nfigur .. tion8 

9 10 11 12 13 

file GND NC 04 03, 

.Pladc Chlp.carrlet' 

"'53/63'$140 
53/635,141 
53/63S141A 

Description 
The 53/63S14O and 5:l/63S141/A are 256X4 bipolar PROMs 
featuring tow input current PNP inputs: full'SChottkyclamping, 
and open collector or three~state outpLlts. The titanium~turlgsten 
fuses store a logical low and are, programmed to the high state. 
Special on-chip circuitry and extra fuses provide preprogram
ming testing which assures hi$tJ programming yields and high 
reliability. '" ' 

The 63 series is specified for operation over the commercial, 
temperature and voltage rarlge.7he·5~seriesjS specified for> 
the military ranges. 

Programming 
fhe531635140and 531635141/,6. PROMs are pr,ogrammed With 
the same programmingaigorlthm as all other Monolithic Memo
ries'generic TiW PROMs. For de,laits Contact the factory. 

. . , .. 
," " ",: 

,", : " PAR1NU,MBER ,: 
,,' PERFORMANCE 

O'Cto+7S';:C '--56°C to +12Soe 
'Enhahced 638141A ," 635141,6. 

.' 635141 535141 
5tandard 

: '638146 535140, 
.. ,. .,' 

El 



53/635140 53/63S141/A 

AbsoluJe Maxl~ulR Rating~ ' .. 
OperatIng Programming 

Supplyvoltag!' Vee.· .. ·h. ", .. ';'" , •.••••.. , ................................. , .•••• -o..5Vttl7V ....•..........•. ~ ... ' .•. .12V 
Input voltage ......... ;',.; ;'.,. :~': .•.••.......• :: ..........•.................. '" ';:: ...•. -'1.5 V to 7 V ... ' .•...•..•....... ",; ; 7 V· 
Input current ..•......... : .......•...••..•...•...•.........•................ -30 mA to +5 mA 
Off-state output voltage ............•.................•.•..............•........ -0..5 V to 5.5 V ...............•...... 12 V 
Storage temperature •....... ; •.. :' .................•....•. '; ...... ': .. ;.' .......... ::-65· to +15o.·e 

Operating Conditions 
MiliTARY COMMERCIAL 

UNIT SYMBOL PARAMETER MIN NOM MAX MIN NOM MAX 

Vee Supply voltage 4.5 5 5.5 4.75 5 5.25 V 

TA Operating free-air temperature -55 125 0 75 ·e 

Electrical Characteristics Over Operating Conditions 

SYMBOL PARAMETER TEST CONDITION MIN TYPtMAX UNIT 

Vil low-level input voltage 0..8 V 

VIH High-level input voltage 2 V 

Vie Input Clamp voltage Vee" MIN II = -18 mA -1.5 V 

lil 
, 

low~levelinput current Vee = MAX VI=o..4V -0..25 mA 

IIH High-level input current Vee = MAX VI = Vee MAX 40. 'IJ.A· 

I eom 0..45 
Val low-level output voltage Vee = MIN 10l = 16 mA V 

I Mil .0..5. 

, VOH High"level output voltage * Vee = MIN 
eom 10H = -3.2 mA 

2.4 V 
Mil 10H = -2 mA 

10Zl 
I.'. Off-state output curre~t* VO=D.4V -40. 

10ZH' 
Vee = MAX 

Va = 2.4 V 40. 
IJ.A 

Va = 2.4 V 40. 
leEK Open collectpr .Qutput current Vee = MAX 

Va ;;5.5V 100 
IJ.A 

lOS Output short-circuit current!·. Vee = 5V '.,' Vo = o.V -20. -90 ' mA I 

ICC Supply current Vee = MAX, All inputs grounded. All outputs open. 80 130 mA 

SwitChing Char~~terlstics Over Operating Conditions (See standard test load) 

tAA (ns) 
tEA AND tER (nB~ ..• 

QPER"TING DEVICE TYPE ADDRESS ACCESS TIME 
ENABLE ACCESS TIME 

CONDITIONS 
RECOVERY TI,..e UNIT , 

; TYPt MAX TYPt. M~, 

63S141A ' 20.· 3D 10. \10. 
COMMERCIAL .• '," , 

'. 
63S140 .• 63S141 20. 45 10. 25 

ns 
",53S141A 20. 40. 10. 3D 

MII,;ITARY 
53S140.53S141 20. 55 .•. 10. 30. '. 

( .. ' 
* Three-slai. only, 

* * . Not more than one output should be"shorted at a time.and duration of the short~circuit should not exceed one sec.ond. 

t ;:.rYl'i~iaat5.0.v'itii;and 25.C!~. ,.c. .. 
:,:~~,,"~':;'~:,:-';:~ ;' :.''''~'-



High Performance 
512x4 PROM 
Ti·W PROM'Family 

Features/"'nefits 
• 35-ns maxl!"um access time 

• Reliable fltanlum"tuogsten fUHS '(TiW) guarantee 
greater th,s/) 98%' programming .yl~lds 

• Low-vOllal!l' generiC programming 

• PNP Inputs for low Input current 

• 0",,1' «:91!4itctor or !brae-Illate outPl!ts 

Applications 
• Microprogram control store 

• MicrOrocessor program store 

• Look-up table 

• Character generator 

• ¢Qd\! converter 

.• Programmable logic element (PLE'") with 9 inputs, 4 outputs, 
5~2 product terms 

Selec.tion Guide 

MEMORY PACKAGE 

SIZE ORGANIZATION OUTpUT ' .. PINS 'tyPE 

TS 

53/635240 
53/635241 
53/~3S241A 

Description 
The 53163S240 !lnd 53/63S241b\!lre 512x4 bipol!lrPROMs 
fe!lturing low input current PNP'jhputs,iuli SchottlWClamping, 
!Ind· open CoU!1ctor or three:state outputs. The titanium
tungsten fuses store a logical low and are programmed to the 

, hjgh~$tate. SpeCial orlcchip circuitry and extra fuses provide 
preprogramming testing which assl,(reshigh programming 
yields and high reliability. , , 

The 63 series is specified' for operation over the .commercial 
temperature and voltage range. The 53 series is specified forth!! 
rnlntary ranges. ' ," . .' '. 

"~ogramming 
The 53/63S240and 53/63S241fA PROMs· are, programmed 
with the same programming algorithm M liIlI other MonoHthic 
M~~ories generic Ti~W PROMs. ~or detail~?Ontact the factory. 

'-PART NUMBER 
PERFORMANCE 

. (J°C to +75"C -55°C to +12S°C 

Enhanced 63S241 A 53S241 A 

2K 512x4 TS 
16 N,J.W, 63S241 535241 

(20) 
OC .. 

Pin Configurations 

a 10 '11 12 '1a 

Pillstic ChIp Carrier 

l., 
PLE'" is a trademark of Monolithic Memories. 

(NL},(L) Standard 

,Block Diagram 
A814 
'A7 15 
AS 1 

A5 2 
",3 

10,1;32 
ROW 

DECODER 

'Io-~_-I 

A3 4 . 

A27 

1.1 S 

. ',' " , ' TWX: 910-338-2376 
. ,2175 MisBfon CollegeBIvd,~taPlara,C~ 85054.1592 T"lIJ,(4,~ 97Q'.97OQ" TWXh9'0-338~~!4 

63S24o. 535240 

" ./, 



53/635240 53/635241/A 

Absolute Maximum Ratings 
Operating Programming 

Supply voltage vee ............................................... , ............. -0.5 V to 7 v ...................... 12 V 
Input voltage ................................................................... -1.5 V to 7 V ............... : ....... 7 V 
Input current •.••...........••••.......•..•...•.•.•.•••••••.•.••....•••.•.•. -30 mA to +5 mA 
Off-state output voltage ...... ; .............. ;; ................................. -0.5 V to 5.5 V ... ; ........... ; ..•... 12 V 
Storage temperature .......................................................... _65° to + 1500 e 

Operating Conditions 

SYMBOL PARAMETER 
MILITARY COMMERCIAL 

MIN NOM MAX MIN NOM MAX 

Vee Supply voltage 4.5 5 5.5 4.75 5 5.25 

TA Operating free-air temperature -55 125 0 75 

Electrical Characteristics Over Operating Conditions 

SYMBOL PARAMETER TEST CONDITION MIN TYPt MAX 

Vil low-level input voltage O.S 

VIH High-level input voltage 2 

Vie Input clamp voltage Vee = MIN II = -1SmA -1.5 

III low-level in put current Vee = MAX VI = 0.4 V -0.25 

IIH High-level input current Vee = MAx VI = Vee MAX 40 

I eom 0.45 
Val low-level output voltage Vee = MIN 10l = 16 mA 

I Mil 0.5 

VOH High-level output voltage· Vee = MIN 
eom 10H = -3.2 mA 

2.4 
Mil 10H = -2 mA 

10Zl 
Off-state output current" 

Va = O.4V -40 

10ZH 
Vee = MAX 

Va = 2.4 V 40 

Va = 2.4 V 40 
leEX Open collector output cu rrent Vee = MAX 

Va = 5.5 V 100 

lOS Output short-circuit current!. Vee = 5V Va = OV -20 -90 

lee Supply current Vee = MAX. All inputs grounded. All outputs open. SO 130 

Switching Characteristics Over Operating Conditions (See standard test load) 

tAA (ns) 
tEA AND tER (ns) 

ENABLE ACCESS TIME 
OPERATING DEVICE TYPE ADDRESS ACCESS TIME 

RECOVERY TIME 
CONDITIONS 

..... TYPt MAX TYPt 'MAX 

63S241A 25 35 12 .' 20 
COMMERCIAL 

63S240, 63S241 25 45 12 25 

53S241A 25 45 12 30 
MILITARY 

53S240,53S241 25 55 12 30 

* Three-state only. 

* * Not more than one output should be shorted at a time and duration of the short-circuit should not exceed one second. 
t Typicalsat 5,0 V Vee and 25"C TA. 

3';10 1IIIonoI1th1o·m·lIIIemor18. 

UNIT 

V 

°e 

UNIT 

V 

V 

V 

mA 

p.A 

V 

V 

p.A 

p.A 

mA 

mA 

UNIT 

ns 



High Performance, 
256x8 PROM 
TiW PROM Family 

Features/Benefits 
~, 28-ns maximum accesS lime 

• ,Reliable titanium-tungsten fuses (tIW) guarantee 
greater than ""to p..ogrammlngylelds 

- Low-voltage generic programming, 

- PNP Inputs for low Input current 

-Open collector or three.:.Staie outputs 

Applications 
• Microprogram control store 

• Microprocessor program store 

• Look-up table 

• Character generator 

• Code converter 

• Programmable Logic Element (PLE'") with 8 inputs, 
8 outputs, and 256 product iemts 

Selection Guide 

MEMORY PACKAGE 

SIZE ORGANIZATION OUTPUT PINS TYPE 

TS 

2K 256x8 TS ,20 " N;J;W 
, NL.L 

OC 

Pin Configurations 

A2 A1 AO vee A7 

9 ,10 11 12 13 

04 Gill) os 06 07 

Plastic Chip, Carrllll' 

53/635280 
53/635281 
53/635281 A 

Description 
The 53/63S280 and 53/63S281/A' are 256xS biPot~r PHorvi!i' 
featuring low input current PNP inputs, full Schottky clamping, 
and open collector or th'ree-state outputs, The titanium-tlm~ten 
fuses store a logical low and are programmed to the high st/ite, 
Special on~hip circuitry and extrafUs9spr6vide preprogrilm~, 
ming testing which assures high programming yields and high 
reliability, 

The 63 series is specified for operation over the commercial 
,temperature and.voltagerange. The-53seriEll> is specified rOfltl!t 
,military ranges. 

Programming 

The 53/63S280 and 53/63S281 1 A PROMs are programmed with 
the same programming algorithm as all ,other Monolithic 
Memories' ganeric TiW PROMs.For datails contact the faCtory. 

PERFORMANCE 

Enhanced 

Standard 

BlOck Diagram 

19 
A7 

18 
A6 

17 
AS 2 
A1 l' 
AO 

A4 ,5 
'4 

A3 
A2 3 

PARTNIMBER 

ooe to+75°C -55°C to +125"C 

638281 A 53S281A 

63S281 538281 

638280 53S288 

32x84 
PROGRA~MAa~1\ " 

ARRAY'" 

01 02 03 

PLETIII is a trademark of 'Monolithic Memories. .oiJollthic 'FIJI 
• ,", • ,..T,WX:9tO-,338-2376 ".' e' ,iMii/i........ ,.,' , ' 

2175 Mission College Blvd; Santa Clara, CA 95054-1592 Tel: (408) 910~9700 TWX: 910;338-2374 ••• .,.,1 _ 
3;;11 



.5;1/635280 531635281/A .. 

Absolute Ma~i~umRati~gS 
. ~rau~g PrOgramming 

SU~ly voltagi3V~c.,.; •.••••• ,; .; •• '.' •••••••••••••••••••••••••.••••....• ".:.. • .-:0;5V to (' V • ;',: ... ,;. , • ; •• , ••• :.: •• ; .. 12 V 
Input vOltage ••. ;" ... : ..•• :.;' •• '., ••• ;.; • ~ ............................................... :"1':5 V t07 V ......... ~ ..•.•••. , .:' ••.• 7 V 
Input current ••••....•.•..•.•.•......•..........•• '" •••.••.••••• ~ ........... -30 mA to +5 mA 
Off-state output voltage .................................. ; .......................... -0.5 V to 5.5 V •••..•.•..••••••••...• 12 V 
StoragetEiinpefatu'ni:' •• ~ •••••.• ':: : .................... :: : ': .• : .••••..•.• ' •• : •••• -65° to +150'C , '. 

Oper.ting Conditions , 
SYMBOL' PARAMETER 

.. MILITARY COMMi:RCIAL 
U~,IT MIN NOr.1 MAX MIN :N,OMI\t'IAX 

·v.cc S4Pplyvoitage '. 4,5 5 5.5 ·4.75 5 5.25 V. 

TA Operating free-air temperature 
". 

-55 125 0 15 ·C 

De Electrical Characteristics Over Operating Conditions 

SYMBOL PARAMETER TEST CONDITION MIN'TYPt MAX UNIT 

Vil lOW-level input voltage 0.8 V 

VIH High-level input voltage 
" 

2 V 

VIC Input clamp voltage. VCC= MIN II = -18mA -1,5 V 

III low-level input current Vce = MAX VI = 0.4 V .' -0,25 mA 

IIH High-Ievelinput current VCC" MAX VI = Vee MAX 4(j p.A 

I Com 0.45 
VOL loiN-level output voltage Vec= MIN 10l = 16mA 

I 
'. V 

.. ' . Mil 0.5 

VOH I .'. Hi~h-Ievel output voltage * Vee'= MIN 
e6m 10H = -3.2 mA 

2.4 V 
Mil 10H= -2 mA 

10Zl 
Off-state output current'" 

Vo = 0.4 V -40 

10ZH 
Vee = MAX 

VO=2.4V 40 
p.A 

Vo = 2.4V 40 
leEX Open collector output current' Vee = MAX 

VO:=5,5V 100 
p.A 

lOS Output short-circuit current!,; Vce"'5V VO= OV -'20 
.. 

-90 mA 

ICC Supply current Vee" MAX. All inputs grounded. All outputs open. 90 140 mA 
; 

Switching Characteristics Over O~t1ngcOnditio.ns (See standard teslJoad) 

• tEA AND tER (ns) 
tAA (n8) 

OPERATING' ,l>EVICE TYPE ADDRESS ACCESS TIME 
EN(4BLE ACCESS TIME 

. CONDfTIONS 
RECOVERY TIME UNIT' 

.UPt . "MAX TYPt MAX '.: 

63S281A 21 28 18 25 ':.' 
COI\t'lMERCIAL ' , 

63S280, 63S281 21 45 •. .18 25 
, ns 

MILITARX';r 
535281A /21 40 18 30 

535280, 535281 21 50: 18 30 " 

, 

* Three..;state only. * * No~ more thal'l one output sh9Uld be shorted. !it a time and duration of the short-ci~cuit should not exceed'one'second. 

t Typic,ISa! 5,OV.VCCand 2~oC l' A' ' 

MonOHIhICmllle",,w,;. 



High Performance 
256x8PROM 
TiWPROMFamily 

Features/Benefits 
• Replaces 24-pin 256x8 NiCr PROM (6336) 

• Upwa~' pinout-compatible wltll IIlgller density PROMs 

• 45-na. maximum .access lime' 

• Reliable f~iilum-tuilgsten fuses (TiW) guarantee greeter 
th!ln 990[0' programming ylel~ 

• . Low VOII8~ generic programming 

• PNP Inputs for low InpUt current 
',' ~ "" 

• Three-sfate outputs with four .enable pins 

Applications 
• Microprogram control store 

.• Microprocessor program store 

•. i.ook...,p~ 
.Chilractergenerator 

• code converter 

selection Guide 

PACKAGE" 

'.',, 

635285 

Description 
The 63S285 is a256x8 bipolar PROM featuring low-current PNP 
inputs. full Schottky clamping. and three-state outputs. The 
titanium-tungsten fuses store a logkial.low andafe.programmed 
tothe high state. Special on-chip circuitry and extra fuses provide 
preprogramming testing which assures high programming 
yields and high reliability. 

The 63 series. is specified for operation al/erthe commercial 
temperature andvoltalJ8 rari~e.· '. '. 

Programming 
The 63S285 PROM is. programmed with the same programming 

, algorithm as aUottJerMonolitbicMemoties geneTic.TiW PROMs.' 
For details.contact the factory. . 

. r . 

; 

? MeMORY' 

SIZE TYPE 
OUYPUT: 

ORGANIZATION PINS 

2K 256x8 24 N.J'; TS 
: 

". S~ndard " ; 638285 

Part Numbering 'System 
~,<. • 

. nMPERAl'UR~E~2t85Lc!t:~KAGETY"E 
C.ODI!'. . •.•. <' ." •• .•• :.... ';'N -Plastic DIP . 63 = Commercial . J. - Ceramic DIP 

OUTPUT DESIGNATOR 
FAMILY .' 5 = Alternate Pinout 

S = Schottky .' 
. . ' .' . NUMBER OF OUTPUTS 

. MEMORy SIZE . .:'. '., oJ = 11 bits . o. 
2.~ 21148 bIts,. . 

'.. . .... . ..: . . .... TWX: 9to-~-a376 
21ni~iSSI()jteci"ege'8IYdYiflf~jaClara; I5A 9S054l!s!i2 T~I:(4@) 970-9700 TWX:' ~10-'338~2374 

'MonolHhIO"m' 
"morle •. ' 0 

3-13 



635285 

Absolute Maximum Ratings 
Operating 

Supply voltage Vee ........................................................... '" -.0.5 V to 7 V 
Input voltage ............................•.......................... : .....•..... -1,5 V t07 V 
Input current .......................................................•..... -30 mA to +5 mA 
Off-state output voltage :. i •• •••..••.•• " .•• ; •••••••••••• ; • ; ••• ; •••••••• , ••.. , •• -.0.5 V to 5.5 V 
Storage temperature ......................................................... -65° to +15ao e 

Operating. Conditions 

SYMBOL PARAMETER 

Vee Supply voltage 

TA Operating free-air temperature 
" .' 

DC Electrical Characteristics Over Operating Conditions 

SYMBOL PARAMETER TEST CONDITION 

Vil low-level input voltage 
Guaranteed input logical low voltage 
for all inputstt 

VIH High-level input voltage 
Guaranteed input logical high voltage 
for all inputstt 

Vie Inpl,lt clamp voltage Vee = MIN 11=-18 mA 

III low-level input current Vee = MAX VI = .0.4 V 

IIH High-level input current Vee = MAX VI = Vee MAX 

Val low-level output voltage Vee = MIN 10L = 16mA 

VOH High-level output voltage Vee=MIN 10H =-3.2mA 

10Zl 
. ;-

Va = 0.4 V 

10ZH 
Off-state output current Vee = MAX 

Va = 2.4 V .'. ; 

lOS Output short-cir<Mtcl,lrrent* Vee=5V 
.' 

vO=av 

lee I .... Supply current Vee = MAX. All inputs grounded. All outputs open. 

Switching Characteristics Over Operating Conditions (See standard test load) 
'. 

Programming 
..•...........•.•... 12 V 
•............... : ... ; .• , 7V 

....•... ; ..... , ... ;. 12 V 

COMMERCI~L jUNIT 
MIN NOM MAX 

4.75 5 .5.25 1 V 

a ; 751 °e 

MIN TYPt MAX UNIT 

.0.8 V 

2 V.f 

-1.5 V 

-.0.25 mA 

4.0 p.A 

.0.45 V 

2.4 V 
. -4.0 

4.0 
p.A 

-2.0 -90 mA 

115 16.0 mA 

tAA (ns) tEA AND tER (ns) 

OPERATING ADDRESS ACCESS TIME 
ENABLE ACCESS TIME 

CONDITIONS 
DEVICE TYPE RECOVERY TIME 

TYPt MAX TYpt 1 MAX 

COMMERCIAL 63S285 26 45 18 1 3.0 

* Not more than one output should be shorted at a time and duration of the short-circuit'should not exceed one second. 

:t Typicalsal5.0 VVCc. and 25°C TAo 
tt YIL,~'nd VIH 'Irmits-ah~ '~solute '{~Iu~s'with re'spect to the device ground pin(,s) and include all overshoots due to test equipme'nt noise. 

3·14 MonollthloW Memories 

UNIT 

ns 



High Performance 
1024x4 PROM 
TiW PROM Family 

Features/Benefits 
• 35-ns maximum access lime 

•. Reliabletltanlum-tungstenf~ses (TiW) guarantee 
greater than 98% programming yields 

• Low-voltage generic programming 

• pNP inputs for low inp~t current 

• . Open collector or three-state outputs 

Applications 
• Microprogram control stores 

eMicll!Processor program store 

• Look~up table 

• Character generator 

• Code converter 

• Programmable logic element (PLE'") 10 inputS. 4 outputs, 
1024 product terms 

Selection Guide 

MEMORY PACKAGE 

SIZE ORGANIZATION OUTPUT PINS TYPI: 

T8 

4K 1024x4 
.' 

T8 
I·' 18 N,J;W, 

(20) (NL),(L) 
6c , .. ' 

.' 

Pin Configuration 

53/635440 
53/635441·· 
53/635441 A 

Description 
The 53/638440 and 53/63S441/A are 1024x4 bipolar PROMs 
featuring low input current PNPJnpllts,fuHSchottky clamping 
with open collector or threecstate outputs. The titahium~ 
tungstenfusesstorea logical low and are programmed to the 
highcstate. 8pecialon~chip circuitry and extra.fuses provide 
preprogramming testing .whichll,ssures highprogramrping 
yields and high reliability. . 

The .63 .series is. specified for 'operation over the. commercial 
temperature and voltage range. The 53 series is specified for 
the military ranges. 

Programming 
The 53/638440 and 53/638441! A PROMs are programmed with 
the' same programming algorithm as all other Monolithi.c 
Memories' generic TiW PROMs, For.details contact the 
factory. 

PERFORMANCE 

Enhanced 
'. 

8tandard 

,. PART NUMBER 

ooe to +75°e -55°C to +125°C 

63S441 A 

638441 
I 

6:38440 

538441..\ 

538441 

-;c 538440 

64.64 
PROGRAMMABLE 

ARRAY 

.' 



53/635440 53/6~S4411 A 

Absolute Maximum Ratings 
Operating Programmi!1g 

5upplyvqltag~Vce ..... ",.;... . •.. ,., ......•.....•.......•.......•....•. ;. .• ~0.5Vto tV ..... , .. H ..•....••... 12V 
Input voltage .•...•..•. : ..................•.......•................. ;: ........... -1.5 V to 7 V ....................... 7V 
Input current ..•........•........•.......•............•.......••......•..... -30 mA to +5 mA 
Qff-stat!l.outputvoltage ••.• , •.•••.•............• , ..•• , .. :.' ... >Co ••••••• -. ........... ,;-0.5 Vto5.5V •...• , ...•.•.•.. H H ..... 12 V 
5toragetemperature. H. H H H H ... H H H .....••. H H H .•.... H .. H H ... H H H-65° to+15QOe 

Operating Conditions . 
SYMBOL 

MILITARY COMMERCIAL 
PARAMETER MIN NOM ,MAX MIN, NOM MAX UNIT 

.. " ." 

Vee ' $JJpplyvoltage 4.5 5 5.5 4.75 5 5.25 V' 

TA. Operating free-air temperature -55 125 0 75 . "C 

Electrical Characteristics Over Operating Conditions 

SYMBOL PARAMETER TEST CONDITION . MIN TYPt MAX UNIT 

VIL Low-level input voltage'; .... :. 0.8 V 

VIH High-level input voltage 2 V 

Vie Input clamp voltage Vee = MIN II '" -18 mA -1.5 V 

IlL Low-level input current Vee = MAX VI = 0.4 V -0.25 mA 

IIH High-level input current Vee = MAX VI = Vee MAX 40 p.A 

l eom 0.45 
VOL Low-I,evel output voltage Vee = MIN IOL·,,16mA V 

'.' : I .Mil 0.5 
" 

eOm 10H = -3.2 mA 
VOH High-level output voltage * Vee = MIN 2.4 V 

Mil 10H = -2 mA 

10ZL 
Off-state output current* 

VO=O.4V -40 

10ZH 
Vee = MAX 

VO= 2.4V 40 
p.A 

Va = 2.4 V 40 
leEX Open collector output current Vec''¢MAX 

Va = 5.5 V 100 
p.A 

105 Output short-circuit current!* Vee:=5V Va = OV -20 . -90 mA 

lee 5upply current .' Vee = MAX. All inputs grounded .. AII outputs open. 95 140 rnA 
..•. ..... '.' "': 

Switching· Characteristics Over Operating Conditions (See standard test load) 
.... : 

tEA ANDtER(ri.~) OPERATING ... , tAA (ns) . 
DEVICE TYPE ENABLE ACCESS TIME UNIT 

CONDITIONS , 
ADDRESS ACCESS TIME 

RECOVERY TIME ',. 
'" 

:' :.' TYPt MAX.:. TYPt MAX 
" 

635441A. 24 
COMMERCiAl .'" 

35 16 25 

635440.635441 ".: 
" 24 45 16 25 ns . 

535441 A 24 50 16 30 
MILITARY 

535440. 535441 24 55 16 30 

Three-state only. 

1tfo~1I'~'C W""emorles 



High Performance 
512x8PR·QM 
TiW PROM, Family 

Featu .... /Ben.fits 
'3O.ns maximum a~.8IIS .tlme 

'R!lllabletitanlLim"tuogsten fuses (TlW) lIuarantee 
'.' greater than 98·/~. programming yi"lds . 

• Low voltage generi!: programming 

• PNP inputs forlow.input curtent 

• Open 'colieCtor orthree-s18te outputs 

53/635480. 
5.3/635481 
53/635481 A 

Description 
The?3/63$480 and 53/63s4s1/A are 512x8i:Jipolar PROMs 
featuring low input current PNP inputs, full Schottky clamRing, 
and open'coIlector or three-state outputs. The titaniu'm-tungsten 
fuses store aJogicallow and are programmed to the high state. 
Special on-Chip circuitry and extra fuses provide preprogram
ming testing which assures higtl prQgramming yields lind .high 
reliability." . 

The 63 series is specified for operation over the commercial 
temperature and voltage range. The 53 series is slJE!cified for the 

. military ranges. . ..' . , 

Applications 
• Microprogram confi'ol'Stora' 

• . Microprocessor program store . 

• Look-up table . 

.; Character generator 

tiCQde !:onvertllr 

• Progr~mmable Logic Element (PLE'") with 9 Inpilts, 1I.outputs, 
and 512 prodUCt terms .. . 

Selection .Guid. , 

ME",ORY 
d-

PACKA.GE 

., SIZE ORGANIZATI~N OUTPUT PINS TYI'E 
; .' TS 

'" 4K 512x8 TS 20 N,J.F. 
, NL.L 

OC 

Pin Confl.,,,, ... tions 

Progr .. mming 
The 53/63S480and 53/63S481/A PROMsareprogn~mri1ed with 
the same programming algorithm as aU ,other Monolithic 
Memories' generic TiW PROMs. For details contact the factory. 

PERFORMANCE 

Enhanced 

Standard 

81~k Diagram 
M 19' 

A7 18 
M 17 
AS 16 

'A1 

Aci 

.. ' , 

. • PARt NUMBE~ 

. O"C to+75·C -55°C to +125°C 

63S481A .','. 538481A 

638481 538481 

s3S480. 53S4BO 

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

6' 7 ~ 9 11. 12 13 14 

01 02 03 04 05 o~ f)7 ()8 

.' ., •. " .. " .... ,' ...•••. ,; .. '. ,.c ....... ',., ;., .. ', ........... " .... , ..... ', ...... TWX;.91!l~~-1l378 
2175 Mission College 8/vd. !lanil! ctara; CA 95054"1 59f :Tel: (408) 910..91'00 . TWX: . 91e~338-2374 

, .oniJIlthllJ m 
' •• morlea'. ." 

3-17 



',3/635480 5316,354811 A " 
,f"'. ' ,:,"" , 

AbSolute Maxl;"unl Ratln... "()~Ing': 'p~l'Iinmlng 
~:~I~t::~;~e~'~::::: ::~::::::: :;:r:': :::::::::::::::::::::::: ::,:::::: ::: :::,;,~~:~~ !~{~,: :;,::::':::: :::: :':::>:: :~~"~ 
Input current ...........•..........................••...••••...... ~ ...•....• -30 mA to +5 mA 
Off-state output voltage ..••......•.•...••....•.. ' ............................... -'0.5 V to 5.5 V ...................... 12 V' 
Storage temperature' .......... ; ................ : ............. '; ..... :: ..... : ... -650 to +15O"C ' , 

Operating Conditions 
" ~" ". , .~ 

, " MILIT~RY COMMER~IAL 
SYMBOL PARAMETER MIN NOM MAX MIN NOM, MA", 

UNIT 

VCO" Supply voltage 4.5 5 5.5 ,4.75 5 5;25 V 

TA Operating free-air temperature -55 125 0 75 ~C 

, 

DC Electrical Characteristics Over Operating Conditions 

[SYMBOL PARAMETER TEST CONDITION MIN Typf MAX UNIT 

VIL Low-level input voltage 0.8 V 

VIH High-level input voltage 2 V 

VIC Input clamp voltage VCC=cMIN II -18mA -1,5 V 

IlL LOW-level input current VCC = MAX VI = 0.4 V -0.25 mA 

IIH ,,"', High-level input current VCC= MAX VI = VCCMAX " .. , 40 p.A 

I Com 0,45 
VOL LOW-level output voltage VCC = MIN 10L = 16mA V 

I Mil 0.5 ,:\,. 

Com, IOH = -3.2mA 
.. , 

VOH Hlgh~le~el'output voltage" VCC = MIN 2.4 V 
MiI,lOH =-2 mA" 

lOlL 
Off-state output current" 

Va = 0.4 V -40 

10ZH 
VCC = MAX 

VO=2.4V 40 
JlA 

VO=2.4V 40 
ICEX Open collector output cu rrent VCC = MAX 

Va = 5.5 V 100 
p.A 

lOS OiJtput short-circuit current!" .VCC"5V Va = OV -20 -90 mA 

ICC Suppiy current Vcc = MAX. All inputs grounded. All outputs open. 104 
.. 
155 rnA 

Switching Characteristics Over Operating Conditions (see standard test load) 

", tAA (nil)' 
tEA AND tER (ns) 

. OPERATING DEVICE TYPE ADDRESS ACCESS TIME 
ENABLE ACCESS TIME 

CONDITIONS RECOVERY TIME UNIT 
; 

TYPt MAX TYPt MAX ; 

COMMERCIAL 
635481 A .. .. 22 30 18 ';'25 

63S48Q, 635481 22 45 18 :25 
ns 

",' 53S481A 22 40 18 30 
MILITARY . , 

53S480, 53S481 22 50 18 35,' ., 
.' 

* Three-state only", * * Not more than one output should be shorted at a time and dI,Jration of the short-circuit should not exceed one second. 

1'Typicalsat5.0\lVCCand2soCTA· 
',,,"/ "" 

",', 
Monolithic m .. :""";"s 3.18 



High Performance 
512x8 PROM 
TiW PROM Family 

Features/Benefits 
• Upward pinout-compatible with higher density PROMs 

• 45-ns maximum access lime 

• Reliable titanium-tungsten fuses (TiW) guarantee greater 
than 99% programming yields 

• Low-voltage generic programming 

• PNP inputs for low input current 

• Three-state outputs with four ANDed enable pins 

• Saves space with 24-pin SKINNYDIP® package 

Applications 
• Microprogram control store • Character generator 

• Microprocessor program store • Code converter 

• Look-up table 

Selection Guide 

MEMORY PACKAGE 
OUTPUT 

SIZE ORGANIZATION PINS. TYPE 

4K 512x8 TS 
24 NS,JS,N,J,w, 

(28) (NL),(L) 

Pin Configurations 

512x8 

SKINNYOIP@ is a registered trademark of Monolithic Memories. 

53/635485 

Description 
The 53S485 and 63S485 are 512x8 bipolar PROMs featuring low 
current PNP inputs, full Schottky clamping, and three-state 
outputs. The titanium-tungsten fuses store a logical low and are 
programmed to the high state. Special on-chip circuitry and 
extra fuses provide preprogramming testing which assures high 
programming yields and high reliability. 

The 63 series is specified for operation over the commercial 
temperature and voltage range. The 53 series is specified forthe 
military ranges. 

Programming 
The 53S485 and 63S485 PROMs are programmed with the same 
programming algorithm as all other Monolithic Memoriesgeneric 
TiW PROMs. For details contact the factory. 

PART NUMBER 
PERFORMANCE 

O°Cto +75°C -55°C to +125°C 

Standard 638485 538485 

AS A6 A7NCVCCAS NC 

4 3 2 1282726 

0 El 
E2 
E3 

512x8 E4 

NC 

08 

01 07 

12 13 14 15. 16 17 18 

02 03GNDNC 04 05 06 

Plastic Chip Carrier 

TWX: 910-338-2376 
2175 Mission College eivd.Santa Clim', CA 95054-1592 Tel: (408) 970-9700 TWX: 910-338-2374 

Monolithic ~1!n 
Memories In.Ln.U 
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53/635485 

Absolute Maximum Ratings 
Operating 

Supply voltage Vee ............................................................ -0.5 v to 7 V 
Input voltage .....................................................•............ -1.5 V to 7 V 
Input current ............................................................. -'30 mA to +5 mA 
Off-state output voltage. . . . . . . . . . .. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. -0.5 V to 5.5 V 
Storage temperature ....................................................... -65°e to +150o e 

Operating Conditions 

SYMBOL PARAMETER 
MILITARY 

MIN NOM MAX 

Vee Supply vOltage 4.5 5 5.5 

TA Operating free-air temperature -55 125 

DC Electrical Characteristics Over Operating Conditions 

SYMBOL PARAMETER TEST CONDITION 

VIL low-level input voltage 
Guaranteed input logical low voltage 
for all inputs 

VIH High-level input voltage 
Guaranteed input logical high voltage 
for all inputs 

Vie Input clamp voltage Vee = MIN 11= -18 mA 

III low-level input current Vee = MAX VI = 0.4 V 

IIH High-level input current Vee = MAX VI= Vet MAX 

VOL low-level output voltage I eom 
Vee = MIN IOl = 16 mA 

I Mil 

VOH High-level output voltage Vee = MIN 
eom IOH = -3.2 mA 

Mil IOH= -2 mA 

IOZl 
Off-state output current 

Vo = 0.4 V 

IOZH 
Vee = MAX 

Vo= 2.4 V 

108** Output short-circuit current** Vee = 5 V Vo= OV 

lee Supply current Vee = MAX. All inputs groLinded. All outputs open. 
... 

Switching Characteristics Over Operating Conditions (See standard test load) 

Programming 
.................... 12 V 
....•................ 7V 

.................... 12 V 

COMMERCIAL UNIT 
MIN NOM MAX 

4.75 5 5.25 V 

0 75 °e 

MIN TYPt MAX UNIT 

0.8 V 

2 V 

-1.5 V 

-0.25 mA 

40 JJ.A 

0.45 
V 

0.5 

2.4 V 

-40 

40 
JJ.A 

-20 -90 mA 

115 160 mA 

tAA(ns) 
tEA AND tER (ns) 

ENABLE ACCESS TIME 
OPERATING DEVICE TYPE 

ADDRESS ACCESS TIME RECOVERY TIME 
CONDITIONS 

TYPt MAX TYPt MAX 

COMMERCIAL 638485 26 45 18 30 

MILITARY 538485 26 55 18 35 

* * Not more than one output should be shorted at a time and duration of the short-circuit should hot ,exceed one second. 

t Typical at 5.0 V Vee. and 250 eTA' 

3·20 Monolithic W Memories 
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Higb P,erfor·mance 
2048x4 PFiOM 
TiW·PROM Family 

Features/Benefits 
e 35-ns maximum access time 

~"'Rellable tltani~m·tungsterifuses (TiWlguarantee 
greater than ~"Io prpgrammlng yields . 

e Low~voltage glinericprogrammlng 

e PNP Inputs for low Input current 

. Applications 
e Microprogram Conlrol store 

e Microprocessor program store 

e Look-up table 

, e Cl\'aractergerieralor 

e Code .convertel' 

eProQrammable Logic:~lement (PLE'") with 11 inputs, 

4 outputs and 2048 product terms per output 

Sel_lion Guide 

53/635841 
53/635841 A 

Description 
The 53/638841 and 53/63S841 A are, 2048x4 bipolll,r;f>ROMs 
featuring low input current PNP ir'1puts, full SchottkYlflarriping. 
and three-state outputs. The titaniurri-tungsten fus,es store;a 
10gicaUowand are programmed to .the high state, Special on
chip circuitry and extra fuses pro~jdl'l preprogramrriing testing 
which assures high programming yields and ~igh relial5iiity, 

The 63 series is specified' for, ope ratiO!) ove( the cOrrime~cial 
temperature and voltage range. The 53 series is specified for the 
military ranges. 

Programming 
The 53/63S841,and 537638841 A PROMs are prOgrammed with 
the same progmmmingalgorijhm as.a11 other Monolit.hic MEl/'1Tories 
generic TiW PROMs. For details contact:the factory: 

MEMORY , .. , PACKAGE 
.' 

'PERFORMANCE 
SIZE ORGANIZATION OutPUT PIN$ TYPE . " 

" 
... .. 

'18 N,J,W, 
, ..... 

Enhanced 
8K' l?048x4 I' TS, (20)* (NL),(L) 

,,;: Standard 63S841 
, "'53S841A 

* Avarlab.le;~ erther~-20 or 28' terminal cer::;rmfc.Leadless,Chip C~rner, 

Plneonfigul'ations 'Block Diagram 



/:' 
. <,.",~ 

:prOgr~mmlng 
Supply voltage VCC ............... ···.···························· .., .. :.'.::.,' ..... : '.'; :~,'.'~.'~!~~~': ::: ... ::: ::.:::: :':':~:: ~.;~' 
Input voltage .... '.' .. ; ............................................... . 
Input current ............................................................... -30 mAto +5 mA 
.Off-st<lt~~utR!cIt voltage .. \ .. "," ., ..... :," ...•..• ;',:;." ......•.. '.:' .,;;;: .• : .......... -O,,~ V t95.~ V ..... ".:." '.:" .• ; \ ..•... ,12 Y 
Storage temperature' . :.: .. ' .....• , : ........... : ................. : ....... : ........ _650 to + 150 C 

, Operating Conditions '. 

f ." ., I': 

SYM~OL PARAMETER 
1 MILITARY. 

MIN NOM MAX . ,' ' . 

'Vce"" Supply voltage . ..... . '.' , :' I 4.5, . 5' "'5.5 

TA' '.' Operati~g ffee-a(~ temperatlir!l I-55 12.5 ,'. 

Electrical Characteristics Over Operating Conditions 

SYMBOL PARAMETER 

VIL '~w-Ievelinp\!t VOltage ' .. 

VIH High-Ieval inpulvoltage 

VIC Input clamp voltage 

IlL .... kow~levelinput current ' 

hH !'High-l6V"el input current ..... 

VOL Low-level output voltage 
I--

.. HIgh-level outpu,t vCiltage 

10ZL' , ..•. " 
1---===---1 . Off-state ofJtput current 

IOZH 

lOS Output short-circuit current * 

ICC · .. ,supply.current 

. ' ." 

TESt CONDITION 

Vcc = MIN II = -18mA 

VCC=MAX 

VCC=MAX VI =VCC MAX 

Vcc = MIN 
ICon{ .. 

I Mil 

Mil 10H = -2 mA .' 
VCC';"'MIN 

Com IOH =-3.2 rnA .' 

'.: ,;': .. 
Vec= MAX 

. VO=O.4V 

Va = 2.4 V 

Va =OV 

v CC '" MAX. All inputs grounded. Ail outputs open. 
'., ;.. . " ' . 

; .j. 

SWi~hirig. Chiiracteristics . Over Operating eor1ditioris (Seestandafd testlo~) 
j ,', ,.' .' ., 

'. 

COMMERCIAL " '. 

MINNdMMAX YN,IT 

4.75 5 5.25 V 
.. 

b 75 °6 
., 

MIN TYPt MAX 'UNIT 

.0.8 V 

2 V 

. '< ",1.~ . V 
. :"0.25 mA 

40 /JA 

.0.45 
V 

, 0.5 

2.4 V 

i, '-40 ::;-

40 
/JA 

-20 .,'. -90. mA 

110 150 rnA 

, tEA AltIQ'tER (ns) 
ENA8lE.A~~~SS TIME 

RECOVERY TIMEU~lT 

. TYPt 



High Performance 
1024x8 PROM 
TiW PROM Family 

Features/Benefits 
• 30-ns maximum access time 

• Reliable titanium-tungsten fuses (TiW) guarantee 
greater than 99% programming yields 

• Low-voltage generic programming 

• PNP inputs for low input current 

• Three-state outputs 

• 24-pin SKINNYDIP® or 600-mil DIP package 

Applications 
• Microprogram control stores 

• Microprocessor program store 

• Look-up table 

• Character generator 

• Code converter 

• Programmable Logic Element (PLE'") with 10 Inputs, 

8 outputs and 1024 product terms 

Selection Guide 

MEMORY PACKAGE 
OUTPUT 

SIZE ORGANIZATION PINS TYPE 

24 NS,JS,N,J,W, 
8K 1024x8 TS 

(28) (NL),(L) 

Pin Configurations 

Plastic Chip Carrier 

SKINNYOIP® is a registered trademark of Monolithic Memories. 

53/635881 
53/635881A 

Description 
The 53/63S881 and 53/63S881A are 1024x8 bipolar PROMs 
featuring low input current PNP inputs, full Schottky clamping, 
and three-state outputs. The titanium-tungsten fuses store a 
logical low and are programmed to the high state. Special 
on-chip circuitry and extra fuses provide preprogramming 
testing which assures high programming yields and high 
reliability. 

The 63 series is specified for operation over the commercial 
temperature and voltage range. The 53 series is specified for 
the military ranges. 

Programming 
The 53/63S881 and 53/63S881 A PROMs are programmed with 
the same programming algorithm as all other Monolithic 
Memories generic TiW PROMs. For details contact the factory. 

PERFORMANCE 

Enhanced 

Standard 

Block Diagram 
(DIP Pinout) 

A9 22 

A8 23 

A7 1 OF 64 
ROW 

A6 3 DECODER 
AS 

A3 

A2 

A1 

AO 

E1 
E2 
E3 
E4 

4 

PART NUMBER 

O°C to +75°C -55°C to +125°C 

63S881A 53SB81 A 

63S881 53S881 

64 x 128 
PROGRAMMABLE 

ARRAY 

9 10 11 13 14 15 16 17 
01 02 03 04 05 06 07 08 

PLE'" is a trademark of Monolithic Memories. ',,' ',,' TWX: ,910-338-2376 
2175 Mission College Blvd. Santa Clara, CA 95054-1592 Tel: (408) 970-9700 TWX: 910-338-2374 

Monollthlell!!. 
Memories Ln.UW 
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53/635881 53/63S881A 

Absolute Maximum Ratings 
Operating Programming 

Supply voltage vee .. .. , ....... ' ............................................ '." .. -0.5 V to 7 V ...................... 12 \I 
Input voltage ................... ; ............................................... ~ 1.5 V to 7 V , ...................... 7 V 
Input current ............................................................... -30 mA to +5 mA 
Off-state. output voltage ...... , ................. , ................................ -0.5V to .5.5 V ...................... 12 V 
Storage temperature .......................................................... -65°e to +150o e 

Operating Conditions 

SYMBOL 
MILITARY COMMERCIAL 

PARAMETER MIN NOM IIiIAX MIN NOM 
-

Vee Supply voltage 4.5 5 5.5 4.75 5 

TA Operating free-air temperature -55 125 0 

DC Electrical Characteristics Over Operating Conditions 

SYMBOL PARAMETER TEST CONDITION MIN .TYPt 

Vil I low-level input voltage 
Guaranteed input logical low voltage 
for all inputs 

VIH High-level input voltage 
Guaranteed input logical high voltage 

2 
for all inputs 

Vie Input clamp voltage Vee = MIN II = -18 mA 
.---

~--, low-level input current Vee = MAX VI=O.4V 

IIH High-level input current Vee = MAX VI= Vee MAX 

I eom 
Val lOW-level output voltage Vee = MIN 10l = 16 mA 

I Mil 
r-----

VOH High-level output voltage Vee = MIN 
eom 10H = -3.2 mA 

2.4 
Mil 10H = -2 mA 

10Zl Va = 0.4 V 
Off-state output current Vee = MAX 

10ZH Va = 2.4 V 

lOS Output short-circuit current* Vee = 5 V Va =OV -20 

lee Supply current Vee = MAX. All inputs grounded. All outputsopen. 92 

Switching Characteristics Over Operating Conditions (See standard test load) 

tAA (ns) 
tEA AND tER (ns) 

ENABLE ACCESS TIME OPERATING DEVICE TYPE ADDRESS ACCESS TIME 
RECOVERY TIME 

CONDITIONS 
TYPt MAX TYPt MAX 

63S881A 26 30 18 25 
COMMERCIAL 

63S881 26 45 18 30 

53S881A 26 45 '" 18 30 
MILITARY 

53S881 26 55 18 35 

* Not more than one output should be shorted at a time and duration of the short-circuit should not exceed one second. 

t Typical at 5.0 V Vee. and 25°e TA' 

3·24 Monolithic W Memories 

MAX 

5.25 

75 

MAX 

0.8 

-1.5 

-0.25 

40 

0.45 

0.5 

~40 

40 

-90 

160 

UNIT 

V 

°e 

UNIT 

V 

V 

V 

mA 

iJ. A 

V 

V 

iJ. A 

mA 

mA 

UNIT 

. 

ns 



High Performa:nce 
4096x4PROM 
f,.PROMFamily 

Features/Benefits 
•• i1s maximum acc;ess time 
'.' RiI.18b1~ .• t~iu",-tu#9.t.n fu ... friW) 
;\t~rYOltage:lIfDericprogramm'ng. 

.• :p.NPlnpQ,t~f()i,o'w Inputc,..rrent 

·~licatlon. 
• . Ittlc:J1)prOgI'lllll control .to .... 

!NlIct,OPrc.QO/' pivgram.to .... 
• ~ i"OOk.aptabl. >, 

i.~Ci:mve~ . 
~. PrOgrammable L.oglc Ekinuiht (PLE'M) 12 InPuts. . 

. 4 OUtputs,.4096 product iannl ... 

SeI~tio"Quide 

.•.. ,PACt(AGE 
.,QUTPUT· I· 

4Kx4 .... . .... 
TS ... ;;, .. 

. ' ' .... . 

53/6351641 
53/6351641A 

Description 
The 5316351641 features low'li'iput.eurre"\ PfIIp; inpuis .. fUll 
SchoUkycfampingand . three-state outputs; The. titanium
tungsfeA fuses sWea logical low .and are programmed to the 
high state: Special Ol1:.chip circuitry ,and extra fuses provide 
prei!rogramming testing which ~u~ highprogrammiogyields 
~nd high reliability.' .... " . . 

Thef?9 se~iesis .. ~iWcifiikt for operatioh.o~(·tfl~ QOmmercial 
temperature and voltage range. The 53 series is specified for the 
military ranges. . . 

Programming 
the 53/e3s1641 PROM :is pr-ogrllmrhed,\,//ith i~'same .pro
gramming algorithm as an bther Monolithiq M!3mones'generiC 
TfW filROMs. Fordetails contaCt tbefaciory.}' . . .; 

.... 
. P~RF~MANCE 

. ;..ooeto +75·C 
P4RTNUMBEB 

. 63S1641A .' .53S1641A .,. 
. " 

..: .. Stllndan:f •..•.. 
........ 

EI 



53/6351641 
, .( 

"h~ 

AbsOlUleMaximumAatings .~ 
.....••.... ' '.' .... ' O~ratl!111 

~""ppIYJ;ol~g~'vcc .... .." . .,... . .'~ •.•.•...•.•.........•... o.! ~ ... ;., ..... :"i.·t· ••• -O.5Vto .. ~·~c •• :.~. ;::', •• ,~ .• * 

Input vOltage .......•..•.......•....•....• : •...•...•.•.....•.. ; ........ " .. ': .•...• '; -1.5V to 'lV', ......... . 
Input current ...•••....•.•.......• '," •................•......•..•...•.......•• -3OmA to +5mA 
()ff-stateoutput voltage •. ; •.. ; .•. ;; ..•... ,." ...•. , ii •• • , •.... ; .;' .•....•... '; ; •• ' •• :.-0.5Vto 5.5V' "~' .......... ;i.!";; ; '; •• 12V 
Storage temperature .........•...•.................•.. , .••.....•......•....•. -65"C to +150·e 

SYMBOL PARAM~TER 
MILITARY' .' COMMERCIAL 

MIN NOM MAX MIN NO~MAX 

Vee .' Supply voltage 4.5 5 ·5:5 4.75 '5' 5:25 

TA • Operating free-air temper,at4re -55 125 0 75 

Electrical Characteristics Over Operating Conditions .," 
SYMBOL PARAMETER TEST CONDITION MIN TYP~,MAX 

VIL Low-level input voltage 0.8 

VIH " High-level input voltage 2 

VIC Input clarnp voltage Vee;=MIN II = -18mA :'1.5 

IlL Low-level input current Vee = MAX VI = 0.4 V -0.25 

IIH High-ievel input current Vee = MAX VI = Vee MAX 40 

Vee = MIN 10L = 16mA I eom 0.45 
VOL " 

L<iw-Ievel.qu~put·voltage 
I 'Mil 0.5 

VOH High-level output voltage Vee = MIN 
Com 10H = -3.2 mA 

2.4 
Mil IOH = -2 mA 

'OZl V()=0.4V :':40 

10ZH 
Off-state output current '; Vee ;=MAX 

Va = 2.4 V 40 . " 

lOS Output short-circuit current * Vee" 5V Vo=OV -20 -90 

lee Supply 9urrent Vee = MAX. All inputs grounded. All oLitpl!ts open. 130 175 

Switching Characteristics Over. Operating Conditions (&18 standard test load) 
, 

tEA ANDiER (ns) 
tAA (RIO 

OPERATING AJ;)DRESS AC~~SS TIME 
ENABi.E ACCESS TIME 

CONDITIONS 
DEVICE TIME REC'OVERY TIME . 

1 
.' TYPt MAX TYPt " ' MAX 

63S1Ii41A· 28 

.' 
35 ' '. 12 " 25 

COMMEFlCI4L 
" 28 50 ~; . " 12 63S1641 , 25 

53S1641A 28' 50 12 30 
MILITARY 28 .' '.,5381641 65 12 30 

* Not' more th~n one OU!put sh,?uld be shorted at a time and duration of the short-circuit should not exceed one second., 

t Typicals al·S.O V vCC and 2S·CTA· 

." 

V,NIT 

V 

·e 

U~IT 

V 

V 

V 

mA 

J.l.A 

V 

V 

'. p.A., 

mA 

mA 

. 
UNIT 

ns 

>,t' 



High Performance' 
2,048x8 PROM 
TiWPROMFamily 

FeatureslBenefits 
• 35.ns rnaxlmum,IIC(eeSS time 

.163jM..Jlttme~ory ". 

• .p4ella!llJ'titanlum-tungst"n fuses (TIW) 

.~valiabl~ln sp~ce~lnil SKINNYDIP@package 

~~pliq!i~ ..... 
• . Microprogram control stores 

• MIcroprocessor program store 

• Look-ul). table 

• Charact •. r generator 

• Codeconverter ,. 

.' programmable Logic EI~ent (PLEn, 11hlputs, 
· 8 outputs, 2048 product terms 

Selection Guide .. .. .. 

,MEMORY " ", PACKAGE 
OUTPUT 

SIZE, ORGANIZ4,TION . PINS TYpE .. 

53/6351681 
53/6351681A 

Description 
The 53/6381681 is a high-speed 2kx8 PROM which uses 
industrystandai'dpackageand pin out. In addition, th~ devi~ is 
available in the2~pin (0.3 in.) SKINNYDIP®. 

The family features 10Vl(. current, PNP inputs, full Sch9ttky 
clamping and three-state outputS. The Titanium-Tungsten fuses 
store a logical·.low and are' pragra{T1med to the. high state. 
Special.on~l']).p circuipyand el(tra. lyses. provi~, preprogram
mingtesis' I!Yhich .. assurel}igh programming yiElldS' and hjgl) 
reliability. ' , , 

The 63 series is specified fOrOpl3r/ltionove(,fhecommercial 
". temperature and voltage range. The 53 'iierields specified for 

the military ranges. 

Programming 
The '53/63S1681.PROM Is program{T1eQ' with the sa{T1e pro
grammingi'\lgorithm as all otherMonolithic Memories' generic 
TiW PROMs. For details contact the factory. 

~. ' 

" PARr NUMBER 
PERFORMANCE. 

O°Cto+75°C -55°C to~125~C 

24 N.NS.J.Js;w. Enhanced 63S1681A .,,' 53S1681A 
16K 2048xS TS 

' .. (28) .. (Nt),(Lj 
'. ,<'< 

" 

Pin Configurations 

1~ ~~'14 15 1$ 17 1 

Plastic Chip carrier 

8taoo,ard 

810c" Diagram 

"AS 
A7 

A6 

A5 
A4 

,A? 
A2. 
A1 

All 

,6381681 '. 53S1681 



53/6351681 53/,381681 ~,;, 
; ;1 

", i '~~~"' 

Absolute Maximulll .... tlflg.o~rating 
Su,pply voltage voc" .. ; .. ,;~ it:,":. .~; .' •••.•••••..•.•...•...•.•.....•.•...•.• -0.5V"to 7 V, ". 
Input voltSgli .• .' ••.•• '~ ... ' .• < .• ,'::;i;·;~ ........................... ~.' ...•.. ~'; •.. .,t5yto 7 V !:; .. ;\' .. ,. 

:'~9~mml~: 
. ..... 12¥; 

Input current. •....••. ~ ................. :. ............................ ;' ...•• : .. '.~30 mA to'+5 rnA ' 
Off-state. output voltage .................................. ~ ...•.......•.•....•.• -0.5 V to 5.5 V ............. :. ..•... 12 V 
:Storage temperature .:. ... :':.:' ..• '~ •. ;; ... ; .•. ~ .• ;;'. :';~ .... ;.';;.:. .... .'>.;.; .. -'65"C to +150·C)' 

.:":';'." •• 7,V 

Operating Conditions 
, " .<:' :.l , 

MILITARY COMMERCIAL " 
$Y:MBOL, PARAMETER 

MIN NOM MAX MIN NOM MAX 
UNIT 

Vee Supply voltage 4.5 5 ·5.5 4;75 :5":;;';5.25 V 
TA '. Operatlngftee air temperature . 

.' -55 ' 125 0 ",', ,,,:. ;.15' ·0 
:: . ', 

Electrlca1CharaiCterlstic8 OVer Ot;eratlng ~ndltions 
... C', ',; , ",\, .' 

SYMBOL PARAMETER TEST CONDITION MIN TYP(MAX U':.i!r' 
VIL tow~level inp~t voltage o.e .v 
VIH High-level input voltage d' 2 V 

VIC Input clamp voltage .', VeC",M!N II " -18mA .-1,5 V 

ILL Low"level input current. Vce"MAX VI" 0.4 V 
~ -0:25 mA 

IIH " High"level input current Vee "MAX VI" Vee MAl< 40 {lA 

I Com 0.45 
VOL Low-level output voltage Vee = MIN 10L" t6mA I 

V 
Mil 0;5 1* . 

C?mIOH =-3.2mA 
. " 

VOH ., High-'Ievet output voltage Vee = MIN 
MilIOH" .,;:JmA 

2.4 V 
,,-

IOZL 
Off-state output current Vee = MAX 

Va = 0.4V ':'49 
, , /lA 

10ZH Vo.= 2.4 V 40 

lOS Output short-circuit, current * Vee = 5V VO= OV, ., .,20 -90 mA 

ICC Supply current VCC.'" M~~, All inputs grounded. All outputs open. 139 185 mA, 

Switching CharacteriStics Over Operating Conditlon8 (See 8tandardtest load) 

, : tAA (n8) 
tEAANDtER (i'I~r 

'ENABLE A~CESS/rIME 
OPERATING DEVI~ETYPE ADDRESS ACCESS TIME 

RECOVERY TINt~ UNit 
CONDITIONS . : 

.-\ 

TYPt 'MAX TYPt MAx "': ~. ; 
'-\- ~,' 

6381681A. . ·.·····21 '$p. 18 25 
, . 

1'; . 
COM~ERCIAL : " '" 

I . 63S1681 27 50 , 18 ·30 . 
." .,: 

27 30 
ns 

i- " .' >53S1681A ~ ,1 50 1~ .... 
MILITARY :. " 5381681 ,21 60 ..... 1/l ". .;35 

" • * "Not, more· tf)at;' .()ne,.()trtput,~~()UJd be. shorted at.8 time and"d1}(stion:of the short-circuit should not exceed ~e sec~md. 

t TYPic:als8:f5.0 Ii vC;6a~(j25·0 Til:" .• , 

/'"";:, 
"".;., 

'~~;.:;:;". :>:") .' "',~'~::;,',l '," "~>:~:. " 



HighPerform8nce 
4096x8PROM 
TiW PROM Family 

Features/Benefits 
• 35-ns maximum access time 

.• 327G8-bll mem,ry .,' 

• 'Rellable lltanium-tungsten fuses (TiW) 

.• PNP Inputs fOJ.low input current' 

Applications 
• Microprogram control stenes 

• Microprocessor program .itore 

• Look-up table 

• .Charact~r generator' 

• Code converter 

• Programmable LogiC Element (PLE"') with 12 Inputs, 

8, outputs and 4096 prodUct terms 
. . 

Selection Quide . 

MEMORY PACKAGE 

SIZE . ORGANIZATION OUTPUT PINS,' TYPE 

TS 24. N.J.W; 
32 K 4096x8 (28)' (NLj.tL) 

Pin ·COnfiguratlons 

53/6353281 
53/63S3281 A 

Description 
The 53/6353281 is ahigh-speEld 4Kx8 PROM whtch ,uses 
industry standard pinout. . 

The family features low-current PNP inputs. full SChottky 
clamping and JhreE1-state outputs. The Titanium-Tungsten 
fuses store a loglcallow and are programmed to the high state. 

Special ori-chipcircuitry .and extra fuses pro)lide preprogfi!m" 
mlngtesting which aSSlJre high programining yieldS and.1:Iigh 
reliability. 
The 63 series is specified for operation ovex the cQm,nercial 
temperature and voltage range:' The 53 seri. is' speCified for 
the military ranges, . . , . 

Programming. 
The 53/63532/!1 PROM is. programmecf witI') the same pro~ 
gramming.l!:lgorithm as all other Monolithic Memories' generi~ 
"FIWPROMit For details~ntact thefaC!ory' . .. 

pART NUMBER 
PERFORMANce 

''-55~C to +1~C O°Cto+75~C 

Enhafl'(:et1 '6353261A' ·.53S3281A: 
;. 

standard ;( ··635328'······ .. '5353281 
.. 

EJ 



, 

531'63S3281 531'63S3~~14 

4bso1ute Maximum Ratl~9S Operating . Programming 
Supply voltageycC .... "".' . '!".' •••••• ,,) ••••••••••••••••••••••••••••••••• ,' -Q..5V to 7 V ............ , ••••••• , .:12 V 
Inputvo)tag!i!:1 .. ,:·, •.•••• i;·~ , .• ~ •... , .... , ... , •...................... ;; ... ; ...• ; ... ·t5Vt07N' .·".,' ••••••••••••••• ' •. :7V 
Input current ............................................................... -30 mA to +5 mA 
Off-state outputVQltage •.• \ .................................................... -0.5 VIO 5:5 V ...................... 12V 
Storage temperature •••••.... : ........ : ..••••••.•. :' ...• : •...••• ': ..... : ..••••• -s5"C tci'+150°C' 

Operating Conditions 

SYMBOL PARAMETER 
MILITARY 

MIN NOM MAX· 
COMMERCIAL 

MIN NOM MAX UNIT 

Vcc " Supply voltage '. 4.5 5 5.5 4.75 5 " 5.25 V 

TA Oper~t,ing free-air temperature -55 125 0 75 °c 

Eleetrieel CharacteristicS Over Operating CondHions 

SYMBOL PARAMETER TEST CONDITION MIN TYpt MAX UNIT 

Vil low-level input voltage 
" 

,.0.8 V, 

VIH High-level input voltage, 2 '.' V, 

VIC Input clamp voltage Vec= MIN II = -18mA -1.5 V' 

III low-level input current VCC= MAX VI = 0.4 V ,,0,25 mA 

IIH High-level input current . VCC= MAX VI= VCC MAX 40 p.A 

low-level 9utput voltage 10L:. 16mA 
I Com 0.45 

VOL VCC= MIN 
I 

V 
Mil 0.5 

'VOH High-level output voltage .Vce'" MIN 
Com 10H = -3.2 rnA 

2.4 V 
Mil IOH = -2 rnA 

10Zl VO= 0.4 V -40. 

10ZH 
Off-state output cu rrent VCC = MAX 

Vo = 2.4 V 

lOS Output short-circuit cllfrent * VCC= 5V VO= OV -20 

ICC Supply current VCC = MAX. All inputs grounded. All outputs open. 150 

Switching Characteristics Over Operating Conditions (See standard ~t lOad) 

" tAA (ns) 
, lEA AND tER (ns) 

ENABLE ACCESS TIME , OPERATING, DI;:VICETYPE ADD.RESS ACCESS TIME 
RECOVERY TIME 

CONDITIONS 

TYPt MAX TYPt MAX 

63S3281 A " 

~." 26, 35 18 30 
COMMERCIAL 

63S3281 2,6 45 18 30 , ' .. 
.' 

. 53S3281~: 26 40 18 35 

MILlT~RY 53S3281A 26 50 18 , 35 

.. :, :: ',53S3281 26 60 18 35 
" 

* Not more than one output shOuld be shorted at a time and duration of the short-CirCUit shOUld not exceed one second. 

t Typicals at 5.0 V Vce and 25·C TA' 

40 
p.A 

-90 rnA 

190 rnA 

UNIT 

". 

ns . 

. 



HighPerforinance PROMs 

53/635080 53/635081 635081A 
Typical ICC vs Temperature' 'TYpical TAA vs Temperature 

130 30 r-"'TT"-:"-"j":""-r--;-r-,---,;--...,........, 
: ~: i 

120 

' .. 
E 
• 100 
(J' 

.P 

70 . -rs 

';; 

I 

i 
I 
I Vee = S.S v. 

t· -.. ~ r---I ......., 1'-- ...... 
'1 . ~ 

I Vee = S.25V 

I . 

1 

1 

·1 
"7, 

-5~ .. I-

-so -2S 0 25' " 50,. '. 75' 100 125 

',' TA'-AMSI.ENT TEMPERATURE-'C 

.: . 53/635140 
TvllieallCC va Temperature '. 

,1'28 I""""Tr--'--r--,...r'"'--;---'-,---,;--,.....--, 

TA c AMBIENT TE.MPeRATURE '.~C; 

53/63$240 
1'yPlcallcCvs1'e~""'tu,. ... 

I 

1 

.' I~s~ I~ 
0_7~~--,-'_""'SO-_-':25:---'0-'--2'-"S ..,....so!-,:··r •. ;,.... 7 ..... S-,-:"00--',25 

TA -AMBIENT TE,!,PE~A:rURE~~e::i:. 

-75 ,-so -25;' 0 25· . so·.·· 75·' 100 125. 
TA- AMBIEIliT TEMPERAtURE'- 'C 

5a/~.3S241 JA 
'JypicaITAA'''~ Temperature 

60 '. . '. 



High Performance PROMs 

5;1163$2,80 53/635281:/A~! 

Typical ICC va Temperature Typica, T AA vs Temperature 

130 
I 
'I 
1 

60 
1 

1 

1 

1 
, I 

1 
1 

120 
I 
I ·f 

I 
, 

so 

11 a 40 
1 

r- Vee = 5.SV, I 
I / a -I .....:::: ~ I 

~ I 

: Vee = 5.25V-' 
......... .......... 
~ ,I' 

1 

1 

-55: 
a I " 

c 
';' 10 

II 
90 

80 

7 
~ • ~ 0.25 ~ ~ m ~ 

I 
I " 
I / Vee ±10% 

~ r-- / -I 
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53/635285 53/635285A 

Typical ICC vs Temperature 

150 

I 
I 

140 

I 
I 

130 
1 
1 

I ~ i'-. .. " IT 
I K 

J 
vee" 5.2SV 

110 

100 I 
I 

-551 
i 90 

~ • ~ a 25 ~ ~ m ,~ 
, TA -AMBIENT TE,MPERATURE - eo 

Typical T AA vs temperature 
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-551 

1 

~~5~.~~-25~~0-~25~~5~0-~~~~1OO~~125 
TA :AMBIENT TEMPERATURE - GO ' 



High Performance PROMs 

531'635440 531'635441A 

Typical ICC vs Temperature . 

: 
120 : 

I 
I 
I 

,. ~ r--r--- Vee =S.5V 

I -r-..... 
: '...;.. .......... 

..... ""'-Vee =5.25V ,'\ 1 
I 

110 

~ 
, 100 

li' 
90 

80 I 
I 
I 

,.,0 
. I 

.', ~75 -50 -25 25 50 75 100 125 
':l J ~ ,'; , 

T A - AMBIENT TEMPERATURE. 'e 

Typical T AA vs Temperature 
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531'635480 53:i63541JiA 

. Typical ICC vs',~per8ture.;, " . . 
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I' 

.1 
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I 
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" 
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; 
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High Performance PROMs 

53/63548553/635485A 

Typical ICC vs Temperature Typical T AA vs Temperature 
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53/635841 53/635841A 

Typical ICC vs Temperature Typical T AA vs Temperature 
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High PerfOrmance PROMs" 

53/635881 53/635881A 

Typical ICC va Temperature Typical T AA V8 Temperature , 
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High'~rmance PROMs 

53/8351681 53/8351881A 

Typical ICC va Temperature ' Typical T AA va Temperature' 
200 

: 0 
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1 1 

180 60 
1 1 
I I 
I 1 

160 5 0 
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53/8353281 53/63S3281A 

Typical ICC va Temperature, Typical T AA va Temperature. 
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High Perfonnance.PRpMs 

Switching TeSt'LOad Definition of Timing Diagram 

.' . 

. INPUTS 

~ .. DON'T CARE; 
~ CHANGEPEIIMITTED 

'}"',,; 

1l><K NOT 
APPLICABLE 

MU~ BE.STEADY 

.~ 

.CHANGING; • 
STATE UNKNOWN' 

. 'CENTER LINE IS 
HIGH IMPEDANPE $TATE 

'. > WILL BE.STeApy 

Defi"ilion :otWave~rms 

Notes: 

A~~ .. J ~ .• ,.-... ~i;" ",i' 

:~=."":".·====:=::r:. ========::~,::~?t~ 
'-"." " '" 

1 .. Input pulse amplltude{) v to 3.0 V. 
2. fnput r~ and fall Ii"':" 2-$ ns iiom o.s.v 10 2.0 V. 
3 .. lnpUI accesstneasure¢.allhe 1.5 Vlelil!L 

,4;JAAjS.I\!Sted wilti S\'Iftch..S1cl.~. CL ~ 30 pf':and measufed lias V oulpul level. . 

5.~(*n CQlleptord<!yiC&", lEA sndlER are measured al the 1.5 V oulput ItMllwith 5, cl~ed and CL = s6 PF. 51'18 (lpen fot hlg}i:i.mpedence to "t~ leSt, and. 

';CI~fothighln\pedence.ll>"lftest. . ;"'.. ;>. ...., .' ..... ' . ..' 
:'IER's ~e.t wii/ICt':" 5'pF.·..$1·!SOP!") for '1".1<) high lmpedm test; me!asut:ed li!VOH ~O.5 Voutput 1~~S11.s'~for 'Ii" 10 

.highimpedancetesttneasuredatVOL +O.5Voolput ""'eI. . ;. .... .. .. 
" • .~,\': ,'. . . ~ I':" 



High Performance 
512x.8";,,,:' 
Registered PROM 

Featu .... /Ben.fits 
• Versatile synchronous and asynchronous enables 

• Asynchronous prel!8t alld clear 

• Edge-trtggei'ed "O"'reglslers 

• II-blt-wlcle In 24-pln SKINNYDlp4!l for highboard,denslty 

• On-chlpreglster .Impllfles sySteni timing 

• Faster cycle times 

• 16 mA IOL OlIfput drive capabllHy 

• Relleble titanium-tungsten fuses (TI W), with progremmlng 
yields typically greater than 98% 

Applications 
• Microprogram control store 

• State sequencersfstate machines 

• Next add"" generation 

• Mapping PROM 

• Programmable Logic Eleme~ (PUr''') , " 
9 Inputs, 8 Reglslered Outputs, 512 Procluct tltrm' 

Selection Guide 
,MEMORY PACKAGE 

SIZE ORGANIZATION '," PINS TYPE 

24 NS,JS. 
4K 512x8 (28) W, 

(NL),(L) 

5"3L63RA481 
53/63RA48,1.A 

Description 
The 53163RA481 arid53163RA481 A are 512x8 Registered PROMs 
with on-chip "0" type registers, versatile output enable control 
through synchronous and asynchronous three-state enable 
inputs, and asynchro!'lOus preset and, clear", 

Data is transferred into the output registers on the rising edge of 
the clock. The datawlU appear at the outputs provided that both 
the asynchronous (E) and synchronous (ES) enables are Low. 
Prior to the positive clock edge, register data are not affected by 
changes in addressing or synchronous enable Inputs. 

Memory expansion and data control'ls,madll'mdre fleXibl8 with 
synchronous and asynchronous enable inputs. Outputs may be 
set to the high-impedance state at any time by setting E to a High 
or if ES is High when the rising clock edge occurs. When Vee 
power is first applied, the synchronous enable flip-flop wiU be in 
the set condition causing the outputs to:, be in the high-
impedance state. ' ' ' " 

The output registers will be set to aU Highs when preset is 
Low independent of the state of clock. The output registers will 
be reset to aU Lows when clear'is Low independent ofthe state 
of clock. Note that preset and clear are exclusive operations and 
canRot occur Simultaneously. 

PART NUMBER 
PERFORMANCE 

0·Cto+75°C -55·C to +125·C 

Enhanced 63RA481 A 53RA48lA 

Standard 63RA481 53RA481 

SKINNYDI"" Is a registered trademark of Monolilhlc'Memorles ' MOnolIthIc, m 
PLE'" is a trademark of Monolithic Memories. ' , TWX: 910-338-2376 ' ' ' , , 
2175 Mission Cblhige Blvil. santa ciar •• cA 9S054~1S92 Tef(408) 97'oA,i'Oo rWX:§1 0:3311-2374' ,Memories. ' , ,"', 
3-38 



Block Diagram 

Pin' Configurations' 
., 'c • < _: 

53/6~8A481 53163RA481A 

AI> 
A7 
AI 
AS 
A4 

E-----' 

:,00 

32x128 
PROGRAMMABLE 

ARRAY 

AS ill A7 ,NCYCCAI jij!i 

,4 3 

o 

512118 

HC 
QO 11 

, 12 1314,1$16 ,:i 18 

"Q1Q2GNDlI!C03 Q4 as , 

PllIstlc Chip Carlier 

i! 
,CLR 

'ES -
'CLK 

HC 
01 
06 



53/63AA481 53/63RA481A 

Absolute Maximum Ratings 
Operating 

Supply voltage vee ............................................................. -0.5 V to 7 V 
Input voltage .............••............•.......................•.......••...... -1.5 V to 7 V 
Input current ............................................. , ............. ; .... -30 mA to +5 mA 
Off-state output voltage ........•...•.....................•..................... -0.5 V to 5.5 V 
Storage temperature ...................................................... , .. -65°e to +150oe 

Operating Conditions 
COMMERCIAL 

'. 

Programming 
•..................•. 12 V 
...................... 7V 

..................... 12V 

MILITARY 

SYMBOL PARAMETER TYPt 63RA481A 63RA481 53RA481A 53RA481 UNIT 

MIN MAX MIN MAX MIN MAX MIN 

Vee Supply voltage 5.0 4.75 5.25 4.75 5.25 4.5 5.5 4.5 

TA Operating free-air temperature 25. 0 75 0 75 -55 125 -55 

tw Width of clock (High or Low) 19 20 20 20 20 

tprw Width of preset or clear 
10 20 20 20 20 

tclrw (Low) to Output (High or Low) 

tprr Recovery from preset or clear 
11 20 20 25 25 

tcl rr (Low) to clock High 

ts (A) Setup time from address to clock 22 30 35 35 45 

ts (ES) Setup time from ES to clock 7 10 10 15 15 

th (A) Hold time from address to clock -5 0 0 0 .•. ;· '. 0 

th (ES) Hold time from ES to clock -3 5 5 5 

Electrical Characteristics Over Operating Conditions 

SYMBOL PARAMETER TEST CONDITIONS 

VIL Low-level input voltage 

VIH High-level input voltage , 

V,e Input clamp voltage Vee = MIN 'I = -18mA. 

IlL Low-level input current Vee = MAX VI = 0.4 V '. 

IIH High-level input current 
.; 

. Vee = MAX VI = Vee 

VOL Low-level output voltage Vee = MIN 10L = 16mA ". 

VOH High-level output voltage Vee = MIN 
Com 10H = -3.2 rnA 

MillOH = -2mA :. 

iOZL Va =0.4 v 

10ZH 
Off-state output current Vee = MAX 

VO=2.4V 

lOS Output short-circuit current* Vee = 5V Vo= OV 

Ice 
'. Supply current Vee = MAX. All inputs TTL. All outputs open. 

* Not more-than one output should be shorted at a time and duration of the short-C.lfCUlt should not exceed one second. 

t Typicals at 5.0 V Vee and 25" eTA' 

5 

MIN TYPt 

. 

2.0 

2.4 

-'20 

130 

MAX 

5.5 V 

125 °e 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

MAX UNIT 

0.8 V 

V 

-1.2 V 

-0.25 mA 

40 itA 

0.5 V 

V 

-40 

40 
itA 

-90 mA 

180 rnA 



53/83RA481 53/83RA481A 

Switching Characteristics Over Operating Conditions and using Standard Test Load 

COMMERCIAL . '. MILITARY 
' .. 

SYMBOL PARAMETER TYpt 63RA481A 63RA481 53RA481A 53RA481 UNIT 

MIN MAX MIN MAX MIN MAX MIN MAX 

tClK Clock to output Delay 11 15 20 20 25 ns 

tesA Clock to output access time (ES) I 14 25 30 30 35 os 

tE.SR Clock to output recovery time (ES) 14 25 30 30 35 ris 

tEA Enable to output access time fE) 10 20 30' . 25 , . "35' ns 

tEA Disable to output recovery time (E) 10 20 30 
.... 

25 35 ns 

fpEl Preset to output delay (PA) 15 25 25 2:; 
,,' 

.3p .. nS; 

tOlR. I' . Clear to output delay (ClR). I' '. 18 25 30 .35 4q ns 

t''ryp;cal. af5.qVVcc and 25'C TA 

Function Table ,. 

E 
, . ......:;. .. 

elK Operation ,.;. ES,' PR ClR. ... A8"A'O 07-00. '. " 

f.! X X X X X Z High-Impedance 
X' .. H t X X X Z High"lmpedance 
L l' X L H X H Preset 

.···V l X H L X l Clear , 
l' . L- X C •. l X lIIegalOperation I .•. 

I L l t H H A. Data I Memorv Acces's 
·n· .. l·";";' .' 

~finitio"Of Waveforms. 

CLK' 

Q 

Notes;.l 



HighPerformallc.e· 
1024xS 
RegisteredP.ROM 

Features/Benefits 
'! Edge triggered "0," registers 

• Synchronous and 'asYI'!Chronous en"bles 

• Versatile,l:16 Inltlillzatlon words 

• 8~Bit-Wi~e In 24-pln SJ(INNYOIpt!> package for high 
board del'lslty< 

'!Simput_' system timing, 

• Faster cycle times 

• ,16 mA IOL output drive capability 

• Reliable ,titanium-tungsten fuses (TIW), with 
programmingyleldJ typically greater thai'! 98% 

Applications 
• Microprogram control stOre 

• Stele sequencers 

• Next address generation 

• Mapping PROM 

• P\'Ogral,Tlmabie !.oglc ElementJPLE"') 
10 Inputs, 8 Reglsterad Outputs, 1024 product terms 

Selection Guide 

MEMORY, PACKAGE 

SIZE ORGANIZATION PINS TYPE 

24 NS.JS. 
8~ 1024x8 

(28) 
J.W, 

(NL).(L) 

53/63Rsa81. 
53/63RSS81A 

DeScriptfon 
The 53163RS881 and 53163RS881A are 1 Kx8 PROMs with on
chip "0" type registers. versatile output enable control through 
synchronous and asynchronous enable inputs, and flexible start 
up sequencing thrQuph programmable initialization. 

Data is'transferredinto the output registers on the rising edge of 
the clock. Provided thaUhe asynchronous (E) and synchronous 
(ES) enables are loW; the data will appear atthe'outputs. Prior to 
the positive clock edge. register data are nQt affected by 
changes in addresSing or synchronous enable iriputs. 

Memory expansion and data control is made flexible with syn
chronous and asynchronous enable inputs. Outputs may be set 
to the high impedance state at anytime by setting eto a high or if 
ES is high when the rising clock edge occurs. When Vee power 
is first applied the synchronous enable flip'flop will be in the set 
condition causing the outputs to be in the high impedance state. 

The flexible initialization feature allows start up and time out 
sequencing with 1 :16programmable words to be loaded into the 
output registers. With the synchronous INITIALIZE (IS) pin low. 
one of the 16 column words (A3-AO) will be set in the output 
registers independent of the row addresses (A9-A4).The 
unprogrammed state ofiSwords are low. presenting a CLEAFt 
with is pin low. With all is column words (A3-AO) programmed 
to the same pattern. the is function will be independent of both 
row and column addressing and may be used as a single pin 
controL With all is words programmed high a PRESET function 
is performed. 

PART NUMBER 
PERFORMANCE 

GOC to +75°C -55°C to +l25°C 

Enhanced 63RS881 A 53RS881A 

Standard 63RS881 53RS881 

PLE'" Is a trademark of Monolithic Memories. TWX: 910-338-2:376 1IftU •• , ...... .. 
SKINNYOIP8 is a registered trademark of Monolithic MemOries. .. ..... 0' , ' .• 4 .... _ m 
21is Milisloli College Blvei. Sanl~ Ct~ra.CA 95054~15!12 Tel: (408) 97Q,97op 'rWX:910-338-2374 ·.emorles., . 
3~42· 



Block Diagram 

5~/e3RS881 53/63RS881A 

64x128 
PROGRAMIMBLE 

ARRAY 



,S3/63RS88t' 53163RS881A 

Absolute Maximum Ratings 
Operating 

Supply voltage Vee •••••••••.•...•..• ; ..•..•.•.••.•....•..•...•.....•......•... -0.5 V to 7 V 
Input voltage •••••••••••••••••••••••.••..•••..•...••.•..•....•...•..• ','" .. " ••. -1.5 V to 7 V 
Input current .•..•.•....•. " ••.....•...•• ,' •...••.•••.•.••...•.•..•........•• -30 mA to +5 mA 
Off-state output voltage .•.•.•••••.•••••••••••••••••••••••••••••••••••••••••••• -O.S V to.5,5 V 
Storage temperature •.•••.••••••••••••••••••••••••••••••••• ; •••••••••••••••• M65°e to +t500e 

Operating Conditions 
" 

" < 

: : MILITARY 

Programming 
............. · ••••••• 12V 
•••••••••••••••••••••• 7V 

............ : •...••• 12V 

COMMERCIAL 

SYMBOL PAR~METER TYpt 53RS881A 53RS881 63RS881A 63RS881 UNIT 

MIN MAX MIN MAX MIN MAX MIN MAX 

tw Width of clock (high or low) 10 20 20 

ts(A) Setup time from address to clock' 25 40 45, 

ts(ES) Setup time from ES to clock 8 15 15 

ts(IS) Setup time from IS to clock , 20 30 35 

th(A) Hold time address to clock -5 0 0 

th(ES) Hold time (ES) ,. -3 5 5 

th(IS) Hold time (IS) -5 0 0 

Vee Supply voltage 5 4.5 5.5 4.5 5.5 

TA Operating free-air temperature 25 -55 125 -55 125 

Electrical CharacteristiCs Over Operating Conditions 

SYMBOL 'PARAMETER TEST CONDITION$ 

Vil low~level input\l~ltage 

VIH Hig~-I~el input voltage 
,. " 

Vie Inp,Ut clamp voltage Vee = MIN II = -18 t:hA 

III low-level inpufcurrent '. Vee= MAX VI = 0.4V: 

IIH High-level input current Vee = MAX VI =VeCMAX 

Val LOW-level output voltage Vee = MIN IOl = 16.mA 
,,,, 

VOH High-level Olltput voltage Vee = MIN 
Com IOH ,,':'3.2 mA 

Mil 'OH= ;,2 rnA 

10Zl Vo = 0.4 V 

10ZH 
Off-state output current Vee = MAX 

Vo = 2.4 V 

lOS Output short-circuit current* Vee = 5V Vo= OV 

Ice Supply current Vee = MAX. All inputs.TTL All outputs open. 

* Not more than one output should be shorted at a time and duration of the short-CirCUit should not exceed one second, 

t Typicals at 5,0 V Vee and 25°C TA 

20 20 

30 35 

15 15 

25 30 

0 0 

5 5 

0 0 

4.755.25 4.75 5.25 

0 '75 '0 ,"15 
.. 

MIN TYpt MAX 

0.8 ," 

2.0 
, , 

-1.2 

-0.25 

.. 40 

," 0.5 

2,4 

-40 

40 

-20 -90 

130 180 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

V 

°C 

UNIT 

V 

V 

V 

mA 

p.A 

V 

V 

p.A 

mA 

rnA 



53/63RS881 53/63RS881A 

Switching Characteristics Over Operating Conditions and using Standard Test 'Load 

MILItARY . COMMERCIAL 

SYMBOL PARAMETER TYP 53RS881A 53RS881 63RS881A 63RS881 

MIN MAX MIN MAX MIN MAX M.IN MAX 

tCLK Clock to output Delay 10 20 25 15 20 

tESA Clock to output access time (ES) 18 30 35 .. 25 30 

tESA Clock to output recovery time (ES) 17 30 35 25· 30 

tEA Enable to output access time (E) 18 30 35 25 30 

tER Disable to output recovery time (E) 17 30 35 25 30 

Definition of Waveforms 

elK 

r-tER--1 
Q 

NOTES: 1. Input pulse amplitude 0 V to 3.0V. 

2. Input rise and fall times 2-5 ns from 0;8 V to 2.0 V. 

3. Input access measured at the 1.5 V level. 

4. tAA is tested with switch 51 closed. Cl = 30 pF and measured at 1.5 V output level. 

5. tEA and tE5A are measured at the 1.5 V output level with Cl = 30 pF. 51 is open for high impedance to "I" test and closed for high 
impedance to "0" test 

UNIT 

ns 

ns 

ns 

ns 

ns 

tER and tEA are measured. Cl = 5 pF. 51 is open for "I" to high impedance test, measured at VOH -0.5 V output level; 51 is closed for "0" to 
high impedance test measured at Val + 0.5 V output level. 

Monolithic m Memories 



2048x8, 
Registered PROM, 
with Asynchronous _tii!)le 

" ,'J ,~. 

Featuresl Benefits 
• Syncbronousoutput enable 

, " 'I ' ~ c • 

• Edge-triggered "0" ",gtsters 

• Versatile 1:16 user programmable IrlitlaUzatlon wordJ 
• 8-blt-wl«!~ln 24-pin (SKtNNYOIP@ for IIighboard density 

• Slmpllfies.system,Umlng 

• Faster cycle times 

• 16 mA IOl output drive capability 

• Reliable titanium-tungsten fuses (TIW), wllh 
programming yields typically greater than 98% 

Applications 
• Microprogram control store 

• State sequencers 

• Nextaddress generation 

• Mapping PROM 
" " 

• Prog~arnmable logic Element,{PLlS"') 
11 Inputs, 8Regts~ Outp~ 2048pr,odlJ~terms 

Selection Guicie 
MEMORY PACKAGE 

SIZE" ORCANIZATION PINS' TYPE 

53/63RA1681 
53/63.RA1681 A 

Discriptlon 
The 5S/63RAl681·and 'SS/63RA16S1 A are 2~lc8: PROMs with' 

. on-chip"D"~type·,reg·jster$. Output enable control throughah 
as~nchronous enable' input and' flexible startup sequencing 

. through programmableinitiali;zati<;>n words. 

Dataistr~nsferred,intothe Qutput registers on \!l~ riSing edge of 
the clock. Provided,that the asynchronous enabl~ (E)is.low; the 
data will appear at the outputs. Prior to tl1e positive clock edge, 
register data are not affected by changes In addressing. 

Memory expansion and data control is made flexible with 
asynchronous enable inputs. Outputs may be set to the high 
impedance state at any time by setting E to a HIGH. 

The flexible Initlali;zation feature allows start up and time out 
sequencing with 1 :16 programmable words to be loaded into the 
output registers. With the synchronous INITIALIZE (IS) pin 
LOW, one of the 16 column words (A3-AO) will be set in the 
output registers Independent <;>f the row, addre~i!6s (AB"A4). 
With all is column words (A3-AO) programmed tQ the same 
paltern, the 18 function will be independent of both row and 
column addressing ahd may be used as 'asirigle pin control. 
With all,iS words programmed HIGH Ii PRESET function, Is 
p~rforrned. The unprogrammed state 01 is wordsare't:.bW, 
presenting a CLEAR with is pin LOW. 

PART NUMBER 
PERFORMANCE 

-5s°C to +1 isoc oOe'to +7SoC " 

24 
NS,JS, Enhanced 63RA1681A 53RAl681A 

16K 2048x8 
(28) 

W, 
Standard " (NL),(L) :' 63R,A,lsa1 . ~RAl681 

" , 



Block Diagram 

Al0 
A9 
A8 
A7 
A6 
AS 
A4 

is 

A3 
A2 
Al 
AO 

ClK 

E 

Pin Configurations 

53/63RA1681 53/63RA1681A 

1 OF 128 
ROW 

DECODER 

128x128 
PROGRAMMABLE 

ARRAY 

00 01 Q203 '04 05 06 07 

AS A6 A7 NCVCC AS A9 

43 2 1 28 27 26 

0 

A2 

Al 2048x8 

NC 

00 

12 13 14 15 16 17 1,8 

01 02GNONCQ3 04 as 

Plastic Chip Carrier 

f-- 0,3 In. --I 

Monolithic m Memorle$ 

Al0 

is 
E 
ClK 

NC 

07 

06 

3·47 



53163RA168i53163RAi681A 

Absolute Maximum Ratings 
Operating 

Supply voltage vee ............................................................ -0.5 V to 7 V 
Input voltage ..........................•..•..................................... -1.5 V to 7 V 
Input current ....................................................•.......... -30 mA to +5 mA 
Off-state output voltage .....•.....•........................................... -0.5 V to 5.5 V 
Storage temperature ........................................................ -65°e to +150oe 

Operating Conditions 

MILITARY 

Programming 
.................... 12V 
..................... .7V 

.................... 12V 

COMMERCIAL 

SYMBOL PARAMETER TYPt 53RA1681A 53RA1681 63RA1681A 63RA1681 UNIT 

MIN MAX MIN MAX MIN MAX 

tw Width of clock (high or low) 10 20 20 

ts(A) Setup time from address to clock 28 40 45 

ts(lS) Setup time from IS to clock 20 30 35 

th(A) Hold time address to clock -5 0 0 

th(IS) Hold time (IS) -'5 0 0 

Vee Supply voltage , 5 4.5 5.5 4.5 5.5 

TA Operating free-air temperature 25 -55 125 -55 125 

Electrical Characteristics Over Operating Conditions 

SYMBOL PARAMETER TEST CONDITIONS 

Vil low-level input voltage 

VIH High-level input voltage 

Vie Input clamp voltage Vee = MIN II = -18 mA 

III low-level input current Vee = MAX VI = 0.4V 

IIH High-level input current Vee = MAX VI = Vee MAX 

Val low-level output voltage Vee = MIN 10l = 16mA 

VOH High-level output voltage Vee = MIN 
eom 10H = -3.2 mA 

" Mil 10H = -2 mA 

10Zl VO=0.4V 

10ZH 
Off-state output current Vee = MAX 

Va = 2.4 V 

lOS Output short-circuit current* Vee=5V VO= OV 

lee Supply current Vee = MAX. All inputs TTL. All outputs open. 

* Not more than one output should be shorted at a tIme and duratIon of the short-CIrCUIt should not exceed one second. 

t Typicals at 5.0 V Vee and 25°e T A' 

3-48 MonoIIlhIoW WI.morl.s 

20 

35 

25 

0 

0 

4.755.25 

0 75 

MIN 

2.0 

2.4 

-20 

MIN MAX 

20 ns 

40 ns 

30 ns 

0 ns 

0 ns 

4.75,5.25 V 

0 75 °e 

TYPt MAX UNIT 

0.8 V 

V 

-1.2 V 

-0.25 mA 

40 p.A 

0.5 V 

V 

-40 

40 
p.A 

-90 mA 

140 185 mA 



5376:'R.1681 53763RA1681A 

Switchi"l Characteristics OVer Operating Conditions and using Standard Test Load 

.MIUT~RY, '.' .". ': .... COMMERCIAL, 

SYMBOL PARAMETER Typt 53RA1681A 53RA1681 63RA1681A 63RA1681 UNIT 

I'" .,C""'" I'··· .... , .'" :/ : .. , MIN MAX MIN MAX .MIN M~ MIN MAA ' .. ~ 

tC.LK CIock to output Delay , .. , 10 20 25 15 + 20· ns 

'. '~EA Enable to output access time (E)'" .. " ..... : . 15 30 35 25 ' . 3Q n's 

lEA' Disable to outpUt recovery time (E}: . 15 30 35 25 
jo, .... 

ns 
" 

tTypi~als at 5.0 V Ycc aod 25"CTA 

Noles: 1, InpiJlpulse ampfltute 0 Vt03.0 V, 

2. Input rise and fall limes ~5 nsfrom 0,8 V to 2,0 V, 

.. 3. Input access measured at the 1,5 V level. . 

. 4: Switch 81 .is Cldsed. CL =30 pF and outputs ri1eeaured 8t1.5 Voutpulleyel for alltest$except t!';SA alid tESR: ,,;, 

. "s:ts,; 'andtESAar8m~Ured sUhe 1.5V outp\it ievel with CL"'·3(}·pF. S1 is open for high imptidance to "1'.'.tesf; arid ·closedfor high',' 
im~l!ceto~II~te$1. ' .. " .' .'. ......... .... '. '. '. ,;0,' .. . 

t~·a.nd tESR ~~test~ \yit!>;()L = 5 pF :$\';8 0~'16r d:"to h!9h Impedanc~. test •. measured 81 VOti. -1).5 yout~ut level; 81lS.clOSedfor :'0': to 
hog" Impe(fs~IeaI''n\\i.~ur8<la.IVOL.+0.5VouIPutlevet " .• : . ,.: ':'.'. / ',' ..•. ..' ... 

.4 



2048x8 
Registered PROM 
with Synchronous Enable 

Features/ Benefits 
• Synchronous output enable 

•. Edge-triggered "0" registers 

• Versatile 1:16 user programmable initialization words 

• 8-bit-wlde In 24-pln SKINNYOIP® for high board density 

• Simplifies system timing 

• Faster cycle times 

• 16 mA IOL output drive capability 

• Reliable titanium-tungsten fuses (TIW), with 
programming yields typically greater than 98% 

Applications 
• Microprogram control store 

• State sequencers 

• Next address generation 

• Mapping PROM 

• Programmable Logic Element (PLE'") 
11 Inputs, 8 Registered Outputs, 2048 product terms 

Selection Guide 

MEMORY PACKAGE 

SIZE ORGANIZATION PINS TYPE 

24 
NS,JS, 

16 K 2048x8 
(28) 

W, 
(NL),(L) 

SKINNYDIfl® is a registered trademark of' Monolithic Memories. 

5.3/63RS1681 
53/63RS1681A 

Description 
The 53/63RS1681 and 53/63RS1681A are 2Kx8 PROMs with 
on-chip "D" type registers, versatile output enabl.e control 
through synchronous enable inputs and flexible start up sequen
cing through programmable initialization words. 

Data is transferred into the output registers on the riSing edge of 
the clock. Provided that the synchronous (ES) enable is LOW, 
the data wi II appear at the outputs. Prior to the positive clock 
edge, reg ister data are not affected oy Changes in addressing or 
synchronous enable inputs. 

Memory expansion and data control is made flexible with syn
chronous enable inputs. Outputs may beset to the high impe
dance state by setting ES HIGH before the rising clock edge 
occurs. When VCC power is first applied the synchronous ena
ble flip-flop will be in the set condition causing the outputs to be 
in the high impedance state. 

The flexible initialization feature allows start up and time out 
sequencing with 1 :16 programmable words to be loaded into the 
output registers. With the synchronous INITIALIZE (IS) pin 
LOW, one of the 16 column words (A3-AO) will be set in the 
output reJlisters independent of the row addresses (A10-A4). 
With all IS column words (A3-AO) programmed to the same 
pattern, the is function will be independent of both row and 
column addressing and may be used as a single pin control. 
With allIS words programmed HIGH a PRESET function is 
performed. The unprogrammed state of is words are LOW, 
presenting a CLEAR with IS pin LOW. 

PART NUMBER 
PERFORMANCE 

O°C to+75°C -55°C to +125°C 

Enhanced 63RS1681A 53RS1681A 

Standard 63R81681 53RS1681 

PLE"M is ~ trademark of Monollt~ic ,~e<".'ories. , _" " JW_X: ~10:c33_8i~2376 
2175 Mission College Blvd. Santa Clara, CA 95054·1592 Tel: (408) 9'10·9700 TWX: 910·338·2374 

Monolithic l!1!n 
Memories InJl'J.I 

3-50 



Block Diagram 

Pin Configurations 

53/63RS1681 .53163RS1681A 

Al0 
A9 
A8 
A7 
A6 
A5 
A4 

IS 

A3 
A2 
Al 
AO 

1 OF 128 
ROW 

DECODER 

128x128 
PROGRAMMABLE 

ARRAY 

00 01 02 03 04 05 06 07 

AS AS A7 NCIICC AS A9 

4 3 

0 

A1 2048x8 

NC 

00 

12 13 14 15 16 17 18 

01 02GNDNC 03 Q4 os 

Plastic Chip Carrier 

MotIolltblc IF1JI."",orles 

El 

Al0 

is 
Eli 
ClK 

NC 

07 

06 
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53/63RS168153163RS1681 A 

Absolute Maximum Ratings 
Operating 

Supply voltage vee ..... , " .••....•.•.......•••...•..........•.....•......•.... -0.5 V to 7 V 
Input voltage ..........•..........••......•....•...•.......•........••.......... -1.5 V to 7 V 
Input current. .................... , .................................... , .... -30 mA to +5 mA 
Off-state output voltage ....•....•.....•...•••.•.•..•.............•...•••....•. -0.5 V to 5.5 V 
Storage temperature .............................. " ........................ -65·e to +150·e 

Operating Conditions 

MILITARY 

Programming 
.................... 12V 
...................... 7V 

.................... 12V 

COMMERCIAL 

SYMBOL PARAMETER TYpt ~3RS1681A 53RS1681 ~3RS1681A 63RS1681 UNIT 

MIN MAX MIN MAX 

tw Width of clock (high or low) 10 20 20 

IS(A) Setup time from address to clock 28 40 45 

ts(ES) Setup time from ES to clock 7 15 15 

ts(IS) Setup time from IS to clock 20 30 35 

th(A) Hold time address to clock -5 0 0 

th(ES) Hold time (ES) -3 5 5 

th(IS) Hold time (IS) -5 0 0 

Vee Supply voltage 5 4.5 5.5 4.5 5.5 

TA Operating free-air temperature 25 -55 125 -55 125 

Electrical Characteristics Over Operating Conditions 

SYMBOL PARAMETER TEST CONDITIONS 

Vil low-level input voltage 

VIH High-level input voltage '., 

VIC Input clamp voltage Vee = MIN II = -18 rnA. 

III low-level input current Vec = MAX VI = 0.4 V 

IIH High-level input current Vee = MAX VI = Vee MAX 
; 

Val low-level output voltage Vee = MIN IOl=16mA 

VOH High-level output voltage Vee = MIN 
eom IOH = -3.2 mA 

Mil IOH = -2 ITlA 

IOZl Va = 0.4 V •... 

IOZH 
Off-state output'current Vee = M,AJ( 

Vo = 2.4 V 

lOS Output shorFcircuit curreht* Vee = 5V Vo=OV 

lec Supply current Vee = MAX. All inputs TTL. All oLltputsopen. 

* Not more than one output should be shorted at a time and duration of the short-circuit should not exceed-one second. 

t Typicals at 5.0 V vee and 25" eTA' 

3·52 fiIonoIlthlt: W Memories 

MIN MAX MIN MAX 

20 20 ns 

35 40 ns 

15 15 ns 

25 30 ns 

0 0 ns 

5 5 ns 

0 0 ns 

4.755.25 4.755.25 V 

0 75 0 75 ·e 

MIN TYPt MAX UNIT 

0.8 V 

2.0 V 

-1.2 V 

-0.25 mA 

40 !J.A 

0.5 V 

2.4 V 

-40 

40 
!J.A 

..,20 -90 mA 

140 185 mA 



53/63RS1681 53/63RS1681 A 

Switching Characteristics Over Operating Conditions and using Standard Test Load 

MILITARY COMMERCIAL 

SYMBOL PARAMETER TYPt 53RS1681A 53RS1681 63RS1681A 63RS1681 UNIT 

MIN MAX MIN MAX MIN MAX MIN MAX 

tCLK Clock to output Delay 10 20 25 15 20 ns 

tESA Clock to output access time (ES) 15 30 35 25 30 ns 

tESR Clock to output recovery time (ES) 15 30 35 25 30 ns 

t Typicals at 5.0 V VCC and 25°C TA. 

Definition of Waveforms 

A ------.,..-r'-'"tf"'j'°'l-_--'--__ 
ES 

elK 

Q 

~ '.P" -- - '"_ r--,.....!-,-\f-o~ 

Notes: ,. Input pulse amplitute 0 V to 3.0 V. 

2. Input rise and fall times 2·5 ns from 0.8 V to 2.0 V. 

3. Input access measured at the 1.5 V level. 

4. Switch S, is cl~ed. CL " 30 pF arid outputs measured at 1.5 V Qutput level for all tests except tESAand tESR' 

5. teA and tESA are measured at the'.5 V oulput level with CL = 30 pF. S, is open/or high impedance to ","test, and closed lor high 
impedance to "0" test 
tERand tESR are tested with CL" 5 pF. S, is open for "'" to high impedance test, measured at VOH -0.5 V output level; 8, is closed lor "0" to 
high impedanceJest mel,!sured at VOL '+0.5 V output level. 
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J)lag~ic Registered PRQM~ 

Switching 'ntst Load 

vce 

')' 
91 :ri Rl 
3000 

OUTPUT, ,'" 

R2 

CL,* ":"8000 

Schematic of Inputs and Outputs 

EQUIVALENT INPUT 
VCC~----~-------

8 kll NOM 

INPUT ~~-F---,fIIIII--+--

Definition of Tirr-ingDiagrams ' 

WAVEFORM INPUTS 

'fffI:fIlllIJ.Y DONT CARE; , 
~ 'CHANGE PERMITTED 

NOT 
APPLICABLE 

MUST BE STEADY 

EQUIVALENT OUTPUT 

OUTPUTS 

CHANGIN~; 
STATE UNKNOWN 

CENTER LIN" IS 
HIGH IMPEDANCE STATE 

,\1. 

WILL BE STEADY 

--------------4r~VCC 

40 II NOM 

'--t~+----<>OUTPUT 
: ~ 

ENABLE ... --4'-----' 

'(53DA1643 Only) 

EQUIVALENT OUTPUT 
----~--------~~VCC 

'--t~+--'-OOUTPUT 

3·54 Monolithic W'Wlemories 



Registered PROMs 

SWitching Test Load Definition of Timing Diagrams 

VCC WAVEFORM INPUTS OUTPUTS 

)S1 "fI1ffI1fIJ}}] DON'T CARE; CHANGING; 
CHANGE PERMITTED STATE UNKNOWN 

:dR1 

",' " 300n 

OUTPUT" ," ' ," 

R2 

•• ~.~ .. o~" 1t7 (K NOT CE;NTER LINE IS El APPLICA,BLE HIGH IMPEDANCE STATE 

MUST BE STEADY WILL BE STEADY 

Schematic, of Inputs and Outputs 

EQUIVALENT INPUT EQUIVALENT OUTPUT 
VCC~----~~-----

8knNOM 

MOnollthlcUJi Memories a-55 



1 024x4Diagnostic 
Registered· PROM 

53/63DA441 
53/63DA442 

Enables and Output Initialization 

Features/ Benefits 
• Programmable asynchronous output initializa,ion 

• Three-state outputs ";'ith two enables 

• Provides system diagnostic testing with system 
controllability and observability 

• Shadow register eliminates shifting hazards 

• Edge-triggered "0" registers simplifies system timing 

• Cascadable for wide control words used in 
microprogramming 

• 24-pin SKINNYOIP® package saves space 

• 24-mA output drive capability 

• Replaces embedded diagnostic co.de 

• Guaranteed programming yields of greater than 98% 

Applications 
• Microprogram control store with built-In 

system diagnostic testing 

• Serial character generator 

• Serial code converter 

• Parallel in/serial out memory 

• Cost-effective board· tesfing 

Description 
The 53/630A441 and 53/630A442 are 1Kx4 PROMs with 
registered outputs, programmable asynchronous initialization, 
three-state outputs with two enables and a shadow register for 
diagnostic capabilities. 

Selection Guide 
MEMORY 

SIZE ORGANIZATION OPTIONS 

Two asynchronous enables 

4K 1024x4 One synchronous enable, 
one asynchronous enable 

SKINNYDIP® is a registered trademark of Monolithic Memories 

Shadow register diagnostics allow observation and control of 
the system without introducing intermediate illegal states. The 
output register, which can receive parallel data from either the 
PROM array or the shadow register is loaded on the rising edge 
of eLK. The shadow register, which can receive parallel data 
from the output register or serial data from SOl, is loaded on the 
rising edge of OCLK. When the output drivers are disabled, the 
shadow register receiveS its. parallel data from the output bus. 

Ouring diagnostics, data loaded into the output reg ister from the 
PROM array can be parallel-loaded into the shadow register and 
serially shifted out through SOO, allowing observation of the 
system. Similarly, diagnostic data can be serially shifted into the 
shadow register through SOl, and parallel-loaded into the 
output register, allowing control and test scanning to be 
imposed on the· system. Since the output . register and· the 
shadow register are loaded by different input signals, they can 
be operated independently of one another. In addition, diagnos
tic PROMs can be cascaded to construct wide control words 
used in microprogramming. 

When exercised, the initiai'ization input loads the output register 
with a user-progpimmable initialization word, independent of 
the state of ClK,This features is a superset of preset and clear 
functions, and clin be used to generate an arbitrary microin
struction for system reset or interrupt, 

The distinguishing feature between the 53/630A441 and 53/ 
630A442 is onthe output enable structure. The 53/630A441 has 
two asynchronous output enables, E1 andE2. Outputs will be 
enabled when both E1 arid E2 are LOW. The 53/63DA442 has 
one asynchronous output enable Eand one synchronous out
put enable ES. Outputs will be enabled if ES is LOW during the 
last rising edge of ClKand Eis lOW. 

PACKAGE PART NUMBER 

PINS TYPE MILITARY COMMERCIAL 

53DA441 630A441 
24 NS,JS,W, 

(28) (Nl),(l) 53DA442 63DA442 

TWX: 91(1-338-2376 
2175 Mission College Blvd. Santa Clara, CA 95054-1592 Tel: (408) 970-9700 TWX: 910-338-2374 

lion .. oll(hiC .. lrll ... n . '. memOrle • ... 1n.InJJ 
3~6 .. 



Block Diagrams 

OCLK 
SOl 

MODE 

elK 

E1 
1:2 

'~63DA441 

.~ 

53/6~DA"4'f, 53/63DA442' 

OClK 
SOO SOl' 

MODE 

OCll(" GND CLK . 00.' 
SDlNC . $DO 

. ~a8t1cChlp Carrier 

i 

ClK 

ES 
E 

53/63DA442 

SOO 

PROGRAMMABLE 
INITIAUZATION 

WORO': . 

I-O.3in.~ 

3"57. 



53/63DA441 53/63DA442 

Function Table 

INPUTS OUTPUTS 

MODE SOl ClK OClK Q3-QO S3-SO 

l X I * On- PROM HalO 

l X • Sn - Sn-1 
I HalO 

SO- SOl 

Sn - Sn-1 
l X I I On- PROM 

, '" SO- SOl 

H X I • On-Sn HalO 

H l • I HalO Sn- an 

H H · I HalO HalO 

• Clock must be steady or failing. 
, " 

t Reserved operation for SN54174S818 8-Bit Diagnostic Register. 

Definition of Signals 
MOOE 

SOl 

SOO 

ClK 

OClK 

3 .. 58 

The MOOE pin controls the output register multi
plexer and the shadow register. When MOOE is 
lOW, the output register receives data from the 
PROM array and the shadow register is config
ured as a shift register with SOl as its input. When 
MOOE is HIGH, the output register receives data 
from the shadow register. The shadow register.is 
controlled by SOl as well as MOOE With MOOE 
HIGH and SOl lOW, the shadow register re
ceives parallel data from the output bus. With 
MOOEand SOl both HIGH, the shadow register 
holds its present data. 

The Serial Oata In pin is the input to the least
significant bit of the shadow register wh.en oper
atingin the shift mode. SOlis also a control input 
to the shadow register when it is not in the shift 
mode. 

The Serial Data Out pin is the output from the 
most significant bit of the shadow register when 
operating in the shift mode. When the shadow 
register is npt in the shift mode, SOO di$plays the 
logic level present at SOl, decreasing serial shift 
time for cascaded diagnostic PROMs. 

The clock pin loads the output register on the 
rising edge ofClK. 

The diagnp$tic clock pin loadS orshiHs the 
shadow re\jillteron the rising edge of DClK. 

SOO 

S3 

S3 

S3 

SOl 

SOl 

SOl 

03-00 

S3-S0 

A9-AO 

E1,E2, E 

OPERATION 

load outpl,.lt register from PROM array 

Shift shadow register data 

load output register from PROM,array 
while shifting shad6:.v register data 

load output register from shadow register 

load shadow register from output bus 

No operationt 
'" 

an represents the' data outputs of the output 
register. Ouring a shadow register load with out
puts enabled, these pins are the internal data 
inputs to the shadow register. With the outputs 
three-stated, these pins are external data inputs 
to the shadow register. 

Sn represents the internal shadow register out
puts. 

An represents the address inputs to the PROM 
array. 

These Output Enable pin(s) operateindepend
ent of ClK. For '0441 , outputs are enabled if, and 
only ifi both E1 and E2 are lOW. For '0442, 
outputs are enabled only when ES is lOW at the 
last rising edge of ClK and E is lOW. 

Synchronous Output Enable for '0A442 only. 
Outputs are enabled only when ES is lOWat the 
last rising edge ofCLKand Eis lOW. 

The asynchronous output. register initialiZation 
input pin operatesindependent ofCLK. When Tis 
lOW, the output register is loaded with a .l,.Iser
programmable initialization word. programrnable 
initialization is a super set of preset and clear 
functions, and can be used to generate . any 
microinstruction sysjem resetor interrupt. 



Logic Diagram 

A7 

A6 

AS 

A4 

A1 

AO 

MODE .~ 

53/63DA441 53/63DA442 

53/63DA441 
1 ()24x4Diagnostic PROM 

with Asynchronous Initi"Uzation 
.. and Asynchronous Enables . 
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Logic Diagram 

3·60 

53/83DA441 53/63DA442 

53/63DA442 
1024x4 Diagnostic PROM 

with Asynchronous Initialization 
and Both Asynchronous and Synchronous Enables 

Vee 

A8 

AS A9 

1024x4 E A4 PROM 

A3 ES 

03020100 

A2 I 

00 

01 

02 

03 

SOO 

elK 
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53/63DA441 53/63DA442 

Ab .. lute Maximum Ratings ·.C, ....•.•.• • . ' . ;;, • 

. '. . Opmding. Programming 
Supply vOltageycC" ............... , ••.•. , . '.' .•...•......•....•... , ..•.........••.• "0.5 V to 7 V .................. ;' •.•. 12'V 
Inpl;lt'.volta~e ,.; •..• :. ~ .•••.... " ....... , •..•. ",'" •..•••... 0 ............... o. 0'" .; ••.• /-1.5 V'to 7:V ......• o ....... : .• ,'" •. : ,7 V 

.Inputcu(rent ......... : ." ••• ,. ,: •... : .. :.; ~:o 0 0 •••• 0.'.· .. 0 .......... ", ....... , 0 -30.mAto +5.mA . 
Off-state output VoItage.o ..................... : .. ~ ................................ ' .. '. -0.5 V to 5.5 V •••• , ........... , .......... 12 V 
Stora~temPerature .• ' .... ; ... 0 ..... i .......... ; ........ 0 .... ,' •• i ............... , ••• ":'65" to+15O'C' . 

". 

MIUTAAY . COMM£RCI~L 
M,~npMAx M'N TYp MAX, ~NIT 

"Vee SuPplY voltage , ., 4.5 5 
'. 

-'55.. ;:25 

tw .... 25; 10 2010· ns 

. ~tup timefrorri ~ddres~to CLK .. ' 
.•... 

45 ..25 . . 

Hold tlmeforClK ,....."":'. 
-. ' .. :; 

0 -15, 

Width .. of OClK (HIGH or lOW)' 35 15 25t~ • ns 

tSLid Setup.time from control inputS ($01, MOOE)to elK; DCLK 50 20 40 ns 

.thd .' Hold time forDCLK '., 0 .' -5 b > -5 .. ' ns 

ts(ES) '. Setup time from ES to eLK fOA442 only} 20 10 .; 

th (ES) '. Holdtime (ES) (,0A4420nly) :". .;. 5 0 5 0 .ns 

ElectricaiCtl.ra~i8tlcs Ov'r Opel'Jlllng ~~ltlQ.... ':'., . i">: 

~Y"'ltol,i. ......~~,R~METE;R,~'.: .' .... ," ',:: TESTCONDIT(ONS:.,... "'.IN TYPL MAX 9'!t!T I 

,,;\i'L ':" Low+leVeIiOpu~ vOltage ., .. ,., ,; .'. ,,' . ....... .' 

IIH 

I' ..... 
vOH 

.IOZl 

,; 'OZH 

'.'6s 

.'. 

V6C"'MIN .: .... 

veC=MAX V, =G.4V .... 

. High-ieveUnput current VI = VceMA>< '.' 

low-level output vo'tage . vcc= MIN, ComIOL=~4mA '.' 

,<, ..' .. i MU10L':'~&roA 

, .. \,. ". ... ,vO =' 0.4V" 
. Off-$tate output current . VCC=MAX 

. :.' •. ..... • .... VO/".2A V 
. ".-

.oUtput stlort:Circui(curren1*VeC = MAXVO= cjv .' 

: Supply current .- . : Vee" MAX. AUil)puts UL.AII ouif>uts open . 

* Not l'l1<;>re I.han One output shOll.ld,be sh.orted at a time and d~rat,on .of the S.hort-circuit should not "l<ceed.onesooond, 
t TYPiCalsat5~6V~cc~nd?§'GTA: . . " . . . . . .. -

t.o ". 

.. 

G,8 V 
'.,' .\;:' '., v' 

-,1.2 y, 
-0.25 rnA 

40 p./;l 

0.5 V 

;V r 
-100 

IIIEJ 



53J'83DA441 5$-/63DA442 

Switching CharacteristiC,S Over Operating CondHlons and Using SlandlitdTesILolld" " .;. . J 
>(" ;. "::-;:.- ".-.,e .~',. i. >, ~'. 

SYMBOL . PARAMETER 
MILITARY 

MIN TYpt MAX 
COMMERCIAL 

UN1T MIN TYPf MAX 

tCLK GlK to output " 11 25 11 18 ns 

tER Disabie time 14 30 14 25 ns 

ti:A Enable time 16 30 16 25 ns 

tMA~D Maximum diagnostic clock frequency 7 20 ;., ,10 .2a ':: ,,'.'; MHz" 

tos ; DCl'2Kfu SDO deliiy,(MOOE = LOW) .; .. 17 35 17 30.. , .I)S 

ISS .'!., ' saho SQ,O(leiaY(MOOE ",HIGH) . •. " . 16 .. · 30 16 25 . ns 

tMS . MOOt;. loSDO'delay '. 14 30. 1 "1:4 25 ns 

tlO Initia.\i:l;ation to, output d.elay . 22" ~'; ~2 30 ns 

IESR clK to output disable time (,OA442 onlyl ; 22' ~.' 35 .22 30 !IS 

t~SA CLK to oiJtput ~maple time (,DA442 only) 15 .';'35 15 " 30 . !IS 
, ,. 

t T-ypicals at 5.0 V Vee and 25' eTA. " ,-", 

Defl~ltion of Waveforms 

Q 

INITIALIZE OUTPUT REGISTER 

Nol'mal.PROM Operallon(Mode = LOW) 
(for betth 53/63DA441. and. 53/63DA442 with outpu~ enablR) 



Q 

eLK 

Q 

53/63DA441 S3/63DA442 

Nonnal PROM Operation (Mode = LOW) 

(for 53/63DA441 only witi'! T = HIGH) 

OUTPUT D.ISABLElENABLE 

r..OAD OUTPvrllEGISTER 
FROM PROM ARRAY ... 

OUTPUT DISABLElENABLE 

Normal PROM Operation (Mode = LOW) 

'(for 53/63pA442 only with 1= HIGH) . 

3-63 



53:163D4441. 531'03D4442 
, " 

:1· .r -¥ )I'~": 
CLK---+j-:-' ,'-+1-,· -' '~", ,. _.' .--.:.. .. r~ __ '~+-!'_Ihd~-!-o.l_', ·---l-l ~\1; f >'t, :-\1 .•. 
-116f4i\~~~\~! _r,_.!w·.....;.-T_' 'w4~.'· .............. ',·,'.",..!....-i _ 

Q I II 1 11..=* . ___ ' _...;....-1 _ 
1"",,1""" I 1 .,,~ , 

SDOJlJ d U ~ kJ '" J 
SHIFT NTO SHADO RE ' I LOAD OUTPUT REGISTER I DATA I' W, ,GISTER FROM SHADOW REGISTER 

SYSTEM CONTROL 

":l ; ·lfm-j-. --
ClK 

DClK_----+-1 --,-..." If=l~~j \ .' ' , 
·~",~.t " •.........•.....• '>,.. .'..... t·, '. Q 

SDO 

3"&4 

LOAD OUTPUT 
REGISTER FROM 

PROM ARRAY 

'~I~S~ ': ,.' ~IM~4' ' ~IDS{--
I l.OAD SHADOW, ". 

REGISTER FROM 
OUTPUT REGISTER 

SYSTEM OBSERVATION 

SHiFf DATA OUT OF SHADOW REGISTER , 



2048x4 Diagnostic 
Registered PROM 

53DA841 
63DA841 

with Asynchronous Enable and Output Initialization 

Features/Benefits 
• Asynchronous output enable 
• Programmable asynchronous output Initialization 
• Provides systemdlagnosUc tesUng with system 

controllability and observability , 
• Shadow register eliminates shifting hazard. 
• Edge-triggered "0" l'II$Iisters simplifies system tl",ll1g 
• Cascadable for wide control words used In 

microprogramming 
• 24-pln SKINNYOIP@) !laves space 
• Reliable titanium-tungsten fuses (TIW), with programming 

yields typically greater than 98% 
• N-mA output drive capability 
• Replaces embedded diagnostic code 

Description 
The 531630A841 is, a 2Kx4 PROM with registered three-state 
outputs, programmable asynchronous initialization and a shadow 
register for diagnostic capabilities: Shadow register diagnostics 
allow observation and control of the system without introduc
ing intermediiite illegal states. The Ol!tput register, Which can 
receiVe parallel data from either the PROM array or the shadow 
register is loaded on the rising edge of ClK. The shadow regis
ter, which can receive parallel data from the output regiJltero( 
serial data trom SOl, is loaded on the rising edge of OClK. When 
theoutputdrivers are disabled, the shadow register receives its 
parallel data from ttie output bus. Ouring diagnostics, data 
loaded into the .output register from the PROM array can be par
alleHoaded into the Shadow register and serially shifted out 
through SOO, allowing observatio!l of the system. Similarly, 
diagnostic d.ata can be.serially shifted into the shadow register 

" through SOI,and paralieHoadedinto the output register, allow
. ing control and test scanning to be imposed .on the system. 

Applications 
• Microprogram control store with built-In 

system diagnostic testing 
• Serial character generator 
• Serial code cot:lverter 
• Parallelinlser/alout memory 
• COBt-effectiveboard testing 

Sel G -d ecton UI e 
'MEMORY , 

SIZE " ORGANIZATION 

8K 2048~4 .. 

PACKAGE 

PINS TYPE 

24 
NS,JS, 

(28) w. 
(NL).(L) 

.' 

Since the output register and the shadow register are loaded by 
different input signals, they can be operated independentlyot 
one another. In addition, diagnostic PROMs can be cascaded to 
construct wide control words, used in microprogramming. When 
exerci!ied. the Initialization inputJ9lId$ the ~~is~r with a.l!ser
programmable initialization \'\lOrd, independent of tM state of 
Cll<' This feature isasuperset of presetand clear functions, and 
can be used to generate an arbitrary micrOinstruction for system 
reset or inter.rupt. 

[ ;, 

" 
FtART NUMitER 

O'C10 +7Sd C , ~$5°.c to +12SoC 

63DA84.~)' 53DA84.1 
" 

" 

'" 

El 



Block Diagram: 

'\' ' 

Pin COnfigurations 

GND 

53/63DA841. 

DCLK 
SDI ~~------t-~SDO 

CLK--~--P 

I· 

03-00 

AS All A7 NCVCCA8 A9 

4 3 2 1282728 

A4 0 
A3 

A2 

Al 2048x4 
AO 

NC 

MODE 

12 13 14 15 16 17 18 

DCLK GND CLK Q3 
SOl NC SDO 

Plasllc Chip Carrier 

MonoIithio m "'emOries . 
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53/63DA841 

Function Table 

INPUTS OUTPUTS 

MODE SOl ClK OClK Q3-QO ····S~SO 

L X I * On - PRD.M '~., HOL,O 

* 
Sn - Sn-1 

L X I HOLD' 
50-501 

j,\'" Sn - Snc1 
L X I I On <-"PROM 

50-501 

H X I * Qh'-,Sn HOLD 

H L * I : HOLD 
. , 

'. Sn-·On, 

H H .. * I HOLD HOLD 
, '. * Clock must be steady Qr fall!'l9. , 

t Resarvedoperation forSN54174S81a8.~1t Di(lg~stic Register, 

Definition of Signals 

MODE 

501 

SOD 

CLK 

"";.:,,.' ". 

'The MODE pin ccmttolS the outpUt reQ:jsi~rmul
liplexerand the shadow register, Whim MODE: .. ' 
is LOW, the outputregisf'lit receives data from 
the PROM array andthe'Shtldow.register is con
figured asa shi~re9istE!l' witl:! 501 as itsinpl;lt, ' 
W\1en MDOE is H1GH; theoutplit~ister reiceiVE!S 
clata frOm the, ShadoYrrBDi1I\ar. The shadQw reg
ister is controlled 6YSO!aSl,wellasMD.OE. With 
MDDE HIGH and 501 LOVif.~the shadow regis~ 
ter receives parallel qata, frQqilheo!.ltP}ltregistei; 
Wit~ .MDQE ~Cl$OH~~HIG"{ tile'shadow 

. rE!9lster holds its pri!Sentqa,la. 

The SeriarOata Jn~ln";~'1fie in~ut ,to the, least" 
significantbi! O'f fhe<shaqowregillter' wheti2 

, operating Inthe shiffmodelsDlis ~Iso a control ' 
]r1putto the shadow r~,i~A.when it is noHrtthe 

shift IT)~de,. .".; ,'I, ;;"":' .. ' "" 
The SfJriat Data Ou~ pin is.\hS"o,uIPut from th,e 

,most signifi9arit bit Of the shadow register whlln 
operating tn the. shift ;:T)od~.lNh'lln\tl:Je sh.adow 
register is!M't inthe ~.i,f! modll, Spqojsplaysthe 
10Qic levelpreSllntaf:SDI; PBcrea§iJ1.gSerial shiff" 
time for. Cascaded dia\JrtOsti.PPROtyfS'.' . 

TheQloCkpin load$!the dUt"utiegisfer on the 
riSing edge'ot;Cj..;~J .Y· . ,.' ..•. '. 

.. 

SDO' 

S3 

S3 

53 

501 

·501 

501 

OCLK 

Sj3-sq .. 

OPERATION 

Load output register from PROM array 

Shift~hadow register data 
". 

Load putputregister from PROM array 
while 'shifting shadow register data 

Load \lutputregister from shadow register 

Load shiJdo~reglster from output bus 

No operation t 

~ , 

Th$l~iag~tiC;J~IOCk pill loads or ,shifts {hll 
st\a(i~~.re~l~ter on the. ~sirrg ~ge of DcLK. 

. ,,~' " " . , 

an r:ftJl'l'&sents the datil Gutputs onhe output 
, r!!~~ter.; Durin$! a shadow register load these 
pin$ar~theinternaf data inputs to the.shadow 

'regi~ter:" . . .. 

Sn fepi~sei\ts theiriternal shadow register 
outPuts~ 

" '~''''i\ 

An'r~p~ent$ the addreSs inputs to the PROM 
. ;,\irrllY'" 

'lfhe9utpuf ~n~bi~ ~'{~ operates ind~pendentof 
~Ktwher(E:isLOW the outputs arellOabled. 
Whllr;\iEis+iIGH, the outputs are. in thEl.high- . 

" ir1l~lln~sta~'";;<' . 

the a$Y~~n!'Qnousoutput ~istE!r iriitializatipn . 
,if1PutlpinQj)Eir8tes independllntPfCLK. W/l~n I is 

.'. ;.(OW; tl;le.otltput'registerls lpa,ded wi~h a.user-
prog~mltJiQje initialiZ/!<tionworct Progra";lrnaQle 
lnitializatlol"t isa siJper-SIltof preset an(i ,clear 
functlQ.n~,'.lIndi;anbe oseil to .gimeratE!8nY 
lTIicroin~tucti(1), fC)"system teSllt or interrupt .' . 
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53 I 63DA841 

f." Absolute Maximum Ratings, 
Operating . Programming 

Supply voltage vec ; .. ; .•.. ~ .....•..... '. :; •... ~ .....•... " ....................... ,O.li v to 7 V ....•................. 12V 
Input voltage, ~ ......... i.< ...... ......... '~ .. ~'. ; ........•.......................... '. -1.5 V to 7 V ..•.•....•............. 7 V 
Input currerit ................................................................... -30 mAto +5 mA ' .. ' 
Qff"state outpulvoltage ........................................................ -0.5 V to 5.5V .................... : •. 12 V 
Storagetemperature .......................................................... _650 10+15O"C . 

Operating Conditions 
MILITARY 

SYMBOL PARAMETER '" 
., MIN TYpt MAX 

Vcc . Supply voltage ·4.5 5 5.5 .-
TA ' Operating free.alr temperature -55 25 125 

tw Width of ClK (HIGH or lOW) 25 10 

tsu Set up time from address to CLK 45 27 

th Hold time for ClK 0 -15 

twd Width of DClK(HIGH or LOW) 45 15 

tsud Set up time from control inputs (SOl, MODE) to ClK, OClK 50 20 

thd . Hold time for DCJ,.K 0 -5 

tiw·· Initialization pulse width (lOW) 25 Hi 
tir Initialization recovery time 45 30 

.. '.;/' 

Electrical Characterls:ticsover Operating Conditions 

SYMBOL .' PARAMETER TEST CONDITJONS· 

VIt •... low-level. inputvoltage 

V,H High-I~el input voltage 
.' 

V'C Input clamp voltage VCC=MIN ') = -18mA 

',l low~level input current Vee = MA.lf VI = 0.4 V 

"H., . _ High-level input. cllr~nt . VCC=MAX VI =Ve.e.MA.X 
' .. , . 

Vce= MIN 
CQrn 10L = 24 mA 

Val. low-jevel output vOlta,ge 
Mil 10L =16 mA' .. 

VOH High-level output voltage V -=MIN \ C9m 'OH = ';'~2 mA .... 

. '.<: CC ',0.;:'., . N!i1:JOH?;2 rilA·-

10Zl Va = 0.4 V 
Off~state output .current VCC=MAA 

:.,,'1,0.= 2.4Y 10ZH ", ., .. ", 

lOS Output short-circuitcurtent* "ce=5'\1 " .• 'Co 'J,/= 0 v ;' ;-" 

ICC Supply curre(1t Vee =~WC All inputs TTL All outJ)uts .open. 

* Not more tha", one output shou_ld be shorted at a time and duration'ptthe,"short-circuit.shoutd; not exceed-one second. 

t Typicals "!5.01i VCC and 25'C T A-

~OMMERCiAL 
UNIT MIN TYPtMAX 

4.75 5 5.25 V 

0: 25 75 ."C 

20' - 10 ns 

40 27 ns 

0 -15 ns 

40 15 ns 

45 20 ns 

0 ...... ~5 .... .; ns 

20 10. ns 

40 30 .ris 

MIN .. TYPt MAX UNIT 

0:8 V 

2.0 V 

'-1..2 V 

-0.25 ·mA 

40 jJA 

0.5 \I. 
.. '\" 

2A V 

-100 

40 
piA 

'::20 -90 rnA 
. 

140 185 mA 
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Switching Characteristics OVer Operating Conditions and Using StandarQ,Testt.o'd ' 
.,'" ",'\ 

", 
MILITARY COMMERCIAl- ' 

SYMBOL P~RAMETER MIt4 T:VPt MAX MIN T:vpf MAX UNIT 

tClK ClK to output ,i, 
' " 13 25 13 20 ns, 

tER Enable time 16 30 16 25 ns 

tEA Disable time 16 30 16 25 ns 

tla Initialization to output delay 23 40 23 35 ns 
i/' 

" Maximum',diagnostic clock frequ~ncy 
'v' , ' 'co< 

fMAXO " 7 18 ,," 10 18 MHz, ' 

tos " ,dCUdo,$DO delay ~M'odE' '" lOW) .; 19 35 19 3~' ns', 
... .' ,', ," 1', "." 

tss S[)Itd SOO delay (MODE = HIGH) 16 30 16 25 ns 

tMS MODE to SOO delay 14 30 14 2fi ns 

t Typicals at 5,OV Vee and 2~~C TA' 

Definition of Waveforms 

t----,'· • -----

elK 

Q 
----~)....,·) ...... 1:~~f,.-(T+K-.-. --'--

INITIALl;' O,UTPUT REGIS1158:' ,"I ~d~ ~uTPuT REGIS115R I' OUTPUT DISABLElENABLE 'I' ' 
, !'RONI PRONIARRAY 
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·:,~r, _.-----. r 
I' f~_1hd-.t--;--1 ---r 

ClK -t---'-i-I -----+-1 ---+-1 \...L·\~L.. \.\ .. 1. 

DCLK~.!....--! --L-/f~-i~i \'---lo.-\ --+-! _t-tw-+-r_tw-1_.l..--! _ 
Q 1 1 I 1 I 1 *1 

I .. I I· I ,..----;...: -\ I~I 1,-
~lJd hJ g ~ ~I 

Q 

SDO 

I SHIFT DATA INTO SHADOW REGISTER I lOAD OUTPUT REGISTER I 
FROM SHADOW REGISTER 

lOAD OUTPUT 
REGISTER FROM 

PROM ARRAY 

SYSTEM CONTROL 

I lOAD SHADOW 
REGISTER FROM 

OUTPUT REGISTER 

SHIFT DATA OUT OF SHADOW REGISTER 

i 

I~. ~~~~~~~~~ST~E~M~O~B~SE~R~~~·~~ION~~~~~~~~ 
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4096x4 Diagnostic 
Registered PROM 
Asynchronous Enable 

Features/Benefits 
• Asynchronous output enable 

• Provides system diagnostic testing for system 
controllability and observability 

• Shadow register eliminates shifting haZllrds 

• Edge-triggered "0" registers simplifies system timing 

• Casadable for wide control words used In 
microprogramming 

• 24-pln SKINNYOIP® saves space 

• 24-mA output drive capability 

• Replaces embedded diagnostic code 

Applications 
• Microprogram control store with built-In 

system diagnostic testing 

• SerIal character generator 

• SerIal code converter 

• Parallelln/serlal out memory 

• Cost-effective board testing 

Selection Guide 

MEMORY PACKAGE 

SIZE ORGANIZATION PINS TYPE 

24 
NS.JS. 

16K 4096x4 
(28) W. 

(Nl).(l) 

SKINNYDIP® is a registered trademark of Monolithic Mem'ories. 

Description 

53D1641 
63D1641 

Patent Pending 

The 53/63D1641 is a 4Kx4 PROM with registered three-state 
outputs and a shadow register for diagnostic capabilities. 

Shadow register diagnostics allow observation and control of 
the system without introducing intermediate illegal states. The 
output register. which can receive parallel data·from either the 
PROM array or the shadow register. is loaded on the rising 
edge of ClK. The shadow register. which can receive parallel 
data from the output register or serial data from SDI. is loaded 
on the rising edge of DClK. When the output drivers are dis
abled. the shadow register receives its parallel data from the 
output bus. During .diagnostics. data loaded into the output 
register from the PROM array can be parallel-loaded into the 
shadow register and serially shifted out through SDO. allowing 
observation of the system. Similarly. diagnostic data can be 
serially shifted into the shadow register through SDI. and paral
lel-loaded into the output register. allowing control and test 
scanning to be imposed on the system. Since the output regis
ter and the shadow register are loaded by different input sig
nals. they can be operated independent of one another. In addi
tion. diagnostic PROMs can be cascaded to construct wide 
control words used in microprogramming. 

PART NUMBER 

O°C to +75°C -55°C to +125°C 

63D1641 53D1641 

_ .' . .... ". :rWX: 91.0-338-2376 
2175 Mission College Blvd. Santa Clara. CA 95054-1592 Tel: (408) 970-9700 TWX: 910-338-2374 

MonolithIc l!1!n 
MemorIes uun.u 
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Block Diagram 

Pin Configurations 

53/63D1641 

All-AO 

OCLK 
SOl I--I-'----+~. SOO 

. MOOE-+..,--..... 

CLK----ioo 

E-------~ 

Q3-QO 

AS All A7 NCVCC All A9 

12 13 14 15 16 17 18 

DCLK GND CLK Q3 

SOl NC SOO 

Plastic Chip Carrier 

MonOlithic W Nlemorles 

Al0 

All 

E 
QO 

NC 

Ql 

Q2 
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Function Table 

INPUTS OUTPUTS 

MODE SOl ClK OClK 03-00 S3-S0 

l X t * Qn- PROM HOLD 

l X * t HOLD 
Sn-Sn-1 
SO- SOl 

l X t t Qn-PROM 
Sn- Sn-1 
SO- SOl 

H X t * Qn- Sn HOLD 

H l 
. t HOLD Sn-Qn 

H H * I HOLD HOLD 

* Clock must be steady or falling. 

t Reserved operation for SN54/74S818 8-Bit Diagnostic Register. 

Definition of Signals 
MODE 

SOl 

SOO 

The MODE pin controls the output register mul
tiplexer and the shadow register. When MODE 
is lOW, the output register receives data from 
the PROM array and the shadow register is con
figured as a shift register with SOl as its input. 
When MODE is HIGH, the output register receives 
data from the shadow register. The shadow reg
ister is controlled by SOl as well as MODE. With 
MODE HIGH and SOl lOW, the Shadow regis
ter receives parallel data from the output bus. 
With MOOEand SOl both HIGH, the shadow reg
ister holds its present data. 

The Serial Data In pin is the input to the least 
significant bit of the Shadow register when 
operating in the shift mode. SOl is also a control 
input to the shadow register when it is not in the 
shift mode. 

The Serial Data Out pin is the .output from the 
most significant bit of the shadow register when 
operating in the shift mode. When the shadow 
register is not in the shift mode, SDO displays the 
logic level present at SOl, decreasing serial shift 
time for cascaded diagnostic PROMs. 

SOO 

S3 

S3 

S3 

SOl 

SOl 

SOl 

ClK 

DClK 

Q3-QO 

S3-S0 

A11-AO 

OPERATION 

load output register from PROM array 

Shift shadow register data 

load output register from PROM array 
while shifting shadow register data 

load output register from shadow register 

load shadow register from output bus 

No operationt 

The CLOCK pin loads the output register on the 
rising edge of ClK. 

The diagnostic clock pin loads or shifts the 
shadow register on the riSing edge of DClK. 

Qn represents the data outputs of the output 
register. During a shadow register load with 
outputs enabled these pins are the internal data 
inputs to the shadow register. With the outputs 
three-stated these pins are external data inputs 
to the shadow register, 

Sn represents the internal shadow register 
outputs. 

An represents the address inputs to the PROM 
array. 

The Output Enable pin operates independent of 
ClK .. When E is lOW the outputs are enabled. 
When E is HIGH, the . outputs are in the high 
impedance state . 

3-74 . Monolithic W Memo,.". 



Logic Diagram 

53/63D1641 

4096x4 Diagnostic PROM 
with Asynchronous Enable 

4096x4 
PROM 

030201 DO 

AfonoIIthlO·m II/Iemorles 

E 
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53/63D1641' 

Absolute Maximum Ratings 
Operating prog~ilmmirig:· 

Supply.voltage VCC ............................................................. -0.5 V to 7 V ...•.•....••.••...... 12 V 
Input voltage •...••...••.•.•••.••••.•.•••••••••••.•••.••••..••....••••.••••..•• -1.5 V to 7 V •..••.•••.•••..•••.••• 7 V 
Input Current ...••...•....••.•...•..........•..•.••..••....•••••...••....•. -30 mA to +5 mA 
Off-state output voltage ................... , ••... : i ............ ; , ............. :.... -0.5 V to 5.5 V ..................... 12 V 
Storage temperature; .................................. '.' ' ..... '."" ' .... , ••• 'c' •.•• -65° to +1500C 

Operating Conditions" 
MILITARY COMMERCIAL 

SYMBOL PARAMETER MIN Typt MAX MIN TVPt MAX UNIT 
, : 

Vcc Supply voltage 4.5 -5 5.5 4.75 5 5.25 V 

TA Operating free air temperature . -55 25 125 0 25 75 °c 

tw Width of ClK (HIGHbtCOW) 25 '10 20 10 ns 

lsu Set up time from address to ClK 45 25 40 25 ns 

th Hold time for ClK 0 -15 0 -15 ns 

twd Width of OClK (HIGH or LOW)" 45 15 40 15 ns 

tsud Set up time from control inputs (SOl, MODE) \o.ClK, OCLK 50 20 45 20 ns 

thd Hold time for OCLK 0 -5 0 -5 ns 

Electrical Characteristics' Over Operating Conditions 

SYMBOL PARAMETER TEST CONDITIONS MIN TYPt MAX UNIT 

VIL Low-level input voltage 0.8 V 

VIH High-level input voltage 2.0 V 

VIC Input clamp voltage 
" 

VCC=MIN II = -11} mA -1.2 V 

IlL low-level input current VCC= MAX VI = 0.4 V '. -0.25 mA 

IIH High-level input current . VCC= MAX VI =VCCMAX 40 p.A 

VOL Low-level output voltage VCC'" MIN 
COmIOL= 24 mA 

0.5 V 
Mil IOl': 16 rnA 

VOH High~level output v?lt~ge ( VCC=; MIN 
ComlOH = -3.2 rnA-

2.4 V 
. t./IilJOH =-2rnA '. ' . 

IOZL 
· .• ·.c •••• ,,' 

Vo = 0.4 V .:.100 

IOZH 
Off-state output current.; VCC= MAX 

Vo=;r4V 
" ." 40 

p.A 

. " 

les Output short-circuit cur'rent* Vce= 5V V,O=OV "; :'" .-.20 -90 mA 

ICC Supply current :,; V CC = MAX. All inputs TTL All outptlts open~ 140 190 mA 

* Not more than one output 'Should be shorted at,.,a tU'I'le jind duration of the S.hort-CI~CUlt shQuld not exc~eQ on~.sec(;md. 

t Typicals at 5.0 V Vee and 25°e TA'" . 



53/63D1641 

Switching Characteristics Over Operating CondHions and Using Standard Test Load 

SYMBOL 
MILITARY 

PARAMETER MIN TYPt MAX 
COMMERCIAL 

MIN Typt MAX UNIT 

tCLK Ci-K to output 11 25 11 ' ,20 ns 

tER Disable. time 16 30 16 25 ns 

tEA IF'1able time .. ,,;, 16 ;30 16 25 ns 

fMAXD Maxirilumdiagnostic clock frequency. 7 l6 10 16 MHz 

tDS DeLKto SDO delay (MODE = LOW) , .. : 17 35 17 30 os' 

tss SOl to SOO delay (1j.10DE =.HIGH) 16 30 16 25 ns 

tMS. ' MODE to SDO delay .' 14 30 14 . 25 ns' 
.. ,~. ~ 

Definition of Waveforms 

v I 

"ORMAlPAOMOPERATI.ON(MOOE = lOW) , .' ' . . . . . . 

•• "J' , ' 

~~ ~~~~ :~,~~,'1.,) '~):"/;" ~r,P~>," 

.' " ' 
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"::1 ! f4,.~~I-+--'-I~ -~ 
ClK I I I \"!f ... ~ 

DClK--:------;.-! --L-/f-"--'f"i \\! r'T'-j 

· -h i : : ~----.!...i -'r, hJ 
SDO I~ I~ k.f :~t~-+-I~~--

SDO 
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I SHIFT DATA INTO SHADOW REGISTER I lOAD OUTPUT REGISTER 
FROM SHADOW REGISTER 

lOAD OUTPUT 
REGISTER FROM 

PROM ARRAY 

SYSTEM CONTROL 

I 
lOAD SHADOW 

REGISTER FROM 
OUTPUT REGISTER 

SHIFT DATA OUT OF SHADOW REGISTER 

SYSTEM OBSERVATION 
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4Q~t$x4 Diagnostic 
Registered PROM 
Output Initialization 

Featuresl Benefits 
• Programmable asynchronous output initialization 

• Provides system diagnostic testing with system 
controllability and observability 

• Shadow register eliminates shifting hazards 

• Edge-triggered "0" registers simplifies system timing 

• Cascadable for wide control words used in 
microprogramming 

• 24-pin SKINNYOIP® saves space 

• 24"mA output drive capability 

• Replaces embedded diagnostiC code 

Applications 
• Microprogram control store with buill-in 

system diagnostiC testing 

• Serial character generator 

• Serial code converter 

• Parallel in/serial out memory 

-Cost-effective board testing 

Selection Guide 

MEMORY . 

SIZE ORGANIZATION 

16 K 4096x4 
. ' 

'. 

! SKINNYDIP"'ls .registered trademark of Monolithic Memories. 

PACKAGE 

PINS TYPE 

24 
NS,JS, 

(28) 
W, 

(Nl),(l) 

Description 

53DA1643 
63DA1643 

The 53/630A.1643 is a 4Kx4 PROM with registered outputs, 
programmable asynchronous initialization, and a shadow reg
isterfor diagnostic capabilities. Shadow register diagnostics 
allow observation and control of the system without introduc
ing interm~diate .illegal states. The output register, which can 
receive parallel data from either the PROM array or the shadQw 
register is loaded on the rising edge of elK The shadow regis
ter, which can rece.ive parallel data from the output register or 

. serial data from SOl, is loaded on the rising edge of OClK. 
. Ouring diagnostics, data loaded into the output register from 
the PROM array can be parallel-loaeled into the shadow register 
and serially shifted out through SOO, allowing observation of 
the system. Similarly, diagnostiC data can be serially shifted 
into the shadow register through SOl, and parallel-loaded into 
the output register, allowing control and test scanning to be 
imposed' on the system. Since the output register and the 
shadow register are loaded by different input signals, they can 
be operated independently of one another. In addition, diag
nostic PROMs can be cascaded to construct wide control 
words used in microprogramming. Whenexercised;thelnitial.i" 
zation input loads the output register with a user-programmable 
initialization word, independerltof the state of ClK This fea
ture is a superset of preset and cleat functions, and can be used 
to generate an arbitrary microinstruction for system reset or 
interrupt 

PART NUMBER, ' . 

O°C to:+75°C -55°C to +125°C 

63DA16<13 530Al643 
..... 

TW~:. 910-338:2376 
2115 Missio!1 Cohege B/vdcSlllltaClara, CA 95054-1592 Tel: (40B)9l0,9'!OOTWX: 910"338:2374 

Mon.olithiC .. . · .. I!'.1!n 
W1emories"anJrW 
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Block Diagram 

~~------~~SDO 

T-----I 

CLK----; 

Pin Configurations 

I--- 0.3 ;n.-I 

03-00 

A4 

A3 

A2 

A1 

NC 

MODE 

3·80 Monolithic W IIIemories 

AS AS A7 NCVCC AS AS 

4321282726 

o 

4096x4 

12 13 14 15 .16 '17 18 

DCLK GND CLK Q3 
SOl NC SOD 

Plastic Chip Carrier 

E1 
E2 
T 
00 

NC 

01 

02 



53.163DA1643 

Function Table 

INPUTS OUTPUTS 

MODE SOl CLK OCLK Q3-QO S3-S0 

L X I • Qn- PROM HOLD 
" .c. Sn'tiSn~1 

L X • t HOLD 
'SO-SQI 

'~":':",<"';< Sn- Sr'l.f L X t t . QII:-;PROM 
SO- SOl 

H X t • QR·+-- Sn HOLD 

H L 1< t ' HOLD Sn- Qn 

H H • t HOLD HOLD 

• Clock must be steady or failing. 
',,' "« .' 

t Reservad. operation for SN54/7411818 8-~jt,DiagAOStlc Register. 

Definition of Signals 

MODE 

SOl 

SDO 

The MODE pin.contiolihhe output register ml,ll
tiplexer and the shadow register. When MODE 
is LOW. the.output~~gist~rreceives data ·from 
th~ PROM array a~dth~. shadow register is con-.. 
.figured as a shift regiSter With SO I. as, its input. 
When MODE isHIGH,Jheoutput regist!iirreceives' 
data from the shadow re\rister. The Shadow reg
ister is controlled by sofas 'well as MODE. With 
MODE HIGH and SOl. ~9w'. the shadow regis
ter receives pa':alleld~ti!J!Rp'itne outp~t register. 
With MODE and SD! both HIGH. the shadow 
register holds its pres'!!nt data. ' 

The Serial. Data trr~n is the input to.the I~as~; 
significant pit of trie~had()wregisler when 
operating in the shift mode, SOl is alsO a control 
input to the shadow regiSfeh\vhen it is not in the 
shift mOde. . ... .. 

The Serial Data OULpin is. ft,e ol.!tp~tfromthe 
mostsignificant !:lit of the shadow r~isler when 
operatiRg i.ntheshi!f~mO!lei When the shadow': 
register is not irrlt!e·s6Ift,;mode •. SDO displays the 
logic levelpresent atWI'<lecreasingserial shift 
time torcasd;ldeddiagnoStl~ PROMs. 

SOO 

S3 
,:. , ;. '. 

S3 

.:., 
S3 

SOl 

SOl 

SOl 

GLK 

DCLK 

S3-SO 

A11-AO 

T 

OPERATION 

", . 

L9ad output register from PROM array 

"S~ift shadow register data 
:. 

", ... " h,,'. 

Load OUfpUf register from PROM array 
While shifting shadoW register data 

LOad ~utputregister from shadow register 

Load Shaeo~ register from o~tput bus 

. No operationt 

The 'clock pin loads the output register on the 
risin~!!i:!ge of'CLK.· . , 

The diagnostic .clock pin loads Or shifts the 
shaddw register' On the rising edge of DCLK. 

. ~tan rE!P~ents the data outputs of the output 
" ;.egisfer: During a shadow register. load these 

. pins aretbe internal data inputs to the shadow 

. registl:!r., 

Sn represents the internal shadow register 
outpUts. r 

" . 
An represents the address inputs to the' PROM 
array.:; 

The asynchronous output register initialization 
input pinopefateSindependenlof eLK. When Tis 
LOW.;the outpUt register is loaded with Ii user 
programmable initialization word. Programmable 
initialization is Ii superset of preset and cJear 
·functi1ms., aodcan be used to generate any 
microinstruction f9r system reset or ioterrupt. 

3.;81 
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Logic Diagram 
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withAsyn~h .. onou~ .In,itialization 
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PROM 
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53163DA1643 

Absolute Maximum Ratiogs 
Operating Programming 

Supply voltage vcc> ... ......................................................... -0.5 Vlo 7 V ...................... 12 V 
Input voltage .......... , •.......................................... .............. -1.5Vt07V ....................... 7V 
Input current ............................................................... -30 mA to +5 mA 
Off-state output voltage ........................................................ -0.5 V to 5.5 V ...................... 12 V 
Storage temperature .............................•............................ -65° to +1500 C 

Operating Conditions 

SYMBOL PARAMETER 
MiliTARY 

MIN Typt MAX 

VCC Supply voltage 4.5 5 5.5 

TA Operating free-air temperature -55 25 125 

tw Width of ClK (HIGH or lOW) 25 10 

tsu Set up time from address to ClK 45 25 

th Hold time for ClK 0 -15 

twd Widt~ of DClK (HIGH or lOW) 45 15 

tsud Set up time from control inputs (SDI. MODE) to ClK. DClK 50 20 

thd Hold time for DClK 0 -5 

tiw Initialization pulse width (lOW) 25 10 

tir Initialization recovery time 45 25 

Electrical Chal'8cteristics Over .Operatlng Conditions 

SYMBOL PARAMETER TEST CONDITIONS 

Vil low-level input voltage 

VIH High-level input voltage 

VIC Input clamp voltage VCC= MIN II =-18mA 

III low-level input current VCC = MAX VI = 0.4 V .. 

IIH High-level input current VCC= MAX VI = VCC MAX 

Val loW-level output voltage VCC= MIN 
Com IOl = 24 mA 

MiliOl =16 mA 

VOH High-level output voltage VCC =MIN 
Com 10H = ':'3.2 mA 

MillOH = -2mA 

lOS Output short-circuit current' VCC = MAX Va = OV 

ICC Supply current VCC = MAX. All inputs TTL. All outputs open. 

* Not more than one output shoul'd be shorted at a time and duration of the short-circuit should not exceed one second. 

t Typicals at 5.0 V Vee and 25° eTA. 

MonoIHhlcWllllemorles 

COMMERCIAL 
MIN TYPt MAX UNIT 

4.75 5 5.25 V 

0 25 75 °C 

20 10 ns 

40 25 ns 

0 -15 ns 

40 15 ns 

45 20 ns 

0 -.5 ns 

20 10 ns 

40 25 ns 

MIN TYPt MAX UNIT 

0.8 V 

2.0 V 

-1.2 V 

-0.25 mA 

40 JlA 

0.5 V 

2.4 V 

~20 -90 mA 

140 190 mA 
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Switching Characteristics Over Operating Conditions and Using Standard Test Load 
< 

SYMBOL PARAMETER 
MILITARY COMMERCIAL 

UNIT MIN TYpt MAX MIN Typt MAX 

tClK CLK te .output 11 25 11 20 ns 

t IQ Initializatien te .output delay 23 40 23 35 ns 

fMAXD Maximum diagnestic cleck frequency 7 18 1<0 18 MHz 

IDS DCLK te SDO delay (MODE = LOW) 17 35 17 30 «< ns 

tss SDI te SDb delay (MODE = HIGH) 16 30 16 25 ns 

tMS MODE te SDO delay 14 30 14 25 ns 

t Typicals at 5<0 V Vccand 25'C TA< 

Definition of Waveforms 

INITIALIZE OUTPUT REGISTER LOAD OUTPUT REGISTER FROM PROM ARRAY 

NORMAL PROM OPERATION (MODE = LOW) 

IIIIonoIHhlcl!Elllllemorles 



Definition of Wavefetrms . 

LOADOOTPuf 
REGISTER FF!~ 

PROMAARA·Y 

53/63DA1643 

EI 

. SYSTEM·CONTROL 

. ;,.SYSTEM OBSi:9YATION . 



Monolithic Memories PROM;PI'Q9nunmer Reference Chart 

Monolithic Memories PROM Programmer Reference Chart 

Source Data 110 Corp. Kontron Eleetronlcs InC. Stag Mlcrosyslems Inc. Dlgelee Inc. Vafix Corp. 
and 10525 Willows Rd. N.E. 1230 Cha ..... ton Rd. 528-5 Wedelell Dr. 1602 Lawrance Ave. 1210 EO. 'Campbell Rd. 
Location P.O. Box 97046 Mountain View Sunnyvale Suite 113 ' Suite 100 ' , 

Redmond CA94039 CA94089 Ocean Rlchardeon 
WA 96073-9746 NJ 07712 TX 75061 

Programmer Model 19/29A129B Model MPP-80S Model PPX UP803 OMNI 
Model(s) Model PPZ 

MMI Generic UniPak Rev 10 M0016 , Zm2000 FAM Mod. No. 12 
Bipolar PROM UniPak II Reli 07 
Personality (Notall PROMsare 
Module supported by earlier 

UniPak revisions) 

Socket Aclapter(s) 
and Device COde 

63S060/61 F18 P02 SA3 AM110-2 OA No.2 Pinout 1A 63,8060 
Model22A- Code 21 Switch Pos. (J-7 638081 
Adapter 351A-064 (63S()80) 

Switcl) Pos. 0-8 
(63S081) 

638140/41 F18 P01 SA4-2 AM130-2 OA No.1 Pinout 1 B 63S140 
Model 22A- code 21 Switch Pos. 0-7 63S141 
Adapter 351A-1J64 (63S140) 

Switch Pos. 0-6 
(63S141) 

63S24OI41 F18P03 SA4-1 AM13O-3 OA No.1 Pinout 10 638240 
Model 22A- Code 21 Switch Pos.2-15 63S241 
Adapter 351 A-D64 (63S240) 

Switch Pos.2"14 
(63S241) 

83S28OI81 F18 P08 SA6-1 Code 21 t 638280 
ModeI22A- 638281 
Adapter 351A-D64 

638440/41 F18 P05 SA4 AM14O-2 OA No.3 Pinout 1E 63S44O 
Model 22A- Code 21 SWitch Pos. 0-7 638441 
Adapter 351A-064 (63S¥Q) 

Switch Pos: 0-6 
(63S441) 

638460/81 F18 P09 SA6 Code 21 t 638480 
Model 22A- 638481 
Adapter 351 A-064 

63RA461 FECP65 SA31-2 Code 21 Phiout 1H 63RA481 
Model 22A,- Switch Pos. 5-14 
Adapter 35lA-D74 

63DA441/42 FAA PAC t t t t 
Adapter 351A-D73 

638841 F18 P06 SA4-4 AM 140-3 OA No.3 Pinout 1 L 638641 
Model 22A:- Code 21 Switch Pos. 5-15 
Adapter 351 A-D64 (638840) 

Switch Pos. 5-14 
(638841) 

63RS881 F18 P86 t Code 21 OA No. 64 63RS881 
Model22A- Switch Pos. 0-12 
Adapter 351A-D74 ,. 

(300 mUpkg) 

t ~ontact manufactUrer for 8vallabllity and programming information. 
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Monolithic Memories PROM Programmer Reference Chart 

Monolithic Memories PROM Programmer Reference Chart 
Source Data 1/0 Corp. KonlrOn Electronics Inc. Stag Mlcroaystema Inc. Olgelec Inc. Varix Corp. 
and 10525 Willows Rd. N.E. 1230 Charleston Rd. 528-5 Weddall Dr. 1602 Lawrenca Ave. 1210 E. Campbell Rd. 
Location P.O. Box 97046 Mountain View Sunnyvale Sulle 113 Sulta 100 

Redmond CA94039 CA94089 Ocaan Richardson 
WA 98073-9746 NJ 07712 TX75081 

Programmer Model 19/29A/29B Model MPP-80S Model PPX UP803 OMNI 
Modal!s) ModelPPZ 

MMIGeneric UniPak Rev 10 MOD1S Zm2000 FAM Mod. No. 12 
Bipolar PROM UniPak II . Rev 07 
Personality (Not illl PROMs are 
Module supported by earlier 

UniPak revisions) 

Socket Adapter(s) 
and PeVIca Coda 

630A841 FAA PAD t t t t 
Adapter 351A'()73 

6381641 F18 P53 SA20 AM 120-8 DANo.70 6381641 
Model22A- Code 21 Switch Pes. 4-12 
Adapter 351A-064 

6381661 F18P21 SAS-4 AM 100-5 DA No. 7 63S1681 
Code 21 

63RA1661' F18PA3 t Code 21 DANo.64 63RA1681 
63R81661 63RS1681 

6301641 FB2P80 t Code.21 t 6301641 
Adapter 351A'()73 

630A1643 FAAP87 t t t t 
Adapter 351A.()73 

6383281 F18P63 t Code.21. DA No. 64 Pinout 47 .. 63S3281 

• Switch Pes. 0-11 
.. t Contact manufacturer 'or availabIlity and programmIng informatIon . 

,·t", 

, j 
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PLE to PROM Cross Reference 

TEMP. PLE INPUTS OUTPUTS OUTPUT MEMORY PROM PACKAGE 
RANGE NUMBER TYPE SIZE NUMBER 

PLE5P8C 5 8 Three-State 32 x 8 63S081 16N,J,(20),(NL) 

PLE5P8AC 5 8 Three-State 32 x 8 63S081A 16N,J,(20),(NL) 

PLE8P4C 8 4 Three-State 256 x 4 63S141A 16N,J,(20),(NL) 

PLE8P8C 8 8 Three-State 256 x 8 63S281A 20N,J,NL 

PLE9P4C I 9 4 Three-State 512 x 4 63S241A 16N,J,(20),(NL) 

PLE9P8C 9 S Three-State 512 x S 63S461A 20N,J,NL 

PLE10P4C 10 4 Three-State 1024 x 4 63S441A 18N,J,(20),(NL) 

PLE10P8C 10 8 Three-State 1024 x 8 63S881A 24N,J,NS,JS,(28),(NL) 
Com. 

PLE11P4C 11 4 Three-State 2048 x 4 63S841A 18N,J,(20),(NL) 

PLE11P8C 11 8 Th ree-State 2048 x 8 63S1681A 24N,J,NS,JS, (2S).(NL) 

PLE12P4C 12 4 Three-State 4096 x 4 63S1641A 20N,J,NL 

PLE12P8C 12 8 Three-State 4096 x S 63S32S1A 24N,J,(28),(NL) 

PLE9R8C 9 8 Register 512 x 8 63RA481A 24NS,JS,(2S),(NL) 

PLE10RSC 10 8 Register 1024 x 8 63RS8S1A 24NS,JS,(28),(NL) 

PLE11RA8C 11 8 Register 2048 x 8 63RA1681A 24NS,JS,(28),(NL) 

PLE11RSSC 11 8 Register 2048 x 8 63RS1681A 24NS,JS,(28).(NL) 

PLE5P8M 5 8 Three-State 32 x 8 53S081 16J,W,(20),(L) 

PLESP4M 8 4 Three-State 256 x 4 53S141A 16J,W,(20),(L) 

PLE8P8M 8 S Three-State 256 x 8 53S281A 20J,W,L 

PLE9P4M 9 4 Three-State 512 x 4 53S241A 16J,w,(20),(L) 

PLE9P8M 9 8 Three-State 512 x 8 53S481A 20J,F,L 

PLE10P4M 10 4 Three-State 1024 x 4 53S441A 18J,W,(20).(L) 

PLE10P8M 10 8 Three-State 1024x8 53S881A 24JS,J,W,(28).(L) 

Mil. PLE11P4M 11 4 Three-State 2048 x 4 53S841A 18J,W,(28),(L),(20).(L)* 

PLE11P8M 11 8 Three-State 2048 x 8 53S1681A 24JS,J,W,(28),(L) 
~ 

PLE12P4M 12 4 Th ree-State 4096 x 4 53S1641A 20J 

PLE12P8M 12 8 Three-State 4096 x 8 53S3281A 24J,W,(2S),(L) 

PLE9R8M 9 8 Register 512 x 8 53RA481A 24JS,W,(2S),(L) 

PLElORSM 10 
. 

8 Register 1024 x 8 53RS881A 24JS,J,W,(28),(L) 

PLE11RA8M 11 8 Register 2048 x 8 53RA1681A 24JS,W,(28),(L) 

PLE11RSSM 11 8 Register 2048 x 8 53RS1681A 24JS,W,(28).(L) 

* The PLE11P4M is available in a 20- or 28-pin Leadless Chip Carrier 

4·2 Monolithic IF!11 Memories 



Programmable Logic"Element 
. PLET'" Circuit ,Fami.ly 

F. .. ti .... l •• nefi~ 
• . ·.fl,,"ogra"'m«!lJe. replacemenlfO'i:olweJ)Jlonal. TTLlogle 
• Reduces Ie Inventories.lId slmpllfleS their control 

• , 'E*ifedlle~and' srmpllfleSprototY~i~gand board layout. . • 

~. s~~~Rail!l\itt O.3~1~~MJ~n"NYOI~e pe!«lges(eXCflPI 
:~~l~r~) . '. . ." ., . .' . 

Orcleringlnformatlon . 
. i . PLESP8A C r-fSTD. ." . 

_... . y" 1 L_~,,· 
PLE = Pl\Igrammabie 'STD •. ~; Sta.n~rd ... . 

'. ·~:CE~el11~t.. " .... ," ~xn= MII.~.~'883, c .... B 

NUMBER OF INPUTS .' PjlCKAGE TYPE •.. 
• ...•.. 'N = Pllotte'biP 

OU1Ptl'l"TYPE .' NS= PI .. ~sKlNNYDIP:· 
P = Non.Fleg!stered· J "Ceramic Qlp'. '. ". 
R = Regl8tered JS = CeramI\; SKINJ\IVDIP" 
RA = Regloterec:l F "Ceramlc'Solder1lul 

,Asynchronous FIaI,,!,ck . 
Enable L;; • I.elodll!es Chip Carrier 

RS = Reglalered 1\1': := PlastiC ).eaded Chip 
synchronouo " Carrier 
Enable :. W = Cerpack 

L..----TEMPERATURE CODE 
.. " C = O°C. to +75°C 

M" -5SoC to +l2$°C 

' .. , .. 
. ' OUTPUT '.' tpo(nS) 

MAX* REGISrl5RS ;.; 
..... 

.: .'. 28 

I·:·' PLE9p4 '. 9. tI . 512 35 

PLE9P8 . 9 8 512 

PLpl0P4 10 41024 
.;.; .' 10· 

PLE11P4 11' • 

11 

PLE12P4 . 12 ,4' •. '. ." '··4096 .. ' 

. PLE12P8 

PLIi9RB '. 

/. PLE1OR8. 

.... 
',PlEliAS8 

~. Cloe~ t9.cM~~·time for registetad outputs, 
NOte: Com.nerciallimitss.,ecifled, 

30 

35 

30 
35 .... 

35 

35 . 

35 

8 
. 

15 

8 '15 '. 

'8 , 15 

8 15 " 



. PLeFarni1y::.,. 

PLE Means Programmable 
Logic Element 
Joining the world of IdeaLogic'· is a new generation .of High
speed PROMs which the designer can use as Programmable 
Logic ~/ements. The PQJTlbin.ation 91 PLE circuitsa~ logic elEl:
ments with PAL devices can greatly enhance system speed 
while providing almost unlin)ite.sl de$igflfr9j3don). . . 

Basically, PLE circuits are ideal when a large number of product 
terms is required. On the other hand, a PALd~vice is best suited 

. for situations when many inputs are needed~ 
The PLE circuit tra~!!fer fUnction is the familiar OR of products, 

. Ukethe PAL device, the PAE circuit has a Single amiy of fusible 
links. Unlike the PAL device: the PLE circuits have a program- .. 
mabte ORarray driven by a fixed AND array (the PAL device isa 
programt:ned AND array driving a fixed OR array); 

PRODUCT TERM AND INPUT LINES 

Product Terms 

Input Unas 

PLE PAL 

32 to 4096 1 to 16 

5to 12 6to64 

The PLE family features common electrical parameters and 
programming algorithm, low-current PNP inputs, full Schottky 
clamping and three:-state outputs. 

The entire pLE family is p~ogrammed on conventional PROM 
programmers with the appropriate personality cards and socket 
adapters. . 

AND 'OR 

PLE Fixed ; Prog 

FPLA Prog prog 

FPGA Prog Prog 

FPLS Prog prog . 

PAL Prog f'ixed, 

R"'istere"~LE'Citc.1lb1: 
The registered PLE circuits have on-chip "0" type registers, 
versatile output enable control through synchronous and 
asynchronous enable inputs, and flexible startcup sequencing 
through programmable in.itializ~ti()n.· 

Data is t~nsferred into the output ~~~ist~~~~ the rising edge of 
the clock. Provided that the asynchronous (El and synchronous 
(ES) anablesare Low, the data willap~ear at the outputs. Prlort6 
the positiveclock:edQe,·register data are not affected by changes 
in addressing or sy,n~hronousen~~le inputs ... 

Data control is m~dlil flexible with synGl:lronous and 8!lynchro-. 
nous enable ,inpu!S. OU~PU!! max b.8 setto .!!!!. high~imPE7dance 

. state at any time by setting E to.a High or if ES isl4igh·whenthe 
rising clock edge occurs. When VCC powlilr is first applied the 
synchronous enabllil flip-floP will blil in the set condition causitig 
the outputs. to be inthe high~mpedaricestate.. . .. . " .,.' ,".' ", 

A flexible initialization feature allo\Yll start~upaQd time:-out. 
sequencing with 1 :16 programmabllilwords to: be lOaded into the 
output registers. With thesynchronollS INITIALIZE (IS) pin Low, 
one oUhe 16 initiali~wordsi addressed through pins 5,6,7 and a 
will be set in the output registers independent of all other input 
pins. The unprogrammed state of is words are Low, presenting 
a CLEAR with is pin Low. With all is column words (A3-AO) 
programmed to thlil same pattern, the is. function will be 
independent of both row ~nd column addressing ~nd may~!! 
used as a single pin control. With all is words programmed HiQA 
a PRESET function is performed. . 

The PL~R8 has asynchronous PRESET and CLEAR./vnctions. 
With the chip enabled, It Low on the ·PR Input will cause aI/ 
outputs to be set to the High s.tate. When the CLRiriput is set 
Low the output registers are reset and all outputs will be set to 
the Low state. The PR and CLR functions are commpn to all 
OUtPllt registers and independent of all other data input states . 

.. 

OUTPUT OPTIONS 

TS, Registered Outputs, 
Fusi~le POlarity 

TS, OC, Fusible Polarity 

. TS, ac" Fusible Polarity 

TS; Registered Fe~dtiack I/O 

TS, Regist~red Feedback J/G 
FUSiblE! Polarity 



PLEASrlu Software 
Software that makes programmable logic easy. 
Monolithic Memories has developed a software tool to assist in 
designing and programming PROMs as PLE circuits. This pack
age called "PLEASM" (PLE Assembler) is avaUable for several 
computers including the VAXNMS and IBM pciOOs, PLEASM 

. ,,~ ~""" "; • "::~. ,'. • ·r."",".. . 

,PLE(PRq~) 

____ " I_NPU.;..TS_..:....,.'-'-_;;/~ 
13 I~ 11 [0 

~.~~~/ 'i~t7~~7 
" 

. "OR'ARAAY" 
(radGlIAilMABLE! ," 

" '" I- .... 
i ""-' • 

" . R ~ , . 
. 

.") ". f':' -, ~'., ..!', 
F< 
K 
K 
=< 
K 

.' 
.' K'" 

=< ',' " j 

• ¥<" .-: ., " ., 

'. .~ " . 

-tk< 
: ' ,-F=< . 

)' 

i ~ 
, .. ] ,,, -'" " 

VYf./V, . "AND',ARMV 
FIXED' ' '\' '-, " 

software converts design equation (Booleaq and aritl;!metic) 
into truth tables and formats compafible with PROM pro
grammers. A simulator is also provided to testa design using a 
Function Table before actually progiatnming thePLE circuit. 

PLEASM software may be requested through the Monolithic 
Memories IdeaLogic Exchange. 

'OJtcARAAY' 
'~F~D 





PLE Family 

Logic Symbols 

PLE11P8 PLE12P8 

PLE12P4 

PLE9R8 PLE10R8 PLE11RA8 PLE11RS8 

* Initialize Pin. 
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PLEFamUy 

Absolute Maximum Ratings 
Operating Programming 

Supply voltage vee ............................................................. -0.5 V to 7 V ...................... 12 V 
Input voltage ................................................................... -1.5 V to 7 V ....................... 7 V 
Off-state output voltage ........................................................ -0.5 V to 5.5 V ...................... 12 V 
Storage temperature .......................................................... -65° to +1500e " 

Operating Conditions 

SYMBOCI PARAMETER COMMERCIAL "I MILITARY 
MIN NOM MAX MIN NOM MAX 

UNIT 

Vee """" 1 Supply voltage 4.75 5 5.25 14 .5 5 5.5 V 

TA I Operating free-air temperature 0 25 751-55 25 125 °e 

" 

Electrical Characteristics Over Operating Conditions 

SYMBOL PAFiAMETER TEST CONDITION < MIN TYPt MAX UNIT 

Vil low-level input voltage O.B V 

VIH High-level input voltage 2 V 

VIC Input clamp voltage Vee = MIN II = -lB mA 
". 

-1.5 V 

Ill' low-level input current Vee = MAX VI = 0.4 V -0.25 mA 

IIH Highclevel input current Vee = MAX VI = Vee 40 I'A 

1 
Com 0.45 

Val low-level output voltage Vee = MIN 10l = 16mA 
1 

V 
Mil 0.5 

VOH High-level output voltage Vee = MIN 
Com 10H = -3.2 mA 

2.4 V 
Mil 10H = -2 mA 

10Zl Vo=O.4V -40 

10ZH 
Off-state output current Vee = MAX 

40 
I'A 

" 
Vo = 2.4V 

lOS Output short-circuit current< Vee = 5 V Vo = OV -20 -90 rnA 

5PB 90 125 

5PBA 90 125 

BP4 80 130 

BPB 90 140 

9P4 BO 130 
Vee = MAX 

9PB 104 155 All inputs 
grounded; 10P4 

.. 
95 140 

ICC Supply curr.ent 
all outputs open 

10PB 92 160 mA 

l1P4 110 150 
.... 

l1PB 135 185 

12P4 130 175 

12PB 150 190 
.' 9RB 130 lBO 

Vee = MAX 10RB 130 lBO 
All inputs TTL; 

llRAB 140 lB5 all outputs open 

llRS8 140 lB5 

t Typicals at 5.0 V Vee and 25°e TA· 

4·8 MonolllhlcW.emorles 



PLEFamlly 

Switching' Characteristics Over Commercial Operating Conditions 

tpD (ns) 
tpzx AND tpxz (ns) 
INPUT TO OUTPUT DEVICE TYPE PROPAGATION DELAY 

ENAP.LE/DISABLE TIME 
MAX MAX 

qP8AC 
,. 

15 20, .. 

5PSC ' ' 25 20 

8P4C 30 : 2d, " 

.' 

<, 8P8C 28 25 

9P4C 35 " 20, 

, 9P8C 30 25 

'" 10P4C 35 25 ',. 
.,. . , . " 

.. . " " . . 

10PSC 30 25 

llP4C .. ' '", . ., ,35. .. ' " ',', ':'.25 ' "',:, ,f',,, 

llPSC, : 
" "". ". 35 25 

J' ' . • 
I, ' .1·2P4C ............. .... ,.: 

.' 35 . 2q. .' , 

12P8C 
, 

..... ,.35 
, 

3C1 ~. ,',. . . . 
'. , . ,"', 

, , 

S,.,jtch~ng Ch .. racteristic~ OVer Military Oper!ltln!l,Ccindltl~ns, 

tpoena}, , 
:\PZX ANiltpu{ns) ..... , .. ,' .•.•.. 

'tNPU1"TOOUTPUT . , 
I' De:VfCETYPE PRopAGATION DELAY ,ENU"~/QI$~BLE'TIME I 

~ " ; 
, 

MAX 'I'AAX" '. " 
'. 

c "'. ~ " 

5PBM 35 30 

8P4M 40 30 

8PBM 40 30 

9P4M '.' 45 '30 

9P8M .' 40 .' 30 

, 10P4M , ,.50 30 

10PSM 45 
~ 

30 . 

llP4M 50 '. 30 

l1P8M. 50 30 

12P4M 50 30 

12PBM 40 35 .'. 
". 



'"PLE9A8 

Operating Conditions 

SYMBOL PARAMETER 
COMMERCIAL MILITARY 

UNIT " 

MIN TYP* MAX MIN, TY,P* MAX 

lw Width of clock (High or low) 20 10 20 10 ns 

tprw Width of preset or clear 20 10 20 10 (Low) to Output (High or low) ns 
tclrw 

tprr Recovery from preset or clear 20 11 25 11 ns 
tclrr 

(low) to clock High 

tsu Setup time from input to clock 30 22 35 22 ns 

ts(ES) Setup time from ES to clock 10 7 15 7 ns 

th Hold time from input to clock 0 -5 0 -5 ns 

th (ES) Hold time from ES to clock 5 -3 5 -3 ns 

Switching Characteristics Over Operating Condltlonl and ullng Standard Telt Load 

SYMBOL 
COMMERCIAL MILITARY 

PARAMETER MIN TYP* MAX MIN TYP* MAX UNIT' 

tCLK Clock to output delay 11 15 11 20 ns 

tpR Preset to output delay 15 25 15 25 ns, 

telR Clear to output delay 18 25 18 35 ns 

tpzx (ClK) Clock to output enable time , 14 25 . 14 30 ns 

'tpxz (ClK) Clock to output disable time " 14 25 14 30 ns 

tpzx ' Input to output enable time 10 20 10 25 ns 

tpxz Input to output disable time 10 20 10 25 ns 

t Typical. at 5,0 V VCC and 25°C TA' 



; .PLE9R8" 

Definition of Waveforms 

Q 

NOTES: 1. 'Inpul pulse amplitude 0 V 10,3.0 V. 

2: I~put rise and lalilimes 2.5 nSlromO.8V to 2.0V. 

3. Inputacce.smeasuredatthe 1.5 V level. " 

4. ,Switch S, is closed. CL = 30 pF and outputs measured 011.5 V level for all tests except tplIZand tpZX' 

5. tpzx and tpZX(C~K) are ",e.sured althe 1.5 V outpullevel'with C~ • 30 pF. S,lsopen 10r,higH impedance to "I" testand closed for 
high impedance tei "0" lest. 

tpxz aiid IPXZ(C~K) ,re tested with C~ = 5 pF. S, is open for "1" to~ilih impedance test, ",essured at VOH70,5 Vouipullev~l; 
Sf is ,closed for "0"10 high impedance lest measu[e?'atVo~ +0.5 Voulput .I,ev,el. 

4.11 



PLE 10R8, 11RA8, 11 RS8 

Operating Conditions 

SYMBOL PARAMETER 
COMMERCIAL 

MIN TYP* MAX 
MILITARY 

MIN TYP* MAX UNIT 

tw Width of cloc.k (High or Low) 20 10 20 10 ns 

tsu Setup time from input to clock (10RS) 30 25 40 25 ns 

tsu setup time from input to clock (llRAS, 11 RSS) 35 2S 40 2S ns 

ts(ES) Setup time from ES to clock (except 11 RAS) 15 7 15 S ns 

ts (IS) Setup time from IS to clock 25 20 30 20 ns 

th Hold time input to clock 0 -5 0 -5 ns 

th(ES) Hold time (ES) (except 11 RAS) 5 -3 5 -3 ns 

th(IS) Hold time (IS) 0 -5 0 -5 ns 

Switching Characteristics Over Operating Conditions and using Standard Test Load 

SYMBOL PARAMETER 
COMMERCIAL MILITARY 

UNIT 
MIN TYp· MAX MIN TYp· MAX 

tClK Clock to output delay 10 15 10 20 ns 

tpzx (ClK) Clock to output enabletime (except llRAS) 17 25 lS 30 ns 

tpxz (ClK) Clock to .output disable time (except 11RAS) 17 25 lS 30 ns 

tpzx Input to output enable time (except 11 RSS) 17 25 17 30 ns 

tpxz Input to output disable time (except 11 RSS) 17 25 17 30 ns 

• Typlcalsat 5.0 V Vee and 25°C TA. 

Definition of Waveforms 

Input 

I-'h-+Jrl,-Isu-I--·..--I 
____ ~ ______________ -,I-, __ ~ I l--------------------

/.!--=--_~t~~1 I~f .. / ES 

E 

_____ -L_j-""" ",,'il- t I I j _____ _ 

I I t-
is 

elK 

Q 

I-~ I~!FXZ~ !~tFZX ~j 
Hr.----'---,!.',..--'----rn -VOH -o.sv 

H-+------+H _______ '1'-___ -'-'-' + O.SV -VOL + O.SY 

NOTES: 1. Input pulse amplitude-O V 'to 3.0 V. 

2. lnput rise and fall times 2-5 ns from 0:8 V to 2.0 V. 

3. Input access measured at the.l.S V level. 

4. Switch 51 is closed. CL :: 30 pF and outputs measured at 1.5 V level for a\l tests except tpzx and tpXZ'~ 

5. _ tpzx and tPZX(CLK) are measured at the 1.5 V output level with CL :: 30 pF. 81 is open for high .impedance to "1' test and closed for 
high impedance to "0" test. 

tPX.Z and tPXZ(CLK) a~ tested with CL =.5 pF. 51 is open for "1" to high impedance test. measured at VOH-O.5 V output level: 
8, IS closed for :'0" to high Impedance test measured at VOL "'0.5 V output,level. 

l/IIonollthleFlJ] Memories 



PLE Family 

Switching Test Load Definition of Timing Diagram 

WAVEFORM INPUTS OUTPUTS 

SV 

)SI :riRt 

OUTPUT '. . .. 

CL R2 

~. ~ 

~ DON'T CARE; CHANGING; 
CHANGE PERMITTED STATE UNKNOWN 

12) (K NOT CENTER LINE IS 
APPLICABLE HIGH IMPEDANCE STATE 

MUST BE STEADY WILL BE STEADY 

Definition of Waveforms 

NOTES: Apply to,e;lectrical and switching characteristics. 

Typical at 5.0 V Vee and 25'e TA 

Measurements are absolute voltages with respect to the ground pin on the device and includes all overshoots due to- system and/or tester noise. 
rn all PLE' devices unused inputs must be tied to either ground or Vee. The 'series resistor'requir'ed for unused inputs,'an standard TTL is NOT required 
for PLE devices, thus' USing-less parts. 

*Not,more than-one output shoul,d be shorted at a time and duration ofthe short~circuit 'shOuld hot-'exceE;!d one sec,arid. 

For commercial operating range Rt "200 n. R2 = 390 ll. For military operating range Rl = 300 ll. R2 = 600 Il. 

t. Input pulse amplitude 0 V to 3.0 V. 

'2. lnput rise and fan times 2-5 ns fro'ni 0.8 to 2.0 V 

3. Input-access measured at the '1.5 V level; 

4. Data delay is tested with switch S1 closed. CL == 30 pF a-n~ measured at 1.5 V output level., 

5. tpzx is measured at the 1.5 V ouput,leveL~ith-'C~ :;:'~0'PKS1 is open for high-impedance to ':1"J~st'anP closed fqr-hi'gh-,impedarice't9 "0" -tes~. 

tpxz is measured CL ::: SpF.,S1-- is'open ftlr 'T' to,high:-lmpedance test, measured a! VOH -0.5 VO\Jtput levl3l; 8-1 is closed for "0" to high-impedance 
test measured at VOL +0.5 V output level. 

MonolifhloWllllemories 
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PLE Family 

Block Diagrams 

PLE5PS/A PLESP4 

AO 10 A7 15 
Al 11 

32.8 
A6 1 10F32 32X32 

A2 12 1 OF 32 
PROGRAMMABLE A5 2 ROW PROGRAMMABLE 

A3 13 DECODER ARRAY A4 3 DECODER ARRAY 

A4 14 A3 4 

E 15 

A27 
10F8 

Al 6 COLUMN 

AO 5 
DECODER 

PLESP8 PLE9P4 

19 
A8 14 A7 

18 
32X64 A7 15 A6 10F32 10F32 32X64 

17 PROGRAMMABLE A6 1 
AS ROW ROW PROGRAMMABLE 

DECODER 
ARRAY AS 2 DECODER ARRAY 

Al 
A4 3 

AO 

A4 4 4 A3 A3 

A2 
3 A2 7 10F16 

Al 6 
COLUMN 
DECODER 

~ 5 
E2 

AO 

E 13 

01 02 03 04 05 06 07 08 
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Block Diagrams 

i~8 19 
iA7 18 

A6 17 

A6 
AS 
A4 

A3 

A2 

1& 

. PlE9P8 

PLE10P8 

PLEFantitt 

A9 15 

1'8 16 
·A7 17 
·A6·1 

.A5 2 
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Block Diagrams 
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Monolithic Memories PLE Programmer Reference Chart 

Monolithic Memories PLE Programmer Reference Chart 
SOURCE Data 1/0 Corp. Kontron Electronics Inc. Slag Microsystems Inc. Dlgelec Inc. Varix Corp. 
AND 10525 Willows Rd •. ·N.E. 1230 Charleston Rd. 528-5 Weddell Dr. 1602 Lawrence Ave. 1210 E. campbell Rd. 
LOCATION P.O. Box 97046 Mountain View Sunnyvale Suite 113 Suite 100 

Redmond CA 94039-7230 CA94089 Ocean Richardson 
WA 98073-9746 NJ 07712 TX 7508.1 

P\"ogrammer Model 19/29A/29B Model MMP-80S Model PPX UP803 OMNI 
Model(a) Model 22 Model PPZ , , 

MMIGenerlc UniPak Rev 10 MOD16 Zm 2000 FAM Mod. No, 12 
Bipolar PLE UniPak 1.1 Rev 07 I 
Personality (Not all PLE devices 
Module are supported by e"rlier 

UniPak revisions) 
.. ' 

Socket Adapter(s) 
and DeviCe Code 

PLESP81 F18 P02 SA3 AMll0-2 DA No, 2 Pinout lA 63S081 
PLESPBA Model 22A- Code 21 Switch Pos. 0-6 

Adapter 351 A-064 

PLE8P4 F18 POl SA4-2 ,'. AM130-2 DA No.1 Pinout 1 B 63S141 
Model 22A- Code 21 Switch Pos. 0-6 
Adapter 351 A-064 

PLE9P4 F1BPo3 SA4-1 
., 

AM130-3 DA No.1 Pinout.lO 63S241 
Model22A. Code 21 Switch POS. 2-14 
Adapter 351A-064 

PLE8P8 F18 P08 SA6-1 Code 21 t 63S281 
Model22A-
Adapter 351A-064 

PLE10P4 F18 P05 SA4 AM140-2 DA NO.3 Pinout 1 E 63S441 
ModeI22A- Code 21 Switch Pos. 0-6 
Adapter 351 A-064 

PLE9P8 F18 P08 SA6 Code 21 t 63S481 
ModeI22A-
Adapter 351A-064 

PLE9R8 FEC P65 SA31-2 Code 21. Pinout lH 63RA481 
Model 22A- Switch POS. 5-14 
Adapter 351A-074 

PLEllP4 F18 P06 SA4"4 AM140-3 DA.No.3 Pinout lL 63S84t' 
Model 22A- Code 21 Switch 5-14 
Adapter 351A-064 

PLE1OR8 F18 P86 , t '. Code 21 DA No. 641 63RS881 
Model 22A- Switch Pos. Oc 12 
Adapter 351A~74 
(300 mil pkg) '. ; 

PLE12P4 F18 P53 SA20 AM120-6 DA No. 70 63S1641 
Model 22A- i" Code 21 Switch Pos.4-12 
Adapter 361A-064 

PLE11RA8 F18.PA3 t Code 21 DA No, 64 63RAl681 
PLE11.RS8 " . . 63RSl681 

PLE11P8 F18P21 SA5-4 . \' ." AM100-5 DANo:7 ',. 6351681 
. ' .. Code2L ' .. 

PLE12P8 F18P63 ", t 
, 

.·'Code21 DA No. 64 Pinout 47 6353281' 

.... , , :;witch POS, 0.-4 
'.' t Contact manufacturer, for avallablhty and programming rnformatlon. 

, 

, I 
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PAL Device Introduction 

The PAL® Device Concept 

Monolithic Memories' family of PAL devices gives designers 
a powerful tool with unique capabilities for use in new ~nd 
existing logic designs. The PAL device saves time and 
money by solving many of the system partitioning and 
interface problems brought about by increases in semi
conductor device technology. 

Rapid advances in large scale integration technology 
have led to larger and larger standard logic functions; 
single I.C.s now perform functions that formerly required 
complete circuit cards. While LSI offers many advan
tages, advances have been made at the expense of 
device flexibility. Most LSI devices still require large 
numbers of SSI/MSI devices for interfacing with user 
systems. Designers are still forced to turn to random 
logic for many applications. 

The designer is confronted with another problem when a 
product is designed. Often the function is well defined and 
could derive significant benefits from fabrication as an 
integrated circuit. HoWever, the design cycle for a custom 
circuit is long and the costs can be very high. This makes 
the risk significant enough to deter most users. The tech
nology to support maximum flexibility combined with fast 
turnaround on custom logic has simplynot been available. 
Monolithic Memories offers the programmable solution. 

The PAL device family offers a fresh approach to using 
fuse programmable logic. PAL circuits are a conceptually 
unified group of devices which combine programmable 
flexibility with high speed and an extensive selection of 
interface options. PAL devices can lower inventory, cut 
design cycles and provide high complexity with maxi
mum flexibility. These features, combined with lower 
package count and high reliability, truly make the PAL 
device a circuit designer's best friend. 

~~n PAL"' is a registered trademark of Monolithic Memories. 
MonolithIc II'IJIU,I Memories 5·4 



PAL Devic:e Introduct.ion 

The PAL Device-Teaching Old 
PROMs New .... lcks 

( 

\ 

Monolithic Memories developed the 'modern PROM and intr<r 
duced many of the architectu~es and techniques now regarded 
as indust~standards. As the world's largest PROM manufac
turer, Monolithic Memories has the proventechnologyand high 
volume prci9uctiori capability required to manufacture and sup-

. port the PAL device. 

The PAL device is an extension of the fusible link technology 
pioneered by Monolithic Memories for use in bipolar PROMs. 
Thefusible link PROM first gave the digital systems designer the 
power to ''write on silicon". In a few seconds he was able to 
transform a blank PROM from a general pu~osedevice into one 
containing a custom algorithm, microprogram, or Boolean 
trarisfer function. This opened up new horizons for the useot 
PROMs incolTlPutercontrOl stores, charactt;lrgenerators, data 
storage tables and rn~nyother appliclltions: Th$W\de accep.
taiiceofthis: teehnolbgy is clearly demonstrated by tod~y's 
multi-million dollar PROM market. . . 

The key to the PROM's success is that it allows the designer to 
cu$tomi~e the. chip quickly and easily to fit his unique require
ments. The pAL device extends this programmable flexibility by 
ufHizing. prpvenfusible,link teChnology. to implement logic 
functic:ms. By using PAL circ\jitiS the designer can quickly!!nd 
effectively. implem1!ritc\jstqm logic va~lng In complel<ityfr(JlT) 
randqrilgates to complex'!!rithmetic functions. . 

ANDsandOR~ 
The PAL device implements the familiar sum-of-products logic 
by using a programmable AND array whose output terms feed a 
fixed OR array. Since thE! sum-of-productsformcan expressliny 
Boolean transfer function, the PAL Circuit uses are only limited 
by the number of terms available in the AND ~ OR arrays: PAL 
devicescomeindi(ferenfsi:zes .to aObw for effectl~.·logic 
optimization. . . .. . . . '.' 

Figure 1 shows the basic PAL device structure for a tw<rinput, 
one-output logic segment. The general logic equation for this 
segment is: 

Output = (11+f.;'>ii1+f2)(12+f3)Q2+t:;) + 

(11+i5)(f1+fs)(12+f7) (12+;S) 

where the "f" terms represent the state of the fusible links in the 
PAL device AND array. An unblown link represents a logic 1. 
Thus: 

fuse blown, f = 0 

fuse intact, f = 1 

An unprogrammed PAL device has all fuses intact. 

Figure 1 

PAL Device Notatl~n 
Logic equations, whilecoilVenlentfor sm.alf functions, rapidly 
become cumberSOme in large systems. To reduce possible con
fusion, complex logic networt(s are gene~ally defined. by logic 
diagrams and truth tables. Figure2showsthEl logic con~ntion 
adopted to keep PAL device logic easy to understand and use, in 
the figure, an ;'x" repreSents an intact fuseused·to perform the 
. logic AND function. (Note: thE1 input terms on the common line 
with the x's are not connectedtogether.j The logic symbology 
shown in Figure 2 has b~h informally adopted by integr!!ted 
circuitmanufactur~rs because it clearly establishes. a orie-to,. 
one correspondence betweenth.e chip layout and the logic 
diagram: it also aliows the lOgic diagram and truth table to be 
combined ilrto a compact and easy to read fOrm, the~byseniing 
asa convenient shorthilhdfor PALcircuits. The tw<rinplJt, one.. 
output exaniple frolTlFi~urel,redraYlri using the new logic 
canveiltlon;' is shown in F1glire3. .' .... . 

.. , ',': "t ' 
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PAL Device Introduction 

}--A'B'c 

Figure 2 

OUTPUT 

Figure 3 

As a simple PAL device example, consider the implementation of 
the transfer function: 

Output = 11i2 + GI2 

The normal combinatorial logiC diagram for this function is 
shown in Figure 4, with the PAL device logic equivalent shown in 
Figure 5. 

::-' -----~Lf?6P-'---, ," 
Figure 4 

Using this logic coi'lllention it is rtO'IVpOssible tpcomp~'the 
PALd~vicestructure to ttte~iructure of the more familiarPI:iOM 
andPLA. The I:>lISiC logic struCt~re, (>faPROMcorisists ota,fixed 
A~ array whQ~QutPuts fllfld a programmabl~()Rarr!\y(Fig7 " 
ur!! 6): PROMs'areJow-cost, easy.to program,an.;! av,ailabte~irt,a, 
variety of sizes arid organizations. Theyanl mQsfcommonly 

5-6 

PROM' 
16 Words x 4 Bits , 

·OR"ARRAY 
~ 7~ 7"i 7"i (PROGRAMMABLE) 

IV IV y. rv 
i""'\. 

F< 
F< 
F< 
F=< 

< " F<'" 
F< 

! =< 
, =< 

=< 
=< 
r=< 
r=< 
F==: 
F==: 
F<' 
'-J 

, • "AND"ARRAY Vvyy (FIXED) 

Figure 6 

used to sto~~cQniputer programs and data: I n thes~ appl icatiOns 
the fixedinput is a computer memory,addre~; theoutpl.Jtis the 
corite~ts of ttiat memory location. ' , 

{hebasit logicstrucwre6dhePLAdonsf~tsof a programrri~ble 
AI'JDarray whose, Qutputs ,feed a" programmable OR arrljY 
(fjgure 7), Since ,the deSigner has cQmplete control ,over aU 
)np,utsllndoutputs, thePLA prQvidesthii ultimate flexibility for 
'implemeriting logi« f4nctiO)')S: Tt:tey are, USE\<fill a wide variety qf 
applications. HoweVer: this generality, can make PLAs' expen
sive,'quite formidable to understand, arid costly to program. 

>.' ", ,.',r, 

:i:~~asjClogicstrUCtUfE\Of the PAL devi<;e, as menti~ned earlier, 
consists'of a programmable AND array whose outpu~feeda 
f,ixed Q~ amw (FigufE\B). The,PAL;cjevice combines muchottne 
t1exibUity of,the PLA~iththe lowcost.and;easy.progrElmmt;lbility 
01 the PROM. Table 1 summarizes the characteristics of. the 
PROM, PLA, 'and PAL device logic families. . ' . 
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FPLA 
4 In.4 Out.16 Products 

'3 '0 
"OR" ARRAY 

~ ~ 'i 'I 7 (PROGRAMMABLE) 

IV IV V IV 
1\ 

F< 
F< 
F< 
F< 
F< 
F< 
F< 
F< 
F< 
F< 
F< 
F< 
F< 
F< 
F< 
~ 

"AND" ARRAY '1'1'1'1 (FIXED) 

Figure 7 

AND OR 

PROM Fixed Prog 

FPLA Prog Prog 

FPGA Prog None 

FPLS Prog Prog 

PAL Device Prog Fixed 

PAL Device Circuits For Every Task 
The members of the PAL device family and their characteristics 
are summarized in the PAL device menu. they are designed to 
coverthespectrum of logic functions at reduced cost and lower 
package Gount. This allows thedesignerto selectthe PAL device 
that best fits his application: PAL device units come in the 
following bl!sic Gonfigurations: 

PAL Device 
4 In·4 Out.16 Products 

10 

~ ~ 7 'I 'i 7 "OR" ARRAY 

V IV IV V (FIXED) 

"' =< =< =< =< 
F< 
F< 
F< 
~ 
F 
F 
~ 
F , 

F 
~ 

I, F< 
"-' 

"AND" ARRAY '('1'1'1 (PROGRAMMABLE) 

Figure 8 

OUTPUT OPTIONS 

TS.Oe 

TS. oe, Prog, Polarity 

TS. Oe. Prog. Polarity 

TS. Registered Feedback. 1/0 

TS. Registered Feedback. 1/0 
Prog, Polarity 

Logic Arrays 
PAL device logic arrays are available in sizes from 6x16 (6 input 
terms, 16 output terms) to 64x32. with both active high and active 
low output configurations available (ref. PAL device menu). This 
wide variety of input/output formats allows the PAL device to 
replace many different sized blocks of combinatorial logic with 
single packages. 

Monollthlc.WMemorles 5·7 
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INPUTS AND OUTPUTS 

-' .... .r"\. 
,/: 

~ . 
... 

ee' 

Figure 9 

Pro9rammable I/O 
Afeature of the high~nd members of the PAl. device family is 
programmable input/output. This allows the product terms to 
directly control the outpUts of the PAl. device (Figure 10). Dne 
product term is used t() enable the three-state buffer, which in 
tum gates the summation term to the output pin. The output is 

also fed back into the PAl:. device array as an input. Thus the PAl. 
device drives the I/o' pin when the three,state gate is enabled; 
the liD pin is an input to the PAL device array when the 
three-state gate is disabled. This feature can be used to allocate 
available pins for I/O, Junctions orto provide bi~directional out
put pins for operations such as shifting and. rotating. serial data. 

INPUTS, FEEDBACK AND 1/0 

:>--J 1/0 

... 
~~ . t---.. ~ 

Figure 10 

Regietered Outputs with Feedb.ac.k 

Another feature of the high end members of the PAL 'device 
family is registerect data outputs with registered feedback. Each 
product term is stored into a D-type output flip-flop onthe rising 
edge of the system clock (Figure 11). The Q output of the 
flip-flop .can then be gated to the output pin by enabling the 
active low three-state buffer. 

INPUTS, FEEDBACK AND 1/0 

In addition to being avai.lable for transmission, the Q output is 
fed back into the PAL device array as" an input term. This feed
back allows the PAL device to "remember" the previous state, and 
it can alter its function based upon that state. This allows the 
designer to configure the PAL device as a state sequencer which 
can be programm~ to execute such elementary functions as 
count up, count down, skip, shift, and branch. These functions 
can be executed by the registered PAL device at rates of up to 40 
MHz. 

11111111111111111111'11111111111 !:'~. 
XOf' PAL Devices 

figure 11 

These PAL devices feature an exclusive,DR(XDR) function.The 
sum of products is segmented into two sums which Brethen 
exclusive DRed at the input ofthE! D-type flip-fiop (Figure 12). All 

INPUTS, FE.EDBACK AND 1/0 

ofthefeatureS ofthe Registered PAL devices are included in the 
. XDR PAL unit. TheXDR function provides an easy implementa
tion of the HDLD operation used in counters and other state 
sequencers. 

,~IJ1111111.lllllllllllllrllllllllllII11~Q 
Figure 12. 
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Arithmetic;~,f,"".c;~, '." 
The.ar,lthinetic fUflctions{add. sUQtract, greate~ than. and less 
thanj .,are implemented by. a(;ldilior:1 of"gaied'f~bPcktb :th~ 
fe1itu~es:Qfthe ~B PAkd~icll~ :Ttu; XOR, ,+ttheinp'ut, of~he 
D-t}(pe flip-f1qpallbW$ carrysJr.om p~iqus operations to be 
XORed with t;;"o variable suliTs.getlerafE/dbY the PAl,., .Qlivice 
array, The flip-flop Qoutput is fed back to tie gated with input 

$.\ •. ,. ,Ai... 21",t,,·$ ". ",·Wh .. ;'.",£ 

terms A (Figu~ ia}.th&68t'wf~~I<~P~iGl~1lI'iY.o~QftHe 
SIl\t~D pos~ibJeJ:~qolean,c;:.OfII,~jnlltions wJ:lich ~IT\IIPP.ed in~the 
I(arnaug~ rn,aRJFigu,re, 15);,~igyre 14 s~qY(~PQ"X\th~ ~AI,.,dE!l(jce 
\lI'raY98n~PrQgral])medito,.perfoTl]) t~~e~.l\~~n,.q~ratio.ns. 
these fe1itwr~ J?FQyide}or versatile o~rlltio~pR tw~)larillb!~ 
Ii!1d~acilitatethepa.rll\~I, geperation,oJ ~~ry,f~tJQS,t· 
arlth,l)'letip o,pe~~~p;s; :' . 



protlrammable Output.PoIarlty. 
'rheoutput$can tie programmed either activ&:lowOr acti .. 
hi~h.thisls'repr8sented by the exclusive"6r gates shown in 
FiglirEl 13.'PAL20RAiO Logic Qiagram.When the output pOlarity 
fuse Is brown.1helowerinput t'otheexclusive"OrgateHs high. So 
the oiJtliut is active-high. Similarly. when the OlJ,tput pol~rity fuse . 
is intact. the output is.active-low. The programmable output 
polarity feature allows the user a higher degree of flexibility 
when writing equations. 

Programmable Clock 
One of the pr0ductlines in each group jscOnn~ctedtotheclock. 
This provmes' the user wlth~ the additional fl~ibility of a pro
grammable clock. So8!lchoutput can be clcx:ke<i independently 
of all the others., (See .. igure 16) .' . • 

Programmable Set and Re8et" 
Two product Iinessre dediCated to asynchronous set and reset. 
Ii the set pr'Oduct line ishigh; the register outPllt'lltlcomes a logic 
1. ((the reset product line is high. the register output becomes a 
logic O.The operation of the programmable'Sst and reset over-
rides'the c(jck. (See Figure 16) , , ., 

Indl~idually Programmable 
R.glster By .... · .. 

• <- • ~ - > , 

If both the set and reset product lines are high. the sum-of
proCtllcts bypaSses the reglsterbn<fappears immediately at the 
output.,t\)us ri1aking the output ppmbil')atorial. This allows each 
output to be configured i.n tl:1eregistered c>rcombinatorial mode. 
(See Figure 16) , . ", . 

1111111111111111111111111111111111111111 ~ 
figure 16 

Product Term Sharing 
The besicconfig!Jration is sixteen Product terms shared between 
two output cells. for a typical Output pair. each product term can 
be used by either output; but; sin~ product term sharing is 

. ' 
" .. .. .. .. .. 
" .. .. .. 
" .. .. .. .. 

exclusive. a product term can be used by'only one output. not 
both. If equations'call for an output pairto use the same product 
term. two productterms are generated. one fOr each output. This 
should be taken into ,accc>unt when writing .. equations, PAL 
assemblers configure product terms automatically . 

....... : .. i .. 
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~ 
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'.' figure 17 .' 



PAL Device Introduction 

PAL Device Programming 
PAL devices can be programmed in most standard PROM pro
grammers with the addition of a PAL device personality card. For 
details on programming equipment, see the PAL Device Pro
grammer Reference Guide in this databook. 

PALASM (PAL Device Assembler) 
PALASM is the software used to define, simulate, build, and test 
PAL device units. PALASM accepts the PAL device Design 
Specification as an input file. It verifies the design against an 
optional function table and generates the fuse plot which is used 
to program the PAL devices. PALASM is available upon request 
for many computers. 

HAL (Hard Array Logic) Device 
The HAL device family is the mask programmed version of a PAL 
device. The HAL device is to a PAL device just as a ROM is to a 
PROM. A standard wafer is fabricated as far as the metal 
mask. Then a custom metal mask is used to fabricate aluminum 

* Patent pending 

links for a HAL device instead of the programmable TiW fuses 
used in a PAL device. 

PAL Device Technology 
PAL circuits are manufactured using the proven TTL Schottky 
bipolar TiW fuse process to make fusible-link PROMs. An NPN 
em itter follower array forms the programmable AND array. PN P 
inputs provide high impedance inputs (0.25 mA max) to the 
array. All outputs are standard TTL drivers with internal active 
pull-up transistors. 

PAL Device Data Security 
The circuitry used for programming and logic verification can be 
used at any timeto determine the logic pattern stored in the PAL 
device array. For security, the PAL device has a "last fuse" which 
can be blown to disable the verification logic. This provides a 
significant deterrent to potential copiers, and it can be used to 
protect proprietary designs. 

Monolithic WMemories 5-11 



PAL Device Introduction 

PAL Device Part Numbers 
The PAL device part number is unique in that the part number 
code also defines the part's logic operation. The PAL device 
numbering system is shown in Figure 17. For example, a PAL 
14L4CN would be a 14-inputterm, 4-output term, active-low PAL 
device with a commercial temperature range packaged .in a 
2D-pin plastic DI P. 
The electronic dice game is simply constructed using a free 
running oscillator whose output is used to drive two asyn-

-;=0 

=:n J 

~ 

~ 

.! 
~ 1 J 

~ ;:::u 
1 

P 
1 )...J-U 

~ 1 

chronous modulo six counters. When the user "rolls" the dice 
(presses a button), the current state of the counters is decoded 
and latched into a display resembling the pattern seen on an 
ordinary pair of dice. 

A conventional logic diagram for the dice game is shown in 
Figure 16. It is implemented using standard TTL, SSI and MSI 
parts, with a totall.C. count of eight six quad gate packages and 
two quad D-Iatches. Looks like a nice clean logic design, right? 
Wrong!! 
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PAL Device Introduction 

PAL, Pro!I"::J. gj~AL20L8A_2 M EJ-cSHRP ~RNlIUMBER 
Family 

HAL = Hard. . Array .' '. . OPTIONAL PROCESSllIG 
, Family _' , ..' SHRP '=:'~=1;rnhanced 
:::i~~TS .' . . .' , .' XXXX = Hi-Rei 

.PACKAGE 
OUTPUT TYPE ' N = Plasllc Dip 

H = ACtive HIgh J. =, Ceramic Oip 
L = Active Low F = Flat Pack 
C = Cem",_tary NL = Plastic ~.d .... 
P = Programmable qhip.Clmer 
R = Registered NS = PlastIC SKINNYDIP 
RA = Registered Asynchronous JS = Ceramic SKINNYDIP 
S = Shared L = LeIIdIe8I 
X = Exclusive OR Registered Chip Carrier 
A = ArtIhmeUc Reg/llared P = Pin Grid Array 

NUMBER OF OUTPUTS 

SPEED/POWER------' 
A = High Speed 
-2 = 1/2 Powar 
-4 =114_ 
A-2 = Hllih Speed _1/2 Power 
A-4 .:: .Hlgh Speed and 1/4 Power 

, ~'".', , 

L------TEMPERATURE CODE 
C = Commercial 
M = MUlIary 

... '" 

pAI.,Devic;:e·~i,cSYmbols .. , 
The logic sy~b(jIS foreachof.theindiVidualPAL devices gives a 
concise functionaJdescription ofihe PAL device logic function. 
This symbol makes a conlienien(reference when selecting the 
PAL device that best fits aspe6ifi« application. Figure 18 shows 
the logic symbol for a PAL 1 OH8 ah~y.. . . 

PAl~ott8 

A PAL Device Example 
As an example of how the PAL device enables the designer to 
reduce costs and simplify logicdesign', consider the design of a 
simple, high-volume consumer product: an electroniC dice 
game. This type of productc'wiJI be produced in extremely high 
volume, so it is essential that everY possible production cost be 
minimized. 

PAL DeviceC~ tb the Casino 
A brief examinatiori of Figure 16 reveals tWo basic facts: first, the 
circuit contains mostly simple, oombinatoriallogic, and second, 
it uses a clocked state transition sequence. Remembering that 
the PAL device family contains ample provision fOf these fea
tur:es, the PAL device catalog is.consulted. The PAL16R8has all 
the requirElCl fUnctions, and the entire logic content of the ci roui! 
can be programmed into a single PAl,. device shown in Figure 19. 
In this e>iample,thePAL d~iceeffected an eighHoCone.~ackage 
count reduction and a significant cost savings. This is typic;al of 
the power and {;ost-:effectlve performance that the PAL device 
family brings to logic design. 

',Vcc 



PAL Device Introduction 

Advantages of Using PAL Devices 

The PAL device has a unique place in the world of logic 
design. Not only does it offer many advantages overconven
tiona I logie, it also provides many features not found any
where else. Among the benefits of the PAL device family: 

• Programmable replacement for conventional TTL logic. 
• Reduces IC inventories substantially and simplifies their 

control. 
• Reduces chip count by at least 4 to 1. 
• Expedites and simplifies prototyping and board layout. 
• Saves space with 20-pin and 24-pin SKINNYDIP packages, 

and surface-mount PLCC packages. 
• High speed: 15 ns maximum propagation delay, on Bseries. 
• Programmed on standard PROM programmers. 
• Programmable three-state outputs. 
• Special feature eliminates possibility of copying by 

competitors. 

All 'ofthese features combine together to lower product devel
opment costs and increase product cost effectiveness. The 
bottom line is that PAL devices save money. 

Direct Logic Replacement 

In both new and existing designs, the PAL device can be used to 
replace various logic functions. This allows the designer to 
optimize a circuit in many ways never before possible. The PAL 
device is particularly effective when used to provide interfaces 
required by many LSI functions. The combination of PAL device 
flexibility and LSI function density makes a powerful team. 

Design Flexibility 
The PAL device offers the systems logic designer a whole new 
world of options. Until now, the decision on logic system imple
mentation was usually between SSI/MSIIogic functions on one 
hand and microprocessors on the other. In many cases the func
tion required is too awkward to implement the first way and too 
simple to justify the second. Now the PAL device offers the 
designer high functional density, high speed, and low cost. Even 
better, PAL devices come in a variety of sizes and functions, 
thereby further increasing the designer's options. 

Space Efficiency 

By allowing designers to replace many simple logic functions 
with single packages, the PAL device allows more compact P.C. 
board layouts. The PAL device space-saving 2o-pin and 24-pin 
SKINNYDIP packages help to reduce board area further while 
simplifying board layout and fabrication. this means that many 
multi-card systems can now be reduced to one or two cards, and 
that can make the difference between a profitable success or an 
expensive disaster. 

Smaller Inventory 
The PAL device family can be 
used to replace up to 90% of 
the conventional TTL family. 
This considerably lowers both 
shelving and inventory catalog
ing requirements. In addition, 
small custom modifications to 
the standard functions are 
easy for PAL device users, but 
not so easy for standard TTL 
users. 
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PAL Device Introduction 

High Speed 

The PAL device family runs faster than or equal to the best of 
bipolar logic circuits. This makes the PAL device the ideal choice 
for most logical operations or control sequence which requires a 
medium complexity and high speed. Also, in many microcom
puter systems, the PAL device can be used to handle high-speed 
data interfaces. that are not feasible for the microprocessor 
alone. ThiS can be used to significantly extend the capabilities of 
the low-cost, low-speed NMOS microprocessors into areas for
merly requiring high-cost bipolar microprocessors. 

Easy Programming 
The members of the PAL device family can be quickly and easily 
programmed using standard PROM programmers. This allows 
designers to use PAL devices with a minimum investment in 
special equipment. Many types of programmable logic, such as 
the FPLA, require an expensive,dedicated programmer. 

Secure Data 

The PAL device verification logic can be completely disabled by 
blowing out a special "last link". This prevents the unauthorized 
copying of valuable data, and makes the PAL device perfect for 
use in any application where data integrity must be carefully 
guarded. 

Summary. 
The PAL device .family of logic devices offers logic designers 
new options in the implementation of sequential and combina
torial logic designs. The family is fast, compact, flexible, and 
easy to use in both new and existing designs. It promises to 
reduce costs in most areas of deslgn and production with a 
corresponding increase in product profitability. 

A GreatPerfot-mer-! 
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PAL® (Programmable Array Logic) Devices 
HAL®(Hard Array Logic) Devices 

Features/Benefits 
• Redu~s SSI/MSI chip count greater than 5 to 1 

• Saves space with SKINNYDIPI!> packages 

• Reduces Ie inventories substantially 

• Expedites and simplifies prototyping and board layout 

• PALASMI!>2 silicon compiler provides easy design entry 

• Security fuse reduces possibility of copying by competitors 

Description 
The PAL device family utilizes an advanced Schottky TTL 
process and the Bipolar PROM fusible. link technology to 
provide user-programmable logic for replacing conventional 
SSI/MSI gates and flip-flops at reduced chip coUnt: 

The HAL device family utilizes standard Low-Power Schottky 
TTL process and automated mask pattern generation directly 
from logic equations to provide a semi-custom gate array for 
replacing conventional SSI/MSI gates and flip-flops at reduced 
chip count. 

The PAL device lets the systems engineer "design his own Chip" 
by blowing fusible links to configure AND and OR gates to 
perform his desired logic function. Complex interconnections 
which previously reqUired time"consuming layout are thus 
"lifted" from PC board etch and placed on silicon where they can 
be easily modified during prototype check-out Or production. 

The PAL/HAL .device transfer function is the familiar sum of 
products. Like the PROM, the PAL device hasa single arrayaf 
fusible links. Unlike the PROM, the PAL device is a program
mable AND array driving afixed OR array (the PROM is a fixed 
AND array driving a programmable OR array). 

PAL' (Programmable Array Logic). PALASM'·. HAL' and SKINNYDIP> 
are registered trademarks, ot Monolithi'c Memories. 

HMSl'," is a trademark of-Monolithic Memories. 

In addition the PAUHAL device provides these options: 

• Variable input/output pin ratio 

• Programmable three-state outputs 

• Registers with feedback 

• Arithmetic capability 

.,Exc!uslve-OR gates 

Unused input pins should be tied directly to Vce or GND. 
Product terms with all fuses blown assume the. logical high state, 
and product terms connected to both true and complement of 
any single input assume.the logical low state. Registers consist 
of D-type flip-flops which are loaded on the low-to-high 
transition of the clock. PAL/HAL device Logic Diagrams are 
shown with all fuses blown, enabling the designer to use. the 
diagrams as coding sheets .. PALASM software automatically 
generates a similar diagram, called the fuse plot 

The entire PAL device family is programmed using inexpenSive 
conventional PROM programmers with appropriate personality 
and socket adapter cards. Once the PAL device is programmed 
and verified, two additonalfuses. maybe blown to defeat 
verification: This .feature gives the user a proprietary circuit 
which is very difficult to copy. 

To designa HAL, the user first programs and debugs a PAL 
device using PALASManc! the "PAt DEVICE DESIGN 
SPECIFICATION" standard format. This specification is sub
mitted to Monolithic Memories where it is computer-processed 
and assigned a bit pattern number, e.g" H01234. 

Monolithic Memories will provide a PAL device sample for 
customer qualification. The uSer then submits a purchase order 
for a HAL of the specified bit pattern number, e.g., HAL 18L4 
HOt234. For details on ordering HAL devices, pleasereferto the 
brochure, ProPAL, HAL; and ZHAL Devices: The Logical 
Solutions for Volume Programmable Logic, available from 
Monolithic Memories. 

. . .... '. T~X: 910,338-2376 
2175 Mission College Blvd. SImla Clara, CA 95054:1592 Tel:(408) 970.9700 TWX:. 910"338-2374 

Monolithicl!T!n 
Memories InUW 
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PAL/HAL Devic-. 

Register Bypass (MegaPAL Deliices) 
Outputs within a bank must either be all registered or all com
binatorial. Whether or not a bank of registers is bypassed 
depends on how the outputs are defined in the equations. A 
colon followed by an equal sign [:,,] specifies a registered output 
with feedback wh ich is updated afterthe low-ta-high transition of 
the clock. An equal sign [,,] defines a combinatorial output 
which bypasses the register. Registers are bypassed in banks of 
eight. Bypassing a bank of registers eliminates the feedback 
lines for those outputs. 

Output Polarity 
Output polarity is defined by comparison of the pin list and the 
equations. If the logic sense of a specific output in the pin list is 
different from the logic sense of that output as defined by its 
equation, the output is inverted or active low polarity. lithe logic 
sense of a specific output in the pin list is the same as the logic 
sense of that output as defined by its equation,the output is 
active high polarity. Note that the P, RA, liS, and MegaPAL 
devices have programmable output polarity. 

Product Term Sharing 
(RS,MegaPAL Devices) 
The basic configuration is sixteen product terms shared between 
two output cells. For a typical output pair, each product term 
can be used by either output; but, since product term sharing is 
exclusive, a product term can be used by only one output, not 
both. If equations call for an output pairto use the same product 
term, two product terms are generated, one for each output. This 
should be taken into account when writing equations. PAL 
device assemblers configure product terms automatically. 

Product Term Editing 
A unique feature of product term sharing.is the abilityto edit the 
design after the device has been programmed. Without this 
feature, a new PAL device had to be programmed if the user 
needed to change his design. Prod.uct term editing allows the 
user to delete an unwanted product term and reprogram a 
previously unused productterm to the desired fuse pattern. This 
feature is made possible by the product term sharing architec
ture. Since each product term can be routed to either output in a 
given pair by selecting one of two steering fuses, it is possible to 
blow both olthe steering fuses thereby completely disabling that 
product term. Once disabled, that product term is powered 
down, saving typically 0.25 mA. The desired change may now be 
programmed into one of the previously unused product terms 
corresponding to that output pair. Additional edits can be made 
as long as there are unused product terms for the output in 
question. 

PRESET Feature (PAL64R32 only) 
Register banks of eight may be PRESET to all highs on the out
puts by setting the PRESET pin (PS) to a Low level. Note from the 
Logic Diagram that when the state of an output is High, the state 
of the register is Low due to the inverting tri-state buffer. 

TTL· Level Preload Features 
(RA,MegaPAL Devices) 
Preload pins have been added to enable the testability of each 
state in state-machine design. Typically, for a modulo-n counter 
or a state machine there are many unreachable states for .the 
registers. These states, and the logic which controls them are 
untestable without a way to "set-in" the desired starting state of 
the registers. In addition, long test sequences are sometimes 
needed to test a state machine simply to reach those starting 
states which are legal. Since complete logic verification is 
needed to ensure the proper exit from "illegal" or unused states, 
a way to enter these states must be provided. The ability to pre
load a given bank of registers is provided in this device. 

To use the preload feature, several steps must be followed. First, 
a high level on an assertive-low output enable pin disables the 
outputs for that bank of registers. Next, the data to be loaded is 
presented at the output pins. This data is then loaded into the 
register by placing a low level on the PRELOAD pin. PRELOAD 
is asynchronous with respect to the clock. 

Programmable Set and Reset 
(RA Family only) 
In each SMAC, two product lines are dedicated to asynchronous 
set and reset. If the set product line is high, the register output 
becomes a logic 1. If the reset product line is high, the register 
output becomes a logiC O. The operation of the programmable 
set and reset overrides the clock. Note that set and reset are in 
reference to the register, independent of polarity. 

Individually Programmable 
Register Bypass (RA Family only) 
If both the set and reset product lines are high, the sum-of
products bypasses the register and appears immediately at the 
output, thus making the output combinatorial. This allows each 
output to be configured in the registered or combinatorial mode. 

Programmable Clock 
(RA family only) 
Oneof the product lines in each group is connected to the clock. 
This provides the user with the additional flexibility of a pro
grammable cloCk, so each output can be clocked independently 
of all the others. 
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Monolithic Memories PAL® Device Menu 

FAMILY PART NUMBER PACKAGE 

PAL10H8 
PAL12H6 
PAL14H4 

Small 20 
PAL16H2 

20N, J, NL, 
PAl16Cl Combin"ltorial PAl10L8 F, L 

PAL 12L6 
PAl14L4 
PAl16L2 

PAL10H8-2 
PAl12H6-2 
PAl14H4-2 

Sma1l2Q-2 
PAl16H2-2 

20N, J, NL, PAl16Cl-2 
Combinatorial PAL 10L8-2 F, L 

PAL12L6-2 
PAl14L4-2 
PAl16L2-2 

PAL16L8 
Medium 20 PAL16R8 20N, J, NL Standard PAL16R6 

PAl16R4 

PAL16L8A 
Medium 20A PAL16R8A 20N, J, NL, 

Standard PAL16R6A W,L 
PAL16R4A 

PAL16L8A-2 
Medium 20A-2 PAL16R8A-2 20N,J, NL, 

Standard PAL16R6A-2 F,L 
PAL16R4A-2 

PAL16L8A-4 
Medium 20A-4 PAL16R8A-4 20N, J, NL, 

Standard PAL16R6A-4 F, L 
PAL16R4A-4 

PAL16L8B 
Medium 20B PAL16R8B 20N, J, NL, 

Standard PAL16R6B W,L 
PAL16R4B 

PAL16L8B-2 
Medium 20B-2 PAL16R8B-2 20N, J, NL, 

Standard PAL16R6B-2 W,L 
PAL16R4B-2 

PAL16L8B-4 
Medium20B-4 PAL16R8B-4 20N, J, NL, 

Standard PAL16R6B-4 W,l 
PAL16R4B-4 

Medium 20AP PAL16P8A 

Programmable 
PAL16RP8A 

20N, J, NL PAL16RP6A Polarity 
PAl16RP4A 

Large 20 PAL16X4 20N, J, NL, 
Arithmetic PAL16A4 F, L 

Large 20RA 
PAL16RA8 20N, J, NL Asynchronous 

* Minimum commercial tsu for devices with all registered outputs. 

* * Polarity fuse programmed (active High). 

DESCRIPTION MAXIMUM 

OUTPUTS tpD- ICC INPUTS 
COMBINATORIAL RE.GISTERED ns mA 

10 8 
12 6 
14 4 
16 2 
16 2 
10 8 
12 6 
14 4 
16 2 

10 8 
12 6 
14 4 
16 2 
16 2 
10 8 
12 6 
14 4 
16 2 

16 
... 

8 
16 -
16 2 
16 4 

16 8 
16 -
16 2 
16 4 

16 8 
16 -
16 2 
16 4 

16 8 
16 -
16 2 
16 4 

16 8 
16 -
16 2 
16 4 

16 8 
16 -
16 2 
16 4 

16 8 
16 -
16 2 
16 4 .. 

16 8 
16 .. -
16 2 
16 4 

16 4 
16 4 

16 -

N = Plastic DIP 
NS = Plastic SKINNYDIP 

J = Ceramic DIP 
JS = Ceramic SKINNYDIP 

- 35 
- 35 
- 35 
- 35 
- 40 90 
- 35 
- 35 
- 35 
- 35 

-
-
-
-
- 60 45 
-
-
-
-
-
8 35 180 
6 
4 

-
8 25 180 
6 
4 

-
8 35 90 
6 
4 

-
8 55 50 
6 
4 

-
8 15 180 
6 
4 

-
8 

25 90 
6 
4 

-
8 35 55 
6 
4 

-
8 25/30" 180 
6 
4 

4 40 225 
4 240 

8 30/35" 170 

NL = Plastic Leaded Chip Carrier (PLCG) 
P = Pin Grid Array 
L = Leadless Chip Carrier (LCG) 

W = Cerpack 
F = Ceramic Solder Seal Flat Pack 
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Monolithic Memories PAL® Device Menu 
PAL Circuit Series 24 

FAMILY PART NUMBER PACKAGE 

PAL12L10 
PAL14L8 

Small 24 PAL16L6 24NS,JS, W, 
Combinatorial PAL 18L4 28NL,28L 

PAL20L2 
PAL20C1 

Small24A PAL6L16A 24NS,JS, 
Decoder PAL8L14A 28NL 

PAL20L8A 
Medium 24A PAL20R8A 24NS,JS, W, 

Standard PAL20R6A 28NL,28L 
PAL20R4A 

PAL20L8A-2 
Medium 24A-2 PAL20R8A-2 24NS, JS, W, 

Standard PAL20R6A-2 28NL,28L 
PAL20R4A-2 

PAL20L8B 
Medium 24B PAL20R8B 24NS,JS, W, 

Standard PAL20R6B 28NL,28L 
PAL20R4B 

PAL20L10 
Medium 24X PAL20X10 24NS,JS, W, 
Exclusive OR PAL20X8 28NL,28L 

PAL20X4 

PAL20L10A 
Medium 24XA PAL20X10A 24NS,JS, W, 
Exclusive OR PAL20X8A 28NL,28L 

PAL20X4A 

Large 24RS 
PAL20S10 
PAL20RS10 24NS,JS, W, 

Shared 
PAL20RS8 28NL,28L 

Product Terms 
PAL20RS4 

Large 24RA 
PAL20RA10 

24NS,JS, W, 
Asynchronous 28NL,28L 

PAL Circuit Series MegaPAL'" 

FAMILY PART NUMBER PACKAGE 

1500 Gaies PAL32R16 40N, j, 44NL, 44L 

5000 Gates PAL64R32 88P,84L 

* Minimum commercial tsu for devices with all registered outputs. 

* * Polarity fuse programmed (active High). 

DESCRIPTION 

OUTPUTS 
INPUTS 

COMBINATORIAL REGISTERED 

10 10 -
14 8 -
16 6 -
18 4 -
20 2 -
20 2 -
6 16 -
8 14 -

20 8 -
20 - 8 
20 2 6 
20 4 4 

20 8 -
20 - 8 
20 2 6 
20 4 4 

20 8 -
20 - 8 
20 2 6 
20 4 4 

20 10 -
20 - 10 
20 2 8 
20 4 4 

20 10 -
20 - 10 
20 2 8 
20 6 4 

20 10 -
20 - 10 
20 2 8 
20 6 4 

20 - 10 

DESCRIPTION 

INPUTS REGISTERED OUTPUTS 

32 16 

64 32 
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MAXIMUM 

tpD" ICC 
ns rnA 

40 100 

25 90 

25 210 

35 105 

15 210 

165 

50 
180 
180 
180 

165 

30 
180 
180 
180 

35/40** 240 
35 240 

35/40** 240 
35/40** 240 

30/35** 200 

MAXIMUM 

tpD" ICC 
ns rnA 

40/45** 280 

50/55*' 640 



'MAX Parameters 
The parameter fMAX is the maximum speed at which the PAL 

. device is guaranteed to operate. Because flexibility inherent to 
PAL devices allows.a choice of clocked flip-flop designs, for the 
convenience of the user,' fMAX for the B-speed devices is 
specified to address two major classes of synchronous designs. 

The simplest type of synchronous design can be described as a 
data path application. In this case, data is presented to the data 
terminal of the flip-flop and. clocked through; no feedback is 

.. 

employed (Figure 1). Under these conditions, the frequency of 
operation is limited by the greater of the data setup time (tsu) or 
the minimull) clock period (tw high + twlow). This parameter is 
designated fMAx (no feedback). 

For synchronous sequential designs, i.e., state machines, where 
logical'feedback is required, inputs to flip-flop data terminals 
originate from the device input pins or flip-flop outputs via the 
internal feeback paths (Figure 2). Under these conditions, fMAX 
is defined as the reciprocal of (tsu + tCLK) and is designated 
fMAX (feedback). . 

...... 

~ 
~ 

,./ ..... 

.... 

Figure 1. No, Feedback 

c 

~ 
~ 

... 

Figure 2. F.eedbac[t 
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10HS/-2 

10LS/-2 

1SRS/8/8-2/8"4 
A/A-2/A-4 

5·22 

20·Pin PAL/HAL Devices 

12HS/-2 

12LS/-2 

1SRS/B/B-2/B-4 
AlA-2/A-4 

14H4/-2 

14L4/-2 

1SR4/B/B-2/B-4 
AlA-2/A-4 

MonoIHhlc m lIIIemorles 

1SH2/-2 

1SL2/-2 

1SX4 

1SC1/-2 

1SLS/8/B-2/8-4 
A/A-2/A-4 

16A4 



20·Pin PAL/HAL Devices 

16AP8A 

16RP4A 



10HS/-2 

10LB/-2 

16H2I-2 

16LS/B/B~2IB04 
AlA-2IA04 

20·Pih PAL/H~L Devices·PLCC 

12H6/-2 

12L6/-2 

16L2/-2 

. 16RS/B1B-2IB-4 
AlA"2IA-4 

lIIIonoIifhio WMemorles 

14L4/-2 

16R6/B/B-2IB04 
AlA-2IA-4 



16R4/B/B-21B-4 
AlA-21A-4 

16RP6A 

20·Pin PAL/HAL DeVices·PLCC 

16P8A 

16RP4A 

16RPSA 

.16X4 



24·Pln PAL/HAL Devices 

12L10 14L8 16L6 18L4 20L2 

2OC1 20L101A 20X10/A 20XS/A 2OX4/A 

2OL8A/A·2IB 20RSAI A·2IB 20R6A1 A·2IB 20R4A1 A·2IB 
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24-Pin PAL/HAL Devices 

20S10 20RS10 20RS8 20RS4 

6L16A 8L14A 20RA10 

vee 

00 

01 

02 

03 

04 

05 

06 

07 

08 

09 

OE 

IIIIonoIHhlc on /IIIemories 5-27 



INPUT 
AND 
OR 

12L10 

18L4. 

LOGIC 
ARRAY 

ACTIVE 
LOW 

OUTPUT 
CELLS 

24 .. Pin PAL/HAL Devl~es·PLCC 

INPUT 
AND 
OR 

14L8 

20L2 

LOGIC 
ARRAY 

ACTIVE 
LOW 

OUTPUT 
CELLS 

16L6 

INPUT 
AND 
OR 

LOGIC 
ARRAY 

COMPLI· 
MENTARY 
OUTPUT 

CELLS 



24·Pin. PAL/HAL Devices"PLCC 

2OL10/A 20X10/A 

2OR6A1A-2/B 20R4A1 A-2/B 

INPUT 
AND 
OR 

20XS/A 

LOGIC .. 
ARRAY 

2ORA10 



20S10 

'INPUT 
AND 
OR, 

LOGIC 
ARRAY 

5-30 

20-Pln PAL/HALDevlc_-PLCC 

20RS10 

INPUT 
AND 
OR 

LOGIC 
ARRAY 

INPUT 
AND 

LOGIC 
ARRAY 

6L16A 

OUTPUT 
CELLS 

0 

0 

0 

.,.,,'Ih';'W Illlemo,./eS· 

20RS8 

REG 

OUTPUT. 
CELLS ,REG 

REG 

8L14A 

OUTPUT 
CELLS 



MegaPA~ Devices 

32R16 

~ 
I 

......., . 
.... y 

UI "KI'UIU 
AN[)..OR 0: w 
ARRAY i!: 

8K a: 
~ Q 

FUSES 

i ~ 

! ~ 
0 

Plastic Chip Carrier 

32R16 

Plastic Chip Carrier 
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Standard PAL/HAL U.vlces Series 20 
10H8, 12H8, 14H4, 18H2, 18C1; 1'OL8, '12L8, 14L4, 18L2 

Operating Conditions 

SYMBOL PARAMETER MILITARY COMMERCIAL 
UNIT 

MIN TYP MAX, MIN TYP MAX 

Vee Supply voltage 4.5 5 5.5 4.75 5 5.:il5 V 

TA" ' Operating free-air temperature -55 , 0 75 ·e 

Te,,' Operating case temperature 125 ·e 

Electrical Characteristics Over Operating ConditiOI'll 
' .. 
SYMBOL PARAMETER TEST CONDITIONS MIN TYP " MAX UNIT 

VIL * Low-level input voltage D,S V 

" VIH * High-level input voltage 2 V 

Vie Input clamp voltage Vee = MIN II = -lSmA -O.S -1,5 V 

IlL Low-level input current Vee = MAX VI = 0.4V -0.02 -0.25 mA 

IIH High-level input current Vee = MAX VI = 2.4V 25 IlA 

II Maximum input current Vee = MAX VI = 5.5V 1 mA 

MIL 10L = SmA 
" VOL Low-level OUtput voltage Vee = MIN 0.3 0.5 V 

eOM 10L = SmA 

MIL 10H = -2mA 

VOH High-level output voltage Vee = MIN 2.4 2,S V 
eOM 10H = -3.2mA 

lOS Output short-circuit current * * Vee = 5V Vo = OV -30 -70 -130 mA 

lee Supply current Vee = MAX 55 90 mA 

Switching Characteristics 

SYMBOL PARAMETER 
TEST, MILITARY COMMERCIAL 

UNIT 
CONDITIONS MIN TYP MAX MIN TYP MAX 

Input or feed- I Except 16e1 R1 = 5600 25 45 25 35 
t':ns tpo 

back to output I 16e1 R2 = 1.1kO 25 45 25 40 

$-32 



Standard Half Power Series 20-2 
10H8-2, 12H8-2, 14H4-2, 18H2-2, 18C1-2, 10LS-2, 12L8-2, 14L4-2, 18L2-2 

Operating. Conditions 
.' MILITARY COMMERCIAL 

SYMBOL PARAMETER 
MIN TYP MAX MIN TYP MAX 

UNIT 

Vee Supply lIoltage 4.5 5 5.5 4.75 5 5.25 V 

TA Operating tree-air temperature -55 125 0 75 ·e 

Electrical Characteristics Over Operating Concltiol18 

SYMBOL PARAMETER TEST CONDITIONS MIN TYP MAX UNIT 

Vil * low-level input voltage 0.8 V 

VIH * High-level input voltage 2 V, 

VIC Input clamp voltage Vee = MIN II = -~8mA -0.8 -1.5 V 

III low-level input current Vee = MAX Vf = 0.4V -0.02 -0.25 mA 

IIH High-level input current Vee = MAX VI = 2.4V 25 IlA 

II Maximum input current Vee = MAX VI" 5.5V 1 mA 

Mil 10l = 4rnA 
VOL low-level output voltage 

Vee = MIN 0.3 0.5 V .. 
Com 10l = 4rnA 

Mit 10H = -1mA 

VOH High-Ieval output voltage Vee = MIN 2.4 2.8 V , 
. Com 10H = -1.mA 

lOS 'c ;Output short-circuit current * * Vee= 511 Vo = OV -30 -70 -130 mA 

Icc Su pply current Vee = MAX 30 45 mA 

Switching Characteristics Over Operating Concltioril 

SYMBOL PARAMETER 
MILITARY COMMERCIAL 

TEST 
MIN TYP MAx MIN TYP MAX 

UNIT 

:tpD Input, or feedback to output 
R1 = 1.12kO 

R2 '" 2.2kO 
45 80 45 60 ns 
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Standard PALJ'HAL Devices Series 20 
i6L8, 16R8, 16116, 16R4, 16X4, 16A4' 

Operating Conditions 
MILITARY 

SYMBOL PARAMETER 16X4/A4 ONLY 
MIN TYP MAX 

Vee Supply voltage , 4.5 5 5.5 

Width of clOck 
Low 25 10 

tw 
High 25 10 

Set up time from 1SRB, 1SRS, 1SR4 45 25 
tsu input or feedback to clock 1SX4,1SA4 55 30 

th Hold time 0 -15 

TA Op.erating free-air temperature 
" 

-55 

Te Operating case temperature 125 

Electrical Characteristics 
SYMBOL PARAMETER TEST CONDITIONS 

VIL* Low--Ievel input voltage 

VIH * High-level input voltage 

VIC Input clamp voltage Vee = MIN II = -18 mA 

liLt Low-level input current Vee = MAX VI =0.4V 

IIHt High-level input current Vee = MAX VI =2.4V 

II Maximum input current Vee = MAX VI =5.5V 

VOL Low--Ievel output voltage Vee = MIN 
Mil 16X4/A4 only IOL = 12 mA 

Com IOL =24mA 

VOH High-level output voltage Vee = MIN 
Mil1SX4/A4 only IOH = -2 mA 

Com IOH=-3.2mA 

10ZLt Vo =0.4V 

10ZHt 
Off-state output current Vee = MAX 

Vo =2.4V 

10S** Output short-circuit current Vee=5V Vo =OV 

16R4,16R6,16RB,1SL8 

ICC Supply current Vee = MAX 16X4 

16A4 

Switching Characteristics Over Operating Conditions', 

TEST MILITARY 
SYMBOL PARAMETER 16X4/A4 ONLY , CONDITIONS 

MIN TYPMAX 

Input or feed- 16RS, 1SR4, 16L8 
tpo back to output 16X4,16A4 30 45 

!eLK Clock to output or feedback 15 25 

tpzx Pin 11 to output enable except 16LB 15 25 

tpxz Pin 11 to output disable'<8xcept 16L8 15 25 

Input to 16R6,16R4,16L8 R1 =2000 

tpzx output enable 16X4,16A4 
R2 = 3900 

30 45 

Input to 16R6, 16R4, 16L8 
tpxz 

output disable 1SX4,16A4 30 45 

Maximum 16RB, 16R6, 16R4 
fMAX frequency 1SX4,16A4 12 22 

5-34 1rIIonoIllhleW",emOries 
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COMMERCiAL UNIT MIN TYP MAX 

4.75 5 5.25 V 

25 10 

25 10 
ns 

35 25 

45 30 
ns 

0 -15 ns 

0 75 ·e 

·e 

MIN TYP MAX UNIT 

O,B V 

2 V 

-O.B -1.5 V 

-0.02 -0.25 mA 

25 pA 

1 mA 

0.3 0.5 V 

2.4 2.B V 

-100 pA 

100 pA 

-30 -70 -130 mA 

120 1BO 

160 225 mA 

170 240 

COMMERCIAL UNIT MINTYP MAX 

25 35 

30 40 
ns 

15 25 ns 

15 25 ns 

15 25 ns 

25 35 

30 40 
ns 

25 35 

30 40 
ns 

16 25 

14 22 
MHz 



Operating Conditions 

Fast PAL/HAL Devices Series 20A 
16L8A, 16R8A, 16R6A; 16R4A 

SYMBOL PAI:tAMETER MILITARY COMMERCIAL'UNir', 
MIN TYP MAX MIN TYP MAX, ' 

Vee SUIlPly veltage 4.5 5 5.5 4.75 5 5.25 V 

lew 
Width .of clock 

High 

10 15 10 20 

20 15 10 10 
ns 

Set up time from 
input .or feedbac:k te clock 

lSR8A, lElRSA, l'SR4A 30 15 25 15 ns 

th Held tilT)e ,0 .,10 o -10 
" 

ns 
T A Operating free-air temperature -55 

" , " 75 ·c ' 
T e Operating case temperature 125 ·e 

Electrical Characteristics 'Over OperatingConditioni " , 

SYMBOL PAltAMETER 
,,', " 

" fEST CONDITIONS MIN TYP MAX UNIT 

lin., * lew~ievel input veltage J ,O.B ,;V 

* ' " 
VIH High-level iriput veltage ,';;' 2, " 

V 

VIC input clamp veltage Vee = MIN II ,,=, -uimA " ' , 
,,-O.a,\ ,.,1,5 V 

III lew-level input current t Vee ="MAX VI =0.41i 

,IIH High~level input current t Vee " ,MAX, VI'" 2.4V 

II Maximum input current Vee = MAx vI = 5.5V 

Mil 
" VOL lew-level .output veltag~ 

Vee= MIN 
Com 

" 

"Mil 

VOH High-level .output voltage Vee ,= MIN 

", ,Com 

IOZl 
,Off-state .output current t Vee = MAX 

' " 

10ZH 

lOS Output sl1o,rt-<:ircuit ~1Jrent * * Vee = 5V 

ICC Supply current Vce=MAX 
""'" , .. '. 

Switching, Characteristics Over Openiltlng Conditions 

SYMBOL 

tpo' 

telK 
" tpzx 

tpzx 

, 

'input .or f~ 'f6RSA;lSR4A:1SlaA" 
back .Ie .output ...' , 

CI~kte ()ut~ut erf'eedback " 

Pin 11 te .output en~ble except ,16l8A,,' 
Pj~ 11, te eutputdi!!litll!lexcept lS1,.!I.4; 
Input te 
.output enable 

Input te " 
.output disable' 

Maxim,um 
frequency, 

lSR6A; lSR4A, t6LBA 

'lSRSA; lSR4A, lSlBA, 

lSRBA; lSR6A; WR4A 

" teST 
CONOitlONS 

R1 = 200, n 
R2=39ElQ./ ' 

..{).02 --0.25 mA 

,25 
" 

iJA 
-

mA 
" " t,> ~ / 1 

10l = 12mA 
0,3 o.s V 

10l = 24mA 
" 

IOH ='-2mA 

',: 2.11 ?8 ,V 

10H" ~,2mA 

Vo = 0.4V -100 iJA 
" 

Vo = 2,4V 100 pA 

Vo ,,:,OV ,-.30, -70',' , "1~' inA 

, , 12Q " l!1O inA ., 

'rJlltrrARY ",COMMERGIAL."I " 
MIN tVP' MAX MIN, TvP"'MAif UNIT 

" 

15, "'~' 15 25' ns 
; , ; 

10 20 ", to' ;15 hs 
1()' 25 '." 10 ,·20 , nll 

" ;';"'i;l~ ;2~1; 11 20: flS,' . 
,10 30 10 25 nSj 

, ;, 

',;~3, 30 ,. 13 25 ns 
,,' ,:, 

MH~ I 

5~35, 
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'. H.lf Pow., Serl .. 20A-2 
18L8A-2, 18R8A-2, 18R8A-2, 18R4A-2 

Operating Conditions 

SYMBOL P'ARAMETER 
MILITARY 

MIN TYP MAX 

VCC Supply voltage 4.5 5 5.5 

low 25 10 
Iw Width of clock 

High 10 25 

tsu 
Set up time from 

16R6A-2 16R4A-2 16R6A-2 50 25 
input or feedback to clock 

th Hold time 0 -15 

TA Operating free-air temperature . -55 125 

Electrical Characteristics Over Operating ConcitlOIll 

.SYMBOL PARAMETER TEST CONDITIONS 

Vil * . low-level input voltage 

VIH * High-level input voltage 

VIC Input clamp voltage VCC = MIN II = -18mA 

III low-level input current t Vce= MAX VI =0.4V 

IIH High-level input current t VCC = MAX VI = 2.4V 

II Maximum input current VCe = MAX VI = 5.5V 

VOL low-level output voltage 
Mil IOl = 12mA 

VCC = MIN 
Com IOl = 24rnA 

Mil IOH = -2mA 

VOH High-level output voltage VCC = MIN 
Com IOH = -3.2mA 

lOll· Vo = 0.4V 

Off-state output current t VCC = MAX 

IOlH' Vo = 2.4V 

lOS Output short-circuit current * * Vec = 5V Vo = OV 

ICC • ~upply current Vec = MAX 

Switching Characteristics. Over Operating Condltlolll 
." " 

TEST MILlT~Y 
SYMBOL PARAMETER CONDITIONS MIN TYP MAX 

tpo 
Input or feed-

1~6A-2 '16R6A-216R4A-2 25 50 
back to output 

tClK Clock to output or feedback 15 25 

IpXZlzX Pin 11 to output diSliblel~nable except 16L6A-2 . R1 = 2000 15. 25 

, tpZX· 
Input to 

16L6A-2'16R6A-216R4A-2 
output enable 

R2 = 3900 25 45 

tpxz 
InpuUo 
output disable 

16L6A-2 16R6A-2 16R4A-2 25 45 

fMAX 
Maximum 
frequency 

16R6A-2 16R6A-2 16R4A-2 14 25 

COMMERCIAL 
UNIT 

MIN TYP MAX 

4.75 5. 5.25 V 

25 10 

25 10 
ns 

35 25 ns 

0 -15· ns 

0 75 ~C 

MI.N TYP MAX UNIT 

0.8 V 

2 V 

-0.8 -1.5 V 

-0.02-0.25 mA 

25 IlA 

1 rnA 

0.3 0.5 V 

2.4 2.8 V 

-100 IlA 

100 IlA 

-30 -70 -130 mA 

60 90 mA 

COMMERCIAL 
UNIT 

MIN TYP MAX 

25 35 ns 

15 25 ns 

15 25 ns 

25 35 nll 

25 35 ns 

16 25 MHz 



Quarter Power Series 20A-4 
18L8A-4, 18R8A-4, 18R8A-4, 18R4A-4 

Operating Conditions 

SYMBOL PARAMETER MILITARY 
MIN TYP MAX 

VCC Supply voltage 4.5 5 5.5 

tw Width of clock 
I Low 40 20 

I High 40 20 

tsu 
Set up time from 
input or feedback to clock 116R8A-4 16R6A-4 16R4A-4 90 45 

th Hold time 0 -15 

TA Operating' free-air temperature -55 125 

Electrical Characteristics Over Operating Conditions 

SYMBOL PARAMETER TEST CONDITIONS 

VIL 
. Low-level input voltage 

VIH 
. 

High-level input voltage 

VIC . Input clamp voltage Vee: MIN II = -18mA 
. 

IlL LOW-level input currentt Vee: MAX VI = 0.4V 

IIH High-level input current t Vee: MAX VI = 2.4V 

II Maximum input current Vee = MAX VI = 5.5V .' 
I Mil IOL = .4mA 

VOL Lowclevel output voltage 
Vee = MIN 

Com IOL = SmA 

Mil IOH = -lmA 

VOH High-level output voltage Vee: MIN 
Com 10H =-I.mA 

lOlL Vo = O.4V 

Off-state output currentt Vee: MAX 

IOlH Vo = 2.4V 

lOS Output short-circuit current** Vce= 5V Vo = OV 

ICC Supply current VCC = MAX 

Switching Characteristics Over Operating Conditions 

. MILitARY 
SYMBOL I PARAMETER TEST 

\ '.' MIN TYP MAX 

tpD 
Input or feed-

16R6A~4 16R4A-4 16LBA-4 
back to output 

35 75 

tCLK Clock to output or feed back . 20 45 

tpXZlZX Pin 11 looutputdisable/enable-exoept 16L8A-4 Rl = 8000 I 15 40 

Input to ". 

tplX 16R6A-4 16R4A-4 16LBA-4 R2 = 1 .. 56kO 30 65 
output enable 

.. Input 10 
tpxz 16R6A-4 16R4A-4 16LBA-4 30 65 

oulput disable 

Maximum 
fMAX 16RBA-4 16R6A-4 16R4A-4 8 lB 

.. frequency ". 

COMMERCIAL 
UNIT 

MIN TYP MAX 

4.75 5 5.25 V 

30 20 

30 20 
ns 

60 45 ns 

0 -15 nil 

0 75 'C 

MIN TYP MAX UNIT 

O.B V 

2 V 

-O.B -1.5 V 

-0.02 -0.25 mA 

25 IJA 

1 mA 

0.3 0.5 V 

2.4 2.B V 

-100 IJA 

100 IJA 

-30 -70 -130 mA 

30 50 mA 

COMMERCIAL 
UNIT 

MIN TYP MAX 

35 55 ns 

20 35 ns 

15 30 nS 
': 

30 50 ns 

30 50 ns 

1'1 18 MHz 
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PAL Series 20B Very High Speed Programmable Array Logic 

Operating Conditions 

SYMBOL PARAMETER 
COMMERCIAL 

UNIT 
MIN TYP MAX 

Vee Supply voltage 4.75 5 5.25 V 

Low 10 6 
t Width of clock ns w High 10 5 

Setup time from 
16R88 

tsu 16R68 15 10 ns 
input or feedback to clock 

16R48 

th Hold time 0 -10 ns 

TA Operating free-air temperature 0 25 75 °c 

Electrical Characteristics Over Operating Conditions 

SYMBOL PARAMETER TEST CONDITION 
COMMERCIAL 

UNIT 
MIN TYP MAX 

VIL * Low-level input voltage 0.8 V 

VIH * High-level input voltage 2 V 

VIC Input clamp voltage Vee = MIN II = -18 mA -0.8 -1.5 V 

liLt Low-level input current Vce = MAX VI = 0.4 V -0.02 -0.25 mA 

IIHt High-level input current Vee = MAX VI = 2.4 V 25 IJ.A 

II Maximum input current Vee = MAX VI =5.5V 1 mA 

VOL Low-level output voltage Vee = MIN 10L = 24mA 0.3 0.5 V 

VOH High-level output voltage Vee =MIN 10H =-3.2mA 2.4 2.8 V 

lozd Va = 0.4 V -100 IJ.A 

10ZHt 
Off-state output current Vee = MAX 

Va =2.4V 100 IJ.A 

lOS ** Output short-circuit current Vee =5V Va =OV -30 -70 -130 mA 

ICC Supply current Vee = MAX 120 180 mA 

SWitching Characteristics Over Operating Conditions 

SYMBOL PARAMETER 
TEST COMMERCIAL 

UNIT 
CONDITIONS MIN TYP MAX 

tpD 16L88. 16R48. 16R68 input or feedback to output 12 15 ns 

teLK Clock to output or feedback except 16L88 8 12 ns 

tpzx Pin 11 to output enable except 16L88 
Commercial 

10 15 ns 

tpxz Pin 11 to output disable except 16L88 R1 = 200n 10 15 ns 

tpzx Input to output enable 16R68. 16R48. and 16L88 
R2 = 360n 12 22 ns 

tpxz Input to output disable 16R68. 16R48. and 16L88 12 20 ns 

16R88. 16R68. 16R48 Feedback 37 45 
fMAX Maximum frequency 

MHz 
No feedback 50 55 

Monolithic W Memories 



Half·Power Series 20B·2 16L8B·2,16R8B·2, 16R6B.2, 16R4B.2 

Operating Conditions 

SYMBOL PARAMETER 
COMMERCIAL 

UNIT 
MIN TYP MAX 

Vcc Supply voltage 4.75 5 5.25 V 

Low 15 10 
tw Width of clock ns 

High 15 10 

Setup time from 
16RBB-2 

tsu input or feedback to clock 
16R6B-2 25 15 ns 
16R4B-2 

th Hold time 0 -10 ns 

TA Operating free-air temperature 0 25 75 °c 

Electrical Characteristics Over Operating Conditions 

SYMBOL PARAMETER TEST CONDITION 
COMMERCIAL 

UNIT 
MIN TYP MAX 

VIL * Low-level input voltage O.B V 

VIH * High-level input voltage 2 V 

VIC Input clamp voltage VCC = MIN II =-lB mA ~O.B -1.5 V 

liLt Low-level input current VCC = MAX VI = 0.4 V -0.02 -0.25 mA 

IIHt High-level input current VCC = MAX VI =2.4V 25 /.LA 

II Maximum input current VCC = MAX VI =5.5V 1 mA 

VOL low-level output voltage VCC = MIN IOl=24mA 0.3 0.5 V 

VOH High-level output voltage VCC = MIN 10H =-3.2mA 2.4 2.B V 

10ZLt Vo =0.4V .. -100 /.LA 

10ZHt 
Off-state output current VCC = MAX 

100 Vo = 2.4 V /.LA 

lOS ** Output short-circuit current VCC=5V Vo =OV -30 -100 -250 mA 

ICC Supply current VCC = MAX .. 60 90 mA 

Switching Characteristics Over Operating Conditions 

SYMBOL PARAMETER 
TEST COMMERCIAL 

UNIT 
CONDITIONS MIN TYP MAX 

tpD Inputbr feedback to output 1.6LBB-2, 16R4Bc2, and 16R6B-2 17 25 ns 

tClK Clock to output or feedback except 16LBB-2 10 15 ns 

tpzx Pin 11 to output enable except 16LaB-2 
Commercial 

10 20 ns 

tpxz Pin 11 to oUlput disable except 16lBB-2 Rl = 2000 11 20 ns 

tpzx Input to output enable 16R6B-2, 16R4B-2, and 16lBB-2 
R2= 3900 10 25 ns 

tpxz Input to output disable 16R6B-2, 16R4B-2, and 16lBB-2 13 25 ns 

fMAX Maximum ~requency 16RBB-2, 16R6B-2, and 16R4B-2 2B.5 40 MHz 
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Operating Conditions' , .! 

SYMBOL. PAIJAMETER , COMMERCIAL 
. UNIT , MIN TYP MAX 

Vee Supply vOltage 4.75 5 .' .• ··5.25 v' 
Low 2!i 10 

tw Width of clock ns 
High 25 10 

. 
lSR8B-4 

tsu 
Setup time from 

lSRSB-4 35 25. ns 
input or feedback to clock lSR4B-4 

th Hold time 0 -10 , ns 

TA Operating free.:air temperature 0 25 75 ·e 

Electrical Characteristics Over Operating Conditions ~, .... , ." 

.$YMIiIOL· PARAMETER TEST CONDITION 
COMMERCIAL 

UNIT. 
MIN TYP MAX 

VIL 
;. 

Low-level input voltage 0.8 V 

VIH * High-level input voitage 2 '! 
VIC input plamp vol.tage Vee=MIN II = -18 mA -0.8 -1.5 V 

. liLt Low-level input current Vee=MAX .. VI = 0.4 V ". .-:0.02 -:0;25 mA 

IIHt High-level input current Vee = MAX. . VI =2.4V . 25 IJA 

II MaXimum input current Vee = MAX VI =5.5V 1 mA 

VOL Low-level output voltage Vee = MIN' .. ·IOL =8mA 0.3 0.5 V 

VOH High-level qutpuf voltage Vee = MIN 10H =-1 mA 2.4 2.8 V 

10~Lt Vo =0.4V -100 itA 

10ZHt 
Off-stateoutput current Vee = MAX 

Vo =2.4V 100 IJA 

losu, Out~!lt short-circUit current Vee=5V Vo =OV ':'30 . -100 -250 mA 

ICC Supply current VCC=MAX 30 .55 mA 
.,' ... 

Switching Characteristics Over Operating Conditions 

: . TeST COMMERCIAL 
SYMBOL' PARAMETER UNIT - CONDITIONS MIN TYP MAX 

tpD Input or feedback to output lSL8B-4, 16R4e:4, and 1SRSB-4·· , 25 35 ns 

tcLK Clpck to output Or feedback except lSL8B-4 " 
.. 15' 25 Q$ 

tpzx Pin 11 to output enable excf:lpt lSL8B~4 ",J- ·15 25 AS 

tpxz Pin 11 to output disable-exc!lPt lSL8B-4 .' Rl'=800.o . 15' 25 . -ns 

tpzx Input to output enable lSRSEk;16R4B-4, and 16L8B-4 
'. R2.= 1.5SKO 

25 . 35 ns ~ -, \~\' . 

tpxz Input to output disable lSRSB-4, lSR4B-4, and·161.8B-4 ,25 . 35 I.' ns 

.fMAX Maximum frequency 16R8B-4, lSR6B-4, and lSR4S4. .". '-1'6 • ;25,." MHz 



PAL Devices Series 20PAwith Programmable Output Polarity 

Operating Conditions 

SYMBOL PARAMETER COMMERCIAL UNIT MIN TYP MAX 

Vcc Supply voltage 4.75 5 5.25 V 

Low 20 14 
tw Width of clock ns 

High 10 6 

Setup time from input 
16RP8A I Polarity fuse intact 25 15 

tsu or feedback to clock 
16RP6A I Polarity fuse blown 

ns 
16RP4A 30 20 

th Hold time 0 -10 ns 

TA Operating free-air temperature 0 75 °c 

TC Operating case temperature °c 

EleCtrical Characteristics Over Operating Conditions 

SYM~OL PARAMETER TEST CONDITION MIN .TYP MAX UNIT 

VIL * Low-level input voltage 0.8 V··· 

VIH* High-level input voltage 2 V 

VIC Input clamp voltage VCC= MIN II = -18 mA -0.8 -1.5 V 

liLt Low-level input current VCC= MAX VI =0.4 V -0.02 -0.25 mA 

IIHt High-level input current VCC= MAX VI = 2.4 V 25 IlA 

II Maximum input current VCC= MAX VI =5.5V 1 mA 

VOL Low-level output voltage VCC= MIN IOL = 24mA 0.3 0.5 V 

VOH High-level output voltage VCC= MIN IOH = -3.2mA 2.4 2.8 V 

10ZLt I Vo = 0.4 V -100 IlA 

10ZHt 
Off--sjete output current VCC= MAX 

I Vo = 2.4 V 100 IlA 

10S** Output short-circuit current VCC= 5V Vo =OV -30 -70 -130 mA 

ICC Supply current VCC= MAX 120 180 mA 

Switching Characteristics Over Operating Conditions 
.... 

TEST COMMERCIAL SYMBOL PARAMETER 
CONDITIONS MIN TYP MAX UNIT 

Input or feedback Polarity fuseiritact 15 25 
tpD to output ns 

16P8A, 16RP6A, 16RP4A Polarity fuse blown 20 30 

tCLK Clock to output or feedback 10 15 ns 

tpzx Pin 11 to output enable except 16P8A 10 20 ns 

tpxz Pin 11 to output disable except 16P8A R1 =2000 11 20 ns 
R2= 390 KO 

tpzx 
Input to 16RP6A,16RP4A, 

10 25 ns 
output enable and 16P8A .. 

tpXZ 
Input to 16RP6A, 16RP4A, 

13 25 ns 
output disable end 16P8A 

Maximum frequency Polarity fuse .intact 28.5 40 
fMAX 16RP8A,16RP6A,16RP4A 

MHz 
Polarity fuse blown .. 25 33 
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PAL16RA8 

Operating Conditions 

SYMBOL PARAMETER 
COMMERCIAL UNIT 

MIN TYP MAX 

VCC Supply voltage 4.75 5 5.25 V 

tw Width of clock 20 13 ns 

twp Preload pulse width 35 15 ns 

tsu Setup time for input or feedback to clock 20 10 ns 

tsup Preload setup time 25 5 ns 

I Polarity fuse intact 10 -2 
th Hold time 

I 
ns 

Polarity fuse blown 0 -6 

thp Preload hold time 25 5 ns 

TA Operating free-air temperature 0 75 °c 
TC Operating case temperature °c 

Electrical Characteristics Over Operating Conditions 

SYMBOL PARAMETER TEST CONDITION MIN TYP MAX UNIT 

V,L Low-level input voltage 0.8 V 

V,H High-level input voltage 2 V 

V'C Input clamp voltage VCC= MIN I, =-18 rnA -0.8 -1.5 V 

'll low-level input current VCC= MAX V, = 0.4 V -0.02 -0.25 rnA 

IIH High-level input current VCC= MAX V, = 2.4 V 25 /l-A 

" 
Maximum input current VCC= MAX V, = 5.5 V 1 rnA 

VOL low-level output voltage VCC= MIN 10l =8mA 0.3 0.5 V 

VOH High-level output voltage VCC= MIN IOH=-3.2 rnA 2.4 2.8 V 

'Oz Off-state output current VCC= MAX Vo = 2.4 VNO = 0.4 V -100 100 /l-A 

lOS Output short-circuit current VCC=5V VO=OV -30 -70 -130 rnA 

ICC Supply current VCC= MAX 135 170 rnA 

Switching Characteristics Over Operating Conditions 

SYMBOL PARAMETER TEST COMMERCIAL UNIT CONDITIONS MIN TYP MAX 

Input or feedback I Polarity fuse intact 20 30 
tpo 

to output I Polarity fuse blown 
ns 

25 35 

tClK Clock to output or feedback 10 17 30 ns 

ts Input to asynchronous set 22 35 ns 

tR Input to asynchronous reset R1 = 5600 27 40 ns 

tpzx Pin 11 to output enable R2 = 1.1 KO 10 20 ns 

tpxz Pin 11 to output .disable 10 20 ns 

tpzx I nput to output enable 18 30 ns 

tpxz Input to output disable 15 30 ns 

fMAX Maximum frequency 20 35 MHz 
... 
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Standard PAL/HAL Devices Series 24 
12L10, 14LS, 18L8, 1SI:.4,20L2,20C1 

Operating Conditions 
.' 

SYMBOL PARAMETER 
MILITARY 

MIN TVP MAX 

Vee Supply voltage 4.5 5 5.5 

TA Operating free-air temperature ... -55 

Te Operating case temperature 125 

Electrical Characteristics Over Opel'llling CondlUOne 

SYMBOL PARAMETER TEST CONDITIONS 

VIL ... Low-level input voltage 

VIHoIr High-level input voltage 

VIC Input clamp voltage Vee = MIN II = -18mA 

ILL Low-level input ,current Vee" MAX VI' = 0.4V 

L1H High-level input current Vee = MAX VI = 2.4V 

II Maximum input current Vee = MAX VI = 5.5V 

MIL 10L = 8rnA 
VOL Low-level output voltage 

Vee = MIN 
COM 10L = SmA 

MIL 10H = -2mA 

VOH High-Iellel output voltage Vee = MIN 
COM 10H = -3.2mA 

,-

IpS Output short-circuit current'" ... Vee = 5V 
,," V'<'; oV 

", . ~" .. . ., 0 ... -, ., 

Icc Supply cllrrent Vee = MAX ", 

Switching Characteristics Over Operating CondlUons 

PARAMETER 
TEST. MILITARY 

SYMBOL CONDITIONS· MIN TYP MAX 

tpo I nput or feedback to output 
R1 = 5600 
R2 = 1.1kO 25 45 

COMMERCIAL 
UNIT 

MIN TVP MAX 

4.75 5 5.25 V 

0 75 ·e 

·e 

MIN TVP MAX UNIT 

0.8 V 

2. V 

-0.8, .,.1.5 V 

-0.02 -0.25 mA 

25 pA 

1 mA 

0.3 0.5 V 

2.4 2.8 V 

::.30 -70 ~1~ mA 

60 100 mA 

COMMERCIAL 
UNIT 

MIN TVP MAX 

25 40 ns 



PAL6L16A PAL8L14A 

Operating Conditions 

I SYMBOL PARAMETER I 
COMMERCIAL 

IUNIT MIN TYP MAX 

r Vee Supply voltage I 4.75 5 5.25 I V 

l TA Operating free-air temperature I 0 25 75 I °e 

Electrical Characteristics Over Operating Condi.tions 

SYMBOL PARAMETER TEST CONDITION MIN TYP MAX UNIT 

VIL - Low-level input voltage 0.8 V 

VIH* High-level input voltage 2 V 

Vie Input clamp voltage Vee = MIN 11= -18 mA -0.8 -1.5 V 

IlL Low-level input current Vee = MAX VI = 0.4 V -0.02 -0.25 mA 

IIH High-level input current Vee = MAX VI = 2.4 V 25 IJ.A 

II Maximum input current Vee = MAX VI = 5.5 V 1 mA 

VOL Low-level output voltage Vee = MIN IOL = 8 mA 0.3 0.5 V 

VOH -,- High-level output voltage Vee = MIN IOH = -3.2 mA 2.4 2.8 V 

lOS -- Output short-circuit current Vee = 5V Va = OV -30 -70 -130 mA 

lee Supply current Vee = MAX 60 90 mA 

Switching Characteristics Over Operating Conditions 

SYMBOL PARAMETER TEST COMMERCIAL UNIT CONDITIONS MIN TYP MAX 

tpo I nput to output propagation delay R1=560n 
15 25 R2 = 1.1 Kn ns 
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Fast S.rl .. 24A 
20LSA,20R8A,20R8A;20R4A 

Operating Conditions 

SYMBOL PARAMETER 
MILITARY 

MIN TYP MAX 

Vee Supply vOltag'3 4.5 5 5.5 

low 20 7 
tw Width of clock 

High 20 7 

tsu 
Set up time from 

20R8A 
input or feedback to clock 

20R6A 20R4A 30 15 

th Hold time 0 -10 

TA Operatingfree:-air temperature -55 

Te Operating case temperature 125 

Electrical Characteristics Over Operating Conditions 

SYMBOL PARAMETER TEST CONDITIONS 

Vil * low-level input voltage 

VIH* High-level input voltage 
. 

VIC Input clamp voltage Vee = MIN II = -18mA 

III low-level input current t Vee = MAX VI = O.4V 

IIH High-level input current t Vee = MAX VI = 2.4V 

II Maximum input current Vee = MAX VI = 5.5V 

Mil 10l = 12mA 
Val low-level output voltage Vee = MIN 

Com 10l = 24mA 

Mil 10H = -2m A 

VOH High-level output voltage Vee = MIN 
Com 10H = -3.2mA 

lOll Va = O.4V 

Off-state output current t Vee = MAX 

10lH Va = 2.4V 

lOS Output short-circuit current * * Vee = 5V Va =OV 

ICC Supply current Vee = MAX 

I Switching Characteristics Over OperalingCondllions 

PARAMETeR 
TEST MII..lTARY 

SYMBOL CONDITIONS MIN TYP MAX 

tpD 
Input or feed-

20R6A 2OR4A 20l8A 15 30 
back to output 

telK Clock to output or feedback 10 20 

tpzx Pin 1"3 to output enable except 2OL8A 10 25 

tpXl pin 13 to output disable except 20L8A Rl = 2000 
11 25 

tplX 
Input to 

20R6A 20R4A 20l8A R2 = 3900 10 30 
output enable 

tpXl 
Input to 
output disable 20R6A 20R4A 20l8A 13 30 

fMAX 
Maximum 

20 40 
frequency 2OR8A 2OR6A 20R4A 

IIIIonollthlc WMemorles 

COMMERCIAL 
UNIT 

MIN TYP MAX 

4.75 5 5.25 V 

15 7 
ns 

15 7 

25 15 ns 

0 -10 ns 

0 75 ·e 

·e 

MIN TYP MAX UNIT 

0.8 V 

2 V 

-0.8 -1.5 V 

-0.02 -0.25 mA 

25 /lA 

1 mA 

0.3 0.5 V 

2.4 2.8 V 

-100 /lA 

100 /lA 

-30 -90 -130 mA 

160 210 mA 

COMMERCIAL 
UNIT 

MIN TYP MAX 

15 25 ns 

10 15 ns' 

10 20 ns 

11 20 .ns 

10 25 ns 

13 25 ns 

28.5 40 MHz 
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Half·Power Series 24A·2 

Operating Conditions 
.. 

COMMERCIAL SYMBOL PARAMETER NIIN TYP MAX UNIT 

Vee Supply voltage 4.75 5 5.25 V 

Low 25 10 
tw Width of clock ns 

High 25 10 

Setup time from 
. 

tsu input or feedback to clock 
20R8A-2, 20R6A-2, 20R4A-2 35 c25 ns 

th Hold time 0 -15 ns 

TA Operating free-air temperature 0 25 75 °e 

Electrical Characteristics Over Operating Conditions 

SYMBOL PARAMETER TEST CONDITION MIN TYP MAX UNIT 

VIL * Low-level input voltage 0.8 V 

VIH* High"level input voltage 2 V 

VIC Input clamp voltage Vee = MIN II = -18 mA -0.8 -1.5 V 

liLt Low-level input current Vee = MAX VI = 0.4 V -0.02 -0.25 mA 

IIHt High-level input current Vee = MAX VI = 2.4 V 25 ,..A 

II Maximum input current Vee = MAX VI =5.5V 1 mA 

VOL Low-level output voltage Vee = MIN IOL =24mA 0.3 0.5 V 

VOH High-level output voltage Vee = MIN IOH =-3.2 mA 2.4 2.8 V 

lozd I Va = 0.4 V -100 ,..A 

10ZHt 
Ofl-state output current Vee = MAX 

I Va = 2.4 V 100 ,..A 

lOS ** Output short-circuit current Vee=5V Vo =OV -30 -70 -130 mA 

ICC Supply current Vee = MAX 80 105 mA 

SWitching Characteristics Over Operating Conditions .... 

SYMBOL PARAMETER 
.. TEST MILITARY COMMERCIAL· .. 

UNIT CONDITIONS MIN TYPMAX MIN TYP MAX 

tpD 
Input or feedback to output 

25 50 25 35 ns 
20L8A-2 20R6A-2 20R4A-2 

teu< ClocK to output or feedback except 20L8A-2 15 25 15 25 ns 

tpXZlZX 
Pin 13 to output disable/enable except 

15 25 15 25 ns 
20L8A-2 

Commercial 

tpzx 
Input to output enable Rl = 2000 25 45 25 35 ! .. ns 20L8A-2 20R6A-2 20R4A-2 R2 = 390!l 

tpxz 
Input to output disable 

25 45 25 35 ns 
2OL8A-2 20R6A-2 20R4A-2 

fMAX 
M<;iximum frequency 

14 19 16 19 MHz 
2OR8A-2 20R6A-2 20R4A-2 
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PAL Device Series 248 Very High Speed Programmable Array Logic 

Operating Conditions 

SYMBOL PARAMETER MIN 

Vce Supply voltage 4.75 

1 Low 10 
tw Width of clock I' High 2OR8B.20R6B.20R4B 

12 

tau 
Setup time from input 

15 
or f~back to clock 

, th Hold time 0 

TA Operating fl'ElEHlir temperature 0 
,. 

, Electrical Characteristics Over Operattng COndltl~1I 

SYMBOL PARAMETER TEST CONDITION 

VIL* Low-level inputvoltage 

VIH * High"level input voltage 

VIC Input clamp voltage Vcc = MIN =-18 mA 
liLt Low-level input c:urrent \lCC=MAX VI =O.4V 

IIHt High-level input current VCO=MAX VI =2.4 V 

II M!IJ!Imum input cur&'nt Vce = MAX VI =5.5V 

VOL Low-level output.vollage VCC=~IN tOL =24mA 

VOH High~level output voltage VCC,:,MIN 10H =-3.2mA 
, 

10ZLt 

'oz8t 
Off-state output ,cur.r~nt Vec=MAX 

Vo =0.4 V 

Vo =2.4V 

'as ** Output short-circuit current Vcc=5V Va =OV 

ICC Supply current VCC=MAX 

Switching ,CharacteriStics Over Operating COndltlona 

.SYMBOL . PARAMETER 

"" 

TES1' , 
CON.DITIONS'MIN .... 

, " 

.. , 

COMMERCIAL UNIT TYP MAX 

5 5.25 V 

6 
ns 

8 

10 ns 

-10 ns 

25 75 ~C 

'. 

COMMERCIAL 
UNIT 

MINTYP' ,MAX 

0.8 V 

2 V 

-0.8 -1.5 V 

~0.02 -0;25 . mA 

25 p:A 

:~, mA 

0.3 0.5 V 

2.4 2.8 V 

, " ,:" 2100: ,.A 

100 p.A 

-30 -70 -130 mA 
.. 

140 210 mA 

COMMERCIAL , ,!"P , ,MAJt UNIT 

Input or feedback to output 
20L8B. 2OR6B.20R4B 

.\, . '. 
~~~,,~~~-8~~----~1-2-r'-.n&~,,~,~4:. 

, .. 

tpzx; ~"." 

tpxz 
.... 

fMAX' 
" 

, 

,",: 

,Pin 13 to output enableexeej)t i0L88 

. Pin 13 to output disable except20L86 

InPut to output ~nable' 
2OR6B. 20R4B.20L8~ 

Input to output,disable 
20R6B., 2Oij~B. 20LaB 

Maximum ffE!quency I Feedback 

,: 

20R8B,20R6B.20R4B , I Nofe'edback 
> 

Commercial 

R1 =200,0 
R = 390'0 2, ,,', 

.... 

'" 

37, 

45 

:1'2' 

;, .. '~ : ,AO 
50 

< 

, , 

• ii, 15 
'. 12 

'15 

,',,". 

,.i",." 

ns 

,<i 
ns, 
,,;, 

'ns ' 
, 



Standard PAL/HAL Devices Series 24X 
2OX101'20X~120X4,20L10 . 'C 

Operating Conditions 
" MILITARY . "COMMERCIAL 

SYMBOL PARAMETER 
MIN TYP MAX MIN TYP MAX 

,UNIT 

Vee Supply voltage 4.5 5 5.5 4.75 5 5.25 V 

Width of clock 
Low 40 20 35 20 

tw 
High 30 10 ,,25 10 

ns 

tsu 
Set up time from 

input or feedback to clock 20Xl0,20X8,2OX4 60 38 50 38 ns 

th " Hold time 0 -15 0 -15 ns 

tA Operating free-air temperature -55 0 75 ·C 

Te Operating case temperature 125 ·C 

Electrical Characteristics Over Operating Concltlons 

SYMBOL PARAMETER TEST CONDITIONS MIN TYP MAX UNIT 

Vil * low-level input voltage 0.8 V 

VIH * High-level input voltage 2 V 

VIC Input clamp voltage VCC = MIN II = -'8mA -0.8 -1.5 V 

III lOW-level input current t Vce = MAX VI = O.4V -0.02 ..:0.25 mA 

IIH High-level input current t Vee = MAX VI = 2.4V 25 /lA 

II Maximum input current Vee = MAX VI = 5.5V 1 mA 

Mil 10l'= '2mA, 
.vOL low-level output voltage 

Vee = MIN 0.3 0.5 V 

Com 10l ,",24mA 

Mil 10H = -2mA 

,VOH High-level output voltage Vee = MIN 2.4 2.8 V 
Com 10H = -3.2mA 

10Zl Vo = 0:4V -100 /lA 
Off-state output current t Vee = MAX 

10ZH Vo = 2.4V 100 /lA 

lOS Output short~ircuit current * * Vee = 5V Vo = OV -30 -70 -130 mA 

ICC Su pply current Vee = MAX 20Xl0 2OX8 '20X4 120 180 mA 

ICC Supply current Vee -i\AAX 20Ll0 90 165 mA 
oc,., , 

Switching Characteristics Over Operating Condillons 

SYMBOL PARAMETER 
TEST MILITARY COMMERCIAL 

UNIT 
CONDITIONS MIN TYP MAX MIN TYP . MAX 

tpo 
Input or feedback to outpot 

35 60 35 50 ns 
20X8, 20X4, 20LlO .. 

tClK Clock to output or feedback except 2011 0 20 35 20 30 ns 

tpXZlZX Pin 13 to output disable/enable except 20L 10 Rl = 200 0 
20 45 ,20 35 ns 

tpzx Input to output enllble except 2OX10 R2 = 390 0 35 55 35 45 ns 

.tpxz Inp!Jt to output dif!8ble except 2OX10 35 55 "I' 35 45 ns 

fMAX 
Maximum frequency 

10.5 16 12.5 16 MHz 
20Xl0, 20X8, 2OX4 



PAL Device Series 24XA" 

Operating Conditions 

SYMBOL .' PARAMETER 
COMMERCIAL 

UNIT 
MIN TYP MAX 

Vec Supply voltage 4.75 5 5.25 V 

Low 25 15 
tw Width of clock ns 

High 15 7 

Setup time from 
20Xl0A 

tsu input or feedback to clock 
·20X8A 30 20 ns 

2OX4A 

th Hold time 0 -15 ns 

TA Operating free-ai r temperature 0 25 75 OC 

EleCtrical Characteristics Over Operating Conditions' 
"'- '. .. " .' 

SYMB.OL PARAMETER· TEST CONDITION MIN TYP MAX UNIT 

VIL * Low-level input voltage 
.' 0.8 V .' 

VIH * High-level input voltage 
.. 

2, V ,. '. ,. 

VIC Input clamp voltage VCC"'MIN II. =-18 mA ~0.8 ;'1.5 V 

liLt 
. Low-level input current Vet: '7 MAX VI . = 0.4 V -0.02 . -0.25 mA 

IIHt High-fevel input current VCC"MAX VI =2.4V 25 p.A 

II Maximum input current Vcc = MAX " .' 
VI =5.5V ... 1 mA 

VOL Low-Ieveloutput yoltage Vce "'MIN 
.' 

.IOL=24mA 0,3 0.5 V 

VeH High~level outPufvoltage 
, 

VCC=MIN IOH= -3.2 mA, 2.4 2.8 V 

lozd .. Va :=0.4V .. -100 p.A. 

IOZHt 
Off-state output current Vec'=MAX 

Vo = 2.4 V 100 p.A 

lOS 
*~ . Output short-circuit current VCC=5V Va =OV , ~.30 .' -70 -130 mA 

:. 
2OX10A.20XBA.20X4A 140 180 

ICC Supply current VCO=MAX. 
. 20Ll0A 

.•.. .mA 
115 165 

':I '., " I ...... ( .... 

SYMBOL PARAMETER 

··lnpUlor feedback to output 20l lOA.: ~~ilA; and:20X4A' 

Clock to output OF feedback 

. Pin' 13to output enable except 2011 OA 

Pin 13to output disable except20L lOA 

'tpzx Input to output enable. . 20X8,6.; 20X4A. and 20doA. 

Input to output disable 2OxaA. 20X4A. and 20L lOA 

Maxilllum frElquency 



SERIES 24RS,20S10, 20RS1 0, 20RS8, 20RS4 

Operating Conditions 

SYMBOL PARAMETER 
MILITARY 

MIN TYP MAX 
COMMERCIAL 

MIN TYP MAX 
UNIT 

VCC Supply voltage 4.5 5 5.5 4.75 5 5.25 V 

Low 20 10 15 10 
tw Width of clock ns 

High 20 10 15 10 

Setup time from input 
20RS10 

tsu 20RS8 40 25 35 25 ns 
or feedback to clock 

20RS4 

th Hold time 0 -10 0 -10 ns 

TA Operating free-air temperature -55 0 75 °c 

TC Operating case temperature 125 °c 

Electrical Characteristics Over Operating Conditions 

SYMBOL PARAMETER TEST CONDITION MIN TYP MAX UNIT 

VIL * Low-level input voltage 0.8 V 

VIH * High-level input voltage 2 V 

VIC Input clamp voltage VCC = MIN II = -18mA -0.8 -1.5 V 

liLt Low-level input current VCC= MAX VI = 0.4 V -0.02 -0.25 mA 

IIHt High-level input current Vec= MAX VI = 2:4 V 25 p.A 

II Maximum input current VCC= MAX VI = 5.5V 1 mA 

VOL Low-level output voltage VCC= MIN 
Mil 10L = 12mA 

0.3 0.5 V 
Com 10L = 24mA 

Mil 10H = -2mA 
VOH High-level output voltage VCC = MIN 2.4 2.8 V 

Com 10H = -3.2 mA 

lozd Vo = 0.4 V -100 
p.A Off-state output current VCC= MAX 

10ZHt Vo = 2.4 mA 100 

lOS ** Output short-circuit current Vce = 5V Vo = OV -30 -70 -130 mA 

lec Supply current VCC= MAX 175 240 mA 

Switching Characteristics Over Operating Conditions 

SYMBOL PARAMETER 
TEST MILITARY COMMERCIAL 

UNIT 
CONDITIONS MIN TYP MAX MIN TYP MAX 

Input or feedback Polarity fuse intact 25 40 25 35 
tpD to output ns 

20S10, 20RS8, 20RS4 Polarity fuse blown 30 45 30 40 

tCLK Clock to output or feedback 
Commercial 

12 20 12 17 ns 
R1 = 200n 

tpzx Pin 13 to output enable except 20S10 R2 = 390 K!l 10 25 10 20 ns 

tpxz Pin 13 to output disable except 20S10 11 25 11 20 ns 

tpzx 
Input to 20S10,20RS8, 

25 35 25 35 ns 
output enable 20RS4 

tpxz 
Input to 20S10,20RS8 Military 13 30 13 25 ns 
output disable 20RP4 R1 = 390n 

fMAX Maximum frequency 20RS10,20RS8,20RS4 R2 = 750n 18 28 20 28 MHz 

5-50 IIIonoIIthlc WMemories 



PAL20RA10 

Operating Conditions 
.' 

PARAMETER 
MILITARY COMMERCIAL 

SYMBOL ." 
MIN TYP MAX MIN TYP MAX 

UNIT 

VCC SupplY"voltage 4.5 5 5.5 4.75 5 5.25 V 

tw I Low 25 13 20 13 
Width of clock 

I 
ns 

High 25 13 20 13 

twp Preload pUlse wigth 45 15 35 15 ns 

Isu Setup time for input or feedback to clock 25 10 20 10 ns 

tsup Preload setup time 30 5 25 5 nll 

I . Polarity fuse int!let 10 -2 10 -2 
tn Hold time ns 

I Polarity fuse blown 0 -6 0 -6 
,. 

thp . Preload hold time 30 5 25 5 ns 

TA Operating free-air te!11perature -55 0 75 .,c 

TC Operating case temperature 125 ·C 

Electrical Characteristics Over Operating CondItions 

SYMBOL PARAME~R TESTCO.NDITION . MIN TYP MAX UNIT 

. VIL .' Low-level input VOltage • 0.8 V· 

V'H~ High-level input voltage 2 V 

VIC Input clamp voltage VCC" MIN II " -18mA -0.8 -1.5 V 

IlL Low-level input current VCC" MAX VI "0.4V -0.02-0.25 rnA 

1114 High-level input current VCC·=MAX VI=2.4N 25 p.A 

II . Maximum input c;urrent VCC" MAX Vi:' 5.5V· rnA 

VOL Low-level output voltage VCC" MIN 10L " 8mA 0;3 9.5 V 

VOH High"level output voltage VCC" MIN , 10H: MiI-2 mA Com-3.2 mA. 2.4 2.8 V 

oz Offtt tt -s a e ou pu Curren V CC" MAX V 24VN 04V 0" 0", -100 100 pA. 

lOS ** O~tput short.:.circuit current ., Vee" 5V Vo = OV. -30 -:70 -130 mA 

ICC Supply current VCC= MAX 155 200 mA 

Switching Characteristics Over Operating Colutltlons' 

SYMBOl pARAMETER TEST MILITARY COMMERCIAL UNIT CONDITIONS MIN TYP MAX MIN TYP MAX , 

" I Polarity fuse intact .. 20 35 20 30 
tpD Input or feedback to output I ns 

Polarity fuse blown 25 40 .25 35 

tCtK Clock 10 output or feedback 10 17 35 10 17 30 ns 

~;ts InpudQasyrichronous,~t' ,,' ',':.: 
: .. 

····22 40 22 35 ns <~~ 

tR Input to asyncbronous r'eSi'lt ' " ", . ,. ~, , .. 
27 45 27 40 ns 

tpzx Pin 13 to output enable 
R1 = 5600 

10 25 . 10 20 ns 

tpxz Pin 13 to output 9isatile 
R2" 1.1 Ko 

10 25 
, 

10 20 ns 

tpZX: input to ouiJ?ut enable 18 35;, 18 30 ns 

tpxz Input to output disable 15 35. 15. 30 ns 

f ... 
. MAX Maximum frequency., 16 35 20 35' .. ,MHz 
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PAL 32Rf6 

Operating Conditions 

SYMBOL 
MILITARY COMMERCIAL 

.. PARAMETER MIN TYP MAX MIN TYP MAX UNIT 

Vee Supply voltage 4.5 5 5.5 4.75 5 5.25 V 

I Low 25 20 
tw Width of clock 

I 
ns 

High .. 25 20 

twp Preload pulse width 45 35 ns 

I Polarity fuse intact 50 40 
tsu Setup time for input to clock 

I Polarity fuse blown 
ns 

50 40 

tsup Preload setup time 30 25 ns 

th Hold time 0 -10 0 -10 ns 

thp Preload hold time 10 5 ns 

TA Operating free-air temperature -55 0 75 °e 

Te Operating case temperature 125 °e 

Electrical Characteristics Over Operating Conditions 

SYMBOL PARAMETER TEST CONDITION MIN TYP MAX UNIT 

VIL* Low-level input voltage O.S V 

VIH* High-level input voltage 2 V 

Vie Input clamp voltage VCC = MIN II = -1SmA -O.S -1.5 V 

IlL Low-level input current Vce= MAX VI = 0.4 V -0.02-0.25 mA 

IIH High-level input current Vce = MAX VI = 2.4 V 25 p,A 

II Maximum input current Vec = MAX VI = 5 .. 5 V 1 mA 

Mil 10L = SmA 
VOL Low-level output voltage Vce= MIN 0.3 0.5 V 

Com 10L = SmA 

Mil 10H = -2mA 
VOH High-level output voltage Vee= MIN 2.4 2.S V 

Com 10H = -3.2 mA 

10ZL Vo = 0.4 V -100 p,A 

10ZH 
Off-state output current Vee = MAX 

Vo = 2.4 V 100 p,A 

10S** Output short-circuit current Vce= MAX Vo =OV -30 -70 -130 mA 

lee Supply current Vce= MAX 200 2S0 mA 

Switching Characteristics Over Operating Conditions 

SYMBOL PARAMETER TEST MILITARY COMMERCIAL UN!T CONDITIONS MIN fYP MAX MIN TVP MAX 

tpD I Polarity fuse intact 50 40 
Input to output 

I 
ns 

Polarity fuse blown 55 45 

tCLK elock to output or feedback .. 30 25 ns 

tpzx Output enable R1 = 560 0 
25 20 ns R2 = 1.1 KO 

tpxz Output disable 25 20 ns 

'MAX Maximum frequency 14 16 MHz 
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PALMA32 

Operating Conditions 

SYMBOL I.', PARAMETER 
COMMERCIAL . UNIT 

NUN TYP MAX 

Vee Supply voltage 4.75 5. 5.25 V 

low 20 
"ns tw Width. of clock 

High 20 .'. 

Setup time,from i!1put to clock 
Polarity fw,e intact 40 : 

tsu. ns 
POlarity fuse blown. 40 

til .' . Holdtime' ·0 .. , 0 -fO ns 

TA Operating free-air temperature 0 75 ·e 

Te Operating case t~mperature ·C 

Electri.cal Characteristics Over'Operaltng Conditions 

SYMBOL PARAJ!,IIETER TEST CONDitiON 
COMMERCIAL 

UNIT 
MIN TYP MAX 

Vll * loW-level input vOltage. 0.8 V .' 

VIH * High-Ieliel input voltage 2 V 

V,e Input Chimp voltage Vee = MIN II =-18 mA -0.8 ~1.5 V 

III Low-Ieliel input current Vee = MAX . VI"" =0.4V -0.02 -0.25 ... mA 

1111 High-level input current Vee = M.AX VI =2AV . ..c. 25 p.A 

II . Maximum input current VeG" MAX VI =: 5,5 V 1 mA 

VOL low~level output. voltage 
>. .' 

Vee= MIN . lO.l =8mA O;~ ". 0:5 V 

VOH High-Ieliel output voltage Vee" MIN lOH =-0.4mA 2.4 2.8 V 

.10Zl Vo =0.4V -100 p.A 
Off-state output current Vee = MAX 

\/0= 2.4 V 10ZH . 100 p.A 

lOS ** Output short-<;ircuit current Vee=5V Vo =OV -10 -40 -'60 mA 

led Supply current Vee = MAX 400 640 mA 

SwitChing Cha'ilcteristics Over Operalil'lgCondllfons 

SYMBOL PARAMETER 
TEST COMMERCIAL 

UNIT 
':CONDITIONS MIN'TYP MAX 

. . l Polarity fuse intact 
.; . :50 

tpD Input to output ns I Polarity fuseblQwn' .' 
55 

tClK Clock to output or feedback . ,22 . ns 

tpzx Output enable '. 
Rt=:560n . 30 ns .. 
R2 =1.1 K!l 

tpxz Output disable " 30 ns 

tPF!H' Preset to output " 
.'. 

"3$ ns 

fMAX Maximum,frequency. . 
". 

.' 16 20 . , MHz 
.' " ',' 

, ,~: . 
...• '." 
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PAL64R32 

1Bting Conditions 

SYMBOL 
COMMERCIAL 

UNIT PARAMETER MIN TYP MAX 

twp Preload pulse width 35 'ns 

Isup Preload setup time 50 ns 

thp Preload hold time 5 ns 

tpRW Preset pulse width 25 ns 

,tPRR Preset recovery time .' 35 ns 
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PAL/HAL Devices 

Output Register PRELOAD 
The PRELOAD function allows the register to be loaded from 
data placed on the output pins. This feature aids functional 
testing of sequential designs by allowing direct setting of output 
states. The procedure for PRELOAD is as follows: 

Series20PA 
1. Raise Vee to 4.5 V. 

2. Disable output registers by setting pin 11 to V,H' 

3. Apply V,L N,H to all registered output pins. 

4. Pulse pin 8 to V p. then back to 0 V. 

5. Remove V,LN,H from all output registers. 

6. Lower pin 11 to V,L to enable the output registers. 

7. Verify for VOLNOH at all registered output pins. 

Series 24RS/24XA 

PIN 8 VIL------.J 

1. Raise vee to 4.5 V. 
PIN 13 OV·----------,---..,.------

2. Disable output registers by setting pin 13. to V,H' 

3. Apply V,LN,H to all registered output pins. 

4. Pulse pin 10 to Vp. then back to 0 V. 

5. Remove V,LN,H from all output registers. 

6. Lower pin 13 to V,L to enable the output registers. 

7. Verify for VOL NOH at all registered output pins. 

Power-Up RESET 
All devices with this PRELOAD feature also have power-up 
RESET. All registers power up to a logic high for predictable 
system initialization. 

! Switching Waveforms 

PIN 10 VIL--.,-----..J 

INPUTS 1/0 
REGISTERED 

FEEDBACK 

r---------------------~-----------------------3V 

CK 

ASYNCHRONOUS 
PRESET 

REGISTERED 
OUTPUTS 

COMBINATORIAL 
OUTPUTS 

~---J~~~'I~----~----------~--------------------~--~ov 

_tp_ 

L ~~ ~~-""I.I--~.~ll--tCLK 
----~mn· r-----~~--~~ r----,~~ 

------------~--

Notes: 1. Input pulse amplitude 0 V to 3.0 V. 
2. Input access nieasured at the 1.5 V level. 
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PALl HAL Devices Logic Diagram 
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PAL/HAL Devices Logic .Diagram 
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PAL/HALDevlces Logic Diagram 
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PAL/HAL Devices Logic Diagram 
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PAL/HAL Devices Logic Diagram 
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PAL/HALDevicesLogic Diagram 
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PAL/HAL Oevlces Logic Diagram 
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PAL/HAL Devices Logic Diagram 
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PAL/HAL Devices Logic Diagram 
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PAL/HAL Devices Logic Diagram 
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PAL/HAL Devices Logic Diagram 

16R8 
1 

0123 4 'i 6 1 B 91011 12131415 16111819 20212223 24252621 28293031 

0 

Ul~ 
I 
2 

"'" 3 
4 ./ 
5 , , 

~ r 
... 

1i. 

• 
9 

~ 10 

"' 
~ 

11 

12 
13 
14 
15 

J .... ... .. 
" 

~ 
11 
18 

"' ~ 
19 
20 
21 
21 
13 

4 .. ... 
~ . 1i. .. 

14 

~ 
15 
16 

'" ~ 
27 
28 ./ 
29 
30 
31 

5 .. ... 
~ JC: ... 

32 

~ 
J3 

~ 
34 

"' 35 
36 
37 
38 
39 

6 .. ... .. 
40 
41 

~ 42 

"' 43 

" ./ 

~ 
45 
46 
47 

J ... .... 

48 

~ 
49 

" "' ~ 
51 
52 
53 
54 
55 

8 .. .... 
1i. 

.. 
51 

tD1~ 
58 
59 

" ./ 
" 62 
63 

9 .. ... 
~ ----t ... 

o 1 2 J 4 5 6 7 B 9 1011 12131415- 161118111 201122 2l 24252627 28293031 

5·66 Monolithic WMemories 



PAL/HAL Devices Logic Diagram 
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·PAL/HAL J)evlc8sLogic Diagram 
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PAL/HAL Devices Logic Diagram 
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PAL/HAL Devices Logic Diagram 
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PAL/HAL Devices Logic Diagram 
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PAL/HAL Devices Logic Diagram 
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PAL@;,QeviceProgrammerR.'erenceGuide 

20~tr.b:~Vlce Family 

Data I/O Corporation' 

10525 WHiows Ro~d N,E: 
PO aox."1:17046.... . Models 19,'29A, 29B 

:';;', 

Re'dmood,· WA .. 98073-1:1746, 
(SoOr 24NFOO 

MoQeJ.60; .. 

Series 

Medium 

.20B/D 

System 

~:-:-:;'r.-;:-;-;::-----i Model 60 303A 
~:-:-:-::-:7::-:-:::-"-----i Rev. V05 

f-:::'---"-------i Models: 

19 

29A 

29B 

303A-V04 

303A 

j 

Note:, The ~flWJre a:~gh!!rdv,,~~e:revisions listed are the earli!!st revisions that Sup~QrtJhelle piOdcrcts, 
'Later~areand hard.ware revisions can also be assumed to support these prod!JC)6. 

; , <'::':1.,' ", _" " ", c',. 



PAL® Device Programmer Reference Guide 

24·Pin and MegaPALT
• Device Families 

Data I/O 

Family Pinout 
Series Part Number System LoaicPak™ Adapter Code Code 

PAL12L 10 Model 60 303A 303A-002-V08 22 01 

PAL14L8 Rev. V05 303A-011 AlB-V01 02 

Small 24 PAL16L6 03 

Combinatorial PAL18L4 Models:19 04 

PAL20L2 29A 05 

PAL20C1 29B 12 

Small 24A PAL6L16A 48 

Decoder PAL8L14A 49 

PAL20L8A1-21B 26 
Medium 24AI 

PAL20R8A1-2/B 27 
24A-2/B 

PAL20R6A1-2/B t Standard 
PAL20R4A1-2/B 

PAL20L 10 06 

Medium 24X PAL20X10 23 

Exclusive-OR PAL20X8 1 PAL20X4 

PAL20L10A 303A-V04 06 

Medium 24XA PAL20X10A 36 

Exclusive-OR PAL20X8A 1 PAL20X4A 

PAL20S10 I 
43 

Large 24RS 
PAL20RS10 44 

Shared 
PAL20RS8 

Product Terms 
PAL20RS4 46 

Large 24A PAL22RX8A 78 Registered XOR 
303A-Ol1A1B-V01 

~:;i~~ ~O~ PAL32VX10/A 77 

• ~a_~I!~ 24RA 
As .. " 

PAL20RA10 303A 
<In<lA-nM_YOI3 

303A-011A1B,VOl 45 

com~~~torial IOH20PS' 303A-V04 303A-001ME 42 

MegaPALTM PAL32R16 303A 303A-008-AlB 47 
Devices odel29B 

PAL64R32 350Al-23/A1B 84 

Note: The software and hardware reviSions listed are the earliest revisions that suppol't these products. 
Later software and hardware revisions can also beC!ssumed to support these' products. -

1 Not supported on Model 19 
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PAL®DeviceProgrammer Reference Guide 

20·Pin Device Family 

Digelec 

1602 Lawrence Ave. 
Suite 113 
Ocean, NJ 07712 
(201) 493-2420 

[ System UP803 J 

Small 20/-2 
Combinatorial 

Medium 201 

20A/20A-2/41 

20B-2/-4 
Standard 

Medium 
20B/0 

Medium 
20BP 

Standard 

Medium 20PA I--'-..;",:.;....:..;~'--___ I 

Programmable 1--'-":"'::::":"::":"::""':::"":""--..,.--1 

Polarity 

Large 20 
Arithmetic 

Large 20RA 
Asynchronous PAL16RA8 

Under Development 

5.4 DA53 A-3 

I 
Under Development 

Note: The so.ftware and hardware revisions. listed are the earliestrevisions that suppol'! these products. 
Later software and hardware revisions can also be assumed to support these products. 
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PAL® Device Programmer Reference Guide 

24.Pin and MegaPAL TM Device Families 

Digelec 

Small 24 

Combinatorial 

Small 24A 

Medium 24AI 

24A-2/B 

Standard 

Medium24X 

Exclusive-OR 

Medium 24XA 

Exclusive-OR 

Large 24RS 

Shared 

Product Terms 

PAL22RX8A 

PAL32V,X10/A 

PAL20RA10 

Under Development 

5.4 DA55 

Under Development 

C-1 

Note: The software and hai-dware revisions listed are the earnest revision~tha:t sLippOrt these products. 
Later software and hardware revisions can also be assumed to support these products. 
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PAL® De.vice Programmer Reference Guide 

20·Pin Device Family 

Kontron 

1230 Charleston Road 
Mountain View, CA 94039.-7230 
(415) 965-7020 

System MPP-80S 

System EPP-80 

Series Part Number UPM-B Rev. 
PAL10H8/-2 

1.44 
PAL10L8/-2 

PAL12H6/·2 

Small 20/-2 
PAL12L6/-2 

Combinatorial PAL14H4/-2 

PAL14L4/-2 

PAL16H2/-2 

PAL16L2/-2 

PAL1SC1/-2 

Medium 201 PAL 16L8/A1-2/-4/B-2/-4 

20A/20A-2/41 PAL 16R81 AI-2/-4/B-2/-4 

20B-2/-4 PAL 16RS/AI-2/-4/B-2/-4 
Standard I PAL 16R4/A/-2/-4/8-2/-4 

PAL1SL8B/D 

Medium PAL1SR8B/D 

20B/0 PAL16R6B1D 

PAL 16R4B1D 

Medium PAL1SL8BP. 

20BP PAL1SR8BP 
Under Development 

Standard PAL1SRSBP 

PAL1SR4BP 

Medium 20PA PAL1SP8A 1.44 .' 
Programmable PAL1SRP8A 

,',,, 

Polarity PAL1SRPSA 

PAL1SRP4A 

Large 20 PAL1SX4 

Arithmetic F'AL1SA4 I 
, 

Large 20RA PAL1SRA8 1.47 .Asynchronous . ' . . ' .. ' . 

Note: The software and hardware revisions listed are the earliest revisions that support these products. 
Later software and. h.arQware, revi~ions car,J $Iso beas~umeQto ~upport thes~ products. 
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PAL® Device Programmer Reference.Guide. 

24-Pin and MegaPALT
• Device Families 

Kontron 

.Se·ries Part Number 

PAL12L10 

PAL14LS 

Small 24 PAL16L6 

Combinatorial PAL1SL4 .. 

pAL20L2 

PAL20C1 

Small 24A PAL6L16A 

Decoder PALSL14A 

PAL20LSAI-21B 
Medium. 24AJ 

PAL20RSAI-21B 
24A-2/B 

PAL20R6A1-21B 
Standard 

. PA.L20R4A1-21B 

PAL20L10 

Medium 24X PAL20X10 

Exclusive-OR PAL20XS 

PAL20X4 

PAL20L10A 

Medium 24XA PAL20Xl0A 

Exclusive-Of:! PAL20XSA . 
PAL20X4A . 

.. 
pAL20S10 

Large 24RS PAL20RS10 
Shared 'PAL20RSS: 

Product Terms PAL2QRS4 

large24A PAL22RXsA 
Registered XOR 

Large 241A PAL32VX10/A Varied XOR 

. large 24RA .' 
Asynchronous. PAL20RA10 

. " . 
Eel .. 

Combinatorial PAL10tf20PS, . . 
"MegaPAL';" .PAL32FI16. 

"Devices PAL64R32 

UPM-B Rev; 

1.44 

1 
1.4S 

1.44 

j 

.,> 
" 

..: 

". 
.. 

~ 

1:4S. 
. . 

144 . . .. ' 

• 0 ; • 

.. 1,47 .. 
0 

.'. 

UnderDevelopment 

. -~. 

'. 

. ... : .. , .. : . 
. '. . 'c'" . '." 

., .... 
.,,<,' 

.. d :' . 

Note: The software and hardware revisi.ons' Hsted are the: earliest revisions thatsuppartthese products. 
Later software. and hardware revisions can also be assumed to support these products. 
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PALeo.vice Programmer Reference Guide 

20·Pin Device Family 

Micropross 

Pare d'activite des Pres , 
5, rue Denis-Papin 
59650 Vilieneuve-d'Aseq 
Tel 20479040 

Series Part Number 
PAL10HS/-2 

PAL10LS/-2 

PAL12HS/-2 

Small 20/·2 
PAL12LS/-2 

Combinatorial PAL14H4/-2 

PAL14L4/-2 

PAL1SH2/-2 

PAL1SL2/-2 

PAL1SC1/-2 

Medium 20/ PAL1SLS/A/-2/-41B-2/-4 

20A/20A·2/4/ PAL 1SRS/A/-21-4/B-2/-4 
20B·2/·4 PAL 1SRS/A/-21-4/B-2/-4 
Standard PAL 1SR4/A/-2/-4/B-2/-4 

PAL1SLSBID 

Medium PAL1SRSB/D 

209/0 PAL16RSB/D 

PAL1SR4BID 

Medium PAL1SLSBP 

20BP PAL1SRSBP 

Standard PAL1SRSBP 

PAL1SR4BP 

Medium 20PA PAL1SPSA 

Programmable PAL1SRPSA 

Polarity PAL1SRPSA 

PAL1SRP4A 

Large 20 PAL1SX4 

Arithmetic PAL1SA4 

Large 20RA 
' Asynchronous PAL1SRAS 

Rev. 

3.5 

Under, Development 

, 

3.5 

I 
Under Development 

ROM 5000 

Programmer 

" 

"' 

, 

" 

Note; The software and hardware revisions listed are the earliest revisions that support these products. 
Later software and hardware revisions can also be assumed 10 support these products. 
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PAL@ Device Programmer Reference Guide 

24-Pin and MegaPALTM Device Families 

Micropross 

Series Part Number Rev. 
PAL12L10 

PAL 14L8 3.5 

Small 24 PAL16L6 

I Combinatorial PAL18L4 

PAL20L2 

PAL20C1 
" .. 

Small 24A PAL6L16A 
Under Development 

Decoder PAL8L14A 
'i·····.)· u. 

PAL20L8A!-2/B 
Medium 24AI PAL20R8A!-2/B 3.5 

24A-2/8 PAL20R6A!-2/B 
Standard PAL20R4A!-2/B 

PAL20L10 

Medium 24X PAL20X10 

Exclusive-OR PAL20X8 

PAL20X4 

PAL20L10A 

Medium 24XA PAL20X10A 

Exclusive~OR PAL20X8A 

PAL20X4A 
nt.'·"V''''}. .,i , .... ) .............. , ... : .. ): .. ;. .. : 

PAL20S10 
large 24RS PAL20RS10 

Shared PAL20RS8 
Product Terms PAL20RS4 

Re~~~E!~~~OR PAL22RX8A 

t', ....... :. ., · .. 2.'·.·· 
large 24/A 

PAL32VX10/A Varied XOR 
............ 

large 24RA PAL20RA10 Asynchronous 
h···i:: .• '}' 

ECl 
PAL10H20P8 Combinatorial 

Ii ..... ,:,,,, ...... , ........ , ., .... ,." ..... ,. .. : .... ,:. .,.,i, , .. " .. ",' . ,··..,'· •. i:'::i:). 

MegaPAlTM PAL32R16 
Under Development 

Devices PAL64R32 

Note: The software and hardware revisions listed are the earliest revisions that support these products. 
Later software and hardware revisions can also be assumed to support these products. 
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PALe Device Programmer Reference Guide 

20·Pin Device Family 

Promac 

Adams MacDonald Enterprise!!, Inc. 
2999 MontereylSalinas Highway 
Monterey, CA 93940 
(408) 373-3607 

Series Part Number 
PAL10H8/-2 

PAL10L8/-2 

PAL12H6/-2 

Small 20/-2 
PAL12L6/~2 

Combinatorial PAL14H4/-2 

PAL14L4/-2 

PAL16H2/-2 

PAL16L2/-2 

PAL16Cl/-2 

Medium 201 PAL 16L8/A1-21-4/B-2/-4 

20A/20A-2/41 PAL 16R8/A1-2/-4/B-21-4 

208-2/-4 PAL 16R6/A1-21-4/B-21-4 

Standard PAL 16R4/A1-21-4/B-21-4 

PAL16L8B/D 

Medium PAL16R8BID 

208/0 PAL16R6B!D 

PAL16R4B/D 

Medium PAL16L8BP 

208P PAL16R8BP 

Standard PAL16R6BP 

PAL16R4BP 

Medium 20PA 
PAL16P8A 

Programmable 
PAL16RP8A 

Polarity 
PAL16RP6A 

PAL16RP4A 

Large 20 PAL16X4 

Arithmetic PAL16A4 

Large 20RA 
Asynchronous PAL16RA8 

Software Rev. 

3.0 

Under Development 

3.0 

I 

.~ 

Promac P3 

Programmer. 

Sl/S2 

011 

0/6 

0/2 

017 

0/3 

0/8 

0/4 

0/9 

0/5 

0/10 

0/11 

0/12 

0/13 

5/0 

511 

5/2 

5/3 

1/0 

1/3 

1/2 

1/1 

0/14 

0/15 

. 
1/12, 

Note: The software and hardware revisions listed are the earliest revisions that support these products. 
Later software, and hardware revision!! can also be assumed to support these products. 
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PAL 8 Device Programmer Reference Guide 

24-Pin and MegaPAL TIl Device Families 

Promac 

Series Part Number 
PAL12L1Q 

PAL14L8 

Small 24 ~L1~L6 

Comi)lnatorial PAL18L4 

PAL2QL2 

PAL2QC1 

Small 24A PAL6L16A 
n. .... PAL8L14A 

PAI?nI RA'~?JB 
Medium 24AI PAl ?nR"A,'_?'R 

24A-2/B PAl ?nRRA '_?/R 

Standard PAL ?nR4A/-2IB 

PAL2QL1Q 

Medium 24X ,,~L2()X10 

EXClusive-OR PAL2QX8 

PAL2QX4 

PAL2QL1QA 

Medium 24XA PAL2QX10A 

Exclusive-OR , PAL2QX8.A 
PAI?nX4A , 

PAL2QS1Q 
large 24RS PAL2QRS1Q 

Shared PAI?nR~R 

Product Tjlrms 'PAL2QRS4 

l.a~ge 24:0R PAL22RX8A 

~:~I~~ 24/A XOR PAL32VX101A 

A~!l.~~'!.24RA PAL2QRA1Q 

ECl 
PAL1QH2QP8 

... .ft> I TM PAL3~R16 -... 
Devices PAl R4R"l? 

_ ..... u._ Rev. 

3.0. 

, 

, 

Under Development 

Sl/S2 
2/2 

2/3 

~ 
2/5 

216 

2/1 

~ 
3/10. 

218 

2/9 

2/10. 

2111 

2fL 

-~ 
~ 
2/14 

217 
2/15 

3/0. 

3/1 

3/5 . 
3/6 

317 

~ 

3.4 

.;..:::, 

Note: The software arid hardWare revisions listed ~re the earliest revisions that support these products. 
Later software and hardWare revisions can also be assumed to support these products. 
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PAL® Device Programmer Reference Guide 

20-Pin Device Family 

Stag Microsystems 

528-5 Weddell Drive 
Sunnyvale, CA 94089 
(408) 745-1991 

Series Part Number 
PAL10H8/-2 

PAL 10L8/-2 

PAL 12H6/-2 

Small 20/·2 
Combinatorial 

PAL 12L6/-2 

PAL 14H4/-2 

PAL 14L4/-2 

PAL 16H2/-2 

PAL16L2/-2 

PAL16C1/-2 

Medium 201 PAL 16L8/A/-2/-4/B-2/-4 

20A/20A·2/41 PAL 16R81A!-2/-4/B-2/-4 

20B·2/·4 PAL 16R6/A!-2/-4/B-2/-4 

Standard PAL 16R41A!-2/-4/B-2/-4 

PAL16L8B/D 

Medium PAL16R8B/D 

20B/D PAL16R6B/D 

PAL16R4B/D 

Medium PAL16L8BP 

20BP PAL16R8BP 

Standard PAL16R6BP 

PAL16R4BP 

Medium 20PA PAL16P8A 

Programmable PAL16RP8A 

Polarity PAL16RP6A 

PAL16RP4A 

Code ZL30 Rev. 
20-20 30-35 
20-25 

20-21 

20-26 

20-22 

20-27 

20-23 

20-28 

20-24 

20-29 

20-30 

20"31 

20-32 

22-29 30-39 
22-30 

1 22-31 

22-32 

Under Development 

20-38 30-35 
20-11 

20-12 

20-13 

IzL30l 
~ 
Zm2200 

14 

c,CCc·";';;,,,, 

12 

1 

(,·c e'cc,' 

12 

1 
,{(i:':.·': h.) Ftt.:)':X;.·:...:: .. :i ... :.:;. 

Large 20 PAL16X4 20-33 
14 

Arithmetic PAL16A4 20-34 

:.< .... ,::·,:·:,·::::··:c·'· .. c····:.· 

Large 20RA 
PAL16RA8 20-19 30-37 12 Asynchronous 

Note: The software and hardware revisions listed are the earliest revisions that support these products. 
Later software and hardware revisions can also be assumed to support these products. 
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PAL@) Device Programmer Reference Guide 

24·Pin and MegaPALT
• Device Families 

Stag Microsystems 

Series Part Number Code 

PAL12L10 21-50 

PAL14L8 21-51 

Small 24 PAl16l6 21-52 

Combinatorial PAL18l4 21-53 

PAL20L2 21-54 

PAL20C1 21-55 

Small 24A PAL6L16A 

Decoder PAL8L14A 

PAL20L8A1-2JB 21-56 
Medium 24AI PAL20R8A1·2/B 21-57 

24A-2/B PAL20R6A1-2JB 21-58 
Standard PAL20R4A1·2/B 21-59 

PAL20L10 21-60 

Medium 24X PAL20X10 21·61 

Exclusive-OR PAL20X8 21-62 

PAL20X4 21-63 

PAL20L10A 21-60 

Medium 24XA PAL20X10A 21-61 

Exclusive-OR PAL20X8A 21-62 

PAL20X4A 21-63 

PAL20S10 21-81 
large 24RS PAL20RS10 21-80 

Shared PAL20RS8 21-79 
Product Terms PAL20RS4 21-78 

!~i~~~~e~4A Regi XOR 
PAL22RX8A 

large 24/A PAl32VX10/A Varied XOR 

large 24RA PAL20RA10 21'77 Asynchronous 

ECl 
PAL10H20P8 Combinatorial 

MegaPAlTM PAL32R16 

Devices PAL64R32 

Zl30 Rev. 

30-35 

, 

j 
Under Development 

30-35 

30·39 

1 

30-37 

Under Development 

ZM2200 

14 

12 

1 

12 

Note: The software and hardware revisions listed are the earliest revisions that support these products. 
Later software and hardware revisions can also be assumed to support these products. 
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20·Pin Device Family 

Storey Systems 

3201 North Hwy. 67 
Suite H 
Mesquite, TX 75150 
(214) 270-4135 

Small 20/-2 
Combinatorial 

Medium 201 

20A/20A-2/41 

208·2/.4 
Standard 

Medium 

20810 

Medium 

208P 
Standard 

Medium 20PA hmmWliA--:---j 
Programmable r,:;-;-;--:;-;o;=;;.;-,------'---,j 

Polarity 

Large 20 

Large20RA 
Async:hronous 

2.0 

4.0 

1 

Under Development 

4.0 

1 
2.0 

4.04 

P240 

Programmer 

Note: The software and hardware revisions listed are the earliest revisions that support these products. 
Later software and hardware revisions can also be assumed t!1 support these products, 
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24·Pin and MegaPAL'· Device Families 

Storey Systems 

Series Part Number 

PAL12L10 

PAL 14L8 

Small 24 PAL16L6 

Combinatorial PAL18L4 

PAL20L2 

PAL20Cl 

Small 24A PAL6L16A 

Decoder PAL8L14A 

PAL20L8A1-2/B 
Medium 24AI PAL20R8A1-2/B 

24A'2/8 PAL20R6A1-2/B 
Standard PAL20R4A1-2/B 

PAL20Ll0 

Medium 24X PAL20Xl0 

Exclusive-OR PAL20X8 

PAL20X4 

PAL20Ll0A 

Medium 24XA PAL20X10A 

Exclusive-OR PAL20X8A 

PAL20X4A 

PAL20S10 
Large 24RS PAL20RS10 

Shared PAL20RS8 
Product Terms PAL20RS4 

Re~i~~~e~4A XOR 
PAL22RX8A 

Large 24/A PAL32VX10/A Varied XOR 

large 24RA 
PAL20RA10 Asynchronous 

ECl 
PAL10H20P8 Combinatorial 

MegaPAllM PAL32R16 

Devices PAL64R32 

Rev. 

2.0 

j 
Under Development 

2.0 

" 

Under Development 

4.04 

Under Development 

,,\,/,,: 

' .. +'t:~.i<';.:.Lt;;: 

Note: The software and hardware revisions listed are the earliest revisions that support these products. 
Later software and hardware revisions can also be assumed to support these products. 
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20-Pin Device Family 

Structured Design 

1700 Wyatt Drive 
Suite 7 
Santa Clara, CA 95054 
(408) 988-0725 

Series Part Number 
PAL10H8/-2 

PAL10L8/-2 

PAL12H6/-2 

PAL12L6/-2 
Small 20/-2 

PAL14H4/-2 Combinatorial 
PAL14L4/-2 

PAL16H2/-2 

PAL 16L2/-2 

PAL 16C1/-2 

Medium 201 PAL 16L8/A1-2/-4/B-2/-4 

20A/20A-2/41 PAL 16R8/A1-2/-4/B-2/-4 

208-2/-4 PAL 16R6/A1-2/-4/B-2/-4 
Standard PAL 16R4/A1-2/-4/B-2/-4 

PAL 16L8B/D 

Medium PAL 16R8B/D 

208/0 PAL16R6B/D 

PAL16R4B/D 

Medium PAL16L8BP 

208P PAL16R8BP 

Standard PAL16R6BP 

PAL16R4BP 

Medium 20PA PAL16P8A 

Programmable PAL16RP8A 

Polarity PAL16RP6A 

PAL16RP4A 

Large 20 PAL16X4 

Arithmetic PAL16A4 

large 20RA 
Asynchronous PAL16RA8 

I 

SO 20/24 

1.6 

SO 20/24 System 

SO 1000 System 

SO 1000 

1.05 

Under Development 

Under Development 

1.6 1.05 

Under Development 

Note: The software and hardware revisions listed are the earliest revisions that support these products. 
Later software and hardware revisions can also be assumed to support these products. 
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PAL® Device Programmer Reference Guide 

24-Pin and MegaPALTM Device Families 

Structured Design 

Series Part Number SD 20/24 SD 1000 
PAL12L10 

1.6 1.05 
PA114L8 

1 
Small 24 PAL16L6 I Combinatorial PAL18L4 

PAL20L2 

PAL20Cl 

Small 24A PAL6L16A 
Under Development 

Decoder PAL8L14A 

PAL20L8A1-2/B 
Medium 24AI PAL20R8A1-2/B 1.6 1.05 

24A-2/B PAL20R6A1-2/B 
Standard PAL20R4A1-2/B 

PAL20L 10 

Medium 24X PAL20Xl0 

Exclusive-OR PAl20X8 

PAL20X4 

PAL20L10A 

Medium 24XA PAl20Xl0A 

Exclusive-OR PAL20X8A 

PAl20X4A 

PAL20S10 
Under Development 

Large 24RS PAL20RS10 
Shared PAL20RS8 

Product Terms PAL20RS4 

L.arge 24A 
XOR 

PAL22RX8A 

Large 24/A 
PAL32VX10/A Varied XOR 

Large 24RA PAL20RA10 Asynchronous 

ECl 
PAL10H20P8 Combinatorial 

MegaPAlTM PAL32R16 

Devices PAL64R32 

Note: The software and hardware revisions listed are the earliest revisions that support these products. 
Later software and hardware revisions can also be assumed to support these products. 
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20·Pin Device Family 

Valley Data Sciences 

Charleston Business Park 
2426 Charleston Road 
Mountain View, CA 94043 
(415) 968-2900 

Series Part Number 
PAL10H8/-2 

PAL 10L8/-2 

PAL12H6/-2 

PAL12L6/-2 
Small 20/-2 

PAL 14H4/-2 Combinatorial 
PAL14L4/-2 

PAL 16H2/-2 

PAL 16L2/-2 

PAL16C1/-2 

Medium 20/ PAL 16L8/A/-2/-4/B-2/-4 

20A/20A-2/4/ PAL 16R8/A/-2/-4/B-2/-4 

20B-2/-4 PAL 16R6/A/-2/-4/B-2/-4 
Standard PAL 16R4/A/-2/-4/B-2/-4 

PAL 16L8B/D 

Medium PAL16R8B/D 

20B/0 PAL16R6B/D 

PAL16R4B/D 

Medium PAL16L8BP 

20BP PAL16R8BP 

Standard PAL16R6BP 

PAL16R4BP 

Medium 20PA PAL16P8A 

Programmable PAL16RP8A 

Polarity PAL16RP6A 

PAL16RP4A 

Large 20 PAL16X4 

Arithmetic PAL16A4 

Large 20RA 
Asynchronous PAL16RA8 

Rev. 

1.03 

Under Development 

1.03 

Under. Development 

160 Series 

Programmer 

",,>,t"(" 

Note: The software and hardware revisions listed are the earliest revisions that support these products. 
Later software and hardware revisions can also be. assumed to support these products. 
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PAL® Device Programmer Reference Guide 

24·Pin and MegaPALTM Device Families 

Valley Data Sciences 

Series Part Number Rev. 

PAL12L10 

PAL14L8 1.03 

Small 24 PAL16L6 

j Combinatorial PAL18L4 

PAL20L2 

PAL20C1 

Small 24A PAL6L16A 
Under Development 

Decoder PAL8L14A 

PAL20L8A1-2/B 
Medium 24AI PAL20R8A1-2/B 1.03 

24A-2/B PAL20R6A1-2/B 
Standard PAL20R4A1-2/B 

PAL20L10 

Medium 24X PAL20X10 

Exclusive-OR PAL20X8 

PAL20X4 

PAL20L10A 

Medium 24XA PAL20X10A 

Exclusive-OR PAL20X8A 

PAL20X4A 

PAL20S10 
Large 24RS PAL20RS10 

Shared PAL20RS8 
Product Terms PAL20RS4 

!~i~~~e~4A Regi XOR 
PAL22RX8A 

large 24/A 
PAL32VX10/A Varied XOR 

large 24RA 
PAL20RA10 Asynchronous 

ECl 
PAL10H20P8 Combinatorial 

MegaPAlTM PAL32R16 1.04 + 1.1 Adapter 

Devices PAL64R32 Under Development 

Note: The software and hardware revisions listed are the earliest revisions that support these products. 
Later software and hardware revisions can also be assumed to support these products. 
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PAL@) Device Programmer Reference Guide 

20·Pin Device Family 

Varix 

1210 E. Campbell Road 
Richardson, TX 75081 
(214) 437-0777 

Series Part Number 
PAL10H8/-2 

PAL10L8/-2 

PAL12H6/-2 

PAL12L6/-2 
Small 20/·2 

PAL14H4/-2 Combinatorial 
PAL14L4/-2 

PAL16H2I-2 

PAL16L2I-2 

PAL16C1/-2 

Medium 201 PAL 16L8IN-21-4/B-21-4 

20A/20A·2/41 PAL 16R8IN-21-4/B-2/-4 

20B·2/·4 PAL 16R6IN-2/-4/B-2/-4 

Standard PAL 16R4/N-2/-4/B-21-4 

PAL16L8B/D 

Medium PAL16R8B/D 

20B/0 PAL16R6B/D 

PAL16R4B/D 

Medium PAL16L8BP 

20BP PAL16R8BP 

Standard PAL16R6BP 

PAL16R4BP 

Medium 20PA PAL16P8A 

Programmable PAL16RP8A 

Polarity PAL16RP6A 

PAL16RP4A 

Large 20 PAL16X4 

Arithmetic PAL16A4 

Large.20RA 
Asynchronous PAL16RA8 

Rev. 

3.18 

Under Development 

3.18 

Under Development 

OMNI 

Programmer 

Note: The software and hardware revisions listed are the earliest revisions that support these products. 
Later software and hardware revisions can also be assumed to support these products. 

" '"." ", 
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PAL® Device Programmer Reference Guide 

24-Pin and MegaPALTM Device Families 

Varix 

Small 24 

Combinatorial 

Medium 24AJ 

24A-2/B 

Standard 

Medium 24X 

Exclusive-OR 

Medium 24XA 

Exclusive-OR 

Large 24RS 

Shared 

Product Terms 

Large 24/A 
Varied XOR 

Large 24RA 
Asynchronous 

3.18 

Under Development 

PAL22RX8A 

PAL32VX10/A 

PAL20RA10 3.18 

Under Development 

Note: The software and hardware revisions listed are the earliest revisions that support these products. 
Later software and hardware revisions can also be assumed to support these products. 
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ProPAL TM, HAL®, and ZHAL TMDevices: 
The Logical Solutions for Volume 
Programmable Logic 

So you have discovered the convenience and flexibility of 
designing with PAL ® devices from Monolithic Memories. You 
have implemented a design using PAL devices, and taken that 
design into production. Now may be the time to consider ways of 
reducing the efforts you put into programming, testing, and 
marking large volumes of PAL devices. Wouldn't it be more 
convenient if you could be relieved of the duties and costs of 
volume programming and testing and still reap the benefits 
afforded by programmable logic? 

Or perhaps you are considering a semicustom product, but 
you're a little nervous about going to a gate array. Wouldn't it be 
preferable if you could find a semicustom product which allows 
easy, inexpensive prototyping, provides fast prototype turn
around, comes fully tested, can have a custom marking, has low 
NRE charges, provides design flexibility, and has an assured 
second source? 

Well, Monolithic Memories, the inventor of the PAL device, of
fers the logical solutions. ProPAL, HAL, and ZHAL devices 
make the transition from user-programmed devices to cus
tomized production-ready devices easy and risk free. 

ProPAL Devices 
ProPAL (Programmed PAL) devices are simply PAL devices 
that Monolithic Memories programs and tests for you. You 
receive a fully functional unit without having to do the program
ming and testing. But you still have the flexibility to handle 
design changes easily. 

HAL Devices 
HAL (Hard Array Logic) devices are to PAL devices as ROMs 
are to PROMs. Instead of fuses in the logic array, your pattern is 

implemented using metal links that are masked in during wafer 
fabrication. So your need to program devices is eliminated. And 
because the devices have their functionality masked in, Mono
lithic Memories can provide full functional testing before ship
ping the product. You can place the devices in your boards with 
a minimum of handling and the highest level of confidence. 

Monolithic Memories offers a HAL device for every PAL device. 
Any PAL device design you program can be implemented in a 
HAL version, allowing you to move smoothly into· volume 
production. 

ZHAL Devices 
Monolithic Memories· now provides a third. alternative for the 
programmable logic user: new Zero-Standby-Pqwer CMOS HAL 
devices. 

For the first time there are HAL devices which can implement 
any pattern from the Series 20 and. Series 24 PAL devices with 
the greatly reduced power consumption only CMOS can offer. 

For high complexity designs reaching into the thousands of 
gates, Zero Power MegaHAL'· devices provide the natural 
semicustom VLSI alternative to gate arrays. The MegaPAL'· 
devices provide the flexibility and fast design turn-around you 
need for prototyping. Once you are ready for production, the 
CMOS MegaHAL devices provide the same functionality with 
Zero Power. 

All of the ZHAL devices are fully HC/HCT compatible, making 
them easy to use in TTL and CMOS environments. 

Should You Use a PAL, ProPAL, or 
HAL Device? 
PAL devices offer the flexibility and convenience needed for 
prototyping your innovative designs. They provide a means for 
designing an efficient system by integrating functions and 
saving you board space. For flexible production, it makes sense 
to program and test your own PAL devices. This is especially 
true if you need low volumes per pattern. You always have the 
option of making last minute design tweaks as you fine tune your 
system design. 

TWX: 910-338-2376 
, 2175 Mission College Blvd. Sanla Clara, CA 95054-1592 Tel: (408)970-9700 TWX: 910-338-2374 
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Once your production volumes reacha moderate volume of a 
few thousand devices per year for each pattern, you may wish to 
dedicate your production resources to newer designs, instead of 
programming and testing production volumes. Yet in order to be 
able to make quick design updates, you might not want to com
mit to a HAL mask. ProPAL devices provide the ideal solution by 
eliminating programming and lesling needs while retaining 
enough flexibility to accommodate design changes, 

When you feel that youtdesignhas stabilized and your volume 
has ramped up to several thousand devices, per year, a HAL 
device becomes the most' cost effective way to purchase our 
programmable logic. By shifting the burdens to Monolithic 
Memories, who can handle large volumes easily,you can con
centrate your energies on more productive projects. 

How Does MM. Do This? 
Monolithic Memories takes your proven PAL device design and 
either arranges to program ProPAL devices in volume, or gener
ates a custom mask for a HAL or ZHAL device. And all without 
the normal risks inherent in purchasing a semicustom product. 
Why? Because: 

• You can prototype your system and initiate production using 
standard Monolithic Memories PAL devices. You don't have to 
worry about making a mistake that could put your design 
schedule in jeopardy. ' 

• The nominal Non-Recurring Engineering (NRE) charges for 
ProPAL and HAL, devices are far lower than those normally 
requirec;lfor Ii semicustom circuit. And they can even be 
amortized over your first production quantity. 

Unit 
Volume 

/ 
HAL device 

,ProPAL device 

Monolithic Memories 
Pro9ramm~le 

SOlutions 

• You save on the costs of programming deVices. This will also 
shorten your production cycle, since you can plug the devices 
into the socket with no additional processing. 

• All of the devices are tested for full functionality before they 
leave Monolithic Memories. You save on the costs of testing 
and generating test programs. 

• Monolithic Memories is geared towards providing volumes of 
high quality devices. No cine knows how to test programmable 
logic as well as Monolithic Memories. Between the thorough, 
efficient testing and marking capabilities and the option fo 
provide burn-in for extra reliability, you can obtain a higher 
quality device that if you did the programming and testing 
yourself. 

• MMI can provide custom marking. This saves you the added 
expense of stripping the mark from standard devices and then 
remarking them with your own mark. 

• HAL devices are secure by design. If you prefer ProPAL 
devices, they can also be secured for you at the factory. 

• Pro PAL device lead time is only 1 to 2 weeks longer than that 
of unprogrammed PAL devices. 

• HAL device turn-around time is a mere 6 to 8 weeks or less 
from acceptance of your design package to receipt of first 
units. 

• If you find yourself with an unexpected demand, you need not 
tum away business for lack of HAL device stock. You can 
always use ProPAL devices to make up for any temporary 
shortfall. 

How Can You, Take Advantage of 
This? 
The following are some guidelines which you can use to help 
convert your designs to Pro PAL, HAL or ZHAL devices. 

1. Send In Your Design 
You will need to provide your logic equations from either 
PALASM® PALASM2 or ABE~ ,. on magnetic media". 

When Monolithic Memories generates vectors for use in func
tionally testing your pattem, "seed" vectors are helpful in provid
ing the foundation upon which the final test vectors will be 
based. 

A master PAL device containing your design is needed for 
Monolithic Memories to verify tMt the pattem you submitted has 
been correctly processed. If you cannot provide a Monolithic 
Memories master PAL device, Monolithic Memories will accept 
your design inputs and provide ProPAL samples for your 
approval. ' 

For your convenience, a checklist is included to help, you 
prepare all of the necessary materials to be submitted to Mono
litbicMemories.Thiswili also help Monolithic Memories process 
your design, resulting in 'smoother and faster turn-around. 
Copies of this form are available from your Sales Representa
tive. or you can simply copy the attached form. 
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2. MMI Will Verify the Design 

Upon receiving your design package, Monolithic Memories will 
enter your design into their computer and verify that there are no 
format or syntax problems. A fuse map will be generated, and 
sample Pro PAL devices programmed. 

If any questions are encountered at this stage, they will be re
solved with you before any further processing takes place. 

3. MMI Will Check the Samples 

If you have approved immediate production of your devices, 
Monolithic Memories will make a fuse for fuse comparison be
tween the samples and the master device you provide. If there 
are no discrepancies, test generation will be started immediately 
(or upon receipt of your purchase order). 

If you prefer to see programmed sample Pro PAL devices prior to 
initiating production, Monolithic Memories can provide them for 
your approval before proceeding further. Sample approval is 
also needed when no master devices are provided or when a 
discrepancy is found during verification. 

4. MMI Will Generate Test Vectors 

A . functional test sequence is generated usingTGEN '", a 
proprietary software package. Any seed vectors you provide will 
be used to help initiate test generation. TGEN will check for 
hazards and race conditions, monitor fault coverage and sys
tematically add vectors until test coverage goals are met. 

Monolithic Memories has a test quality standard that sets as a 
minimum goal 90% coverage of all stuck-at faults.· Lower 
coverage patterns can sometimes be processed as HAL 
devices, or it is possible to handle them as Pro PAL devices only, 
but your approval will be needed. If acceptable coverage cannot 
be obtained, ways of increasing the testability of the design may 
have to be considered before Monolithic Memories can process 
the pattern. 

For more detail on exactly how the test coverage is determined, 
refer to the article "PAL Design Function and Test Vectors" in 
the Monolithic Memories Programmable Logic Handbook. 

When suitable test coverage is obtained, as is normally the 
case, there is no need for you to be involved with vector genera
tion.lf, however, you wish to approve the test vectors before 
production units are generated, .the vectors will be made avail
able to yOU. 

5. MMI Will Generate Production Units 

After an acceptable test sequence has been generated, Mono
lithic Mem()ries will generate the appropriate HAL or ZHAL mask 
and build the devices. Or, in the case of a Pro PAL device, Mono
lithic Memories will arrange to program and test blank units. 

PAL, HAL, and PALASM are registered trademarks 01 Monolithic Memories, Inc. 
ProPAL, ZHAL, MegaPAL; MegaHAL and TGEN are trademarks 01 Monolithic 
Memories; Inc. 
ABEL is a trademark of Data 1/0 Gorp. 
DEC, RSX, VAX,andliMS.are registered trademarks 01 Digital Equipment Corp. 
IBM "pC is, a:trade'mark,of International Bt,lsiness Machines, Inc. 

Having Your Devices Marked 
The standard Monolithic Memories mark consists of the device 
type, the package type, the date code, and the Monolithic 
Memories logo. 

If you wish, you can have the standard marking replaced by a 
custom marking. The logo and date code are standard, but any 
other markings can be as you desire. The character and line 
limitations for the most common packages are in Table 1, 

If the package you want is not listed, your local representative 
can help you determine the guidelines you need. 

Whom to Contact 
When you are ready to put the power of the Monolithic Memori.es 
factory to work for you, just contact your local Monolithic 
Memories sales representative. And let Monolithic Memories 
take care of your production programming, testing, and marking 
needs. 

Table 1. 

PLASTIC 20 pin (300 mil) 2 lines/13 characters per line 
24 pin (300 mil) 2 lines/17 charac:ters per line 

CERDIP 

PLCC 

20 pin (300 mil) 
24 pin (300 mil) 

20 lead 
28 lead 

SEND IN YOUR 
DESIGN 

MMIWILL 
REVIEW 

THE DESIGN 

2lines/16 characters per line 
2 lines/17 characters per line 

4 lines/II characters per line 
5 Iines/12 characters per line 

HAL AND 
ProPAL DEVICE 

GENERATION FLOW 

IF SAMPLE VERIFICATION MMIWILL 
CHECK THE 

SAMPLE'S REQUESTED 

IF TEST VECTOR 

REVIEW REQUESTED 

ProPAL HAL. ZHAL 
DEVICES DEVICES 

MMI·WILL START 
PBODUCTION 
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Zero Power 
CMOS Hard Array Logic 
ZHAL:M 20A Series 
Patent Pending 

Features/Benefits 
• Zero standby power 

• 25-ns maximum propagation delay 

• HC and HCT compatible 

• Space saving PLCC available 

• Low poweraliernatlve for Small and Medium 20-pin PAL® 
devices, including 16LS/16RS/16R6/16R4 

Description 
The Zero Power Hard Array Logic (ZHAL) devices are. ideal in 
low-power· applications· that require high-speed operation. 
These attributes are achieved through the use of Monolithic 
Memories' advanced high-speed CMOS process. Now system 
designers have the option of using a ZHAL device that matches 
fast PAL device speeds, but with the added advantage of zero 
standby power. These features are ideal for power-critical areas 
such as portable digital equipment or lap-top computers. 

Th is fam ily of ZHAL devices util izes a unique arch itecture that is 
deSigned for a high degree of flexibility in implementing most 
patterns of the listed 20-pin PAUHAL® devices. Prototyping can 
be done using standard PAL devices before converting to ZHAL 
circuits for production. ZHAL devices are fabricated by Mono
lithic Memories with custom metallization masks defined by a 
user-supplied HAL Design Specification. 

The procedures for designing with Monolithic Memories' ZHAL 
devices are shown in the flow chart on page B. The ZHAL20 
option in the PALASM®2 CAD package will confirm whether a 
design specification will fit within the ZHAL20 architecture. For 
more information on the ZHAL20 software, refer to the PALASM 
2 User Manual. For more information on the ZHAL device 
generation flow, see the Monolithic Memories brochure 
'ProPAL'·, HAL®, and ZHAL Devices." 

For evaluation of the ZHAL20A circuit, sample patterns are 
available. See page 6 for details. 

PAL@, HAL@,and PALASM@ are registered trademarks of Monolithic Memories. 

Ordering Information 

ARRAY OUTPUTS 
PART NUMBER PACKAGE 

COMB REG 

ZHAL10HBA 10 B -
ZHAL12H6A 12 6 -
ZHAL14H4A 14 4 -
ZHAL16H2A 16 2 -
ZHAL16C1A N,NL 16 2 -
ZHAL10LBA 10 B -
ZHAL12L6A 12 6 -
ZHAL14L4A 14 4 -
ZHAL16L2A 16 2 -
ZHAL16LBA 16 B -
ZHAL16R8A 

N,NL 
16 - 8 

ZHAL16R6A 16 2 6 
ZHAL16R4A 16 4 4 

ZHAL16PBA 16 B -
ZHAL16RPBA 

N,NL 
16 - B 

ZHAL16RP6A 16 2 6 
ZHAL16RP4A 16 4 4 

ZERO~JL~16L8A I ~N SLTD 
H01E4pATTERN 

POWER . NUMBER 
HARD ARRAY 

LOGIC . P~~g:s::::'~ard 
NUMBER OF 

ARRAY INPUTS P~KA:~la.tiC DIP 

OUTPUT TYPE NL = Pla.tic Leaded 
L = Active Low Chip carrier 
H = Active High 
P = Programmable 

Polarity 
C = Complementary 
R = Registered 
RP = Registered 

Programmable 
Polarity 

L..-'------TEMPERATURE RANGE 
C = O'C to +75'C 
I = -40'C to +85'C 

L..-------SPEED 
A = High Speed 

L..--_----NUMBER OF 
OUTPUTS 

ZHALTII and ProPAL"' are trademarks of Monolithic Memories. TWX: 910~338-2376 

2175 Mission College Blvd. Santa Clara, CA 95054-1592 Tel: (408) 910-9700 TWX: 910-338'2374 

Monolithic I!l!n 
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ZHAL10HSA 

ZHAL10H8A 

Plasllc Chip Carrier 

ZHALtOL8A· 

PlasllC Chip Carrier 

ZHAL20A Series 

ZHAL12H6A 

ZHAL12H6A 

Plasllc Chip Carrier 

ZHAL12L6A 

ZHAL12L6A 

ZHAL14H4A 

ZHAL14H4A 

Plasllc Chip Carrier 

9 

ZHAL16H2A 

ZFlAL16H2A 

o 
PlasliP Chip Carrier 

ZHAL14L4A 

ZHAL14L4A 

PlaallC Chip Carrier PlastIC Chip :Carrier 

ZHAL16C1A 

ZHAL16C1A 

Plasllc Chlp.Catrier 

ZHAL16L2A 

ZHAL18L2A 

10 11 

Plasllc Chip Carrier 



ZHAL16L8A 

ZHAL16L8A 

Plastic Chip Carrier 

ZHAL16P8A 

ZHAL16P8A 

Plastic Chip Carrier 

6·8 

ZHAL20A Series 

ZHAL16R8A 

ZHAL16R8A 

Plastic Chip Carrier 

ZHAL16RP8A 

ZHAL16RP8A 

Plastic Chip Carrier 

ZHAL16R6A 

ZHAL16R6A 

Plastic Chip Carrier 

ZHAL16RP6A 

ZHAl16RP6A 

Plastic Chip Carrier 

Mono/ithicW Memories 

ZHAL16R4A 

ZHAL16R4A 

Plastic Chip Carrier 

ZHAL16RP4A 

ZHAL16RP4A 

Plastic Chip Carrier 



ZHAL20A Series 

Operating Conditions 

SYMBOL PARAMETER INDUSTRIAL COMMERCIAL UNIT MIN TYP MAX MIN TYP MAX 

Vee Supply voltage 4.5 5 5.5 4.75 5 5.25 V 

tw Width of clock 15 10 15 10 ns 

tsu 
Setup time from 16R4A.16R6A.16R8A. 20 13 20 13 ns input or feedback to clock 16RP4A. 16RP6A. 16RP8A 

th Hold time 0 -10 0 -10 ns 

TA Operating free-air temperature -40 25 85 0 25 75 °e 

Electrical Characteristics Over Operating Conditions 

SYMBOL PARAMETER TEST CONDITIONS MIN TYP MAX UNIT 

VIL1 Low-level input voltage 0 0.8 V 

VIH1 High-level input voltage 2 Vee V 

IlL Low-level input current Vee = MAX VI =GNO -1 p.A 

IIH 
High-level I Pin 82 

Vee = MAX VI = Vee 
1 10 p.A 

input current I AU other pins 1 p.A 

Vee = MIN 10L = 8mA 0.1 0.4 
V VOL Lowclevel output voltage 

Vee=5V 10L = 1 p.A 0.05 

High-level output vortage 
Vee = MIN IOH=-6mA 3.763 4.1 

V VOH 
Vee=5V IOH=-1 p.A 4.95 

IOZL3 Vo = GNO 0 -10 p.A 

IOZH3 
Off-state output current Vee = MAX 

Vo = Vee 0 10 p.A 

ICC 
Standby supply current4 10 = 0 mAo VI = GNOor Vee 0 100 p.A 

. Operating supply. current f= 1 MHz. 10 = 0 mAo Vi = GNO or Vee 2 55 mA 

Switching Characteristics Over Operating Conditions 

TEST INDUSTRIAL COMMERCIAL SYMBOL PARAMETER CONDITIONS MIN TYP MAX MIN TYP MAX 
UNIT 

(See Test Load) 

Input or feedback to output 
10H8A. 12H6A. 14H4A. 16H2A. 

tpo 16e1A. 10L8A. 12L6A. 14L4A 15 25 15 25 ns 
16L2A. 16L8A. 16R6A. 16R4A. 
16P8A. 16RP6A. 16RP8A 

Clock to output or feedback 
teLK 16R4A. 16R6A. 16R8A. 10 15 10 15 ns 

16RP4A. 16RP6A. 16RP8A 
RL = 1 KO 

tpzx 
Input to 16L8A.16R4A. eL = 50 pF 12 25 12 25 ns 
output enable 

16R6A. 16P8A, 

tpXZ6 
Input to 16RP4A, 16RP6A 14 25 14 25 ns 
output disable 

tpXZ6 
Pin 11 
to output 16R4A. 16R6A. 12 15 12 15 ns 

tpzx disable/enable 16R8A.16RP4A, 

Maximum 16RP6A,16RP8A 
fMAX frequency 28.5 40 28.5 40 MHz 

Notes. Apply to electrical and sW1tchmg charact!3r1strcs, 
r. These are absolute voltages with respect to the ground pin-on the device and include aI/ overshoots due to system and/or tester noise. Do not attempt to test 

these values without suitable equipment. 
2. Pin 8 (PRELOAD pin). Applies to all devices whether registered or non-registered. 3. JEDEC standard no. 7 for high-speed CMOS devices. 
4. Disable output pins = Vee or GND. 5, Add 3 rnA per addit'ional1 ,0 MHz of operation over 1 MHz. 6. CL = 5 pF. 
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ZHAL20A Series 

Absolute Maximum Ratings 
Supply voltage, Vcc ...................................................................................... -0.5 V to 7 V 
DC input voltage, VI' ............................................................................... -0.5 V to Vce +0.5 V 
DC output voltage, Vo •..........•..•••••...•.......•.•.•••...................••...•••••••.•.....• -0.5 V to VCC +0.5 V 
DC output source/sink current per output pin, 10 ................................................................. ±35 mA 
DC VCC or ground current, ICC or IGND ........•••...........•....•••..•.••...............................•••• ±100 mA 
Input diode current, 11K: 

VI<O ..................................................................................................... -20mA 
VI>VCC .•..••.•........•... . • . • . . . . . • . . . . . . . . . . . • . . . . . . . . . . . . . . . . . . . . . • • • • . . . . . . . . • . . . . . . . . . . . . . . . . . . . . .. +20 mA 

Output diode current, 10K 
VO<o .................................................................................................... -2OmA 
VO>VCC ................................................................................................. +20 mA 

Storage temperature .................................................................. , .................. -65°Cto 1SOOC 

Switching Test Load 

VCC 

TEST~OINT 
FROM OUTPUT RL 51 
UNDER TEST (SEE NOTE 2) 

CL 1 (SEE NOTE 1) I 
':'" ':'" 

Notes: 1. CL includes probe and jig capacitance. 

2. When measuring tpLZ and tpZL' SI Is tied to Vce. 
When measuring tpHZand tpZH. 81 is tied to ground. 
tpzx is measured with eL= 50 pF. tpxz is measured with CL = 5 pF. 
Wilen measuring propagation delay times of :HItate outputs. 81 is 
open, I.e .• not connected to vee or ground: 

3. Waveform 1 is for an output with internal conditions such that the 
output is Low except when disabled by the output control. 
VVsveform 2 Is for an output with internal conditions such that the 
output Is High except when disabled by the output control. 

Output Register PRELOADt 
The PRELOAD function allows the register to be loaded from 
data placed on the output pins. This feature aids functional 
testing of state sequencer designs by allowing direct setting of 
output states for improved test coverage. The procedure for 
PRELOAD is as follows: 

1. Raise VCC to 4.5 II. 

2. Disable output registers by setting pin 11 to VIH. 
Set pin 110 0 II. 

3. Apply VILNIH to all registered output pins. 

4. Pulse pin 8 to Vp (12 V), then back to 0 II. 

5. Remove VILNIH from all registered output pins. 

6. Lower pin 11 to VIL to enable the output registers. 

7. Verify for VOLNOH at all registered output pins. 

t Note: Only applies to parts with output registers. 
Typical lsup = 50 no 

twp =IOOn • 
. thp· =50n8 
IIH =3O,.A (Pin 8) 

6-10 

Enable/Disable Delay 
OUTPUT 

CONTROL 
(Low-level 
enabling) 

WAVEFORM 1 
(See Note 3) 

WAVEFORM 2 
(See Note 3) 

~-----VIH 

'-________ ..J_~----_ VIL 

Schematic of Inputs and Outputs 

~,------~---------------------
VIHr------'---------. 

PINt1 .. , '\ 

VIL--' '--

~~-:--_>-C 
Vp I-r- Iw.PP I . 

-t-1hP 

VIL''-'------J 



ZHAL20A Evaluation #3 

Features/Benefits 
• Demonstrates all features of ZHAl20A product 

• 4-bit up/down counter with reset 

• 3-bit shifter 

• 25-ns maximum propagation delay 

• Zero standby power 

Description 
The ZHAL20A Evaluation Pattern is provided as an example of 
the features and characteristics olthe ZHAL20A Series products. 

This design consists oltwo functionally independent patterns: a 
4-bit up/down counter and a 3-bit shifter. The 4-bit counter can 
count up or count down and has reset capability. These features 
are controlled by two control signals: UP and CNTRSET (Count 
Reset). When UPis high, the counter counts up. When UPislow, 
the counter counts down. CNTRSET overrides the count 
function and resets the counter to all ones, synchronous with the 
clock. 

The 3-bit shifter shifts data bits by 0, 1 or 2 positions. The three 
bits of the shifter are enabled when EN (enable) is high, and are 
disabled (high-Z) when EN is low. 

The PALASM®2 software file and simulation results are shown 
on the next page. Below are the function tables that summarize 
the functions of the counter and the shifter. 

Logic Symbol 

ZHAl16R4A 

Counter Function Table Shifter Function Table 

OE UP CNTRSET 

H X X 

L H L 

L L L 

L X H 

H = HIGH voltage level 
= LOW voltage level 

X = Don't care 

ClK 

X 

t 

t 

t 

Z = High impedance (off) state 
= LOW-to-HIGH clock transition 

03-00 

Z 

Q plus 1 

Q minus 1 

High 

OPERATION EN 11 10 Y2 Y1 

High-Z L X X Z Z 

Increment H L L D2 D1 

Decrement H L H DO D2 

Reset H H L D1 DO 

Monolithic m Memories 

YO OPERATION 

Z High-Z 

DO No operation 

D1 Shift by one 

D2 Shift by two 
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ZHAL20A Evaluation #3 

PALASM Design Specification 

TITLE POS CONVERSION FILE 
PATTERN EXAMPLE 
REVISION 1.00 
AUTHOR JOHN DOE 
COMPANY MONOLITHIC' MEMORIES, INC 
DATE 9/23/85 

CHIP zzz PAL16RP4 eLK· 10 II DO 01 02 EN UP CNTRSET GND 
JOE Y2 Ne 01 92 Q3 QO Yl YO vee 

EQUATIONS 

YO - 111*/10*/00 
+ /11* 10*/01 
+ 11*/10*/02 

YO.TRST .., EN 

Yl - /11*/10*/01 
+ /11* 10*/02 
+ 11*/10*/00 

Yl.TRST == EN 

Y2 "'" /11*/10*/02 
+ /11* 10*/00 
+ 11*/10*/01 

Y2.TRST "" EN 

QO :-/QO 
+ CNTRSET 

Ql :-/Ql* QO* UP 
+ 01* QO*/UP 
+ Ql*/OO* UP 
+/-Ql*/QO*/UP 
+ CNTRSET 

02 : "" CNTRSET 
+/Q2*/Ql*/QO*/UP 
+ Q2'*/01* UP 
+ 02* Ql*/OO 
+/02* Ql* QO* UP 
+ Q2* QO*/UP 

Q3 : "" CNTRSET 
+ 03* QO./UP 
+/03 */02 */01*/00* IUP 
+/03* 02* Ql* QO* UP 
+ Q3* 02*/01 
+ Q3* /01* UP 
+ Q3*/02* Ql 
+ 03* Q1*/00 

Simulation Results 

PALASM SIMULATION HISTORY LISTING 

ZZZ 
Page: 1 

q 9 09 09 cq cqcgcg cqcqcgcqcq cgcgcqcgc 
eLK LLLLHLLHLL HLLHLHLHLH LHLHLHLHLH LHLHLHLHL 
IO XXLLtLLLLH ,HHLLLLLLLL LLLL~LLLL LLLU+-LLL 
II XXLL!.LLLLL LLHHHHHHHH H~HHHHHHH' HHl!HHHHHH 
DO XXLLLLLLLH HHLLLLLLLL LLLLLLLLLL LLt.LLLLLL 
01 XXLLLLLLLL LLHHHHHHHH HHHHHHHHHH HHHHHHHHH 
02 XXLLLLLLLH HHLLLLLLLL LLLLLLLLLL LLLLLLLLL 
EN LLHHHHHHHH HHHHHHHHHH HHHHHHHHHH HHHHHHHHH 
UP XXXXXXHHHH HHHHHHHHHH HHHHHHHHHH HHHHHHHHH 
CNTRSET XXHHHHLLLL LLLLLLLLLL LLLLLLLLLL LLLLLLLLL 
GNO LLLLLL'LLLL LLLLLLLLLL LLLLLLLLLL LLLLLLLLL 

IOE HHLLLLLLLL LLLLLLLLLL LLLLLLLLLL LLLLLLLLL 
Y2 XZHHHHHHHL LLLLLLLLLL LLLLLLLLLL LLLLLLLLL 
01 ZZXXXHHHLL LLLUiHHHLL LLHHHHLLLL HHHHLLLLH 
'02 ZZXXXHHHLL LLLLLLLLHH lnIHlJHHLLLL LLLLHHHHH 
Q3 ZZXXXHHHLL LLLLLLLLLL LLLLLLHHHH HHHHHHHHH 
QO ZZXXXHHHLL LHHHLLHHLL HHLLHHI,.LHH LLHHLLHHL 
Y1 XZHHHHHHHL LLHHHHHHHH HIUIHHHHHHH HHHHHHHHH 
YO XZHHHHHHHH HHHHHHHHHH HHHHHHHHHH HHHHHHHHH 
vee HHHHKHRHHH HHHHHHHHHH HHHHHHHHHH HHHHHHHHH 

Simulation File 

SIMULATION 

TRACE_ON eLI< 10 11 DO 01 02 EN uP CNTRSET 10E Y2 Ql 02 Q3 go Yl YO 

SETF JeLl< JOE lEN 

SETF OE EN II! /10 /02 /01 /00 Y2 Yl YO CNTRSET 
CLOeRF eLK 

CHECK Q3 Q2 01 QO 

SETF /11 /10 /02 /01 /00 Y2 Yl YO jCNTRSET UP 
CLOCKF eLl( 

CHECK /03 /02 /01 /QO 

SETF /11 10 02 /Dl DO /Y2 IYI YO 
CLOeRP eLK 

CHECK /Q3 /Q2 /Ql QO 

SETF II /10 /02 01 /00 /Y.2' Yl YO 
CLOCKF eLK 

CHECK /Q3 /Q2 Ql /QO 

SETF OE /CNTRSET UP 
CLOCRF eLK 

CHECK /Q3 /Q2 Ql QO 

SETF OE /CNTRSET UP 
CLOCKF eLK 

CHECK /Q3 Q2 /Ql /QO 

SETF OE /CNTRSET UP 
CLOCKF eLK 

CHECK /03 .Q2 /01 QO 

SETF OE /CNTRSET UP 
CLOCKF eLK 

CHECK /Q3 Q2 Ql /QO 

SETF OE ICNTRSET UP 
CLOCRF eLK 

CHECK /03 Q2 01 QO 

SETF OE /CNTRSET UP 
CLOCKF eLl( 

CHECK Q3 /Q2 /Ql /QO 

SETF OE ICNTRSET UP 
CLOCKF eLK 

CHECK Q3 /02 /01 00 

SETF OE /CNTRSET UP 
CLOCKF eLK 

CHECK .Q3 /Q2 Ql /QP 

SETF OE /CNTRSET UP 
CLOCKF eLK 

CHECK 03 102 01 00 

SETF OE ICNTRSET UP 
CLO~KF CLK 

CHECK Q3 Q2 /Ql IQO 

SETF OE ICNT-RSET UP 
CLOCKF CLK 

CHECK Q3 Q2 /Ql QO 

SETF OE ICN'!'RSET UP 
CLOCKF CLK 

CHECK Q3 02 01 100 

TRACE_OFF 
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ZHAL20A Series 

ZHAL 20A Device Generation Flow 

CUSTOMER 
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I I L _______ .....:..... ____ --.J 

MonolithioWMemories 6·13 



HAL/ProPAL CHECKLIST 

COmpanyname: ______________________________________________________________________ _ 
Address: __________________________________________________________________________ __ 

Contact: _____________________________________ Phone Number: ______________ --'-________ __ 

Do you want: __ HAL __ ProPAL __ ZHAL 

Part Type: _____________________________________ Customer Part Number: ____________________ _ 

What package type do you want? ____________________ ~ ___________________________________ _ 

How do you want the devices marked? 
Standard 
Custom mark: please specify the mark below. 

Refer to page 6-5 

For ProPAL devices, do you want the security fuse blown? __________________________________________ _ 

Design Specification Format: 

__ PALASM __ PALASM 2 

Input medium: 
(Choose 1 of 3) 

1. 9-track Magnetic_Tape 
__ card image 
__ files-11· 
__ VAX VMS backup 

__ ABEL 

2. Floppy _Disk 
__ RT-11 
__ RSX-11M 
__ IBM PC 

3. __ PALASM printout (signed and dated) 

The following items are requested but not required. Please check if provided: 

__ Seed vectors 
__ Master PAL device 

A. __ I want to start production immediately 
(or upon submittal of purchase order) if: 

1. Design is acceptable; 
2. MMI samples match my master device fuse 

for fuse; 
3. Minimum test coverage goals are met. 

(Master device must be provided.) 

OPTIONS 

B. __ I want to verify the MMI generated sample devices prior to 
. production implementation. 

__ I want to approve the test vectors prior 
to production implementation. 

Please complete this form for each pattern submitted to Monolithic Memories, and include it in your design package. 

Submitted by: ______________________________________________ Date: ______________________ _ 
Title: _____________________________________________________ _ 
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System Building Blocks/HMSI Selection Guide 

FUNCTION PART NUMBER 

&oBit cOunter SN5417 4LS461A 

8-Bit Up/Down Counter SN54174LS469A 

1 Cl-Bit Counter SN54R4LS491 A 

16:1 Mux SN5417 4LS450 

Dual 8:1 Mux SN541?4LS451 

Quad 4:1 Mux SN54R4LS453 

Increment and Skip Counter 671492 

2~Digit BCD Counter 671493 

8-Bit Priority Encoder 
5/671494. 

with Register 

MonoI,thh: WMemories 
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8-Bit Counter 
SN54/74LS461A 

Featuresl Benefits 
• B-bit counter for microprogram-counter, OMA-controller 

and general-purpose counting applications 

• B bits match byte boundaries 

• Bus-structured pinout 

• 24-pin SKINNYOIP® saves space 

• Three-state outputs drive bus lines 

• Low-current PNP Inputs reduce loading 

• Expandable In B-bit Increments 

Description 
The 'LS461 A is an 8-bit synchronous counter with parallel load, 
clear, and hold capability. Two function select inputs (10, 11) 
provide one of four operations which occur synchronously on 
the rising edge of the clock (CK). 

The LOAD operation loads the inputs I(D7-DO) into the output 
register (07-00). The CLEAR operation resets the output 
register to all LOWs. The HOLD operation holds the previous 
value regardless of clock transitions. The INCREMENT opera
tion adds one to the output register when the carry-in input is 
TRUE (Ci = LOW), otherwise the operation is a HOLD. The 
carry-out (CO) is TRUE (CO = LOW) when the output register 
(OrOo) is all HIGHs, otherwise FALSE (CO = HIGH). 

The data output pins are enabled when OE is LOW, and disabled 
(HI-Z) when OE is HIGH. The output drivers will sink the 24 mA 
required for many bus interface standards. 

Two or more 'LS461 A 8-bit counters may be cascaded to provide 
larger counters. The operation codes were chosen such that 
when 11 is HIGH, 10 may be used to select between LOAD and 
INCREMENT as in a program counter (JUMP/INCREMENT). 

SKINNYDIP@ is a registered trademark of Monolithic Memories. 

Ordering Information 

PART NUMBER 

SN54LS461A 

SN74LS461A 

Logic Symbol 

DATA 
IN 

Function Table 

OE CK 11 10 

H * * * 

L t L L 

L t L H 

L t H L 

L t H H 

L t H H 

PACKAGE 

JS, W, 28L 

NS,JS 

CI 07-00 

* * 

X X 

X X 

X D 

H X 

L X 

TEMPERATURE 

Mil 

Com 

07-00 OPERATION 

Z HI-Z' 

L CLEAR 

a HOLD 

D LOAD 

a HOLD 

a plus 1 INCREMENT 

* When C5Eis HIGH. the three-state outputs are disabled to the high-impedance 
states; however, sequential operation of the counter is not affected. 

TWX: 910-338-2376 
2175 Mission College Blvd. Santa Clara, CA 95054-1592 Tel: (408) 970-9700 TWX: 910-338-2374 

Monolithic l!1!n 
Memories InJlW 
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SN54/74LS461A 

Logic Diagram 

8-Bit Counter 
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SN54/74LS461A 

Absolute Maximum Ratings 
Supply voltage V CC ............................................................................................... 7 V 
Input voltage ................................................................................................... 5.5 V 
Off-state output voltage .. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. 5.5 V 
Storage temperature ................................................................................... -65° to +150°C 

Operating Conditions 

SYMBOL PARAMETER MILITARY COMMERCIAL 
MIN TYPt MAX MIN TYPt MAX 

VCC Supply voltage 4.5 5 5.5 4.75 5 5.25 
TA Operating free-air temperature -55 125* 0 75 

I Low 35 15 25 15 
tw Width of clock I High 20 7 15 7 
tsu Setup time 40 20 30 20 
th Hold time 0 -15 0 -15 

* Case temperature 

Electrical Characteristics Over Operating Conditi.ons 

SYMBOL PARAMETER TEST CONDITIONS MIN TYPt MAX 

VIL** Low-level input voltage 0.8 
VIH** High-level input voltage 2 

VIC Input clamp voltage VCC = MIN II =-18mA -0.8 -1.5 

IlL Low-level input current VCC- MAX VI - 0.4 V -0.02 0.25 

IIH High-level input current VCC = MAX VI = 2.4 V 25 

II Maximum input current VCC = MAX VI = 5.5 V 1 

VCC- MIN Mil IOL = 12 mA 
VOL Low-level output voltage VIL = 0.8 V 0.3 0.5 

VIH =2V Com IOL =24mA 

VCC= MIN Mil 10H =-2mA 
VOH High-level output voltage VIL =0.8 V 2.4 2.8 

VIH =2V Com IOH = -3.2 mA 

10ZL VCC= MAX Vo = 0.4 V -100 
Off-state output current VIL = 0.8 V 

10ZH VIH = 2 V Vo = 2.4 V 100 

lOS Output short-circuit current* VCC=5.0V Vo =OV -30 -70 -130 

ICC Supply current VCC- MAX 140 180 

* No more than one output should be shorted at a time and duration of the short-circuit should not exceed one second. 

* *VIL and VIH parameters are, in effect, input conditions of D.C. and functional output t AU typical. values are at Vee == 5 V, TA == 25°C. 
tests are not directly tested. VIL is specified at ::;0.8 V and VIH is specified at 2::2.0 V. 

Switching Characteristics Over Operating Conditions 

SYMBOL PARAMETER 
TEST CONDITIONS MILITARY COMMERCIAL 

(See Test Load/Waveforms) MIN TYPt MAX MIN TYPt MAX 

fMAX Maximum clock frequency* Commercial 16.6 25 

tpD CI to CO delay Rl= 200 {} 15 35 15 25 

teLK Clock to Q R2 =390 {} 10 25 10 15 

tpD Clock to CO Military 25 60 25 40 

tpzx Output enable delay Rl = 390 {} 11 25 11 20 

tpxz Output disable delay R2 = 750 n 10 25 10 20 

* fMAX is derived from: 1/MAX [(tsu + th). tw (Low) + tw (High). tCLK]· 

UNIT 

V 

°c 

ns 

ns 

UNIT 

V 
V 
V 

mA 

JlA 
mA 

V 

V 

JlA 

mA 

mA 

UNIT 

MHz 

ns 
ns 
ns 

ns 
ns 

Test Load OUTPUT Notes: 1. tpD is tested with switch S1 closed. CL ~ 50 pF and measured at 1.5 V output level. 

2. tpzx is measured at the l.S V output level with CL = SO pF. 51 is open for high 
impedance to"l" test, and closed for high impedance to "0" test. * The "Test Point" is 

driven by the outputs 
under test, and observed 
by instrumentation 

7-6 

Rl 

TEST' POINT 

3. tpxz is tested with CL = 5 pF. 81 is open for "1" to high impedance test, measured 
at VOH -0.5 V output levet; 81 is closed for "0" to high impedance test measured at 
VOL +0.5 V output leveL 

Monolithic W Memories 



Application 

BUS OUT ENABLE 

COUNT ENABLE 

{ 
CK 

INSTR 10 
11 

16-BIT 
DATA BUS 

IN 

1 
NOTE:fMAX = -----

tpD CLK TO CO + tsu 

SN54/74LS461A 

16-Bit Counter 

----- -~ - EJ 
rr~ I r-m-
I"'!:' 10 v CI ~ a2. f-- DO CK 001-- ~. 

rr f-- 01 011- :m 
IT f-- 02 021-- ~. 
_r.' 8 "!'::'I L.! f-- 03 BIT 031-- 11 
r;" CNTR ':'::'I 
..2. f-- 04 041-- 11 
::! f- 05 051-- J1: 
ITf-06 061- E 
110 
L.;.;; 

f-- 07 ..Q7f-
11 i:!E CO 

i5l .;.;.I 

Iii ~1L-El-I,.;.;. 

m 'j'jI 
.;.;.I 

CARRY 

.....---..~ 

~ - EJ 
L-(I --, I r-:m-

I"'!:' 10 CI ~ 
L1,-00 CK OOr-~ 

IT-01 01-~ 
cr ~02 02-~ 
r-=" 8 ~ ..! -03 BIT 03-~ 
r:' CNTR r::t 
..l. -04 04-~ 

rs-05 05-~ ..... 
'9 - 06 06f-- rw. a.;;. ~. 

110 - °r1 OEC~7f-- rw-..,;. ~ 
Iii ---IlL-~ I,.;.;. 

m: ~ 
1-""01 

Monolithic W Memories 

16-BIT 
DATA BUS 

OUT 

ALL HIGH 

lEI 
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8-Bit Up/Down Counter 
SN54/74LS469A 

Features/ Benefits Ordering Information 
• S-bit up/down counter for microprogram-counter, OMA-

controller and general-purpose counting applications 

• S bits match byte boundaries 

• Bus-structured pinout 

• 24-pln SKINNYOIP® saves space 

• Three-state outputs drive bus lines 

• Low-current PNP inputs reduce loading 

• Expandable in S-bit Increments 

Description 
The 'LS469A is an B-bit synchronous up/down counter with 
parallel load and hold capability. Three function-select inputs 
(LO, UO, CBI) provide one of four operations which occur 
synchronously on the rising edge of the clock (CK). 

The LOAD operation loads the inputs (07-00) into the output 
register (07-00). The HOLD operation holds the previous value 
regardless of clock transitions. The INCREMENT operation 
adds one to the output register when the carry-in input is TRUE 
(CBI = LOW), and the up/down control line (UO) is LOW, oth
erwise the operation is a HOLD. The carry-out (CBO) is TRUE 
(CBO = LOW) when the output register (07-00) is all HIGHs, 
otherwise FALSE (CBO = HIGH). The DECREMENT operation 
subtracts one from the output register when the borrow-in input 
is TRUE (CBI = lOW), and the up/down control line (UO) is 
HIGH, otherwise the operation is a HOLD. The borrow-out 
(CBO) is TRUE (CBO = LOW) when the output register (07-00) 
is all LOWs, otherwise FALSE (CBO = HIGH). 

PART NUMBER I 
SN54LS469A I 
SN74LS469A I 

Logic Symbol 

DATA 
IN 

GND 

Function Table 

OE CK LO UO 

H * * * 
L t L X 
L I H L 
L I H L 
L t H H 
L t H H 

PACKAGE 

JS, W, 2BL 

NS,JS 

1 TEMPERATURE 

I Mil 

1 Com 

vcc 

CBI CARRY/BORROW 
IN 

ao 

a, 

DATA 
OUT 

14 CBO CARRY/BORROW 
OUT 

CBI 07-00 Q7-QO OPERATION' 

* * Z HI-Z* 

X 0 0 LOAD 
H X 0 HOLD 
L X o plus 1 INCREMENT 
H X 0 HOLD 
L X o minus 1 DECREMENT 

The data output pins are enabled when OE is LOW, and disabled 
(HI-Z) when OE is HIGH. The output drivers will sink the 24 mA 
required for many bus-interface standards. Two or more 'LS469A 
B-bit up/down counters may be cascaded to provide larger 
counters. 

* When DE is HIGH, the three-state outputs are disabled to the high-impedance 
state; however, sequential operation 01 the counter is not affected. 

SKINNYDIP@ is a registered trademark of Monolithic Memories. 

TWX: 910-338-2376 
2175 Mission College Blvd. Santa Clara, CA 95054-1592 Tel: (408) 970-9700 TWX: 910-338-2374 
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SN54/74LS469A 

Logic Diagram 

8-Bit Up/Down Counter 
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SN54/74LS469A 

Absolute Maximum Ratings 
Supply voltage VCC ............................................................................................. 7.0 V 
Input voltage ................................................................................................... 5.5 V 
Off-state output voltage ....... . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . • . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. 5.5 V 
Storage temperature ...................................•............................................... -65° to +150° C 

Operating Conditions 

SYMBOL PARAMETER 
MILITARY COMMERCIAL 

MIN TYPt MAX MIN TYPt MAX 

VCC Supply voltage 4.5 5 5.5 4.75 5 5.25 

TA Operating free-air temperature -55 125* 0 75 

I Low 35 15 25 15 
tw Width of clock I High 20 7 15 7 

tsu Setup time 40 20 30 20 

th Hold time 0 -15 0 -15 

* Case temperature 

Electrical Characteristics Over Operating Conditions 

SYMBOL PARAMETER TEST CONDITIONS MIN TYPt MAX 

VIL** Low-level input voltage o.a 
VIH** High-level input voltage 2 

VIC Input clamp voltage VCC= MIN II =-18mA -0.8 -1.5 

IlL Low-level input current VCC - MAX VI - 0.4 V -0.02 0.25 

IIH High-level input current VCC= MAX VI = 2.4 V 25 

II Maximum input current VCC= MAX VI = 5.5 V 1 

VCC- MIN Mil IOL=12mA 
VOL Low-level output voltage VIL =0.8V 0.3 0.5 

VIH = 2V Com 10L =24mA 

VCC= MIN Mil 10H =-2 mA 
VOH High-level output voltage VIL = 0.8 V 2.4 2.8 

VIH =2V Com 10H =-3.2mA 

10ZL VCC= MAX Vo = 0.4 V -100 
Off-state output current VIL = 0.8 V 

10ZH VIH =2V Vo = 2.4 V 100 

lOS Output short-circuit current* VCC=5.0V Vo =OV -30 -70 -130 

ICC Supply current VCC= MAX 140 180 

* No more than one output should be shorted at a time and duration of the short-circuit should not exceed one second. 

* *VIL and VIH parameters are, in effect, input conditions of D.C. and functional output t All typical values are at Vee = 5 V, TA == 25°C. 
tests are not directly tested. VIL is specified at ::;0.8 V and VIH is specified at ::::2.0 V. 

Switching Characteristics Over Operating Conditions 

SYMBOL PARAMETER 
TEST CONDITIONS MILITARY COMMERCIAL 

(See Test Load/Waveforms) MIN TYPt MAX MIN TYPt MAX 

fMAX Maximum clock frequency* Commercial 16.6 25 
tpD CI to CO delay R1 = 200 0 15 35 15 25 

tCLK Clock to Q R2 = 390 0 10 25 10 15 
~. 

tpD Clock to CO Military 25 60 25 40 
tpzx Output enable delay R1 =3900 11 25 11 20 
tpxz Output disable delay R2 = 750 0 10 25 10 20 

* fMAX is derived from: 1/MAX [(Isu + th), tw (low) + tw (High)' telKl· 

UNIT 

V 

°c 

ns 

ns 

UNIT 

V 

V 

V 

mA 

J.l.A 
mA 

V 

V 

J.l.A 

mA 

mA 

UNIT 

MHz 

ns 

ns 

ns 

ns 

ns 

Test Load 
* The 'Test Point" is 

driven by the outputs 
under test, and observed 
by instrumentation 

OUTPUT Notes: tpD is tested with switch S1 closed. CL = 50 pF and measured at 1.5 V output level. 

tpzx is measured at the 1.5 V output level with CL = 50 pF. S1 is open for high 
impedance to"1" test, and closed for high impedance to "0" test. 

7-10 

TEST' POINT 

3. tpxz is tested with CL = 5 pF. 81 is open for "1" to high impedance test. measured 
at VOH -0.5 V output level: S1 is closed for "0" to high impedance test measured at 
VOL +0.5 V output level. 
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SN54/74LS469A 

Application 

16-Bit Up/Down Counter 

I\us OUT ENABLE ---'----------------------'-1 

COU~ENAB~---------------------~ 

CK ---------..., 
~ ---------, 

POL ----'-------, 

16-BIT 
DATA BUS ~-~ 

IN --~II - E1 
t--I--I:! ~ I r-:m

-----I-+--+-Ir'i' - LDCKCBI 2211----+----/1 

18-BIT 
r--- DATA BUS 

OUT 

.... DO QO.-. 

----+~I--+_-~U4U-D1 ~ ~~~11-----+----/1 
'-----1-+--+ __ 1"':'15 - 02 ~ '2011- ___ +--___ -"'1 

~ 8 ~ 
-----I-+--+-!!I - D3 BIT Q3 l!el-----+------"I 

- UPI ~ 

'-----1-+--+-1'71 - D4 DOWN 04 rwil ___ --'-+_---'--'I 
... C~R ~ 

I'----t--+--+-l'i - ~ 05 UrmIIf71------+------'1 
~ ~ 

1'----t--+--+-1":'1J91]-~ ~ 08 ~I--'--'---+-----"'I 
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--~II - ~ 
L-lIh J .r=:-m-
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.... . 8 ;;;I 
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'----,..-f~--~rr~~ ~ tn81~·--_--_+."._---..... 1 .... .::I 

'--~-'-+----'---I~ '& 0E~7 ml,-'---,...---+--_ ..... 
........ -i----I'ii ~ I ~ !W.I------I---:----.,.._CARRYIBORROW 

1 
NOTE: 'MAX - --'------':-
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1 O-Bit Counter 
SN54/74LS491A 

Features/Benefits 
• CRT vertical and horizontal timing generation 

• Bus-structured pinout 

• 24-pin SKINNYDIP® saves space 

• Three-state outputs drive bus lines 

• Low-current PNP Inputs reduce loading 

Description 
The 'LS491/A is a 1Q-bit up/down counter with set, load and 
hold capabilities for two LSB, two MSB and six middle bits that 
are HIGH or LOW as a group. Five control inputs (SET, LO, 
CNT, CIN and UP) provide one of five operations which occur 
synchronously on the rising edge of the clock (CK). 

The SET operation sets the output register (09-00) to all 
HIGHs. The LOAD operation loads the inputs (09-00) into the 
register. When COUNT or CARRY IN are not ass.erted (CNT: 
HIGH orCIN: HIGH), the HOLD operation holds the previous 
value regardless of clock transitions. The COUNT UP opera-

Function lBble 

OE CK SET LO CNi' CIN UP 09-00 Q9-QO OPERATION 

H . . . . . . . Z HI-Z' 

L t H X X X X X H SET all HIGH 

L t L L X X X D 0 LOAD 0 

L t L H H X X X a HOLD 

L t L H L H X X a HOLD 

L t L H L L L X a plus 1 COUNT UP 

L t L H L L H X Ominus1 COUNTDN 

* When OE is HIGH. the three-state outputs are disabled to!hehigh-inpedance 
states: however, sequential operation of the counter is not affected. 

SKINNYDIP® and PAL@ are registered trademarks of Monolithic Memories. 

Ordering Information 

PART TEMP PACKAGE DESCRIPTION 
NUMBER 

SN54LS491A Mil JS,w,L(28) 10.5 MHz Counter 

SN74LS491A Com NS,JS,NL(28) 25 MHz Counter 

tion adds one to the output of the register when the count up 
input is asserted (UP: LOW). The COUNT DOWN operation 
subtracts one from the output register when the count up input 
is not asserted (Up: HIGH). SET overrides both LOAD and 
COUNT, LOAD overrides COUNT, and COUNT is conditional 
on CARRY IN. 

The data output pins are enabled when OE is LOW, and dis
abled (HI-Z) when OE is HIGH. The 24-mA IOL outputs are 
suitable for driving RAM/PROM address lines in video gra
phics systems. 

Logic Symbol 

SN54/74LS491 A 

DATA 
IN 

QO 

Q1 

Q2 

Q3 

Q4 
DATA 

Q5 
OUT 

Q6 

Q7 

QS 

Q9 

OE 

TWX: 910-338-2376 
2175 Mission College Blvd. Santa Clara, CA 95054~ 1592 Tel: (408) 970,9700 TWX: 910-338-2374 

Monolithlo l!1!n . 
Memories Ln.UW. 
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SN54/74LS491A 

Logic Diagram 

10-Bit Up/Down Counter 

Monolithic WMemories 7-13 



SN54/74LS491A 

Absolute Maximum Ratings 
Supply voltage vee ..•.•..............•••.............•...........................••..................•....•.•.... 7 V 
Input voltage .........•....•........•.......••........•..............................•...•.•.................... 5.5 V 
Off-stabs outputlloltage .........•••.•.........•.•.•.••........... , • • . . . . • . • . . . . . . . . . . . . . • . . . . • . . . . . . . . . . . . . . . . . .. 5.5 V 
Storage temperature ...................................... c ........................ , • ••• . .. • . . •• . • • .• -65°e to +150oe 

Operating Conditions 

SYMBOL PARAMETER 
COMMERCIAL 

MIN TYpt MAX 

Vee Supply voltage 4.75 5 5.25 

TA Operating free-air temperature 0 75 

I High 15 7 
Iw Width of clock I Low 25 15 

Isu Setup time 30 20 

th Hold time 0 -15 

Electrical Characteristics Over Operating Conditions 

SYMBOL PARAMETER TEST CONDITIONS MIN TYPt MAX 

VIL * Low-level input voltage 0.8 

VIH * High-level input voltage 2 

Vie Input clamp voltage Vee = 1v1IN II =-18 mA -1.5 

IlL Low-level input current Vee = MAX VI=0.4V 0.25 

IIH High-level input current Vee = MAX VI = 2.4 V 25 

II Maximum input current Vee = MAX VI = 5.SV 1 

Vee = MIN 
VOL Low-level output voltage VIL = 0.8V IOL =24mA 0.5 

VIH = 2V 

Vee = MIN 
VOH High-level output voltage VIL =0.8V IOH=-3.2mA 2.4 

VIH = 2V 

IOZL Vee = MAX Vo= 0.4 V -100 
Off-state output current VIL =0.8V 

,IOZH VIH = 2V VO= 2.4 V 100 

lOS ** Output short-circui.t current Vee=5V VO=OV -30 -130 

lee Supply current Vee = MAX 120 180 

* VIL ad VIH parameters are. in effect. input qondltions qf D.C. and FUnctional output tests and ,are not directly tested. VIL is specified at - 0.8 V, 
andVIHlsspecifjedat ·20V. ' 

* * Not more than one output should be shorted at a time and duration of the short circuit shOtlld not exceed one second. 

t 'All typical vAI"es are set at VCC c 5 V. TA ~ 25°C. 

7·14 IIIIonoIlthic UlI Memories 

UNIT 

V 

°e 

ns 

ns 

ns 

UNIT 

V 

V 

V 

mA 

,.A 

mA 

V 

V 

,.A 

,.A 

mA 

mA 



SN54/74LS491A 

Switching Characteristics Over Operating Conditions 

SYMBOL PARAMETER TEST CONDITIONS MILITARY COMMERCIAL 
(See Test Load) 

fMAX Maximum counting frequency" Commercial 
R1 =2000 

tClK Clock to Q R2=3900 

tpzx Output enable delay Mil 
R1=390!l 

tpxz Output disable delay R2= 750n 

** fMAX IS derived from: l/MAX [llsu' Ihl. Iw IHigh}., Iw (lowl. lelKJ· 

Test Load 

~~:v 
n~TES 

i'.c:(·s 1. ipO is tes1ed with SWttcll 81 ciosed. CL :- 50 pF and measured at 1.5 V output level. 

MIN TYPt MAX MIN TYPt MAX 

15.3 25 
-

10 25 10 15 

11 25 11 20 

10 25 10 20 

* The "Test Point" is driven by the outputs under test, 
and observed by instrumentation. 

UNIT 

MHz 

ris 

ns 

ns 

2 tpzx IS mef'lslIf9d at the 1.5 V output leve1 with CL 50 pF. 81 is open for high impedance to '1" test. and closed for high impedance to ··0" test. 

3. ~PXZ is tested ~ith CL ." 5 pF. 81 is open for "1" to high impedance test. measured at VOH -0.5 V output level: S1 is closed for "0" to high Impedance 
test measured.~t VOL t 0.5 V output.:level. 

Application 
Video Horizontal Timing and Blanking 

DOT 

CLOC~ ,f . . 74LS491A., ' 

'4~:mvcc ..;..;...!!16=--. 
, r-II DO CK 00 "':;:2123iJ--.,--------~_, L.JI ~ ImVCC 

~ 0101 :ml--+--r----~---__f-_t:! ~~VBlANK 
~[! 0'-7 02:E :! ~lm_SCA .. BLANK 

~ll De O~ E -cr ~; :r,o ~ r-o: '", ..,.. r:" AND ~ ':l b HMAXjn-1) 
_ 6, 09 10-BIT.Q4 lli L.!. OR ~: rP" ~ 

r:' COUl'lTEII' ::: .... GAT~ !;! f:J.... . 
'------'+--I&..!. iJi 05.!!.J. L!. ARRAY r>- ~\IHBlANK 
~ CNT 06 TI: '7 ~ ~ Fjii .. c; - ::; ~:::: 
I L!. liP 07 E ,... L!.~'- .!!I 
~ SET Q8 m :! ~ lIt:-
HE CiN M Q9 E IE 4 EJ---
~ L-~ 

" 

HI! Hl H. H3 H4 HS H6 'H7 He H9 

HORIZONTAL ADDRESS 

Timing Analysis: 
Path 1 - Oufputs of 74LS491A setting up at PAL16R4A 

inputs' 

tPDCK-0t74LS491A +tSUPAL16R4A = 15 ns": 25"s = 40 ns 

Path 2 - OutputS of PAL16R4A setting up: at 74LS491A 
inputs " 

tpoCK-Q/PAU6A + tSU74LS491A = 25 ns +30~s = 55, ns, 

Accordingly, thewol"$t-case timing of the two paths is55"ns, 
Which results in a maximum video dot clock frequency bf 18.18 
MHz. Strict interpretation of the 60 Hz field rate NTSCStahdard 

'$uggellts that up;toSZ.1,isec of~fmEhisaliaiiable1bractiv~ 
raster"line <luraflbn~l·hpractit.:e however; most CRT monitors 

)~!~' .' .' ~ '~",-' ,', , .. '. " 

overscan the screen to correct horizontal sweep nonlinearities. 
As a consequence, the horizontal blanking time is increased, 
and the active video time decreased, typically to about 40 ",sec. 
For the application circuit shown above, over 512 dots (pixels) 
for one line can be displayed: 

_,---4~0..:..",.;.-sec..:. . ...::pe:..-r_li_ne __ 
- 727 pixels 

55 ns per pixel per line 

Norm!!lIy, at least a 10-bit counter is required to provide avideo 
timing chain for such resolutions. The 74LS491.A combined with 
a high-speed PAL@ (PAL 16R4A) is capable of generating a com
plete set ofcVideo timing signals. Note that in the application 

, circuit, the maximum horizontal count [H MAX (n-1)] is decoded 
one, clock early, due to. the ,1-level pi.peHning used to obtain 
cirCuit speed:" . . '.' 



16:1 Mux 
SN54/74LS450 

Features/Benefits 
• 24-pin SKINNVDIP® saves space 

• Similar to SNS1741S0 

• Low-current PNP inputs reduce loading 

Description 
The 16:1 Mux selects one of sixteen inputs, EO through E15, 
specified by four binary select inputs, A, B, C and D. The true 
data is output on V and the inverted data on W. Propagation 
delays are the same for both inputs and addresses and are 
specified for 50 pF loading. Outputs conform to the standard 
8 mA LS totem-pole drive standard. 

Function Table 

INPUT 
SELECT 

0 C B 

L L L 

L L L 

L L H 

L L H 

L H L 

L H L 

L H H 

L H H 

H L L 

H L L 

H L H 

H L H 

H H L 

H H L 

H H H 

H H H 

SKINNYDIP@ is a registered trademark of Monolithic Memories. 

Ordering Information 

PART NUMBER PACKAGE TEMPERATURE 

SN54LS450 JS,W 
1 28L I Mil 

SN74LS450 NS, JS I Com 

Logic Symbol 

OUTPUT 

W V 
A 

L EO EO 

H E1 E1 

L E2 E2 

H E3 E3 

L E4 E4 
-

H E5 E5 

L Eli E6 

H E7 E7 
-

L E8 E8 

H E9 E9 

L E10 E10 

H E11 E11 

L E12 E12 

H E13 E13 

L E14 E14 

H E15 E15 

TWX: 910-338-2376 
2175 Mission College Blvd. Santa Clara, CA 95054-1592 Tel: (408) 970-9700 TWX: 910-338-2374 

Monolithic l!T!n 
Memories Il1JlW 
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Logic Dlatram 

16:1 Mux 
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SN54/74LS450 

Absolute Maximum Ratings 
Supply voltage vee ..................•..•.••.........................••......................................... 7.0 V 
Input voltage •.•........•................•.•.............•...................................................... 5.5 V 
Off-state output voltage .. . . . . . . . . . . . . . . • • • . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . • . . . . . . . . . . . . . . . . . . . . . . . . • . . . . . . . . . . . . . .. 5.5 V 
Storage temperature .•....•......................•••.•.................................................. -65. to +150·e 

Operating Conditions 

SYMBOL PARAMETER 
MILITARY 

MIN NOM MAX 

Vee Supply voltage 4.5 5 5.5 

TA Operating free-air temperature -55 125' 

* Case temperature. 

Electrical Characteristics Over Operating Conditions 

SYMBOL PARAMETER TEST CONDITIONS 

VIL Low-level input voltage 

VIH High-level input voltage . 

Vie Input clamp voltage Vee - MIN II - -1BmA 

IlL Low-level input current Vee - MAX VI - O.4V 

IIH High-level input current Vee - MAX VI - 2.4V 

II Maximum input current Vee - MAX VI "5.5V 

Vee" MIN 

VOL Low-level output voltage VIL " O.BV 10L "BmA 

VIH " 2V 

Vee - MIN Mil 10H " -2mA 
VOH High-level output voltage ViL = O.BV 

VIH = 2V eom 10H " -3.2mA 

lOS Output short-circuit current * Vee = 5.OV Vo - OV 

lee Supply current Vee - MAX 

* No more than one output should be shorted at a time and duration of the short-circui"t should not exceed one second. 

t All typical. values are at ':QC = 5 V. TA = 25'C, 

Switching Characteristics Over Operating Conditions 

SYMBOL PARAMETER 
TEST· CONDITIONS MILITARY 

(See Test Load) MIN TYP MAX 

CL = 50 pF 
tpD Any input to Y or W R1 = 5600 25 45 

.: R2 = .1.1kO 

Test Load 

COMMERCIAL 

MIN NOM MAX 
UNIT 

4.75 5 5.25 V 

0 75 ·e 

MIN TYPt MAX UNIT 

O.B V 

2 V 

-1.5 V 

0.25 mA 

25 /lA 
1 mA 

0.5 V 

2.4 V 

-30 -130 mA 

60 100 mA 

COMMERCIAL 

MIN TYP MAX 
UNIT 

25 40 ns 

Notes; 1. ,tpD is tes!ed wit,h switch 81 cl~sed. CL :: 50 pF.and measured at 1.5 V output level. 

* The "Test Point" is 
driven by the outputs 
under test, and observed 
by instrumentation 

OUTPUT 2. tpzx is measured at the 1.5 V output level with CL = 50 pF. 5, is open for high 
impedance to"1" test, and closed for high i":lpedance to "0" test. 

r-'f"-.W-+-o/iIo~d'~ 5 V 3. tpxz is tested with·CL = 5 pF. S{'r .. opeh for "1" to high impedance test, measured 
Rl SI at VOH -0.5 V output level: 5, is closed for "0" to high impedance test measured at 

VOL +0.5 V output level. 

TEST" POINT 



SN54/74LS450 

Application 

Test Condition Mux 

TEST {:: ------------, 
SELECT 21 ____________________________________________ -, 

20----------------------------------------~ 

TEST 0 

TEST 1 

TEST 2 

TEST 3 

TEST 4 

TEST 5 TEST 

TEST 6 Tili 

TEST 7 

TEST 8 

TEST 9 

TEST 10 

TEST 11 

TEST 12 

TEST 13 

TEST 14 

TEST 15 

IIIIonoIIIhIc W""emorles 7-19 



Dual 8:1, Mux 
SN54/74LS451 

Features/Benefits 
• 24-pin SKINNYDIP® saves space 

• lINice the density of SNSn41S1S1 

• Low-current PNP inputs reduce loading 

Description 
The Oual 8:1 Mux selects one of eight inputs, DO through 07, 
specified by three binary select inputs, A, Band C. The true data 
is output on Y when strobed by S. Propagation delays are the 
same for inputs, addresses and strobes and are specified for 
50 pF loading. Outputs conform to the standard 8 mA LS totem
pole drive standard. 

Function Table 

INPUTS OUTPUTS 

SELECT STROBE 
Y 

C B A S 

X x X H H 

L L L L 00 

L L H L 01 

L H L L 02 

L H H L 03 

H L L L D4 

H L H L 05 

H H L L 06 

H H H L 07 

Ordering Information 

PART NUMBER PACKAGE TEMPERATURE 

SN54LS451 JS,W 128L Mil 

SN74LS451 NS. JS r Com 

Logic Symbol 

iiSKiiINiiNiiyiiOiilpii .. iilsiiaiiriiegii;siiteiireiidiitriiaiideiimiiaiirkiioii, Miioiiniiolii;thii;ciiMiieiimiioiirieii•ii. iiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiii.iiiiiioiiiinaiiiiiiii.iilii'tJiifliiii~iioiiiiiimiiiiiiiii~l: 
TWX: 910-338-2376 • ,Il 

2175 Mission College Blvd. Santa Clarli,CA 95054-1592 Tel: (408) 970"97bO TWx: 911i;338-2374 . emor.es . I ~ 
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Logic Diagram 

Dual 8:1 Mux 
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SN54/74LS451 

Absolute Maximum Ratings 
Supply voltage Vcc ............................................................................................. 7.0 V 
Input voltage ................................................................................................... 5.5 V 
Off-state output voltage ............................................................................... . . . . . . . . . .. 5.5 V 
Storage temperature .................................................................•................. -65° to + 150° C 

Operating Conditions 

SYMBOL PARAMETER 
MILITARY 

MIN NOM MAX 

Vee Supply voltage 4.5 5 5.5 

TA Operating free-air temperature -55 125' 

* Case temperature. 

Electrical Characteristics Over Operating Conditions 

SYMBOL PARAMETER TEST CONDITIONS 

VIL low-level input voltage 

VIH High-level input voltage 

Vie Input clamp voltage Vee - MIN II = -1BmA 

III low-level input current Vee - MAX VI - OAV 

IIH High-level input current Vee - MAX VI = 2AV 

II Maximum input current Vee = MAX VI - 5.5V 

Vee - MIN 

Val low-level output voltage VIL = O.BV 10l = BmA 

VIH = 2V 

Vee - MIN Mil 10H = -2mA 
VOH High-level output voltage Vil = O.BV 

VIH = 2V Com 10H = -3.2mA 

lOS Output short-circuit current * Vee - 5.0V Va - OV 

lee Supply current Vee MAX 

* No more than one output should be shorted at atime and duration of the short-circuit should not exceed one second. 

tAli typicals values are atVee = 5 V, TA = 25°e. 

Switching Characteristics Over Operating Conditions 

SYMBOL PARAMETER 
TEST CONDITIONS MILITARY 

(See Test Load) MIN TYP MAX 

el = 50 pF 
tpo Any input to Y R1 = 560n 25 45 

R2 = 1.1kn 

Test Load 

COMMERCIAL 

MIN NOM 
UNIT 

MAX 

4.75 5 5.25 V 

0 75 °e 

MIN TYPt MAX UNIT 

O.B V 

2 V 
-1.5 V 

0.25 mA 

25 p.A 

1 mA 

0.5 V 

2A V 

-30 -130 mA 

60 100 mA 

COMMERCIAL 
UNIT 

MIN TYP MAX 

25 40 ns 

OUTPUT Notes' 1 fpO is tested with switch 51 closed: CL :;: 50 pF and measured at 1.5 V output level. 

* The "Test Point" is 
driven by the outputs 
under test, and observed 

by instrumentation 

7-22 

,-......,IVV-+-.t.¥--<t' 0--0 5 V 
R1 S1 

TEST' POINT 

2. tpzx is measured at the 1.5 V output level with CL = 50 pF. S1 is open for high 
impedance to"1" test. and closed for high impedance to "0" test. 

3. tpxz is tested with CL ::: 5 pF. S1 is open for "1" to high impedance test, measured 
at VOH -0.5 V output level: S1 is closed for "0" to high impedance test measured at 
VOL +0.5 V outpllt level 

Monolithic W Memories 



Application 

IN 
BUS 

ABCOEFGH 

SN54/74LS451 

4-Bit Wide 8:1 Bus Multiplexer 

--BIT 0 

'1 - ~ .L.:. 
BIT 0 r::- 100 ~ 

~i--l0l At--~ 
BIT 0 IT i-- 102 B t-- IE: 
BIT 0 IT r-- 103 C t-- 'm. 
BIT 0 cr '-- 104 S t-- :m 
BIT 0 ::r f-- 105 lY f- E 
BIT 0 IT r-- 106 2Y r-- ~ 
BIT 0 :I r-- 107 207 - TI: 
BIT 1 ~ i-"- 200 206 - E 
BIT 1 IE i-- 201 205 - :m 
BIT 1 rrr f-- 202 2.04 _ ~ 

L:,;, 203 

ffi I 

~ BIT 1 

BIT 1 

BIT 1 

BIT 1 

BIT 1 

----,.-BIT 2 

IT - lEI 
BIT 2 r::' 100 ~ .1 - 101 A.t--~ 

BIT 2 --{l -102 B r-im 
BIT 2 14 103 ~ a.;;. - CI--

~ 
BIT 2 r"'6 - 104 s-~ L.;;. ~ 
BIT 2 r"'6 - rw 

~ 
lD5 lY -

~ 
BIT 2 Ij;I ...!. - 106 2Y -

~ 
BIT 2 'i' - 107 207 - ~ 

~ ~ 
BIT 3 

-,- 200 - ~ &.!. 206 
~ 

BIT 3 Ijjj - 201 - ~ ..... 205 
~ 

BIT 3 Iii 202 204 ~ a.;.; - 203 f--

I] I 

~l BIT 3 

BIT 3 

BIT 3 

BIT 3 

BIT 3 

Monolithic W Memories 

.. 

BUS 
SELECT 

- BUS OUT 
20 21 22 STROBE BUS 

BIT 0 

BIT 1 

... 

BIT 2 

BIT 3 



Quad .4:1Mux 
SN54/74LS453 

Features/Benefits ,:: ~ _ . Ordering Information 
• 24-pln SKINNYDIP@ saves space 

• '1INice.lhe denllity of SNsn4LS1S3 

" Low-current PNP Inputs reduce loading 

Description 
The Quad 4:1 Mux selects one of four inputs. CO through ca. 
specified by two bina/y select inputs. A and B. The true data is 
output on Y. Propagation delays are the same for inputs and 
addresses and are specified for 50 pF loading. Outputs conform' 
tp the standa.rd SmA LS totern-poledrive standard. 

Function. Ta.,le 

.. 

INPUT OUTPUTS 
SELECT y 

8 A 

1 L CO 

L H C1 

H· L C2 

H H C3 

SKINNYDIPOO is a registered trademark 01 Monolithic Memories . 

PART NUMBER 

SN54LS453 

SN74LS453 

Logic Symbol 

.... " .... . ..' .' ,.. ..'....H .. '..... '. ..... ""'" .... TWX.:.~lO'-33e,2376. 
2175 Mission College Blvd. Sanla Clara, CA 950'54-1592 Tel: (408)97O'~91O'U TWX: 910'-3384374 

:~t·24 

PACKAGE TEMPERATURE 

JS.W 12SL Mil 

NS. JS I Com 

1110110.' IlthIO .. a'1!ft 
lIIemorleslAU\U 



SN54/74LS453 

Logic Diagram 
Quad 4:1 Mux 
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SN54/74LS453 

Absolute Maximum Ratings 
Supply voltage vee .................................. ; .......•..••• " ............................................ 7.0 V 
Input voltage .........................................•... ' .•... : . . . . . . . . . . . . . . . . . . . . . . . . . . . • • . . . . . . . . . . . . . • . • . .. 5.5 V 
Off-state output voltage .........................................................•..•................•............ 5.5 V 
Storage temperature ......................... '.: .. ' ... : .............. "\'!,', .. ; ...... ' ...................... _65° to +150o e 

Operating Conditions 

SYMBOL PARAMETER 
MIL,IJ~RY 

MIN NOM MAX 

Vee Supply voltage 4.5 5 5.5 

TA Operating free-air temperature -55 125" 

* Case temperature. 

Electrical Characteristics Over Operating Conditions 

SYMBOL PARAMETER TEST CONDITIONS , 

Vil low-level input voltage" 

VIH High-level input voltage ; 

Vie Input clamp voltage Vee = MIN II = -1BmA 

III low-level input current Vee = MAX VI = 0.4V 

IIH High-level input current Vee = MAX VI = 2.4V 

II Maximum input current Vee = MAX VI = 5.5V 

Vee = MIN I, 

VOL low-level output voltage Vil = O,BV 10l = BmA 

VIH = 2V 

Vee - MIN Mil 10H ", -2mA 
VOH High-level output voltage Vil = O.BV 

VIH = 2V eom 10H = "-3:2mA 

lOS Output short-circuit current * Vee = 5,QV Vo = OV 

lee Supply current Vee = MAX 

* No more than one output should be shorted at a tj'me and duration of the short--circuit should not exc~d one second. 

t All typicals values are at VCC = 5 V. TA '" 25°C: 

Switching Characteristics Over Operating Conditions 

TEST CONDITIONS MILitARY :>, 
SYMBOL PARAMETER, 

(See TIII,t Load) MAX MIN TYP" 

el = 50 pF 
tpo Any input to Y R1 = 5600 25 45, 

. , R2 = 1,1kO 
" 

Test Load 

COMMERCIAL 

MIN NOM MAX 
UNIT 

4,75 5 5.25 V 

0 75 °C 

MIN TYPt MAX UNIT 

O.B V 

2 V 
-1,5 V 

0.25 mA 

25 p.A 

1 mA 

0,5 V 

2.4 V 

-30 -130 mA 

60 100 mA 

COMMERCIAL 

MIN TYP MAX 
UNIT 

25 40 ns 

* The "Test Point" is 
driven by the outputs 
under test,and observed 
by instrumentation 

OUTPUT 

.--........ 'W'-+-.MI'--IS' 0--0 5 V 

Notes: 1. tpD is tested with switch 81 closed. CL ;::,50 pF and mea~ured at 1.5 Voufput level. 

2, tpzx is,IJ1,~!,s,H'ect~1.IM,I,,5. V,9.Vtput level withCL =50 pF, S, is open for high 
impedance to"1" tes!. and closed for high impedance to "0" test. 

Rl SI 

TEST" POINT 

3. tpxz is tested with CL ~ 5 pF. 81 is open for "1" to high impedance test, measured 
at VOH -0 5 V output revel: 81 is closed for "0" to high impedance test measured at 
VOL +0,5 V output .level. 
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8-Bit Wide 4:1 Bus Multiplexer 

BITO --:I - ~ 
BITO r:' lCO =-L! -lC1A r-- ~ 
BITO 

[[1--1C2 B I-~ 
BITO rr I-- lC3 4C31-~ 
BITl 

BITl 
crl-- 2CO lY - ~ 
::!: I-- 2Cl 2Y - ~ 

BITl IT I-- 2C2 3Y t-- ~ 
BIT 1 ra t-- 2C3 4Y f-'- ~. '. 
BIT2 

... . I-' 

B.IT2 
~ t-- 3CO 4C2 r- ~ 

B.IT2 

ffi t-- 3Cl 4C1 t-- ~ 
Fjj I-- 3C2 4CO r-~ 
..... 3C3 

m I 

~ BIT2 

BIT3 

BIT3 

BIT3 

BIT3 

BIT4 ~-., - ~ r..;. I 
BIT4 r::' lCO =-
BIT4 

~r- lCl At- ~ 

::II-- lC2 Bt""""":m 
BIT4 .::! I-- lC3 4C~t- ~ 
BITS 

:] I-- 2CO 1Yr-~ 
BITS r! I-- 2C12Y ~ ~ 
BITS :J: I-- 2C2 3Y t--~ 
BITS 

BI'T6 
::! r- 2C3 4Y r-~ 

BIT6 
r:! 1-3CO 4C2r- P!1 

BIT 6 
ffi t-- 3Cl 4Cl r- ';lJ 
Fjj _ 3C2 4C0t--~ 
.... 3C3 

IE I ... ~ 

BIT 6 

BIT 7 

BIT 7 

BIT .7 

BIT 7 .'. 

IIIIonoIlthle W Memories 
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BUS 
SELECT 
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BITO 

BIT 1 

BIT 2 

BIT 3 

BIT 4 

BIT S 

BIT 6 

'BIT 7 
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BUS 
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Increment and Skip Counter 
671492 

Features/Benefits Ordering Information 
• Octa.1 counter for microprogram counters, OMA controllers, 

and general purpose counting applications 

• Bus-structured pinout 

• 24-pln SKINNYOIP® saves space 

• Low current PNP inputs reduce loading 

• Expandable in multiples of a-bits 

• Increment by two function can be used as a 
microprogrammed SKIP or Short BRANCH, resulting in 
simplified microprogrammed control structures 

Description 
The Increment and Skip Counter (ISC) is an 8-bit cascadable 
synchronous counter with the ability to be incremented by one 
or two on the rising edge of the clock line CK. All of the control 
inputs are synchronous with respect to CK. 

The LO input initializes the counter with datasetup althe D7-DO 
inputs. When the LD pin is HIGH prior to the rising edge of CK, 
data present at the inputs. will be stored. If LD is LOW prior to 
clocking, a HOLD operation will take place. The LD pin, though 
synchronous with CK, operates independently of the count 
increment control SKIP. When SKIP is HIGH, the counter is 
instructed to count by one upon clocking. Alternately, when 
SKIP is LOW the counter will increment by two. To enable 
counting, the Count Input line Ci is required to be LOW. In many 
applications of the ISC, the Ci input can be used as a cOl,lnt 
enable/disable control node. 

During the incrementby one operation, the Count Output signal 
CO is LOW when the count becomeshexadecimal FF. Similarly, 
CO is LOW for a count of hexadecimal FE during the increment 
by two operation. At all other times, CO is HIGH. Accordingly, 
the CO output canJ>e connected to the CI input of asucceed.!!!9 
counterto expand in multiples of 8-bits. CO is not affected by OE. 

The outputs 01-00 are enabled when the output enable control 
OE is LOW. Otherwise, when OE is HIGH, the outputs are 
three-stated. 07-00 are fUlly buffered, and have 24 mA sink 
current capability, which is required of many bus interface 
standards. 

Block Diagram 

'------co 

SK-INNYDIp<H. is a registered trademark of Monolithic Memories. 

PART NUMBER PACKAGE TEMPERATURE 

671492 NS,JS Commercial 

Function Table 

OE CK LO SKIP CI 07-00 07-00 OPERATION 

H * . . . . . HI-Z' 

L H X X D D Load 

L L X H X 00 Hold 

L L H L X 00+1 Incr +1 

L L L L X 00+2 Incr +2 

* When OE is HIGH, Q7-00 are disabled to the high-impedance state; 
however, sequential operation of the counter is not affected. 

Pin Configuration 

. .. ". " • . .... • TWX; 91Q,338-2376 
Monolithic. limn 
Memories Il1JlW 2175 Mission College Blvd. Santa Clara, CA 95054-1592 Tel: (408) 970-9700 TWX: 910-338·2374 
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Absolute Maximum Ratings 
Supply voltage 'Vee •.. : ... : ......... : •••••••••••. ~ .......... .' .•.... , ................. ~ ................................ ~"-; v 
Input voltage ............................... '.' ............... , ...... ,' ....................... ; ,: ...... ; .. ; ..••.•...••.••... "5:5 V 
Off-state output voltage ............................................ ' ............ , ....... , .......... , • ,'. • .. . . ... ... 5.5 v: 
Storage temperatu re .••••..•..•••••.••••..••••••............ " ...• , •........•.•••...••••. ', . . . . . • . • . • .• _65° e to +150" e 

Operating' Conditions 
" 

SYMBOL PARAMETER COMMERCIAL 
MIN TYP MAX 

vee Supply voltage " 4.75 '" .' 

5 5.25 

TA Operating free air temperature 0 75 

I Low 35 " .... , , " ;'C' 
tw Clock width I High 25 

tsu Setup time 50 

th Hold time 0 -15 

Electrical Characteristics Over Operating Conditions 

SYMBOL PARAMETER TEST CONDITIONS COMMERCIAL 
N!IN TYPt MAX 

VIL * Low~lE!vel input voltage 0,8 

VIH * High-level input voltage .2 . . .. , " . 'i." 

VIC Input clamp voltage Vec=MIN 'Ir=;"18mA ·_,ts: 
,:' '0 '. 

III low-i~vel input current Vee = MAX v,=oAv , ' .-0:25, 

IIH High-level input current Vee = MAX VI=2.4V 

II Maximum input current Vee = MAX VI = 5.5 V 

Vee = MIN 
VOL Low-level output voltage Vil 

VIH 
=0.8V IOl =24mA 
=2V 

Vee,=MIN 
VOH High-level output voltage Vil = 0.8 V IOH=-3.2mA 

VIH =2V 2.4 

10Zl Vee = MAX Vo=O.4V 
Off-state output current Vil =0.8V 

VO=' 2.4 V .IOZH VIH =2V 

10S** Output short-circuit currant" Vce=S.OV VO=OV -30 

ICC Supply current Vee = MAX 120 

* VIL andVIH are inpul condilionsof oulpUllests and are nol, Itt.moelve •• direclly lesled. As condilions of lesls, VIL:5 0.8. V and VIH" 2.0 V. 
* * Not 'more than one output should be shorted at ~ time and duration of the short-cifCu'it shol!ld not exceed one-second. 

t TypicslsatVCC=5V, TA=25'C. 

25 

1 

0.5 

-100 

100 

-130 

180 

UNIT: 

V 

°e 

"'< "0,, 

rlS' 

ns 

ns 

UNIT 

V 

V 

I, V 

rnA 

iJA 
mA 

V 

V 

/lA 

mA 

mA 
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Switching Characteristics Over Operating Condltlonl 

SYMBOL PARAMETER TEST CONDITIONS COMMERCIAL UNIT (See telt loed) MIN TYP MAX 

fMA)( Maximum clock frequency 12.5 MHz 

IpD3 Clio CO delay 
Commercial 

35 50 ns 

IpD1 CIc;x:ktoQ CL=50pF 20 30 ns 

IpD2 Clock 10 CO R1 = 2000 55 
"',' 80 ns 

R2= 3900 
IpZX Oulput.enabledelay 35 45 ns 

IpXZ ' Output disable delay 35 45 ns 

R' 
OUTPUT o---+---...... -(~:o). TEST POINT 

R2 

NoI,e.: ,I, IpD is lesled wllh switch S, closed. CL = 50 pFand n'!easured al 1.5 Voutpul level. 

2. lpZX is measured al Ihet.5 Voulpul level with CL = 50 pF. S, is open for high Jmpedance,lo "1" lesl, and closed for high Impedance 10 "O"lesl. 

3. IPXZ is lesied wilh CL = 5 pF. SI is open for "1" 10 high impedance lesl, measured al VOH "0.5 V outpul fevel; SI is closed for "0" 10 high impedan~e 
lesl measured at VOL +0.5V oulpul level. .' , 

t"!30 
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Load Timing 

lO 

elK 

00-07 

~7 __________ ~ __________ ~)(~ __ ~ __ 

Timing During Operation 

00-07 

eo 

elK 

Carry In 1b Carry Out Timing 

• IF ~.IS HIGH, 00-07= n + 1 
IF SKIP IS lOW, 00-07 = n + 2 : 

MonolIthic mMemorles 
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Application 
The Increment and Skip Counter (ISC) is useful as a micropro
gram counter for a Micro-Programmed Control Unit (MCU). A 
block diagram of a general-purpose MCU is shown in Figure 1. 
The ISC, being the central element, provides addresses for 
microprogram memory. This memory is typically built with bipo
lar PROMs (such as the 63RS88 shown). However, MaS 
EPROMs and EEPROMs can be used for greater density and 
lower cost, if speed is not particularly an important application 
requirement. 

As shown in Figure 1, the Interrupt Request Lines position the 
microprogram Start Address through a priority encoder and a 
small (32x8) PROM. The priority encoder serves to reduce as 
many as eight Interrupt Request Lines down to a 3-bit binary
weighted field used as the address for the mapping PROM. 
Since only three of the five PROM addresses are used, an 
optional 2-bit field can be applied to the PROM for diagnostics, 
or for task context switching. The Start Address, in conjunction 
with the Branch Address field, are connected to the Next 
Address multiplexer. Hence the Next Address multiplexer can 
select either of the two sources for branch address. The Start 
Address, essentially a forced branch operation, is used when an 
interrupt operation is requested externally to the MCU; whereas 
the 8-bit Branch Address Field, which can have up to 256 words 
of microinstruction memory, is utilized for specific conditional 
branches. 

The Control Field bits represent the control lines to the hardware 
that the MCU controls. These bit fields can either be encoded or 

671492 Increment and Skip Counter 

11 

unencoded. In most microprogrammed systems, the bit fields 
are usually unencoded and connected directly to the specific 
device under control. However, a performance compromise can 
be achieved if all or a portion ofthe Control Field is encoded. The 
advantage of this technique is that more functions can be con
trolled. The trade-off is in conserving the number of microin
struction bits allocated to the Control Field, versus the number 
of possible controlled functions. The two techniques are termed 
Horizontal and Vertical microprogramming. Horizontal refers to 
fully parallel operation of the bit fields; whereas, Vertical implies 
some form of bit field encoding. 

The Conditional Control Field selects from among various con
dition codes that can cause microprogram branch operations. 
Two kinds of branch operations can be performed in this MCU. 
The conventional branching described previously uses the ISC 
LD line to allow the Branch Address to be loaded. Loading new 
data in the ISC effectively causes the microprogram to branch to 
the next instruction set by the Branch Address. The Skip facility 
can be used to quickly test several conditions, then finally take a 
conventional branch upon exiting all of the tests. If a test is not 
passed, then a single increment occurs. The microinstruction 
sequence can then branch to another part ofthe program, rather 
than complete the remaining tests. This Conditional control 
structure makes complex iest operations more manageable 
because the test operations can be unified by +2 offset caused 
by a Skip. This contrasts to the longer branch operation, which 
required precomputing all of the target address in the micropro
gram for every exit a loop has. 

Application: General Purpose Microprogram Control Unit 

7·32 

BRANCH 
ADDRESS 

SYSTEM 
FUNCTION -1-++-1 

SELECT 

START/INSTR 
ADDRESS 

I-----------r-- START/INTR REQ 

OUTPUT 
REGISTER 

BFiANcii 
lD~------<::t==~~ ___ ~RE~Q~ 

BRANCH CONDITIONS 

BRANCH SELECT 
CONTROL SIGNALS 

NIonoIlthlo miD Memories 



2-DigitBCDCounter 
871493 

.~ ...... /Benefits 
• ori.,. numeric displays. , 

• ExpanBiQnln 2-<1igH.Inc:r8~ts 
• . 24-pln SKI~NYOIP® saves space . 

• BUs structured pinout 
'<' , < 

• Low 1:urrent PNP Inputs reduce loading 

• nlre"st8te outpUt driVe bus lines . 

Pescriptlon 
Tbe2-dl9it ~CD(BinatyGOded Decimal) Counfer is a synchro-

'n6us counter wIth complementarycbunt enables !W1: CE2), 
parallel load (LD), and carry out (~). Three control inputs (LD, 
CE1, CE?) providedne of three operations which occur syri"" , 
'Cht~J'1OlIsIY on th~ri~I)Q'l?<Ig~Of the t:lcic1«CK):~ . 

The:lmid pperation I~dsth~ i~puts (D1./lIJd 1ii121 into the output 
tegiste~(a1al'lda2rwnen load is LOW: Notetha:ttheload line 
oVQrrldeslhfJ inSrelJierit. . 

'Whan'!fOis notaCtilte,the counter will increment in a Binary
S'OcIed~OScitnal sequenCe. if both .count enables are 'lISser'ted 
{CEt',:L'andCE2;o H).Otherwii!Ei it i:lolds. • ", ." 

Twoo~m~.reBCD COunters can. be cascac:ted to· implement 
larQ~f BCDcoun~rs b22nnecting carry out (CO) ofthefirst 
st~!! to count enable (CE1 )ot thesecanClsta:ge. This signal is 
not affected by OE. . . . 

ParalleIIQ~iri\l ~1I0ws programljlabilityof the eCDCOurtef 
'and nU!TIeric Indicator. . . . 

ThiS' BCD Counter is id~a:t in an. i1"dustrlal cOntrol application 
where fin event couriW is rieededto drive numericCliSplayS. The, 
device can receive one GOuntenable in the format strobes from' 
a motor 6f.other device. the second cciun! enable can receive 
thepe~iodSlgnal. Wiil1:conneptionsinthis;manner, the counter 
coYntseventsd",ringaperiod,Tqe cleviceWiIJ providelWoactive 
high;BCD.outPUts (01 and (2) to drive twa ni.!mericindicators,· , '. 
whichteai~lean on-board decOcler/driver. ,... .' . 

.. ' 

Ordering Information' 

PART NUMBER PAC~AGE TEMPERATURE 

671493 NS,JS Com 

FUnction Table. 
'. .. 

OEClf (0 CEl CE~ D1A-0101 Q1A-01DI~peRATION 
...... • D2A-D2D Q2A-Q20 . 

H : ~ .. < ' 

L \ L X X D. 0 .· .. h~\:f··. 
L to· H H X X. .q:. Hold (C!21;oH) 

L H 'X L X. Cf\ Hold (PE?9L) 
L t H !- H ~. 

". ·ClPIU~l .. Increment 

* Wh"n OE is HiGH,.Ql and Q2.are di.sabled10 tlie tligiHmpedance state: 
howe~r, sequential operation of·.lI1e coul1ter i~.~ot alf~led, 
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Absolute Maximum Ratings 
Supply voltage Vcc ............•.......•....••••.•...............•.••...•.••.•• ' •••..••••••••..••.•••••.••.•••••••• 7 V 
Input voltage •..........•.........•......••••••••..................•••••••••.••.•.•.•.••••••.•.•.•••.•••..•..••• 5.5 V 
Off-state output voltage ........................................................... . . . .. .. . . . .. .. . . . .. . .. . .. . .. ... 5.5 V 
Storag~ te,rnperat~re ' ••..••••••..••.• ': .' . " . '" . :,.' ..•.•• .,' ~ ';" : ',.' ,',: ... .' .•• ' .. : •. :,' . "',' . \, ... ,' . .' ,,' •.• ,: . ':, . :' .• ».:-~~P to +150·C 

Operating Conditions , . "," i .' '.' . " 

, 

COMMERCIAL SYMBOL PARAMETER MIN TYP MAX UNIT 

Vee Supply voltage 4.75 5 »5;~5 ,V 

TA Operating free air temperature 0 75 ',e 

I Low 35 
tw Clock width I High 

nil 
25 .' ',> 

tsu Setup time 50 ,'.' ' , ,:,os 

th Hold time 0 " ' -15 , ns 
, 

Electrical Characteristics Over Operating Conditions 

SYMBOL PARAMETER TEST CONDITIONS COMMERCIAL UNIT 'MIN TYPt 
-.'- . 

MAX· 

VIL*; '. . Low-level input voltage 0.8 V 

VIH* High:level input voltage 2 V 

VIC Input clamp voltage Vcc= MIN II = -18 inA " -'1.5 V 

IlL Low-level input current ." VCC=MAX VI = 0.4 V -0,25 mA 

IIH High-level input current VCC= MAX VI = 2.4 V ~. , 25 p.A 

II Maximum input current VCC= MAX VI = 5,5V 1 n\;.i, 
VCC= MIN 

VOL Low-level output volillge .' " 
'"'" VIL' = 0.8 V 

VIH = 2V 
10L =24mA '0:5, V' 

VCC=MIN 
,." , 

VOH High-level output voltage VIL =0.8V IOH=-3.2mA 2:4 V "» .... ,, " 
VIH =2V ,,' , ,. 

, 

10ZL VCC=MAX VO=O.4V .< '"'100 
Off-state qutput current VIL =0.8V p.A 

10ZH VIH =2V VO,,2,4V 
" 

, 
',' 100., " 

10S** Output Short-circuit current'* VCC=5.0V vO=bv -30: " '<·130 rnA 
" 

ICC "- Supply ,current VCC=MAX 120 .180 mA 
.. >.;.' .;;- ' .. ' 

* VIL and VfH are, in efleelf, input conditions of output tests an'd are not, themselves, directly tested, As conditions of tests, VIL" Cl.8 V and VIH 2: 2,0 v, 
** Not more than one outp~t should be shorted at,a time and duration of the short-circuit should not exceed one second. 

t Typicals at Vcc = 5 \r""A' 2S'C. 

Switching' Characteristics o~:r Operating Conditions 

SYMBOL~ 

tpD2 

tpzx 

" ;ji:" 

.,' ) PARAMETER 

Maximum clock frequency 

ClocktoqO 

Output enable delay 

"', ' ',".' , j""', 
"·.,,,.,·h· 

TEST C:ONDITIONS 
(See test load) 

Commercial 
CL= 50pF 
Rl = 200n 
R2=390H 

, 

MIN 

12.5.~ 

, >. 

,. 

.. ,~ .... 
COMMERCIAL 

TYP' 

" ,., MHz 

,'; 20 30 ns , 
55 80 ns . 
35 45 ns 

',' as 45. ns 

J, 
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Standard test Load 

Rl' 

OUTPUT o--t----.,.~o@@. TEST POINT 

R2 CL 

Notes: 1, tpo is tested with switch S,closed. CL = 50 pF and measured·at.1..5 V output levjll.. . 

2, tpzx is measured at the '.5 V output level with 0l = 50 pF. 51 is ~pen .ior high in;Pedance to "'" test, and closed for high impedance to "0" test. 

3. tpxz is tested with CL =. 5 pF. S,'is open for "'" to high impedance test, measured at VOH -0.5 V output level; S,. is closed for '''0'' to high impedance 
test measured at VOL +0.5 V output level. . 

Output Timing' 

~ ~ " 

'"1''''·'',.1. : 

Input Timing 

Loading 
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Application: LED Displa,s 
The Event Counter can be implemented using the 2-Digit BCD 
Counters. The 2-Digit BCD Counters control the display for 
three pairs of LED displays. The 2-Digit BCD Counters count the 
events. 

The displays are controlled by the output enable. These coun
ters display the count in 10s, 100s and 1000s respectively. 
These simply count the occurrence of an external event. 

6714932-Digit BCD Counter 

Application: Event Counter 

+5V +5V +5V 

LD 
Q2 Q1 

'----1-_+-_+-..,......1---1-_-+-_+---'>-- ~~~~ 
RES~~~--+-~~~--~--+-~~~~ 

I:lB BI3 1313 



8-Bit Priority Encoder 
with Register 

671494 

Features/Benefits 
• Encodes eight date lines In priority 

• Output enable capability 

• Three-stete outputs drive bus lines 

Description 
The 8-Bit Registered Priority Encoder accepts data from eight 
inputs (17-10) and provides a binary representation on the three 
outputs (02-00). A priority is assigned to each input (with 10 
having the highest priority line, and 17 the lowest), so that when 
two or more inputs are simultaneollsly active, the input with the 
highest priority is loaded into the output registers. Pin 14 serves 
as the interrupt flag (FLAG) and goes LOW'when there is an 
interrupt present and remains HIGH when there is not interrupt 
present. The Priority Encoder registers are updated on the rising 
edge ofthe clock. The device also features four priority interrupt 
enable lines: E1, E2, E3, E4, which enable or disable the FLAG 
output. These enable lines have no effect on the priority outputs 
02-00. All outputs are HIGH-Z when the output control line 
(OE) is HIGH, and OE operates independently of all other inputs. 

Block Diagram 

El E3 
E:! E4 

ClK 

Fi:AG 
_CiE 

Ordering Information 

PART NUMBER PACKAGE TEMPERATURE 

671494 N,J Com 

Function Table 

17 16 15 14 13 12 11 10 CLK OE ~ 02 01 00 

L X X X X X X H t L L H H H 

L X X X X X H L I L L H H L 

L X X X X H L L I L L H L H 

L X X X H L L L t L L H L L 
L X X H L L L L I L L L H H 

L X H L L L L L. I L L L H L 

L H L L L L L L I L 'L L L H 

H L L L L L L L I L L L L L 

L L L L L L L L I L H H H H 

X X X X X X X X X H Z Z Z Z 

* Presumes E1, E2 = HIGH ~ndE3, E4 = LOW. Iflhe slales of Ihese four lines 
are different, the FLAG output will be disabled (HIGH), regardless of 10-17. 

Pin Configuration 

TWX: 910-338-2376 .onollthlc Irlln 
2175 Mission College Blvd. Sania Clara, CA 95054-15921"el:-(4118) 970-91110 twx: 910-338-2374 .emorla. In.UW 

7-37 
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Absolute Maximum Ratings 
Supply voltage VCC ............................................................................................... 7 V 
Input voltage ..................................................................................................... 7 V 
Off-state output voltage ...................................................................................... . . .. 5.5 V 
Storage temperature ................................................................................. _65° C to +150° C 

Operating Conditions 

SYMBOL PARAMETER COMMERCIAL 
MIN TYP 

VCC Supply voltage 4.75 5 

TA Operating free-air temperature 

TC Operating case temperature 

Clock width 
I Low 25 10 

tw I High 25 10 

tsu Setup time 35 15 

th Hold time 0 

Electrical Characteristics Over Operating Conditions 

SYMBOL PARAMETER TEST CONDITIONS COMMERCIAL 
MIN TYPt 

VIL' Low-level input voltage 

VIH* High-level input voltage 2 

VIC Input clamp voltage VCC= MIN 11=-18mA -0.73 

IlL Low-level input current VCC= MAX VI = 0.4 V -0.02 

IIH High-level input current VCC= MAX VI = 2.4 V 

II Maximum input current VCC- MAX VI = 5.5 V 

VCC= MIN 
VOL Low-level output voltage VIL = 0.8 V IOL = 24mA 0.3 

VIH = 2 V 
VCC= MIN 

VOH High-level output voltage VIL = 0.8 V 
VIH = 2 V 

IOH= -3.2mA 2.4 

IOZL VCC= MAX VO=O.4V 
Off-state output current VIL = 0.8 V 

IOZH VIH = 2 V VO=2.4V 

lOS Output short-circuit current** VCC= MAX VO= OV -30 -70 

ICC Supply current VCC = MAX. Outputs open 120 

* VIL and VIH are, in effect. input conditions of DC and functional output tests and are not directly tested. 
VIL is specified at::;; 0.8 V and VIH is specified;? 2.0 V. 

* * Not more than one output should be shorted at a time and duration of the short-circuit should not exceed one second. 

t Typicals at VCC = 5 V. TA = 25°C. 

Switching Characteristics Over Operating Conditions 

SYMBOL PARAMETER TEST CONDITIONS COMMERCIAL 
MIN TYP 

fMAX Maximum clock frequency 16 25 

tpLH 15 
Clock to output delay 

tpHL Commercial 15 

tpZL 
CL= 50pF 

15 
Output enable delay R1 = 2000. 

tpZH R2= 390n 15 

tpLZ 15 
Output disable delay 

tpHZ 15 

7·38 Monolithic W Memories 

MAX UNIT 

5.25 V 
75 °c 

°c 

ns 

ns 
ns 

MAX UNIT 

0.8 V 
V 

-1.5 V 
-0.25 mA 

25 If.A 
1 mA 

0.5 V 

V 

-100 

100 
If.A 

-130 mA 

180 mA 

MAX UNIT 

MHz 

25 
ns 

25 

25 
ns 

25 

25 
,ns 

25 
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Standard Test Load 

AI 

OUTPUT ,o-.,.-I----?-@.TESTPOINT 

A2 

Notes; 1. lpO is tested with switch 81 closed, CL= 50 pF and measured at 1.5 V output level, • ' . ,: 

': 2. tpzx ;srpeasured altha 1.5 V outP'!t level with CL =50pF. 81 is openJorhigh impedance to "'" lest, and closed lor high 'impedance to' ','0" test. 

3. tpxz is tested WilhCL = '5 pF.8, is open'lor,"," to high impedance test measured 'at VOA -0.5 V output level; $, i~ closed for "()"to hlg,,' impedance 
tesfmeasure.d at VOL +0,5 V outputJt!'iel.' ,. ' . , • 

Output Timing 

Input TIming 

.: 
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Application: 
DMA and Interrupt Arbitration 
The Priority Encoder with Register has several applications in 
systems requiring arbitration among several competing request 
lines. In order to obtain a sufficiently quick response in a real 
time system, access to resources must be ordered, or weighted 
by priority of importance. For example, a computer and its 
peripherals may use a number of interrupt request lin~ ,for 
service requests. In some applications, a normal interrupt 
request is processed too slowly, and a faster means of receiving 
or sending data is required. In this situation, direct access to 
system memory could be required, and a DMA Controller used 
to perform the operations in cooperation with the host computer. 
Disk Drives commonly use this technique; if more than one drive 
is in a system, a flexible means of arbitrating DMA requests 
would be required. ' 

FigureJ details ho~ a Prioi"ity Encoder can be used.to co~~truct 
a Priority Interrupt Controller. Note that in this application, the 
inputs can either be DMA or Interrupt requests to the Host 
Computer. In fact, two circuits can be combined in one system to 
accommodate both types of requests. The expansion possibili
ties of Figure 1 will be covered after the basic operation of the 
cirCUit is explained. 

The Interrupt Controller consists of the Priority Encoder,.li\n 
Interrupt Latch, an Interrupt Level Register, a Comparator, Flip"', 
Flop and a single gate. For many appl(cationsthe Comparator, 
Flip-Flop and gate could be realized in a PAL device, but are 

5/671494 Priority Encoder 
with Register 

shown as separate elements for clarity. The Interrupt Latch can 
be a common 74LS373, or if additional speed is required, a 
748373 can be used. 

The registers of a Priority Encoder are clocked at a constant rate 
by the I-ClK Signal, which means that any of the interrupt 
request lines 17-10 passed on by the interrupt latch are cbnti
nously sampled by I-ClK. The purpose of the interrupt latch is to 
freeze, or lock out, all interrupt requests once a validated inter
rupt is sent to the system. 

An interrupt is validated by the 3-bit comparator shown in Figure 
1, and by the Priority Encoder flag signaL A presto red Mask 
value from the Interrupt Level Register is compared with the 
current value of 02-00, and ifthe priority code is greater, and if 
FLAG is LOW, the system is informed that an interrupt is needed. 
FLAG normally goes low when any of the 17-10 lines are 
asserted High, if simultaneously all of the Priority Encoder ena
bles (E1, E2, E3 and E4) are asserted. 

Because of the fact that in a typicalsystem:inierrupts can occu'r 
at irregular intervals, the Interrupt Controller must be capable of 
synchronizing to the cycle timing of the host machine. The 
on-chip registers of the Priority Encoder make possible this 

, sync:hroniiation activity. The FLAG signal in combination with 
the host system timing; and the Interrupt Latch allows the host 
positive control over the Interrupt Controller. 

APPlication: Priority Interrupt Controller Application 

INTERRUPT 
SIGNALS +5 

SIE 

I-ClK 

E2!t---IR'i'M' 

r----,.<--- INTERRIIPT 
MASK lEVEL 

I-ClK - INT SAMPLING CLOCK 
IRQ - INT REQUEST TO SYSTEM 
INTAK - INT ACK FROM SYSTEM 
su, -SYSTEM INT ENABLE 



SiBER 6,73480 
(Single Burst Error Recovery Ie) 

Features/ Benefits 
• 15 MHz data rate 

• Selectable CRC or ECC polynomials 

• Standard 16-blt CRC-CCITT polynomial detects errors 

• Computer-generated 32-bit ECC polynomial exceeds the 
performance of Fire code polynomials 

• Double-burst error detection and single-burst error 
correction with ECC polynomial 

• Programmable correction span of 5, 8 or 11 bits 

• Hardware or software correction modes 

• Separate receiver and transmitter ports 

• HOLD pin for idle operation 

• Maximum ot 1024 byies of data 

• Inverted checkbits and selective initialization to a HIGH 
stale improve reliability 

Description 
The SiBER (Single Burst Error Recovery) is a LSI error detection 
and correction circuit used to insure data integrity between two 
serial ports. An industry standard 16-bit CRC polynomial and a 
32-bit computer-generated ECC pplynomial are both ,imple
mented on this chip. Both polynomials have error detection 
capabilities,. but only the ECC polynomial is used tor error 
correction. The ECCpolynornial has a maximum correc;tion 
span of 11 bits in series aMa maximum record length of 1024 

Pin Configuration 

GND Rff 

INIT TGS 

HOLD RGS 

SIC CGS 

SIT SIR 

SOT StBER SOR 

vec 673480 

CSO TEST 

CSl EOC 

CRe/ECC ERRFLG 

CLKIN PATT 

GND 

Ordering Information 

PART NUMBER PACKAGE TEMPERATURE 

, 673480 J Com 

bytes o/data. The 16-bit CRC polynomial is the industry standard 
CCITT polynomial: 

x16+x12+x5+1 

The 32-bit computer-generated ECC polynomial is selected for 
its error detection span, and the high probability of detecting 
short double-burst errors: 

x32 + x28 + )(26 + x 19 + x 17 + x 10 + x6 + x2 + 1 

The SiBER implements the transmit, receive, search. and correct 
algorithms, which are basically serial division operations. By 
simply asserting the appropriate control signals, spelled out in 
the "modes ot operation" section of this data sheet, the user can: 

1) Append checkbits to the 'data under transmission. 

2) Generate the syndrome from received data. 

3) Correct erroneous data bits with the information 
embedded in the syndrome, 

Selective inversion ot Checkbits and selective initialization of the 
internal registers to an all-one-state insure randomness in the 
encodedcheckbitsand, consequently, improve reliability. 

typical applications of the SiBER includemass storage envi
ronments and data communication channels. 

Block Diagram 

~----------------___ EOC I-:=========:ERRFLG I- PATT 

sIT~--H-~---+-+--'=====-"'1 SOR 

SIR---W-----.:.----~~~~~~I--.....l~1 
$IC'----+---,----, SOT 
OOT,--

f-,----------------------------- CLKOUT 
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Si8ER Pin Description 
PIN NUM8ER SYMBOL, PIN NAME FUNCTION 

1, 12 GND Ground Electrical Ground 

2 INIT Initialize An active LOW a,synchronous input pulse is used to reset all internal 
registers and output flags before transmitting or receiving any data. 

3 HOLD Hold Raising this input HIGH puts the device in idle operation by holding its 
preSent state. The data present on SIT is sent to SOT. A LOW presented 
on this pin resumes normal operation. 

4 , SIC Serial Input During hardware correction, the buffered data is presented to this input 
" Correction one bit at a time in reverse order. If the data bit is erroneous it is 

corrected and placed on SOT. See block diagram for data, flow. 

5 SIT Serial Input During the transmit mode, data to be transmitted is presented to this 
Transmitter input in a serial fashion. 

6 SOT Serial Output Four different types of data are shifted out on this output (see block 
Transmitter diagram). Data on SIR a,ppears on this pin during receive mode; 

corrected data appears during hardware correction, errorsyndrome 
appears during software correction; and error pattern appears during 
hardware/software correctiOn. 

7,18 VCC VCC +5.volt supply. 

8,9 CSo, CS1 Correction Correction spans that can be selected py specifyingCSo and CS1 are: 
Span Select a 5-bit correction span (CSO = LOW, CS1 = LOW), an 8-bit correction 

span (CSO = LOW, CS1 = HIGH), and an 11-bit correction span (CSO = 
HIGH, CS1 = HIGH). The fourth state (CSO = HIGH, CS1 = LOW) is 
restricted and must never be entered. It is used by the factory during 
manufacturing to test the device for enhanced quality assurance and 
guaranteed functionality. 

10 CRC/ECC CRC/ECC This input control line is used to select the desired polynomiaille 32-bit 
Select computer-generated ECC polynomial is selected when CRC/ECC is LOW 

and the 16-bit standard CRC-CCITT polynomial when CRC/ECC is HIGH. 

11 ". CLKIN Clock Input This is the clock input, and the rising edge is used to strobe the data 
during the transmit,receive, and correction modes of operation. 

13 CLKOUT Clock Output The. Clock output is a delayed clock input. It is generally used for 
synchronization of all output signals from the SiBER. 

14 PATT Pattern Flag This output is set HIGH (and remains set until initialized) when the error 
pattern is found by the SiBER. 

15 ERRFLG Error Flag This output is set HIGH (and remains set uotH initialized) when the 
syndrome is nonzero. A nonzero syndrome at the end of the receive 
cycle means that the data read is in error. 

16 EOC End of This output is set HIGH (and remains set until initialized) eleven clock 
Correction cycles after the pattern flag is set. 

17 TEST Test This input must be tied to Vce for normal operation. This pin is usedPy 
the factory during manufacturing to test the device for enhanced. quality 
assurance and guaranteed functionality. 

19 SOR Serial Output Two different types of data are shifted out on this output (see block 
Receiver diagram). During the transmit mode, the data presented on SIT appears 

on this pin when TGS is HIGH, and checkbits appear when TGS'is 
pulled LOW 

20 SIR Serial Input During the receive mode, data is presented to this input in a serial fashion. 
Receiver 

21 CGS Correction This input controls the device during the searCh and correct modes. The 
Generate four options are: (1) Shift the syndrome when CGS is LOW immediately 
or Shift after a receive operation, (2) generate the error pattern when C(,3S is 

HIGH and the output PATTis LOW, (3) shift the error pattern when CGS 
is LOWered and the output PATT is HIGH, and (4) .correct the burst of 
erroneous data when CGSis. HIGH and PATT is HIGH. 

22 RGS Receive This input controls the device during the receive mode. When 
Generate' RGS= HIGH the syndrome is being generated. On. the HIGH-to LOW 
or Shift transition of RGS, the error condition is latched; the error flag is set if. the 

syndrome is nonzero end the SiBER enters correction mode .. 

23 TGS Transmit Gen- This Input cOntrols the device during the transmit mode. The two 
erate or Shift options are to generate checkbits(TGS ". HIGH) and to shift checkbits 

(TGS= LOW). 

24 HIT Receivel '." This 'input pin controls the mode of operation. A LOW enables the 
Transmit transmit mode, and aHIGH enaples the receive mode. 

7-42 Monolithic W Memories 
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Modes of Operation 
Prior to performing any operation, the appropriate correction 
span and polynomial type. must.be selected. The settings of the 

SIGNALS 

CRC/ECC C$O CS1 

0 0 0 

0 0 1 

0 1 1 

control signals for each of the four options are summarized 
below:' . 

,. 

DESCRIPTION 

5-bit correction span, 
EGG polynomial 

a-bit correction span, 
EGC polynomial 

l1-bitcor!1:lI;:tion span, 
,EC<;: polynOmial 

1 X X No correction, CRC polynomial 
generation 

X 1 0 Illegal state. It is only used 
by the factory for testing 
the devices. . . 

"X" DeSignates "Don·t Care". 

The four different modes of operation are tabUlated below. Note. 
that the CRC polynomiai cannot go into the search/correct 

'. 

mode. butthe other modes and functions are common to both 
tpe GRC and EGG polynomials. 

. MOI;)E 
(:ONTROLSIGNALS· .;!' DATA PATH 

1M ms I,N 
" " 

DESCRIPTiON 

':'" ..... .RGS. CG$ . OUT '.': . 'd .. c:.· .. ;" 

tRANSMIT 0 
" . 

X' !lIT S9R Generate,ch~kQits from the'dilta placeclo~SIT. X . " : ",I Thisdatjlappears on SOl'!, ' ,. . ' . 

0 0 X X I', .X SOR Shift the checkbitsseriallybnSOR. ". 

RECeiVE 1 X 1 X SIR SOT The data on SIR appears 6n SOT. Simultaneously. 
the. syndrome is generated in the 32:bit feedback 

..... ,-'" . .. , shift register • 

1 X I X X X Set the error flag if the syndrorne is nonzero. 

SEARCH 1 X; .Jl:. 1 :: X X Searchfortheerror pa,ttern. 
" 

(ERRFLG= H. "f· "X 0 0 X SOT Shift the syn4romeserially on SOT. 
PATT=L) ., 

. i (software cor:rection) . 

CORRECT 1 X '0 1 SIC SOT Data placed on SIC is corrected and placed 
(ERRFLG= H. .- on SOT. (hardware correction) 1 
PATT= H) 1 X 0 ''0'" X :'SOT .. ' ~Shift th~ error pattern. 

",; ." (software/hardware correction) . . . C 
.' '.'-NOTE: 1. In thIS mode •. data placed on SIC .IS transmItted to SOT. l1Jis feature allows the user to Implement a read-modlfy-wnte operation on buffered data 

without paying attention to. the pattern Ilag' PATT. . , '. .. .; • 

Transmit Mode 
In this mode •. the SiBER QElIierates the unique checkbits for ttie 
data being transmitted. These. checkbits are appended to the end 
of the data sfrearn. To initialize the device INIT is asserted while 
Rifls LOW. Theh'lternal registers and the output flags are reset 
and the device is in the transrnitmode. If TGS is LOW the SiBER 
will remain initialized until TGS is pulled HIGH. This feature is 
implemented to allow relaxedin.itialization timing.pOI,e T(i,O~:i$t:; 

HIGH the device~Jartst6 gerierate chackbits for the data present 
on SIT. The data'pn SlralsC1appea:rs on theSORoutput. When 
the last data bit is transmitted. LOWerTGSand the 32 checkbits 
for the EGG polynomial orfhe 16 checkb.itS for the CRG poly
nomial.are serial\y shifted out on $OR. Figure 1 shoINs the data 
floW during the transmit moqe;TGs'must remain low for at least 
32 c.lock cycles fortheEGC polynomial or 16 clock cyclesJor the 

, CRCpolynQmial~'aUow all the check bits to be Shifted out. 



Receive Mode 

SIT 

SIR 

'-
SIC 

JNi'i' 

HOLD 

CRClECC '----.-CLKIN 

CGS 

RGS 

TGS 

RJT 

---

SIBER873480 

~ 
SHIFT 

REGISTERS MUX 
AND LOGIC 

T TRANSMITTER DATA 

CHECK BITS 

PASS RECEIVER DATA 

ERROR SYNDROME 

~r>-
ERRONEOUS DATA CORRECT 

DATA 

CONTROL 
LOGIC 

" 

RECEIVER 
OUTPUT 

MUX 

J 
X 

~ 

EOC 
ERRFLG 
PATT 

SOR 

TRANSM.ITTER .A 
OUTPUT I----- SOT 

MUX 

CLKOUT 

Figure 1. !lata Flow During the Trenamlt Mode 

In this mode, data and,checkbits are read from the SIR pin and 
the SiBER generates a syndrome. To initialize the device INIT is 
asserted while Rii' is HIGH. The intemal registers and the output 
flags are reset and the device is in the receive mode. If RGS is 
LOWtheSiBER will remain initialized until RGS is pulled HIGH. 
The feature is implem/lnted toallow relaxed il')itialization timing. 
Once RGS is HIGH. the device starts to generate the syndrome 
for the data present on SIR. The dataon,SIR also appears on the 

SOT output. When the last data bit, which is really the last 
checkbit that was appended to the block of data, is presented on 
SIR, the error flag ERRFLG is latched on the HIGH-ta-LOW 
transition of RGS; the error flag is set for the case of a non-zero 

. syndrome. When the syndrqme is non-zero (ERRFLG= HIGH) 
and the ECCpolynomial is asserted; then the search mode is 
invoked. The state of the control pin CGS determines the opera
tion performed. The correction cycle is not invoked when the 
CRC polynomial is asserted. Figure 2 shows the data flow during 
the receive mode; 

7-.44 

SHIFT EOC 
REGISTERS ERRFLG 
AND LOGIC PATT 

TRANSMITTER DATA 
SIT' 

CHECK BITS SOR 

PASS RECEIVER DATA 
SIR __ .. +-____ .... ______ ~ 

SOT SIC---+-----, 
ERROR SYNDROME TRANSMITTER 

+----:-------!~I OUTPUT 
MUX 

CONTROL 

iAi'f 

HOLD 

CRC/ECC 

CLKIN 

CGS 
LOGIC' t--------:----------:'---.... CLKOUT 

TGS 

RJT-

Figure 2.. Datil FlOw During the Receive Mode 
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Search/Correct Mode 
Th~s~arch/correctmode is used to find the error pattern 
required to correctthe erroneous data record that hils just been 
received. The errOr pattern can be found by shifting the 32-bit 
syndrome (left by the receive operation) backwards until a cor
rectable pattern il! found, or the search is exhausted by clotking 
beyond the length ofthe data record (which indicat~sthe error is 
uncQrrectable). Note that the searCh/cor~ct mode pertains only 
to ECG operation!! and not to GRG op~rations. 

Whensn error occur's, arid correction of the error is desired, 
tf:1erearethree methods of finding the error and correcting it, 'as 
folloWs:' , 

1) Pass the syndrome Qn to the host pr~sor for software 
'correction. ' ' , , ' 

2)l?erfol'l)'l II <;arfectiOn ~tt~rn ~arch inside the Si,BER ane;! pass, 
the error Patten10ri, to I,he host processor for correction 
(hlirdware/SOftware correction). 

3) Pass, the data retord to be cor~ctedthroogh theSiBER (in 
~verse or~r) while the SiBER performs the pattern seare,n 
AND corrects Ihedata record 'onlhe fly' as, it passes through 
the SiBERchip: 

, Typically, atter th~ \iiSt,bit of the,ECG field of the"data, record 
being read is cloCkedirto the SiBER, RGS is deactiv~ted and 
HOCO is activated. bne~Qck later, theERRFLG signal WiUreflect 
tne"flnalst!ite of the EGClCRd shifttegist~r. It is at t"is time the 
system musfdecide, whether 'to periorin 'a cor~ction6r not: 
Typ~lJy, in,magneticmectiaimpJementations, thesystem,may 
per:torm on~ or mor~ retrieS ontheodata re<:0rdbefore attempt
ing ;thecotrection (some systems wrJI retry uniu· subsequent 
-reCeived EGC fiel,ds or syndromes generated;by receive opera" 

, tions. are foundtob6.identical); , 

The Syndrome can be clock~d out of the SiBER by simply 
deactivating the HOLD signal, allowing the syndrom~ to be 
shifted out of the SiBER on the SOT line. If theSiBER is to be 
used to perform all or part of the correction function, (as in 
method 2 or3), theCGS signal is activated and the HOLD signal is 
deactivated and the search operation begins. 

The first clock cycle of the searCh operation is us8ct to prepare 
the syndrome for reverse polynomial shifting. From then on, the 
SiBER looks for error burst patterns to appear in the EGC shift 
register. The exact type of pattern searched for is dependenfon 
the cQrrection span selection inpotsignals, GSO andCS1 (5",8-, 
or 1t-bit maximurnburst lengths) ~ When an error pattern thaWts 
the quaJificationsof the correction span inputs is found in. the; 
proper position of th~EGC shift register, the PATT'signal is 
activated by the SiBE:R.lf method 2 is being used, then tile error 
pattern is shifted outof the.SiBt:R.(by lowering the CSG input) 
when the PATTsighal has become active {the HOlD signal can 
be used toaiclin controlling the tr:~nsition between searehing 
and error pattern shifting, for system timing constraints). 'Note: 
the error pattern beingshiftedout of the SiBER w;lI.be WJnerated 
in the reverse order withresRect f9 theorigimildatsJecft~d.lt 
may also be noted that the error RIIttern extracted will be C$ bIts 
long (where GS repr~seYlts the sele6tlidc~rrec'tion!\P!ln )tegard-. 
lesS ontie actual ertor burstlength. When an errQtpurst whose 
length is lE!!\stf:1.an the, 60r~tionspan selected is f!?unq,t/le first 
N b~~OftheerrorPilttern frolT1t.1)eSiB~Rwillbeieros (whfllre/':J 
=c~rectioh splm - actual error borst length). For-example; if a, 
single-bit error b!J~ occurS and cor~tiori'iS gerfqfl1'Jedwith ali ' 
~bitcorrectionsPa.nselected, then Wilen the error pattern is 
found, the first seven bits of the error pattern. out of .the SiBER 
wiU be zerOs, and the eighth bit wiH be. a one. " " 

TRANSMITTER DATA 
~--++----4-'-"'-""""------I~1 RllcEI.V.ER 

CHECK BITS. OUTPUT 
• MUX 

~--------~-----~------_~CLKOUT 

Flgu..e3. Pal .• Flow During the Search/Correct M.ode for Method 1 and Method 2 • 
. The Error Syndr.omeor Pattern Is ShIfted Out on SOT 

'~5, 
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Once the palternisfound, the number of clock cycles required 
to findit,NCC, is used to calculate the position of the error. The 
calculation is made with respect to the end of the data record 
including the 32-bit ECC field. The calculation is as follows: 
ED = NCC -1 (where ED is the Error Displacement in bits, NCC 
is the Numberof Clock Cycles required to find the pattern, and 1 
for tne. searcn preparation). Therefore, if the pattern is found in 
one clock, the error displacement, ED,. will be zero, indicating 
the error pattern was foun(j at the end of the ECC field oUhe data 
record. 

Since the ECC field is used only for error detection andCorrec
tion, many systems do not store this field if dedicated hardware 
is used for correction. Therefore the Error. Displacement equa
tion can be modified to calculatethedistance with respect to the 
end of the data field, instead of the ECC field. The calculation 
would then be: ED = NCC - 33. Note that tne Error Displacement 
can, in this case, be a negative number. Tnis simply indicates 
that the error burst is partially, if not entirely, contained in the 
ECCfield. Careful consideration for boundary conditions are 
required in these cases. 

The maximum numberofclock cyCles, MNC, to find a correcta
ble error pattern with theSiBEFl is calculated as: MNC = DL + 33-
CS (where DL is the number of bits in the data field, and CS the 
selected correction span), which corresponds to an error burst 
at the beginning of the data field. The search operation should 
beterminated if the PATT Signal has not been activated within 
the number of clock cycles calculated in the above equation for 
MNC. If the error pattern cannot be found within MNC clock 
cycles, then the error is considered uncorrectable and no further 
action can be taken. 

Method 3 is implemented with the SiBER by retransmitting the 
data record through the SiBER during the pattern search. Note: 
The data record is transmitted in reverse order with respect to 
the receive operation, during the search/correct operation. 

When the SiBER finds the error pattern, the data being pres· 
ented at the SIC input is XORed with the error pattern and 
retransmitted, via the SOT output, as corrected data. During 
other periods of the search/correct operation, the data pres
ented at the SIC input is retransmitted to the SOT output, 
unChanged. 

After a receive operation with an error condition present, the 
SiBER starts the search/correct operation, just as described for 
method 2, by asserting the CGS input tine. For proper position
ing of the retransmitted data with respect to the error pattern to 
be found, the SiBER must be clocked once (if the data record 
retransmission includes the 32-bit ECC field) or thirty-three 
times (if the data record retransmission does not include. the 
32-bit ECC field) before data bits are presented .at the SIC input 
and captured at the SOT output. 

If the PATT output does not become active within MNC clock 
cyctes, as calculated above, then the error is uncorrectable. 

Example: 
Data Field = 512 bytes = 4096 bits 
Correction Span = 11 bits 

MNC = (4096 + 33 -11) = 4118 clock cycles 

Therefore, with this format, all correctable error patterns must 
be found within 4118 clock cycles from when the search/correct 
operation began, otherwise the error is uncorrectable. 

If a search operation findsthe error pattern in 1787 clock cycles, 
then the 11-bit error burst starts (in reverse order) 1786 bits from 
the end of the ECC field or 1754 bits from the end of the data 
field. This can be recalculated for forward displacement as (4096-
1754-11) bits = 2331 bits from the beginning of, or starting with 
bit 4 of the 292nd byte, of the data field. Figure 4 shows the 
position of the error pattern in the data field. 

L LAST BYTEOFECC 

'.. . 293,d BYTE (BYTE 292) 

. -------- 292nd BYTE (BYTE 291) 

'----------------_--29151 BYTE (BYTE 290) 

'-----------------------------2nd BYTE (BYTE 1) 

'---------------------------_------lsIBYTE(BYTEO) 

Figure 4. Example 
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~----------------------~EOC 
r------------~ERRFLG 

r------------~PATT 

TRANSMITTER DATA 
SIT-'---++-+-----,-+-... --------I~I 

CHECK BITS 

PASS RECEivE~ DATA 
SIR--'-4--+-'---~-+_--'------.. J 

SIC""",!,-_~ ___ " TRANSMITTER 
t-='--'--':;';";--'-"""-~I OUTPUT, . 

iiiiii' 
HOLD 

CRC/EcC 

MUX 

SOR 

SOT 

CLKIN_ C~:~L r-----'---'----------'---+- CLKOUT 
CGS 

RGS 

TGS 

Rfi' 

FigureS. Data Flow During Search/Correct Mode for Method ·3 .. Data. on SIC is 
Cot.reeled and Placed on SOT' .. , 

Multiple Burst Errors . 
. , eX~~I;.c;I, then the pa~tern flag f:>ATTremaihli LOW <;luf,ing7the 

When there is!!n error, the error flag t::RRFLGgoes-HIGH, If thl~ searcl't.,mode.· The SiBER is' recommended for detectlngand 
error is'withintn-e torrecting C!!pabiltty of the-code; then PATT . . • correcting bursts of errorS inlK bytes of data or a total of ilK bits 
goes HIGH whim the error pattern is found. If thEire rs am~ltiplif' in asedal stream.ltcanbe used for eVEm larger streams, but the 
error of two .or rnors, bursts afld the. capability of the code i.s probability of rniscorr!;lction is increased. . . .. 

Figure 6, Clock and Hold Timing 
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Absolute Maximum Ratings 
Supply Voltag.e v cc ...•........•.......................•..... ; ........ " ... . • • .• . . . • . • . . • . . . • • . . • . . . . • . . . • . . . . . . . . .. 7 V 
Input Voltage .......................................... :.~ .. ; .................... ; .. c ......... ~ .. • .. .. • .. • • .. • • • .. • •• 7 V 
Off-state output Voltage ................ ; ............ :: ............ : ...... :, ........... ;. .. .. . • . .. .. .. .•• • . .. .. • ... 5.5 V 
Storage temperature .................................. : ................................... : ................ _65° to +150°C 

Operating Conditions 

SYMBOl.. PARAMETER FIGURE 
COMMERCIAL UNIT 

: . MIN TYP MAX 

Vcc Supply voltage 4.75 5 5.25 V 

tlPW . Initialization Pulse Widt~ .7,8"' '''''20. ns 

tCRCS CRC Initialize Set-Up Time .. 7, .. 8 20 . 12 ns 

tRTS R/T Initialize Set-Up Time 7,8 15 8 .. " ns 

tGSS Generat~ and Shift Set-Up Time 7,8,10,11 50 ,27 ns 

tGSH Generate and Shift Hold Time 7,8,10 0 ns 

tSIS Serial Input Set-Up Time 7,8,11 50 32 ns 

tSIH Serial Input Hold Time 7,8 0 ns 

tHS Hold Set-Up Time 6 45 24 ns 

tHH Hold Time for Hold Input 6 0 ns 

TA Operating free-ait temperature ':" 0 75 °c 

Electrical Characteristics Over Operating ConditIOns 

SYMBOL " PARAMETER '. TEST CONDITION MIN TYP .MAX ,UNIT 

VIL Low-level ilJputvoltage .'. 0.8 V 

VIH High-level input voltage 2 V 

VIC Input clamp voltage Vec=MIN II ,,-18 mA .,.1.5 V 

IlL Low-level input current Vee = MAX VI = 0.4 V 0.25 mA 

IIH High-level input current VCC=MAX . VI = 2.4 V 25 JJ..A 

II Maximum input current VCC=MAX VI =5.5V. ,·,I·i . 1 mA 
.. VCC=MIN' . 

VoL Low level output voltage VIL = 0 .. 8 V lol = 16 rnA 0.5 V V 

': VIH ,=2V,' 

VC0;;MIN 
. '. 

VOH High level output itoftag? VIL=0.8V 101"1 ="-32 mA . 2.4 V 
VIH ';2V····· '.", ,,,." , 

lOS Output short-circuit current'" VCC=5V Va ;;OV . .,30 -1.30 mA 

lec Supply current Vce" MAx .'. 280 360 mA 

* Not more than one outputshould be shorted at a time and duration of the short-elr.wl should not exceed one second. 
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Switching Characteristics Over Operating Conditions 

SYMBOL PARAMETER 

fMAX Maximum Clock Frequency 

tSIO Serial Input to Output Delay 

tGSO Generate to Serial Output Delay 

tClKO Clock to Output Delay 

tERR RGS to ERR Delay 

tPAT Clock to PATT Delay 

tEOC Clock to EOC delay 

tFR Initialize to Flags Reset Delay 

tCD ClKIN to ClKOUT Delay 

Standard Test Load 
5V 

3OO1l 

FIGURE 

6 

7,8,11 

7-11 

7,9,10 

8,9,10 

10,11 

10,11 

8 

6 

OUTPUT TEST POINT 

75011 50pF 

ClKIN 

CR~ 

RIT 

loss (2) 

TGS 
(1) 

NOTES: 1. After Initialization the chip is in a hold mode (idle) for as long as TGS is LOW. 

MIN 
COMMERCIAL 

TVP MAX 

15 

25 35 

' 25 35 

49 60 

20 30 

33 42 

33 40 

27 35 

12 18 

. ,lnpul Pul •• = 3 V 
Inpul RI .. and Fall Time 

(10%-90'10)2,5 n. 
M.a.~ni""'nl madul1.5 V 

(3) 

CHECKBIT 
VALID 

2. When TGS is HIGH, the data to be encoded is shifted into SIT. The maximum data length is 1K bytes. 

UNIT 

MHz 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

3. When TGS is lowered in the transmit mode the checkbits are shifted out on SOR. There are 32 checkbits for the ECC polynomial and 16 for the 
CRC. polynomial. 

Figure 7. Transmit Mode 
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SiBER673480 

CtJ(IN 

,CRC/ECC 

loss (2) 1--l-losH 

RGS (1) 

'SIS-I-·I--" 

ISIO 

SOT lSTSYN. 

'ERR 

ERRFLG 
(3) 

PATT 

14--I--~R 

EOC 

NOTES: 1. Aft~r Initialization the chip iSjn,a hold mode (idle) for as long as RGS is LOW. 

2. When RGS is HIGH, the data followed by the checkbits is shifted into SIR. The syndrome is generated from this data. 

3: The error'flage ERRFtG is pulled HIGH if the syndrome is non~zero or kept LOW. if there is no error. 

SYN.; Syndrome Bit Valid 

Figure 8. Receive Mode 

MonoIllhICUD.emor/es 
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CLKIN 

RGS 

CGS~~-t---------------r------~-----------

SOT ,/II\IV\NVVVum. 

J~' u ___ n ___ __ 

ERRFLG ..... . . .. . (2) 

PATT LOW 

EOC~L~O~W~ ____________________ ~ ____________ __ 

NOTES: 1. When RGS is pulled LOWin the receive mode andCGS andPATT are LOW, thelS-bit syndrome for the CRC polynomial or the 32-biI syndrome for the 
ECC polynomial is shifted out on SOT. This is cal/ed the search mode. 

2. The error flag ERRFLG remains' LOW when' there is no' error. 

SYN. 0 Syndrome Bit Valid 

Figure 9. Search Mode for Software Correction 

CLKIN 

RGS 

CGS 

ERRFLG 

PATT 

IEOC (5) 

EOC 
If 

NOTES; 1. When eGS Is HIGH, the SiBER is clocked dntil PATT is flagged. This i's'the search ,mode in \,o\Ihich the location of the error p'attern is determined. 

2. The error flag ERAFLG remains LOW if there is no error. 

3. A multiple error is indicated when ERRFLG is HIGH and PATT remains LOW. 

4. When eGS is lOWered aft'er PATT gOes HIGH, the error. pattern is shifted but on SOT. This ,is calted the correction mode:. 

5. 11 clock cycles after PATT is flagged, EOC goes HIGH. 

E.P. ::: Error Pattern Bit Valid 

Figure 10.· SearchandCorrect.Modes for Software/Hardware Correction 
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ClKIN 

RGS 

CGS 

(1) 

SIC MMJWWlMlIMMJMlWlfInt. DATA VALID 

SOT r.tJi.'ff:IJf:itJ..rtJjm'fiii.~V\..._---I -EtERR ..... . 
. ". \ 

ERRFlG __________ ~) ____ _ 

(5) 

PATT 
.(4) 

-......,.--------""'----\1\---......,.-'"'.1- - - - - -- - - - - - ---

EOC -------------""""'""\\l-\ ----------~,J 
NOTES: 1. Data placed on SIC .istransmilled to SOT. This feature allows the user to Implement a ready-moililY-write operation on buffered data without paying 

allention to the pallern flag PATT. . 

2., When,CGS is HIGH the.SiBER is.clocked until PATT is !Iagged. This Is the search mode in which the location oHheerror pallern is determined. 

3. The error flag ERRFlG remains lOW il there is no :",ror. 

4. A multiple, error .is indicated when ERRFlG is HI.GH and PATT. remo.ln. LOW,... .' ' " 
'5. When PA TT is t-IIGH, th~ data ~(ro .. SICi. in';'rted:il erron~ous.ilnd ,~ti~d out'On SOT:: 
6. 11 cl~k.cycl~afterpA"T;:r is flagged. EOCgoes HIGH. . '" . "j;':' '. ' '.' . 

C.O. = Correc1edData Bit Valid 

Figure 11. Search and COrrect Modes for Hardware COrrection 
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Application 

Figure 12. System Block Diagram 

SECTOR 
BUFFER 

DATA 
SEPARATOR 

OR 
ADAPTER 

TO SERIAL 
DATA LINK 

The SiBER and the Serializer/Oeserializer (SEROES) block, 
shown in more detail in Figure 13, reside in the front end of a 
typical system. This block will append the checkbits to the data 
under transmission and it will generate the syndrome from the 

received data. Correction can be performed in case of an error. 
Four operations take place under external control provided by 
the control logic blOCk. 

CONTROL LOGIC 

TOANO 
FROM 
DATA 

SEPARATOR 
AND 
MFM 

ENCODER 

Figure 13. Detailed SiBER and Serializer/Deserializer (SERDES) Block 
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FIFO Product Selection and Application Guide 

FIRST-IN FIRST-OUT BUFFER MEMORIES 
Product Selection and Application Reference Guide 

Low-Power FIFOs 
CASCADABLEI MAXIMUM ORG. MAXIMUM FEATURES PACKAGES 
STANDALONE DATA RATE ICC 

67l401' SMHz 64x4 100mA N,J,Nl (20) 

67l402' S MHz 64xS 130mA N,J,Nl (20) 

C67l401D' lSMHz 64x4 l00mA 10l= 24mA N,J,Nl (20) 

C67l402D lSMHz 64xS 100mA 10l = 24mA N,J,Nl (20) 

C67l4033D lSMHz 64xS 11SmA 10l = 24 mA, Three-State, Status Flags N,J,Nl (20) 

C67l4013D lS MHz 64x4 100mA 10l = 24 mA, Three-State N,J,Nl (20) 

* Standalone only. 

High-Performance FIFOs 

STANDALONE MAXIMUM ORGANIZATION FEATURES PACKAGES DATA RATE 

67411A 35 MHz 64x4 10l = 24mA J 

67412A 35 MHz 64xS 10l = 24mA J 

67413A 3S MHz 64x5 10l = 24 mA, Three-State, Status Flags J 

67411 2SMHz 64x4 10l = 24mA J 

67412 2SMHz 64xS 10l = 24mA J 

67413 25 MHz 64x5 10l = 24 mA, Three-State, Status Flags J 

Standard FIFOs 

CASCADABLE STANDALONE MAXIMUM DATA RATE ORGANIZATION PACKAGES 

C67401 67401 10 MHz 64x4 N, J, Nl (20) 

C67402 67402 

I 

10 MHz 64x5 N. J, Nl (20) 

C67401A 67401 A 15MHz 64x4 N, J, Nl (20) 

C67402A 67402A 15 MHz 64x5 N, J, Nl (20) 

C674018 674018 16.7 MHz 64x4 N,J 

C674028 674028 16.7 MHz 64x5 N,J 

8-4 MonoHthioW··Memories 
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System FIFOs . 

. ' '.'. . ... 
DEVICE DESCRIPTION ORGANIZATION' PACKAGES 

67417 Serializing FIFO Memory , 64x8/~ J 
'Serial data buffering with optlonarSerial-to:. 

.\ 

Parallel or Parallel-ta-Serial data conversion 

674219 FIFO RAM Controller Up to 64K words J 
Provides control for SA.AM to.act as a 

. FIFObufter 

FIFO Applications 

APPLICATION KEY REQUIREMENTS 

Microprocessor/CPU Data rate of processor 
Buffering SY$lem architectul1;l (word width) 

. : ..•. : ,\; ... /. 

. Periphe~ls I;' High data.rate or 10~ power 
. , 

St\ltus flag 

: .' .'. . 
DatalTelecom High data rate or low power 

f· 
Status flags '. 
Word depth (h:ighstorag,e.capacity) <: 

, .. Data format (serialprparallel) 

Data Acquisition ~,.' . .liigh data·.rate . 
. 

,,' .. ' 

.' 
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FI'FOs:Rubber·Band Memo'ries' 
to "Hold Your SY$tem Together 

,. ~'. . . , , , ~ 

C~UCk Hastings 

Introduction 
bata-rate matching problems are a very basic partofthe life oia 
builder of digital systems. Some important electromechanical 
devices such as disk drives produce or absorb data at totally 
inflexible rates governed by media recording densities and by 
the speeds at which Smlilll electric motors are naturally willing to 
rotate. Other devices such as letter-quality printers have 
maximum data rates beyond which they cannot be hurried up, 
and which are relatively slow compared to the rates of other 
devices in the system. 

Microprocessors and their associated main memories are 
generally faster and more flexible than other system .compo
nents, but often operate with severly degraded efficiency if they 
must be diverted from their main tasks every few milliseconds to 
handle data-ready interrupts for individual dribs and drabs of 
data. While 'one day at a time" may be a sound principle by 
which to live your life,"one bit at a time" or even "one byte at a 
iime" is not a philosophy by which to make your microprocessor 
live if you want the bes.t possible service from it. 

Today there are components called "FIFOs" which let you keep 
your hardware design simple, and let each portion of YOW 
system see the data rate which it wants to see, and yet let you 
avoid hobbling the performance of your software by constantly 
Interrupting your microprocessor,' or even by intermittently 
halting it in order to let DMA (Direct Memory Access) circuits 
take over control of the main memory for a short time. FIFOs 
Tnay be thought of as "elastic storage" devices - "logical rubber 
bands" between the different parts of your system, which stretch 
and go slack so that data rates between different subsystems do 
not need to match up on a short-term microsecond-by
microsecond basis, bllt only need to average out to be the same 
over a much longer period of time. 

This tutorial paper both describes what FIFOs are in general, 
and introduces the 64x4 and 64x5 Monolithic Memori,es FIFOs 
in particular. 

W"a~ is ·8 . FIFO? 
F1f:O is one of those made-up words, or acronyms, formed from 
the'initillis of a phrase- In this caSe, "First-In, First-Out." 
Originally, the phrase "First-In, First-Out" carrie from the field of 
operstiorlS research,. where it desCribes a queue disCiP//n$ 
w\1ich may be applied to the pr~ssing,ofthe e~ments of any 
qu~ueor waiting line: There is also· a LIFO, or . "Last:ln, 
First~Out" queue discipline. The terms FIFO and 1.,IFO have also 
been used for mljnyyears by accountants t",describeformal 
procedures for ailooating. the costs of items withdrawn from an 
Inventory, where these itemS have been bought oVer a periOd of 
tirn'~ at varyingpricl!S. 

You can probably think of some simple, ev~ryday objects which 
in some manner behave according to the FIFO queue discipline. 
For instance, little two-seater cable-drawn boats are drawn 
through' an amusement park tunnelcif love one by one, and 
must emerge froin the other end in the same order in which they 
entered the tunnel - "First-In, First-Out." The old-time coin 
dispensers used by the attendants at such amusement park 
features, or by city bus drivers, are "buffer storage" devices for 
coins which handle the coins in this same manner. (See 
Figure 1.) 

N P 
I E 
C N 
I( N 
E ' I 
L E 
S S 

Figure 1. Primitive Mechanical FIFO Device 

Notice also that the input of a coin into one of the tubes of such 
a coin dispenser through the slot at the top, and the output of a 
coin at the bottom of that tube when the lever for that tube is 

• pu~hed, are cortlpletely indepenP,efllElverts which do nOlhllvlil 
. to be SYflchronizediriany wiiy;~s long as the t~beJs [leither 

totally empty nor totally full. However, if the, Ml~fills. up 
complete!y, a coin inserted intothe,slot wilinotg:o into th~ 
tuba. Likew.ise, ·if the tube empties oul.completely, .nocoinis 
. released frpm the.tupeat thebotlom wh.!!n ttlefeller is pressed. 
The coin tube thus behayesaS 'MasynchrQnous FIFO. Keep 
this 110rnelye{C8mpte in mind.", 

'incomputer technology, both the .FIFO queue diSCipline and 
. the'LlFOqueUlildi$cipline, are' freq!Jently used .tocontrol the 
in~rti~narll;rw,'th(l~a:;o.:~1 of i~forrMtion frornabuffer memory, 
or' from. a dedicated buffer. ~ionof some. larger memory. In 
input!outputprog,amming Ptactice, a' FIFO memory region. is 
Sometimes referred to as a circu1ar buffar, and in programming 
for computar-controlledtelephone systems it is called a 
hopper. A LIFO memory region is usually TI!ferred to'as a staCk. 
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Both FIFO and LIFO memories have frequently been im
plemented as special-purpose digital systems or subsystems, 
but as of the present time only FIFO memories are commonly 
implemented as individual, self-contained semiconductor 
devices. 

Representative FIFOs 
To give you the flavor of what these semiconductor devices are 
like, I'll describe the type 67401 64x4 FIFO and type 67402 64x5 
FIFO which have been available for several years from Mono
lithic Memories. ("64x4" here means containing 64 words of 4 
bits each.) These parts have a basic, easy-to-understand 
architecture and control philosophy. They also happen to be the 
fastest FIFOs available through normal commercial channels as 
of this writing, and they are in widespread use for applications 
ranging from microcomputers up to IBM-lookalike mainframes 
and large special-purpose military radar processors. A 67401 is 
internally organized as follows: 

INPUT 
READY 

SHIFT 
IN 

Figure 2. Architecture of the 67401 FIFO 

The list of signals/pins for the 67401 is: 

TYPE HOW MANY (CUM.) 

Data .In 4 4 

Output 4 8 

Control: 

Shift In 1 9 

Shift Out 1 10 

Master Reset 1 11 

Status: 

Input Ready 1 12 

Output Ready 1 13 

Not Connected 1 14 

Voltage: 

VCC (+5V) 1 15 

Ground 1 16 

liON 

I 

0 

I 

I 

I 

0 
0 

-

V 

V 

The corresponding list for the 67402 differs only in thatthere are 
five Data in lines rather than four, and five Output lines rather 
than four. The reason that there is an unused pin is that the 

67401 was originally designed as a faster bipolar upgrade of a 
MOS part, the Fairchild 3341, which needs a second power
supply voltage (-12 V) as well as V CC. Much olthe description to 
be given here of the 67401 also applies to the 3341, except for 
data rate - the67 401 can operate at 5-35 MHz depending on the 
exact version, compared with approximately 1 MHz for the 3341. 
Pinouts are indicated in the data sheet. 

The reason for having a 5-bit model as well as a 4-bit model of 
basically the same part is that if two 4-bit FI FOs are placed 
side-by-side they make only an 8-bit FIFO, and many people 
have FI FO applications which entail using a parity bit with each 
byte, and/or a frame-marker bit with the last byte of a frame or 
block, which means thatthey want 9-bit or 10-bit FIFOs. A67402 
next to a 67401 makes a 9-bit FIFO, and two 67402s make a 
10-bit FIFO. But I'm getting ahead of myself. 

A logic HIGH signal on the Input Ready line indicates that there 
is at least one vacant memory location within the FIFO into 
which a new data word may beinserted.Likewise, a logic HIGH 
on the Output Ready line indicates that there is at least one data 
word currently stored within the FIFO and available for reading 
at the outputs. The operation of the FIFO is such that, once a 
data word has been inserted at the Data In lines (the top of the 
FIFO, as it were), this word automatically sinks all the way to the 
bottom (assuming that the FIFO was previously empty) and 
forthwith appears at the Output lines. (Remember the synonym 
hopper?) in keeping with the F=IFOqueue discipline, the first 
word which was inserted is the first one available at the outputs, 
and additional words may be withdrawn only in the order in 
which they were originally inserted. 

There is no provision for random access in these FIFOs, since 
their internal implementation uses one particular variation of 
shift-register technology. Each FIFO word consists of 4 (for the 
67401) or 5 (for the 67402) data bits, plus a control or "presence" 
bit which indicates whether or not the word contains significant 
information. There are thus 4 or 5 data "tracks" and one 
presence "track" if you look at a FIFO from a magnetic:tape 
perspective. What the Master Reset input does is to clear all of 
the bits in the presence track, and in addition to clear the very 
last data word (at the "bottom") which controls the Output lines. 
The other 63 data words are not cleared, but it doesn't really 
matter; their status is like unto that of operating-system flies 
whose Directory entries have been deleted, in that they can no 
longer be read out and will get written over as soon as new 
information comes in. 

"'FIIlST-IN,FIIlST-OUT' ... DESCIlIBES . A QUEUE DISCIPLINE 
WinCH MAY BE APPLIED TO THE PIlOCESSING OF THE ELEMENTS 
OF ANY gUEUE ... ", 

IIIIonoIIIhIo IUD Memories 8·7 
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We now return to what happens when a new data word gets 
inserted at the "top" of the FIFO. A mark (call it a "one") is made 
in the presence bit for word 00, the first word. Assume now that 
word 01 is vacant,so that there is a "zero" in its presence bit. The 
internal logic of the FIFO then operates so that the data from 
word 00 is automaticallywr.itten into word 01, the presence bit 
for word 01 is automatically set to "one," and the presence bit for 
word 00 is automatically reset to "zero." I.f word 02 is likewise 
vacant, the process gets repeated, and so forth until the same 
piece of data has settled into the lowest vacant word in the FIFO 
~ the next' lower word, and all the rest, have "ones" in their 
presence bits, blocking further changes. 

Conversely, now assume that at the moment no data word is 
bei ng input, but that one has just been output. Then the bottom 
word in the FIFO - word 63 - has a "zero" in its presence bit, 
but there are a number of other words above it which have 
"ones" in their presence bits. The data in word 62 then moves 
into word 63 in the same manner described above, and the data 
in word 61 moves into word 62, and so forth, until there is no 
longer any word in the FIFO having a "one" in its presence bit 
which is above a word having a "zero" in its presence bit. The 
effect .is that of empty locations bubbling up to the top of the 
FIFO. Or, in case you are one of those elite individuals who has 
been exposed to the concepts and jargon of modern semicon
ductor theory, you may prefer to think of the FIFO operation as 
one in which data ("electrons") flow from'the top of the FIFO'to 
the bottom, and vacancies ("holes") flow from the bott0nl of the 
FIFO to the top. In the general case, of course, new data words 
are being input at the top and old ones are being output at the 
bottom at random times, and there is a dynamic and continually 
changing situation within the FIFO as the new data words drop 
towards the bottom and the vacancies bubble up towards the 
top, and they intermix along the way. 

An obvious consequences of this manner of operation in shift
register-technology FI FOs is that it takes quite a bit longer for a 

·data word te pass all the way through the FIFO than the min
imum time between successive input or output operations. 
There are various versions of the 67401 and 67402, rated at 5, 7, 
10, 15, 16.7 or 35 MHz over commercial (O°C to +75°C) or 
military (-55°Gto +125°C) temperature ranges. Thus, for 
instance, a 16.7-MHz FIFO can input data words at the top 
andlor output data words at the bottom at a sustained rate of a 
word every 60 nanoseconds. However, the "fall-through" time, 
tpT for these same FIFOs is stated in the data sheet as 1.3 
microseconds, which is a long enough time for 24 words to be 
input or 24 words to be output! There is in principle also a 
"bubble-through" time for a single vacancy to travel from word 
63 all theway back to word 00, which should be identical to tpT, 
and probablyis.although as measured on a semiconductor 
tester it may differ!>}' as much as 50 nanoseconds, which is 
probably due to'artifacts of measurement.By the. way, the stated 
operating frequencies and the tpT value are ''worst-case'' (gua
ranteed) numbers; the "typical" values observedin actual parts 
are necessarily somewhat better, sihce'semiconductor manU
facturers are obliged to take any parts back which customers can 
prove do not meet the worst-case numbers, and some margin of 
safety is always nice. 

Besides Monolithic Memories,other manufacturers of high
speedFIFOs include Fair.child Semiconductor, Mostek, Nafional 
Semiconductor, RCA, Texas Instruments, and TRIN LSI Pro
ducts. MOS (slow) FIFOs are available from Advanced Micro 

Devices, Fairchild Semiconductor; Texas Instruments, Western 
Digital, Zilog, and probably other firms. FIFOs in development or 
available at just about all of these vendors also offer new bells 
and whistles which I haven't discussed, such as three-state 
outputs, serial (one-bit-at-a-time) as well as parallel data ports, 
and additional status flags. For instance, Monolithic Memories 
now has the 67413 FIFO which has a "half-full" flag which tells 
when half of the FIFO's words contain data, andalso a second 
flag which indicates that the FIFO is either "almost full" (within 8 
words of full) or "almost empty" (within a words of empty), 
reminiscent of the "yellow warning interrupt" in Digital Equip
ment Corporation PDP-11 computers. This "almosHull/empty 
flag" can be used as an interrupt toa microprocessorto indicate 
that some action must be taken,. and the microprocessor can 
then examine the "half-full flag" to see what it actually has to do. 

There are also other design approaches to. the inSides of a FI FO 
besides the one based on shift-register technology which has 
been described here. For instance, a FI FO may be organized as 
a random-access memory ("RAM") with two counters capable 
of addressing the RAM right within the chip. an "in-painter" and 
an "out-pointer." The counting sequences, of cQurse, "wrap 
around" from the highest RAM address back to zero. The out
pointer chases the in-pointer, the region just traversed by the in
pointer but not yet by the out-pointer contains significant data, 
and the complementary region is' logically "empty." This 
approach involves good news and bad news: the good news is 
that the long fall-through time goes away, but the bad news is 
that now reading and writing typicaliy interfere with each other 
- unless the RAM is "two-port," they cannot be done 
simultaneously at all. Also, since this approach is more costly in 
"silicon area" than the shift-register approach, it would not result 
in as large FIFO capacities for the same size die or the same 
power consumption. In practice, this approach has only been 
used for MOS FIFOs which have turned out to be quite slow. 

Another design approach is somewhat intermediate between 
the pure RAM approach as just described and the shift-register 
approach. It uses "ring counters" on the chip instead of full
blown binary counters. What this means in practice is thatthere 
are now two extra "tracks" along with the data tracks within the 
FIFO, plus also an input data bus and an output data bus. Single 
"one" bits move along the in-painter track and the out-pointer 
track, and the out-pointer chases the in-pointer as before. The 
RAM is effectively two-port, arid the two parallel buses both go 
to each and every word. Texas Instruments has announced 
some small (16x4) bipolar FIFOs based on this technical 
approach. Like the pure RAM approach, it gets rid of the·fall
through time but needs proportionally more silicon area to store 
a given number of bits. 

Designing with FIFOs 
Returning now to the Monolithic Memories 67401 and 67402, if 
what you really need is a "deeper:' FIFO, say 128x4 instead of 
just 64x4, these parts are designed to cascade using a simple 
"handshaking" procedure, without any external logic at all! If 
FIFO B follows FIFO A in the cascading sequence, the Shift In 
control input of FIFO B is connected to the Output Ready status 
output of FIFO A, and likewise the Shift Out .control input of 
FIFO A is connected to the Input Ready status output of FIFO B, 
and the Master Reset control inputs are all tied together. (See 
Figure 3.) That's all there is to it. Any number of FIFOs maybe 
cascaded in this manner. 

8·8 I/IIonollthlc W Memories 
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r~~-; 11f;;/v;/I/ ..... .. 
" ••• THE MONOLITIIIC MEMORIES C6 7 40lANP C6 7402 .• ,ARE 

. .' DES1G.NEP TO CAScADE USING. ASlMPLE 'HANDSHAIONG' 
PROCEDURE .• ;" 

SHIFJptlr 

OUTPUT READY 

}OATAOliT 

J ' 

.' figure 3.Cascadlj,g. Flr=08 to F~ 1281f4FIFC), 

ff. ~ha,~)<iur~afly ,?~?i~a"~!ger»F1Fo.·the~Y~Ul!i~ply 
arrange64x4 or64x~AFOs slde-bY~Slcje up!O thereqwred 
width. Then. you use an external ANO'gate such as'/174S08 
Or 74811 to AND the input Ready signalS of fhe first rank of .'. 
FIFOs iflhere is. more than one rank; or of ifieonly rankpr 
FIFOsif there isn't(~e Figure12 in Ihe FIFO dat!lsheet.) Lik&
wise, Ii similar AND gate isalso needed toAND the OutputReady 
signals of Ihe last rank of· FIf"Os;·lf you didn'l provide tl1ese. 
AND gates and justlook lhelnput Ready signal of.onefl FOas 
representative''Ofwllen the whOle arraywas ready, you would be. 
taking tne ralOei' farge gample ,that youhad cQrrel::t1y chosen the 
stowest rOWlnthiSllrray -'-and If you ChQ~ia\:vrpngiy; 4cbft or 
5~bit chunks oLyi:>4':>inputword might nofget~eI!d co'rr~tiy 
intO tlle'FlfO wherethey·were sfilpposed to gO. Ditto on the 
oulputside. So Ii~ usetheAND gates.·'· . 

AithOlJ9h a..h\Jmungus number of 67401s and 67402sarein use 
WOfldcwidEl giving ha~e-::tree.service; itShoulif be l<epfin 'mii'!d 
that these' devices are asynchronous SiJquef1tlill·eircuits. (dne 
definiti~n of "asynChronous sequentialclrcl.lir:, is, .... 11 ~ft!;lilOl,!il 
coHE\Ctjop of raceconditions,"but that definillon. isunouly 
slirdi)til!i.forverY.~relllfly .designell paes .SUChiaS.~~~~\3J If 
your board is subject to noise. or If certllifl' data, Sheet·§Eltup,-i 
time an!t hold-timer;ondition$ are opcasionally nOt meto'err-ors 
may OCCUr: It is j:)tudent system..aesignpractice't~e~ 'SO 

olte!) 'a!l9w anar,a'y GifFIFOs'.!o,eri)ptY out cQm~e~IY; a,nd 
,tlll!l'l'isslHl'aMaster~eSet:, (l'11l.assl:/lTlfn9,cfcoU~i to sflirt: 
)Yfth that you're flotthe kind. of turkey who has toJ'le'1pldto , . 
iS$ue!fMaliter Reset ,all eartofyour p6\111er"(,j~ ljeqUenCe:) .In·. 
tne,eVent Itmf youslill get what"appeal'to be 'occ~ionale:trors., 
veyY'smafl (Say from 22 to 68 picofarads} p:apacilo'rsfr.o;P both 
tI1El'~Filfttn.~o"tf9Ijnl'ut !lnQ, tt)e~tiift. QuOi:,lptifof .it t:JFO to 

.~, r.' " < ' , " ,,' : ',': .~. >\:0 , 'I" ,.,. 'i ~ 

ground wiUoltEjn eliminate these. Buiby all means stlirt with a 
good circuit tloard - these are high-speed-Schottky~technology 
circuits, and like to see a lot of ground-plane metal on lhe board~ 
alon9 witli other reputable interconnE!ction practices such liS 
0,1 ~microfarad disk capacitors between Vee . and ground 
for each chip to bypass swifuhing noise: ' 

The sequence of events which·occurs during. the operation of 
shifting a new data;Word into the "top" of a FiFO is shoWQ in 
Figure .3 in tl:le ,FIfO· datashEl&t, and the .. corresponding 
sequence of events for shifting outthe bottom word is shown jn 
Figure 7inthe FIFOdatasheet:lnbQth ofthesefigures, ithas 
beenassumedthatthe external logic ~ whether!, be the,rest of 
your system, or just another FIFO - refrafl:ls fr()m rai~ing. the 
respec\ive 8hiftline tpHIGH until the respective.ReadyUne.;has 
gone .HIGH. If the $hiftline is raised l;lny.earlier,it sin1lply gets, 
ignored. .. 

When two,FIFOs arecascadeQ as shown'iri Figure 3; the 
sequences of eventsshowfl in data-s~tFigtJre$3and lare 
subject to the a9ditional gr9~nd rul~ that the Outpui ReadY',Ii~e 
Of the FIFOon thErlenin. Fi9ure3'(call it,'FIFO j...) is identically. 
the Snift In .line ofthe FIFO on tl1e right (call it "FIFO B"p And Uk~. 
wise,the Input Ready line of FIFO B is identically the ShiltOut 
line of FIFOA. In theterminoltigy we.haveI>eer!7using: FtFO"A 
is the :'upper" FIFO ,!\ndF1FO B is, the :'lower" FifO: Altho!Jgh 
you cjo not normally need.to becO~cerne,d aOoutw/iat happ~ns 
when t~o FiFOSatehO(jke~ togethe'rtOr'ci:iscadfldoPflration in 
thlsinanner,'si;u:'e the "handshake" 9PC\J1's quite automatically 
witho'LiUherest ofyourc\'09iCnavib'g to dQ anYthing tom~ke it 
happen. iti.s anlilumin/lting exeroise(ocoi:lsiderdat/l~eet Fig". 
ures3and 7. together in this ji9ht and. see wl1y.t1le cascading 
works,' ,,' , " . 

fn.the generalcaseiboth FIFO AandFIFO Bareneithercom: 
pletely fuUnoicompletely elTlPty, ThU$,trolTlthe/d~ription 

. 'alrelidygiven of RFO internal operatiOn.' after .somi:lperiodof 
time there wili be a signIficant piece of data inword63 or FIFO A 
lind a "olle"in the ~sence·bit tor thaf;wotd .• SincethewOrd-63 
presence bit.is wha,tcontrols the Output R.eacjysign/l!. toe latter 
will atsomepOil1t in time go H,IGH and.aUhat same pOi(ltin time 

. thedatcl word in FIFO Aword 63 is prese(lt attne o.utputlj~. 
, Likewise, aftersomeperio.d,of timli .. ¢1~rawilll:>eavacancry iJ) 

YlordOQpflCl!,OB, ar,l9a "zerq':.in;thepreseno~bit forthat'jVo{o 
which. inturn;res~lts'in the lnput Readysigna,lgoing. HI~H. 
Re,memberin9l1ow tflatel\(:h of the$&RaadySignalsis in facttt;te. 

,respectiXe,IY-OPPoslteShift.$ignal for. the Qther FIFOJtmay ~ 
'seen ,fromd.ata-sheetfig\lr& 3 that the·col1di,tionsf~r; inputting" 
worp .i~f()FIFO B have ,nowbeenmet,>and (rpm dall\~t 
FI9ljre 7 .that tl1~ CQodjtiOns for, 0LJtpU.ttin9 II wordfromJ:'IfO A'.' 
and ""Jowing the ne~t,<ivailable piece ofdall\.from somewhere 
jwtner\~t:.p" in FIFG; A to~nterf'FO A 'oNQrd:6:3 . have alsobeE!n 
.1)1~t., Th~ tm,e .delaYl! ~h9~illb~h(jatacsheEit FI94\'ei>,3~!'ld 
cj<ita"sh,eet Figure 'Nrom. the eventat2t6the event at 3. lind frOI)1 
the eve.,t at 4 fo the event at SA. allt asynchronous internal~ 
rOgic.aetermined tihi~61theoroer of fO\Jr or. fivegafe dei@Y!i, 
'~~retqe;g~tes inql:lestioh arehigh:sp~..gcoottky[SI kite;;" 
aalgates anQ:hayesignificanJIY less p~"ag~tklndelaythan thl:! 
SSI'gatflS you 'can reap al:loGt in data SheetS. ." '. '.' ". . ". ' .• 
HeturnlQgnowtp app.i;ing,~ tilT1iflQanaly'~issl'lo'wninpai!i. 
sl:leetFigure.Et3 and no tnecase of FI~O:Pi,anl:!FIFO 8' oper~tit')Q 

)rn,(:ascaded l)1ooe, ?9liGethat eachmovemeOf(ri§jngqrfaUing) 
\,f t~fl Rel¥iy.s.i~nar!oron~fIFOisac~.v.at~~y tlJ&~¥e.~nt i~ 

. "'I!mn .. . . 
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FIFOs: Rubber-Band Memories to Hold 'Your System Together 

the oppo,site sense (fallil1g or rising, that is) for the Ready signal 
from the'other part.Tl}e two signals, ORAISIB (meaning "Out
put ~eady AU which is~he$ame signal as "Shift In B") and 
IRB/SOA, cannot both remain HIGH at the same time for more 
than a fewnanoseconds,sinee if they are both HIGH a data word 
will pass between the two FIFOs Il$ already .described. So, atthe 
point When both these'quence of events shown in data-sheet 
Figure3 and the sequence of events shown in data-sheet Figure 
7 have been completed, and consequently.ORAISIB and IRB/
SOA have both gone HIGH again, another similar sequence of 
events occurs for both F.IFOs and another word is passed, and 
so'forth. This process continues apace until either ORAISIB 
sticks'LOW, which can happen if FIFO A gets'completelyemp
ti.ed out of data words and has "zeroes" everywhere in its pres
eneetrack; or untilIRB/SOA sticks LOW,which can likewise 
happen if FIFO B gets compietely filled and has "ones" every
where in its presence track. When such a deadlock situation 
0c::curs, it lasts until a new data word has been input into FIFO A 
and hilS had time to ''fall .all the way through" and settle into 
FIFO A word 63, anmtil the data word in word 63 of FIFO B has 
~n read out and th.e resulting vaCancy hashad time to"bubble 
alOhe way backup" into FIFO B word 00, as the case maybe. 

Various Uses tOI'" FIFOs 
The classical FIFO application, as already mentioned at the 
be~nning of this paper, .is that of matching the instantaneous 
data rates of tWo digital" sy$1ems in a Simple, economical way: 
One o(the two systems may, for reasons of design economics 
or even of utter necessity, wani to emit or absorb data words in 
ullra-high-speed bursts, whereas the other one may prefer to 
operate at a slow-l5ut-sleady data rate or even at an erratic ra.te 
which varies between ultra-slow and sloW or even between slow 
and fast. No matter -.it's·all the same toan asynchronous FIFO 
such as the 67401 or 67402, as· long as the input rate and the 
output rate do match up over a. long period of time so' that it 
neither fills up nor e'mpties oul .. 

There are, however, some .additional uses tor FIFOs which arise 
from other, rather different eircumstances, For instance, your 
digital system may 'simply need some extra buffer storage 
scattered around foCally at·' different pOints on-' your' block 
diagram, and. you and your'system may really just not care 
whether this storage is accassedon a random orona'queue 
basi!!. Under these circumSt;inceS, itis'ordinarilyless haSsle to 
use 'a FIFO than to use a small RAM and come IIp With some 
extra logic to genetateaddressesandliming signals for it. Often 
the FIFO modus operandi' is in facl the natural 'one for the 
application; as for instance when your system must accumulate 
a block of 64 characters and then run them by all at once in 
order to examine them for the presEince of sOme bontrol 
character, using some scanning logiC .:..- or perhaps evell a 
microprocessor -.: which/is ;otherwise occupied most of the 
time. " ' 

A ,less obvious' but:interesting application ,of ,FIFOs' is' as 
aUJomatic "bus-watcl"lilrs"for .jump:history recording for l)ar4-
w~re or even software,diagnostic purposes. A FIFO who~ 
inputs are connected to.a minicomputer'sprogr~mcounter' or 
microprogram counter, or'to a microcomputer's'main address 
bus, may be operated so as to record every new jump addreSs 
generated by' the program. ThiS'way,if at some point the 
hariiware freaks out or the oPerating system crashes, a record 
exists of the last 64 'jumps which were taken before the system 
Was halted, assuming of course that you have provided some 

way for the system to sense that all is not well and halt itself. 
Such a record of jumps can be very valuable in traCing out what 
happened just before everything went haywire. F:IFOs may be 
used in this way either as part otbLiilt~in self-monitoring features 
in digital systems, OJ as part'Qf Various kinds of external test 
eqUipment, . . , ' 

FIFOs may also be used ,as controlilible delay elements for 
digital information which cannot be used immediately upon 
receipt -perhaps it mUst be matchedagainst other information 
which is not yet avaiia"ble, or perhaps it must besynchroniied 
with other streams of information which are out of phase by a 
varying amount. An example of the latter situation is deskewing 
several bit-streams off a parallel-format magnetic tape, which 
commonly has to be done when high recording densities are 
used, One FIFO per bit-stream is required - but the net 
resulting logic may still be the most reliable and 'eco'nomical 
way to get the job done, when compared with other possible 
digital deSigns. Another example is that of using FIFOs as data 
memories in digital correlators; the lag in .an autocorrelation 
operation can be set simply by controlling how many words. are 
in the FIFO at one time, and so forth. There are even some 
applications in which it is advantageous to operate a FIFO with 
all of its inp~t and output cycles synchronized, so that 
absolutely all it does is to delay the data by some certain 
number of clock intervals. 
References (1), (2), and (3) 'are formal applications notes 
available from Monolithic Memories, which discuss FIFOs from 
different viewpoints than this paper has taken.· Each of them. 
presents a more detailed explanation of one or more applica
tions than there has been' room fOr here. Reference (1) is mainly 
an overall app!ic,atlonssurvey, reference (2) emphasizes digital 
communications, and reference (3) emphasizes digital spec
trum analyzers and also includes an overview of digital signal 
processing in general. 
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"A LESSOSVIOUS BU.T JNTERESTINGAPP,LICATION OF FIFOS IS AS 
AUTOMATIC 'BUS-WATCIlERS' ••• " 
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Asynchronous FirSt~ln First-Out Memory· 
(FIFO) 16x5 
74S225/A 

Features/Benefits 
• DC to 2D-MHz shlft-Inlshlft-out rates 

.' Fully expandable bywoRl.width 'I!d.depih· 

• Three-sta~ outputs 

errL-c:ompatlble Inp!Ats and outputs 

• FunGtionally compaUble with T.I.SN74S225 

•. Designed for extended, testability 

Description: , 
The 748225/A is a Schottky-clamjJed transistor-transistor logic 
(STIl) 16x5 First-In-First-Out memory (FIFO)which operates 
from OCto 10120 MHz. The data is loadedandemptied on a 

Pin Names 
·PIN# PIN NAME ' DESCRIPTION 

1 ClKA load clock A 

2 IR .. ' Input ready 

3 UNOKOUT Unload clock output 

. ~ " 408 DO-D4 ·Oatainputs· 

,;;":9, .. ... OE,'::;.;; .. ';j .;.OutplIt:enable' 

11> GND 
.. 

11"15 04-QO 

16 UNClK IN 

17 OR 

'; .18 ClR 

19 ClKB 

20 Vce 

Block. Diagram 

Do 4 
01 5 

D2 ~ 

Ground pin 

Data outputs 

.Unload clock input 

0lltput ready 

Clear 

load clock B 

Suppl.y voltage 

D3 8 
04 -=---c::-----It~~.J 

,UNLOAD CLocK aUT .....:j~-~..:r"'"':~:-..., 
. INPUT, READY . ..",=--.....,.,,-:--'1 

. L-oAD CLOCK A ...;1 ... ~", 
LOAD CLOCK B 19 

. " 

... 

. 

Ordering Information 

PART NUMBER PACKAGE '. 'TEMPERATURE .... 

748225 '" .' 'J. N 10 MHz Com 

74S225A J;N 20 MHi COm 

first-in-first-out basis throllgh' 'asynchronous input and output 
ports. TheSe devices' arE! used in digital systems performing data 
transfers when· source and receiver are not operating at the 
same data rate. FIFOs are also used as data buffers where, the 
source and receiver arEl.iiQIOp~rating,~nhe {lame time. Both 
word length and FIFO depth ar.e expandable, Unload Clock 

'., outPLlt (Pin 3) is designe1 for tesfabi!ilyQtVOL' 

74S225/A •• J or N Package 
(Top View) 

15 00 
'14 " 01 
13 02 

. ;12 
11 .g: 

16... . UNLOAD , 
_ .CLOCK.",,· 

17;;'~~T 
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74S22~/~ 

Absolute Maximum Ratings 
Supply voltage V cc .,................................................................. . .......... : .... -0.5 V to 'r, V 
Input voltage ........•....•......•...•.......................•.......................•. :. '," .....• ' •....... ': " -1.5 V to TV 
Off-state output voltage ..................................•..•...........•................ , .... , .. " .... ,. -0.5 V to 5.5 V 
Storage t~mperature" .... " ....................... , ......................... , .......... ,., , ......... ,:,00 .. -65 to+1SOoC 

II 
Operating COnditions . 

SYMBOL PARAMETER FIGURE 

VCC Supply voltage .'" 

tA Operating free-air temperature 

tLCKH LOAD CLOCK puille width, A or B, tw (HIGH) 2 
;: 

tlDS Setup:time, data to load clock 2 

tlDH Hold time, data from load Clock 2 

tUCKL UNLOAD,CLOCK IN~UT pulse width, tw (LOW) 4 

tCLW CLEAR pulse width, tw(low) 2 

tCLCK Setup time, clear release to lo.ad clock, tsu 2 

* Data must be setup within 20 ns after valid Load.Clock (A·ar B) pulse' (positive lransitiOn). 

I = Arrow indicates that it Is raferenced to the o-high transition. 

Switching Ctlatacterlstics 9ver Operating Condmo;.. 

SYMBOL 
,': 

PARAMETER FIGURE 
".,', 

Load . .ci~ck A or clock EI I Cascade Mode** 
fiN I 

2 

~'-
Standalone Mode 

tLCIRL CL~A9r ClK B to II'!I .'" 2 

tLCCOl ClKAor ClKS to UNCK,OUT! 2 
" J Cascade Mode**" 

four Unioad clock input 
I 

4 
Standalone Mode 

tUCKORL \U,,!~I< IN Ito OR LOW;,' 4 

tUCKORH UNCKIN ttoORHI~' 4 

tODH Otlwut Glata,J.'Iold, UNCK IN to output data 4 

taos Outputda1:a ~t':lPi.,UNCK IN to outp~t data 4 

tl'!IP Cl!(A or CLK B to.:OR t; , : 7 

tClOl .... CU~~oOR.1 "'<, : .. : 
" :. 6 

tCLlH 'CLR to IR I .' , 6 .-<" , .~, 

tUCKOW Pulsewidth"UNCK OlJT,tw ',:' '2 

tORD OR t to output data: " ,:' 4 

tSUEIi ,UNCK IN to IR f(bul)blefbacktirriei 
,. 

", .. 8 : 

, tBUBC UNCKIN to UNCKOUT! (I>Ubble-baCk time) 8 
.' .. . , 

Arrow indicates thai i~.IS referenced to the hlgh-!o-Iow translllQn . 
16th WQf<!:oi!jy .. O> ,,'/' ,,' . ',' ",' 

!""'~oevic.S.rP9:"e¢,te!~:pi,oVi~eFI~~Sf,g(ilater than 16 word depth. 
:' ,; , ~.:", _ .,1,;;,:, ,.)$ ':.". ",,;;' .:" xc;' ,.,". _.~' ~', .' ".' ."' 

14S225 
" 

, 74S225A 
MIN TYP MAX MINTYP MAX UNIT 

4.75 . 5.25 4.75 '" '5.2'5 V 

0 75 0 
, 

75 ·C 

25 22 36 hs 

-201* -201* 
, 

ns 

701 501 ns 

7 , 7 36 ns, 

40 20 .. ns 

251 10 ns 

" 

74S225 74S225A 
UNIT 

MIN TVP MAX MIN TVP MAX 

10 20 20 22 MHz 

55 75 ;43 55 ns . 25 50 31 40 ns 

10 20. .20 ,22 MHz 
.. 

30 45 
,., 

26 35 ris 

40:' 60 32.' 45 ,nS 

20 50 20 30', ns 

50 75 41 55 ns 

190 309' 167 220 ns 

"£,35 60 31 40 ns 

16 . 35 . 15 20 ns 

7'" 14 7 11 'ns 

20 
" 9 15 ·····n5 

" 10 " 

,;' , 255 400 ·214 .. 290 ns 
.' 270' 400 

0.;, 

.. 226 290 ns 
',.: 



74S225/A 

SWitching Characteristics Over Operating Conditions 

74S225 74S225A 
SYMBOL PARAMETER FIGURE MIN TYP MAX MIN TYP MAX 

tpHZ 
Output disable delay. OE to 0i. CL = 5 pF 

8 25 
1 10 25 

tpLZ 18 25 

tpZL 
Output enable delay. OE to 0i. CL = 5 pF 

19 40 
1 25 40 

tpZH 23 40 

Test Load for Bi-State Output Test Load for Three-State Output 

TEST POINT* 

OUTPUT 

• 

lCL 

CL=30pF 
RL = 30011 

VCC 

RL 

OUTPUT 

*' The-"TEST POINT" is driven by the outp'ut under ,test, 
and observe'd by. rnstrumentation. 

Input Pulse Amplitude = 3.0 V 
Input Rise and Fall Time (15%-90%) = 2.5 ns 
Measurements madeaf 1.5 V 

TEST POINT* 

• 

lCL 

CL = 5 pF 
RL = 300n 

1KIl 

~----~-------------3V 
OUTPUT. ENABLE 

DATA OUTPUT 
WAVEFORM 1 

DATA OUTPUT 
WAVEFORM 2 

VT 

~---------------JI--~~----------~--OV 
_lpZL __ 

I. S1 CLOSED S20PEN 

IpZH""""'" 

S10PEN 
S2CLOSED 

VT 

VT 
~~--------------~~===l==:VOH 0.5 V 

---1.5 V 

51 AND 
S2CLOSED 

Figure 1. Enable and Disable 

Waveform 1 is for an output with internal, conditions suCh that the 'output is 
low except when dis~bled. 

Waveform 2 is for an output with,internal conditions-such-thatthe output is high
except when disabled. 

IIIIonolithicWMemories 

vec 

IRL 

S1 

UNIT 

ns 

ns 

1m 
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74S225/A 

Electrical Characteristics Over Operating Conditions 

SYMBOL PARAMETER TEST CONDITIONS , MIN TYP MAX UNIT 

VIL Low-Ievei input voltage 0.8 V 

VIH High-level input voltage 2.0 V 

VIC Input clamp voltage VCC= MIN II = -18 rnA -1.5 V 

IIL1 Low-level I DO-D4 -1 rnA 
VCC= MAX VI = 0.5 V 

11L2 input current J All others -.25 rnA 

I Data inputs 40 
IIH High-level input current VCC= MAX VI = 2.7 V I 25 

p.A 
Others 

II Maximum input current VCC= MAX VI = 5.5 V 1 rnA 

... * IOL = 16 rnA (Data outputs) 
., 

VOL Low-level output voltage VCC= MIN 0.5 V 
IOL = 8 rnA (All others) 

VOH High-level output voltage VCC= MIN 
IOH = -6.5 rnA (Data outputs) 

2.4 V 
IOH = -3.2 rnA (All others) 

lOS Output short-circuit current** VCC= MAX VO= OV -30 -100 rnA 

1HZ VCC= MAX Vo = 2.4 V 50 p.A 
Off-state output current 

ILZ VCC = MAX Vo = 0.5V -50 p.A 

Inputs low, All I 745225 80 120 
ICC Supply current VCC = MAX rnA 

outputs open I 74S225A 80 125 
.. * To measure VOL·on Pin 3,force 10 V on Pin 9 (Extended Testability). 

* * Not more than on~ output should be shorted at a time and duration of the short circuit should not exceed one second. 

Functional Description 
Oats Input 

After power up the CLEAA is pulsed low (Figure5) to prepare the 
FIFO to accept data in the first location. Clear must be applied 
prior to use to ensure proper operation. When Input Aeady (IA) 
is HIGH, the first location is ready to accept data from the Dx 
inputs. Data then present atthedata inputs is entered into the first 
location when both Load Clocks (CLK Aand CLK B) are brought 
HIGH. The CLK A HIGH and CLK B HIGH Signal causes the IA 
and UNCK OUT to pulse LOW. Once data is entered into the first 
cell, the transfer of data from any full cell to the adjacent (down
stream) empty cell is automatic, activated by an on-chip control. 
Thus data will stack up at the end of the device while empty 
locations will "bubble" to the. front. tAlpdefines the time required 
for the first data to travel from inputto the output of a previously 
empty device. When the sixteenth word is clocked into the 
device, the memory is full (sixteen words)and IA remains low. 
The Unload Clock Output is provided chiefly for use in cascading 
devices to extend FIFO depth (Figure 9). When Input Aeady is 
Low, do not attempt to shift-in new data. .." 

Oats Output 

Data is read from the ax outputs. When data is shifted to the 
output stage, Output Ready (OA) goes HIGH, indicating the 
presence of valid data. When the OA is HIGH, data may be 
shifted out by bringing the Unload Clock Input (UNCK IN) LOW. 
A LOW signal at UNCK IN causes the OAto go.L9W. \t!lid data is 
maintained while the UNCK IN is LOW. When UNCK IN is 
brought HIGH the upstream data, provided that stage has valid 
data, is shifted to the output staQe. 

8-14 

When new valid data is shifted to the output stage, OA goes 
HIGH. If the FIFO is emptied, OA stays LOW and Data remains 
valid for the last word. 

Input Aeady and Output Aeady may also be used as status 
Signals indicating that the FIFO is completely full (Input Aeady 
stays LOW for at least tBUBI) or completely empty (Output 
Ready stays LOW for at least tAIP). 

AC Test and High-Speed App. Notes 
Since the FIFO is a high-speed device, care must be exercised in 
the design of the hardware and the timing utilized within the PC 
board design. Device grounding and decoupling is crucial to 
correct operation as the FIFO will respond to very small glitches 
due to long reflective lines, high capacitances andlor poor 
supply decouplirig and grounding. We recommend a monoli
thic ceramiccl!pacitor of 0.1 p.F directly between VCC and GND 
with very stlort lead length. In addition, care must be exercised in 
how the timing is set up and how the parameters are measured. 
For example, sinct:! an AND gate function is associated with both 
the Load Clocks (A, B) - Unload Clock Output-Input Aeady 
combination, as well as thElUnload Clock Input-Output Aeady 
combination, timing measurements may be misleading, i.e., ris
ing edge of the Load Clock pulse is not recognized until Input 
Aeady is HIGH. If Input Aeady is not high due to (a) too high a 
frequency; or (b) FIFO being full or affected by (CLA), the 
LOAD-CK activity will be ignored. This will affect the device 
from a functional standpOint, and will also cause the "effective" 
timing of input Data Hold time (tIDH) and the next activity of 
Input Aeady (tLCIALl to be extended relative to Load Clock (A or 
B) going HIGH. 



LOAD CLOCK 
(BORA) 

LOAD CLOCK 
(AORB) 

INPUT READY 

74S225/A 

UNLOAD--------~~~ 
CLOCK 

OUTPUT 

INPUT DATA 

'CLCK-+-~--

INITIAL CYCLE ONLY 

NOTES: 1. Permissible negative setup time for input data 

2. Measure tLCIRL for 16th input word only 

Figure 2. Input Timing 

LOAD CLOCK _________ I. 

(SORA) . \'------
LOAD CLOCK 

(AORS) 

INPUT READY 

UNLOAD 
CLOCK OUTPUT 

\ CD 
~------~------------~---~-----

INPUTOATA~o----STABLE DATA---.... '-____ _ 

NOTES: 1. Input Ready HIGH indicates space is available and a Load CloCk (A and 8) pulse may be applied. 

2. Input Data is loaded into the first word. 

3. Unload. Clock Oulput pulses indicating the first word is full and the Data f,om the first word is released for "fall-through" to 
second word. < 

4. lithe second word is already full, then the data remains althe first word. Since the FIFO is now full, Input Ready remains LOW. 

Figure 3. The Mechanism of Clocking Data Into the FIFO 
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UNLOAD 
CLOCK INPUT 

UNLOAD 
CLOCK INPUT 

OUTPUT DATA 

74S225/A 

Figure 4. Output TIming 

OUTPUT READY 

'---------+-------'--.~--~----------

CD 

NOTES: 1. Output Ready HIGH indicates that data is available and an Unload Clock Input pulse may be applied.: 

2. Unload Clock Input goes LOW creating an empty position at word 1610r word 15 to '1all-through" to. 

3. Output Ready goes LOW. 

4. Unload Clock Input goes HIGH, causing Output Ready to go HIGH, Indicating that new d.ata (6) is now available at the FIFO outputs . 

. 5 •. 11 the fiFO has only one word loaded (A-DATA), then Output Ready stays LOW and the A-DATA remains on the outputs. 

NOTE: Assume FIFO initially contains at least two words: 

Figure s .. The MeCh.llisl1l:o, Shifting/Date Out of. tl)eFIFO 
'" ~.; 

'W 
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74S225/A 

CLEAR 

INPUT FiEADY. 

OUTPuT READY 

LOAD CLOCK "~ __ -'-"""'_.;..I ... ~~t~ ,(~ANDB) _ -* 
NOTE: Assume ~IFO Is full before CLEARgoes,lI9live. 

LOAD CLOCK 
(A OR e) 

>' A ' 

FIgure 6. Clear 11mlng 

"""·~~'-R-IP-··--··-'-·-·-'I-,·---------------
OUTPUTREADY. '. . . f 
UNLOAD CLOCK 

INPUT 

NOTES:. t. FIFO is initially empty. 

/HIGH 

2. Unload Clock Input and one Load Clock held HIGH throughout. 

UNLOAD CLOCK 
. INPUT 

INPUTIlEADY 

UNLOAD CLOCK 
0I!TPUT 

LOAD CLOCK 
(Jiand B) 

Figure 7. tRIP SpecHlcatlons 

,cHIGH 

NOTES: t. FIFO I. 'initially full. 

2. Load Clock (A and B) held HIGH throughout. 

Figure 8. tBUBj. tauBC SpecrflcatlOns 
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10 BITS 
DATA IN 

CLOCK IN 

NC 

Ci:Wi 

~:~-

NC 

VCC-

..--

ra= 
VCC-

~ 

LD 
~C;KA VCC 

LD OR r---
CKB 

UNLD 
CKOUT ~~~. r---
IR NC-

DO 00 r---
D1 01 ~ 
D2 02 r---
03 03 r---

04 CLR OE 04 I----"-

h 

' LD" 
I-CKA VCC 

LD OR ~ CKB 
UNlD UNI.t!~ CKOUT CKIN -
IR -
DO 00 r-
D1 01 r-
D2 02 r-
'D3 03 r-
D4 CUi OE 04 I----

~ 

LD 
CKA 

I" C'ifB 
UNLD' 
CKOU't 
IR 

DO 
D1 
D2 
D3 

D4 "LR 

OR 

UNLD 
CKIN 

QO 

01 

02 

03 

OE 04 

-;=0--

-
1 

OUTPUT 
READY 
UNLOAD 
CLOCK 

LD CLR OE V~C ~LDCLR OE vee ~ U) CLR OE 

~~ OR~~~~ ORt--~~ ORr-

OBITS 
DATA OUT 

CKB CKB CKB 
UNLD UNLD t---:" 

UNLD 
~~Z· ~ 

UNLD. 
~~~~. r--Cl<OUT CKIN CKout CKOUT 

IR NC- IR NC- IR 
DO 00 t---:" QO, . QO r- DO 00 

D1 01 r--- D1 01 -'-- D1 01 
02 021-- D2 Q2 - 02 
D3 03r--- D3 Q3 - D3 03 
D4 04r--- D4 04 - D4 04 

Figure 9. 48x10 FIFO with 74S22S/A 



First-In First-Out (FIFO) 64x4 64x5 
Cascadable Memory 
CSL67401 CSL67401A 
CSL67402 CSL67402A 

Features/Benefits 
• Choice of 16.7,15 and 10 MHz shlft-out/shift-In rates 

• Choice of 4-bit or 5-bit data width 

• TTL Inputs and outputs 

• Readily expandable in the word and bit dimensions 

• Structured pinouts. Output pins directly oppositecorres
ponding input pins 

• Asynchronous operation 

• Pin-compatible with Fairchild's F3341 MOS FIFO and many 
times .faster 

Description 
The CS/C67401B/2B/lA12A/1/2 are "fall-through" high speed 
First-In First-Out (FIFO) memory organized 64 words by 4 bits 
and 64 words by S bits respectively. A 16.7 MHz data rate allows 
usage in digital video systems; a lS MHz data rate allows usage 
in high speed tape or disc controllers and communications buffer 
applications. Both word length and FIFO depth are expandable. 

Block Diagrams 

INPUT 
READY 

SHIFT 
IN 

C57401/A 64x4 
C67401A1B 64x4 

Pin Configurations 
C57401/A 64.4 

C67401A1B 64.4 

00 
0, 
02 

03 

SHIFT 
OUT 

OUTPUT 
READY 

C67401B 
C67402B 

Ordering Information 

PART PKG TEMP 
NUMBER 

CS7401 J(20}(L) Mil 

C67401 J,N,NL(20) Com 

CS7402 J.(20}(L) Mil 

C67402 J,N,NL(20) Com 

C57401A J,(20)(L) Mil 

C67401A J,N,NL(20) Com 

C57402A J,(20)(L) Mil 

C67402A J,N,NL(20) Com 

C67401B J Com 

C67402B J Com 

DESCRIPTION 

7MHz 64x4 FIFO 

10 MHz 64x4 FIFO 

7MHz 64xS FIFO 

10 MHz 64x5 FIFO 

10 MHz 64x4 FIFO 

15 MHz 64x4 FIFO I 
10 MHz 64x5 FIFO 

15 MHz 64xS FIFO 

16.7 MHz 64x4 FIFO 

16.7 Mljz 64x5FIFO 

C57402IA 64x5 

Do 

D, 

D2 

INPUT 
READY 

SHIFT 
IN 

C67402AIB 64x5 

C57402lA 64.5 
CG7402AIB 64.5 

00 
0, 

02 
03 
0, 

SHifT 
OUT 

OUTPUT 
READY 

.' ...... ' '. . .' . TWX, .910-~3.8-2376 
2175 Mission College Blvd. Santa Clara, CA 95054-159.2 Tel: (408) 970-970P TWX: 910-338-2374 

Mt.llJo/ithic 1!T!11 
Memories LnJl1J.I 
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C67401B/2B Cascadabl. 

Absolute Maximum Ratings 
Supply voltage vee .................... 0;' ........ i • ..................... ; ..... ' ............................... "'! -0.5 V to 7 V 
Input voltage .......................................................................................... ;.: ... -1.5 V to 7 V' 
Off-state output voltage ••.••..••••..•... ..... i .•• ................ : .......... , ......................... , ••••••••.••••• -0.5 V 105.5 V 
Storage temperature ................... ~ ....... :', ' ................ ~ .•. ,",. ~ ............. ~ .. :' ~ ......... .- . .. _65° to +150°C ' 

Operating Conditions'C67401 B/2B . , . 

SYMBOL PARAMETER fiGURE 
COMMERCIAL 

UNIT 
MIN TYP MAX 

Vee Supply voltage 4.75 5 5.25 V 
TA Operating free-air temperature 0 75 °e 
tSIHt Shift in HIGH time 1 18 ns 

tSIL Shift in LOW time' 1 18 ns 

tlDS I nput data setup 1 0 ns 

·tIDH '. Input data hold time 1 40 ·ns 

tSOHt Shift Out HIGH time 5 18 ns 

'SOL Shift Out LOW time 5 18 ns 

tMRW Master Reset pulse 10 35 ns 

tMRS Master Reset to SI 10 35 ns 

Switching Characteri~ics C67401 11/2B 
Over Operating Conditions 

SYMBOL PARAMETEI'I FIGURE 
COMMERCIAL 

UNIT 
MIN TYP MAX 

fIN Shift in rate 1 16.7 MHz 

tlRL Shift In to Input Ready LOW 1 35 ns 

tlRHt Shift In to Input Ready HIGH 1 3l ns 

fOUT Shift Out rate 5 16.7 . c MHz 

tORLt Shift Out to Output Ready 'Low 5 .38 ns 

tORHt Shift Out to Output Ready HIGH .. 5 .48 ns 

tODH Output Data HOld. (pr~vious word) 5 1) ns 

tODS Output Data Shift (nexi word) 5 44 ns 

tpT Data throughputo("fall through" 4,8 " 
.. 1.45 /.IS 

,'tMRORL Master: Reset to OR'LOW '10 . 55 ns 

.tMRIRH Master Reset to IR l-iiGH 10 
" 

55 . , ns 

tIPH* Input Ready pulSe t-;1IGH 4 
, 

.. :.' ?O ns 

tOPH* Output Ready pulse'HIGH 8 -~ , 
20 ns 

tSee AC teSt and High Speed application note. 

~TIlis,.para~eter applies to FIF?& c~~~u.nicat!r'lg wit~ each:other in a c~ded mode. 
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CS/C67401 A/2A Cascadable 

Absolute Maximum Ratings 
Supply voltage vee ....................................................................................... ,..0.5 V to 7 V 
Input voltage ................................................................................. ; ........... ~1.5 V to 7 V 
Off-state output voltage .................................................................................. -0.5 V to 5.5 V 
Storage temperature ................................................................................... _65° to+1500e 

Operating Conditions CS/C67401 A/2A 

PARAMETER FIGURE 
MILITARY COMMERCIAL 

UNIT SYMBOL 
MIN TYP MAX MIN TYP MAX 

Vee Su pply voltage 4.5 5 5.5 4.75 5 5.25 V 
TA Operating free-air temperature -55 *125 0 75 °e 
ISIHt Shift in. HIGH time 1 35 23 ns 

tSIL Shift in LOW time 1 35 25. , ns 

liDS Input data setup 1 0 0 ns 

tlDH '. Input data hold· time 1 45 40 . ns 

tSOHt Shift Out HIGH time ..... 
5 35 .' 23 ns 

tSOL Shift Out LOW time 5 35 25 ns 

tMRW Master Reset pulse 10 40 35 ...... ns 

'MRS MasteTReset to SI 10 45 35 ns 

*Case" t~mpe'r~ture. 

Switching CharacteristicsCS/C67401 A/2A Over Operating Conditions 

SYMBOL pARAMETER fiGURE 
MILITARY COMMERCIAL 

UNIT 
MIN TYP MAX MIN TYP MAX 

fiN Sh ift in rate 1 10 
'. 

15 '. MHz 

tlRL t ". Shift In to Input Ready LOW 1 50,.' / 40 ns 

tlRHt Shift In to .Input Heady HIGH 1 50 
". 

40 ns 

lOUT Shift Out rate 5 10 15 MHz 

tORLt Shift Out to Output Ready LOW 5 65 45 ns 
-

tORH t Shift Out to Qutput Ready HIGH 5 
' . 

. 
65 50 ns 

tOD.H . ' Output Data Hold (previous ~ord) 5 10 10 ns· 

taos Output Data Shift (next word) 5 60 .... .... 
45 .. '. ns 

tpT Data throughput or "fair through" 4,8 ····2 .. 2 ,. 
1.6 I'S 

tMFlORL Master Reset to OR LOW 10 .' 65 60 I ns 

tMRIRH Master. Reset to IR HIGH 10 65 60 ns 

t'PH'" Input Ready pulse HIGH 4 30 ...... 23 ns 

tOPH* '.' Output Ready pulse .HIGH 8 30 23 . '.' ns 

t See AC test and High Speed application note. 

1* This p,arameter applies to FIFOs communicating With each other in a cascaded 'mode. 
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C5/C67 .. 40112 Cascadable 

Absolute Maximum Ratings 

~~:~I~~~~~e.~~~.:::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::: .•. ,.: :.:: ::/.:>::: :::'> =~:~~,:~~ .. 
Off-slate output voltage ••....••..••.........•...•..•.•..••..••••.••..••••••.••.•••.••.•.•..•..•••••. ; •.•• '-0.5 Vto 5.5 V, 
Storage temperature ................................................................................... ': -650 to-l:150°C , 

OFHtrating Conditions C5/C67401/2 

PARAMETER FIGURE 
MILITARY COMMERCIAL 

UNIT SYMBOL 
MIN TYP MAX MIN TYP MAX 

Vee Supply voltage 4.5 5 5.5 4.75 5 5.25 V 
-55 *+2'5 • 0 .'! 75 ·'·e'"" TA,. ... " Opera~!ng free-air tern.~erature ., .'0 --

tSlHt' Shift in HIGH time 1 45 ~, 

tSIL Shift in LOW time 1 45 .35 

tlOS Input data S!jtup . 1 0 0 

troH Input data hold time 1 55 45 

tSOHt Shift out HIGH time 5 45 23 

tSOL" Shift Out LOW time 5 45 35 .. 
tMRW Master Reset pulse 10 30 35 

tMRS Master ResettoSI 10 45 35 

*case t~mperature. 

Switching Characteristics C5/C67401/2 Over Operating Conditions 

.' 

SYMBOL PARAMIOTER FIGURE 
MIN 

fiN Shift in rate 1 7 

tlRLt Shift In to Input Ready LOW 1 

tlRHt Shift In to Input Ready HIGH 1 

fOUT Shift Out rate ,5 " ,.7 

tORLt Shift OUt to' output "Ready LOW '5 
0· 

tORHt ". Shift Out to 01,ltput Realiy. HIGH . '. 5 

tODH Output Data Hold (previous word) 5 10 

taos Output bata Shift (next ~ord) 5 

tpT Data throughput or. "faIFthrough" 4,8 
.. 

Master Reset to OR LOW '10 tMRORL 

tMRIRH Master Re.set to IRHIGH 10 

tIPH* Input Ready pulse HIGH. 4 30 

tOPH* Output Ready. pulse HIGH 8 30 

t See AC test and High Speed application nOle. 
,*This paraniele( appue .• loFIFOs communicaiing~lih each other in a cascadedrriode. 

T_tLoaci' 
5V 

580n 

" 

MILITARY . COMMERCIAL 
TYP 

,/ 
.. 

MAX 'MIN TYP MAX 

10 

60 45 

60 45 

.... \ ' ,10 
" 

:".:,',. .. 
." 65 ,. .' 55 

70 66 
10 ..•. 

65 '. 55 

4 : . ".' 3 

65 
... 

60 ,' . 
6S. , . :. 50 

, 23 

. 23 .. 

Input Pulse 0 to 3V 
Input Rise and fal, Time (19"/0 - 90%) 
5nsminimum 

•. The "TEST POINT" is driven by the outpul under lest, , +-,--'----'--'<1'4" TEST POINT" Measurements made at 1:5 V 
" and observed'by instrutnentalton, ." 

1.IKn 

8·2-2 

.' ns 

ns .' 

ns 

ns 

ns 

ns 

::ns .. 
nS' 

UNIT. 

MHz 

ns 

ns 

. Mt-n"\.· 

ns' 

hs 
nS 

ns. 

P.S 

ns. 

Ii's 

ns 
·· .. cc 

~s 



C5/C67401BI A/2B/2A/1/2 Cascadable 

Electrical'Characteristics Over Operating Conditions 

SYMBOL PARAMETER TEST CONDITIONS MIN TYP MAX UNIT 

VIL Low-level inpul.voJtage 0.8t V 

VIH High-level input voltage 2t V 

VIC Input clamp voltage VCC - MIN II -18mA -1.5 V 

IlL 1 I DO-On, MR 0.8 mA Low-level 
VCC = MAX VI = 0.4511 

'IL2 input current I SI. SO -1.6 mA 

'IH High-level inp!)t current VCC = MAX VI - 2.4V 50 J.l.A 

II Maximum input current .. ' VCC = MAX VI = 55.11 1 mA 

VOL ,"ow-Ieveloutpufvoltage VCC - MIN 10l - 8mA 0.5 I V 

VOH High-level output voltage VCC = MIN 10H - -0.9mA 2.4 I V 

lOS Output short"CircLlit current * VCC = MAX Vo - OV ~20 -90 rnA 

C5/67401 160 

C5/67402 180 
VCC = MAX 

C67401A 170 ICC Supply current 
I~puts low, 

190 mA 
outputs open C6702A 

C67401B, C57401A 180 

'. .. C67402B, C57402A 200 
'*Not, more than one output should be shorted at a trme and duration of the short-CirCUIt should not exceed ,one second. 
tThere are absolute voltage with -respect to-device GND (Pin 8 or 9) and includes all overshoots due to test equipment 

Functional Des~ri~tion 
Data Input ..... . 
After power. up. the. Master:Reset .is. pulsed' low (Fig .. 10)10 
prepare the fiFO to accept data in the first location. When Input 
Ready (IR) is HIGH the location is ready to accept data from the 
Ox inputs ... Data then presentat..the.data inputs is entered into 
the first location when the Shift In (SI) is brought HIGH: A SI 
HIGH signal causes the IR to go LOW. Data remains. at the first 
location until SI is brought LOW .. When Slis brought LOW and 
the FIFO is. not Jull, IRwillgo HIGH, indicating that more room 
is available. Simultaneously, data win propagate to the second 
location and continue shifting until it reaches the output stage 
or a full location. The firstword is present at the outputs before 
a shift out is applied. If the memory is full, IR will remain LOW. 

Data Transfer 
Once data is entered into the second cell, thetransfer o/any full 
cell.totl1eadjacef11 (downstrearn) emPty pell is. automatic, 
astlvated bY'aI')On-~hrp<;<,ntroI;Thusd;atawlli stack up at the 
elle! QnhE;j device while emptyjpCations will "bupble" to the front. 
tPT defines the time requiredforthe first data to trave'l from input 
to the output of a previously empty device. 

Data Output 
Data is read from th.e Ox outputs. When data is shifted to the 
output stage, Output Ready (OR) goes HIGH, indicating the 
presence of valid data. When the OR. is HIGH, data may be 
shifted out by bringing the Shift Out (SO) HIGHA HIGH Signal 
at SO causes the OR to go LOW.Valid data is rtlaintained while 
the SO is HIGH. When sO is brought LOW the upstream data, 
provided that stage has valid data, is shifted to the output stage. 
When. new valid data is~shifted to the output stage, OR goes 

HIGH. IftheFiFO is emptied, OR stays LOW,. and Ox remains 
as before, (Le.datadoes not change if FIFO is empty). Input 
Ready and Output Ready may also be used as status signals 
indicating thatthe FIFO is completely full tlnput Ready stays 
LOW for at least tpT) or completely empty (Output Heady 
stays LOW for at least tPT). 

AC Test and High Speed App. Notes 
Since the FIFO is a very-high-speed device, care must be 
exercised in the design of the hardware and the timing util
ized within the design. The internal shift rate of the FIFO 
typically exceeds 20 MHz In operation. Device grpunding and 
decoupling is crucial to correct operation as the FIFO will 
respond to very small glitches due to long reflective lines, 
high capacitance and/or poor supply decoupling and groun
ding. We recommend a monolithic ceramic capacitor of 0.1 
J.l.F directly between VCC and .GND with very.short lead 
length. In addition, care must be exercised in how the timing 
is set up and how the parameters are measured. For example, 
since an AND gate function is associated with both the Shift 
In-Input Ready combination, as well as the Shift Out-Output 
Ready COmbination, timing measurements may be mislea.d
ing,. i.e. rising edge of the Shift-In pulse is not recognized 
until Input-Ready is High. If Input-Ready is not high due to 
too high a frequency orFIFObeingfull oraffected by Master 
Reset, the Shift-In activity will be.ignored. This will affect the 
device from a functional standpoint, and wiiJ also cause the 
"effective" timing of Input Data Time (tIDH) and the next 
activity of Input Ready (tIRLl tobe extendedrelativetoShift
In going High.This same type of problern is also related to 
tlRH, tORL and tORH as related to Shift-Out. . 
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CS/C67401 A/2A/1/2,C67401 8/28 Caseadable 

SHIFTIN 

INPUTREADY----~------------~ 

INPUT DATA 

Figure 1. Input Timing 

--------------~~~-------------100n.--------------~ 

SHIFT IN 

45 ns 

Figure 2. Typic/llWaveforms for 10 MHz Shift In OalaRale 

SHIFT IN 

INPUTREADY'~~--~--__ ------~--~+---__ ~ 
® 

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

INPUT DATA' __ ' ____ S_T_A_B_L_E_D-'A_T_A ______ J 

FIgure 3. The Mechanism 01 Shifting Oatalnto IheFIFO 

G) Input Re,adx HH3H:'_in4:~ates space is available and~ a, Shift In pulse may be applied o Input Daia-is loaded iht,O- the first' word. o Input Ready ~oes LOVi, indicaHng the,first word is f~lI, o The Oats from_the first-word is fe'leased fO'r '~lall-through" to second word 

@ The Dat~ 'from tlie first word 'is transferred ',to second word, The first word is npw,empty as indic~_ted'by Input RfUldy' HJGH 

® If the second word is already full 'then the, dB:ta, remains at the first word. Since't~e FfFO j's now fulllnplJt R~adY tero'ail)s !'ow 

NOTE: Shift In pulses applied while Input Ready is LOW will be ignored (See Figure 4). 

8·24 IIIIonoIllhlc DJi Memories 



C5/C67401 A/2A/112, C67401 B/2B Cascadable 

SHIFT OUT 

SHIFT IN 

INPUT READY 

I~ .. o------~-- tpT ------'-:J-4-.•. .,.l .. ---'-tIPH=\\, _________ ..;. 

INPUT DATA\.:~~~~~~_ST_A_B_L_E_D_A_T_A ___ _J¥IlBI 
Figure 4. Data is Shifted in Whenever Shift In and Input Ready are Both HIGH 

o FIFO is initially full 

CD Shift Out pulse is applied. An empty location staris "bubbling" to the front. 

o Shift In is held HIGH. o As soon as Input Ready ,becomes HIGH the In~ut Data is loaded into the first word. 

@The Data from the first word is released 10r "fall through" to second word 

.... -----iIfOUT-------l·~I~.f------iIfOUT------.1 

SHIFT OUT 

OUTPUTREADY----_--r---~-~----~. 

OUTPUT DATA 

Q) The diagram assumes, that at this time. words 63. 62. 61 are loaded with A, S, C Data, respectively 

CD Data is shifted out when Shift Out makes a HIGH to LOW transition. 

Figure 5. Output TIming 

Monolithic WMemories. 

C-OATA 

8·25 



C5/C67401A/2A/1/2,C67401B/2B Cascadable 

r.------------1oons------------~j·~~-----------100ns--------~--·1 

SHIFT OUT 

OUTPUT READY 

B-DATA 

OUTPUT DATA 

Figure 6. Typical Walleform:;.for 10 MHz Shift Out Data Rate 

o The diagram assumes, that at this time. words 63, 62, 61 are loaded with A, B. C Data, respectively. 

CD Data in the crosshatched region may be A or B Data. 

SHIFT OUT 

OUTPUT READY 

C-DATA 

'----------~---~------

IV 
OUTPUT DATA A-DATA ~ ~-DATA 

---------/I~\---

Figure.7. The Mechanism of Shifting DataOut.of the FIFO. 

\0 Output Ready HIGH indicates th~t d~ta is availabfe and a Shiff Out puise may 'be' applied. 

CD Shift Out goes HIGH causing the next step. o Output Ready goes LOW. 

o Contents of word 62 (B-DATA) is rejeased for "fall through" to word 63.' 

® Output Ready goes HIGH indIcating that new data_ (B) is now available at the FIFO outputs. 

@> 11 the FIFO has only one word loaded (A-DATA) then Output Ready stays LOW and the A-DATA remains, unchanged at the outpu'ts 

NOTE: Shift Out pulses applied when Output Ready is LOW will be ignored. 

8·26 IIIIonollthic W Memories 



CS/C67401A/2A/1/2,C67401B/2B Cascadable 

SHIFT IN 

SHIFT OUT 

OUTPUT READY -,~_· __ l ________________ :_~~_-_-_-_-_-_-_-_-_-_-~-_-_-_-_~_tP_T~~~~~~~~_-_-_-_-_-_-_-~~~~tOPH~~~ __________ _ 

o FIFO initially empty. 
Figure 8. tpT and to PH Specification 

SHIFT OUT 

OUTPUT READY ___ ..... _"'-______ J 1/// ////// //l 

OUTPUT DATA A·DATA 

Figure 9. Data is Shifted Out Whenever Shift Out and Output Ready are Both HIGH: 

o Word 63 ,semply. 

CD New data (A) ahives at' the outputs ::i~~';d 63) 

(1) ,Output"-Ready gOt3~,HIGH ind,icating:~the.arrivar o,f the new data. 

, 0, Since Shift- Out is held H,!GH, __ Qutput Rea'dy _goes immediately Low 

(~)', As soon as 'Shift Out g~'es LO'\;/the, Output Data is subject to change 
as shown by the dashed-iine on -Output Ready. 

MASTER RESET 

INPUT READY 

OUTPUT. READY -"'-----'-----------....;...+--..... ---------,. 

SHIFT IN 

__________ ------__ ----------------~-R$-·;·~·~-~-~-~~-~-~-~~~~r.~.~----~--~~~--~ 
o FIFO initially full. Figure to. Malter Reset Timing .. 

8-27 



C5/C67401 A/2A/1/2, C67401 B/2BCascadabie 

INPUT READY 50, IR SO SHIFT OUT 

SHIFT IN OR 51 OR OUTPUT READY 

00 DO 00 

) ",.~ 0, 0, 0, 

02 02 02 

03 03 MR 03 

MASTER RESET 0-----_----------' 

Figure 11. Cascading FIFOs to Fonn 128x4 FIFO with CS/C67401A11 

FIFOs can be easily cascaded to any desired depth. The handshaking and associated timing between the FIFOs are handled by the 
FIFOs themselves. 

, " SHIFT OUT 
IR SO IR 50 IR 50 

51 OR 51 OR 51 OR 

- Do 00 Do 00 DO oor 
-0, a, 0, a, 0, a, i--
- 02 02 02 02 02 02 f-
- OJ MR 03 OJ MR 03 03 MR 03 i--

COMPOSITE Y 1 1 
INPUTREA~ COMPOSITE 

IR 50 IR 50 IR so r--- OUTPUT REA 
"-J-- 51 OR SI OR 51 OR ~ 

- Do 00 Do 00 Do 00 f- ,--LJ' 

DY 

-0, <l1 0, <l1 0, a, f-
" - Da 02 02 02 02 02 i--

- 03 MR 03 03 MR 03 03 Mii 03 f-

'( ']' ']' 

IR 50 IR so IR 50 r---SHIFT IN 
51 OR 51 OR 51 OR 

- Do 00 Do 00 DO 0 0 i--
-0, <l1 0, <l1 0, a, r-
- Da 02 02 D2 02 02 f-
- OJ iiiii 03 OJ iiiii 03 03 iiiii 03 r--

I' 1 r MA.STER RESET 

Figure 12. 192x12 FIFO with CS/C67401/1A/1B 

F1FOs are expandablein depth and width. However, in forming wider words two external gates are required to generate composite 
Input and Output Ready flags. This need is due to the different fall-through times of the FIFOs. 

8 .. 28 



Applications 

,:l 

C5/C674Q1 A/2A1.1/2, C.-7401 8/28 Cascadable 

" RESET 

NOTE: the output of monostable holds off th\l, "Buffer full" Interrupt ,for 
,lOOns, If lOOns after shift In, there has'nol been an Inll~1 Ready to re",t 
Ihe "p Flip."()p" an Interrupt Is issued,aS th,e FifO Is fUftJhe,pPU 
then'empties Ih. FIFO before ,the ne~t characteris output from the 
~~pe ~rive. .", ,.'< ,"' " ,<, 

"Figure 13. stow steady RaIle to Fut"Slockecl" Rate 

si----------~---9i 
IR _----..,.:..---1 



First .. lnFlrst .. Out (FIFO) 84x4 
5tandaloneMemory 

5/67401 
5/67402 

5/67401A 
5/67402A 

674018 
674028 

64x5 

Features/Benefits . Ordering Information 
-Choice of 16.7, 15 and 10 MHz shift-out/shift-in rates 
• Choice of 4-blt or 5-bit data width 
• TTL inputs and outputs 
• Readily expandable in the word dimension only 
• Structured pin outs. Output pins directly oppoSite 

corresponding input pins 
• Asynchronous operation 

• Pln-compatlble with Fairchild's F3341 MOS FIFO and many 
times as fast 

Description 
The 5/674016/26/1A12A11/2 are "fall-through" high speed First
In First-Out (FIFO) memory organized 64 words by 4-bits and 
64 words by 5-bits respectively. A 16.7 MHz data rate allows 
usage in digital video systems; a 15 MH.z data rate aitows usage 
in high speed tape or disc controllers and communication buffer 
applications. Word length is expandable; FI Fa depth is not 
expandable. 

Block Diagrams 

PART 
NUMBER 

57401 

67401 

57402 

67402 

57401 A 

67401 A 

57402A 

67402A 

674016 

674026 

PKG TEMP 

J(20)(L) Mil 

J,N,NL(20) Com 

J(20)(L) Mil 

J,N,NL(20) Com 

J,(20)(L) Mil 

J,N,NL(20) Com 

J,(20)(L) Mil 

J,N,NL(20) Com 

J Com 

J Com 

DESCRIPTION 

7 MHz 64x4 FIFO 

10 MHz 64x4 FIFO 

7MHz 64x5 FIFO 

10 MHz 64x5 FIFO 

10 MHz 64x4 FIFO 

15 MHz 64x4 FIFO 

10 MHz 64x5 FIFO 

15 MHz 64x5 FIFO 

16.7 MHz 64x4 FIFO 

16.7 MHz 64x5 FIFO 

67401/A1B 64x4 
57401/A 64x4 

5/67402IAlB 64x5 
57402lA 64x5 

INPUT 
READY 

SHIFT 
IN 

Pin Configurations 

"N 

C57401/A 64.4 
C67401A/B 64.4 

Plastic Chip Carrier 

INPUT 
READY 
SHIFT 

IN 

C57402lA 64.5 
C67402AIB 64.5 

, '.... . . .... ." "". . ." . ;rW~:91 Oc338-2376 
217SMlsSlon College Blvel. Santa Clara, CA 95054-1592 Tel: (408) 970-9700 TWX: 910-338-2374 o .. ao· . .'. 

Plastic Chip Carrier 

Monolllh/C. I! 11 ... n 
Memor/ •• In.In.U 



67401 B/2B Stahdalone 

Absolute Maximum Ratings 
Sl!PPly voltage vee .............................................................. : ............. · ........... -1.5" to 7 V 
Input voltage .............................................................................................. -1.5Vt07V 
Off~state output voltage ............•................•..................................................... -0.5 V to 5'.5 V 
Sto~a~temperature : ................................................................................. '. _65° to +l50o e 

Operating Conditions 67401 B/2B 
'" .... . . '". ... : . 

, SYMBOL •. PARAMETER· FIGURE COMMERCIAL . ~ . 
UNIT 

" MIN TyP _.MAX 

Vee SUpply voltage .. 4.75 5 5.25 V 
TA' Operating free-air temperature .... .. 0 ". 75 '. °e 
tSIHt Shift in HIGH time. 1 18 ns 

ISIt:· : Shift in LOW time .. ;:, 1 18 
. " 

ns . 
liDS'" • ; Input data setup . ' ~ . 1 .' 5 " . ns 

tlDH Input data tlOlptime 1. 40 '. ns 

tSOHt Shift,QutHIGH timE') ..5 J8 
. '.' 

ns 

•. tSOL Shift. OutLOW time 5;. 18 
.. '" ..... .ns 

!¥BW Master R~et pulse .' 10 35 "115. 

tt0RS Master Reset to .81 . . .. 10 35. '. . . ns .. 

.. .... '" <'e," " " , ' ~' ~ 

. SWitchingCharacrtel'.ist1CS674018:12B 
OverA)perating ~on'diiions '. . ' .... i .' 

COMMERCIAL 
MIN TVP "MAX 

FIGURE 

[. fiN '.' .Shift in rate .. ...... .' l' .... •.• 16.7 ....•.. '. MHi 

$hifttnto input re~~y LQW '. I .. ris·· 

.' MHz' 

, tOFU} Shift.OuttoQutputReady LOW ... " •.... 

!QfUjt Shift Outtq Output Fleady·HIGH 5 '.' ". . .... '.4$' . 
. .. 

tOPHOutptit REladypulse'HIGtI a.. 15 '.' " ns 

....• ; •.. 
'; 



5/67401 A/2A Standalone 

Absolute Maximum Ratings 
Supply voltage vee ....................................................................................... -0.5 V to 7 V 
Input voltage ............................................................................................. -1.5 V to 7 V 
Off-state output voltage ...... . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. -0.5 V to 5.5 V 
Storage temperature ................................................................................... _65° to +1500 e 

Operating Conditions 5/67401 A/2A 

SYMBOL PARAMETER FIGURE 

Vee Supply voltage 

TA Operating free-air temperature 

tSIHt Shift in HIGH time 1 

tSIL Shift in LOW time 1 

tlDS Input data setup 1 

tlDH Input data hold time 1 

tSOHt Shift Out HIGH time 5 

tSOL Shift Out LOW time 5 

tMRW Master Reset pulse 10 

tMRS Master Reset to SI 10 

*Case temperature. 

Switching Characteristics 5/67401 A/2A 
Over Operating Conditions 

SYMBOL PARAMETER FIGURE 

fiN Sh ift in rate 1 

tlRL t Shift In to Input Ready LOW 1 

tlRHt Shift In to Input Heady HIGH 1 

fOUT Shift Out rate 5 

tORL t Shift Out to Output Ready LOW 5 

tORHt Shift Out to Output Ready HIGH 5 

tODH Output Data Hold (previous word) 5 

tODS Output Data Shift (next word) 5 

tpT Data throughput or "fa!! through" 4,8 

tMRORL Master Reset to OR LOW 10 

tMRIRH Master Reset to IR HIGH 10 

·tIPH Input Ready.pulse HIGH 4 

tOPH Output Ready pulse HIGH 8 

8-32 

MILITARY COMMERCIAL 
MIN TYP MAX MIN TYP MAX 

UNIT 

4.5 5 5.5 4.75 5 5.25 V 

-55 *125 0 75 °e 
35 23 28t ns 

35 25 ns 

5 5 ns 

45 40 ns 

35 23 ns 

35 25 ns 

40 35 ns 

45 35 ns 

MILITARY COMMER.CIAL 
MIN TYP· MAX MIN TYP MAX 

UNIT 

10 15 MHz 

50 40 ns 

50 40 ns 

10 15 MHz 

65 45 ns 

65 50 ns 

10 10 ns 

60 45 ns 

2.2 1.6 uS 

65 60 ns 

65 60 ns 

20 20 ns 

20 20 ns 



5/67401/2 Standalone, 

Absolute Maximum Ratings 

~u:&'~~~~:;e.~~~.: : : ::: : : :: : ::: : : : : :: :: : :: : ::::::: :: :::::: ::::: :::::: ::::::::::: :: :::: : ::: ::::::::: : :::: =~:~~!~'~~. 
Off"State output voltage .. 00' ••••••••••••••••••••••••••••••••••••••••••••••••• "" ••••••••••• , .' ••••••••• , • • • • -0.5 V to 5.5 V 
Storage temperature ....................................••.....•...•........•...........•..•..••. ' ••.••. _65° to +l50°C' 

Operating Conditions 5/67401/2 

SYMBOL PARAMETER FIGURE 
MILITARY " COMMERCIAL 

UNIT .. MIN TYP MAX MIN ,TYP MAX 

Vee Supply voltage 4.5 5. ' 5.5 4.75 5 5:25 V 
TA Operating free-air temperature -55 *125 0 75 °e 
tSI/-:l1 ,', Shift in HIGH time 1 45 35 ns 

, 

tSI'l Shift in LOW time 1 45 35 ns 

, tlOS Input data setup 
,', 1 10 5 ns 

l'CH Input data hold time 1 " 55 45 
J 

'ns 

tSOHL' "Shift Out HIGH time 
", , .. 5 45 35 ns 

'SOL" Shift Out LOW time , 5 45 35 ns 

tMRVIf ,Master Reset pulset 10 30 :'. ,,35 ., ns 

tMRS Master Reset to 81 ,1'0 45 35 ns 

*·as· te r' ·ur .. ' Cel)lpeat,e , 

S~ttchlrigCh .. racterl_iC85/67401j2 
Over Opelattng Conditions 

"PARAMETER 
:.' " , 

. FIGURE MILITARY .eOM!<'E~~J~J"\liJNIT 
MIN TYP, M~Xt't1'N"', 'TVP MAX 

I ~put '#tJlse'~1i:>3IJ, ' ' 
Inputl'lise' and F~ltTirne{iO% -90%} 
'5 ns'!iiinll'l1'(lri'ioi: i'i, ;' ,i',: 
Me~tein~Atfmaq~aH:$ V 



5/67401A/2A/1/2, 67401 8/28 Standalone 

Electrical Characteristics Over Operating Conditions 

SYM.OL PARAMETER TEST CONDITIONS MIN TYP MAX UNIT 

VIL Low-.level input voltage O.Bt V 

VIH High-level input voltage 2t V 

VIC Input clamp voltage Vee = MIN II = -ISmA 
. '.' . 

-1:5 v" ; 
11L1 Low-level .I DO-On, MR 

'VI 
-O.B mA 

Vee = MAX = OASV 
IIL2 input current 151, SO -1.6 mA 

IIH High-level input current Vee = MAX VI - 2.4V 50 /.LA 

II Maximum input current vee = MAX VI = S.SV 1 mA 

VOL Low-level output voltage Vee = MIN 10l = BmA 0.5 V' 

VOH 'High-Ievel output voltage Vee = MIN 10H =-O.9mA 2.4 V 

lOS Output short-circuit current * Vee = MAX Vo = OV -20 -90 mA 

5/67401 160 
" 

5/67402 180 
Vee = MAX 

67401 A 170 
ICC Supply current 

Inputs low, . 
outputs open. 67402A 190 

67401B,S7401A 180 

67402~,.S7402A " 
200, 

" " * Not more than one output should be shorted at a time and duration of the short circuit should not exceed one second. 
tThere are absolute voltages with reape!ll to dagl)!e GND (PIN 8 or 9) and 'includes all.ove",hoots due tp test equipment. 

Functlonai DescriptIon 
:'k . • .• 

Data Input 
After'powerup the Master Reset is pulsed low (Fig. 10) to 
prepare the FIFO to accept data in the first loeation. When Input 
Ready (IR) is HIGH the location is ready to accept data.from the 
Ox inputs. Data then present at the data inputs is entered into 
the first location when the Shift In (51) is brought HIGH. A 51 
HIGH signal causes 'the IRio go LOW. Data remains at the first 
location until 51 is brought LOW. When 51 is brought LOW and 
the FIFO is not full, IR will go HIGH, indicating that more room 
is available, Simultaneously, data will propagate to the second 
IQcation .and continue. shifting until.it reaches the output stage 
or sfull location. The first word is present aphe outputs before 
a shift,out ill applied. If the memory,is full, IR will remain LOW. 

Data Transfer 
Once,data is entered into the second cell, the transfer of any full 
cell to the adjacent (downstream) empty cell. is automatic, 
activated' by anon-chip control. Thus data will stack up at the, 
end of the device while ~mpty locations will "bubble" to the front. 
tPT defines the time required for the first data to travel from'input 
to the output of a previously empty device. 

Data Output 
Data is read from the Ox outputll, When data is shifted to the 
out(>ut, stage" Output Ready (OR):goes HIGH, indicating the 
presence of valid data. When .the. OR is :HIGH, data may be 
shifted out by br~nging}neShift put(SO.).HIGH. A HIGH signaL 
at SO causes the. OR to go LOW, Valid data is maintained While 
the SO is HIGH. When SO is brought LOW the upstre,lr'n data,. 
provided that stage has valid datil. is shifted to the output stage. 
When new valid data is shifted to the output stage, OR goes 

HIGH. lithe FIFO is emptied, OR stays LOW, and Ox remains as 
before, (i.e. data does not change if. fiFO is empty). 

Input Ready and Output Ready may also be used as status 
signals indicating that the FIFO is completely full (Input Ready 
stays LOW for at least tPT) or completely empty (Output Ready 
stays LOW for at least tPT)" " 

AC Test and High Speed App. Notes 
Since the FIFO is a lieiy-high-spe9d device;eare must be exer
cised in the design olthehardwareand the timing utilized within 
the deSign. The internal shift rate 9tthe FIFO typically exceeds 
20 MHz in operation. Device grounding and ae<;oupling is cru
cial tO,correct operation, as the.FIFO:willresPQnd10 very small 
glitches due tp long reflective lines. !'ligh capaCitanceand/or 
poor supply deeoupling and. grounding. We recommend a,: 
monolithic ceramic c:apacitt)r of 0.1 1'1= direCtly be~n Vee 
and GND with very shQrflead length; In addition, caremu$t be 
exercised in howthetirning is set upand how the pararlieterS are 
measured. For example, since:an AND gate functionisasso
ciated with both the Shift In-JnPutReady combination, aSlo"eli as 

,.the Shift Out-output Readycombination, timing measurements 
may be misleading, i.e., risirig edge of the ShifHn pulSe is n,ot 
recognized uritillnput-Ready is High.lf Input-Ready is not,high, 
due to too high a. frequency or FIFO being full cfaffeCte6;by' 
Master Reset, the Shift-In activity will be ignored. This will affect 
the device from a functiOnal standpOint, and will also cause the 
"effective" timing of Input Data Time (tIDH) and tnenext activity 
of Input Ready (tIRLl to be extendeClrelative',toShift~lngoing 
High.Thissame type of problem'is'also relatiidto tIRH,tORL 
and tOFlH as related to Shift-Olil. ' 



5/67401A/2A/1/2,6740tJJ'2B Standalone 

1+------11fIN --------.r __ ------lIfIN --:-------'-~ 

SHIFT IN 

Figunt 1. Input Timing 

SHIFT IN 

INPUT ,DATA ."' • .;;;. __ ..... S .. T ... AB..,L .. E_D .... A"!~ ... A~ ____ J 

,',"'uri;3/;rt1t Mechlinlem. ofShlftlriffo,.'f"\o, the . .fiFO 

o 'Input Ready HIGH indicate~ space is'~~:'lil~ .;'d 'iSltiiil~pul~e maybe apPli~~~"~: i. ,',' 'h' 

o Input Data is, loaded intoth. first w~rd, , 

(Dlnput Ready,gpes LOW Indicating the first word'is ,full. ',' : o The, Data from the firs! word is, released for "fall-through" to s~c~nd ~ord, ' 
@ The,D~ta from the ,firstw.ord'i. transferred to second word, The first word is' now empty as indicated by Input Reaily HIGH. 

@ If the a~cond word is alrea,dy, full then the data remains at ihe first word; Since ttl,e FIFO is, ,now lulllnp\lt ,Ready 'l'main' Ipw, 

NOTE: Shift In pUlses applied whilalnpul Ready i. LO~ wlfl be Ignored. (See Figure 4.) 
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5/67401 A/2A/112,67401 B/2BStand.'cme 

SHIFT OUT 

SHIFT IN 

INPUT READY 

.,~I~;."-. ,.,.-'----'tPT----!1-t»fl~~ .• -t'P~h,-' ______ _ 

INPUT DATA :~~~~~~_S_TA_B_,L_E_D_A_T_A __ ~J¥ll/ltl8 
Figure 4. Dalll II Shifted In Whel1ever Shift In and Input Ready are Both HIGH. 

0) FIFO is initially.lull. o Shift Out pulse Is apptied. An empty location starts "bubbling" to the lront. 

o Shift In is h~ld HIGH: 

o As soon as Input Ready becomes HtGH the Input Data is loaded into the first word. o The Data I;om thl> lirst:N.gid 'is' ;elea~i1 lor "Iall through" to second word. 

1+,.-----IIIOUT--------1+-----I/IOUT------1 

\-+---tSOL---'" 

SHIFT.OUT 

OUTPUT DATA 

Figure 5.0"tput Timing 

o The diagram assumes. that;>t this lime. words .63. 62. Stare·loaded with A; B. C Data. resp~ctively 

CD Data is shifted out when Shift bGt.make~ a HIGH to L.OW transiliori: 



5/67401 A/2A/1/2, 674018/28 Standalone 

~------------100n.------------~I .. ------------100ns------------~1 

SHIFT OUT 

OUTPUTREAOY ---------t~~----------~ 

C-DATA 

OUTPUT DATA 

Figure 6. Typical Wavefonnsfor 10 MHz ShiH Out Data Rate (67401/2) 

o The diag'ram assumes, that at this time. words 63, 62. 61 are loaded with A, B, C Data. respectively o Data 'in the crosshatched region may be A or B Data. 

SHIFT OUT 

OUTPUT READY - ..... ------------+-------__ ..... 

----.::::.------
)9 

OUTPUT DATA A-DATA ~ 8-DATA 

--------------~---------------/I~\~---------------

Figure 7. The Mechanism of Shifting Data Out of the FIFO. 

o Output Ready HIGH indicates that data is available and a Shift Out pulse may be applied. o Shift Out goes HtGH causing the nex,t $~ep. o Output Ready goes LOW. 

o Contents of word 62 (S-DATA) is released .for "fall through" to word 63 

® Outpu't Ready goes HI,GH indicating that new data {B) is now available at the FIFO outputs. 

® If the FIFO has only one word loaded (A-DATA) then Output Ready stays LOW and the A-DATA remains unchanged at the outputs. 

NOTE: Shift Out pulses applied when Output Ready is LOW will be ignored. 
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5/67401A/2A/1/2, 674018/2B Standalone 

SHIFT IN 

SHIFT OUT 

OUTPUT READY ...... )0 __ 1 _. ___ ..;...,.-_-..,..._-___ -_-_-_ -_ -. -. -_ -_-_ -_ -_-.t_P ... T~~~~~~~~ .. -------.-----_ ........ FtOPH--l _______ _ 

o FIFO initially empty. 

SHIFT OUT 

OUTPUT READY --....,.-------.1 

Figure 8. tpT and to PH Specification 

r171171/111 II"/; 
I I I II I I I I I I I I I 

OUTPUT DATA ~ ___ -----A--D-A-T-A--------~~ 
Figure 9. Data Is Shifted Out Whenever Shift Out and Output Ready are Both HIGH. 

G·Ward 63 is empty 

CD New,data (A) arrives at the outputs (word 63) 

o Output Heady goes HIGH indicating the arrival of the new data o Since Shift Out is held HIGH, Otjtput Ready goes immediately LOW 

CD As soon as Shift Out goes LOW the Output Data is s,ubject to change as shown by'the dashed line'on Output Ready 

8·38 MonoIIthlo·W.emorles 



• 5/6740,1 A/2A/1/~', 674018/2B~~nclalone, .:)," 

MASTER RESET 

INPUT READY 

OUTPUT READY -"'--..... -----:----_-+--------.... ~ 

SHII;TIN 



F'irst.ln First-Out (FIFO) 
64x4 64x5 Memory 
1 ~.-"H~(Cascadable) 

C67L401D 
C67L402D 

Features/Benefits Ordering information 
• High-speed 1s"MHz ~hHt-In/shlft-outl'lltes 
• Low power consumption 

• ChD!~ of 4~blt or 5-bit data width 

• TTL inputs and outputs 

• Readllyeilpandable In word,width and depth 

• Structured pinouts. Output pins directly opposite 
corre&pondlnglnput pins 

• Hlgh-drlve capability 

• ~ynchl'9n0ll!. ol*'8tion 

Description 

i PART 
NUMBER 

: C67L40tD 

! C67L402D 

The C67L401 0/20 are "fall-through" high-speed First-in First- 00 

Out (FIFO) memories organized 64 words by 4 bits and 64 words 01 

by 5 bits respectively. The FIFO is expandable in word width and 02 

depth. The FIFO is attractive for many applications such as disk D3 

controllers, communication buffers. rate buffers. e!c. They (04) 

feature high-drive (lOL = 24 rnA) outputs. 

Pin Configurations 

vec 

SHIFT OUT 

OUTPUT READY 

00 
C67L401D 

01 
DATA IN OUTPUTS 

03 

9 MA$TEA RESET 

INPUT 
READY 
SHIFT 

IN 

MASTER RESET 

PKG 

N. J 

N.J 

. TWX: 910.338-2376 
2175 Mission' COIl8g8 eiVci;Santa CIBi'a;'CA950S4~1592' tel:l4ti8j'97:0~$700' TYiX:'91 0-338::2374 
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TEMP 

Com 

Com 

C67L401D 
(C67L402D) 

DESCRIPTION 

.15 MHz 64x4 FIFO 

15 MHz 64x5 FIFO 

00 
01 

02 ' . 
03 
(04) 
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Absolute Maximum Ratings 
Supply voltage vee .....•................................................................................. -0.5 V to 7 V 
Input voltage ................................... i .............................. ; • • • • • • • • • • • • • • • • .. .. • • • • •• -1.5 V to 7 V 
Off-state output voltage ................................................................................ " -0.5 V to 5.5 V 
Storage temperature ...........................................................•..................... -650 e to + 1500 e 

Operati.-g Conditions Over Temperature Range 

I SYMBOL PARAMETER FIGURE MIN 

Vee Supply voltage 4.75 

TA Operating free-air temperature 0 

i fiN Shift in rate 1 

~tSIH Shift in High time 24 
1 

I tSIL Shift in Low time 15 
r.--
I liDS Input data setup to SI (Shift In) 1 0 

tlDH Input data hold from SI (Shift In) 1 26 

tRIOS Input data setup to IR (Input Ready) 4 0 

tRIDH Input data hold from ,IR (Input Ready) 4 26 

fOUT Shift out rate 5 

tSOH Shift out High time 17 
5 

tSOL Shift out Low time 15 

tMRW Master Reset pulse ** 10 35 

tMRS Master Reset to SI' 10 35 

* If the FIFO is not full (IR High). MR low forces IR low. followed by IR returning high when MR goes high. 

'* * See AC test and high-s'peed application note. 

Electrical Characteristics Over Operating Conditions 

I 
I MIN 

i SYMBOL PARAMETER TEST CONDITION 
L. 

l VIL I Low-level input vOltag~ -

~ I High-level inp~t voltage 2** 

, Vie Input clamp voltage Vee= MIN 11=-18mA 
I 

I IlL Low-level input current Ivee: MAX V, = 0.45 V 
-

j IIH High-level input current 1Vec=MAX VI = 2.4 V 

r-; 
i I Maximum input current Vee = MAX V,= 5.,5 V 
r--- Output,O I Vee = MIN IOL" 24 mA j VOL 

Low-level 
i Output voltage ! IR.OR Vee = MIN IOL =8 mA 

I High-level Output, 0 Vee = MIN IOH = -3,0 mA 
i VOH 2.4 
! ~ut vOlta~ IR, OR Vec=MIN IOH =-0.9 mA 
~,---

i lOS Output short-circuit current' Vec=MAX VO=OV -20 

! Vee = MAX 
! lee Supply current All inputs low. L401D/2D 

All outputs open. 

COMMERCIAL 
TYP 

5 

. 

COMMERCIAL 
TYP 

* Not more than one output should be shorted ara time and duration of the short circuit should not exe'eed one' second. 
* * ,These are absolute voltages with respect to GND {Pi'n B or 9) and lnclud,e all overshoots_due to test equipment 

MonolithicWMemorles 

MAX UNIT 

='''' 
5.25 V 

70 "e 

15 MHz 

ns 

n;l 

ns 

ns 

ns 

15 MHz 

ns 

ns 

ns 

MAX 
UNIT I 

0.8** I V 

V 

-1.5 V 

-250 !'~ --
50 IlA ! 

1 mA 

I 0,5 V ! 

V 

-90 mA 

100 mA 
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SWitching Characteristics Over Operating Conditions 

I 

i SYMBOL PARAMETER FIGURE 
MIN i 

I tlRLt Shift In ! to Input Ready LOW 
1 

! tlRHt Shift In I to Input Ready HIGH 

! tORLt Shift Out! to Output Ready LOW 

I tORHt Shift Out I to Output Ready HIGH 
5 

I tODHt 'Output Data Hold (previous word) 12 

i to OS Output Data Shift (next word) 

tpT Data throughput 4,8 

tMRORL Master Reset I to Output Ready LOW 

tMRIRH* Master Reset t to Input Ready HIGH 
10 

I tMRIRL* Master Reset I to Input Ready LOW 

I tMRO Master Reset I to Outputs LOW 

tlPH Input ready pulse HIGH 4 17 

tOPH Output ready pulse HIGH 8 24 

tORD Output ready t to Data Valid '. 5 

* I.f the FIFO is not full (IR High), MR low forces IR low, followed by IR returning high when MR goes high. 

t See AC test and high-speed application note. 
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TYP MAX UNIT 

40 ns 

26 ns 

'. 45 ns 

50 ns 

ns 

40 ns 

1600 ns 

60 ns 

30 ns 

50 ns 

60 ns 

ns 

ns 

-3 ns 
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Standard Test Load 

Rl iFv 
R2 30pF 

OUTPUT . . . TEST POINT 

Input Pulse Amplitude = 3 V 
Input Rise and FallTime(10%-90%} = 2,5ns 
Measurements made af 1 ,5 V 

Functional Description 
Data Input 
After power up the Master ReSet is pulsedfow(Figure10)to 
prepare the Fl FO to accept data inthe first lecatlon, Master reset 
must be applied prier to use to enSure proper operation, When 
Input Ready (IR) is HIGH the first location is ready to accept data 
from the Ox. inputs, Data then present at the data inputs is 
entered into thelirst location when the Shift-In (SI) is brought 
HIGH, A SI HIGH signal causes the IR to go LOW, Once data is 
entered into the first cell,the transfer 01 data from any full cell to 
the adjacent (dewnstream) em ply cell is autematic, activated by 
an on-chip centrol. Thus data will stack up at the end of the 
device while empty locations will. "bubb,le" to the front. tpT 
defines the time required fer the first data to' travel from input to' 
the eutputef a previeuslyempty device, When SI is brought 
LOW and the FIFO is not full, IR will go HIGH, indicating mere 
room is available, If. thefnemetyis full, IR will. remain LOW The 
FIFO,sheuld always be cleared ty u~ingmasterreset. 

Data Output 
Data is read frem the Ox eutputs, When data is shifted, to' the 
output stage, Output Ready (OR) gees HIGH, indicating the 
presence ef valid data, When the OR is HIGH, data may be 
shifted out by bringing the Shift Out (SO) HIGH,A HIGH signal 
at SO causes the OR to' go LOW Valid data is maintained while 
the SO is HIGH, When SO is breughtLOW tl'mupstream data, 
provided the upstream stage has valid data, is l5hifted to' the 
output stage,When new valid data is shifted to' theeutputstage, 

IOl R1 R2 

24mA 200n 300n 

SmA 600n 12000 

OR gees HIGH, If the FIFO is emptied, OR stays LOW and Data 
output will net be valid, 

Input Ready and Output Ready may also' be used as status 
signals indicating that the FIFO is cempletely full (Input Ready 
stays LOW for at least tPT) er completely empty (Output Ready 
stays LOW fer at least tpT), 

AC Test and High-Speed App. Notes 
Since the FIFO is a very-high-speed device, care must be 
exercised in the design of the hardware and the timing utilized 
within the design, The internal shift rate ef the FIFO typically 
exceeds 20 MHz in operation, Device grounding and decoupling 
is crucial to' correct operation as the FIFO will respond to very 
small glitches due to leng reflective lines, high capacitances 
and/er poor supply deceupling and grounding, MonelithiC 
Memeries recemmends amonelithic ceramic capacitor of 0,1 I'F 
directlybetweenVCC.and GNDwith very.shortJead length, In 
addition, care must be exercised in how the timing is setup and 
hew the parameters are measured, For example, since an AND 
gate function is associated with both the Shiftcln-Input-Ready 
combinatien, as weU as the Shift-Out-Output-Ready cembina
tion,timing measurements may be misleading, I.e" rising edge 
of the ShifHn pulse is not recognized unti.llnputReady isHIGH. 
If Inpl,lt Ready.isnofhigh dueJo (a). toe high afrequency, or (b) 
FIFO being full or effected by MasterReset, the Shift-In activity 
will be igQored, This will affect Ihedevice from a functional 
standpeint •. and will also' cause the "effective"timing of Input 

Monolithi(:W lIIemQrie$ 8-43 
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Data Hold ~ime (TIDHl and the next activity of Input Ready 
(TIRLl to be extended relative to shift-in going HIGH. This same 
type of situation occurs with TORl and TORH as related to 

Shift-out. For high-speed applications, proper grounding tech
nique is essential. 

• 
SHIFT IN 

INPUT READY 

INPUT DATA 

Figure 1. Input Timing 

1--------66.6 ns ------•• ·1 •• -----_ 66.6 n.'~-----"'.'I 

SHIFT IN 

INPUT READY 

1 
INPUT DATA 

Figure 2. Typical Wavefonns for 1,S-MHz Shlft·ln ~ate 

SHIFT IN 

INPUT READY l-----,..-~~ __ ~ ____ _ 

Figure 3. , The Mechanlsrrt of Shifting Data, ,Into the FIFO 

CD Inpul Fieady HIGH indicates spacelsavaiiableancf,;'Shiit-ln pul.emaY be applied: 

@) Input Data is loaded into the lirst wont The Data from the first word is ieleased for '1all-through" toseccind word. 

CD Input Ready goes LOW indlcating'the fifStword isfull. 

, <If Shift-In going LOWaliowslnput Ready to sense the status of first word. The first word is nowenlpty as, indicated by Input Ready HIGH; 

CD If the second word is already full then the data remainscat the flr.stword. Since the FIFO is nowful,llnput Ready remains low. 

NOTE: Shift-In pulses applied while Input Ready is LOW will be ignored 
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SHIFT OUT -1 , \'---------------~£f-(--------------
SHIFT IN J~---~-'---------------------------.L_ 

INPUTREAOY _"\ • ..'~.. '''~ r" .. =-\-----trt~I~~ . 
INPUT OATA -=. .. STABLE DATA----o~ 

Figure 4. Data is Shifted in Whenever Shift In and Input Ready are Both HIGH 

CD fiFO is initially full. 

CD Shift Out pulse is applied. An empty location starts "bubbling" to the front. 

CD Shift In is held HIGH 

CD AS.soon as Input Ready becomes HIGH the Input O'ata is 'loaded into the first word. 

1~.o------I/fOUT--'----"~I·.""---'--.,.-I/fOUT-~---""""~I 

SHIFT OUT 

OUTPUTFIEADY 

OUTPUT DATA A·DATA B-DATA 

Figure .5. Output Timing 

CD The diagram assumes that at this time; words 63, 62and 61 are loaded with A, Band C Data, respectively. 

(i) Output data changes on the falling edge of S08fter a valid Shift-Out Sequence, I.e. OR and SO are both high together. 

,."o-'-'""--c-- 66.6 ns ------~ ... o(---~-'--,66.6 ns --,---,---.,. .. ~, 

SHIFT OUT 

OUTPUT READY 

OUTPUT DATA 

Figure 6. Typi\:al WavelQrms '()r15-MHz Shift-Out Data Rate 

CD The diagram assumes that at this,time word,s 63, 62 and.61. are loaded with A,'S and CDats, respectively. 

CD Data'in the1irstcrosshatched region may beA,or B.Data. 

MonolithloWMemorieS 
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SHIFT OUT 

OUTPUT READY 

OUTPUT DATA A-DATA 

Figure 7. The Mechanism of Shifting Data Out of the FIFO 

CD Output Ready HIGH indicates that data is available and a Shift-Out pulse may be applied. 

CD Shift-Out goes HIGH causing the contents of word 62 (B-Data) to be released for fall-through to word 63. 

Output data remains as valid A-Data while Shift-Out is HIGH. 

CD Output Ready goes LOW. 

8) Shift-out goes LOW causing Output Ready to go HIGH and new data (B) to appear at the data outputs. 

CD If the FIFO has only one word loaded (A-Data) then Output Ready stays LOW and the output data becomes invalid. 

SHIFT IN 

-,3 
SHIFT OUT 

?~ OUTPUT READY 

CD FIFO initially empty. 

CD Shift Out held HIGH 

SHIFT OUT 

OUTPUT READY 

0y 

\ 

tpT 

Figure 8. tpT and tOPH Specification 

(0) 

'( ,fl7T/777T/T/77777777777777 
{flllllllili////////I/IIII/. 

'''cD 0 
OUTPUT DATA ---------------~------~~------------A--D~A-T-A----------------~~ 

Figure 9. Data is Shifted Out Whenever Shift Outand.putput Ready are BothHIGH. 

CD Word 63isempty. 

CD Output Ready goes HIGH indic8,ting arrival of the new data. 

CD New data (A) arrives at the outputs (word 63). 

8) Since Shift Out is held HIGH. Output Ready goes immediately LOW. 

CD As soon as Shift Out goes LOW the Output Data. is subjeo\ to change. Output ~eady";ill go HIGH or LOWdependingon whether there areany additional upstream 

words in the FIFO. 
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MASTER RESET 

INPUT:READY 

. SHIFT IN. 

t -.._ . 
r--. 

1~·~~--------tMRS----------~ 

OUTPUT READY 

DATA OUTPUTS ~IIIIIIII~ 
Figure 10 .. Master Reset Timing 



Low Power 
First-In First-Out (FIFO) 64x4 
Memory 
67L401 

Features/Benefils Ordering Information 
• Guaranteed 5 MHz shift-out/shift-In rates 

• Low Power Consumption 

•. TTL inputs and Olltputs 

• Readily expandable In the bit dimensions 

• Structured pinouts. Output pins directly opposite corres
ponding Input pins 

• Asynchronous operation 

• Pin compatible with Fairchild's F3341 MOS FIFO and much 
faster 

Description 
The 67L401 is a low-power First-In First-Out (FIFO) memory 
device with TTL speed. This device is organized in a 64x4-bit 
structure and easily expandable to any width. A 5MHz data rate 
with fast "fall through" time allows usage in tape and disc 
controllers. printers and communications buffer applications. 
This data rate is much faster than.a comparable MOS device. 
The FIFO is a register-based device. Data entered .at the inputs 
"falls through" to the empty space closest to the output. Data is 
shifted out in the same sequence .it is shifted in. Also. the width 
can be increased by pultingthelnput Ready signals through an 
AND gate to give a composite Input Ready. Similarly. the Output 
Ready signals should be gated to form a composite Output 
Ready. 

Generally. FIFOs are used in digital systems performing data 
transfers when source and receiver are not operating at the 
same data rate. FIFOs are also used as data buffers where the 
source and receiver are not operating at the same time. The 
67L401 is particularly useful where low-power consumption is 
critical. 

Pin Configurations 

Plastic Chip Carrier 

PART 
PKG 

NUMBER 

67L401 N.NL 

67L401 J. NL 

Block Diagram 
67L401 64x4 

DO 
0, 
02 

INPUT 
READY 

SHIFT 
IN 

TEMP 

COM 

COM 

DESCRIPTION 

5 MHz 64x4 FIFO 

5 MHz 64x4 FIFO 

SHIFT 
OUT 

OUTPUT 
READY 

TWX; 910-336-2376 
2175 Mia.lon College Blvd. Santa .Clara.CA95054-1592 Tel: (408) 970-9700 .TWX:9.10-336-2374 
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Absolute Maximum Ratings 
Supply voltage vee ............................................. , ......................................... -0.5 V to 7 V 
Input voltage ............................................................................................. -1.5 V to 7V 
Off-state output voltage ............. ; .......... ;......................................................... -0.5 V to 5.5 V 
Storage temperature ................................................................................... ~65° to +150o e 

Operating Conditions 

SYMBOL PARAMETER FIGURE 
MIN 

Vee Supply voltage 4.75 

TA Operating free-air temperature 0 

tSIHt Shift in HIGH time 1 55 

tSIL Shift in LOW time 1 55 

tlDS Input data setup 1 10 

tlDH Input data hold time 1 80 

tSOHt Shift Out HIGH time 5 55 

tSOL Shift Out LOW time 5 55 

tMRW Master Reset pulse 10 40 

tMRS Master Reset to SI 10 35 

Switching Characteristics Over Operlltlng Ccmdllions 

SYMBOL PARAMETER FIGURE 
MIN 

fiN Shift in rate 1 5 

tlRLt Shift in to Input Ready LOW 1 

tlRHt Shift in to Input Ready HIGH 1 

fOUT Shift Out rate 5 5 

tORLt Shift Out to Output Ready LOW 5 

tORHt Shift Out to Output Ready HIGH 5 

tODH Output Data HoldWrevious word) 5 8 

taos Output Data Shift (next word) 5 

tpT Data throughput or "fall through" 4,8 

tMRORL Master Reset to OR lOW 10 

tMRIRH Master Reset to IR HIGH 10 ; 

tIPH' Input Ready pulse HIGH 4 20 

tOPH 
. Output Ready pulse HIGH 8 20 

t See ACtest and application note . 

.. This paiain~ter applies to FIFOs communicating with each other in a cascade mode. 

Test Load 

• The "TEST POINT" is driven by the .output under test, 
and observed by instrumentation. ~5V56011 '., '.' TEST POINT' 

1.1kll . 30pF 

IIIIonoIIthlcW""emories 

.' 

COMMERCIAL 
UNIT 

TYP MAX 

5 5:25 V 
75 °e 

ns 

ns 

ns .. 

ns 

ns 

ns 

ns 

ns 

COMMERCIAL 
UNIT 

TYP MAX 

.' MHz 

75 ns 

75 ns 

MHz 

75 ns 

80 ns 

ns. 

70 OS " 

4 ILS 

85 os 
; 85 ns 

ns 

ns 

Input Pulse 0 to 3 V 
InputHise and Fall Time (10% - 90%) 
5 ns minimum. 
Measurements made at 1.5 V 
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Electrical Characteristics Over Operating Conditions 

SYMBOL PARAMETER TEST CONDITIONS MIN TYP MAX UNIT 

Vlt Low-level input voltage 0.8 V 

VIH High-level input voltage 
'.' 2t V 

VIC Input clamp voltage Vee = MIN II = ~l8mA -1.5 V 

11L1 Low-level I 00-0 3 MR 
Vee = MAX 

~.8 mA 

inputcurrent SI, SO 
VI = 0.45V 

IIL2 -1.6 mA 

IIH High"level input current Vee = MAX VI =2.4V 50 !J.A 

II Maximum input current Vee = MAX VI = 5.5V 1 mA 

VOL Low-level' output voltage Vee = MIN IIOL =8mA 0.5 V 

VOH Highclevel output voltage Vee = MIN I 10H = -O.9mA 2.4 V 

lOS Output short-circUit current· Vee = MAX Vo =OV -20 "'90 mA 

lec Supply Current VCC =: MAX Inputs Low, Outputs Open 95 110 mA 

* Not more than one Qutput should be shorted at a time and duration of the short-circuit should not exceed one second. 

t This is an absolute voltage with respect to device GND (Pin 8 or 9) and inCludes all overshoots due 'to test equipment. 

Functional Description 
Data Input 
After power up the Master Reset is pulsed low (Fig. 11) to 
prepare the FI FO to accept data in the first location. When Input 
Ready (IR) is HIGH the location is ready to accept data from the 
Ox inputs. Data then present at the data inputs is entered into 
the first lOCation when· the Shift In (SI) is brought HIGH. A SI 
HIGH. signal causes the IR to go LOW. Data remains at the first 
location until SI is brought LOW. When SI is brought LOW and 
the FIFO is not full, IR will go HIGH, indicating that more room 
is availabl.e. Simultaneously, data will propagate to the second 
location and continue shifting until it reaches the output stage 

or a full location. The. first word is present at the outputs before 
a shift out is applied. If the memory is full, IR will remain LOW. 

Data Transfer 
Once data is entered into the second cell,the transfer of any full 
cell to the adjacent (downstream) emply cell is automatic, 
activated by an on-Chip control. Thus data will stack up at the 
end of the device while emply locations will "bubble" to the front. 
tpT defines the tim;e required for the first data to travel from input 
to the output ofa previously emply device. 

Data Output 
Data is read from· the Ox outputs. When data is shifted to the 
output stage, Output Ready (OR) goes HIGH, indicating the 
presence of valid data. When the OR is HIGH, data may be 
shifted out by bringing the Shift Out (SO) HIGH. A HIGH signal 
at SO causes the OR to gotOW. Valid data is maintained while 
the SO is HIGH. When SO is brought LOW the upstream data, 
provided that stage has valid data, is shifted to the output stage. 
When new valid data is shifted to the output stage, OR goes 
HIGH. If the FIFO is emptied,ORstays LOW, and Ox remains 
as before, (i.e. data does not change if FIFO is empty). 

Input Ready and Output Ready may also be used as status 
signals indicating that the FIFO is completely full (Input Ready 
stays LOW for at least tpT) or completely empty (Output Ready 
stays LOW for at least tPT)' 

AC Test and Application Note 
Since the FI FOis a very-high~speed device, care must be exer
cised in the design of the hardware and the timing. Though the 
external data rate is 5 MHz internally the device is several times 
as fast. Device grounding and decoupling is crucial to cortect 
operation, as the FIFOwHi respond to very small glitches caused 
by long reflective lines, high capacitances and/or poor supply 
decoupling and grounding. Werecommend a monolithic ceramic 
capacitor of 0.1 !J.F directly between VCC and GNDwith very 
short lead length. In addition, care must be exercised in timing 
set up and measurement ·of parameters. For example, since an 
AND gate function is associated with both the Shift In~lnput 
Ready Combination, as well as the Shift Out-Output Ready 
CombinatiQn, timing ,measur~m_e,nts may be. ,misleadh'1g, i.e., 
rising edge of the Shift-In pulse is not recognized until Input
Ready is High.lf Input-Ready is not high due to t()o hig~ a 
frequency, or the FI Fa being full or affected by Master Reset;"the 
Shift-In activity will be ignored. This will·affect the device from a 
functional standpoint, and will also cause the "eUective" timing 
of Input Data Time (tIDH) and the next activity of Input Ready 
(tIRLl to be extended relative to Shift-In going High. 
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r--------1IIIN -------+t-.-------1IIIN -.--------t 

SHIFT IN 

r----IIRH----J 

INPUTREADY----+-__ ------__ --~ 

INPUT DATA 

!'igure 1. Input TIming 

~~~------~ns-~~---~---~r_ __ ---~--~:200n.~--~~----~~· 

SHIFT IN 

INPUTREADY-----r--~--------~ 

INPUT DATA 

Figure 2. "TYpical Waveforms IQr 5-MHz Shift In Data Rate 

SHIFT IN 

INPUTREADY~~----~------------~+_--~~ 

INPUT DATA • ____ S_T..,A_B .. L_E_D_A_T_A ...... ____ o.A . 

,: ~I~~re a .. The, Mechanism of Shifting Data h''''~ 1rnlFIFO 

G) Inpul Re.dy .HIGH ihdic.le~sp.cejs·.vailable a"daShift In'.pulse ma,y be .pplied. o Input Oat. is Io.ded into the·fjrstword. 

(!)-,input,ReadY'goes LOW'ind~catjng the first word is fUIf. 

(~), The Data from"'th~, first word- 'is released for ,"fall-through" 'to second ,word. 

@) The' Oat~ from the ,first word' i's -tran~-fer.red to second wor-9:- The first word is ,now empty, 8$- indicated by Input ~eady HIGH. 

@,lithese<;ondwon:",is'a'lreS?Y,fUU then theda~a remains at theJirst word: Since the:FIFQ is now,fulllnput Re'BdY 'remains low. 

NOTE: Shift In puises applied whilelnp,,1 Ready is .. LOW will be ig"Qred(See Figure'S). 
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SHIFT OUT 

SHIFT IN 

INPUT READY 

J .. <I/~----tpT __ .c..-_~--o .... ¥1 \'-------
INPUT DATAt.. ____ S_'J:_'A_B_LE_D_Ar._'A ___ -,J~ 

Figure 4. Data is Shifted in Whenever Shift In and Input Ready are Both HIGH 

o FIFO is initially -full. o Shift Out pulse is applied An empty location start "bubbling" to the front o Shift In is held HIGH. 

(VAS soon as Input Ready becomes HIGH the Input Data is loaded into the firs"t word 

® The Data -from the first word is released for .ifall through" to second word, 

-·--~~--iIfOUT--------_----- i/fOUT------.... 1 

SHIFT OUT 

OUTPUTREADY-------t----~--~r_-"' 

OUTPUT DATA 

o The diagram assumes, that at this time, Words 63. 62, 61 are loaded with A, B. C Data, re~pectivelY 

Figure 5. Output Timing 

IfIIonoIlthlo m Memories 
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1-------2OOn8 --------o-J· .... e------200n.-----___ 

SHIFT OUT 

OUTPUT READY ----4.....,f------..... 

OUTPUT DATA 

Figure 6. Typical Wavefonn for 5 MHz Shift Out Data Rate 

o The diagram assumes, that at this time, words 63, 62, 61 are loaded with A. B. C Data, respectively 

o Data in 'the.crosshatched region may be A or 8 Data. 

SHIFT OUT 

OUTPUT READY --~~----------+---------~ 

OUTPUT DATA A-DATA 

Figure 7. The Mechanism 01 Shifting Data Out of the FIFO 

o Output Ready HI~H indic~tes that d~ta is available and a Shift Out pulse may be applied. o Shilt Out goes HIGH causing the next step. 

0) Output Ready goes,lOW, o Contents of word 62 (S-OATAI is released '(or "fall through" to word 63, 

® Output Ready goes HIGH Indicating that new data' fB) is nQW available at the FIFO outputs." 

® if the FIFO has mily one wqrd loaded (A-DATAl then Output Ready slays lOW and the A-OATA remains unchanged 01 the outputs 

MonoilthicW lIIIemor/es 
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SHIFT IN 

~ji?==1 ========t-I=.-=-_-=-_:::=-_:::~-_=~tP_T-=-~~-=-~~--~=--~=-F-:-J ......... I_~""""H -. ~L--__ 

OUTPUT READY - -

SHIFT OUT 

o FIFO initially empty. 
Figure B. tpT and 'OPH Specification 

SHIFT OUT 

OUTPUT READY -_ ..... :--------

rllTI ITI ITTi7~ 
/ / / / / / / / / / / / / / 

OUTPUT DATA ~ _________ A_.D_A_T_A __________ ~~ 
Figure 9. Data is ,Shifted Out Whenever Shift Out and Output Ready are Both HIGH 

CD Word 63 is empty 

CD New data (A) arrives at the outputs (word 63). 

o Since Shift Out is held HIGH, Output Ready goes immediately LOW. o As soon as Shift Out goes LOW the Outpur'Oata is subject to charge 
as shown by the dashed Ime on Output Ready ® o.utput Ready goes HIGH indicating the arrival" of the new data 

MASTER RESET -----"\ 

J-,c-~--;--'--'"+tMRIRH'~-------+l ,...---...,....;..---.., 

INPUT READY 

f------:'---t-tMRORL . ....:..:.....:..:.---'-='--~ 

OUTPUT READY -~----------------1------------~=---~ 

SHIFT IN 

_____________________ ~--------tM~R~S====~~~---~~Jr~' ----------~----~~--
(0 FIFO initially full: 

Figure 10. Master Reset Timing 
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IR SO 
5HIFTOUT 

51 OR 

DO 67L401 00 

01 01 

02 02 

03 03 
MR 

COMPOSITE COMPOSITE 
INPUT READY OUTPUT READY 

IR SO 
SHIFT IN 

51 OR 

DO 67L401 00 

01 01 

02 02 

03 03 
MR 

MASTER RESET 

Figure 12. 64x8 FIFO With Two 67L401's 

FIFOs are expandable in depth and width. However, in forming wider words two external gates are required to generate composite 
Input and Output Ready flags. This need is due to the different fall through times pfthe FIFOs. 

Applications 
FIFOs are typically used as .temporary data buffers between 
mismatching data rates. Such an application is shown in 
Figure 13. 

Mii RESET 

I I L 
~ '" 8-BITOAT~ 0 2x67L401 °18-BITOA~ PAPER ~ 04.8 CPU 

TAPE ~IFO 
READER BUFFER 

51 so 
ENBLSI IR OR 10-ROY 

Figure 13. FIFO As Data Buffer Between Slow Steady Rate 
ang Fast 'Burst' Rate 

The 67L401 can also be used in a bidirectional operation as 
shown in Figure 14. 

Sl--------------~~ so 

IR -----------------!2x67L401!---------------..... OR 

OR ... _.C.. __ ~_.C.. _ __; 

so ------------_--00-1 

64.8 

2x671401 
04.8 

~~-----------.IR 

I-.. ..-~------sl 

NOTE: Both depth and width expansion can be used in this mode. 

Figure 14. Bidirectional FIFO Application 
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Low Power First-In First-Out (FIFO) 
64x5 Memory 
67L402 

Features/Benefils 
• Guaranteed 5 MHz shifl-oullshifl-in rates 

• Low power consumption 

• TIL inpuls and outputs 

• Readily expandable in the bit dimensions 

• Structured pinouts. Output pins directly opposite corres
ponding input pins 

• Asynchronous operation 

Description 
The 67L402 is a low-power First-In First-Out (FIFO) memory 
device with TTL speed. This device is organized in a 64x5-bit 
structu re and easily expandable to any width. A 5 MHz data rate 
with fast ''fall through" time allows usage in tape and disc 
controllers, printers and communications buffer applications. 
This data rate is much faster than a comparable MOS device. 
The FIFO is a register-based device. Data entered at the inputs 
''falls through" to the empty space closest to the output. Data is 
shifted out in the same sequence it is shifted in. Also, the width 
can be increased by putting the Input Ready signals through an 
AND gate to give a composite Input Ready. Similarly, the Olltput 
Ready signals should be gated to form a composite Output 
Ready. 

Generally, FIFOs are used in digital systems performing data 
transfers when source and receiver are not operating at the 
same data rate. FIFOs are also used as data buffers where the 
source and receiver are not operating at the same time. The 
67L402 is particularly useful where low-power consumption is 
critical. 

Pin Configurations 

INPUT READY 2 

SHIFT IN 3 

1
'00 4 

0 1 

DATA IN, O2 

0 3 

0 4 

67L402 

vcc 

SHIFT OUT 

16 OUTPUT READY 

:: '} OUTPUTS 

0 3 

0 4 

MASTER RESET 

Ordering Information 

PART PKG TEMP PACKAGE 

67L402 N,NL Com 

67L402 J, NL Com 

Block Diagram 

INPUT 
READY 
SHIFT 

IN 

67L40264x5 

DESCRIPTION 

5 MHz 64x5 FIFO 

5 MHz 64x5 FIFO 

15 

OUTPUT 
READY 

Plastic Chip Carrier 

TWX: 91Q,,338-2376 
2175 Mission College Blvd. Santa Clara, CA 95054-1592 Tel: (408) 970-9100 TWx: 910-338-2374 
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A_IIr.A 



67L402 

Absolute Maximum Ratings 
Supply voltage vee ..................................................................................... -0.5V to 7 V 
Input voltage ... , ........................................................................ ' ................. -1.5 V to 7 V 
Off-state output voltage ............................................................................... "0.5 V to 5'.5 V 
Storage temperature ................................................................. ; ............... -65°to+150oe 

Operating Conditions 

SYMBOL PARAMETER FIGURE 

Vee Supply voltage 

TA Operating free-air temperature 

tSIHt Shift in HIGH time 1 

tSIL Shift in LOW time 1 

tlDS Input data setup 1 

tlDH Input data hold time. 1 

tSOHt ' Shift Out HIGH time : 5 

tSOL Shift Out LOW time 5 

tMRW Master Reset pulSe 10 

tMRS Master Reset to SI 10 

SWitching Characteristics Over Operating Conditions 
..... 

' . .. 
SYMBOL PARAMETER. 

fiN Shift in rate 

tlRLt ... Shift into Input Ready LOW 

tlRHt Shift in to Input Ready HIGH 

four Shift .out rate 

tORLt Shift Out to' Output Ready LOW 

tORHt Shift Out fo OutpulReady HIGH 

tODH 
.... 

.output Data Hold(previou8 word) 

taos OutpufData Shift. (next word) 

tpT Data throughput or "'al.1 thr9ugh'; 

tMRORL Master Reset to ORLOW 
'.' 

tMRIRH MaSter Reset to IRHIGH 

tlPH Input Ready pulse j,iIGH '.' 

tOPH Outj:MReady pulse HIGH 
, 

* The "TEST POINT" IS,driven by the output 0'nder tes't, 
,and observed by instrumentation'" 

" 

.' 
FIGURE 

1 

1 

1 I 

5 

• 5 

5 
.. 5 

5 

4,8" . 

10, 

, 10 

4 
: 8 

.. 

. 

.' 

COMMERCIAL 
UNIT 

MIN TYP MAX 

4.75 5 5.25 V 
0, 75 °C 
55 ns 

55 ns 

10 .. ' 
., 

ns .. ' ,.' 

80 ns , 

55 ns 

55 
[ 

ns 

40 
.. 

ns 

35 ns 

, 
." 

... ' , 

COMMERCIAl. 
MIN TYP MAX ...... 

UNIT 

5 '. ' .... r .... - MHz 
..... '." " . .'. 

75 'ns 

.... . . 75 ns '. 

's· .... ... . .. ,' , 
.' 'MHz 

. ....... 75 ns 

)"r 
'.' . 80 , ns 

8 . ns .. " I, 

.. ' .. ,' 70 ns i 
". 

4 ." pS 

.,.' , , ........ .. ' 85 ,ns .. '. .' ...... 85 ns ...... 

20 ns 

20 ..... 
, .... 

nS 
. ... 



67LA02 

Electrical Characteristics Over Operating Conditions 

SYMBOL PARAMETER TEST CONDITIONS MIN TYP MAX UNIT 

VIL Low-level input voltage O.B V 

VIH High-level input voltage 2t 
-'~' 

V 

VIC Input clamp vol~ge VCC=MIN II = -lBmA -1.5 V 

111':1 Low-.level I 00-0 3 MR -O.B mA 
Vce= MAX VI = 0.45V 

IIL2 input current SI, SO -1.6 mA 

IIH High-level input current Vee = MAX VI = 2.4V 50 p.A 

II Maximum input current Vce=MAX VI = 5.5V 1 mA 

VOL Low-level output voltage Vec.= MIN I 10L = BmA 0.5 V 

VOH High-level output voltage Vee = MIN jlOH = -0.9mA 2.4 V 

lOS Output short-circuit current' Vec= MAX Vo =OV -20 -90 mA 

ICC Supply Current VCC=MAX Inputs Low, Outputs Open 113 130 mA 

• Not more than one output should be shorted at ,8 time and duration of the short-circuit should not exceed one second. 
t This is an absolule vollage wilh respecI16 device GND (Pin 8 or 9) and includes all overshools due 10 lest equipment. 

Functional Description 
Data Input 
After power up the Master Reset is pulsed low (Fig. 11) to 
prepare the FIFO to accepfdatain the first location. When Input 
Ready (IR) is HIGH. the location is ready to accept data from the 
Ox inputs. Data then present at the data inputs is entered into 
the first location when· the Shift In (SI) is brought HIGH. A SI 
HIGH signal causes the IR to go LOW. Data remains at the first 
location until SI is brought LOW. When SI is brought LOW and 
the FIFO is not full, IR will go HIGH, indicating that more room 
is available. Simultaneously, data will propagate to the second 
location and continue shifting until it reaches the output stage 

or a full location. The first word is present at the outputs before 
a shift out is applied. If the memory is full, IR will remain LOW. 

Data Transfer 
Once data is entered into the second cell, the transfer of any full 
cell to the adjacent (downstream) empty cell is automatic, 
activated by an on-chip control. Thus dalawill stack up at the 
end of the device while empty locations will "bubble" to the front. 
tPT defines the time required for the first data to travel from input' 
to the output of a previously empty device; 

Data Output 
Data is read from the Ox outputs. When data is shifted to the 
output stage, Output Ready (OR) goes HIGH, indicating the 
presence of valid data. When the OR is HIGH, data may be 
shifted out by bringing the Shift Out (SO) HIGH. A HIGH signal 
at SO causes the OR to go LOW. Valid data is maintained while 
the SO is HIGH. When SO is brought LOW the upstream data, 
prOVided. that stage has valid data, is shifted to the output stage. 
When new valid data is Shifted to ihe output stage, OR goes 
HIGH. If the FIFO is emptied, OR stays LOW, and Ox remains 
as before, (I.e. data does not change if FIFO is empty). 

Input Ready and Output Ready may also be used as status 
signals indicating that the FIFO is completely full (Input Ready 
stays LOW for at leasttpT) or completely empty (Output Ready 
stays LOW for at leasttpT)' 

AC Test and Application Note 
Since the FIFO is a high-speed device, care must be exercised in 
design of the hardware and the timing. Though the external data 
rate is 5 MHz, internally the device is several times as fast. Device 
grounding anddecoupling is crucial to correct operation, as the 
FIFO is sensitive to very small glitches caused by long reflective 
lines, high capacitances, and/or poor supply decoupling and 
grounding. We recommend a monolithic ceramic capacitor of 
0.1 p.F directly between Vce and GND with a very short lead 
length. In addition, care must be exercised in timing setup and 
measurement of parameters. For example, since an AND gate 
function is associated with both the Shift In-Input Ready Com
bination as well as the Shift Out-Output Ready Combination, 
timing measurements may be misleading. I.e., rising edge of the 
Shift-In pulse is not recognized until Input-Ready is High. If 
Input-Ready is not high due to too high a frequency, orthe FIFO 
being full or affected by Master Reset, the Sh ift-In activity will be 
ignored. This will affect the device from a functionafsfandpoint, 
and will also cause the "effective" timing of Input Data Time 
(tIDH) and the next activity of Input Ready (tfRLl to be extended 
relative to ShiftCln going High. 



67L402 

1-o--------11f�N -------~.-------lIIIN -------~ 

SHIFT IN 

INPUTREADY--__ 4-____________ ~ 

INPUT DATA 

Figure 1.lnpul nming 

Figure .2. Typical Wavefonns lor 5 MHz SIlifl in Data Rate 

SHIFT IN 

® 
® 

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

INPUT DATA ._ .... ___ S .... T_A_B_L_E_D_A_T,..A .... __ .... ~ 
Figure· 3, The Mecha~lsm· olShlflingData In10the FIFO 

"" ,< 

G)lnpU! Ready HIGH indicates space is available.Jnd a Shift In pulse may be applied. 

CD Input Data is loaded into the first word 

CD Input Ready goes LOW indicating the first word is full. o The Data from the first word is reteased for "fan~through" to_ second word. 

@ T-he Data from the first word is transferred to second word. The first word is n~w ,empty as indi,ca~ed' by, Input, ,Ready HIQH. 

® If the second word is already full then the -data remains at theJjrst word.- Since -ure FIFO is now fu'li Input Ready remains low. 

NOTE: Shift-In pulses applied while Input Ready-is lOW wit! be ignored (See Figurft'S). 
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67L402 

SHIFT OUT 

SHIFT IN 

INPUT READY \~. --

INPUT DATA ·1.~ ____ S_t_A_8_LE_D_At_A ___ .....I~ 
Figure 40 Data is Shifted in Whenever Shift In and Input Ready are Both HIGH 

o FIFO,s 'nltially full o Shift Out pulse is applied. An empty location start "bubbling" to the front o Shift In is held HIGH. 

o As soon as Input Ready becomes HI'GH the Input Data is loaded into the first word 

(9 The' Data from the first word 'is;·r,eJe,ased for "fall through" to secor{(j word 

�------~il'OUT-------I.~I~ .. t-------il'OUT-----~ .... oI 

SHIFT OUT 

OUTPUTReADY~------~------~~~--~ 

OUTPUT DATA 

Q) The diagram assumes. that at this time', words 63: 6'2. 61 'are' loa'ded with A:- B. 'C 'Data, respect'ively 

Figure 50. OulputTlmlng 

8-60 NJqnollthlc W";emorles 
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87L402 

t------200n.--------\4------200I10-----....... ~1 

SHI" OUT 

OUTPUT READY ----+-+-------.... 

C-DATA 

OUTPUT DATA 

figure 6. Typical Waveform for 5 MHz Shift Out Data Rate 

o The dl~gram assumes, that at this time, words' 63, 62, 6' are loaded with A, B, C Data, respectively, 

o Data In the crossttatched region, may be A or" B Data, 

O~tpUT REAb/-~--..... --+_-..,..--..,. 

~--j®-----

~ 8-DATA OUTPUT DATA, A-DATA ____ ~ ________________ ~ ____ ~ __ ~f~'----~------------
FIgure 7~ T11eMec:banlsm of Shifting Data ()uI of the, FIFO 

(2) ,Output ReadV HIGH, indicateS that,dalll is llv.Uable arid aSMI OUI pulse may be applied, ' o Shill Out goes HIGH causing the nexl slep, 

{D Oulput Ready goes LOW, 

(~)Contenl. 01 word 62 (B-DATA) is released '0,"'.11 ihrough" to word ,53, 

® Qutp,u! Ready goes HIGH Indicating thaI new data (B) Is no~ available at Ihe FIFO o'ulput., ' 

® If the FIFO has o~lyone word losded (A~DATA) Ihen Outpul Rea:~y,stayS LOW and the ~:DATAremalns unchanged al thO OUlpUIS." 
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SHIFT IN 

SHIFT OUT . .. 
F~PH~t' OUTPUTREAOY -,~~_1 ______ ~ ____________________________ ~____________ ~ __________ __ 

o FIFO initially empty, 

SHIFT OUT 

OUTPUT READY -----..:---------------' 

'OUTPUT DATA' 

Figure 8. ,tPT and tpPH SpecIfication 

rllll711 III 11ft 
11111111/lllll 

~ _____________ A_,_OA_'T_A ______________ __'~ 
Figure 9. Data Is ,Shifted Put Whenever Shift Out and Output Ready are Both HIGH 

o Word 63 is empty. 

o New data (A) arrives at the outputs (word 63), 

o O~~pu; ~eadY goes H,IGH indicatin~ the arrival' of the new data. 

~ysince Shift Out is held HIGH, ()~tP~t Ready goes immediately LOW, 

(~) As soon as Shift Out goes LOW the Outpu! Data is subject to change 
as shown by the dashed line on Output Ready~' c. 

MASTER RESET --------""'"\ 

INPUT READY 

OUTPUTREAOY--'---__ ----__ ~--------_+--~----~--------~ 

'SHIFT IN 

_____ ~ __________ ~ _______ I_ .. ~-------~tMR~S==~~~-~~---~'~irr----------------------~--
o FIFO initially full, 

Figure ,10. Master ReNt l1mlng 
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COMPOSITE 
INPUT READY 

67L402 

IR 
51 

SOr---,------ SHIFT OUT 
ORI--f-..., 

DO 00 
01 67L402 01 
02 02 
03 03 
04 Mii 04 

IR SO 

COMPOSITE 
OUTPUT READY 

SHIFT IN-----'---ISI OR r---+..J 
DO 00 
01 67L402 01 
02 02 
03 03 
04 Mii 04 

'------+------MASTER RESET 

Figure 11. 64x8 FIFO With 67L402's 

FIFOs are expandable in depth and width. However, in forming wider words two ext~rnal gates are required to generate composite 
Input and Output Ready flags. This need is due to the different faJl through times. of the FIFOs. 

Applications 
FIFOs are typically used as temporary data buffers between 
mismatching data rales. Such an application is shown in 
Figure 12. 

The 67LS402 can also be used in a bidirectional operation as 
shown in Figure 13. 

PAPER 
TAPE 10-BIT 

READER DATA 

ENBLSI 
1----.... 51 

IR 
so 1+----1 
OR 10-RDY 

Figure 12. FIFO As Data.Buffer Between Slow Steady Rate 
anll Fast 'Burllt' Rate 

Sl----------~~. so 

IR ----------------I 2• 67L402 \c---------------.. OR 

00-010 

TRI-STATE 
REGISTERS 

00-010 

OR __ ------------I 

so--_----~~-.; 

64.10 

2x67L402 
64.10 

r------------~--.IR 

, ... __ ------------ SI 

NOTE: Both depth and width expansion can be used in this mode. 

Figure 13. Bidirectional FIFO Application 
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First-In First-Out (FIFO) 
64x5 Memory 
35 MHz (Standalone) 

Features/Benefits Ordering Information 
• High-speed .35 MHz shift-in/shift-out rates 

• Hlgh"drive capability 

• Three-state outputs 

• Hall-full and Almost-full/Empty status flags 

• Structured pinouts. Output pins directly opposite 
corresponding input pins. 

PART 
PKGi TEMP NUMBER 

=== 
J -+ Com 67413A 

57413 J i Com 

• Asynchronous operation 

• TTL-compatible inputs and outputs 
Pin Configuration 

Description 
The 67413A is a high-speed, 64x5 First-In-First-Out (FIFO) 
memory which operates at 35"MHz input/output rates (67413 
operates at 25-MHz in-out). The data is loaded and emptied on a 
first-in-first-out basis. It is a three-state device with high-drive 
(lOl = 24 mAl data outputs. These devices can be connected in 
parallel to give FIFOs of any word length. It has a Half-full flag 
(thirty-two or more words full) and an almost full/empty flag 
(fifty-six or more words or eight or less words). The main appli
cations of 67413A, 67413 are rate buffers; sourcing and absorb
ing data at different rates. Other applications are high-speed 
tape and disk controllers, data communications systems and 
plotter control systems. 

Block Diagram 

DO~ 
D1~ 
D2----s-
03-
D4~ 

INPUT READY 

SHIFT IN 

FIFO 
INPUT 
STAGE 

64x5 
REGISTER 

REGISTER 
CONTROL 

LOGIC 

MASTERRESET~1~1~{)~-4 ______ ~~~~~ ____ ~' 

GND 

OE 
1 

FIFO 

67413A 
67413 

OUTPUT 
STAGE 

674.13A 
67413 

16 
15 
14 
13 
12 

DESCRIPTION 

35 MHz-in/out 

25 MHz-in/out 

vcc 

ALMOST FULL! 
EMPTY 

SHIFT OUT 

OUTPUT READY 

01 

02 OUTPUT 

03 

04 

00 
01 
02 
03 
04 

SHIFT OUT 

OUTPUT 
READY 

TWX, 910-338-2376 ltIIonollthlcr!J!n 
2175 Mission College Blvd. Santa Clara, CA 95054-1592 Tel: (408) 970-9700 TWX: 910-338-2374 ltIIemorles In.In.LI 
8·64 



67413A 

Absolute Maximum Ratings 

~~~I~~~~~~e.~?~.:::::: :::::::::::: ::: :::::: :;: >:"::: ::: :::: :::::::::::::::: ::::::: ::::: :::: :::: ::::::::::: j>:;!~;~ 
Off-state output voltage .......•.....•.... : .................................. ' ...........•.........•... ; . . . . • .. -0.5 to' 5.5 V 
Storage temperature ...........................................................•................. '. ... -65"C to +150·C 

67413A Operating Conditions Over Temperature Range 

SYMBOL PARAMETER FIGURE MIN 

VCC Supply voltage 4.75 

TA Operating free-a:ir temperature 0 

tSIHT Shift in HIGH time 1 9 

tSILt Shift in LOW time 1 17 

tlDS Input data set up 1 2 

tlDH Input data hold time 1 15 

tSOHt Shift Out HIGH time 5 9 

tSOL Shift Out LOW time 5 17 

tMRW Master Reset pulset 10 30 

tMRS Master Reset to 51 :: :. 10 35 
. 

67 413ASwitching Characteristics Over Operati~gConditions 
:-

SYMBOL . '.:: PAR>\MeTER FIGURE NUN: 

fiN Shift in rate 1 
DC 
DC 

tlRLt Sh.ift In J to Input Ready ,,"OW: 1 

tlRHt Shift In) to IpputReady HIGH 1 
. 

DC 
fOUT Sl:)ift. Qut rate 5 

: DC 

tORd Shift Out f to Output Ready LOW 5 
. - .. .. 

tORHt Shift Out j to Output Ready HIGI-:I .'. 5 

tODHt . , Qutput Data Holr;l(preyiouswO~cll 5 12 

tODS : Output Data·Shift (next word) 5 

tfiT Data;throughPul or "fall througf:l': 4,8 

tMRORL Master Reset I to Output Ready ,tOW .: : 10 

tMRIRH Mas\e~ ,R,eset f to .!~putReady HIGH 10 

!MRIRL. Master Reset j fnput Ready LOW· : 10' 
'. 

tMRO Master Reset j to Outputs LOW, 10 
- .' 

Note: Typical. at 5 V Vcc .. n!l2~C TA' 

*;lffhe FIFO is not !~,,(IR Hi9.h); /lA1'I.low !?~ces)R'low,fo"owed by IR returning'high When MR goes high. 

t See AC t8st and high-speed applicatIOn ",,{e. 
tt TeSted 

ttt ,Guaranteed by deSign (~ee test load): 

COMMERCIAL 
UNIT TYP MAX 

5 5.25 V 

. ' 75 ·C 

ns: 

ns 

'ns 

ns . 

ns 

ns 
'. 

ns 

ns 

. - . 
." COMMERCI>\L .' 

UNIT TYP MAX 

" tt30 MHz 
ttt35 

12 18 ·ns 

14 20 ns 

tt30 MHz 
...... ttt35 

12 18 ns 

14,.: ." .{' . 20. ,ns 

ns 
'. , 34 ns 

510 " 650 n,B 

: 1,8 28 ns :' 

2; 28. ns 

18 . 'co " 28 ns 

: 32 45 .' n's 
", , 



67413.A 

67413A Switching Characteristics Over Operating Conditions (continued) 

SYMBOL PARAMETER FIGURE MIN 

tlPH Input ready pulse HIGH 4 5 

tOPH Output ready pulse HIGH 8 5 

tORD Output ready 1 HIGH to Data Valid 5 

tAEH* Shift Out 1 to AF/E HIGH 11 

tAEL * Shift In 1 to AF/ELOW 11 

tAFL * Shift Out 1 toAF/E LOW 12 

tAFH* Shift In 1 to AF/E HIGH 12 

tHFH * Shift In 1 to HFHIGH 13 

tHFL * Shift Out 1 to HF LOW 13 

tpHZ A 
Output Disable Delay 

tplZ A 

tpZL A 

tpZH 
Output Enable Delay 

A 

Note: Input rise and fall time (10%-90%) :::: 2.5 ns. * See timing diagram for explanation of parameters. 

Standard Test Load 

5V 

Rl 

OUTPUT C>--+----.~fO)TEST POINT 

30pF 

67413A/67413 

lal 

24mA 

8mA 

COMMERCIAL 
TYP 

12 

12 

100 

450 

450 

100 

280 

280 

14 

14 

14 

24 

. R1 ... 

200n 

600n 

MAX 

18 

135 

600 

600 

135 

360 

360 

25 

25 

25 

38 

R2 

300n 

1200n 

Input Pulse Amplitude = 3V 

TypicallCCvsTemperature 

(VCC=MAX) 
Input Rise and Fall Time (10%-90%) = 2.5n5 
Measurements made at 1.5 V 

Design Test Load 
5 V35 (MHz) 

2Kll 

230 

220 

210 

200 

ICC (mA) 

190 

180 

170 

I I .. 

I 
I 

I I 
I 

I '" I I\,. 
I 67~13!A(VCC = 5.25~~ I 

I 
I . . 

I 
I .. . .. 

UNIT 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

s 

ns 

ns 

ns 

ns 

160 
-55 -so _25 0 25 so 75 100125 

CASE TEMPERATURE rC) 
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67413 

Absolute Maximum Ratings 
Supply voltage vee ......... ': .....•.........................................................•............• -0.5 V to 7 V 

Input voltage ............•.•.•....•............. : .•.•.......•..................•..•........•....•.•.•..... -1.5Vt07V 

Off-state output vOltage·. . . . . . . . . . . . . . . . . . . . • . . . . . . . . . . . • . . . . . . . . • . . . . . . . . . . . . • • . . . . . . . • . . . . • . . . . . . . . . . . .. -0.5 V to .5.5 V 

Storage temperature ......•............ ; .............................•...•........•...•....•... , ....•.... _65° to +150° e 

67413 Operating Conditions Over Temperature Range 

FIGURE SYMBOL PARAMETER MIN . 

Vee Supply voltage 4.75 

TA Operating free-air temperature 0 

tSIHt Shift in HIGH time 1 16 

tSILt Shift in LOW time 1 20 

tlDS Input data set up 1 3 

tlDH Input data hold time . 1 25 

tSOt"t ShiftOut.HIGH time 5 16 

tSOL Shift Out LOW time 5 20 

tMRW Master Reset pulse t 10 35 

tMRS Master Reset to SI 10 35 

67 413 Switching Characteristics. oVer Temperature Range 

SYMBOL PARAMETER FIGURE MIN 

fll'~ Shift in rate 1 DC 

tlRd Shift In t to Input Ready LOW 1 

tlRHt Shift In t t6 Jnput Ready HIGH 1 

fOUT Shift Out rate 5 . DC 

tOR.d Shift Out t to Output Ready LOW 5 

tORHt Shift Out! to Output Ready HIGH 5 

tODAt Output Data Hold (previous word) 5 10 

tODS output Data Shift (next word) 5 

tpT Data throughput or "fall through" 4.8 

tMRORL Master .Reset I to output Ready LOW· 10 

tMRIRH Master Reset t to Input Ready HIGH 10 

tMRIRL Master ReSet I input Ready LOW- 10 

tMRO Master Reset I to OutputsL6W 10 

Note: Typicals at 5 VVCCand 25°C TA. 

- If the FIFO is not fult (IR High),. MR low forces IR low. followed by IR returning high when MR goes high. 

t See {i.e test ,!nd high-speed.pplication n.ote. 

COMMERCIAL 
TYP MAX UNIT 

5 5.25 V 

75 °6 

ns 

ns . 

ns 

ns 

ns 

ns . 

ns 

ns 

COMMERCIAL 
UNIT TYP MAX 

25 MHz 

12 28 ns 

14 25 nS 
25 MHz 

12 28 ns 

14 25 ns 

ns 

40 ns 

510 750 ns 

18 30 ns 

21 30 ns 

18 30 ns 

32 55 ns 

k~!!!!!I!!!!!!!!~!!!!!!!!!!!!!!!I!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!~!!!!!!I!!!~~!!!!!!!!!!!!!!!!!!!!!!!!!!!!!I!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!I!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!I!!!!!!!!!!!!!!!!!!!!!!!!!!!! 

. -';"'lthlc WM81110rieS $-67 



67413 

67413 Switching Characteristics Over Operating Conditions (continued) 

SYMBOL PARAMETER FIGURE MIN 
COMMERCIAL 

TYP MAX UNIT 

tlPH Input ready pulse HIGH 4 5 12 ns 

tOPH Output ready pulse HIGH 8 5 12 ns 

tORD Output ready I HIGH to Data Valid 5 20 ns 

tAEH * Shift Out I to AF/E HIGH 11 100 145 [1S 

tAEL * Shift II) I to.AF/E LOW 11 450 6.50 ns 

tAFL * Shift Out I to AF/ELOW 12 450 650 ns 

tAFH * Shift In I to AF/E HIGH 12 100 145 ns 

tHFH * Shift In I to HF HIGH 13 280 380 ns 

tHFL * Shift Out I to HF LOW 13 280 380 ns 

tpHZ A 14 30 ns 
Output Disable Delay 

14 30 tpLZ A ns 

tpZL A 14 30 ns 
Output Enable Delay 

A 24 tpZH 50 ns 

Note: Input rise and fait time (10%-90%) = 2.5 ns. 

* See timing dia~ram for explanat.ion of parameters. 
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Electrical Characteristics Over Operating Conditions 

SYMBOL PARAMETER TEST CONDITION MIN TYP MAX UNIT 

V,L Low-level input voltage 0.8t V 

VIH High-level input voltage 2t V 

Vie Input clamp voltage Vee = MIN I, =-18mA -1.5 V 

',L Low-level input current Vee = MAX V, = 0.45 V -250 iJ.A 

"H High-level input current Vee = MAX V, = 2.4 V 50 iJ.A 

" 
Maximum input current Vee = MAX V, = S.SV 1 mA 

10L (Data outputs) 67413A 
24mA 

67413 

67413A 
VOL Low-level· output· vo Itage Vee = MIN 10L (IR, OR) 

67413 
SmAH 0.5 V 

I 

10L (Flag outputs) 
67413A 

SmA 
67413 

\ 10H (Data outputs) -3.0 mA 

VOH High-level output voltage Vee = MIN 10H (lR.OR) 
67413A -0.9mA 2.4 V 
67413 

'OH(Flag outputs) -0.9 mA 

lOS Output short-circuit current* Vee = MAX Vo= OV -20 -90 mA 

'HZ Vee = MAX Vo= 2.4 V +20 iJ.A 

'LZ 
Off-state output curr~lnt 

Vee = MAX VO= 0.4 V -20 iJ.A .. 

ICC Supply current Vee = MAX. All inputs low. All outputs open. (67413A/67413) .. **240 mA 

Not }TIore than oneoutput should be shorted at a time and'duration of the short circuit should not exceed one second. 

* * See curve for ICC VS. temp. 

t There are absolute voltages with respect to GND (PIN 8 o,9land'includes all overshoots due to test equipment. 

tt Care should be taken to minimize as m~ch as possible the, DC and capacitive load on fR and OR when operating,' at frequen'cies above 25 MHz .. 

Functional Description 
Data Input 

After power up the Master Reset is.pulsed low (Figure 10) to 
prep"lre the FIFO to accept data in the first location. Master 
Reset must be applied prior to use to ens\Jre proper operation. 
When input Ready (IA) is. HIGH. the first location is ready to 
accept data from the Dx inputs. Data then present at the data 
inputs is entered into the first .iocation when the Shift-In (SI) is 
prought HIGH.A SI HIGH signal causes the IA togo LOW. Once 
data isentered into the/irst ceU, the transfer of data in any full 
cell to the adjaCent(ciownstr~m}'empty cell is,automatically 
activated Py an, on-chip con!ro.l. :rhus ciata '/iillstack up at the 
end of·the device (whHeempty 10catiMs will ububble'; to the 
front when catais shifted out). IFlTdefines the time required for 
the first data to travel from· input to the output 'of. a previ()usly 
empty device. When SI is brought LOW and the FIFO is. not full, 
IA will 110 HIGH, indicating more room is available. If the memory 
is full, IAwili remain LOW. 

Data OutpUt 

Data is read from the Ox outputs. When data is sh ifted to the 
output stage, Output Ready (OR) goes HIGH. indicating the 

presence of valid data. When the ORis HIGH, data may be 
shifted out by bringing the Shift Out (SO) HIGH. A HIGH signal 
at SO causes the OR to go LOW.. Valid data is maintained while 
the SO is HIGH. When SO is brought LOW the upstream data, 
providedlhat there is valid upstream data, is shifted to the output 
stage. When new valid data IS shifted to the output stage,OR 
goes HIGH. If the FIFO is emptied, OR stays LOW and Data 
output will not be valid. 

Input Ready and Output Ready may also be. used as status 
signals indicating that the FIFO is completely full (Input Ready 
stays LOW for atleast {PTJ or completely empty (9utput Ready 
stays LOW for at leasttpT). . 

AC Test and High.Speed App. Notes 
Since the FIFO is a very-high-speed device, care must be exer
cisedin tile design of the hardware .and the timing uti.lized wi.thin 
the design. Theintemal shift rate of the FIFO typically exceeds 
60 MHz in operation. Devite grounding anddecouplingis cru
cial to correct operation as the FIFO wiHrespondtoyery small 
glitches due to long reflective lines, high capacitances and/or 
poor supply decoupling and grounding. Monolithic Mernories 
recommends a monolithjc ceramic capaCitor of 0.1iJ.F directly 
betweenVce andGNDwith very shOrt lead length. In addition, 
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care must be exercised in how the timing is set up and how the 
parameters are measured. For example, .sincean AND gate 
function is associated with both the Shift-In-Input Ready 
combination, as well as the Shift-Out-Output Ready combina
tion, timing measurements may be misleading, i.e., rising edge 
ofthe Shift-hi pulse is not recognized until Input Ready is HIGH. 
If Input Ready is not high due to (a) too high a frequency, or (b) 
FIFO being full or effected by Master Reset, the Shift-In activity . 

will be ignored. This wilt fiffect the. device from;a ;funoitonal 
standpoint, and will also cause the· "effective". timing of 
Input Data Hold time (TIDH) and the next activity of Input Ready 
(TIRLl to be extended relative to Shift-ingoing HIGH. This same 
type of problem is also related to TIRH; TbRL:and TORH as 
related to Shift-Out. Data outputs driving a bus§hould be limited 
to 10· MHz frequency. For hig!1-speed applications, proper 
grounding techniqu~ is essential. . ..' 

1-------I���N-------~-.. ------,'--i--IIIUIl---..,.."'-"--I~~1 

SHIFT IN 

INPUT READY 

INPUT DATA 

SHIFT IN 

INPUT READY 

INPUT DATA 

SHIFT IN 

INPUT READY 

Figure 1. Input Timing 

-----... 1-•• ----- (40 nl) 28.6 nl -'-"'~--'--"I 

Flllure 2. Typlcai WavefCltrns, for 35 MHz Shift-In Data Rate (674t3A): ..•.. 

\;.0 '-----.,.,~""~ 

Figure 3. Tile Mcich.nlsm 01 Shifting Data i"!O'tl1e FIFO·' 
., '-" ' ".' ,"" , 

,{.,< ',"" "',," " 

CD Input R~ad~ HIGH Indicates space is avail.able I\Ilda Shifl~ln pulsel11ay Ill> applied. . 

. (i) !nput Dal,)s loadedlnlo.t~e first word. TheD'!I!'f(omthelirstwordls released lor "all-through"'to second word. 
@ Inpu.tR~~dy 90esLOW indicating thellrst word Islull. .. . 

<D S~lft~I~.golngi..ow all<1,,(slnp.yl Ready to sense the stat"s 01 Ilrsl word. Thellrs! word is now empty as indicated by Inpu! Ready HIGH .. 

. 5.;.lf.thes~condwordlsalreadyl\lllihenth'lc;lataremainsatthellrslworq,SincetheFWOI.snOlv/uIlJnp.~!Raadyre~alns!PYiI.,.· 

!'IDle, . 501ft-In pu lses appl.led\Vhil~ Input Fleady Is ~.9W will be Ignored (See Figure 6). 
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~~ ____________________________ ~ __ ~;';Fr ________________________________ ___ 
SHIFT OUT -1 , 

SHIFT IN J~---~------------"';"-----'---'--'----'-----'-""""'-----"\,-__ _ 

INPUTOATA _~~ __ -, ___ S_T_A_a_L_E_D_A_T"",A...;.-_-_-_-_-_-_""....J~ 
Figure 4. Data Is Shifted In Whenever Shlfflnand Input Ready are Both HIGH. 

CD FIFO is inilially lull. 

@ Shift Out pulse is applied. An empty location starts "bubbllng".to the front. 

eD Shift In is held HIGH 

CD As soon as Input Ready becomes HIGH the Input Da.t~ iSloa<;t~d into the,flrst wow., 

JIHIFTOUT 

OUTPUT READY' . 

OUTPUT DATA I 

Figure 5. Output Timing 

CD· The diagram assumes thatatthistime, words 63, 62and 618re loa(j8d with A, Band C Data, respectively. 

@ Output data changes on thelalling 8dgeof SO after a valid Shl~,-Out Sequence, i.e. OR~nd SO~re both high together. 

j .. ---""""' .......... (4O nal28.S n.--------....... ~ ... o------.,. __ -

OUTPUTDA'I'A A-DATA B-DATA 

Figure 6,Typicarwilvef6mis for 35 MHz stiiH~Out Data Ftate(67413A) 

CD The diagram assumes that at this time words 63, 62 and 61 are loaded with A. Band C Dafa, respecth/ely. 

@ ~atainthefirstcr,?SshatchedregiOnmaYbeAQr~·Oata. . . 

• 

., , 

C-DATA 
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SHIFT OUT 

OUTPUT READY 

OUTPUT DATA _____ ..,.. _____ A_-_D_A_T_A _____________ ~ --~2f----. 
Figure 7. The Mechanism of Shifting bataOut of the FIFO 

CD output Ready HIGH indicates that data is avail,able ano a Shift-Out pulse may be applied. 

CD Shift·Out goes HIGH causing the contents of word 62 (B·Oata) to be released for fall-through to word 63. 

Output data remains as valid A-Data while Shift-Out is HIGH. 

CD Output Ready goes LOW. 

@ Shift-out goes LOW causing Output Ready to go HIGH and new data (B) to appear at the data outputs. 

CD If the FIFO has only one word loaded (A-Data) then Output Ready stays LOW and the output data becomes invalid. 

SHIFT IN 

SHIFT OUT 

OUTPUT READY 
1----1. --IPT----J+_ 4 

~~~I---------------------------------..,..----~~--------~'~tOPH~'--------

CD FIFO initially empty. 

SHIFT OUT 

OUTPUT READY 

Figure 8. tpT and to PH Specification 

0y ITI77lft I liT! II ill II I ITITI II 
/11!!.l! II II I I I !.ill II III !.i!.i// 

"'CD CD 

___________ ~ __ --J}(~~---~A.-D~AT-A------------~~ OUTPUT DATA 

Figure 9. Dala Is Shifted Out Wh8n8verShift Oul and Output Ready are Both HIGH 

CD Word 63 is empty. 

CD Output Ready goes HIGH indicating arrivafoHhe new data. 

CD New data (A) arrives althe outputs (word 63). 

@ Since Shift Out is held HIGH, Output Ready goes immediately LOW, 

CD As soon as Shift Out goes LOWthe Output, Data issubj~ct to change. OutP~t Ready will go HIGHor LOW depending on whethert,ht!re are any additional upstream 

words in the FIFO. 
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MASTER RESET 

INPUT READY 

1---.:.-'--tMRIRH---,--I 

OUTPUT READY L 
SHIFTIN _____ ;..I __ tM_R_O_R_L_ .... __ . __ .. ';...~~~~~~~~~~~~_tM_R~S_-~~~~~~~~~~~l--..;...------------

DATA OUTPUTS ~IIIIIIII~ 
Figure ,0. Master Beset TIming 

CD FIFOispartially.luli. 

$HJFTOUT 

ALI\iOSt FULLIEMPTY 

SHIFTIN' 

Figure 11; tAEi-!. tAEL Specifications 

CD FIFO contains 9 words '(one more than almost empty). 

SHIFT IN ·.'~ .. ·.I.O.·'· .... B ... ·,' .... t.·A·.· .. ··F'·H'·.· .• ~ .•.• ···.',· •.•.. ,·' .• , ..•• ~... "'·."ff, .• 1:.,,-----,,-----., 

~=1 -~.p~J 
Al.MOST FULL/EMPTY 

SHIFTO'UT 

Flgure.12. IAFH' tAFL Specifications 

CD FIFO riontai,,;55 words (pne.hort 01 alrnostfUlI) 
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SHIFT IN P ~ HALF FULL C r- tHFH==4 p SHIFT OUT 

~ 

CD FIFO contains 31 words (one short of half full), 
Figure 13. tHFL' tHFH,Speclflcatlonl 

OUTPUT ____ ~------~ 
ENABLE 

COMPOSITE 
INPUT 
REAOY 

SHIFT IN --~-~---I 

HF E AF/E 
IR so 
SI OR 
00 00 
01 01 
02 02 
03 03 
04 MR 04 

HFOI'! 
IR 
SI 
00 
01 
02 02 
03 03 
04 MR 04 

HFOE AF/E 
IR SO 
SI OR 
00 00 
01 01 
02 02 
03 03 
04 MR 04 

I--.~-------SHIFT OUT 

COMPOSITE 
OUTPUT 
REAOY 

MASTER RESET 

Figure 14. 64x15 FIFO with 67413A/67413 

tHFL 

FIFOs are expandable in width .. However, in forming wider words two external gates are required to generate composite Input and Output Ready flags. This requirement is due 
to the different fall thiOugh times oftha FIFOs. 

8·74 lIIIonoilthlCW Memories 
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8.BITS 8·BITS 
PAPER 67413A CPU 
TAPE 64x8 

READER SI SO 
.. 

10 ROY 

ENBLSI IR OR 

ALMOSTFUW INTERRUPT 
EMPTY ~ 

I J-
HALF FUI..L FlAG 

Figure 15. Application for .67413A "Slow an~ Stea~y Rate to Fast 'Blocl<~ Rate' .. EJ 
Note: CaScading the FIFO's in worej wid!h is done. by ANDing the IA and OA as shOwn in Figure 14. 



Three-State Test Load 

Design Test Load 

OUTPUT 
CONTROL 

(LOW-LEVEL 
ENABLING) 

WAVEFORM 1 
(SEIONOTE2) 

WAVEFORM 2 

,5/67413A 

TEST POINT' 

OUTPUT o-,,--+----,.--lI4--+ 

R2 

S1 

(SEE 
NOTE B) 

r-------~---------3V 

--------------0 V 

___ 1.5 V 

\.~ __ ~ ______ ~t_=~=====~5V 
VOL 

0.5 V 
(SEE NOTE 2) _______ J. 

~;,;---------~c::::::l:::VOH 
--1.5V 

8~76 

Enable and Disable 

Notes: A. All diodes are 1N916 or 1N3064. 

S1AND 
S2CLOSED 

B. Waveform 1 is for an output with internal conditions such that the 
output is low except when disabled by the output control. 

Waveform 2 is for an output wi'th internal conditions such th&t the 
output.is ,high except when disabted by the output control. 

C. In the e~dmples above, the phase relationships between inputs 
and outputs have been chosen arbitrarily. 

D. When meas'uring propagation delay times of three-state outputs, ' 
switches 81 and 82 are closed. 



First~ln First·Out(FIFO) 
64x4 64x5 Memory 

67411A 
67412A 

35 MHz (Standalone) 

Featuresl Benefits 
• High-speed 35-MHz shifl-In/shift-out rates 

• Chol/:8 of 4~blt or '!i-bit data width 

• TTL inputs~nd outputs 

• Readily expandable in wordwldth 

• Structured pinouts; Output pins directly opposite 
corresponding Input pins 

• Asynchronous operation 

• Pln-compaUble with Fairchild's F3341 MOS FIFO and 
many times faster 

Description 
The 67411/2A are "fall-throogh" high"Speed First-In First-'Oot 
(FIFO) memory organized 64 words by 4 bits and 64 wQrds by 5 
bits respectively :The FIFO is expandable in word wIdth only. It is 

Block Diagrams 

00 
'01 
02, 
D3 

INPUT 
ReADY 
SHIFT' 

,IN 

67411A 

MASTER RESET 

Pin Co.,figurations 

DATA IN 

,f " 

,OUTPUTS" ••.. 

Ordering Information 
PART.· PKG TEMP DESCRIPTION 

NUMBER 

67411A J Com 35 MHz64x4 FIFO 

67412A J Com 35 MHz 64x5,FIFO 
, 

the fastest FIFO availableon1he market. The F'FO is attractive 
for,mllnY applications suc,h as diiikc6ritrollers,communication 
buffers, rate buffers, etc. . 

.,' ... ,; . TWX: 910;338-2376 . "'''''''!!!.' '='....11111 
2175 MlsslonCOII.geBlvd. Santa Clare, CA 95054-1592 Tel: (408) 970-9700 TWX: 91Q..338:2374. ..... •• -., InJnJ.I 
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~ > ,,- I .' -

Absolut.Maximum Ratings", 

rd:~~;;:::::::.:·::.::::·: .. :::::::::::::.:·::::'.:·:':':.>:::·.: ••••• ·•· .... · ••. ".:·~i{!1~1;~ 
Operating Conditions' Over Teinper~ture R~~le ',', ' 

, 
COMMERC,I~L 

SYMB.OL PARAMETER. FIGURE MIN TYP MAX UNIT 
I'" 

V .. SUl1ply voltage 4.7!i .... !i. 5.25. V CC " 

TA Operating free~air temperature. ' , 0' 75 9C 

tSIHt Shift in HIGH time 1 9 ns 

tlDS Input data set up 1 2 
?, 

ns 

tlDH Input data hold time 1 14 ns. 

tSOHt Sl:lift Out HIGH time 5 11 ns 

tMRW Master Reset pulse t 10 30 
, 

ns 

'MRS Master ResElt to SJ* 
.' 

I"~ 
10 , 35 ns 

Switching Characteristics Over Operating Conditions 

SYMBOL PARAMETER FIGURE 
COMMERCiAL 

UNIT 
~IN TY~MAX 

DC tt30 
MHz 

',' DC m35 fiN Shift In,rate, 

Shift In I to Input Ready LOW 12 ,18 ns 

Shift In ! to Input Ready HIGH " 1 I 14 20 ns· 

DC' tt30 
MHz 

"DC m35 fOllr Shift Out rate 
. '.. .', "', 

5 

Shift Out! fo Output Ready LOW 5 12 18 ns 

Shift O~t j to c)utput Ready HIGH 5 
.. ';, 

14 20 ns 

5 9 .,."!O;:';{ ns' 

tODS outpu;Loata Shift (next word) . "i 31 ns 

'(910 850 ns 

tMRORL 'Masterf%eset j to Output ReadY (ow 10 l' 18 28 ns 

'MRIRH M8ster Reset t to Input R,*#y HIGH* ... 21 35 ns 

1(j ."'" 
" • "18' 28 ns 

tMRO' M8St~f;Resetj to Outputs }.Qvv/ " .'. 
'. , 

lO·· '~", ',32 45 ns 

Not: Typical alS V)lccand 2S:C;~ .I'.' 

II the FIFO is notfi;i4,lllR High), MR low 10rc~s.f@'rQW returning high when MR goes high, 
t See AC test and h igh'Speed application not~; , 

tt Tested,,' '. , 

ttt Guaranteed by de.ignisee'tesl load).' 

.,' <*~'>'. ,.··.-x',. ",.' , .. 

":.' " , ~;'. ~2; 
'~i~,'-;;:, \,: -1. 0, ".:'-';:-:, .,,'; 
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Electrical Characteristics Over Operating Conditions 

SYMBOL PARAMETER TEST CONDITION MIN TYPMAX UNIT 

VIL Low-level input voltage 0.8t V 

VIH High-level input voltage 2t V 

VIC I nput clamp voltage Vee = MIN II = -18 mA -1.5 V 

IlL Low-level input current Vee = MAX VI = 0.45 V -50 "A 

IIH High-level input current Vee = MAX VI = 2.4 V 50 "A 

II Maximum input current Vee = MAX VI = 5.5 V 1 mA 

10L (Data Outputs) 67411/2A = 24 mA 
VOL Low-level output voltage Vee = MIN 0.5 V 

10L (IR,OR) 67411/2A = 8 mA tt 

VOH High-level output voltage Vee = MIN 
10H (Data Out) 1-3.0mA 

67411/2A I 2.4 V 
10H (IR,OR) -0.9 mA 

lOS Output short-circuit current* Vee = MAX Vo= OV -20 -90 mA 

ICC Supply current Vee = MAX. Inputs low, outputs open(67411/2A) **240 mA 
-
* Not more than one output should be shorted at a time and duration of the short circuit should not exceed one second. 

See curve for ICC VS. temp. 

t These are absolute voltages with respect to GND (Pin 8 or 9) and includes all overshoots due to test eq"uipment. 

tt Care should be taken to minimize as much as possible the DC and capacitive load on IR and OR when operating at frequencies above 25 MHz. 

Functional Description 
Data Input 
After power up the Master Reset is pulsed low (Fig.1 0) to prepare 
the FI FOto accept data in the first location. Master reset must be 
applied prior to use to ensure proper operation. When Input 
Ready (IR) is HIGH the first location is ready to accept data from 
the Ox inputs. Data then present at the data inputs is entered into 
the first location when the Shift-In (SI) is brought HIGH. A SI 
HIGH signal causes theiR to go LOW. Once datais entered into 
the first cell, the transfer oldata from any full cell to the adjacent 
(downstream) empty cell is automatic, activated by an on-chip 
control. Thus data will stack up at the end of the device While 
empty locations will "bubble" to the front. tPT defines the time 
required for the first data to travel from input to the output of a 
previously empty device. When SI is brought LOW and the FIFO 
is notfull,lR will go HIGH, indicating more room is aVailable. If 
the memory is full, IR will remain LOW. . 

Data Output 
Data is read from the Ox outputs. When data is shifted to the 
output stage, Output Ready (OR) goes HIGH, indicating the 
presence of valid data. When the OR is HIGH, data may be 
shifted out by bringing the Shift Out (SO) HIGH. A HIGH signal 
at SO causes the OR to go LOW. Valid data is maintained while 
the SO is HIGH. When SO is brought LOW the upstream data, 
provided the upstream stage has valid data, is shifted to the 
output stage. When new valid data is shifted to the output stage, 

OR goes HIGH. If the FIFO is emptied, OR stays LOW and Data 
output will not be valid. 

Input Ready and Output Ready may also be used as status 
Signals indicating that the FIFO is completely full. (Input Ready 
stays LOW for at least tPT) or completely empty (Output 'Ready 
stays LOW for at least tPT). 

AC Test and High-Speed App. Notes 
Since the FIFO is a very-high-speed device, care must be 
exercised in the design of the hardware and the timing utilized 
within the design. The internal shift rate of the FIFO typically 
exceeds 60 MHz in operation. Device grounding and decoupling 
is crucial to correct operation as the FIFO will respond to very 
small glitches due to long reflective lines, high capacitances 
and/or poor supply decoupling and grounding. Monolithic 
Memories recommends a monolithic ceramic capacitorofO.1"F 
directly between Vee andGND with very short lead length. In 
addition, care must be exercised in how the timing is set up and 
how the parameters are measured. For example, since an AND 
gate function is associated with both the Shift-In-Input-Ready 
combination, a$ well as the Shift-Out-Output-Ready combina
tion, timing measurements may be misleading, i.e .. , rising edge 
of the Shift-In pulse is not recognized until Input Ready is HIGH. 
If Input Ready is not high due to (a) too high a frequency, or (b) 
FIFO being full or effected by Master Reset, the Shiftcln activity 
will be ignored. This will affect the device from a functional 
standpoint, and will also cause the "effective" timing of Input 

8 .. 79 
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Switching Characteristics Over Operating Conditions (continued) 
; 

SYMBOL PARAMETER . . 
tlPH Input ready pulse HIGH 

tOPH Output ready pulse HIGH 

tORD Ouput ready 1 to Data Valid 

Standard Test Load' 

sv 

Rl 

OUTPUT.o--4-----.---{!lo TEST POINT 

R2 30pF 

Input Pulse Amplitude", 3 V 
Input Rise and Fall Time, (10%-900/0) = 2.5 ns 
Measurements made at 1.5 V 

Test Load 

Design Test Load 
'{~5MHz)' ' 

S,V 

FIGURE 
COM.MERCIAL 

UNIT 
, MIN TYP MAX 

4 5 12 ns 

8, 5 12 ns 

5 18 ns 

IOL R1 R2 

24mA " 2000 3000 

8mA 600n 1200n 

Typical ICC va Temperature 

(VCC+MAX) 
230 

I ,;,1;, 
1 
1 

220 

1 
210 

1 
I '" "-I 

: 87411/2A(VCC~52s~ 

200 

ICC(mA) 

,1110-

180 
fO,,' -, , 

, :1 

-551 
"c' '; 

;'; 
" . 

, .170 

,.;180 I 
-75 -50 -25 0 25 50 75 100 125 

CASE TEMPERATuRE ('C) 
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Data Hold time (TIDH) and the next activity of Input Ready 
(TIRLl to be extended re.l.lltivetoshift-in going HIGH. This same 
type of situation occurs with TORl and TORH as related to 

Shift~Out. Data outputs driving a bus should be limited to 10 
MHz frequency. For high-speed applications, proper grounding 
technique is essential. 

SHIFT IN 

SHIFTlN 

1--------1J1�N'-------.... ··I" .... -------�II�N-.,.------.... ·~I 
Ir---~ 

I 

Figure 1~ Inp~tT'mlng 

1+--.,.--'----- 28.6 n. ---'---... + ... _---___ 28.6 ... ------'--.~I 

INPoTREAOY 

~~I 'l ,\-,.03 , "".,','\,~:'".' , ~l' *~, ---,--~ ..... ~"",' , -0¥,' ",,' I..--~---,.. ____ ~~ __ --J. __ --~----_ 

Flgur.:a. The MlIChanillnr of Shifting Data IntO the FIFO 
":," ", ". '.'1', "J, 

"(1) ·\riputFieadyHIGHindicat~sspaceisavaiiableandaShifHnpUISemaybeapplted. :""; 
(D'lnpuiOala isfO~ded into ihe'ji/s,fword, The batafrom the filiI wofa ''''eleased foi'1~lj:ih~ougli .. los9cOrld word. " 
®\"Pi.li!l&adYgQesLpWindicating~riefi'istword'sfull: ". ". ' , , , , , ',.""""", , ,,' ,;' •• , ,', " ", ,;' 

, , ®Slilll~lngoing:LO~iaflO;'y$lnput Aea(jyto'l"'nse the status, offirst word, The fi~t word ianow emRtY as fid'ieated' 6'; tnput Reedy HI,f3H. 
\]) lithe second ~or" is already full then thadeta,remains 'at the I,irst word, Since the FIFO is nowfllllinput ~dy rllmairistow. ' 

,NOTE: ,Snift-In puls~aJilplied whila Input.Aeady,iS lOWwill beignoned (See Figure 5>. ' 

" ,> 
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SHIFTOU!' ~ , 

SHifT IN Jr. +---...;".----------------------------'---'---.\ 
'----

~ 
INPUTR~ADY· ~·I •• ~--~--~------------IPT~'--------------------~~-,~,flr •• ::~-1I-P-H-~-.~~~_· ____ ~~~----------

INPUTDATA._\...:-"'--~_S...;T'_A_B_L_E_D"'"A_T_A_-_-_-_-_-_-_-<_I.~ 
Figure 4. Da~ Is Shlf,ted in Whenever Shlfllnand Input Ready I!re 80th HIGH 

CD FIFO is initially-iull.·-

CD Shift Out pulse is applied. An empty location slarts "bubbling" to Ihe iront. 

CD Shift In is held HIGH 

o As soon as Input Ready becomes HIGH the Input Data is loaded into theiirst word. 

1··.------lnoUT--------.~~."'------_.-

SHIfT OUT 

OUTPUT READY 

OUTPUT DATA A-DATA 

Figure 5. Output Timing 

CD Thediagram assumes thatatlhis time, words 63, 62 and 61.re loaded with A, Band COatS, respeCllvely·. 

CD Oulput data'changeson the ialling edge 01 SO after a valid Shift-Out Sequence, i.e. OR and SO are both high IOllether. 

SHifT OUT • 

OUTPUT READY 

OUTPUT DATA 

Figure 6. Typical Waveforms for 35 MHz. Shift-Out Dilta Rate 

CD The diagram aSSumes thai althis time words 63, 62 and 61 are loaded with A, 8 and C Oala, respectively. 

CD Data in the iirst croSshatched region may ~ A orB Data. 

8,,82 
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SHIFT OUT 

OUTPUT READY 

OUTPUT DATA A-DATA I-DATA 

'Figure 7. The Mechanism of Shifting Data Out of the FIFO 

CD Output Ready HIGH indicates that data is available and II Stiift-Out pulse may be applied: 

<D Shili-Out goes HIGH causing the contenta 01 word 62 (B-Oata) to be released lor lalf-Ihrough to word 63. 

Output data remains as valid A-Data while Shift-Out is HIGH. 

<D Output Ready goes LOW. 

<D Shilt-out goes LOW causing Output Ready to go HIGH and new, data (B) to appear a,1 the dilta outputs. 

o II the FIFO has only one word loaded (A-oata) Iben Output Ready stays LOW and the ciutput data becomes invalid. 

SHIFT IN 

J1 SHIFT OUT 

f. 
OUTPUT READY ;:1 

CD FIFO initially empty. 

<D Shift Oui held HIGH 

SHIFT OUT 

OUTPUT READY 

\ 

IPT 

Figure 8. IpT and tOPH SpeCification 

~ ITIItITt77tTt7777IIITtTtTt7i 
1lIIIIIIItUlllitUlllilifLII 

OUTPUT DATA 
---~~I----------------~~~----~A--D-A-TA------------~~ -

Figure' 9. Data Is Shifted Out Whenever Shift Out and Output Ready are Both HIGH. 

CD Word 63 i.empty. 

<D Output Readygoes HIGH indicatfng arrival Ol'the new data. 

<D New data (A) arrives at the outputa (word 63}. 

<D SinceShift OUtis held HIGH. Outpul Ready goes immediately LOW. 

0. As soon'., Shift Out g";" LOWthe Oulput O~ta is subject to change. Output Ready will go HIGH or LOW depending on whelher the"; ~r6.ny additibhal upstream 
words;;1 !he FlFQ. 

. 84a 
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MASTER RESET 

INPUT READY 

i--:----tMRIRH .. 

OUTPUT READY 

DATA OUTPUTS 

SHIFT IN __ ~ __ ...;..., _______ I:.:~~~~~~~~~~~_tM_R_S_ -_ -_ -_-_ -_ -_ -_ -_ -_ -_ -_ .... -J.--------------~ 

~IIIIIIII~ 
tMRO ___ 

CD FIFO initially partially full, 

Figure 10. Master Reset Timing 

8 .. 84 



Serializing First-In-First-Out 
(FIFO) 64x8/9 Memory 

67417 

Features/Benefits 
• High-speed 28-MHz serial shift-in/shift-out rate 

• 10-MHz parallelshift-in/shift-out rate 

• Three-state outputs with Hi-current drive 

• Cascadable at parallel port only 

• Half-full flag (32 or more) 

• Selectable 64x8 or 64x9 FIFO configuration thus providing 
"frame mark bit" 

Typical· Applications 
• LAN equipment 

• Data communication 

• Office automation 

• Microcomputers 

• Minicomputers 

• Disk/tape controllers 

Description 
The 67417 is a serializing/deserializingFIFO. This FIFO, the first 
one of its type in the industry, is organized 64 words x 8/9 bits 
wide. Like traditional Monolithic Memories' FIFOs it is cascada
ble, but only at the parallel port. 

Pin Configuration 

NOTE: Please call Monolithic Memories for introduction dates. 

Ordering Information 

PART 
PACKAGE TEMPERATIJRE DESCRIPTION NUMBER 

67417 J Com 64x8/9 

In addition, the device has the ability to connect directly to a 
system bus. These features make it a complete "sub-system on a 
chip." 

The FIFO basically has three modes of operation; 

1. Serial in to parallel out 

2. Parallel in to serial out 

3. Serial in to serial out (requires non-standard logic level 
onPDIR). 

I n the first mode, serial data can be accepted at up to 28 M Hz and 
the FIFO outputs parallel data atup to 10MHz.Sirnilarly, .in the 
alternate mode parallel data can be transformed into serial data. 
Please refer to appendix for detailed description. 

Pin Names 

PO-P8 Parallel Data 

PS Parallel Shift InlOut 

PR Parallel I nput/Output Ready 

POE Parallel Output Enable 

SID Serial Input Data 

SIS Serial Input Shift 

SIR Serial Input Ready 

SOD Serial Output Data 

SOS Serial Output Sh ift 

SOR Serial Output Ready 

PDIR Parallel Port Direction 

WL Word Length 

MR Master Reset 

HF H;llf FuJI Flag 

vce vec 
GND Ground 

.•... . '.. ..... •. ..TWX: 9.10-338-2376 MOlJfJlllhlc.I!1! .... n 
Wlemorles InJftLI 2175 Mission College. Blvd. Santa Clara,. CA 95054-1592 Tel: (408)970.9700 TWX: 910-338-2374 

8"'85 
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Block Diagram 

SERIAL INPUT SHIFT (SIS) -
SERIAL INPUT READY (SIR) 

SERIAL INPUT DATA (SID) -L---r----.-..... 

PARALLEL DATA PORT .. ._----<..-------< 
(PO-PS) 

PARALLEL 
OUTPUT ENABLE ------' 

(POE) 

SERIAL OUTPUT DATA (SOD) 
SERIAL OUTPUT SHIFT (50S) 
SERIAL OUTPUT READ (SOR) 

~ PARALLEL SHIFT (PS) 
PARALLEL READY (PR) 

HALF FULL FLAG (HF) 
~ PARALLEL DIRECTION (PDIR) 

MASTER RESET (MR) 
WORD LENGTH (WL) 

8·86 Monolithic W Memories 
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Absolute Maximum Ratings 

~nU:~I~~~~~;e.:~~.::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::: =~:; ~!~ ~.~ 
Off-state output voltage . . . .. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. . . . ... . . .. . . . . . . . . . . . . . .. . . . . . . . . .. . . .. -0.5 V to 5.5 V 
Storage temperature .................................................................................. -65° to +150° e 

Operating Conditions 

SYMBOL PARAMETER FIGURE 
COMMERCIAL 

UNIT MIN TYP MAX 

Vee Voltage '. 4.75 5 5.25 V 

TA Operating free-air temperature 0 75 °e 

'. SERIAL INPUT PARAMETERS 

fSIN Max. Serial Shift-In Rate 1 . 28 MHz 

tSISH Serial Shift-In HIGH time 1 23 . ns 

tSISL Serial Shift-In LOW time 1 12 ns 

tSIDS Serial Input Data Setup time 1 14 '. ns 

tSIDH Serial Input Data Hold time 1 0 '. ns 

tSIRHS 
Recovery Time Serial Input Ready t to 

1 0 ns 
Serial Input Shift t 

SERIAL OUTPUT PARAMETERS 
, 

fSOUT Max. Serial Shift-Out Rate 1 28 MHz 

tSOSH Serial Shift-Out HIGH time 3 15 .'. ns 

tSOSL SerialShift~Out lOW time 3 15 ns 

'tORHS 
Recovery time Serial Output Ready! 

3 5 ns 
to Serial Output Shift ! .. WORD LENGTH PARAMETERS 

tSWL Setup SIS, SOS 1,3 18 ns 

tHWL Hold SIS. SOS '. 1,3 3 
'. 

ns 

PARALLEL PORT PARAMETERS 

.fp Parallel shift-in/shift-out rate 8 
.' 10 MHz 

tpSH • . ' ParallelShifHn/Out HIGH time 5/8 30 
' . I·· ns 

. 
tpSl Parallel Shift-In/Out LOW time 5/8 30 ns 

tPtDS Parallel Input Data Setup time .' '. 5 -5 . ns 

tplDH Parallellhput Data hold time . "5 35 .... ns 

tpDIRSL Shift LOW to parallel direction transition 14 50 ns 

tpDIRSH Parallel direction transition to Shift HIGH 14 50. 
.... 

ns 
; 

tPRHS .' Parallel Readylto Parallel ShiftLow 10/11 30 ns 
.... 

MAStER.RESET .PARAMETER ' .. < ' ......... ' .. .. .... '. 

tMRW Master Reset LOW time 12/13 40 ns 

lIIIonolithioWMemories 
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Switching Characteristics Over Operating Conditions 

SYM.BOL PARAMETER FIGURE 
COMMERCIAL 

UNIT MIN TYP MAX 

SERIAL INPUT PARAMETERS 

tSIRL Serial Input Shift I to Serial Input Ready LOW 2 23 ns 

tSIHFH Serial Input Shift I to Half-Full Flag HIGH 7 1.3 IlS 

SERIAL OUTPUT PARAMETERS 

tSORL Serial Output Shift I to Serial Output Ready LOW 4 23 ns 

tSOD Serial Output Shift I to Serial Output d!'lta 3 23 ns 

tODRH. Serial Output Data valid to Serial Output Ready HIGH 3 0 25 ns 

tSOHFL Serial Output Shift I to Half-Full LOW 7 1.3 IlS 

PARALLEL INPUT/OUTPUT PARAMETERS 

tpSPRL Parallel Shift I to Parallel Ready LOW 5/8 65 ns 

tpSPRH Parallel Shift j to Parallel Ready HIGH 5/8/10 80 ns 

tpSHFH Parallel Shift-In j to Half-Full HIGH 6 1.3 IlS 

tpSHFL Parallel Shift-Out j to Half-Full LOW 9 1.3 IlS 

PARALLEL OUTPUT PARAMETERS 

tpODH Minimum Parallel Shift j to Ouput data 8 20 ns 

tpOD Maximum Parallel Shift j to Output data 8 60 ns 

tpODV Minimum Output data valid to parallel ready HIGH 8 0 15 ns 

OTHER PARAMETERS 

tpT Fall-through time 10/11/16/17 2.6 IlS 

tlPH Parallel Input Ready pulse HIGH 11 30 ns 

tOPH Parallel Output Ready pulse HIGH 10 30 ns 

tMRO Master Reset j to Data Out LOW 12 65 ns 

~~SIRL Master Reset j to Serial Input Ready LOW 12 40 ns 

tMRSIRH Master Reset I to Serial Input Ready HIGH 12 40 ns 

tMRPRL Master Reset j to Parallel Ready LOW 12/13 . 40 ns 

iMRPRH Master Reset t to Parallel Ready HIGH 13 30 ns 

tMRSORL Master Reset j to Serial Output Ready LOW 13 40 ns 

tMRHFL Master Reset j to Half-Full LOW 12/13 60 ns 

tpDIROR Parallel Direction change to new Output Ready 14 60 ns 

tpDIROD Parallel Direction change to Output data valid 14 60 ns 

tpDIRPZ Parallel Direction change to Parallel Output data Hi-Z 14 35 ns 

tpDIRSZ Parallel Direction changes to Serial Output-data Hi-Z 14 80 ns 

tpzx Output enable time POE io PO-8 15 ... 30 ns 

tpxz Output disable time POE to PO-8 15 .... 35 ns 

2E2! 
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Electrical Characteristics Over Operating Conditions 

SYMBOL PARAMETER TEST CONDITIONS 

VIL Low-level input voltage 

VIH High-level input voltage 

Vie Input clamp voltage Vee = MIN 11=-18mA 

IlL Low-level input current Vee = MAX VI = 0.4 V 

IIH High-level input current Vee = MAX VI ;= 2.4 V 

II Maximum input current Vee;= MAX VI = 5.5 V 

0-80oe 
Data Outputs 10L =24mA 

25°e 
VOL Low-level output voltage Vee = MIN PO-P8, SOD 

10L =16 mA 0-80oe 

All other outputs 10L =8 mA 

VOH High-level output voltage Vee = MIN IOH = -3 mA 

lOS Output short-circuit current* Vee =MAX Va = OV 

ILZ Off-state I SOD VO=O.4V 

1HZ output cu rrent * PO to P8 Vee =. MAX 
Va = 2.4 V 

lee Supply current Vee = MAX 

°v PDIR non-standard 
Serial-In, Serial-Out over voltage ... 

* Not more than one output should be shorted at a time- and duration of the short circuit should not exceed one second. 

t ThiS is an absolute voltage with respect to device GND (pin 12) ,and incluqe,s all,Overshoots due to test equipment. 

Test Waveforms 

COM 
MIN TYP MAX 

0.8t 

2t 

-1.5 

-0.4 

0.1 

0.4 

0.58 

0.55 

0.5 

0.5 

2.4 

-20 -90 

-100 

100 

350 

10 16 

TEST S= OPEN S=CLOSED OUTPUT WAVEFORM·MEAS-LEVEL 

VOH~ AlltpD All tpD . . . 1.5V 

VOL 

VOH~2.8V 
tpxz tpHZ tpLZ 

0.5 V 

VOL 0.5 V _ ..... O.OV 

+ 

2'8V~VOH 
tpzx tpZH tpZL 1.S v 

0.0 V VOL 

:,. S.O 

I 
s 

2800 

CL 
SOpF I 1.lK 

Monolithic m Memo,.les 

UNIT 

V 

V 

V 

mA 

mA 

mA 

V 

V 

mA 

p.A 

mA 

mA 

V 
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ICC VSTemperature 
2.0...------.---.,--..,.----,--.....,..-..., 

1.5 

U 
.9 r---. Q 

~ 1.0 

::Ii 
! 
Z 

, 
0.5 

o 20 40 

Definition of Waveforms 
AMI!IENTTEMPERATURE 'C 

SERIAL OUTPUT SHIFT 
(SOS) j 

PARALLEL':IFT OUT --.I 
PS(O) 

SERIAL INPUT READY 
(SIR) 

SERIAL INPUT SHIFT 
(SIS) 

SERIAL INpUT DATA 
(SID) . 

WORD LENGTH 
(WL) • 

STAI!LE DATA 

'sIDS-i---tI .... --t-tSlDH 

'sWL ~ tHWL 

<D FIFO is full. . 

<D .Shlft-6ul (serial or parallel) Is asserted, 'SIR goes High, 

80 

\'--'. -:----

. <D .. 5)11 can be asserted .ISIRHS aftei's""lallnpul reildychanges ir.om low-1o-high .. 

8 .. 10 

Flgllre1. Serial Input llinlng 

·SERW,INPUTREADY .. ..;....;.......,.. __ ;;.",;<D:::,' ___ _ 

. (SIR) 1. 
SERIAL INPUT SHIFT 

(SIS) 

_ISlRL~' (i) 

(D FIFO I~ not!ull •. ," .. 

.. (i) FIFO is fulL;" 

FIgure 2. FIF()FUIt Speclflca.tlon (tS1RL) 
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Definition of Waveforms (cont'd) 

PARALLEL/SERIAL ~ 
INPUT SHIFT 

PS(I)/SIS \I..------J/ \-----
SERIAL OUTPUT READY 

(SOR) CD 
-,v 
I 

10RHS-- ---'SOSH-- _ISOSL -

SERIAL OUTPUT SHIFT 
(SOS) 

WORD LENGTH 
(WL) 

SERIAL OUTPUT DATA 
(SOD) 

I 
I 

'ODRH-H 

~~ 
If\. 1 

V 
I 

i-'HWL-

\ I J 

I- 111S0UT 

1 
VALID OUTPUT J~ 

'SWL --i......J'+--'SOD-

CD FIFO is empty, output ready remains Low and shift-out cannot be applied. 

CD After a word is shifted in, output ready goes High and shift-out can be applied. 

CD The first serial bit is PO. 

Figure 3. Serial Output Timing 

SERIAL OUTPUT SHIFT 
(SOS) 

SERIAL OUTPUT READY 
(SOR) 

CD Aller the last shill-out, output ready goes Low indicating FIFO is empty. 

Figure 4. FIFO Empty SpeCifications (tSORL) , 

Monolithic miD Memories 

l 

I 
-I 

8·91 



67417 

Definition of Waveforms (cont'd) 

PARALL!,L SHIFT (IN) 
(PS(I)) e" ll1p ~~ 

------~: 1 .,,~1 \~-
PARALLEL DATA 

(Po-s) I STASLE DATA I 
r----,----", 

STABLE DATA 

PARALLEL READY (INPut) 
o-~~""'I 
-I.} ~-J PR(I) . 

NOTE: POIR = High for the mode parallel-in to serial-out. Parallel ready is an output flag from the FIFO indicating that a word can be loaded into the FIFO. 

CD FIFO is not full and ready foririput. 

CD PS (In) is asserted, shifting in parallel data PO-B. 
PR (In) goes Low indicating parallel port is in use and no longer ready. 
PR (In) will remain Low as 10,ng aSPS (In) remains High. 

CD PS (In) has gone Low, allowing recent word to propagate through .FIFO, PfI (In) returns High when ready for more input. 

figure 5. Parallel Input Shift Tlmlng 

PARALLEL SHIFT (INPUT) 
(PS(I)) 

HALF FULL 
(HF) 

CD 10rPOIR = High, the direction is paralieHn to serial-out. After th~ 32nd shift-in, the half-full 
flag is set to High, and remains High, indicating the p..-nceof 32 or more words. 

Figure 6: Half~lull Ftag Specifications on Parallel (tPSHFH) 

SERIAL INPUT SHIFT -1' \ (SIS) 

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

-t
SIHFH
-. t.------------.... 

~~~i ' ~ 

~;~~ _......;......; ________ -J/'"' -s-tT-o--'d~0", ---s"'rr-2---
CD When there are 31 words in the FIFO, the next shift-in on ihe 32nd word sets the 

half-full flag (HF) High indicating that there are 32 or more words. 

0. As soon as one word is partially shifted out, HF goes Low indicating there are 
less than 32 words: 

Figure 7. Half-full Flag Specification on Serial OPeration (tSIHFH' tSOHFL) 
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Definition of Waveforms (cont'd) 

~.CDlIfP f 
(PS{O)) ,_ 

PARALLEL SHIFT (OUTPUT) =l 
\'-------

PARALLEL DATA 
(Po-a) 

PARALLEL READY (OUTPUT) 
(PR{O)) 

tpSH _tpSL~ 

r---------------~ 
A-DATA a-DATA 

tpODH -tpODV 

II~ .01--- tpSPRH----l 

NOTE: For above. conditions POIR = Low indicating that the direction is from serial-in to parallel-out. 
Thus parallel ready indicates the qutput status. 

CD FIFO is not empty and at least one word is valid and ready at PO-8 outputs. 

CD -PS (Out) is asserted, shifting out parallel data. pata remains valid, but: 
PR (Out) goes Low to indicate parallel 'port is in use and nerlonger ready. 
PR (Out) will remain Low as long as PS (Out) remains High. 

CD ~S (Out) has gone Low. allowing data word to be shifted out. Next data word appears at output and 
PR (Out) is asserted to 1ndicate valid data readY: 

SERIAL INPUT SHIFT 
(SIS) 

Figure 8. Serial-in to Parallel-out Specifications (tpOD' tpODH' tODV) 

PARALLEL SHIFT (OUTPUT) 
(PS{O» 

HALF FULL FLAG 
(HF) 

NOTE: For POIR ::; Low the direction is serial-in to parallel-out. 

CD When a word is shifted out and the half-full flag goes Low, 
31 words or less are.in the FIFO. 

Figure 9. Half.-full Flag Specification on Parallel Shift-out (tpSHFL) 

PARALLEL SHIFT (OUTPUT) 
(PS{O)) 1~"o----tPT--'--'--->+"f----, .... -1-tP-S-P-RH-----------

PARALLEL READY (OUTPUT) 
{PR{O)) 

NOTE: POtR'::; Low indicating serial-in to parallel-out. 

CD FIFO initially empty. 

CD PS (Out) held High, 

Figure 10. IpSPRH. tpT. tpOHSpecifications (Serial Input Mode) 

BECOMES VAUD IF 
NOT EMPTY 
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Definition of Waveforms (cont'd) 

BIT 0 BIT1 

SERIAL OUTPUT (SHIFT), / 
(SOS) --f \,---,l-,_, \~, _--,--__ 

"I-'PT--~""'I- 'PSPRH 

PARALLEL'REAOY (iNPUT) 
(PR(I)), ~, _____ ...,.._~ • .:..FU:::L=L,-'.-"'-;. ______ _ 

PARALLEi. sHlt=:T (IN) 
(PS(I)) 

8·84 

NOTE: POIR = High (parallel-in 10 serlal-oul). 

<D,FIFO,is.fuli. 

<D PS (I) held High. 

Figure 11. Fall-through Specifications 

""iiiiiEii RESET 
(MR) 

SERIAL INPUT READY 
(SIR) 

PARALLEL READY (OUTPUT! 
(PR(O)) 

HALF FULL 
(HF) . 

NOTE: POIR = Low. 

<D PR (0) and HF go Low. 
® A~r MR goes High, SIR goes High. 

Figure 12. Master Reset Timing serial-In tO~aralle!7out 



Definition of Waveforms (cont'd) 

MASTER RESET 
(Mii) 

SERIAL OUTPUT READY 
(SOR) 

67417 

'MRSORl 

o 

pARALLEL READY (INPUT) 
(PR(I» ~'-_____ ...J 

HALFFULL ' 
(HI") 

NOTE: POIR ~ High . 

. 0 SOR and HF g"o Low. 
<D Aliter MR Qoes High, PR(I) goes High. 

, , 

o 

Figure 13. Master Reset Timing (Parallel-in to $erlal-out) 

SERIAL INPUT SHIFT (SIS) J 
SERIAL OUTPUT SHIFT (SOS) " , 
PARALLEL SHIFT IN/OUT. (PS) . , 

PARALLEL l'ORJ; DIRECTION (PDIR) 

PARALLEL VO READY (PR) 
SERI~ INPUT READY (SIR) 

SE,RIAL OUTPUT READY (SOR) 

PARALLEL DATA 
(PO-Pa> . 

SERIAL OUTPUT DATA 
(SOD) 

'" 

~'.' 

:," 

/. 

'. " '" 

", 

" 

.. , t~Dl80D 
, 

\If OUTPliTMODE 
JI\. 

IpDIRPZ' 
'PoiROD ., .. '. .. 

r OUTPUT MODE 

I- 'PDIRSZ 

.' 

\11 INPUT MODE 

JI\. ORHI·Z 

,," 

\~ 
/1\. 

HI·Z 

NOTE: When the FIFO i!J..used.JI\lo a.,ljfllCk, GiJl!nge the port (!il1!Cti.ori bllfo"relhe FIFO is lull; otherwise, data may be lost. 

Figure 14. PDIR Transition Parameter. 

•. ~---{."~'."""'-~-.Z""'-PZlI~J '~Or_'.pxz. ¥ ..... H~. Z. 

PARALLEL .OUTPUT ENABL£ . ....• . 
.' (POE) : . _'--____ ----.... 

. Figure 15. Parallel Port Enable and Disable TIinlng 
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Definition of Waveforms (cont'd) 

8·96 

PARALLEL SHIFT J 
PS(I) 

SERIAL OUTPUT READY 
(SOR) 

SERIAL INPUT SHIFT --t=. . 
(SIS) 

~tPT • 

SERIAL OUTPUT READY 
(SOR) 

(J) FIFO empty 

Figure 16. tpT SpecificatiDn (Shift-in to Serial Output Ready) 

PARALLEL. SHIFT OUT J. 
PS(O) 

SERIAL INPUT READY 
(SIR) 

SERIAL OUTPUT SHIFT 
(SOS) 

SERIAL INPUT READY 
(SIR) 

(J) FIFO empty 

Figure 17. tpTSpecification (Shift-into Serial Input Ready) 

NIonollthlCm.ltllemories 
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Appendix 
Detailed Functional/Description 
for 67417 
The 67417 isa serializing FIFO intended as a one-chip solution 
for data buffering and serializing/deserializing. It can besuc
cessfully used for interfacing parallel-format computing equip
ment to serial-format data communications and mass-memory 
equipment. The 67417 is a word-oriented device. It ismeantto 
function with complete 8- or 9-bit words of data. 

SERIAL INPUT SHIFT (SIS) -
SERIAL INPUT READY (SIR) 

Parallel Port 
This isa fully bidirectionaJport, and it operates at a more conser
vative data rate of 10 MHz. The input-staging register (ISR) 
internally controls the parallel input data port bus signals. like
wise the OSR internally controls the parallel output data port. 
The ISR data outputs drive the parallel data inputs to the cell 
array; and the OSR inputs are likewise driven by the final parallel 
data stage of the cell array 

SERIAL INPUT DATA (SID) ---i-;':~':':'~~:""'J 

PARALLELPORT+ ........ 

PARALLEL OUTPUT ENABLE (POE) 

SERIAL OUTPUT DATA (SOD) 
SERIAL OUTPUT SHIFT (50S) -

SERIAL OUTPUT READY (SOR) 

Basically the major internal subsystems of the 67417 are: 

(i) The serial. input port 
(ii) The serial output port 
(iii) The parallel port 
(iv) The FIFO control logic and 
(v) The cell array 

Serial Port 
The two serial ports (input and output) are entirely separate 
which allows a high~speed data rate of 28 MHz. These serial 
ports do not share data pins, control pins, or .internal circuits .. 
However, since the serial output data is a three-state output, the 
serial data ports could be connected together in the normal 
serial-parallel operation mooewithseparateSOR and SIR status 
Signals. 

The serial input port interfl;lce consists of the Serial Input Ready 
(SIR) output, Serial Input Data (SID) input, and the Serial Input 
Shift (SIS) clock input. Unlike the analogous SI and IR signals on. 
the 67401/2, SIS and SIR do not accomplish a "handshake" with 
the rest ofthe log ic ofthe system wh ich i ncorpo rates the 67417; 
rather SIR is asserted wheneverthe 67417 is still capable of 
receiving at least one more bit. SIS is a positive edge-triggered 
input which sequences the serial input control logic. ThisJogic 
inturn controls SIH and the 8/9~bit Input Staging Register (ISR). 

The serial output port interface is the dual of the above, with a 
Serial Output Data (SOD) output, aSerial Output Shift (SOS) 
clock input, and a Serial Output Ready (SOH) status output. 
SOR is asserted whenever atteast one more bit is available at the 
output. SOS is a positive edge-triggered input which sequences 
the8/9-bitOu\put Staging Register (OSR).Serial OutputDatais 
automaticallY three"stated whenever the serial output portiS 

-+---:--PARALLEL SHIFT (PS) 
PARALLEL READY (PR) 

1---HALF FULL FLAG (HF) 
PARALLEL DIRECTION (PDIR) 
MASTER RESET (MR) 
WORD LENGTH (WL) 

ISR = INPUT STAGING REGISTER 
OSR = OUTPUT STAGING REGISTER 

disabled (during Master Reset) and PDIR = Low. The parallel 
port is controlled by Parallel Shift (PS) input and Parallel Direc
tion Input (PDIR). Parallel Ready (PR) is the handshake/status 
output. AUhe Parallel Port PS and PR do accomplish a hand
shake wi.th the outsideworldl;ls SI, IR, SO and OR on the 
67401/2. 

Modes of Operation 
There are three modes in which th.e 67417 can operate 

(i) Parallel-in to serialcout 
(ii)' Serial-in to parallel-out and 
(iii) Serial-in to serial-out. 

In the parallel-in to serial-out mode, POIR = HIGH. Thus Parallel 
Shift (PS) acts as a Shift In (SI) andsimilarly, Parallel Ready (PR) 
aslhputReady (IR). The firs(bit shifted out oftheserial port will 
be bit 0 of the parallel word input. 

Similarly for serial-in to parallel-out mode, PDIR = LOW, and 
Parallel Shift (PS) acts as a Shift Out (SO) and Parallel Ready 
(PR) as Output Ready (OR). The first bit shifted into the serial 
port will bebilO of the parallel word output. 

If the direction mode for a particular application of the 67417 is 
not intended to change during system operation, the PDIR input 
should be strapped to a logic LOW or HGH. 

In the serial-in to serial-out mode, PDIR = 10 V minimum. 

The parallel port does not lunction ;during this mode and is 
three-stated. The direction operating mode Should not be 
changed if the FIFO is FULL otherwise stored data will be lost. 

Cell Array 
The 67417 cell array can function either as a 64x8 FIFO (with the 
9th bit padded to a zero)orasa 64x9 FIFO, according to the 
setting of the word length (WL) control input. Like the PDIR 

lIfonollthioti.!lMemo,.ieS 8;'97 
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control input, WL can be switched at electronic speeds during 
system operations; but if the word length of a particular 67417.is 
never to change 'during system operatiori, WL for that part can 
be'strapped to ground or VCC' 

It is a permissible67417 mode %peration toalmostfill the FIFO 
(there should b,e at ,least two empty locations) with WL setto 
8-bit operation,then switch WL to 9-bit operation (WL= HIGH) 
to load one more word plus a frame marker in the last bit, and 
then switch PDlR and unload the 67417 in a 9-bit mode. This 
sequence of operations has the effect of providing a "frame 
marker bit" in the ninth bit of the last word loaded. The 
corresponding 9th bits will have been zeroed by the 67417 
internal logic for all the other words in the frame since Iheywere 
loaded while the 67417 was operating as an 8-bit device. . 

It is, however, the system designer's responsibility to avoid 
changing PDIR inputs when only part of an 8- or 9-bitword has 
been received or transmitted. In general, if such a change 
occurs, the part in generll:! will try to add zero bits to pad out the 
impacted word to assume fuillength. ' 

Applications 

Half·Full Flag 
This status 6utputindicateS whenti1e 67417 statically contains 
32 words or more. This provides an indication to Send in more' 
data if the device is operated in a mostly-empty mode or send 
out more data if the 67417 is operated in a moStly-full mod,e. 

Cascading 
The 67417 is designed to be cascaded at the parallel port only, 
due to very high data transfer rates althe Serial ports. CaScading 
two 67417's is accomplishedby connecting ParaliellnputJOut
put Ready (PRlof each part to control the ParalierShift InlOut 
,WS)of the other part, wi~h 'one FIFO in serial-in to parallel-out 
:mode, and the other FIFO in parallel-in to serial-out mode. The 

, ·combined effect of this is a reversible 128x8 or 128x9 serial-in 
, Serial-out FIFO. The 67417 can not be cascaded at the serial 
, ports becaus.e SIR and SOR are not acknowledged signals but 
rather status signals only. 

SIR V SOR ' 
SI,D--+-".. ','" S,OD 
SIS 67417 ' sos 

, PO-PS 
TRI-STATE ' 

8-98 

PDIR= 10V 

NOTE: Itean shift in daIS serially in the multiples of 8- orS-bit according to WL. 

Figure 18. 5121576x1 Serial-in to Serial-out Mode 

SIP 
FROM SERIAL 

SIS 
DATA SOURCE, PO 

SIR 

POE Pl Pl 

P2 P2 
.". 

P3 P3 

P4 P4 

{(SIPO) PDIR Pi P5 
"STRAPPING" 

. (9-BIT). WL P6 P6 

P7 P7. 

P8 P8 

,UNUSED./ 

SOD PS PS 
50S PR PR 

SOR MR Mil 
HF 

MASTER RESET --~---'-~-'--~-----' 

* SIPO = Serial-in to Parallel-oul. 
.:1<;':, PI$9 = Parallel-iii io $erial-Out. 

> - ,.' 

SIP 

SI,S 

HF 

} UNUS!'D 

VCC 

(PISO) } 
:'STRAPPING" 

(9-BIT) 

} TO SERIAL .' 
. DATA DESTINATION 

} TOSYSTEPiI 
CONTROL LOGIC, . 

Figure 19. Cascading of Two 'S41rltfor SerIal-in to serial-out 
OpeF~tlon as a 128x9 (1152111) FIFO 



6741'7, 

9 

18 ' 
OAT, A....::....::.a. REGISTER 

""'T'"""!" STACK 

SI2 $02.----' 

Figure 20. An Example of an ExpanslonSc;heme 
, for a li4x18 Parallel-to-SerlaIF,IFO 

PS 67417 
SOR 

SERIAL· 
OUTPUT' 
DATA 

SERIAL' 
OUTPUT 
READY 

SERIAL 
OUTPUT, 
SHIFT 

An 18-bit data word is multiplexed, into the two 67401/2 FIFOs: 67401/2 FIFOs were used along with the 67417 to obtain the 
appropriate organization. Since the67417 FIFO is cascadable at th,e~allelport only. two 

r1----iPR 

. wL= HIGH (9. BIT) 
POIR = HIGH (11IS0) 

'--,--,-...,.,-,---,----,....-'--,....,.... SHIFT·OUT CLOCK 

FiguAl21.· Another Exampie,ofan Expansion Sche"!efora&4x18 par~"el-In to &lrlal-outFIFO 
TWb 67417 FIFO,s AreUsedl(t Imple~ilt a 64x18 Parallel-In to Serlal~out FIFO 
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L SLAVE -.J 
I UNITS ·1 

SERIAL 
LINK 

NOTES: 
SIPO = Serial-in to Parallel-out mode 
PISO =: Parallel-in to Ser~al-out mode 

I _MASTER j 
[""" UNIT I 

Figure 22. A Multiprocessing System 

Each processor unit on the left has its own communication 
interface which consists of a serializing FIFO. The serial data link 
can operate in either direction 1 or direction 2 which is decided 
by the Decision logic. In direction 1 either of the slave units send 
the data to the master over the serial link, with its respective 
67417 operating in parallel-in to serial-out mode (PIS01 ). While 

the 67417 for the master unit operates in serial-in to parallel-out 
mode (SIP01). The direction 2 has the FIFOs (67417) operating 
in the reverse direction from the above case. Decision logic 
determines the priority of the slave processors to use the serial 
link. 

8-100 Monolithic W Memories 



First-lnFirst-Out(FIFO) 
64x5 Memory 

C67L4033D 

15 ~Hz(Cascadable) 

Features/Benefits 
•. High-speed 15 MHz shlft-ln/shHt-outrates 

• High drive ~pabillty 

• Low-power conSumption 

• . Three-state outputs 

• Fully expandable by word width and depth 

• Hall-Full and Almost-Full/Empty stetus flags . 

• Structured pinouts. Ouiputplns directly opposite 
corresponding input pins. 

• Asynchronous operation 

• lTl-compallble inputs and outputs 

Description 
TheC67L4033D is a high-speed, 64x5 First-In-Frrst-Out (FIFO) 
memorywhichoperates at 15 MHz input/output rates. The data 
is loaded and empti~ on a first-in-first-out basis. It is a three
state devicBwith high-drive (lOL = 24 rnA) data outputs. TheSe 
devices can be expanded to any word width and depth. It has a 
HalfcFuIl flag (thirty-twoormore words full) and .an almost 
full/empty flag (fifty-six or more words or eight or less words}. 
The main application of C67L4033D is as a rat,e buffer; sourcing 
arid,absorbing data at different rates.' Other applications' are 
high-speed tape and disk controllers, data communications sys
tems and plottE!r'CQmrol systems .. 

. Block Qiagram 

01 

02 

D3 

04 

INPUTREAoY 

Ordering Information 

PART 
PKG TEMP NUMBER 

C67L4033D N,J Com 

Pin Configuration 

HALF FULL 2 

INPUT READY 3 

SHIFTIN 4 

DO 

01 

DATA 

C67,/..4033t;) 

DESCRIPTION 

15MHz.in/out 
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A~80lute Maximum Ratings 

~~~I~~~~:e.~~~.:::::::::::::::::::::::::::::::::: :::: :;::::: :;::;:::::: ~:: ::::;::: :~::::.::: :::::: ~::. =~:~ ~:~~,~ 
Off-state output voltage •........... ; ...•...............•..• '>. . . . . . . • . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. -0.5 V to 5.5 V 
Storage temperature ................................... , ............................................. -65°C to +150o e 

Operating Conditions Over Temperature Ran~;" 
SYMBOL, PARAMETER FIGURE 

COMMERCIAL ;: 
UNIT " MIN TYP MAX " 

Vee Supply voltage 
" 

4.75 5 '5.25 " V 

TA 
, 

Operating free-air temperature 0 "" 70 °e 

fiN Shift In rate 1 15 MHz 

tSIH - Shift in HIGH time 1 24 ns 

tSll - Shift in lOW time '" 1 15 ns 

tlDs Input data setup to 51 (Shift In) 1 0 , ns 

tlDH Input dal<l hold tim'e from 51 (Shift In) 1 26 riS 

tRIOS Inputd~ta setup to IR (Input Ready) 4 0 ns 

tRIDH Input d~'ta hold time ,from iR(lnput Ready) 4 26 " ns 

fOUT sh ift Qut rate :',' 5 15 MHz 

tSOH ** shiftOtit HIGH time 5 17 ns 

tSOl $hift8ut lOW time ,5 15 ns 

tMRW - Mas~~{f:leset pulse ' 10 35 ns 

tMRs -- Mastei Reset to 51 10 3,5 
" 

ns 

- See ACtest and high-speed application note. 
*- "the FIFO is ~ot f~jj;(IR High). MR low forces IR low,foJlowed by IR returning high when MR goes high: 

Elec:tr'ical cMlracteristie& ,Over Operating Conditions 

",/ 'c,',,,' 

SYMBOL PARAMETER TEST CONDITION COMMERCIAL 
UNIT 

MIN MAX 

low-level input voltage "0.8 "V'-
High-level input voltage 2 V 

Inpul clamp voll<lge 'Ilec=MIN II =-18mA -1.5 V 

IlL LOW-level input curfeilt Vee = MAX VI =0.45V -250 

High-level input current: V¢C=MAX' VI, =2.4V I 50 

MaximUm input current.' Vee", MAX 1 

Val 

low~level Output, 0 '" ", tal = 24 mA 0.5 
output 'ltbe;' MIN. 1'-+-----+----------"----,---1 
voltage 'IR,()R,HF,AF/E I· " " ,,'lbL"BmA 0.5 

High-level Ol!tp,ut, 0 ' <". ",' 

output 1-,,--;' ,..,..,.,,...----!,\t~e'=;MIN 
vortage IR,OR,HF,AF,',E.: ',' ",10H= -0,9 rnA 

Output shbrt-<?ircuit current V@C= MAX ,Yo; =PV -20 -90 

-50 IOZl 
1---===---1 Off-state output cu rrent 

IOZH 

, , . ,Yo': 0.4 V , 
VCC=MAX,h.,~_T,~_~~~--------------~___! 

", "," Va - 2.4 '! 50 

ICC sLJpply CUrfent 

'*'" Jl1ese are a~ol\1t~,~olfages~it1i .' ' 
_~-*:~~o~"mOr~,than 'one~~~~Jlt,.~biw~ . 

,)Allinput~low. 

'All outputs open. 

" jo'~ (Pin'ra) ahd lnclude ~lIo;~r$lioots due to system lln~f{)r tesler noise . 

ed.at a' time. and duration of the short circuit should not exc~d' tine ,second. , .. , \-; .. ,' '.' " _,', _ :J ~ . - ," . 

120 

.c:' "",;' ".;" 

p.A 

p.A 

mA 

V 

V 

mA 

p.A 

mA 
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Switching Characteristics Over Operating Conditions 

SYMBOl PARAMETER FIGURE 
MIN 

COMMERCIAL 
MAX UNIT 

tlRl Shift In t to Input Ready lOW 1 40 ns 

tlRH Shift In I to Input Ready HIGH 1 26 ns 

tORl Shift Out t to Output Ready lOW 5 45 ns 

tORH Shift Out j to Output Ready HIGH 5 50 ns 

tODH Output Data Hold (previous word) 5 12 ns 

tODS Output Data Shift (next word) 5 40 ns 

tpT Data throughput 4,8 1600 ns 

tMRORl Master Reset I to Output Ready lOW 10 60 ns 

tMRIRH * Master Reset t to Input Ready HIGH 10 30 ns 

tMRiRl* Master Reset I to Input Ready lOW 10 
,. 

50 ns 

tMRO Master Reset I to Outputs LOW 10 60 ns 

tlPH Input ready pulse HIGH 4 17 ns 

tOPH Output ready pulse HIGH 8 24 ns 

tORD Output ready t to Data Valid 5 -3 ns 

tAEH * Shift Out t toAF/E HIGH 11 320 .... .' ns 

tAE( Shift Inl to AF/E LOW 11 1400 ns 
, '. ' 

* tAFL Shift Out 1 to AF/E LOW 12 1400 ns, 

tAFH * Shift In t to AF/E HIGH 12 320 ns 

tHFH * Shift In t to HF HIGH 13 800 ns 

tHFL * ShiftOutt to HFLOW, 13 800 ns 
" ' 

tpHZ* 30 
Output Disable Delay ., ',.' 

ns 
tpLZ * 30 

A 
tpZL * 30 

Output Enable Delay ns 
tpZH * 40 

* See,timing diagram for explanation,of parameters. 

Three .. StateTest Load r------------------ 3v 
OUTPUT ENABLE 

~ __ --------~-JI ____ ~~ __ ----~---oV 

WAVEFORM 1 

TEST POINT 

Sl 

WAVEFORM 2 , (;,;--------------~~====i=::VOH VOH -0.5\1 

R2 

See table on following page for ,Resistor values 

-1;5V 

5,1 ,AND 
VT " 1.5 V ,S2CLOSED 

Figure A. Enable and Disable 

Wave'form 1 is for a data output with internal conditions such that the outpu-t is 
low except when disabled by the output control. 

Waveform 2 is for a data outpu~ with internal_cond}tions 'such that the output 
is high e,xcept whem ,disabfed by the oU,tput control. 

Monolithic m lIIIemOl'"/e5 
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Standard Test Load 

sv 

Rl 

OUTPUT ()--i---T---0~' TEST POINT 

R2 30pF 

Input Pulse Amplitude = 3 V 
Input Rise and Fall Time (10%-90%) = 2.5 ns 
Measurements made at 1.5 V 
All Diodes are 1 N916 or 1 N3064 

Functional Description 
Data Input 
After power up the Master Reset is pulsed low (Figure 10) to 
prepare the FIFO to accept data in the first location. Master 
Reset must be applied prior to use to ensure proper operation. 
When Input Ready (IRl is HIGH the first location is ready to 
accept data from the Ox inputs. Data then present atthe the data 
inputs is entered into the first location when the Shift-In (SI) is 
brought HIGH. ASIHIGHsignal causes the IRtogo LOW. Once 
data is entered into the first cell, the transfer of data in any full 
cell to the adjacent (downstream) empty cell is automatically 
activated by an on-Chip control. Thus data will stack up at the 
end of the device (while empty locations will "bubble" to the 
front when data is shifted out). tpTdefines the time required for 
the first data to travel from input to the output of a previously 
empty device. When SI is brought LOW and the FIFO is not full, 
IR will go HIGH, indicating more room is available. If the memory 
is full, IR will remain LOW. The FIFO should always be cleared 
by using Master Reset before starting the operation. 

Data Output 
Data is read from the Ox outputs. When data is shifted to the 
output stage, Output Ready (OR) goes HIGH, indicating the 
presence of valid data. When the OR is HIGH, datamaybe 
shifted out by bringing the Shift Out (SO) HIGH. A HIGH signal 
at SO causes the OR to go LOW. V"lid data is maintained while 
the SO is HIGH,When SOls brought LOW the upstream data, 
provided that there is valid upstream data, is shifted to the output 
stage. When new valid data is shifted to the output stage, OR 
goes HIGH. If ,the FIFO is emptied, OR stays LOW and Data 
output will not be valid. 

" > 

IOL R1 R2 

24mA (Data) 200n 300n 

8 mA (IR, OR, Flags) 600n 1200 n 

Input Ready and Output Ready may also be used as status 
signals indicating that the FIFO is completely full (Input Ready 
stays LOW for at least tPT) or completely empty (Output Ready 
stays LOW for at least tPT). 

AC Test and High-Speed App.Notes 
Since the FIFO is a very-high-speed device, care must be exer
cised in the design olthe hardwareandthe timing utilized within 
the design. The internal shift rate of the FIFO typically exceeds 
20 MHz in operation. Device grounding and decoupling iscru
cial to correct operation as the FIFO will respond to very small 
glitches due to long reflective lines, high capacitances and/or 
poor supply decoupling and grounding. Monolithic Memories 
recommends a monolithic ceramic capacitor of 0.1 J.LF directly 
between Vee and' GND with very short lead length.lnaddiiion, 
care must be exercised in how the timing is set up and how the 
parameters are measured. For example, since an AND gate 
function is associated with both the Shift-In-Input Ready com
bination,as well as the Shift-Out-Outpu! Readycombiriation, 
timing measurements may be misleading, i.e;, rising edge of the 
Shift-In pulse is not recognized until Input ready is HIGH. If 
Input Ready is not high due to (a) too high a frequency, or (b) 
FIFO being full or effected by Master Reset, the Shift-In activity 
will be ignored. This will affect the device from a functional 
standpoint,andwill also cau,se the "effective" timing of Input 
Data Hold time (TIDH) and the next activity of Input Ready 
(TIRLl to be extended relative to Shift-in going HIGH. This same 
type of problem is also related toTIRH TORL and TORH as 
related to Shift-Out. For high-speed applications,' proper 
grounoing technique is essential. 

8-t04 Mono/ithicWMemories 
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Timing Waveforms 
1.------"'--I/lINI-_-----_.·� ... -------I/lIN-------~ .. ·1 

1,...---""", 
SHIFT IN ~~--...,. tSIL---~·"'·.,( 

, INPUT READY I--tlRL - .~ ____ ,-_'I 

INPUT DATA. 

Figure 1. tnP'cltnmlng 

INPUT READY 

SHifT IN· . 

INPUT READY 

;<D,lnp~1 Ready HIGH Indlf~sp8,ce iS~yallabh'<I'1~~ SriifHnpuis.. .in~y:m;,aIoPl!i;~;;\:":,, "'" , 

<D,.,~pUtD.t"}. !oa~~ i~loili~fi~t:!,or.t The •. d,~ta, f!<>T't~~ !iJS! ~~r!1J& ri>,I~ilsei!f~G!!'ri,i~~ii~~!1{;.;<I~ond Word. 

®' ·Jnput ~~d~:g~' ~O~ ifl~.iCati~g ~e<{[r,~i ~~~.R:t i~ .fl,li~. ',. : ::", ~ ':~ ~:j\' '-~~£\' 0 

(i) Shift-In lIoing LOv,! allQ'Ws Input AeadY "'senSe the' Slst';S 'o{.ilrst word, The firS! ",oi'<Iisnow emptyjlsirtdicf,ted by Input Ready HluH. 
. . " >,' ;' _' . _ .'. ' . .: ,,' _\ ' '::.:< ":~' '~-'" '~ '" " '):' : ;<i<;f>'~: ~ .>., ""'f <' .. :::;} '"\."".0 :;. '<'~, ~ ;, >{, ' \,_";",0;.,~.::.-' . ;;, ,'" ~>"t<., ". .'" 

CD II, the sa,cond word is illready flJ1lii1end~i.remai~s iltthe.tf;sfwo(d. Si,OPe IMi;IFO lS:'nowfUlilripdtReady:rem~,nSIoW .. 

Note:. Sl]jf!-lnpui$~ .pPlledvt~i!.~I"':IutR'*id~\s L9:f, wilj:fll!j~nol'l!~.ls~fi~Qr~N:, .. 

'8-10$ 
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Figure 4. Data II ShHted In Whenever ShiH In arid Input Ready are Both HIGH 

<D FIFO is initially lull. 

<D Shift Out pulse is applied. An empty location starts "bubbling" to Ihe Iront. 

<D Shift In is held HIGH. 

CD As soon as Input R~ady becomes HIGH.the Input Data is loaded into the lirst word. 

SHIFT OUT 

OUTPUT 
READY 

------_-J4-----c----1/fOUT·:-----:-:---:-~~ 

OUTPUT ----------:k:~::~A~---r--~~~~~V-----------~:::-----------~~~~~----:~~~::~:~----
DATA 

SHIFT OUT 

OUTPUT 
READY 

OUTPUT 
DATA 

IODH-~--.I 

Figure 5. Output Timing 

<D The diagram assumes that allhis time, words 64, 63 and 62 are loaded withA, Band G Oata,resPectively. , 

<D Otltput data changes on the lalling edge of SO after a vaJid Shift-Out Sequen,ce, i.e., OR ,and SO are both high together. 

, Flgur:!' 6" ,.~I!l81 Wave(orml ~or 15 MH~ ShIH~9i"t DataRatl! 

<D The diagram assumes Ihat at this tim~ word.:il4,63 arid 62 are loaded will) A, B ;,"d'c Oai.: reSpectively;' 

'(j) 'Data in thellrsl crosshatched region may be A Qr B Data. . 
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SHIFT OUT 

OUTPUT READY 

OUTPUT DATA ___________ A_.D_A_T_A _____________ ~ --~2f-----
Figure 7. The Mechanism of Shifting Data Out of the FIFO 

CD Output Ready HIGH indicates that data is available and a Shift-Out pulse may be applied. 

CD Shift-Out goes HIGH causing the contents of word 63 (B-Data) to be released for fall-through to word 64. 
Output data remains as valid A-Data while Shift-Out is HIGH. 

® Output Ready goes LOW. 

CD Shift-out goes LOW causing Output Ready to go HIGH and new data (B) to appear at the data outputs. 

CD If the FIFO has only one word loaded (A-Data) then Output Ready stays LOW and the output data becomes invalid. 

SHIFTIN 1 \'--------
SHIFT OUT ~~.-t: .. ~~~~~~~~~~~~~~~~~~~~~~~---------,.....----------------

OUTPUT READY_ .. C:.-· _1 ______________ I_P_T~~~~~~~~~~~~~~~~~~~~~~=t,'" -f"-----
Figure 8. IpT and tOPH Specification 

CD FIFO initially empty. 

CD Shift-Out is held HIGH. 

SHIFT OUT \~---------------
OUTPUT READY 

~. J '" ~. y~ /i7plililiiil7i7i7iIII7i7i. 
/11111 1II111II11I1I1I1.L!l!i1fl. 

~~~.3------____________________ ~ 
OUTPUT DATA ~~~~~~~~~~X : A-DATA X"-___________ _ 

Figure 9. Data Is Shifted Out Whenever Shift Out and Output Ready are Both HIGH 

CD Word 64 is empty. 

CD Output Ready goes HIGH indicating arrival of the new data. 

CD New data (A) arrives at the outputs (word 64). 

CD Since Shift Out is held HIGH, Output Ready goes immediately LOW. 

CD As soon as Shift Out goes LOW the Output Data is subject to change. 
Output Rea'dy will go HIGH or LOW depending on whether there are any additional upstream words in the FIFO. 

Monolithic W Mflmo,.ies 8 .. 107 
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MASTER RESET 

INPUT READY 

t----�MR�RH· . '. 

OUTPUT READY 

DATA OUTPUTS 

SHIFT IN _____ -:-~...;.. _____ f.I_ .. ~~~~~~~~~~~~_IM_R_S:_-_-_-_-_-_-_-------~1---------------

~IIIIIIII~ 
Figure 10. Master Relit Timing 

<D FIFO is partially full. 

SHIFT OUT 

ALMOST FULL/EMPTY 

SHIFT IN 

-tAEL-

Figure 11 •. tAEH, tAEL Specifications 

<D FIFO contains 9 words (one niore than almost empty). 

SHIFTIN -' e' ..... ;1 
"Me"'''''''''''' .~. ·'.'."t

A
•
FH

· ~r-·---~'----1'f:-------"'··-· ..,.-:-----~--. .. 
SHIFT OUT· . '. .'. .===1. f---------..... ~4 

Figure 12. tAFH, tAFL SpeclflcatioilS 

<D FIFO contains 55 wordS (one short of almost full). 

8;0108 
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SHIFT IN P ; HALF FULL .;v 
r-- tHFH==--4' p SHIFT OUT 

. tHFL 

Figure 13. tHFL. tHFH Specifications 

CD FIFO contains 31 words (one short of half lull). 

LE 

r:..a COMPOS IT 
INPUT 
READY 

SHIFT IN 

- HFOEAF/E - - HFOE AF/E I-- - HFOE AF/E -
- IR SO IR SO IR SO 

r--SI OR 51 OR 51 OR 
- DO 00 DO 00 DO 00 -
- 01 01 01 01 01 01 -
- 02 02 02 02 02 02 -
- 03 03 03 03 03 03 -- 04 MR 04 04 MR 04 04 MR 04 -

Y Y Y 

- HF OE AF/E - - HFOE AF/E I-- - HFOEAF/E -
IR SO IR SO IR SO -

-51 OR 51 OR 51 OR 
- DO 00 DO 00 DO 00 -- 01 01 01 01 01 01 -
- 02 02 02 02 02 02 -- 03 03 03 03 03 03 ~ 

- 04 I'iIlI 04 D4 MR 04 04 MR 04 r--

y y 

- HFOE AF/E r-- ~ HFOE AF/E r- - HF OE AF/E r--
f--- IR SO IR SO IR SO I--

51 OR 51 OR 51 OR 
- DO 00 DO 00 DO 00 I--
- 01 01 - 01 01 01 01 I--- 02 02 02 02 02 02r--
- 03 03 03 03. 03 031--
- 04 MR 04 04 

MR 04 04 
MR 04r--

y y 

H? A.F/E. ... ..• . . .... HF . AF 
AF/E 

HF 
AF/E ~ AF/E. . . .... .. 

HF . AE 
AF/E 

HF 
AF/E 

The FirstColumn of FIFOs The Last Column of FIFOs 

Almost Full (A F) is eight words or less to FIFO full. 

Almost Empty (AE) is eight words or less to FIFO empty 

Figlire14. 192x15 FIFO .with C67L4033D 

Monollthio 1!fJ]. Memories 

SHIFT OUT 

COMPOSIT E 
OUTPUT 
READY 

MASTER RESET 

8·109 
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8-BITS 8-BITS 
PAPER C67L4033D CPU 
TAPE 

6408 READER SI SO 10 ROY 

ENBLSI IR OR 

ALMOST FULL! INTERRUPT 
EMPTY 

J--
HALF FULL FLAG 

Figure 15. Application for C67L4033D "Slow and Steady Rate to Fast 'Blocked Rate'" 

Note: Cascading the FIFO's in word width is done by ANDing the IR and OR as shown in Figure 14. 

8·110 Monolithic m Memories 



First-In First-Out (FIFO) 
64x4 Memory. 

C67L4013D 

15 MHz (Cascadable) 
WithThree-StateOutputs 

Features/Beneflts. 
- HIgh .. ~ 15-MHz shIH~n/shjft-out rates 
;e Low po¥lerconsumptlon 

.- TTL InputSandoutpu" 
-. Readily expandable In wofci width lind depth 

-$irilcturild pinouts. Output pins directly opposite 
C;Orrespondlnglnput plni . 

- . tiigh.,drm, capablnty 

- Asynchronous operatIOn 

-output .Enable feature 

o..crlptlon 
ThEfC67L4013D is a "faIHhrougIJ1:high .. p~ed First-In First-Ouf 
(FlfO)memoryorgariized 64 words by 4 bits. The FIFO is 
eXp8ridablein word width and~epth. TheFIFOJs attractive for' 
manyi:\pplications.Such as .disk· c::ontrotlers' commurlibation 
buffers, rate buffers,etc. ThliC67t4013D has three-stat,,: high-
gnve.(IOL ;=24mA}.olitputs: . .. 

.. Orcleringlnformatioll 
PART .PKG TEMP O/P 

NUMBER 

C67L4013D N,J Com 3.state· 

Block Diagram: 

C&71A013D,' 

DESCRIPTION 

15 MHz 64x4FiFO 



C67L4013D 

Absolute Maximum Ratings 
Supply voltage Vcc ..•....•.......•.....•.•......•.......•••...••.•..... ',' ............ ; . ;.' •.. I; .... : ........ :, .. '::9.5 V to 7 V 

~~!~::~;:~~i~~~~::::::::::::: : :.::: ::::::::: ::: ~:::: :::: :':~:~ ::: :::~: ::::::::: ::: ::: .. :::: :::: :::.~~~;~~~~~ l~tl~~ 
Operating Conditions Over Temperature Range 

SYMBOL PARAMETE.R FIGURE MIN . 

Vcc Supply voltage 4.75 

TA Operating free-air temperature 0 

liN Shift in rate 1 

tSIH Shift in High time 1 24 

tSIL Shift in Low time 1 15 

tlDS Input data setup to SI (Shift In) 1 0 

tlDH Input data hold time to SI (Shift In) 1 26 

tRIDS Input data setup to IR (Input Ready) 4 0 

tRIDH Input data hold time to IR (Input Ready) 4 26 

lOUT Shift out rate , 5 

tSOH Shift out High time 5 17 

tSOL Shift out Low time 5 15 

tMRW Master Reset pulse ** 10 35 

tMRS Master Re~E!t to SI' 10" 35 

* If Ihe FIFO is nol full (IR High). MR low forces IR low, followed by IR returning high when r:;m goes high. 

* * See AC lesl and 'high-speed applicalion nole. 

Electrical Characteristics Over Operating Conditions 

SYMBOL PARAMETER . TEST CONDITION MIN 

VIL Low:-Ievel inputvoltage 

,VIH Hi9h-level input voltage 2** 

VIC Input clamp voltage Vee = MIN 11=-18mA 

IlL' Low-level input cuttent Vee = MAX VI =0.45 V 

IIH I:\igh-Ievel input current Vce=' MAX VI = 2.4 V 

II Maximum input current Vec=MAX VI =5.5 V 

VOL 
Low-level Output. 0 

Vee = MIN 
IOL = 24mA: 

'.' 

CO.MMERCIAL 
TYP 

5 

. 

COMMERCIAL 

. 

. 

.' ' .. 

" 
Output voltage IR,OR IOL =8mA '" 

VOH 
High-level Output. 0 

Vee = MIN 
IOH =-3.0mA 

2.4 
Output voltage IR,OR IOH =-0.9mA - , ~,' 

·'.T 

lOS Output short-circuit current' Vce = MAX VO=OV -20 

10ZL Vo = 0.4 V 

IOZH 
Off-state output current Vee = MAX 

Vo= 2.4 V 

ICC Supply current Vee = MAX 
All inputslow.AII ou!puts:open. ,. . .. ' ,.' ...... 

, 'it, Not ri'I.o;"e"'~hi~ on~.QutPY~ S~~uJd:~e~riorted at a time and duratidn of the short'circuit should not exceed one second . 
. '!t* These are'absolutervdlta:ges' with 'feS'p~ctto the ground pin on the device and include all overshoots due to system and/or tester noise. i>. . . .... .' .0:' . .. . .. .' 
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MAX 
'UNIT 

q.25 V 

70 °c 

.1.5. MHz, 

nS 

ns 

ns 

ns 

ns 

ns 

15 MHz 

ns 

ns' 

ns 

ns 

MAX UNIT 

0.8** V 

V 

-1.5 V 

-250 p.A 

50 p.A 

1 mA 

0.5 V 

V 

-90 mA 

":50 

+50 
p.A 

110 mA 
.', '. 



C67L4013D 

Switching Characteristics Over Operating Conditions 

SYMBOL PARAMETER FIGURE 
COMMERCIAL 

MIN 

tlRLt Shift In 1 to Input Ready LOW 
1 

tlRHt Shift In j to Input Ready HIGH 

tORLt Shift Out 1 to Output Ready LOW 
--

tORHt Shift Out j to Output Ready HIGH 
5 

tODHt Output Data Hold (previous word) 12 

tODS Output Data Shift (next word) 

tpT Data throughput 4,8 

tMRORL Master Reset! to Output Ready LOW 

tMRIRH Master Reset 1 to Input Ready HIGH* 

Master Reset j to Input Ready LOW* 
10 

tMRIRL 

I tMRO Master Reset j to Outputs LOW 
-

tlPH Input ready pulse HIGH 4 17 

tOPH Output ready pulse HIGH 8 24 

tORD Output ready 1 to Data Valid 5 

tpHZ 
Output DisableDelay, C67L4013D 

tpLZ 
"-- A 

tpZL 
Output Enable Delay, C67L4013D 

tpZH 

Note: Typicals at 5V VCC.and 25~C TA. 

* If the FIFO is nottull (lR High), MR low forces IH law, followed by IR returning high when MR goes high. 

t See AC te's't'a-nd'high..;speed application n'ote. ' 

OUTPUT ENABLE 

WAVEFORM 1 

WAVEFORM 2 

r-------~-----3V 

'-'-_______ -J. ---'-~-------ov 

VT ________ -J ____ . DV 

VT" 1.5 V 

Figure A. Enable and Disable 

___ 1.5 V 

51 AND 
S2 CLoseD 

Waveform·1 fS for an 'output with internal conditions such that the output is low 
except w,hen di,sablEid ,by-the output contral. 

Waveform 2 isfor ,an, output with,internal conditions,such thatthe Olttpufishigh 
except when disabled by the output control. 

Monolithio W Menrories 

MAX UNIT 

40 ns 

26 ns 

45 ns 

50 ns 

ns 
1---

40 ns 

1600 ns 

60 ns 

30 ns 

50 ns 

60 ns 

ns 

ns 

-3 I~ 
30 

ns 
30 

30 
-- ns 

40 
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C67L4013D 

Standard Test Load 

SV 

Rl 

OUTPUT c>--+---..---0~. TEST POINT 

R2 30pF 

Input Pulse Amplitude = 3 V 
Input Rise and Fall Time (10%-90%) = 2.5 ns 
Measurements made at 1.5 V 
All Diodes are 1N916 or 1N3064 

Functional Description 
Data Input 
After power up the Master Reset is pulsed low (Figure 10) to 
prepare the FIFO to accept data in the first location. Master reset 
must be applied prior to use to ensure proper operation. When 
Input Ready (IR) is HIGH the first location is ready to accept data 
from the Dx inputs. Data then present at the data inputs is entered 
into the first location when the Shift-In (SI) is brought HIGH. 
An 51 HIGH signal causes the IR to go LOW. Once data is entered 
into the first cell, the transfer of data from any full cell to the 
adjacent (downstream) empty cell is automatic, activated by an 
on-chip control. Thus data will stack up at the end of the device 
while empty locations will "bubble" to the front. tpT defines the 
time required forthe first data to travel from input to the output of 
a previously empty device. When SI is brought LOW and the 
FIFO is not full, IR will go HIGH, indicating more room is 
available. If the memory is full, IR will remain LOW. The FIFO 
should always be cleared by using master reset. 

Data Output 
Data is read from the Ox outputs. When data is shifted to the 
output stage, Output Ready (OR) goes HIGH, indicating the 
presence of valid data. When the OR is HIGH, data may be shifted 
out by bringing the Shift Out (SO) HIGH. A HIGH signal at SO 
causes the OR to go LOW. Valid data is maintained while the SO 
is HIGH. When SO is brought LOW the upstream data, provided 
the upstream stage has valid data, is shifted to the output stage. 
When new valid data is shifted to the output stage, OR goes 
HIGH. If the FI FO is emptied, OR stays LOW and Data output will 
not be valid. 

IOL R1 R2 

24mA 2000 3000 

SmA 6000 12000 

Three-State Test Load 

TEST POINT 

ell 
SpF .". 

R2 

Input Ready and Output Ready may also be used as status 
signals indicating that the FIFO is completely full (Input Ready 
stays LOW for at least tPT) or completely empty (Output Ready 
stays LOW for at least tPT). 

AC Test and High-Speed App. Notes 
Since the FIFO is a very-high-speed device, care must be 
exercised in the design of the hardware and the timing utilized 
within the design. The internal shift rate of the FIFO typically 
exceeds 20 MHz in operation. Device grounding and decoupling 
is crucial to correct operation as the FIFO will respond to very 
small glitches due to long reflective lines, high capacitances 
and/or poor supply decoupling and grounding. Monolithic 
Memories recommends a monolithic ceramic capacitor of 0.1/-<F 
directly between vee and GND with very short lead length. 
In addition, care must be exercised in how the timing is set up 
and how the parameters are measured. For example, since an 
AND gate function is associated with both the 5hift-ln-lnput
Ready combination, as well as the Shift-Out-Output-Ready 
combination, timing measurements may be misleading, i.e., 
riSing edge o( the Shift-In puise is not recognized until Input 
Ready ,is HIGH. If Input Ready is not high due to (a) too high a 
frequency, or (b) FIFO being full or effected by Master Reset, the 
Shift-In activity will be ignored. This will affect the device from a 
functional standpoint, and will also cause the "effective" timing 
of Input Data Hold time (TIDH) and the next activity of Input 
Ready (TIRU to be extended relative to shift-in going HIGH. 
This same type of situation occurs with TORL and TORH as 
related to Shift-Out. For high-speed applications, proper 
grounding technique is essential. 

8-114 Monolithic WMemories 



C67L4013D 

!-------II'IN--------l,..------ .. 
SHIFT IN - tSIH--:w----IStl----~ 

INPUT READY 

Figure 1. Input TIming 

1_-~--~--66.6n. ---..---... ·1 ... -----_ 6&.6 ns-· ----_-... 1 

SHIFT IN 

____ Dna 

Figure 2. Typical Waveforms for 1S MHZ Shift·ln Rate 

Figure 3. The Mechanism of Shlftlng Data intO the FIFO 

o Input Ready HlqIi Indicates spa6~.is Bviaiable and a Shift-In pUlSe may I>e apPlied. 

(i) Input Data 1.loSded irito the first. word. The Data from. the first word is released for "fall-through" to second word. 

(i) Input Readyg08. LOW im/ieating the first W?rd. is full. 

(j) .Shift-In going LOW allows Input Ready to sense the status.of tirst word. The firat word is now empty as Indicated by Input Ready HIGH. 

(j) lithe second word I. already full then the data re~aln~ atthe first'word:Sincelhe'FIFO i. now full Input Ready reriiains lOW. 

Note, Shift-In pul.as applied while Input Ready is LOw;"inbe ignored (Se&.i:i~~re ~)." . 
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\~~ ____________ ~ ______ ~rF-______ ~ ______________ _ 
- JJ 

SHIFT OUT -{ , 

SHIFTIN~r:~------~--------------~----------~--------~--------~--------~~--~,,------_ 

INPUT READY 

,......j_--II+-.,..".~."..IIlJOH '-----I 
vn~~~~~~~~~~~~~~~~~J 

INPUTOATAMMlWlMMlWlMJWw\MlWlMMlWlMWW\MJWw\MlWlMI\J{"'*I'---"---';~TAaLEDATA--"------:IMIWIMMWIMM 

Figure 4. Data Is Shifted In Whenever Shift In and Input Ready are Both HIGH 

<D FIFO is inilially full. 

(j) Shift Oul pulsed is applie~. An empty localion starts "bubbling" 10 Ihe front 

(j) Shift In is held HIGH. 

<D As soon as Inpul Ready becomes HIGH Ihe Inpu~, Dal~,is loaded inlo Ihe firsl word. 

1.------l/fOUT-------·~I-··------;--

SHIFT OUT 

OUTPUT READY " 

OUTPUT DATA A-DATA a-DATA 

Figure 5. Output Timing 

<D The diagram assumes Ihal allhis lime, words 63, 62 and 61 are loaded wilh A,B and C Oata"respecllvely . 

.... .0 Oulpul d~ta chang~ on the, falling edge,.,f SO after a valid SI1ift-Oul Sequence, i.e. OR and SO are both high together, 

SHIFT OUT 

OUTPUT READY 

OUTPUT DATA 

Figure 6:Wavllf"rrils for 1.5 'l1lIHZ, Shift-Out Data ,Rate 

<D The diagram assumes Ihat at thistil)le loII?fdS~, 62 an\l61areloa\lect withA,B and 9 pa"" respe~t!Y.!yo 

(j) Data In the firsl crosshatched iegi<1n may b. Aor B Data. 

C-DATA 



C87L4013D 

SHIFT OUT 

OUTPUT READY 

OUTPUT DATA A-DATA 

Figure 7; The Mechanism of Shifting Data Out of the FIFO 

(j) output Ready HIGH indicates that data is available and a.Shift-Oul pulse may be a~plied. 
(j) Shift-qut 90es HIGlH qausl1)g the contents otword'62 (B-Data) to be released lorfall-through to word 63. 

Output data renialns as valid A-Data while Shift-Oul is HIGH. 

(!) Outp~i ReadY goes LOW. 

<D Shilt:-Out goes LOW cau~ing Output Ready to, go HIGH and new data (B) to appear at the data outputs. 

(i) II the 'FIFO hesonly one word loaded (A-Data)t;'en OutPUt Ready stays LOW a~d the output datil becomes invalid, 

SHIFH..,· 

SHIFT OUT 

OUT",UT R!!ADY 

<D FIFO initially empty. 

(j) Shift Out I18ld HIGH. 

FIgure 8. IPT a~ tO~H SpeCification 

® 

a-DATA 

~HIFTt>UT '. Y,,--, ' . ~""'-"--__ '-'--___ 

OUTPUT READY' •. 

OUTPUT DATA 

. Figure 9~ O/lta Is Shifted Out Wl1ene\ler Shift .()ut and.O.utpUtReady are. Both tfIGH. 

0' Wqrd 63 is empty; 

(j) Output Ready~oesHIGH indicating arrillal 01 the Oe:W<lata. 

(j) New dsletA) arrives at the outputs (word·63), 
- .... 

<D Since,Shift.Outisl'leld HIGH, Output Ready goes immediately LOW, 

(i) As soon asShlftOut goes LOW the Output Oioia is subject to change, OutpUt Ready.wiJIgo HIGH 0' LOW depending on whether thltre are any additional upstream 
Words in. the eiFO' " , . 
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MASTER RESET 

INPUT READY 

1-----tMRIRH ~ 

_________ I~-_tM_R_O_'R_L_-. ______ ~~~_-_-_-_-_-_-_-_-_-_-_tM_R_S~~_-_-_-_-_-_-_-_-_~~~I.~------------------------
SHIFT IN I X 

OUTPUT READY 

DATA OUTPUTS ~IIIIIIII~ 
Figure 10. Masler Resel Timing 

(j) FIFO initially partially full. 
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a-Bit Dynamic-RAM Driver 
with Three-state Outputs 
SN54/74S730/·1 
SN54/74S734/-1 

Features/Benefits 
• Provides MOS voltage levels for 16K and 64K DRAMs 

• Undershoot of low-going output is less than -0.5 V 

• Large capacitive drive capability 

• SYmmetric rise and fall times due to balanced output 
impedence 

• Glitch-free outputs at power-up and power-down 

• 20-pinSKINNYDJP®saves space 

• 'S7301734 are exact replacement for the Am2965/66 

• 'S7301734 are pin-compatible with 'S240/244,· and can 
replace them in many applications 

• 'S730-11734-1 have a larger resistor in the output stage for 
better undershoot protection 

• Commercial devices are specified at V CC. ± 10"10 

Description 
The 'S730 and 'S734 are buffers that can drive multiple address 
and control lines of MOS dyn<lmic RAMs. The 'S730 is an 
inverting driver,and the 'S734 isa.non-inverting driver. The 'S730 
is pin-compatible with the 'S240 and an exact replacement for 
the Am2965. The '8734 is pin-compatible with the 'S244 and an 
exact replacement forthe Am2966. 

These devices have been designed with <In additionaLihternal 
resistor in the loweroutputdfivertransistorcircuit, unlike regular 
B-bit bufters. This resistor serves two purp()ses: it causes a stower 
fall time fora high-to-Iow transition, and it limits the undershoot 
without the use of an external series resistor. 

Logic Symbols 

SKINNYOIP® is a registered ,tradem~rkof Monolithic MemoHes 

Ordering Information 

PART 
PKG TEMP I ENABLE POLARITY POWER 

NUMBER 

SN54S7301-1 J,W,L Mil 
Low Invert 

SN74S7301-1 N,J,NL Com 
S 

SN54S734/-1 J,W,L Mil Non-
Low 

Invert SN74S734/-1 N,~,NL Com 

The 'S730 and 'S734 have been designed to drive the highly
capacitive input lines of dynamic RAMs. The drivers provide a 
guaranteed VOH of VCC-l.1S V, limit undershoot to 0.5 V, and 
exhibit a rise time symmetrical to their fall time by having 
balanced outputs, These features enhance dynamic RAM 
performance. 

For a better-controlled undershoot for lightly capacitive-loaded 
circuits the 'S730-1 and 'S734-1 provide a larger resistor in the 
lower output stage. Also an improved undershoot voltage of 
-0.3 V is provided in the 'S730-1 and 'S734-1. 

A typical fully-loaded-board dynamic-RAM array consists of 
four banks of dynamic-RAM memory. Each bank has its own 
RAS and CAS, but has identical. address lines. The RAS and CAS 
inputs tothe array can come from one driver, reducing the skew 
between the RAS and· CAS signals. Also, only one· driver is 
needed to drive. eight address lines ofa dynamic RAM. The 
propagation delays are specified for 50 pF .and 500 pF load 
capacitances, and the commercial-range specifications are 
extended to VCC ±10"lo. 

All of the drivers are avaiiablein 20cpin/OlP and 20-pin PLCC 
packages. 

'S734 (Am2966) 
'S734-1 

. ... . . .... ..... .. ..... .... . •.. ,. .... TWX: 910-338-2376 
217SMission College Blvd. SanlaClara, CA 95054-1592 Tel: (408)970-97.°0 TWX: 910.338-2374 6:':!t7::m 
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SN54/74S730/-1 SN54/74S7.34/-1 

'S730/-1 ..... 
E1 E2 1A 2A 1Y 2Y E1 E2 1A 2A 1Y 2Y 

- - == 
L L L L H H L L L L L L 
L L L H H L L L L H L H 
L L H L L H L L H L H L 
L L H H L L 
L H L X 

I 
H Z 

L H H X L 

I 

z 
H L X L 

l 
z H 

H L X H Z L 
H H X X Z Z 

L L H H H H I L H L X L Z 
l 

I 

H H X H Z 
H L X L Z L . 

H L X H Z H 
H H X X Z Z 

IEEE Symbol 

'S730-1 'S734-1 

E1- E1 

1Al __ · 2 18 
1Y1 lA1 __ 2 _1_8 _. 1Y1 

1A2 __ 4_ 1A2 
4 16 

1V2 

1A3 __ 6_ lA3 __ S _14 __ 1Y3 

1A4--~-- lA4 __ 8 __ . 12 -lY4 

E2. 19 

2Al __ 1_1_ 2A1 __ 1_1 I> \I ·2Yl 

2A2 __ 1~_ 2A2--~ 
__ 7 ___ 2Y2 

2A3 
15 

2A3 -2Y3 

2A4 
17 3 

2Y4 2A4 -2V4 
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SN54/74S730/·1 SN54/74S734/·1 

Absolute Maximum Ratings 
Supply voltage vee ....•........................................•..........................•.........•.... -0.5 V to 7 V 
Input voltage ...................... ' ...........................•......................... ' ...•.............. -1.5Vt07V 
Off-state output voltage .....................•.......•............................................... -0.5 V to +Vee max 
Storage temperature range .................................•......•................................... -65·e to +150·e 
Output current ... . . . . . . . . . • . . . . . . . . . . . . . . . . . . . • . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . • . . . . . . . . . . . • . . . . .. 200 mA 

Operating Conditions 

SYMBOL PARAMETER MILITARY COMMERCIAL UNIT MIN TYP MAX MIN TYP MAX 

Vee Supply voltage 4.5 5 5.5 4.5 5 5.5 V 

TA Operating free-air temperature -55 125 0 75 ·e 

Electrical Characteristics Over Operating CondHlons 
" 

SYMBOL PARAMETER TEST CONDITIONS MILITARY COMMERCIAL UNIT MIN TYP MAX MIN TYP MAX 

VII.:'- Low-level inputvoltage 0.8 0.8 V 

VIH - High-level input voltage 2 2 V 

Vie Input clamp voltage Vee = MIN 11=-18mA -1.2 -1.2 V 

low-level Any A -0.2 -0.2 
III input current Vee = MAX VI = 0.4 V mA 

AnyE -0.4 -0.4 

IIH High-level input current Vee = MAX VI = 2.7 V 20 20 /lA 

II Maximum input current Vee = MAX VI= 7V 0.1 0.1 mA 

Vee = MIN 10l = 1 mA 0.5 0.5 
VOL low-level output voltage VIL = 0.8 V V 

VIH = 2V 10l = 12 mA 0.8 0.8 

Vee = MIN Vee Vee Vee Vee 
VOH High-level output voltage Vil = 0.8 V 10H = -1 mA -1.15 -0.7 -1.15 -0.7 V 

VIH = 2V 

10Zl Vee = MAX Vo= 0.4 V -200 -200 /lA 

10ZH 
Off-state output current Vil = 0.8 V 

VO= 2.7V 100 100 /lA VIH = 2V 

lOS Output short-circuit current t, Vee= MAX -60 -200 -60 -200 mA 
.'. 

'S7XX 50 50 
10l Output sink current VOL = 2.0 V mA 

'S7XX-1 40 40 

10H Output source current VOH = 2.0V -35 -35 mA 

Outputs 'S730/-1 24 50 24 50 

high 'S734/c1 53 75 53 75 

Outputs Vee = MAX 'S730/-1 86 125 86 125 
ICC Supply current mA 

low Outputs open 'S734/-1 92 130 92 130 

Outputs 'S730/-1 86 125 86 125 

disabled 'S734/-1 116 150 116 150 

t Not more than one o'utput should be shorted ata time and duration oOhe short-circuit should not exceed 0118 second. 

* These are absolute voltages with respect t? pin 10 onth~ device, and !ncludes all overshoots due to system and/or test nOjse. 
Do not attempt to test these values without suitable equ'ipment. ' ' 

Monolithic m Memories 9·5 



SN54/74S730/-1 SN54/74S734/-1 

Switching Characteristics vcc = 5 V. TA = 25°C For the 'S730 and 'S734 

SYMBOL PARAMETER FIGURE TEST CONDITIONS 

CL =SOpt 
tpLH 

CL = 500pt 
Data to output delay 1 & 3 

CL = 50pt 
tpHL 

CL = SOOpt 

tpZL S = 1 
Output enable delay 2&4 

tpZH S =2 

tpLZ Output disable delay 2&4 
S =1 

tpHZ S =2 

~_SKEW Output-to-output skew 1 & 3 CL = 50pt 

VONP Output voltage undershoot 1 & 3 CL = 50pt 

The SKEW timing specification IS guaranteed by design, but not tested. 

Switching Characteristics Over Operating Range** For the 'S730 and 'S734 

MILITARY tt 
SYMBOL PARAMETER FIGURE TEST CONDITIONS VCC = 5.0V±10"lo 

MIN TYP 

CL = SOpf 4 
tpLH 

CL = 500pf 18 
Data to output delay 1 &3 _. 

CL = SOpf 4 
tpHL 

CL= 500pt 18 

tpZL Output enable delay 2&4 
S = It 

tpZH S = 2t 

tpLZ S = It 
r----- Output disable delay 2&4 

tpHZ S = 2t 

VONP Output voltage undershoot 1 & 3 CL = 50pf 

.* AC performance over the operating temperature is guaranteed by testing as defined in Group A, Subgroup 9, Mil Std 8838. 

t"S;:; 1" and "s ::;: 2" refer to the sWitch setting in Figure 2. 

tt T C ;:; -55 to + 1250 C for natpack versions. 

Switching Characteristics VCC;= 5 V. TA = 25°C For the'S730 and 'S734 

SYMBOL PARAMETER FIGURE TEST CONDITIONS 

CL = 50pt 
tpLH 

CL = 500pf 
Data to output delay 1 & 3 

CL = 50pt 
tpHL 

CL = 500pt 

tpZL S = 1 
Output enable delay 2&4 

tpZH S =2 

tpLZ Output disable delay 2&4 
S = 1 

tpHZ S =2 

tSKEW Output-to-output skew 1 & 3 CL = 50p! 

VONP Output voltage undershoot 1.& 3 CL= SOp! 

The SKEW timing specification IS guaranteed by design. but not tested. 
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MAX 

20 

40 

20 

40 

28 

28 

24 

16 

-0.5 

MIN TYP MAX UNIT 

6 9 15 

18 22 30 
ns 

5 7 15 

18 22 30 

12 20 
ns 

12 20 

11 20 
ns 

6.5 12 . ±O.S ±3.0 ns 

0 -0.5 V 

COMMERCIAL 
VCC = 5.0V ±10"lo 
MIN TYP MAX UNIT 

4 17 

18 35 
ns 

4 17 

18 35 

28 
ns 

28 

24 
ns 

16 

-0.5 V 

MIN TYP MAX UNIT 

6 9 15 

18 22 30 
ns 

5 7 15 

18 22 40 

12 20 
ns 

12 20 

11 20 
ns 

6.5 12 . ±O.S ±3.0 ns 

0 -0.3 V 



SN54/74S730/-1 SN54/74S734/-1 

Switching Characteristics Over Operating Range** For the 'S730 and 'S734 

MILITARYtt COMMERCIAL 
S.YMBOL PARAMETER FIGURE TEST CONDITIONS VCC = S.OV±11J'/o VCC = S.OV ±10% 

MIN TYP 

CL = 50p! 4 
tpLH 

CL = 500p! 18 
Data to output delay 1&3 

CL = 50p! 4 
tpHL 

CL = 500p! 18 

tpZL Output enable delay 2&4 
S = 1t 

tpZH S = 2t 

tpLZ S = 1t 
Output disable delay 2&4 

tpHZ S =2t 

VONP Output voltage undershoot 1 &3 CL = 50p! 

.~ AC performance over the 'Operating temperature is guaranteed by testing as defined in Group A, Subgroup 9, Mil Std 8838. 

t"s = 1" and "$ = 2" refer to the switch setting in Figure 2. 

ttTc = ·5510 + 125°C forflalpack versions. 

Test Loads 

MAX MIN TYP 

20 4 

40 18 

20 4 

50 18 

28 

28 

24 

16 

-0.3 

VCC 

6aon LZ, ZL 
TEST POINT' . '. S ~1 

TEST pO'NT'll.... • 

I CL" ~Kf) 
"::" -:.-

* The "TEST POINT" is driven by Ihe oUlpul under lesl, 
and observed by instrumentation. 

* * Ipd specified al CL = 50 and 500pF 

2IHZ,ZH 

I CL -=- SOpF -::-

Figure 1. Capacitive Load Switching Figure 2. Three-Stale Enable/Disable 

IIIIonoIHhlD W lIIIemorles 

MAX 

17 

35 

17 

45 

28 

28 

24 

16 

-0.3 

UNIT 

ns 

ns 

ns 

V 
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SN54/74S7301-1 SN54/74S734/-1 

Typical Switching Characteristics 

OUTPUT 

VOLTAGE WAVEFORMS 

730/·1 

~,.-____ ..J\!!,rl.-5V----.- 3.0V 

_ lI\ 734/·1 

~~IPHLJ-OV 

VONP 
I 0.8V 

===~_---=~. ===~~;;;~VOL t OV 

I, ~ II ~ 2.5n. 
I ~2.5MHz 
IPW ~20Ons 

Figure 3. Output Voltage Levels 

ENABLE 
INPUT 

OUTPUT 

Typical Performance Characteristics: 

1.0 L-__ .l...-__ .l...-__ .l..... __ -'----J 
o 10 20 30 40 50 

IPLH -ns 

... INDICATE MINIMUM VALUES AT 25°C. 
_ INDICATE MAXIMUM VALUE AT 25°C. 

,....----...... -------3.oV 

'-------OV 

VOH 

'----~-J_-----OV 

~~---~-~-~------VCC 

O.SV 

t 
Ir ~ II ~ 2.Sns 
I =2.5MHz 
IPW ~8OOns 

......... ----VOL 

Figure 4. Three-State Control LevelS 

1.0 L--__ .l...-__ .l...-__ .!.... __ ..L._J 
o 10 20 30 40 50 

IPHL -ns 

Figure 5a. tPLH for VOH = 2.7 V vs. CL. for the 'S730 and 'S734 Figure 6a. tpHL for VOL = 0.8 V vs. CL. for the 'S730 and 'S734 

1000 
1 ... 

9-.... 
CJ 
w 100 CJ 
Z 
~ 

-' fL.;' . 1i. 
1-- • 
I--i~ ,&V/ ~X_ I----

j ttJ"~ V 
(j 

~ 
~ 10 
Q 

~ .... 

10 20 30 40 50 

IpLH -ns "'INDICATE MINIMUM VALUES AT 25°C. 
_INDICATE MAXIMUM VALUE AT 25°C. 

... 
~ 
CJ 
w 
CJ 
Z 
~ 
(j 

~ 
~ 

~ .... 

1000 

100 

10 

I 
~. .• liP" 

r=Mt,,/j,ii ~fx l---
j kii't:~ 

V ,-

10 20 30 

tPHL -no 

40 50 

Figure 5b. tpLH for VOH = 2.7 V VS. CL, for the 'S730-1 

and'S734-1 

Figure 6b. tpHL for VOL = 0.8 V vs. CL. for the 'S730-1 

and'S734-1 
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SN54/74S730/ .. 1 SN54/74S734/-1 

Applications 
The 'S730 and 'S734 are 8-bit bipolar dynamic RAM drivers and 
are pin-compatible with the 'S24O and '8244 respectively. 

The actual circuit conditions that arise for driving dynamic RAM 
memories are as folloWS: Typically, in dynamic RAM.arrays 
address lines and control lines, RA8, CAS, and WE have a fair 
amount of "daisy chaining." The daisy chaining causes an 
inductive effect due to the traces in the printed circuit board; the 
dominant factor in the RAM loading is input capacitance; and 
these two conditions contribute to the actual driver conditions 
shown in Figure 7. The result is a transmission line with 
distributed Inductance and capacitance connected to the driver 
outputs. 

ENABLE 
ADDRESSI ' 
CONTROL 

/'" TRACE INDUCTANCE 

.J... ••• ~ 
RAM INPUT .--r I IT' T 
CAPACITANCE -4__--.... ~ ••• __ -,---J 

Figure 7. RAM Driver,Output To Array 

The transmission line effect can imply reflections, which in turn 
cause ringing, arid it t"kes some time before the output settles 
from the low-to-high transition. On the high-to-Iow transition, 
along with ringing, a voltage undershoot can occur, and the 
circuit takes even longer to settle to an acceptable zero level. 
The main, cause for the shorter high-to-Iow transition as 
compared to the low-to-high transition is the output impedance 
of typical Schottky drivers. Figure 8, shows a typical Schottky 
driver output stage and Figure 9 shows the, output impedance 
for high and low output states. 

Figure 8. Typical Schollky 
Driver Output 

Figure 9. Driver 
Output Impedance 

In Figure 9 when S=1. the output is high and the driver.<;>utput 
impedance is approximately 30!!. When 8'"2, the outputis low 
and the driver output impedance is approximately .30. There is 
a 10:1 ratio for the output impedances for the'low and high 
states. Tt16 high-to-Iow transilion causes a problem as the 
output transistor turns on fast due to the low impedance and 
undershoot results althe RAM inputs. 

Figur!l10. '5730 
and '5734 OutputSlage 

VCC 
I 

~ ~ 18-251l 

16 

2~C_C 
~~ L- RAM 

Figure 11. Driver Output 
Impedence For' the '5730 

and '5734 

The 'S730 and '8734 have a modification in their output stage, in 
that an internal resistor is added to the lower output stage as 
shown in Figure 10. 

The'S730-1 and 'S734-1 have a larger resistor, R2, com parted to 
the "non-dash" parts, which give better undershoot protection at 
a slightly slower switching performance. 

The structure in Figure 10 provides a driver output impedence of 
approximately 18 {1 10.25 n in either high (8 = 1) or low (8 = 2) 
states as shown in Figure 11. In addition, this circuit limits 
undershoot to -0.5 V, essentially eliminating that problem; 
provides a symmetrical rise and fall time; and guarantees output 
levels 01 VCC· US V needed for MOS High levels. Also, when 
using the 'S730 asnd 'S734,no external resistors are needed. 
'S240-series parts used with external resistors to provide drive 
capability. but the rise times and fall times are unsymmetrical 
due to higher impedance for low-to-high transitions. 

Figure 12 shows the undershoot problem using a 'S240 without 
external resistors and the elimination of the problem by using 
the '8730. Thus from a dynamic-RAM system-design viewpoint, 
the 'S730 and 'S734 are very effective RAM drivers. 

Figure 12. Comparison of Undershoots and tpHL 

An application using these 8-bit drivers to interface address and 
control lines (and data lines) to a dynamic RAM array using 
64K DRAMs is discussed. The signals needed for the controls 
areRAS, CAS. and WE. The address lines are AO--A7 and the 
data lines are shown as the high and low byte. The array is 
shown in Figure 13. It consists of four rows of DRAMs; each 
row has individual RAS, CAS, and WE lines. However, all four 
rows have common address lines AD-A? The RAM capacitive 
loading for RAS, CAS, and WE is about 10 pf per ihput The 
loading of the address I.ines isabou! 5 to 7 pI per input The 
loading 01 the RASi' CASi and WEj inputs to each row of 
memories is 160 pt. Note that RASi and CASi come from the 
same driver. which. reduces timings skews which might arise if 
they were output from separate drivers. The address lines are 
outputs Irom another driver. and the loading on each line is 320 
pI (5 pI loading times 64 DRAMs). At this point it is worth 
noting that il a 320-pf loading affects performance unduly, then 
the address lines can be split between two drivers with each 
having a load of 160 pi, reducing overall signal delay. 

If . an error-detection-and-correction scheme is used, then 
typically the row size expands to 22 bits from the 16 bits shown in 
the example. The 'S730 and 'S734 drivers lend themselves to 
such expansion, as their propagation delays are specified at 50 pF 
and also at 500 pF. 

Monolithic WMemories' 9-9 



DATA IN 
HIGH BYTE 

is 
5700/7301731/734/-1 

RAM DRIVER 

{S 

DIN RAS 

S (64K x 1 ) DRAMs 
CAS 
WE 

DOUT AO-A7 

I + 
DIN RAS 

CAS 
S (64Kx 1) DRAMs 

WE 

AO-A7 

DOUT 

I ~ 
DIN RAS 

-
S(64Kx1)DRAMs 

CAS 

WE 

AO-A7 

DOUT 

I + 
DIN RAS 

S (64K xl) DRAMs 
CAS 

WE 

AO·A7 

DOUT 

DAJ:UT 
HIGH BYTE 

, 

SN54174S730/-1SN54/74S734/-1 

I 
,RASO 

CASO 

WEO 

RAS1 

CAS1 

WE1 

RAS2 

CAS2 

~E2 

RAS3 

CAS3 

WE3 

RAS AND CAS 
INPUTS 

~~~~~~ 
'5730/734-1 

RAM DRIVER 

n 
I 1 

'S730/734-1 
RAM DRIVER 

fa 

WRITE ENABLE 
INPUT(S) 

~ ~ ! ~ 
'5730/734-1 

RAM DRIVER 

I 
ROW/COLUMN ADDRESS 

I 

--

Figure 13. 256K X 16, Dynamic RAM Array with RAM Drivers 
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RAS 

CAS 

WE 

AO-A7 

RAS 

CAS 

WE 

AO·A7 

RAS 

CAS 

WE 

AO·A7 

RAS 

CAs 
WE 

AO·A7 

DATA IN 
LOW BYTE 

i8 

'5730/734-1 
RAM DRIVER 

{S 

DIN 

S (64K x 1) DRAMs 

DOUT 

+ I 
DIN 

S(64Kx1)DRAMs 

,DOUT 

~ I 
DIN 

8(64Kx1)DRAMs 

DOUT 

+ I 
DIN 

8(64Kx1)DRAMs 

DOUT 

DATloUT 
LOW BYTE 



256K 
DynamicRAM 
Controller I Driver 

Feature,/Beneflta 
• Supports 16K, 64K, and 256KDRAMs 

• Capable of addressing up 102M 16.blt words or 2 II bytfS 

• . On-chip capaCillve,.1oad drivers are capableot driving up 
to 88 .. DRAMs with 30-nsec typical address propagation 
~ayand 128 DRAMs wllh 35-nsec Iyp.lcal address propa
gatloo delay 

.RA$IN 10 RASdelayot 20· nsec: max (RAS drIVing 22 
DRAMs) . 

• Max and Min skews are specified 10 Simplify Bplem design 

.1\No.CASIN Inp\Jtsind two . CAS outputs Bimpl/fy byte 
addressing .. . . 

eAnAulo-Access rriOcie*lth e~ded C4i capabRitytakes 
ad)lantage of full.perfOrm8rlca·QUJo and 150 nsecDRA"s 

• ArlouipUI series resistotreduces undershoot 

/ 

M~"."OperaticJ'n 

. ~ .. Auio Access fAA) •.• 

673102 
6731Q2A 

Ordering Information 
PART. NUMBER PACKAGE TEMPERATURE 

·673102 480, 48N, 68NL, 
Com 

673102A 68NP 

... 

Pin COnfigurations 



873102 873102A 

Block Diagram 

IIUL TlPLEXER 
RO·R8 

co-ca 

R/i5 

iiiiT6 

iiFsil 

IiASD 
iiASiN 

IiASI 

BD iWl2 

Bl 
RAS3 

-------~~------~~t CAsiIiro. 

~1 . ~ r-~-f~~~~1 

J---I--I':>--.CASO 

DRIVER 

WEN --------------~~----------~--~~~--_t__1 
Of 

* Indicates that there Is 83,KO pull·up resistor on these outputs when they are disabled 

Figure j. 673102 functional Block Diagram 

Description 
The 6731()2iS a 46-pin LSI device which perfOnTIS most of the 
functions 'needed to control and address Dynamic RAMs. 
Twenty ad~n~, nine address outputs, fourRA§ outputs, 
and two CASIN-CAS input-output pairs allow the. 6731()2 to 
directly address 2 M 16-bit wot-ds or bytes. The'tWpCASINn 
inputs andthetwo CASn outputs simplify individual~yte access. 
in 16-bitwide memory arrays (see Figure 2). . 

The 673102 has three operating modes: 
• Externally. Controlled Access (ECA) 
• Auto ACceSs (AA) . 
• Refresh (RFSH). 

The ExternallY-Controlied-A"ccess mode gives thes~em direct 
contrOl over'the RASm outputs, the CASn outputs, arid Row/Co
lumnmultiplexing.ltalso supports PAGE mode acCess,NIBBLE 
modB access, and static column mode access. 

The· Auto-Access mode provides on·chiE.S!!lays that aut0lTlati
cally control the timing'delays between RASmsignals, address 

a. ultiPlexing,an~ .... CAS. ;A .... p .• si!Jn~!~ .. In .~~ .. A~tO-A~s m~~ •. 
· ASlN~1inputs.serveas enables for the respective ~-1 
. outpo~ 'ariO_the;.aCcess,.ole1t~er or' both bytes of the 
" i , , '" , . "., '. ~ ,,' • _. _ , 

memory array (for 16-bit wide memory arrays organized in two 
bytes). Inthis mode CASO-1 outputs go HIGH only wh~n the 
respective CASIN0-1 inputs go HIGH, and the address sWitches . 
back to row address only when both CASINO and CASlfh go 
HIGH. This feature allows ~xtensi()n of the CASO or CAS1 L9W 
time and column address time while RASIN and RASm can go 
HIGH to satisfy the precharge requirements of the dynamic 
RAMs. 

When the Refresh mode is selected (RFSH is LOWl!!!...£n.,chip. 
refresh counter provides the refresh address; with AUTO HI.GH 
and RIC LOW the column address is forced onto the address 

. . output multiplexer, facilitating an access of a particularmel'!}ory 
. location while refreshing a row. Thisteature may be useful ~en 
implementing error detection and cor~tion scrubbing. 

.' The 673102 can drive eight b!lnks of DRAMs. RASm control 
'slglJ!llsare ljs!!d W select a pair of banks, while le/ll(i~gthe other 
three pairll Of banks in standby. The two ~n outputs enable 
the Selection of one bank oot of the pair,Tne !lddress lines and 
the WE signal can be connected to al!.!!a.ht banks. Ina 16-bit 

. Wi<1"'. !>y!:e-orien~, memory ~rrayth~ F1ASm si$jnals.select.9lle, 
out .o.t four banks .while the CASn signals select the bytes as 
shown in Figure 2. .' . 
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673102 673102A 

015 08 07 DO 

Bank3 

~o 

ADDRESS 

<III~f--- 00-08 

"~I------- WE 

Each RAS output drives 16 DRAMs 

Each CAS output drives 32 DRAMs 

Each 00-8 output drives 64 DRAMs 

WE output drives 64 DRAMs 

Flgure2. 673102 Addressing Four Banks of 16-blt Memory Array Organized In lWo Bytes 

Pin Definitions 
vcc, GND: VCC-GND = 5V ±10%. The supply pins have been 
assigned to thecenter of the package to reduce voltage drops, 
both DC and AC. A low-inductance connection between the 
ground pin and a solid ground plane will minimize fluctuations in 
the ground level of the device that may Occur When the address 
outputs switch from HIGH to LOW simultaneously. A 1 /IF multi
layer ceramic capacitor in parallel with a low-voltage tantalum 
capacitor, both connected close to the VCC and GND pins, will 
properiy decouple the device. 

RO-R8: Row ~ddress Inputs 

CO-C8: Column Address Inputs 

BO-B1: Bank-Pair Select Inputs - Strobed by ADS. Decoded to 
enable One of. the RAS outputs when RASIN goes LOW in the 
access modes. 

QO-QS: Multiplexed Address Outputs - Selected from the row 
address input latch, the column addressin/:iut latch,· or the 
refresh counter. 

iiAsiN: Row Address Strobe Input - Drives the selected RASm 
output in the access modes and all RAS outputs in the Refresh 
mode. 

ADS: Address (Latch) Strobe Input - Strobes input row 
address, column address and Bank Select inputs into the 
respective latches when HIGH; latches OnHIGH-to-LOW 
transition. 

OE:Output Enable - When 'BE is LOW the address and control 
outputs are enabled. When OE is HIGH the address outputs are 
in high-impedance and the control outputs are pulled HIGH. 

RIC: Row/Column Select Input - In the Externally~Controlled
Access mode. it is used to select either the row address input 

latch or the column address input latch onto the address out
puts. In the Refresh mode,when AUTO is HIGH, it is used to 
select between the. refresh address (RIC HIGH) and the column 
address (RIC LOW). When AUTO is LOW RIC is disabled. 

'CASiNO-1: Column Address Strobe Inputs -In the Externally
Controlled-Access mode the CASINn directly drives CASn out
put. I n the Auto-Access mode each is used to enable the corres
ponding CASn output (See CASO-l description). 

'WEi'N': Write Enable Input. 

WE: Write Enable Output. 

CAsO-1: Column Address Strobe Outpuls-In the Externally
Controlled-Access moae the CAS outputs follow the CASIN 
inputs. In the Auto-Access mode the'CASilii inputs are used to 
enable the CAS outputs. The CAS outputs are asSerted LOW, 
with proper delay from the RAS output, by the RASIN signa.l via 
the Auto-Access timing generator. In the Auto-Access mode, the 
CASn goes HIGH only When the corresponding CASiNn goes 
HIGH. Extending the .. CASn LOW duration while RASIN and 
RASm go HIGH saiisfies the precharge requirement of the 
dynamic RAMs. 

RAso-3: Row Address Strobe Outputs';" When RFSH is HIGH 
the selected row address strobe output (decoded from sigmir~ 
BO, Bl) follows the RASIN input. When RFSH is LaWall RAS' 
outputs go LOW togetherioltowing RASiiii going Law. . 

AuTO: Auto-Access Input - When AUTO is LOW and 
RFSH is HIGH the Auto-Access mode is selected (see Auto
Access mode description). 

RFSH: Refresh Input - When RFSH is LOW the Refresh 
mode is selected (see Refresh mode description). 

Monolith/am Memories 9-13 



673,10.2 . 673.102A 

Externally-Controlled-Access Mode 
(ECA) 
In this mode, selected when AOf5 and RFSH are held HIGH, the 
673102 senias as a straightforward multiplexer and driverfortha 
address and control signals to the DRAMs. The RASm output 
selected by the BO and B1 inputs follows the RASIN input, and 
each olthe CAS outputs follows its corresponding CASiN'input; 
When RIC is HIGH the row address is enabled onto the 00-8 
outputs. When RIC is LOW the column address latch is enabled 
onto 00-8 outputs. 

The RASIN - RAS, CASIN ~ CAS, and RIC - 00-8 control 
paths are independent to .allow the system dE!signer maximum 
flexibility and support of special DRAM access and refresh modes 
such as NIBBLE mOde, PAGE mode, CAS befOre RAS, etc: 

To allow tiglJter tlmi~g of'fhe sequencflOf c~ntrol signals to the 
Dynamic RAM, several di~iencetiming parameters have been 
specified for the, ~ternal!ypontr,olled .Access mode. These 

RFSH ______________ ~~R:'R 

81,80 

parameters specify the maximum difference between the various 
"control channels" of the deviCe, In particular, using switching 
characteristics td7 and td8 is very useful when designing the 
delay from RASIN going LOWto RIC and thedelay between RIC 
going LOW to CASIN going LOW (see Applicatio~s), 

BANK SELECT (STROBED BY ADS} 
ENA.!JI,.ED AAsn 

B1 BO 
. 

o '0' 0 RASO 

0 1 RAS1 

1 , 0 RAS2 

1 1 RAS3 

Table 1. Memory Bank Decode 

RASO-3 

He IRPDL 

~' .. ;' 

. 'figure 3: EJCi~r"al!y-Controlled';AC:CeS_iiAsiN-to,.AAs Timing 

Note: To prevent gi~tcheso~ ;h~R~SO-3 ou~puis, operating.OOhditi'ons tasK c>rlADHAA ,;iU"the ,satisfied, 



673102 673102A 

Figure 4. Exlernally-Conlrolled-Access-CASIN to CAS Timing 

...... ---'~;.c 
RIC 

Figure 5. Extemally-Controlled-Acc:ess Ric Timing 

Note; tRCC will be met only if the colum,i'addressisavail.ble tAPD before itappears on QO-80utputs or if it is.latched by ADS. 
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673102 673102A 

Auto-Access Mode (AA) 
In the Auto-Access mode the 673102 provides the system 
designer with built-in delays and sequencing to accommodate 
DRAMs with 150 nanoseconds and faster access tim~. The 
Auto-Access .mode is selected when AUTO is held LOW and 
RFSH is held"HIGH. The Ric input is disabled, and RASiN gOing 
LOW initiates the sequence of control signals to access the 
DRAMs. The CASINQ-1 inputs are used as enables for the 
respective CAS outputs. A LOW on a CASINn input enabies the 

RO·R8 
CO·C8 
80·81 

ADS 

CASINO-1 

RASO-3 

00·08 

7 ---+I 

tSSR 
tcASR 

~ICL ~ 20 -1----10\ 

CASn output to be driven LOW with the internally generated 
delay from RAS .. Each CASn output goes HIGH only when the 
corresponding CASINn input goes HIGH. and the address 
switches back to row address only when both CASiNo and 
CASIN1 go HIGH. Thisfeature allows extension of the CASO or 
CAS1 LOW time and the column address time. while RASIN and 
RASm can go HIGH to satiSfy precharge requirements of the 
dynamic RAMs. The RIC input is disabled in this mode. 

tAUH 1+--- 9 -

14 ..... 

NEW ADDRESS 

~tAUCH 10 

tsPD 

* Indicates dynamic RAM parameters. 

Figure 6. Auto-Access (AA) Timing 

9·16 Monolithic WMemorles 



673102 673102A 

Refresh Mode (RFSH) 
When RFSH is held LOW the· refresh counter contents are 
enabled 9nto the 00-8 address outputs, provided either RIC is 
held HIGH, or AD'f5 is held LOW, or both conditions exist. In 
this mode all four RAS outputs follow the RASIN input signal. 
The refresh counter increments the refresh address when either 
RASIN orRFSH goes HIGH while the other is LOW. When AUTO 
is LOwthe CASIN0-1 inputs arl;! isolated and CAS0-1 are held 
HIGH. Also, when AUTO is LOW the RIC input is isolated from 
the output multiplexer, and the refresh address appears at the 
QO-8 outputs. 

When AUTO is HIGH, pulling RIC LOW enables the column 
address onto the 00-8 outputs. Also, each of the CAS outputs 
followsit$ corresPQnding CASIN input. This feature may be 

AUTO 
SEE NOTE 

RFSH 

QO-Q8 
ROW f COLUMN 

used when implementing error correction and detection "scrub
bing" for two-bank memory array. "Scrubbing" is a term describ
ing the cyclic error correction of soft errors inth.e memory array, 
done within the refresh cycles. On every refre$h cycle one loca
tion of the memory array is accessed, a!'ld. the data in that 
location goes, if necessary, through a correction cycle (a read
modify-write memory cycle). The 673102 provides the facilitif;lS 
to force a column address onto the QO-8address outputs and to 
assert the CASO-1 Qutputs with in a refresh cycle to allow scrub
bing. A column counter and a bank counter must be added 
externally to provide the column addresses for scrubbing. 

The refresh counter is a 9-bit counter that resets to 0 on power
up and rolls over to 0 a1511. 

t RCHRF 

tRFAHR 

REFRESH n+1 

tRFRDH 

Figure 7. Refreeh Timing 

Note: In the REFRESH mode. AUTO must be LOW or RIC must be HIGH to guarantee the refresh addreSs on the 00-8 outputs. 



RO·Ra 
co-ca 
BO-B1 

ADS 
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RO-Ra 
co-ca 

ADS 

oo-oa 
(NOTE) 

N 

2 

N-1 N 

Figure 8. Address Setup and Hold Time to ADS Figure 9. Address Input/Output Propagation Delay 

oo-oa 

RASm, 
CASn, 
WE 

9-18 

5 

6 

t AZl 

t AZH 

t CTZl 

t CTZH 

Figure 10. High-Z Timing 

Note: Row or Column address (FiFsH" HIGH). 

a 
t CTlZ 

I.-t CTHZ 

IIIIonolithioW"lIIIemories 



673102 673102A 

Electrical Characteristics VCC: 5 V ±10%, O°C~TA ~75°C. Typicals are for VCC = 5 V, TA: 25°C 

SYMBOL PARAMETER CONDITIONS 
FIGUREI MIN TYPMAX UNIT 
NUMBER 
-

VIC Input clamp voltage liN: -lS mAo VCC = MIN -O.S -1.2 V 

IIH I nput high current VIN : 2.7 V, VCC = MAX 50 ).LA 

ICTL Output load current for RAS, CAS, WE 
VOUT: 0.4 V, VCC: MAX -1.5 -2.5 mA 
Chip deselect 

IlL Input low current except for RFSH VIN : 0.4 V, VCC : MAX -20 -250 ).LA 

IILRF Input low current for RFSH VIN = 0.4 V, VCC : MAX -so -500 IlA 

VIL Input low threshold (Note 1) O.S V 

VIH Input high threshold (Note 1) 2.0 V 

VOL1 Output low voltage lOUT = 1 mA, VCC : MIN 0.5 V 

VOL2 Output low voltage lOUT: 12 mA, VCC = MIN O:S V 

VOH Output high voltage lOUT = -1 mA, VCC: MIN 2.4 3.0 V 

IOH Output source current (Note 2) VOUT = 0.8 V, VCC : MIN -50 -140 mA 

IOL Output sink current (Note 2) VOUT: 2.4 V, VCC = MIN 40 100 mA 

IOZ Three-state output current (address output) 
0.4 V ~VOUT ~ 2.7 V -50 50 ).LA 
VCC : MAX, Chip deselect 

ICC Supply current VCC: MAX 150 240 mA 

CIN Input capacitance TA = 25°C 10 . pF 

Switching Characteristics (See Note 3) 

SYMBOL EXTERNALLY CONTROLLED ACCESS PARAMETER 
FIGUREI 673102A 673102 UNIT 
NUMBER MIN TYP MAX MIN TYP MAX 

tRHA Row addresses remaining valid from RIC LOW 5/3 0 0 ns 

tRPDL RASIN to RAS LOW delay 3/11 20 20 ns 

tRPDH RASIN to RAS HIGH delay 3/12 
.. 

31 31 ns 

tAPD ..... Address input to output delay 9/2 50 50 ns 

twPDL WEIN toWE LOW delay 45 45 ns 

twPDH WEIN to WE HtGH delay 40 40 ns 

tCPDL CASIN to CAS LOW delay 4/3 28 28 ns 

tCPDH CASIN to CAS HIGH delay 
.. 

4/4 40 40 ns 

tRCC Column select to column address valid SIS 41 41 ns 

tRCR Row select to row add ress valid 5/6 45 45 nS 

tdl (CASIN to CAS LOW delay)-(RASIN to RAS LOW delay) -2 13 -2 13 ns 

td2 (Address input to outputdelay)-(RASIN to RAS LOW delay) 30 30 ns 

td3 (Address input to output delay)-(CASINto CAS LOW delay) -5 23 -5 23 ns 

td4 S.kew between.addres.s output lines .. 10 10 ns 

td5 (RASIN to RAS HIGHdelay)-(RASIN to RAS LOW delay) -7 13 -'7 . 13 ns 

td6 (CASIN to CAS HIG.H delayHCASIN to CAS.LOW delay) -12 12 -12 12 ns 

tSPD ADS HIGH to address output valid 9/1 55 55 ns 

tRCHC Column addresses remaining valid from RIC HIGH 5/4 0 0 ns 

td7 tRPDL - tRHA 13 13 ns 

tdS tRCC -tCPDL 20 20 ns 

NIonolithlt:: W lIIIemories 9·19 
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Switching Characteristics (Continued) 

SYMBOL AUTO ACCESS PARAMETER FIGURE/ 673102A 673102 UNIT 
NUMBER MIN TYP MAX MINTYPMAX 

tRICL RASIN to CAS LOW delay 6/20 75 85 ns 

tRCDL RAS to CAS LOW delay 6/23 30 65 30 75 ns 

tRPDL RASIN to RAS LOW delay 6/13 20 20 ns 

tRPDH RASIN to RAS HIGH delay 6/14 31 31 ns 

tAPD . Address input to output delay 6/16 50 50 ns 

twPDL WEIN to WE LOW delay . 45 45 ns 

twPDH WEIN to WE HIGH delay 40 40 ns 

tCPDH CASIN to CAS HIGH delay 6/22 40 40 ns 

tRAH Row address hold time from RAS LOW 6/17 15 15 ns 

td2 (Address input to output delay)-(FrASIN to RAS LOW delay) 30 30 ns 

tSPD ADS HIGH to address output valid 6/19 55 55 ns 

tASC Column address setup to CAS LOW 6/21 0 0 ns 

tCAHC Column address remaining valid from CASIND-1 HIGH 6/18 5 5 ns 

tASR Row address valid before RAS LOW 6/24 0 0 ns 

td5 (RASIN to RAS HIGH delay)-(RASIN to RAS LOW delay) -7 13 -7 13 ns 

REFRESH PARAMETER 

tRFLCT 
RFSH LOW to refresh address valid 

7/5 40 40 ns 
(AUTO LOW or RIC HIGH) 

tRFPDL RASIN LOW to RAS LOW delay during refresh 7/11 23 23 ns 

tRFPDH RASIN HIGH to RAS HIGH delay during refresh 7/12 38 38 ns 

tRFAH Refresh address held from RASIN HIGH (RFSH LOW) 717 0 0 ns 

tRHNC RASIN HIGH to new refresh address valid 7/9 66 66 ns 

tRFAHR Refresh address held from RFSH HIGH 7/6 0 0 ns 

tRFS 
Refresh address valid to RAS LOW 

7/13 0 0 ns 
(provided tRFQS is satisfied) 

tRFRDH RFSH HIGH to RAS HIGH (for 3 banks, RASIN = LOW) 7/15 40 40 ns 

td9 (RASIN to RAS HIGH delay)-(RASIN to RAS LOW delay) -9 16 -9 16 ns 

THREE-STATE PARAMETER 

tAZL OE LOW to address output LOW 10/1 45 45 ns 

tAZH OE LOW to address output HIGH 10/2 60 60 ns 

tALZ OE HIGH to address output HI-Z from LOW 10/3 35 35 ns 

tAHZ OE HIGH to address output HI-Z from HIGH 10/4 25 25 ns 

tCTZL OE LOW to control output LOW 10/5 40 40 ns 

tCTZH OE LOW to control output HIGH 10/6 50 50 ns 

tCTLZ OE HIGH to control output HI-Z from LOW 1017 30 30 ns 

tCTHZ OE HIGH to control output HI-Z from HIGH 10/8 25 25 ns 

Note 1: These are absolute voitage'leveis with respect to the ground pins on the device and includes 'alf overshoots due to,system or tester ,noise. 
Do not attempt to test these values without suitable equipment. 

Note 2: This test is provided as a monitor of driver output source and sink current capability. Caution should be exercised in testing' this parameter. 
One output should be tested at a time and test duration should not exceed one second. 

Note 3: Output load capacitance is typical for four banks of 22,DRAMs with trace capacitance, 
The values are: 00-8 CL = 500 pF, RASO-3 CL = 150 pF, WE CL = 500 pF, CASO-1 CL = 300 pF. 
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Absolute Maximum Ratings (See NQIt) 

Supply voltage. Vee ....................... ' .......••••.••••••••............•...•....•.•.•...•.....•...•.••. -0.5 V to 7 V 
Storage temperature range'. • • . . . . • • . . . . . • • . . . . . • • . • • . . • . • . . • . . . • . . .. . . • . •. .. . . . . .. . .. .. . .. . .. • . .. .. ... _65° e to +1SOOe 
Input voltage •..•••.••••...•...••......••.•.•.•..••....•.•.•.•..•• : .....• ~ . . . . • . . • •• • . • • • . . •• • . . .. . . . • .• -1.5 V to 5.5 V 
Output current ........•...•..••.••••.•••••••........ : .•..•••..••....•.•••.••.••••........•.•.......••....••.•. 150 inA 
Lead temperature (soldering. 10 seconds) ..................................... , •.• , .................................. 300"C 

Note: "Absolute Maximum.Ratings" are thevaJues beyond which the safety of the device cannot be guaranteed. They are not meant to imply that the device should 
be operated al Ihese limits. The table of operating conditions provides conditions for actual device operation. 

Operating Conditions . ~ 

SYMBOL PARAMETER FIGURE! 673102A '. 673102 UNIT NUMBER MIN TYP MAX· 'MIN TYP MAX 

Vec Supply voHage 4.5 5.5 4.5 5.5 V 

TA Ambient ter.nperature . 0 75 0 
. 75 C 

tASA Address setup time to ADS LOW' '" .' 811 18 18 ns 

tADS Address strobe pulse width HIGH' ... ·26 .' 26 ns 

IAHA Address hold time from ADS L(J.N " 812 10 ·10 ns 

_ . EXTERNALLY CON:rROUEO ACCESS,PARAMETER 

tADHAR ADS LOW hold from RASIN HIGH 317 c'\ () ',' . 0 ns 

tBSR Bank select setuptd RASIN,L(J.N (ADS=HIGH) 318 •. 10 . 10 ". ns 

tBSH Bank select hold from RASIN HIGH (ADS = HIGH) 3/9 11.) 10 ns 

tSSR .Adclressstrobe HIGH setl.jpto,RASINd:.~:(!~0,B1,STABLE) 3/10 20, 29; 'I¥I 
tAUHE:' 'AUIDhQlclirom RASIN HIGH .,' ~~ 314" 55 .... , 55 ml: 

lAuSRC' AUTO HIGHsetuPtoR/C L9W ", . ' .. 511 25 25 ns 

tAUHRC AUTOHIGH hold from RIC HIGH ., , . 5/2 10 10 ns, 

tAUSCA AU1P HIG.HsetUP tQ CASIN LON : 411 45'·" 
,. 

45 ns ;. 

tAUHCA AUTOHIGtfholdfrom CASlNHIGA" ,4/2 0; 0 .. , ns ; . . . ., ". 

tAUS; AU'ftj ~up.to RASINL(J.N , Y . ',; .313 0, () ns 

lRFSR . RFSH HIGH SErtup to RASIN't.6W (to guaranteetASR) '. ,. 31:1 ~p . 10 "-,' ns 

tRFHR RFSH HiGHnoldJromRASINfIIGH . 312· 10 10···· . ns 

". AlJTO~TIC A~ES$ PAR~R 

tADHAR ADS LOW hold from RASIN'HIGH' 317 0 0 ns 

taSR Bank select setup 10 RASINLOV:l (ADS'" HIGH) . 6/12 10 10 ns 

taSH Bank select hold from RASIN·HIGH (ADS = HIGH) " 3/9 10 .. :'. 10 n$ 
IASRL 

AddreSil setuJ) to ~ LOW (ADS = HIGH) 
(tASRL '" Ida max 10 guarantee tASR) , 

6/4 36' 30 ns 

tAUS AUTOsetuplo RASIN LOW.) 6/5 '. 0 0 hS 

tRFSR RFSH HIGH setup 10 RASINLow (to guarantee tASR) 6/6 10 10 ns 

tSSR ; AddreSil strobEl HIGH toRASIN LOW (00. B1 STABLE) 6fT 20 20 ns 

tCASR CASIN(H setup to RASIN LOW" . 6/8 ~3O ~3O ns 

tAUH AUTO hold front RASIN HIGH: 6/9 50 50 ns 

tAUCH AUTOLOWhold fr<>!Tl CASIN HIGH 6/10 '.' 0 0 ns 
..... REFRESHPA~~ETER . 

tAUHRF AUTO L'OW hold from RFSH HlGH{R!C L(J.N) 711. 10 10 ns 

lRCSRF RIC HIGH ~up to RFSH L<>'N.(AUiO HIGH) 712 20 ',' . 20 ns 

tAUSRF AU.TO L,(J.N setup to RFSH .((J.N(RlC LOW) 7/3 .20 20 ns 

IRCHRF '. RIC HIGH hold from .AFSH HIGH (AUTO HIGH) 7/4 10 10 ns 

tRFH RASIN HIGH during refreSh'· 7/10 30 30 
.. 

ns 

lRFQS ; .. RFSH LOWl!fnup to RASINLOW (to guarantee tRFS} . 7/14 30 30 ns 
.. 

'~o" , c" ,'" , 
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Applications 
Microprocessor Interface 

The 673102 Dynamic RAM Controller provides the address and 
control signals required to access and refresh dynamic RAMs. 
When interfaced to a 16-bit microprocessor, some external logic 
is required to generate a refresh clock as well as to perform 
access/refresh arbitration and interface handshake functions. 
Two PAL® devices may be used to perform these functions. as 

~. ADDRESS 

~ A23-19 + + 
Bl,O R8-o 

.• A23·1 DECODER 

eso f-• 
673102 

CPU 

shown in Figure 1. One PAL device is used to generate the 
refresh clock, while the other performs all arbitration and hand
shake functions. A hidden refresh (refresh which is transparent 
to the system) scheme is implemented in the interface PAL 
device which takes advantage of "free" system time to refreSh 
the memory, and falls back to "forced" refresh when hidden 
refresh cannot be performed. 
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WE CAS I CAS 

T ~8 I DYNAMIC RAM 
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elK 
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". 
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~CK J 
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WE 
CAS I CAS 

r i CASO 

REFRESH CAS1 
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GENERATOR 
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DEVICE 
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CAS I CAS 

UDS CASINl I 
CASl 

D15·0 lDS CASINO CASO 1 
~ ~. 

DATA .. , , 015-8 07-0 .. 

Figure 1. A CPU Interfaced to the 673102 Driving 2M Bytes of Dynamic Memory 
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Determining System Performance 
(Auto-Access) 
When determining system performance the dynamic RAM 
parameters must be c,onsidered as well as the controller's prop
agation delays. For both read and write cycles the access time 
forthe dynamic RAM is tRAC (Data access time from RAS going 
LOW) or tCAC (Data access time from CAS going LOW), which-

RASIN 

ever results' in the later appearance of Data at the dynamic 
RAM output. Since the RAS and CAS coming out of the con
troller are initiated by the RASIN, the controller-memory per
formance is measured from the RASIN HIGH-to-LOW transition 
(See Figure 2). 

--.. tRPDL ~ 

l .. t RICL .. 
CAS 

, 
..- t CAC 

DATA DATA (IN/OUT) 

... t RAC ~ 

---
~ RASIN TO DATA .. 

. 

Figure 2. Access Time from RASiN 
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The time from RASIN to data is calculated to be the longer of: 

tRICl + tCAC (RASIN to CAS + CAS to data) 

tRPDl + tRAC(RAsiN' to RAS + RAS to data) 

Table 1 illustrates the access times from RASIN achieved for 
various dynamic RAM speeds. 

CONTROllER/MEMORY 
PARAMETER 

IRAC IRPDl ICAC IRICl ACCESS TIME FROM RASIN 

6731 02lH M256-12 120 20 60 85 

673102A1HM256-12 120 20 60 75 

673102lHM256-15 150 20 75 85 

673102A1HM256-15 150 20 75 75 

673102lMB8265A-10 100 20 50 85 

6731 02A1MB8265A-l 0 100 20 50 75 

673102/MB8265A-12 120 20 60 85 

673102A1MB8265A-12 120 20 60 75 

673102lIMS2620-10 100 20 60 B5 

673102AIIMS2620-10 100 20 60 75 
.c 

673102/1 MS2620-12 120 20 70 85 

673102A11MS2620-12 120 20 70 75 

Table 1. Access Times from RASiN for Various Memory Speeds 

673102 Parameters 

tRPDl ~ RASIN lOW to RAS lOW delay 

tRICl - RASIN TO CAS lOW delay 

DRAM Parameters 

tRAC -'- Access time from RAS lOW 

tCAC - Access time from CAS .lOW 

NIonolithic IF!lIMemories 
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9·25 



673102'· . 6731.02A 

Using the Externally Controlled Access 
In the Externally Controlled Access mode RASIN controls the 
selected RAS output, and the CASiNo, 1 inputs control CASO, 1 
outputs respectively, The Ric input controls the address multi
plexer. The system designer may create, using the RASIN, CASiN 
and RIC inputs, the required control signal sequence for the 
specific system. being designed. Special dynamic RAM access 

t t f 
£11,0 R8-0 C8-0 

iiASo 
as.o 

673102 

OYNAMICRAM 
CONTROLLER 

RASl 

RASlN RASIN 

, 

[ tRAaNRC . RASl! 

RIC 

.[ tRCCASIN 

~ 

WE 

S 
DATA 

~ CASINl 

g!~~ TROBES . cEiNo 

modes such as.:Nibblemode,·Page mode, and static column 
mode access cycles may: PEl p!m?rmedsjmply by toggli':lg the 
appropriate co.ntrol inputs. Special skew tirningspecifications 
have beEln specified to allow tighter timing' 90ntrol as outlined 
in the following examples. Both following examples reiateto the 
scheme depicted in Figure 3, 
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I t 
~ ~ 
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,. 

" 
015-8 '07-0 
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WE CAS -CAS 

T t CASO 
I I ~ CAs1 
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, 
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m 1 - MoO 
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r ~ 
1 

015-8 07-0 

Figure 3. The 673102 In the Externally-Controlled ACceBl! Mode 
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EXternallyControUed Access (ECA) 
(Continued) 

Example 1: Computing RiiiN to RIC Delay 

The delay between AASiN going LOW to Ric going LOW 
(JRASINRC) which is required in order to satisfy thedynamic 
RAMs' row address hold time (tRAH) is computed as follows: 

tRAS1NRC =tRAH(min) + td1 
Where; 

tRAH(rytih)- Row address hold time(dynami~ RAM 
parameter) 

1d7(ml!ix) =,tRPDL-tRHA 

tRPDL - RASIN to AAs LOW delay '. 
, . - f·.·· -" 

1RHA ~ Row address herd valid from RIC LOW 

,," '/'~J,~4:'~-":;~ ,~."",<: " ,<>:~:,.,J;.,-" A,.: .... '~ 
~, "Rb."""'" " '(.: -',-'~~, - " , )"1' 

}.~~-~~il,~~;~~,~ ~;~ ~} ;.' .~,~_-: :i~·f~;~~~'?;i~':{::~~Iitt~~·-; ,,<;'<~~' 

Example 2: Compvtirig .1iIte: tOCASI" De18y 
The dell!iy,.b.etween R/C'going,I,OW and .CASIN,gOing LOW, 
(tRCCAstN) which is 'required ih order to satisfy the 'QynalT!i~' 
RAMs' column address setup (tASC) is computed as follows: 

,t8CCASIN:= tAsc(min}'!; Ida, +tpoF32(rnax) 

Where: 

tASC(min) - Column address setup (dynarriic'RAM 
parameter) 

lda(~al,9 = tRCC-tCPQl. ' 

'Ace ~ Ric I,OW to cpl\lmn acJ~ vali~, '. 

tCPDL -' CASIf>} to CASLOWd!!lay , 

IpoF32(rilaxy' ~Propagatid;;delaYQf the dR. gate. 4~'to 
>'validllteCASIN . : ".> ", 

Bettersy~tem performance maybe achieved uSingttiet~~,'~a 
sWitChifig"psrameters to 'calculate'iRASINRC a'ildtRCCASIN' 
th8(lWlclenysingthe iRpoi.. tf:tCDL~ tRccar;u;URHAparameters. 
(see td7,. IdS in Externally Controlled Access switc~ing 
Para~el!lf1! 1, ' 



1 ... M;egabit 
Dynamic RAM 
Controller/Driver 

Featu .... /Benefits 
• SuppOrts up to 1 III DRAMs 

• Capable of addreBBlng up to 8 M 16-bli wolds or 8 M bytes 

• On-chip capaclHve-loaddrivers. capable of driving op to 88 
DRAMs with 30-naec typical addreSs prOpagation delay and 
1a8 DRAMs with 3S-n-.c typlcaladdres. propagaUon dalay 

• iiAsiN to iiAs dalay of ao nsac max (RAs driving 22 
DRAMs) 

• Max and Min ske_ are specified to simplify sys.tam design 

• 1\vo CAsiN inputs. and.two CAS outputs· simplify byte 
addressing 

• An Auto-AcceBB mode wHh axtended CAS capability takas 
advantage of full performance of 1 ao and 150 nsec DRAMs 

• An output sarles resistor reduces undershoot 

Modes of Operation 
• Refresh 

• Auto Access (M) 

• Externally Controlled Access (ECA) 
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" 673103ANL 
GND 68PINPLCC 

OE 
vcc 

vee 

Q3 

02 
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Ordering Information 

PART NUMBER PACKAGE 

673103 

673103A 
52D, 68NL, s8NP 

Pin Configurations 

673103 
673103A 

TEMPERATURE 

Com 
. " 
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Switching Characteristics (Continued) 

SYMBOL AUTO ACCESS PARAMETER FIGURE! 673103A 673103 UNIT NUMBER MINTYPMAX MIN TYP MAX 

!RICL RASIN to CAS LOW delay 6/20 75 85 ns 

tRCDL RAS to CAS LOW delay 6123 30 85 30 75 ns 

tRPDL RASIN to RAS LOW delay 6/13 20 20 ns 

tRPDH RASIN to RAS HIGH delay 6114 31 31 ns 

tAPD Address input to output delay 6/16 50 50 ns 

twPDL WEIN to WE LOW delay 45 45 ns 

twPDH WEIN to WE HIGH delay 40 40 ns 

tCPDH CASIN to CAS HIGH delay 6122 40 40 ns 

tRAH Row address hold time from RAS LOW 6117 15 15 ns 

td2 (Address input to output delay)-(RASIN to RA§ L9W delay) 30 30 ns 

tSPD ADS HIGH to address outputvaUd '. 6119 55 55 ns 

tASC Column address setup to CAS LOW 6/21 0 0 5 ns 

tCAHC Column address remaining valid from CASIND-l.HIGH 6/18 5 5 ns 

tASR Row address valid before RAS LOW 6/24 0 0 ns 

td5 (RASIN to RAS HIGH delay)-(RASIN to RAS LOW delay) -7 13 -7 13 ns 

FlEFRESH PAFlAMETER 

!RFLCT 
RFSH LOW to refresh address valid 

" 7/5 40 40 ns (AUTO LOW or R/C" HIGH) 

IRFPDL RASIN LOW to RAS LOW delay during refresh 7/11 23 23 ns 

tRFPDH RASIN HIGH to RAS HIGH delay during refresh .. 7/12 38 38 ns 

IRFAH Refresh address held from RASIN HIGH (RFSH LOW) m 0 0 ns 

IRHNC RASIN HIGH to new refresh address valid 7/9 66 66 ns 

tRFAHR Refresh address held from RFSH HIGH 7/6 0 0 ns 

tRFS 
Refresh address valid to RAS LOW 7/13 0 0 ns (provided tRFQS is satisfied) 

tRFRDH RFSH HIGH to RAS HIGH (for 3 banks, RASIN = LOW) 7/15 40 40 ns 

td9 (RASIN to RAS HIGH d&lay)-(RASIN to RAS LOW delay) -9 16 -9 16 ns 

THREE-STATE PARAMETER 

tAZL OE LOW to address output LOW 10/1 45 45 ns 

tAZH OE LOW to address output HIGH 10/2 60 60 ns 

tALZ OE HIGH to address output HI-Z from LOW 10/3 35 35 ns 

tAHZ OE HIGH to address output HI-Z from HIGH 10/4 25 25 ns 

tCTZL OE LOW to control output LOW 10/5 40 40 ns 

tCTZH OELOW to control output HIGH 10/6 50 50 ns 

tcn.z OE HIGH to control output HI-Z from LOW 1017 30 30 ns 

tCTHZ OE HIGH to control output HI-Z from HIGH 10/8 25 25 ns 

Note 1: These are absolute voltage levels with respect to the ground pins on the device and includes all overshoots due to system or tester noise. 
Do not attempt to tesl these values without suitable equipment. 

Note 2: This test is provided as a monitor of driver output source and sink current capabiHty. Caution should be exercised in testing this parameter. 
One output should be tested at a time and test duration should not exceed one second. 

Note 3: Output load capacitance is typical.!2!:..!0ur banks of 22 DRAMs with trace.E!!l!.acitance. 
The values are: 00-8 CL = 500 pF, RASO-3 CL = 150 pF, WE CL = 500 pF, CASO-l CL = 300 pF. 
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Block Diagram 

MULTIPLEXER 

RO-R9 

ADS 

CO-C9 r~~fI.--------+l---~ 1-+l~S-""~QO-Q9 

RIC 

AiJTo 

RFSH iWsH 

RASO 

RASiN 
RAS1 

RiiS 
DeCODER 

80 RAS2 

81 
RAS3 

ACASO·ACAS 

:::::: ~=================================:~ l~ DRIVER 
''''~-- - CAS1 

WEN ____ ~--__ --------__ --------------------__ ------~_, 

OE 

* Indicates that there is a 3-K!t putl-up resistor on these outputs when they are -disabJed 

Figure 1. 673103 Funcllonal Block Diagram 

Description 
The 673103 is an LSI device, providedi!) 52-pin and 68-pin 
packages, which performs most of theiunctions needed to 
control and address Dynamic RAMs.Twenty4wo address in~ 
ten address outputs, four RASoutputs, and two CASIN-CAS 
input-output pairs allowthe 673103 to directfy address 8 M 16-bit 
words or bytes. The CAS INn inputs and the CASn outputs 
simplify individual byte access in 16-bit wide memory arrays 
(see Figure 2). 

The 673103 hasthree operating modes: 
• Externally Controlled Access (ECA) 
• Auto Access (AA) 
• Refresh (RFSH). 

Ihe Externally-Controlled-Access mode gives the sYlltem direct 
control over the RASm outputs, the CASn outputs, and Row/Co
lumn multiplexing.ltalso supports PAGE mode access, NIBBLE 
mode access, and static column mode access. 

The Auto-Access mode provides on-chip delays that automati
cally control the tim.!.!29....delays between RASITi Signals,address 
multiplexing, and CASn signals. In the Auto-Acces~de 
CASINO-1 inputs serve as enables forlhe respective CASO-1 

outputs, allowing the access of any byte of the memory array 
(for 16-bit wide memory arrays organized in two bytes). In this 
mode CASO"1 outputs go HIGH only'when the respective 
CASINO-1 inputs go HIGH, and the address switches back to 
row address only when both CASINO-1 go HIGH. This feature 
allows extension of the CAS LOW time, and column address 
time while RASiN and RASm can go HIGH to satisfy the pre
charge requirements of the dynamic RAMs. 

When the Refresh mode is selected. (RFSH is LOW) anon-chip 
refresh cOljnterprovides the refresh address; with AUTO HIGH 
and Ric LOW the column address is forced onto the address 
output multiplexer, facilitatingan <,!ccess of a particular memory 
location while refreshing a row. Thi,s featUre may be useful when 
implementing error deteclion and.Correction scrubbing. 

The 673103 can drive eight banks ·of DRAMs. RASm control 
signals are used to select a pair of banks, while leiO\ving the other 
banksinstandby. The two CASn outputs enable the selection of 
one bank out of two. The address lines and the WE signalcanbe 
connected to all eight banks. In a 16-bit wide, byte-oriented, 
memory array the RASm signals select the· banks while the 
CASn signals select the bytes, as shown In Figure 2. 

MonolithioWMemories 
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015 08 07 DO 

ADDRESS 

.. 00-09 

..... ....----.WE 

Each RAS output drives 16 DRAMs 

Each CAS output drives 32 DRAMs 

Each 00-9 output drives 64 DRAMs 

WE output drives 64 DRAMs 

Figure 2. 673103 Addressing Four Banks of 16-bit Memory Array Organized in Two Bytes 

Pin Definitions 
VCC, GND: VCC-GND = 5 V ±10'lo. The supply pins have been 
assigned to the center of the package to reduce voltage drops, 
both DC and AC. A low-inductance connection between the 
ground pin and a solid ground plane will minimize fluctuations in 
the ground level of the device that may occur when the address 
outputs switch from HIGH to LOW simultaneously. A 1-,.,F multi
layer ceramic capacitor in parallel with a low-voltage tantalum 
capacitor, both connected close to the VCC and GND pins, will 
properly decouple the device. 

RO-R9: Row Address Inputs 

Cq-C9: Column Address Inputs 

BO-B1: Bank-Pair Select Inputs - Strobed by ADS. Decoded to 
enable one of the AAs outputs when RASIN goes LOW in the 
access modes. 

00-09: Multiplexed Address Outputs - Selected from the row 
address input latch, the column address input latch, or the 
refresh counter. 

iiAsiN: Row Address Strobe Input .... Drives the selected RASm 
output in the access modes. and all RAS outputs in the Refresh 
mode. 

ADS: Address (Latch) Strobe Input - Strobes input row 
address, column address, and Bank Select inputs into the 
respective latches when HIGH; latches on HIGH-to-LOW 
transition. 

OE: Output Enable - When OE is LOW the address and control 
outputs are enabled. When OE is HIGH the address outputs are 
in high-impedance and the control outputs are pulled HIGH. 

Ric: Row/Column Select Input -In the Externally-Controlled
Access mode, it is used to select either the row address input 

latch or the column address input latch onto the address out
puts. In the Refresh mode, when AUTO is HIGH, it is used to 
select between the refresh address (RiC HIGH) and the column 
address (RiC LOW). When AUTO is LOW R/Cis disabled. 

CASiN'0-1: Column Address Strobe Inputs - I n the Externally
Controlled-Access mode, the CASINn directly drives the CASn 
output. In the Auto-Access mode, it is used to enable the corres
ponding CASn output (See CASO-1 description). 

WEiN: Write Enable Input. 

WE: Write Enable Output. 

CASO-1: Column Address Strobe Outputs - In the Externally
Controlled-Access mode the CAS outputs follow the CASIN 
inputs. In the Auto-Access mode the CASIN inputs are used to 
enable the CAS outputs. The CAS outputs are asserted LOW, 
with proper delay from the RAS output, by the RASIN signal via 
the Auto-Access timing generator. In the Auto-Access mode, the 
CASn goes HIGH only when the corresponding CASINn goes 
HIGH. Extending the CASn LOW duration while RASIN and 
RASm go HIGH to satisfy precharge requirements of the 
dynamic RAMs. 

AAsO-3: Row Address Strobe Outputs - When RFSH is HIGH 
the selected row address strobe output (decoded from signals 
BO, B1) follows the RASiN input. When RFSH is LOW all RAS 
outputs go LOW together following RASiN going LOw. 

AUTO: Auto-Access Input - When AUTO is LOW and 
RFSH is HIGH the Auto-Access mode is selected (see Auto
Access modedescription). 

ii'FSH': Refresh Input - When RFSH is LOW the Refresh 
mode is selected (see Refresh mode description). 

9·32 Monolithio W Memories 
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Externally-Controlled-Access Mode 
(EeA) 
In this mode, select!!d when AUiOand RFSH arel)eld HIGH, the 
673103 serves as a straightforward I'i1l,litipiexer and driver for the 
address and cOrrtrol signals to the DRAMs. The RASm output 
selected b.y, tOe BO ~nd 81 inputs folloWs the RASIN input, and 
each oflhe CASoutpuls follows its correspoOding CASIN input. 
When RIC is HIGH the row addresg is enabled onto the 00-9 
outputs. When RIC is LOW the column address latch is enabled 
onto QO-9 outPUts. 

The RASIN - Ms, CASiN - CAS, and RIC - 00-9 control 
paths arEl. independentto allow thEl system clesigner maximum 
flexibility and support of special DRAM accesS and refresh 
modes such as NIBBLE mode, PAGE mode, CAS before RAS, 
etc. 

To allow tighter timing of the sequence of control Signals to the 
Dynamic RAM, several difference timing pwameters have be.en 
specifie~:Lfor .the ExtemaJlyControlied Access mode. These 

__________ ~ __ ~·~~FSR 
'~.1 

AD$ .. 

B1,80 

RASO·3 

parameters specify the maximum difference between the various 
"control channels" of the device. In particular, using switching 
characteristics td7 and tdS is very useful when deSigning the 
delay from RASIN going LOW to RIC and the delay between RIC 
going LOW to CASIN going LOW (see Applications). 

BANK SELECT (STROBED BY ADS) 
ENABLEDWn 

B1 BO 

0 0 RASO 

0 1 RAS1' 

1 0 RAS2 

1 . 1 RAS3 ... 

Table 1. Memory BankOecode 

"f'RPDH 

Figure 3. ExternallyCont..olled Access-RAStN-to-RAi Timing 

: Note: To prevent gliteheson·themo"s.outputs:operating eJndlliClnSltasH oi'AotiAR must be satisfied. 
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Figure 4. Externally Controlled Access-CASINto CAS Timing 

AUTO 

·····.·'k~RC ,.]18 
,i' tRHA ...... ' -+I 3 

00-09 

Figure 5. ExternlillyConti'CIlled ACCeIS, RIC Timing 

Notei tRCC ,,:£1lI be met only if t~e column ~d.<I!es. is ?I~ila\)le tAPD 1lefore Itappea''''.on 00-9 outputs or if .it is ·Iatched by ADS, 
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Auto-Access Mode (AA) 
In the Auto-Access mode the 673103 provides the system 
designer with built-in delays and sequencing to accommodate 
DRAMs with 150 nanoseconds and faster access time. The 
Auto-Access mode is selected when·AiJT(5 is held LOW and 
RFSH pin is held HIGH. The Ric input is disabled, and RASIN 
goes LOW initiating the sequence of controlsignafs to access 
theDRAMs; The CASINO"1 inputs are used as enables for the 
respective CAS outputs. A LOW on a CASINn input enables the 

RO-R9 
CO-C9 
80-81 

ADS 

00-09 

CASO-1 

tAHA 

CASnoutput to be driven LOW with the internally~generated 
delay from RAS. Each CASn output goes HIGH only when the 
corresponding CASINn input goes HIGH, and the address 
switches back to row address only when all CASINgo HIGH. 
This feature allows extension of the CAS LOW time and the 
column address time,while RASIN and RASm can go HIGH to 
satisfy precharge requirements of the dynamic RAMs: The Ric 
input is disabled in this mode. 

NEW ADDRESS 

tAUHl4-~-

Indicates dynamic RAM parameters. 

Figure 6, Auto-Access (AA) Timing 
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Refresh Mode (RFSH) 
When RFSH is held LOW the refresh counter contents are 
enabled onto the 00-9 address outputs, provided either RiC is 
held HIGH, or AUTO is held LOW, or both conditions exist. In 
this mode all four RAS outputs folloW the RASIN input signal. 
The refresh counter increments the refresh address when either 
RASIN or RFSH goes HIGH while the other is Law. When AUTO 
is LOW theCASIND-l inputs are isolate~ and CASO-l· are held 
HIGH. Also, when A\JTO is LOW the RIC input is isolated from 
the output multiplexer, and the refresh address appears at the 
00-9 outputs. 

When AUTO is HIGH, pulling RiC LOW enables the column 
address onto the 00-9 outputs. Also, each of the CAS outputs 
follows its respective CASIN input. This feature may be used 

SEE NOTE 

RIC 

QO-Q9 

!!fASO-3 

when implementing error correction and detection "scrubbing" 
for two-bank memory arrays. "Scrubbing" is a term describing a 
cyclic error correction of soft errors in the memory array, done 
within the refresh cycles. On every refresh cycle one location of 
thememory array is accessed, and the data in that location goes, 
if necessary, through a correction cycle (a read-modify-write 
memory cycle). The 673103 provides the facilities to force a 
column address onto the 00-9 address outputs and to assert the 
CASO-l outputs within a refresh cycle to allow scrubbing. A 
column counter and a bank counter need to be added externally 
to provide the column address for scrubbing. 

The refresh counter is a 1 O-bit counter that resets to 0 on power
up and rolls over to 0 at 1023. 

15F 
\'-----', 

Figure 7 . . Refresh Timing 

Note: In the REFRESH mode, AUTO must be LOW or Ric must be HIGH to guarantee the refresh address on the 00-8 outputs. 
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RO·R9 
CO·C9 

ADS 

00;.Q9 
(NOTE) 

N-1 N 

Note: ,Row or Column address (RFSH ':HIGH), 

FI\lU",,8, Address SetLiP and, Hold Tlme,~o ADS Figure 9 . .AddrtBS InputlOutputPropagation Delay 

R"ASm, 
em,' WE " 

t AZl , 

,t AZIi 

tCTZH 

Figure 10. HlglJ·Z Timing 



673103 673103A 

Absolute Maximum Ratings (See Note) 

Supply voltage,Vcc ...................................................................................... -0.5 V to 7 V 
Storage temperature range ............................................................................ -65° C to +150° C 
Input voltage ............................................................................... ,........... -1.5 V to 5.5 V 
Output current ...................................................•..........................•..... '.' ..• , . . . . .. 150 mA 
Lead temperature (soldering, 10 seconds) , ..................................... , .............. " ..•................ 300°C 

Note: "Absolute-Maximum Ratings" are the values beyond which the safety of the device cannot be guaranteed. They are not meant to j'mply that the device should 
be operated at these limits. The table of operating conditions provides conditions for actual device qperation. 

Operating Conditions 

SYMBOL PARAMETER FIGUREI 673103A 673103 UNIT NUMBER MIN TYP MAX MIN TYP MAX 

Vce Supply voltage 4.5 5.5 4.5 5.5 V 

TA Ambient temperature 0 75 0 75 C 

tASA Address setup time to ADS LOW 8/1 18 18 ns 

tADS Address strobe pulse width HIGH 26 26 ns 

tAHA Address hold time from ADS LOW 8/2 10 10 ns 

EXTERNALLY CONTROLLED ACCESS PARAMETER 

tADHAR ADS LOW hold from RASIN HIGH 3/7 0 0 ns 

tBSR Bank select setup to RASIN LOW (ADS = HIGH) 3/8 10 10 ns 

tBSH Bank select hold from RASIN HIGH (ADS = HIGH) 3/9 10 10 ns 

tSSR Address strobe HIGH setup to RASIN LOW (BO, 81 STABLE) 3/10 20 20 ns 

tAUHE AUTO hold from RASIN HIGH 3/4 55 55 ns 

tAUSRC AUTO HIGH setup to RIC LOW 5/1 25 25 ns 

tAUHRC AUTO HIGH hold from RIC HIGH 5/2 10 10 ns 

tAUSCA AUTO HIGH setup to CASIN LOW 4/1 45 45 ns 

tAUHCA AUTO HIGH hold from CASIN HIGH 4/2 0 0 ns 

tAUS AUTO setup to RASIN LOW 3/3 0 0 ns 

tRFSR RFSH HIGH setup to RASIN LOW (to guarantee tASR) 3/1 10 10 ns 

tRFHR RFSH HIGH hold from RASIN HIGH 3/2 10 10 ns 

AUTOMATIC ACCES.S PARAMETER 

tADHAR ADS LOW hold from RASIN HIGH 3/7 0 0 ns 

tBSR Bank select setup to RASIN LOW (ADS = HIGH) 6/12 10 10 ns 

tBSH Bank select hold from RASIN HIGH (ADS = HIGH) 3/9 10 10 ns 

tASRL 
Address setup to RASIN LOW (ADS = HIGH) 

6/4 30 30 ns (tASRL = td2 max to guarantee tASR) 

tAUS AUTO setup to RASIN LOW 6/5 0 0 ns 

tRFSR RFSH HIGH setup to RASIN LOW (to guarantee tASR) 6/6 10 10 ns 

tSSR Address strobe HIGH to RASIN LOW (BO, B1 STABLE) 6/7 20 20 ns 

ICASR CASINO-1~etup to RASIN,LOW 6/8 -30 -30 ns 

tAUH AUTO hold from RASIN HIGH 6/9 50 50 ns 

lAUCH AUTO LOW hold from CASIN HIGH 6/10 0 0 ns 

REFRESH PARAMETER 

tAUHRF AUTO LOW hold from RFSH HIGH (RIC LOW) 7/1 10 10 ns 

tRCSRF RIC HIGH setup to RFSH LOW (AUTO HIGH) 7/2 20 20 ns 

tAUSRF AUTO LOW setup to RFSH LOW (RIC LOW) 7/3 20 20 ns 

tRCHRF RIC HIGH hold from RFSH HIGH (AUTO HIGH) 7/4 10 10 ns 

tRFH RASIN HIGH during refresh 7/10 30 30 ns 

tRFQS RFSH LOW setup to RASIN LOW (to guarantee tRFS) 7/14 30 30 ns 

9-38 Monolithic WMenrOries 
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Electrical Characteristics Vcc ~ 5 V±10%, O°C:s TA:S 75°C. Typlcals are for VCC = 5 V, TA = 25°C 

SYMBOL PARAMETER CONDITIONS FIGUREI 
MIN TYP MAX UNIT NUMBER 

VIC Input clamp voltage liN = -18 rnA. VCC = MIN -0.8 -1.2 V 

IIH Input high current VIN = 2.7 V. VCC = MAX 50 ,.,.A 

ICTL Output load current for RAS. CAS. WE VOUT = 0.4 V. VCC = MAX -1.5 -2.5 rnA 
Chip deselect 

IlL Input low current except for RFSH VIN= 0.4 V. VCC = MAX -20 -250 ,.,.A 

IILRF Inpullowcurrent for RFSH VIN = 0.4 V. VCC =MAX -80 -500 ,.,.A 

VIL Input low threshold (Note 1) 0.8 V 

VIH Input high threshold (Note 1) 2.0 V 

VOL1 Output low voltage lOUT = 1 rnA. VCC = MIN 0.5 V 

VOL2 Output IO'W voltage 10UT= 12mA. VCC = MIN 0.8 V 

VOH Output high voltage lOUT = -1 rnA. VCC = MIN 2.4 3.0 V 

10H Output sO'urce current (Note 2) VOUT = 0.8 V. VCC = MIN -50 ~14O rnA 

10L Output sink current (Note 2) VOUT = 2.4V. Vce = MIN 40 100 rnA 

10Z Three-state output current (address output) 
0.4VSVOUTS2.7V -50 50 ,.,.A 
VCC = MAX. Chip deselect 

ICC Supply current VCC= MAX 
.~ " 

170 260 rnA 

CIN Input capacitance TA = 25°C .. ' .. 10 . ... pF 

Switching Characteristics (See Note 3) .... .. ' 

., 

FIGURE! 673103A 673103 SYMBOL EXTERNALLY' CONTROLLED ACCESS PARAMETER NUMBER MINTYPMAX MIN TVP MAX 
UNIT 

tRHA Row addresses remaining valid from RIC LOW 5/3 0 0 ns 

tRPDL RASIN to RASLOWdelay .. ', 3/11 20 .' ··.·20 ns 

tRPDH RASIN to' HAS .HIGH delay 3/12 31 31 ns 

tAPD Address input to output delay 9/2 50 50 ns 

twPDL WEIN to WE LOW delay 45 45 ns 

twPDH WEIN to WE HtGHdelay' 40 40 ns 

tCPDL CASIN to CASLOWdelay 4/3 
c. 

28 28 ns 

tCPDH CASIN to' CAS HIGH delaY • .:. '. 4/4 40 40 ns 

tRCC Column select to cO'lumn address valid 5/5 . 41 41 ns 

tRCR Row select to row. address valid 5/6 45 45 ns 

td1 (CASINto CAS LOWdelay)-(RASIN to RAS.LOWdelay) -2 13 ~2 13 ns 

td2 (Address.input .to output delaY)dRASIN to RAS LOw delay) .•.. 30 30 ns 

td3 (Address input to OLllput delay)-(CASIN to CAS LOW delay) ~ 23 -5 23 ns 

td4 Skew between address output Jines 
'. 

10 10 ns 

Id5 (RASIN to RAS HIGH delayHRASIN to RAS LOW delay) -7 13 -7 13 ns 

Id6 (CASIN to CAS HIGH delay)-(CASIN 10' CAS LOW delay) -12 12 ~12 12 ns 

tSPD ADS HJGH to addreSS output .valid 9/1 55 55 ns 

tRCHC Column addresses remaining valid from RIC HIGH 5/4 0 0 ns 

td7 tRPDL -tRHA 13 13 ns 

td8 tRCC-tCPDL c 20 20 ns 
..•. . 
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'15.0 
. 

V 
/ 
V 

+7.5 

I! 
f 0 
::; 

-7.5 V 
V 

V 
-15.0 

-500 -300 -100 0 100 

~e·pF 

300 soo 

Change in Propagation Delays VI. Change In Loading 
Capacitance Relative to the Specified Load 

Address Outputs 

TEST 51 

tpo Open 

tpZH Closed 

tpHZ Open 

tpZL Closed 

tpLZ Closed 

9-40 

S2 CL MEASURED AT 
~ 

Closed 500 pF 

Closed 500pF 

Closed 15 pF 

Closed 500pF 

Open 15 pF • 

Address Driver 
Output Stage 

vee 

15 n 

0.8 V, 2.4 V 

2.4 V 

VOH-0.5V 

0.8V 

VOL +0.5 V 

673103 Test Loads (See Note) 

vec 

I 
Sl 

673103 
Rl 

1.2Kil 
TEST 
POINT 

DEVICE I CL 
R2 

OUTPUT soon 

52 

~ 

Note: Input pulse a V to 3.0 V. tR =tF = 2.5 ns. f = 1 MHz. tpw = 200 ns 
lnput reference point on AC measurements is 1.5 V. 
Output reference points are 2.4 V for HIGH and O.S V for LOW. 

Control Outputs 

TEST Sl S2 CL MEASURED AT 

tpo Open Closed CL 0.8 V, 2.4 V -
tpZH Open Closed CL 2.4V 

tpHZ Open Closed 15 pF VOH ··0.5 V 
.. -

tpZL Open Open CL 0.8 V 

tpLZ Open Open 15 pF VOL +0.5 V 

Where CL = 150 pF for RAS, 300 pF for CAS, and 500 pF for WE. 

Control Driver 
Output Stage 
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Applications 
Microprocessor Interface 

The 673103 Dynamic RAM controller provides the address and 
control signals required to access and refresh dynamic RAMs. 
When interfaced to a 16-bit microprocessor, some external logic 
is required to generate a refresh clock as well as to perform 
access/refresh arbitration and interface handshake functions. 
Two PAL® devices may be used to perform these functions, as 
shown in Figure 1. One PAL device is used to generate the 

ADDRESS 

" A23-2' 
, + 
B',O R9-O 

A23-' DECODER 

cso r-• 
673103 

CPU 

refresh clock, while the other performs all arbitration and hand
shake functions. A hidden refresh (refresh which is transparent 
to the system) scheme is implemented in the interface PAL 
device which takes advantage of "free" system time to refresh 
the memory, and falls back to "forced" refresh when hidden 
refresh cannot be performed. 

+ 
DYNAMIC 
RAM ARRAY 

C9-O 

RASO liAS I 
09-0 , A9-O BANKO 

WE CAS I CAS 

T ~7~ 
DYNAMIC RAM r 

Lcs 
CONTROLLER 

D15-8 , D7-0 

BAt, 

DTACK ~ RAS' RAS 

INTERFACE A9-0 
AS ~ PAL RASIN 

CAS I --+ RFsH WE CAS 
RFCK 

r T 

ADS 
D15-8 D7-0 

ClK 

RAS2 RAS I 
A9-0 

RFCK J 
BANK2 

WE 
CAS I CAS 

r T CASO 

REFRESH CAS' 
CLOCK 

GENERATOR 
PAL D15-8 D7-0 

RAS3 RAS I 
A9-O BANK3 

RIW WEii'i WE WE 
CAsl CAS 

UDS CASIN' I 
CAS' 

D'5-O loS CAsiNO CASO 1 

~" DATA 
~ D15-8 D7-0 

Figure 1. A CPU Interfaced to the 673103 Driving 8 M Bytes of Dynamic Memory 
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Determining System Performance 
(Auto-Access) 
When determining system performance the dynamic RAM 
parameters must be considered as well as thecontroller's prop
agation delays. For both read and write cycles the access time 
for the dynamic RAM is tRAc(Data access time from RASgoing 
LOW) ortCAC (Data access time from CAS going LOW), which-

RASIN 

ever results in the later appearance of data at the Dynamic 
RAM output. Since the RAS and CAS coming out of the con
troller are initiated by the RASIN, the controller-memory per
formance is measured from the RASIN HIGH-to-LOW transition 
(see Figure 2). 

--.. tRPDL 04-

, 
.. tR1CL 

CAS 
, 

~ tCAC 

DATA DATA (IN/OUT) 

... t RAC --... 

---.... RASIN TO DATA .. 

Figure 2. Access Time from RASiiii 
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The time from RASIN to data is calculated to be the longer of: 

tRICL + tCAC (RASIN to CAS + CAS to data) 

tRPDL + tRAC (RASIN to AAS + RAS to data) 

Table 1 illustrates the access times from RASIN achieved for 
various dynamic RAM speeds. 

PARAMETER 
CONTROLLER/MEMORY 

ACCESS TIME FROM iiAsiN tRAC tRPDl tCAC tRICl 

673103/HM256-12 120 20 60 85 

673103A1HM256-12 120 20 60 75 

673103/HM256-15 150 20 75 . 85 

673103A1HM256-15 150 20 75 ": 75 

673103/MB8265A-l0 100 20 :50 
.; 85 

" 

673103A1MB8265A~10 100 20 50 75 

673103IMB8265A-12 120 20 60 
': 

85 

673103A1MB8265A-12 120 2b 60 75 

6731 03/IMS2620-1 0 100 20 66 85 

6731 03A11 MS2620-10 100 20 60 75 

673103/IMS262D-12 120 : 20 70 85 

673103A11MS2620-12 
\~ 

120 20 tro 75 

" 

Table 1. AQCesl! Times from RAStH for Various Memory Speeds 

673103 Parameters 

tRPDL - RASIN LOW to RAS LOW delay 

tRICL - RASIN TO CA§LOW delay 

DRAM Parameters 

tRAC - Access time from RAS LOW ' 

tcAC - Access time from CAS LOW 

145 

140 

170 

170 

135 

125 

145 

140 

145 

135 

155 

145 
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Using the Externally Controlled Access 
In the Externally Controlled Access mode RASIN controls the 
selected RASoutput, CASINO-1 control CASO-1 outputsrespec
tively and Ric controls the address multiplexer. The system 
designer may create, using the RASIN, CASIN and Ric inputs, 
the required control signal sequence for the specific system 
being designed. Special dynamic RAM access modes such as 

, t t 
B1,0 R9-0 C9-0 

RASO 

09-0 

673103 

OYNAMICRAM 
CONTROLLER 

RAS1 

RASIN 
RASIN 

tRASINRC 
RAS2 

RIC 

RAS3 

tRCCASIN 

WE 

~ CASIN1 DATA CAS1 
TROBES - CASINO CASO S 

Nibble mode and Page mode access·cycles may be performed 
simply by toggling the appropriate control inputs. Special skew 
timing specifications have been specified to allow tighter timing 
control as outlined in the following examples. Both following 
examples relate to the scheme depicted in Figure 3. 

DYNAMIC 
RAM ARRAY 

R .. S I 
A9-0 BANKO 

WE cAsl CAS 

to,,! 
f 

07-0 

RAS I .. 
A9-0 BANK1 

WE CAS I CAS 

~.,~ 
f 

07-0 

RAS I 
A9-0 BANK2 

WE CAS· I CAS 

r f CASO 
~ ~ CAS1 

It 015-8 07-0 

RAS I 
A9-0 

BANK3 

WE 
cAsl CAS 

L , 
1 

015-8 , , 07-0 

Figure 3. The 673103 In the Externally-Controlled Access Mode 
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Externally Controlled Access (ECA) 
(Continued) 

Example 1: Computing RASiN to RIC Delay 

The delay between RASIN going LOW to RIC going LOW 
(tRASINRC) which is required in order to satisfy the dynamic 
RAMs' row address hold time (tRAH) is computed as follows: 

tRASINRC = tRAH(min) + 1d7 
Where: . 

tRAH(min) ~ Row address hold time (dynamic RAM parameter) 

td7(max) = tRPDL-tRHA 

tRPDL - f'lASIN to RAS LOW delay 

tRHA - Row address held valid from RIC LOW 

Il 

Ric 
, 
1\ 

673103A 

Example 2: Computing RIC to CASIN Delay 

The delay between RIC going LOW ,to going CASIN LOW 
(tRCCASIN) which is required in order to satisfy the dynamic 
RAMs' column address setup (tASC) is computed as follows: 

tRCCASIN = tAsc(min) + td8 + tpDF32(max) 

Where: 

tASC(min) -Column address setup (dynamic RAM pararn'irter) 

td8(max) = tRCC-tCPDL 

tRCC - RIC low to column address valid 

tCPDL - CASIN to CAs LOW delay 

tpDF32(max) ~ Pr~paglltiori delay ~f the OR gate IJsed to 
Validate CASIN 

Better system performance may be achieved using thEl ld7, id8 
switching parameters to calculate tHASINRC and tFiCCASIN 
thim when uSing the tRPDL. ti=tCDt: .• tRce and tRHA piirameters 
(see td7. td8 in Extermilly Controlled AcceSs switching 
parameters) . 

-- ... 
tRASINRC:., , _k, ' 

" .... 
tRCCASIN 

..... tRPDL 

-rJ ~tRAH· 

~ 
, 

~tRHA 
; 

QO-Q9 

.~ j4-tCPDL 
; --.. , r.- tASC· 

- ... 
.': 

* M ar sters. RASIN TO~. IndIcates DynamIC RA p am 

Figure 4. Externally Controlled Access Timing 
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Dynamic RAM. 
Controller/Driver 

F ... tu .... /Benefits 
• Supports up to 1 M DRAMs 

• Capable of addressing up .to 16. M bytes 

• On-chip capacitive-load drivers capSlJle of driving up to 88 
DRAMs with 30-nsec typical address propagation delay and 
128 DRAMs with 35-nsec typical address propagation delay 

• RASiN to iiAS delay of 23 nsec max (RAS driving 32 
DRAMs) 

• Mall. and Min skews ./1re. specified to simplify system design 

• Four CAsiN inputs and four CAs outputs simplify byte 
addressing 

• An Auto-Access mode with extended CAs capability takes 
advantage of full performance of 120- and 150-nsec DRAMs 

• An output series resistor reduces undershoot 

Modes of Operation 
• Externally Controlled Access (ECA) 

• Auto Access (AA) 

• Refresh 

I; I~ I~ II 15 I~ 1511 I~ II ICJ 
i< fl II! fl II! 

Q9 

Q8 

as 

Q4 

GND 

GND 1 673104NL 
GND 673104ANL 

OE 68 PIN PLCC 

vee 

vcc 

vee 

Q1 

CJ 

I~ Ii Ii I~ It I~ I~ 
CJ Iii Ii 8 1< U II! rl z z 

PAU~ is a regisfered trademark of Monolithic Memories. 
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Ordering Information 

PART NUMBER PACKAGE TEMPERATURE 

673104 

673104A 
640. 68NL. 68NP Com 

Pin Configurations 

673104 
673104A 

C7 

R7 

C6 

R6 

C5 

C4 

GND 

vee 

vep 

TWX: 910-338-2376 
2175 MfssionColiege Blvd. Santa Clara;CA 95054'1592 Tel': (408)9rb,9700TWX: 910':i31i-2#~ 
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Block Diagram 
RQ-Ra 

ADS -r~~!:: 

CAsiNo 

1 
CABo 

CAiiiil ilA§1 

CASiNz CAiz 

CASiN3 1m3 
DRIVER 

~-------------------------------------~--~~~WE 
Oe ----------------------------------------~ 

* Indicates that there is a 3-Kll pull-up resistor on these outputs when they are disabled 

Figure 1. 673104 Functional Block Diagram 

Description 
The 673104 is an LSI device, provided in 64-pin and 68-pin 
packages, which performs most of the functions needed to 
control and address DynamiC RAMs. Twenty-two address inputs, 
ten address outputs, four RAS outputs, and four CASiiii-CAS 
input-output pairs allow the 673104 to directly address 16 M 
bytes. The four CASiNn inputs and the four CAsn outputs 
simplify individual byte access in 32-bit wide memory arrays 
(see Figure 2). ' 

The 673104 has three operating modes: 
• Externally Controlled Access (ECA) 
• Auto Access (M) 
• Refresh (RFSH). 

The Externally-Controlled-Access mode gives the system direct 
control overthe RASm outputs, the CASn outputs, and Row/Co
lumn multiplexing. It also supports PAGE mode access, NIBBLE 
mode access and static column mode access. 

The Auto-Access mode provides on-chip delays that automati
cally control the tim~elays between RASm signals, address 
multiplexing, and CASn signals. In the Auto-Access mode 
CASINO-3 inputs serve as enables for the respective CASO-3 
outputs, allowing the access of any byte of the memory array 

(for 32-bit wide memory arrays organized in four bytes). In this 
mode CASO-3 outputs go HIGH only when the respective 
CASINO-3 inputs go HIGH, and the address switches back to 
row address only when CASINo-3 go HIGH. This feature allows 
extension of the CAs LOW time and column address time while 
RASiiii and RASm can go HIGH to satisfy the precharge 
requirements of the dynamic RAMs. 

When the Refresh mode is selected (RFSH is LOW) an on-chip 
refresh counter provides the refresh address; with AUTO HIGH 
and Ric LOW the column address is forced onto the address 
output multiplexer, facilitating an access of a particular memory 
location while refreshing a row. This feature may be useful when 
implementing error detection and correction scrubbing. 

The 673104 can drive sixteen banks of DRAMs. RASm control 
Signals are used to select four banks, while leaving the other 
twelve banks in standby. The four CASn outputs enable the 
selection of one bank out of four. The address lines and the WE 
Signal can be. connected to all sixteen banks. In a 32-bit wide, 
byte-oriented, memory array the RASm Signals select one out of 
four banks while the CASn signals select the bytes, as shown in 
Figure 2. 
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Figure 2. 'sr3104 Addressing Four Banks of 32-blt Memory Arr&'f Organized In Four Bytes 

Pin Definitions 
VCC, GND: VCC-GND = 5 V ±10%. The supply pins have been 
assigned to the center of the package to reduce voltage drops, 
both DC and AC; A low inductance connection between the 
ground pin and a SOlid'ground plane will minimize fluctuations in 
the ground 'level of the device that may occur when the address 
outputs switch from HIGH 10 LOWsirilultaneausly. A 1-I'F mLilti
layer ceramic capacitor in parallel with a low voltage tantalum 
capacitor, both connected close to the VCC and GND pins, will 
properly decouple the device. " ,. 

RO-R9: Row Address Inputs 

CO-C9: Column Addl'fss'lnputs 

BO-B1: Bank-Pair Select Inpuis - Strobed by ADS. Decoded to 
enable one of the RAS outputswhenRASIN goes LOW in the 
access modes. ' , ' , " '-

00-09: Multiplexed Address Outputs - Selected from the row 
address input latch, the column address input latch,orthe-, 
refresh counter. 

iiASiN: Row Address Strobe Input- Drives th~ selected RASm 
output in the aCcess modes and all RA$ outputs in the Refresh 
mode. 

ADS: Address (Latch) Strobe Input - Strobes input row 
address, column address, and Bank Select inputs,il}to the 
respective latches when HIGH; latches on HIGH-to-LOW 
transition. 

OE: Output Enable - When OE is LOW the address ancf,control 
outputs are enabled. When OE is HIGH the address outputs are 
in high-impedance and the control outputs are pulled HIGH. 

RIC: Row/Column Select Input - In the Externally-Controlled
Access, it is used to select either the row address input latch or 

the column addJ'llSS input latch onto the address outputs. In the 
Refresh mode, when AUTO is HIGH, it is used to select between 
the refresh address (R1CHIGIjl and the column addr~s (RiC 
LOW). When AUTO is LOW RIC is disabled. ' 

CASiN'0-3: Column Address Strobe Inputs.-In the Externally
Controlled-Accessrnode the CASINn directly drives CASn out
put. In the Auto-Access mode, it is used to enable the corres-

,pending CASn output (See CASO-3~c:ription). 

WEIN: Write Enable Inpul 

. WE: Write En,able O.!!tput. 

CAso-3: Column AddresS Strobe Outputs - In the Externally
Controlled-Access mode :the CAS outputs follow the CASIN 
inputs. In theAutenAcce,ss mode the CASiiii inputs are used to 
ena,ble the CAS outputs, but the CAS outputs are assertE!9 LOW, 
with proper delay from the RAS output, by the RAsiN signal via 
the AutenAcceSl; timing generator. In the AutenAccess mode, the 
'CASn goes HIGH only when the corresponding CAsiNn goes 
HIGH. Extending the CASn LOW duration while RASiiii and 

-RASm go HIGH'satisfies ' the precharge requirement of the 
dynamic RAMs. 

RASo-3: Row Address Strobe Outputs - When RFsH is HIGH 
the selected row ad~lrobe output (decoded from signals 
BO, Bt) toUc;>ws the RASIN input. When RFSH is LaWall RAS 
'outP~tsgo LOW/ogether following RASi'N going LOW. 

ii:iTO: AutenAccess Input - When AOro is LOW the Auten 
Access mode is selected (see Auto-Access mode description). 

iiFiH: Refresh Input - When RFSH is LOW the Refresh mode 
is selected (see Refresh mode description). 
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Externally·Controlled.Access Mode 
(ECA) 
In this mode, selected when AUTO and RFSH are held HIGH, the 
673104 serves as a straightforward multiplexer and driver for the 
address and control signals to the DRAMs. The RASm output 
selected by the BO and B1 inputs follows the RASIN input, and 
each ofthe CAS outputs follows its corresponding CASIN input. 
When RIC is HIGH the row address is enabled onto the 00-9 
outputs. When RIC is LOW the column address latch is enabled 
onto 00-9 outputs. 

The RASIN - RAS, CASIN - CAS, and RIC - 00-9 control 
paths are independent to allow the system designer maximum 
flexibility and support of special DRAM access and refresh 
modes such· as NIBBLE mode, PAGE mode, CAS before RAS, 
etc. 

To allow tighter timing of the sequence of control signals to the 
Dynamic RAM, several difference timing parameters have been 
specified for the Externally Controlled Access mode. These 

RFSH 

ADS 

B1,BO 

--------.. lR~ .. 

""---10 ---oM 
tSSR 

parameters specify the maximum difference between the various 
"control channels" of the device. In particular, using switching 
characteristics td7 and td8 is very_useful when designing th~ 
delay from RASIN going LOW to RIC and the delay between RIC 
going LOW to CAS IN going LOW (see Applications). 

BANK SELECT (STROBED BY ADS) 
ENABLED RAs'n 

B1 BO 

0 0 RASO 

0 1 RAS1 

1 0 RAS2 

1 1 RAS3 

Table 1. Memory Bank Decode 

______________ 1..,1 r- t RPDL 12 F_t_B_P_D_H_. ____ _ 

,'-----_.....11 
Figure 3. Externally-Controlied-Acces$~RASiiii-to-RAs Timing 

Note: To prevent glitches on the RASO-3 outputs, operating conditions raSH or tADHAR must be satisfied. 
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tCPDL 

'( 
Figure 4. ExternaJly-Controlied-Access-CASi'N to CAS Timing 

AUTO 

~ tAU~RC J8 tAUHRC 2 

RIC 

t RHA 3 

00-09 COLUMN 

Figure 5. Externally-Controlled-Access Ric Timing 

Note: tRce will be met only if the column address is available tAPD before it appears on QO~9 outputs or if it is latched by ADS. 
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Auto-Access Mode (AA) 
In the Auto-Access mode the 673104 provides the system 
designer with built-in delays and sequencing to accommodate 
DRAMs with 150 nanoseconds and faster access time. The 
Auto-Access mode is selected when AOT5 is held LOW and 
RFSH is held HIGH. Ti:leRI.C input is disabled, and RASIN going 
LOW initiates the sequence of control signals to access the 
DRAMs. The CASINO-3 inputs arf;l used as enables for the 
respective CAS outputs. A LOW on a CAS INn input enables the 

RO-R9 
CO·C9 
BO·B1 

ADS 

CASTfilO·3 

~0·3 

00·9 

CASO·3 

CASn output to be driven LOW with the internally generated 
delay from RAS. Each CASn output goes HIGH only when the 
corresponding CASINn input goes HIGH, and the address 
switches back to row address only when all CASIN go HIGH. 
This feature allows extension of the CAS LOW time and the 
column address time, while RASIN and RASm can go HIGH to 
satisfy precharge requirements of the dynamic RAMs. The RIC 
input is disabled in this mode. 

NEW ADDRESS 

tRPDH 14 
r------+---------+-------

tCAHC tSPD 

COLUMN 

22 

* Indicates dynamic RAM parameters. 

Figure 6. Auto-Access (AA) Timing 
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Refresh Mode (RFSH) 
When RFSHis held LOW the refresh ,counter contents are 
enabled onto the 00-9 address outputs, provided either RIC is 
held HIGH, or AUTO is held LOW, or both conditions exist. In 
this mode ,all four RAS outputs follow the RASiN input signal. 
The refresh counter increments the refresh address when either 
RASiN or RFSH goes HIGH while the other is LOW. When AUTO 
is LOW the CASINO-3 inputs are iSQlated and CAS0-3 are held 
HIGH: Also, when AO'i'5 is LOW the Ric input is isolated from 
the output multiplexer, and the refresh address appears at the 
QO-9 outputs. 

When AUrq is HIGH, pulling RIC LOW enables the column 
address onto the 00-9 outputs. Also, each of the CAS outputs 
foll()ws i!s~spective CASIN input. This feature may be used 

SEE NOTE 

RIC 

00-09 

RASO-3 

when implementing error correction and detection "scrubbing" 
for four-bank memory arrays. "Scrubbing" is a term describing a 
cyclic error correction of soft errors in the memory, array, done 
within the refresh cycles. On every refresh cycfe one location of 
the memory array is accessed and the data inthat location goes, 
if necessaryithrough a correction' cycle (a read-modify-write 
memory cycle). The 673104 providEls the facilities to force a 
column address onto the 00-9 address outputs and to assert the 
CASO-3 outputs within a, r~fresh cycle to allow scrubbing. A 
column counter and a bank counter need to be added externally 
to provide the column addresses for scrubbing. 

The refresb counter is a, 1b-bit counter that resets to 0 on power
up and rolls-over to Oat 1023, 

t RCHRF 

Figure 7. Refresh TIming 

Note: In the REFRESH mode, Aui'O must be lOW or RIC must be HIGH to guarantee the refresh address on the QO-9 outputs. 
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CO-C9 
80-81 
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Ro-R9 
Co-C9 

ADS 

00-09 
(NOTE) 

N N+1 

t APD 

N-1 

Figure 8. Address Setup and Hold Time to ADS Figure 9. Address Input/Output Propagation Delay 

00-09 

RASm, 
CASn, 
WE 

9·54 

5 

6 

t AZL 

t AZH 

t CTZL 

t CTZH 

Figure 10. High-Z Timing 

Note: Row or Column address (liFS'H = HIGH), 
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Absolute Maximum Ratings (See Nole) 

Supply voltage, VCC ...................................................................................... -0.5 V to 7 V 
Storage temperature range............................................................................ -65°C to +150°C 
Input voltage ........................................................................................... -1.5 V to 5.5 V 
Output current ................................................................................................ 150 mA 
Lead temperature (soldering, 10 seconds) ........................................................................ 300°C 

Note: "Absolute Maximum Ratings" are the values beyond which the safety of the device cannot be guaranteed. They are not meant to imply that the device should 
be operated at these limits. The table of operating conditions provides conditions for actual device operation. 

Operating Conditions 

SYMBOL PARAMETER FIGURE! 673104A 673104 UNIT 
NUMBER MIN TYP MAX MIN TYP MAX 

VCC Supply voltage 4.5 5.5 4.5 5.5 V 

TA Ambient temperature 0 75 0 75 C 

tASA Address setup time to ADS LOW 8/1 18 18 ns 

tAOS Address strobe pulse width HIGH 26 26 ns 

tAHA Address hold time from ADS LOW 8/2 10 10 ns 

EXTERNALLY CONTROLLED ACCESS PARAMETER 

tADHAR ADS LOV<{ hold from RASIN HIGH 3fi 0 0 ns 

tSSR Bank select setup to RASIN LOW (ADS = HIGH) 3/8 10 10 ns 

tasH Bank. select hold from RASIN HIGH (ADS = HIGH) 3/9 10 10 ns 

tsSR Address strobe HIGH setup to RASIN LOW (80, Bl STABLE) 3/10 20 20 ns 

tAUHE AUf5 hold from RASIN HIGH 3/4 55 55 ns 

tAUSRC 'A'OTP HIGH setup to RIC LOW 5/1 25 25 ns 

tAUHRC AUTO HIGH hold from RIC HIGH 5/2 10 10 ns 

tAUSCA AUTO HIGH setup to CASIN LOW 4/1 45 45 ns 

tAUHCA AUTO HIGH hold from CASIN HIGH 4/2 0 0 ns 

tAUS AUTO setup to RASIN LOW 3/3 0 0 ns 

tRFSR RFSH HIGH setup to RASIN LOW (to guarantee tASR = 0) 3/1 10 10 ns 

tRFHR RFSH HIGH hold from RASIN HIGH 3/2 10 10 ns 

AUTOMATIC ACCESS PARAMETER 

tADHAR ADS LOW hold from RASIN HIGH 3fi 0 0 ns 

tBSR Bank select setup to RASIN LOW (ADS = HIGH) 6/12 10 10 ns 

tBSH Bank select hold from RASIN HIGH (ADS = HIGH) 3/9 10 10 ns 

tASRL 
Address setup to RASIN LOW (ADS = HIGH) 

6/4 34 34 ns 
(tASRL = td2 max to guarantee tASR = 0) 

tAUS AUTO setup to RASIN LOW 6/5 0 0 ns 

tRFSR RFSH HIGH setup to RASIN LOW (to guarantee tASR = 0) 6/6 10 1.0 ns 

tSSR Address strobe HIGH to RASIN LOW (BO, 81 STABLE) 6n 20 20 ns 

tCASR CASINO-l setup to RASIN LOW 6/8 ~30 -30 ns 

tAUH AUTO hold from RASIN HIGH 13/9 .50 50 ns 

lAUCH AUTO LOW hold from CASIN HIGH 6/10 0 0 ns 

REFRESH PARAMETER 

tAUHRF AUTO LOW hold from RFSH HIGH (RIC LOW) 7/1 10 10 ns 

tRCSRF R(e HIGH setup to RFSH LOW (AUTO HIGH) 7/2 20 20 ns 

tAUSRF AUTO LOW setup to RFSH LOW (RIC LOW) 7/3 20 20 ns 

tRCHRF RIC HIGH hold from RFSH HIGH (AUTO HIGH) 7/4 10 10 ns 

tRFH RASIN HIGH during refresh 7/10 30 30 ns 

tRFQS RFSH LOW setup to RAS.IN LOW (to guarantee tRFS) 7/14 34 34 ns 
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Electrical Characteristics VCC = 5 V ±10%, O°C S TA S 75°C. 'TYpicals are for VCC = 5 V, TA = 25°C 

SYMBOL PARAMETER CONDITIONS 
FIGUREI 

MIN TYPMAX UNIT 
NUMBER 

VIC Input clamp voltage liN = -18 mA, VCC = MIN -0.8 -1.2 V 

IIH Input high current VIN = 2.7 V, VCC = MAX 50 J.l.A 

ICTL Output load current for Ms, CAS, WE 
VOUT = 0.4 V, VCC = MAX -1.5 -2.5 mA 
Chip deselect 

IlL Input low current except for RFSH VIN = 0.4 V, VCC = MAX -20 -250 J.l.A 

IILRF Input low current for RFSH VIN = 0.4 V, VCC = MAX -80 .-500 J.l.A 

VIL Input low threshold (Note 1 ) 0.8 V 

VIH Input high threshold (Note 1) 2.0 V 

VOLl Output low voltage lOUT = 1 mA, VCC = MIN 0.5 V 

VOL2 Output low voltage lOUT = 12 mA, VCC = MIN 0.8 V 

VOH Output high voltage lOUT = -1 mA, VCC = MIN 2.4 3.0 V 

IOH Output source current (Note 2) VOUT = 0.8 V, VCC = MIN -50 -140 mA 

IOL Output sink current (Note 2) VOUT = 2.4 V, VCC = MIN 40 100 mA 

IOZ Three-state output current (address output) 
0.4VSVOUTS2.7V 

-50 50 p.A 
VCC" MAX, Chip deselect 

ICC Supply current VCC= MAX 190 280 mA 

CIN I n put capacitance TA = 25°C 10 pF 

Switching Characteristics (See Note 3) 

SYMBOL EXTERNALLY CONTROLLED ACCESS PARAMETER 
FIGUREI 673104A 673104 

UNIT 
NUMBER MIN TYP MAX MIN TYP MAX 

tRHA Row addresses remaining valid from RIC LOW 5/3 0 0 ns 

tRPDL RASIN to RAS LOW delay 3/11 23 23 ns 

tRPDH RASIN to RAS HIGH delay 3/12 33 33 ns 

tAPD Address input to output delay 9/2 60 60 ns 

twPDL WEIN to WE LOW delay 50 50 ns 

twPDH WEIN to WE HIGH delay 45 45 ns 

tCPDL CASIN to CAS LOW delay 4/3 28 28 ns 

tCPDH CASIN to CAS HIGH delay 4/4 40 40 ns 

tRCC Column select to column address valid SIS 50 50 ns 

tRCR Row select to row address valid ... 5/6 53 53 ns 

tdl (CASIN to CAS LOW delay)-(RASIN to RAS LOW delay) -5 10 -5 10 ns 

td2 (Address input to output delay)-(RASIN to RAS LOW delay) 34 34 ns 

td3 (Address input to output delay)-(CASIN to CAS LOW delay) 0 28 0 28 ns 

td4 Skew between address output lines 12 12 ns 

ta5 (RASIN to RAS HIGH delay)-(RASIN to RAS LOW delay) -10 10 -10 10 ns 

ta6 (CASIN to CAS LOW delay)-(CASIN to CAS HIGH delay) -12 12 -12 12 ns 

tsPD ADS HIGH to address output valid 9/1 64 64 ns 

tRCHC Column addresses remaining valid from RIC HIGH 5/4 0 0 ns 

td7 tRPDL -tRHA 16 16 ns 

tdS tRCC-tCPDL 27 27 ns 
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Switching Characteristics (Continued) 

SYMBOL AUTO ACCESS PARAMETER 
FIGUREI 673104A 673104 UNIT 
NUMBER MIN TYP MAX MINTYPMAX 

tRICL RASIN to CAS LOW delay 6/20 83 90 ns 

tRCDL RAS to CAS LOW delay 6/23 30 73 30 80 ns 

tRPDL RASIN to RAS LOW delay 6/13 23 23 ns 

tRPDH RASIN to RAS HIGH delay 6/14 33 33 ns 

tAPD Address input to output delay 6/16 60 60 ns 

twPDL WEIN to WE LOW delay 50 50 ns 

twPDH WEIN to WE HIGH delay 45 45 ns 

tCPDH CASIN to CAS HIGH delay 6/22 40 40 ns 

tRAH Row address hold time from RAS LOW 6/17 15 15 ns 

td2 (Address input to output delay)-(RASIN to RAS LOW delay) 34 34 ns 

tSPD ADS HIGH to address output valid 6/19 64 64 ns 

tASC Column address setup to CAS LOW 6/21 0 0 ns 

tCAHC Column address remaining valid from CASINO-3 HIGH 6/18 5 .. 5 ns 

tASR Row address valid before RAS LOW 6/24 0 0 ns 

td5 (RASIN to RAS HIGH delay)-(RASIN to RAS LOW delay) -10 10 -10 ·10 ns 

REFRESH PARAMETER 

tRFLCT 
RFSH LOW to refresh address valid 

7/5 50 50 (ADm LOW or RIC HIGH) 
ns 

... 
tRFPDL RASIN LOW to RAS LOW delay during refresh 7/11 26 26 ns 

tRFPDH RASIN HIGH to RAS HIGH delay during refresh 7/12 38 38 )1S 

tRFAH Refresh address held from RASIN HIGH (RFSH LOW) 7/7 0 0 ns 

tRHNC RASIN HIGH to new refresh address valid 7/9 72 72 ns 

tRFAHR Refresh address held from RFSH HIGH 7/6 0 0 ns 

tRFS 
Refresh address valid to RAS LOW 

7/13 0 0 
(provided tRFQS is satisfied) 

ns 

tRFRDH RFSH HIGH to RAS HIGH (for three banks, RASIN = LOW) 7/15 45 45 ns 

td9 (RASIN to RAS HIGH delay)-(RASIN to RAS LOW delay) -9 16 -9 16 ns 

THREE-STATE PARAMETER 

tAZL OE LOW to address output LOW lOll 50 50 ns 

tAZH OE LOW to address output HIGH 10/2 60 60 ns 

tALZ OE HIGH to address output HI-Z from LOW 10/3 ·35 35 ns 

tAHZ OE HIGH to address output HI~Z from HIGH 10/4 25 25 ns 

tCTZL OE LOW to control output LOW 10/5 50 50 ns 

tCTZH OE LOW to control output HIGH 10/6 50 50 ns 

tCTLZ OE HIGH to control output HI-Z from LOW 10n 35 35 ns 

tCTHZ OE HIGH to control output HI-Zfrom HIGH 10/8 30 30 ns 

Note 1: These are absolute lIoltage levels with respect to the ground pins on the device and includes all overshoots due to system or tester noise. 
Do not attempt to test these values without suita~_le equipment. 

Note 2: This test is provided as a monitor of driver output source and sink current capability. Caution should be exercised in testing this parameter. 
One output should be tested ata time and test duration should not exceed one second. 

Note 3: Output load capacitance is typical for four banks of 32 DRAMs with trace capacitance. 
The values are: 00-8 CL = 800 pF. RASO-3 CL = 250 pF. WE CL = 800 pF. CASo-3 CL = 300 pF. 
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.7.51----t---1-----I--~i<'_-_I 

: Ol-----I-~_+-.~~--~-~ 
~ 

-7.5/-----,/fC---+--+--t---t----I 

-15.0_~500:::-. ---:300=----::-1OO=-~O!:-~IOO!:=----=300=--~500 

.1C-pF 

Change In Propag&tlon Delays vs. Change In Loading 
capacltance'Relatlve to the Specified Load 

Address Outputs 

TI;ST S1 

tpo Open 

tpZH Closed 

tpHZ Open 

tpZL Closed 

tpLZ :, Closed 

S2 CL 

. Closed 800pF 

Closed 800pF 

Closed 15 pF 

.Closed 800pF 

Open 15pF 

Address Driver 
Output Stage 

vce 

15il 

MEASURED AT 

O.S V. 2.4 V 

2.4 V 

.VOH-0.5V 

.O.SV 

VOL +0.5 V 

6731 04"est Loads (See Note) 

vee 

RI 
673104 1.2 Kil 

DEVICE 
OUTPUT 

r 
SI 

\S2 

1 

Note: Input pulse 0 V to 3.0 V, IR = IF = 2.5 ns, f = 1.0·MHz, tpw = 200 ns. 
Input reference point on AC mel\surements Is 1.5 V. 
Output relerence points are 2.4 V for HIGH and 0.8 V for LOW . 

Control Outputs 

TE$T S1 S2 CL MEASURED. AT 

tpo Open Closed CL O.S V. 2.4 V 

tpZH Open Closed CL 2.4 V 

tpHZ Open Closed 15pF VOH-0.5V 

tpZL Open Open CL O.SV 

tpLZ Open Open 15 pF VOL +O.5V 

Where CL" 250pF for RAS. 300 pF for CAS. and 800 pF for WE . 

. ContrOl Driver 
Output Stage 
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Applications 
Microprocessor Interface 

The 6731 04 Dynamic RAM Controller provides the address and 
control signals required to access and refresh dynamic RAMs. 
When interfaced to a 32-bit microprocessor, some external logic 
is required to generate a refresh clock as well as to perform 
access/refresh arbitration and interface handshake functions. 
For some microprocessors external logic is required also to 

... 

32-BiT 
CPU 

ADDRESS 

DECODER 

Clo l-
• 

L....._~ .... 7~ 

CONTRO'L ~ 

D31·0 

~ 

HANDSHAKE 
AND 

ARBITRATION 
CIRCUITRY 

DATA 
32 

" , 

---t 

.... 

t + + 
B1,0 A9-0 ee.o 

DYNAMIC RAM 
CONTROLLER 

RAS3 

WEIN We 

CASiNO.3 CiSo.3 
4 

decode the address and control signal to arrive at four data 
strobes. A hidden refresh (refresh which is transparent to the 
system) scheme may be implemented in the interface circuitry 
taking advantage of "free" system time to refresh the memory, 
and falling back to "forced" refresh when hidden refresh cannot 
be performed. 

l!D 

Ag.O 

We 
~ 

i 
D31-24 

DYNAMIC 
RAM ARRAY 

~ CAS 

i 
~ 

1 
023-16 D15-8 

CAS 

i 4 

07-0 

• 
Figure 1_ A CPU Interlaced to the 673104 Driving 16.M Bytes of Dynamic Memory 
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Determining System Performance 
(Auto-Access) 
When determining system performance the dynamic RAM 
parameters must be considered as well as the controller's prop
agation delays. For both read and write cycles the access time 
for the dynamic RAM is tRAC (RAS access time) from RAS 

RASIN 
1 

going LOW or tCAQj9AS access time) from CAS going LOW. 
Since the RAS and CAS coming out olthe controller are initiated 
by the RASIN, the controller-memory performance is measured 
from the RASIN HIGH-to-LOW transition (see Figure 2). 

~ tRPDL *-, 
... t R1CL 

.. 
, 
l 

~ tCAC 

DATA DATA (IN/OUT) 

- t RAC --.. 

RASIN TO DATA 

Figure 2. Access Time from iiASiN 
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The time from RASIN to data is calculated to be the longer of: 

tRICl + tCAC (RASIN to CAS + CAS to data) 

tRPDl + tRAC (RASIN to RAS + RAS to data) 

Table 1 illustrates the access times from RASIN achieved for 
various dynamic RAM speeds. 

CONTROLLER/MEMORY 
PARAMETER 

tRAC tRPDL tCAC tRICL ACCESS TIME FROM RASIN 

673104/HM256-12 120 23 60 90 

673104A1HM256-12 120 23 60 83 

673104/HM256-15 150 23 75 90 

673104A1HM256-15 150 23 75 83 

6731 04/MB8265A-l 0 100 23 50 90 

6731 04A1MB8265A-l 0 100 23 50 83 

673104/MB8265A-12 120 23 60 90 

673104A1MB8265A-12 120 23 60 83 

673104/IMS2620-10 100 23 60 90 

673104A1IMS262D-l0 100 23 60 83 

673104/IMS262D-12 120 23 70 90 

6731 04A11 MS262D-12 120 23 70 83 

Table 1. Access Times from iiiSiiii for Various Memory Speeds 

673104 Parameters 

tRICl - RASIN lOW to CAS lOW delay 

tRPDl - RASIN lOW to RAS lOW delay 

DRAM Parameters 

tRAC - Access time from RAS lOW 

tCAC - Access time from CAS lOW 

MonollthlcWMemories 
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150 

143 

160 

153 



·673104 ····673104A 

Using the Externally Controlled Acc .. s 
In the Externally Controlled Access mode RASIN controls the 
selected RAS output, CASIN(}.3 control-eAS(}.3 outputs respec
tively and RIC controls the address multiplexer: The system 
designer may create, using the RASIN, CASIN and Ric inputs, 
the required control signal sequence for the specific system 
being designed. Special dynamic RAM access modes such as 

l , , 
Bl,O R9-O C9-0 

mo 
09-0 

673104 

OYNAMIC RAM 
CONTROLLER 

RASI 

. I!nTR 
RASIN 

iiii2 

tRASINRC 

RIC 

1In3 

tRCCASIN 

WI: 

!J.2 

ST 
DATA 

i<" 4 
ROBES CASINO-3 enO-3 

Nibble mode and Page mode access cycles may be performed 
simply by toggling the appropriate control inputs. Special skew 
timing specifications have been specified to allow tighter timing 
control as outlined in the follOWing examples. Both following 
examples relate to the scheme depicted in Figure 3. 

DYNAMIC 
RAM ARRAY 

1m! 

A9-0 ~ WE m CAS CAS CAS 

f ~ t T ~~ T 4 

~ , ~ 
031-24 023-16 015-8 07-0 

~ 
It\! 

A9-0 

WE m m m 

T f ~~ T T 4 , , 
031-24 023-16 015-8 07-0 

'lin 

:F A9-0 

WE m m m 

t Tais. fai2 ~ ~ Tai,T TaiO 4 

031-24 '023-16 '07-0 

, 
015-8 

lin .~. 
A9-0 

WE m m m 

I I i i 4 
/ 

031-24 023-16 015-8 07-0 

Figure 3_ The 673104 In the Externally-Controlled Aceeas Mode 
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Externally Controlled Access (ECA) 
(Continued) . 

Example 1: Computing RASiiii to RIC Delay 

The delay between RASIN geing LOW te RIC geing LOW (tRA
SINRC) which is.required in .order te satisfy the dynamic RAMs' 
rew address held time (tRAH) is cemputed as fellews: 

tRASINRC = tRAH(min) + tct7 
Where: 

tRAH(min):"'-Rewaddressheldtime (dynamic RAM parameter) 

td7(max) = tRPDL-tRHA 

tRPDL- RAsiN teRAS LOW delay 

tRHA - Row address held valid frem Ric LOW 

Ric 

00-09 

673104A 

Example 2: Computing RIC to CAiiN Delay 

The delay between RIC geing LOW and CASIN geing LOW 
(tRCCASIN) which is required in .order te satisfy the dynamic 
RAMs' celumn address setup (tASC) is cemputed as fellews: 

tRCCASIN = tAsc(min) + tdS + tpDF32lmax) 

Where: 

tASC(min) -Celumn address setup (dynamic RAM Par~r:net~r) 

tdS(max) = tRCC-tCPDL 

tRCC - RIClew te ~~Iumn address valid 

tCPDL - CASIN .Ie CAS LO\N delay 

tpDF32(max) - Prepagatien delay .of the OR gate used te 
vaHqate CASIN 

Better system performance may b~ ach!el/ed using thE/ tct7. tdS 
switching parameters te calculatetRASINRC andtR.CCASIN 
than when using thetRPOL. tRCOl.. tRCC andtRHA parameters 
(see Externally Centrelled Access switching parametersf 

·~TOm * Indicates Dynamic RAM paratnete~. 

c.', \ 

.. Flgul'e 4. Externally. CQntroll!ld. ~ccess1l"'lng 



64KDynamic RAM 
Controller IDriver 

Featuresl Benefits 
• All DRAM drive functions on one chip have on-chip high

capacitance-load drivers (specified up to 88 DRAMs) 

• Drives directly all 16K and 64K DRAMs: Capable of 
addressing.up to 256K words 

• Propagation delays of 25 nsec typicaillit 500-pF load 

• SupportsREAD,WRITEandREAD-MODIFY-WRITEcycles 

• Six operating modes support externally-controlled access 
and refresh, automatic access, ali well as special memory 
initialization acc:ess 

• On-Chip 8-bit refresh counter with selectable End-of-Count 
(127 or 255) 

• Direct replacement for National DP8408, DP8408A 

MODE MODE OF OPERATION 

0,1,2 

3 

4 

5 

6 

7 

SYSTEM 

Externally-controlled refresh 

Externally-controlled AII-RAS write 

Externally-controlled access 

Auto access, slow tRAH 

Auto access, fast tRAH 

Set end of count 

SYSTEM 
CONTROL 

10 

18 

SYSTEM 

74S408 
DYNAMIC RAM 
CONTROLLER/ 

DRIVE 

RAM 
CONTROL 

6 

SOOpFDRIVE 

8 

RAM 

MEMORY 

16k or 64k 
DYNAMIC 

ADDRESS ADDRESS RAM BANKS 

;45408 Interface Between System and CRAM Banks 

SN74S40S/DPS40SA 
SN74S40S .. 2/DPS40SA-2 

Ordering Information 

PART NUMBER PACKAGE I TEMPERATURE 

SN74S408 48 N, D I Com 

SN74S408-2 48 N, D I Com, Speed Option 

Pin Configuration 

SN74S408 

NC = NO CONNECTION 

Portions of this Data Sheet are reprinted courtesy of National Semiconductor Corporation. 

TWX: 910-338-2376 
2175 Mission College Blvd. Santa Clara, CA 95054-1592 Tel: (408) 970-9700 TWX: 910"338-2374 
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Block Diagram 

ROW 
RO-7 ADDRESS 

ADS RINPUT LATCH \ HIGH CAPACITIVE DRIVE . Jl\ CAPABILITY OUTPUTS 
, WHEN ENABLED 

CCH . ADCD~~~~:UT 1----+1 i i c... .... U" __ ..... 00-7 

LATCH I I 

Cs _____ 

RASIN _____ 

RIC ----
CASIN _____ 

S-BIT 
REFRESH 
COUNTER 

I ' 
I 
I 
I 
I 
I 

REFRESH 

RAS 
DECODER 

'INDICATES THAT THERE 
IS A 3kll PULL-UP 
RESISTOR ON THESE 
OUTPUTS WHEN THEV 
ARE DISABLED 

RASO 

WIN ~---------t-----t~--~r-----t----------i~--~WE 

RF 1/0 M2 (RFSH) M1 MO 

Figure 1. 745408 Functional Block Diagram 

Description 
The 748408 is a Multi-Mode Dynamic RAM Controller/Driver 
capable of driving directly up to 88 DRAMs. 18 address lines 
allow the 748408 to drive all 16K and 64K DRAMs and ad
dresses up to 256K words. 8ince the 748408 is a one-chip 
solution (including capacitive-load drivers), it minimizes 
propagation delay skews, and saves board space. 

The 748408's 6 operating modes offer externally-controlled 
or on-chip automatic access and externally-controlled 
refresh. An on-chip refresh counter makes refreshing less 
complicated; and automatic memory initialization is both 
Simple and, tast. 

The 748408 is.a 48-pin DRAM ControlierlDriver with 8 
multiplexed address outputs and 6, control Signals. It con
sists.of two 8-bit address latches, an 8-bit refresh counter, 

and control logic. All address output drivers are capable of 
driving 500pf loads with propagation delays of 25nsec. The 
748408 timing parameters are specified driving the typical 
load capitance of 88 DRAMs, including trace capitance. 

The 748408 can drive up· to 4 banks of DRAMs, with each 
bank comprised of 16Ks, or 64Ks. Control Signal outputs 
RA8, CA8, and WEare provided with the same driving capa
bility. Each, RA8 output drives one bank of DRAMs so that 
the four RA8 outputs are used to select the banks, while 
CA8, WE and the multiplexed addresses can be connected 
to all the banks of DRAMs. This leaves the nonselected 
banks in the standby mode (less than one tenth of the 
operating power) with the data output in three-state. Only 
the bank with its associated RA8 low will be written to or 
read from, except in mode 3 where all RA8.signalsgo lowto 
allow fast memory initialization. 
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Pin Definitions 
vcc GND, GND-Vcc = 5V ± 5%. The three supply pins have 
been assigned to the center of the package to reduce 
voltage drops, both DC and AC. There are also two ground 
pins to reduce the low level noise. The second ground pin is 
located two pins from Vcc, so that decoupling capacitors 
can be inserted directly next to these pins. It is important to 
adequately decouple this device, due to the high switching 
currents that will occur when all 8 address bits change in 
the same direction Simultaneously. Recommended solution 
would be a 1f'F multilayer ceramic capacitor in parallel with 
a low-voltage tantalum capacitor, both connected close to 
pins 36 and 38 to reduce lead inductance. 

RO-R7: Row Address Inputs. 

CO-C7: Column Address Inputs_ 

BO, B1: Bank Select Inputs-Strobed by ADS. Decoded to 
enable one of the RAS outputs when RASIN goes low, in 
modes 4-6. In mode 7 BO, B1 are used to define End-of
Count (see table 3). 

00-08: Multiplexed Address Outputs-Selected from the 
Row Address Input Latch, the Column Address Input Latch, 
or the Refresh Cou·nter. 

RASIN: Row Address Strobe Input-Enables selected RASn 
output when M2 (RFSH) is high (modes 4-6), and all RASn 
outputs in modes 0,1,2 and 3. 

RIC: Row/Column Select Input-Selects either the row or 
column address input latch onto the output bus. 

CASIN: Column Address Strobe Input-Inhibits CAS output 
when high in Modes 4 and 3. In Mode 6 it can be used to pro
long CAS output. 

ADS: Address (Latch) Strobe Input-Strobes Input Row Ad
dress, Column Address, and Bank Select Inputs into respec
tive latches when high; latches on High-te-Low transition. 

CS: Chip Select Input-Three-state's the Address Outputs 
and puts the control Signal into a high-impedance logic "1" 
state when high (unless refreshing in mode 0, 1,2). Enables 
all outputs when low. 

MO, M1, M2 (RFSH): Mode Control Inputs-These 3 control 
pins determine the 6 modes of operation of the 74S408 as 
depicted in Table 1. 

RF !/O.-The 1/0 pin functions as ~ Reset Counter Input 
when set low from an external open-collector gate, or as a 
flag output. The flag goes active (low) when M2 = 0 (modes 0, 
1, 2 or 3) and the End-of-Count output is at 127 or 255 (see 
Table 3). 

WIN: Write Enable Input. 

WE: Write Enable Output-Buffered output from WiN. 

CAS: Column Address Strobe Output-in Modes 5 and 6, 

CAS transitions low following valid colurnn address. In 
Modes 3 and 4, it goes low after RIC goes low, or follows 
CASIN going low if RIC is already low. CAS is high during 
refresh. . 

RAS 0·3: Row Address Strobe OutputS-When M2(RFSH) is 
high (modes 4-7), the selected row address strobe output 
(decoded from signals BO, B1) follows the RASIN input. 
When M2 (RFSH) is low (modes 0-3) all RASn outputs go low 
together following RASIN gOing low. 

BANK SELECT 
(STROBED BY ADS) ENABLED RASn 

B1 BO 

a a RASa 
a 1 RAS1 
1 a RAS2 
1 1 RAS3 

Table 1. Memory Bank Decode 

Input Addressing 
The address block consists of a row-address latch, a 
column-address latch, and a resettable refresh counter. The 
address latches are fall-through when ADS is high and latch 
when ADS goes low. If the address bus contains valid ad
dresses until after the valid address time, ADS can be per
manently high. Otherwise ADS must go low while the ad
dresses are still valid. 

In normal memory access operation, RASIN and RIC are ini
tially high. When the address inputs are enabled into the ad
dress latches (modes 4-6) the row addresses appear on the 
a outputs. The Address Strobe also inputs the bank-select 
address, (BO and B1). If CS is low, all outputs are enabled. 
When CS is transitioned high, the address outputs go three
state and the control outputs first go high through a low im
pedance, and then are held by an on-Chip high impedance. 
This allows output paralleling with other 74S408s for multi
addressing. All outputs go active about 50ns after the chip 
is selected again. If CS is high, and a refresh cycle begins, 
all the outputs become active until the end of the refresh 
cycle. 

Drive Capability 
The 74S408 has timing parameters that are specified with 
up to 600pF loads for CAS, 500pF loads for 0 0-0, and WE, 
and 150 pF loads for RASn outputs. In a typical memory 
system this is equivalent to about 88 5V-only DRAMs, with 
trace lengths .kept to a minimum. Therefore, ·thechip can 
drive four banks each of 16 or 22 bits, or two banks of 32 Or 

39 bits, or one bank of 64 or 72 bits. 

Less loading will Slightly reduce the timing parameters, and 
more loading will increase the timing parameters, according 
to the graph of Figure 6). The AC performance parameters 
are specified with the typical load capacitance of· 88 
DRAMs. This graph can be used to extrapolate the varia
tions expected with other loading. 
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74$40S Driving Any 16K or64K DRAMs 
The 74S408 can drive any 16K or 64K DRAMs. The on-chip 
8-bit counter with selectable End-of-Count can support 
refresh of 128 or 512 rows, while the 8 address and 4 RASn 
outputs can address 4 banks of 16K or 64K DRAMs. 

Read, Write, and Read-Modify-Write 
Cycles 
The output signal, WE, determines what type of memory ac· 
cess cycle the memory will perform. If WE is kept high while 
CAS goes low, a read cycle occurs. If WE goes low before 
CAS goes low, a write cycle occurs and DATA at 01 (DRAM 
input data) is written into the DRAM as CAS goes low. If WE 
goes low later than tCWD after CAS goes low, first a read 
occurs and DO (DRAM output data) becomes valid; then 
data 01 is written into the same address in the DRAM when 
WE goes low. In this read·modify-write case, 01 <tnd DO can· 

not be linked together. The type of cycle is therefore con· 
trolled by WE, which follows WIN. 

Power-Up Initialize 
When VCC is first applied to the 74S408, an internal pulse 
clears the refresh counter, the internal control flip·flops, and 
sets the End·of-Count of the refresh counter to 127 (which 
may be changed via Mode 7). As VCC increases to about 2.3 
volts, .it holds the output control signals at a level of one 
Schottky diode·drop below VCC, and the output address to 
three-state. As VCC increases above 2.3 volts, control of 
these outputs is granted to the system. 

74S408 Functional Mode Description 
The 74S408 operates in 6 different functional modes. The 
operating mode is selected by signals Mo, M" M2 • Selecting 
M" M" Mo = 0,0,0 or 0,0,1 or 0,1,0 will result at the same 
operating mode designated as mode 0,1,2 (see Table 2). 

I (RFSH) I 
~~~ M2 M1 MO MODE OF OPERATlON_~ _ CONDITIONS 

, o~ J__I LL! ~ _Exte~~~-:n_tr_o_lI_ed ____ re_fr:;;;eS:::h~ ___ +--R_F--:I:::/O== __ E_O_C _____________ _ 

Table 2. 74S408 Mode Select Options 

Monolithic W Memories 9-67 



SN74S4081DP8408A SN74S408-21DP8408A"2 

745408 Functional Mode 
Descriptions 

Modes 0, 1, 2-Externally 
Controlled· Refresh 
In this mode; the input address latches are disabled from 
the address outputs and the refresh counter is enabled onto 
R.-R,.otJtputs, all RASoutputs are enabled following .RASIN, 
and CAS is inhibited. This refreshesthe same rowin all four 
banks. The refresh counter increments when either RASIN 
or M,(RFSH) goes low-to-high while the other is low. RF I/O 
goes low when the count is 127 or 255 with RASIN and 
RFSH as set by End-of-Count (see Table 3), low. To reset the 
counter to all zerbe~, RF I/O is set low through an external 
open-collector driver. 

During refresh, RASIN and M,(RFSH) can transition low 
simultaneously 'because the refresh counter becomes valid 
on the output but tRFLCT' This means the counter address is 
valid on the Q outputs before RAS occurs on all RAS out-

INPUTS 
RASIN ~ 1------_·_- IRASINL--· 

__ ...;1_. --'IIRASINH ---I 
RFSH _ 

puts, strobing the counter address into that row of all tl:!El 
DRAMS (see Figure 2). To perform externally controlled 
burst refresh M,(RFSHlinitially·can agairi have the same 
edge as RASIN, but then can maintain a low state, since 
RASIN going low-to-high increments the counter (perform
ing the burst refresh). 

Mode 3-Externally Controlled 
AII·RA5 Write 
This mode is useful at system initialization. The memory ad
dress is provided by the processor, which also perform the 
incrementing. All four RAS outputs follow RASIN (supplied 
by the processor), strobing the row address into the DRAMs. 
RIC can now go low, while CASIN may be used to control 
CAS (as in the Externally Controlled Access mode), so that 
CAS strobes the column address contents into the DRAMs. 
At this time WE should be low, causing the data to be writ
ten into all four banks of DRAMs. At the end of the write cy
cle, the input address is incremented and latched by the 
74S408 for the next write cycle. 

1'--__ 
I I I 

miN AND R/C 

OUTPUTS 
RASO 

RAS1, 2, 3 

REFRESH CTR 

I I ALL RAS'. LOW 1 r--.;.-I --'---'------'----'--
I ~I·- 'RFPd0 IRFpdH_ - I 

I--IRP"-I II I 

1 

IRFpdL -II~ I
RAS

" IRFPdH-1 '---1----1-;------
---..-LI . - --IROHNC 

---~----~---------------___ I r-+-~-----------; 
REFRESH COUNT" "+1 COUNTER RESET 

00-7 OLD COLUMNS REFRESH COUNT" 

1--1 IRFLCT I I-ICTL-I 

I ~.~~ 
-------------------~I~-,I---~R-~-~-;-;-------I------------------~i-~r!---IR-H-E-o-c---------,louNTERREsErl-----

END OF COUNT INPUT FROM 

1 

RF I/O 

LOW IF " = 127, 255 OPEN COLLECTOR 

"INDICATES DYNAMIC RAM PARAMETERS 

Figure 2. External Control Refresh Cycle (Modes 0, 1, 2) 
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Mode 4-Externally Controlled Access 
This mode facilitates externally controlling all access· 
timing parameters associated with the DRAMs. The applica· 
tion of modes 0 and 4 are shown in Figure 3. 

Output Address Selection 
Refer to Figure 4a. With M2 (RFSH) and RIC high, the row ad· 
dress latch contents are transferred to the multiplexed ad· 
dress bus output 00·07, provided CS is set low. The column 
address latch contents are output after RIC goes low. 
RASIN can go low after the row addresses have been set up 
on 00·07. This selects one of the RAS outputs, strobing the 
row address on the a outputs into the desired bank of memo 
ory. After the row·address hold·time of the DRAMs, RIC can 
go low so that about 40 ns later column addresses appear 
on the a outputs. 

Automatic CAS Generation 
In a normal memory access cycle CAS can be derived from 

DRAMs MAY BE 16k, 64k 
FOR BANKS, CAN DRIVE 16 DATA BITS 

+6 CHECK BITS FOR ECC. 
FOR 2 BANKS, CAN DRIVE 32 DATA BITS 

+7 CHECK BITS FOR ECC. 
FOR 1 BANK, CAN DRIVE 64 DATA BITS' 

+8 CHECK BITS FOR ECC. 

INPUT CAS 
RAS3 

CASIN 
ALEI ~ ADS RAS2 

RAS1 

RASO 

AO·15, 17 

745408 

INPUT RAS I • RASIN 
CAS 

ROW/COLUMN SEL I • R/C WE 
WRITE I • WIN 

REFRESH I 
• M2 cs Ml 

DATA 

inputs CASIN or RIC. If CASIN is high, then RIC going low 
switches the address output drivers from rows to columns. 
CASIN then going low causes CAS to go low approximately 
40 ns later, allowing CAS to occur at a predictable time (see 
Figure 4b). For maximum system speed, CASIN can be kept 
low, since CAS will automatically occur approximately 20 ns 
after the column addresses are valid, or about 60 ns after 
RIC goes low (see Figure 4a). Most DRAMs have a column 
address set·up time before CAS (tASe) of 0 ns or -10 ns. In 
other words, a tASC greater than 0 ns is safe. This feature 
reduces timing·skew problems, thereby improving access 
time of the system. 

Fast Memory Access 
For faster access time, RIC can go Iowa time delay (tRPDL + 
tRAH - tRHA) after RASIN goes low, where tRAH is the Row· 
Address hold·time df the DRAM. 

Figure 3. Typical Application of 745408 Using. Externally Controlled Access and Refresh in Modes 0 and 4 

IIIIonoIHhIo m llllemories 9-69 



SN74S408/DP8408ASN74S408 .. 2/DP840~A"2 

INPUTS 
ADS (ALE) 

CAS,IN --+~+-----4~-,..----I----'----':'---4'-----...l.----

RIC 

OUTPUTS 

RASO, 1, 2, 3 

'DRAM 
DA~"OUT_---~--~~-____________ ~ 

"INDICATES DYNAMIC RAM PARAMETERS 

Figure 4a. Read Cycle Timing (Mode 4) 

INPUTS 

, RIC 

I 
DRAM DATA IN·,.......,..;..---4I---'-...:..;..---~--!---<l' DATA 

WIN 
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Fig(lFe,4b. Write,CycleTimlrig' (Mode 4) 
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Mode 5-Automatic Access 
In the Auto Access mode all outputs except WE are initiated 
from RASIN. Inputs RIC and CASIN are unnecessary and the 
output control signals are derived internally from one input 
signal (RASIN) minimizing timing·skew problems, thereby 
reducing memory-access time substantially and allowing the 
use of slower DRAMs. 

Automatic Access Control 
The major disadvantage of DRAMs compared to static 
RAMs is the complex timing involved. First, a RAS must oc· 
cur with the row address previously set up on the multi· 
plexed address bus. After the row address has been held for 
tRAH, (the Row-Address hOld-time of the DRAM), the column 
address is set up and then CAS occurs. This is all performed 
automatically by the 74S408 in this mode. 

Provided the input address is valid as ADS goes low, RASIN 
can go low any time after ADS. This is because the selected 
RAS occurs typically 27 ns later, by which time the row ad
dress is already valid on the address output of the 74S408. 
The Address Set-Up time (tASR), is 0 ns on most DRAMs. 
The 74S408 in this mode (with ADS and RASIN edges 
simultaneously applied) produces a minimum tASR of 0 ns. 
This is true provided the input address was valid tASA before 
ADS went low (see Figure 5a). 

Next, the row address is disabled after tRAH (30 ns 
minimum); in most DRAMs, tRAH minimum is less than 30 ns. 
The column address is then set up and tAse later, CAS oc
curs. The only other control input required is WIN. When a 
write cycle is required, WIN m.ust go low at least 30 ns 
before CAS Is output low. 

I-IADS-I-·--IRICL------I 

ADS 

~---ADDRESS INPUTS; -'-__ < 
DATA 

>----~---------~--READ---~--~~------

00-7 

'- ~A~L.!!LIF WRITE __ __ 

--IRAH---I 

ROWS VALID C.OLUMNS VALID 

I 
+----IIASC ---

1---+-tRCDL -I----------------! 
--IDS'--

--~----------------~--1~----_+-------READ--------4_----__ ----

-- --- ~ -- -WRITE- -. 
_-IWCS'_-

-ICAC'-

DATAOUTPUT---------------------+---------------------~ 

'INDiCATES DYNAMIC RAM PARAMETERS I------IRAC·------I 

Figure 5a. Modes 5, 6 Timing (CASIN High in Mode 6) 
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This gives a total typical delay from: input address valid to 
RASIN (15 ns); to. RAS (27 ns); to rows held (50 ns); to col
umns valid (25 ns); to CAS (23 ns) = 140 ns (that is, 125 ns 
from RASIN). All of these typical figures are for heavy capa
citive loading, of approximately 88 DRAMs. This mode is 
therefore extremely fast. The external timing is greatly 
simplified for the memory system designer: the only system 
signal required is RASIN. 

Mode 6-Fast Automatic Access 
The Fast Access mode is similar to Mode 5, but has a faster 
tRAH of 20 ns, minimum. It therefore can only be used with 
fast 16k or 64k DRAMs (which have a tRAH of 10 ns to 15 ns) 

INPUTS 
4----tADS------- .. 'RICl 

ADS 

- 'ASA I-'AHA -I 
J 

~ 

I 

in applications requiring fast access times; RASIN to CAS is 
typically 105 ns. 

In this mode, the RIC pin is not used, bul CASIN is used 10 
allow an extended CAS after RAS has already terminated. 
Refer to Figure 5b. This is de.sirable with fast cycle-times 
where RAS has to be terminated as soon as possible before 
the next RAS begins (to meet the precharge time, or tRP, re
quirements of the DRAM). CAS may then be held low by 
CASIN to extend the data output valid time from the DRAM 
to allow the system to read the data. CASIN subsequently 
going high ends CAS. If this extended CAS is not required, 
CASIN should be set high in Mode 6. 

. 

ADDRESS INPUTS/ 
DATA 

/ ~----r---- --""""""', 
ADDRESS VALID READ 

'" ",-- DATA VALID IF WRITE 

OUTPUTS 

1-

QO-7 BWJf& 

DATA OUTPUT 

'INDICATES DYNAMIC RAM PARAMETERS 
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I 
.-IRPdH-1 

.-- I 
_-IRAH--

T 
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IASC -- - ICCDH -
IRCDl . 

I 
--IDS'--'-

! I I 

, .. , !::J 
~---- - -WRITE- - __ I 
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I. IRAC' -----J-

1 

I~l 
VALID (READ) >--

Figure 5b. Mode 6 Timing, Extended CAS 
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Mode 7 -Set End·of·Count 
The End-of-Count can be externally selected in Mode 7, us
ing ADS to strobe in the respective value of 81 and 80 (see 
Table 3). With 81 and 80 the same EOC is 127; with 81 =0 

BANK SELECT 
(STROBED BY ADS) 

B1 BO 

a a 
a I 1 

1 I a 
1 1 

10 

5 

ns 0 

/ 
V 

-5 

-10 

/ 

and 80 = 1, EOC is 255; and with 81 '= 1 and 80 =0, EOC is 
127. This selected .value of EOC will be used until the next 
Mode 7 selection. At power-up the EOC is automatically set 
to 127 (81 and 80 set to 11). 

END OF COUNT 
SELECTED 

127 

255 

127 

127 

V 
/ 

/ 

o 200 400 600 800 1000 

Cpf 

Figure 6. Change in Propagation Delay vs Loading Capacitance Relative to a 500pF Load 
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SN74S408/-2 Specifications: 
Absolute Maximum Ratings (Note 1) 

Supply voltage vee ...................... , 'c' •••••••••••••••••••••••••••••••••••••••••••••••••••••••••••• -0.5 V to 7.0 V 
Storage temperature range .............................................................................. _65° to +1500 e 
Input voltage ........................................................................................... -1.5 V to 5.5 V 
Output current ...... . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. 150 mA 
Lead temperature (soldering. 10 seconds) ........................................................................ 3000 e 
NOTE 1: "Absolute Maximum Ratings" are the values beyond which the safety of the device cannot be guaranteed. They are not meant to imply that the device should 

be operated at these limits. The ~ble of operating condi~ions provides conditions for actual device operation. 

Operating Conditions 

SYMBOL PARAMETER FIGURE 'S408 'S408·2 UNIT 
MIN TYP MAX MIN TYP MAX 

Vee Supply voltage 4.75 5.25 4.25 5.25 V 

TA Operating free-air temperature 0 +75 0 +75 ·e 

tASA Address setup time to ADS Figures 4a,4b,5a,5b 15 15 ns 

tAHA Address hold time from ADS Figures 4a,4b,5a,5b 15 15 ns 

tAOS Address strobe pulse width Figures 4a,4b,5a,5b 30 30 ns 
-

tRHA Row address held from column select Figure 4a 10 10 ns 
-- __ c 

tRASINL,H Pulse width of RASIN during refresh Figure 2 50 50 ns 

tRST counter reset pulse width Figure 2 70 70 ns 

Electrical Characteristics: VcC =5.0V:!: 5.0%, 0°C",TA",75°C Typicals are for VCc=5V, TA = 25°C 

SYMBOL PARAMETER TEST CONDITIONS MIN TYP MAX UNIT 

Ve Input clamp voltage Vec = MIN, Ie = -12mA -0.8 -1.2 V 
r----------

IIH1 Input high current for ADS. RIC only. VIN = 2.5V 2.0 100 ,..A 
-

IIH2 Input high current for other inputs, except RF I/O VIN = 2.5V 1.0 50 ,..A 

IIRSI Output load current for RF I/O VIN = 0.5V, output high -1.5 -2.5 mA 

IICTL Output load current for RAS, CAS, WE VIN = 0.5V, chip deselect -1.5 -2.5 mA 
c-----

11L1 Input low current for ADS. RIC only VIN = 0.5V -0.1 -1.0 mA 

11L2 Input low current for other inputs, except RF I/O VIN = 0.5V -0.05 -0.5 mA 

VIL** Input low threshold 0.8 V 

VIH** Input high threshold 2.0 V 
c---

VOL1 Output low voltage, except RF I/O 10L = 20mA 0.3 0.5 V 

VOL2 Output low voltage for RF I/O 10L = 10mA 0.3 0.5 V 
_. i-

VOH1 Output high voltage, except RF 110 VOH = -1mA 2.4 3.5 V 

VOH2 ' Output high voltage for RF I/O 10H = -100j.lA 2.4 3.5 V 

110 Output high drive current except RF I/O VOUT = 0.8V (Note 3) -200 mA 

100 Output low drive current, except RF I/O VOUT = 2.7V (Note 3) 200 mA 
-

10Z 
Three-state output current O.4V",VOUr"'2.7V, -50 1.0 50 ,..A 
(address outputs) CS = 2.0V, Mode 4 

ICC Supply current VCC = MAX 210 285 mA 

CIN Input capacitance ADS, RIC TA = 25°C 8 pF 

CIN Input capacitance all other inputs TA = 25°C 5 pF 

IIIIonoIIthlccW.l/llemories 
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Switching Characteristics: vcc = 5.0V:!:: 5.0%, O°C TA 75°C See Figure 7 for test load (switches S1 and S2 are 
closed unless otherwise specified) typicals are lor VCC = 5V, TA = 25°C. 

SYMBOL ACCESS PARAMETER TEST CONDITIONS 'S408 'S408·2 
MAX UNIT MIN TYP MAX MIN TYP 

tRICL RASIN to CAS output delay (Mode 5) Figure 5a 95 125 160 75 100 130 ns 

f--~~~~- RASIN to CAS output delay (Mode 6) Figures 5a,5b 80 105 140 65 90 115 ns 
-= 

tRICH RASIN to CAS output delay (Mode 5) Figure 5a 50 63 80 50 63 80 ns 
------- --~--- -

tRICH RASIN to CAS output delay (Mode 6) Figures 5a,5b 40 48 60 40 48 60 ns 

tRCDL RAS to CAS output delay (Mode 5) Figure 5a 98 125 75 100 ns 

tRCDL RAS to CAS output delay (Mode 6) Figures 5a,5b 78 105 65 85 ns 
-------- -

tRCDH RAS to CAS output delay (Mode 5) Figure 5a 27 40 27 40 ns 

tRCDH RAS to CAS output delay (Mode 6) Figure 5a 40 65 40 65 ns 
--

tCCDH CASIN to CAS output delay (Mode 6) Figure 5b 40 54 70 40 54 70 ns 
-----

tRCV RASIN to column address valid (Mode 5) Figure 5a 90 120 30 105 ns 
-----

tRCV RASIN to column address valid (Mode 6) Figure 5a 75 105 70 90 ns 
-- --

tRPDL RASIN to RAS delay Figures 4a,4b,5a,5b 20 27 35 20 27 35 ns 
--- --

~PDH RASIN to RAS delay Figures 4a,4b,5a,5b 15 23 32 15 23 32 ns 
-- --~--- -

tAPDL Address input to output low delay Figures 4a,4b,5a,5b 25 40 25 40 ns 
~-----~ - - -~-------

tAPDH Address input to output high delay Figures 4a,4b,5a,5b 25 40 25 40 ns 
-~----. r-------- ---- --I--
tSPDL Address strobe to address output low Figure 4b,4a 40 60 40 60 ns 

--- I----
tSPDH Address strobe to address output high Fibure 4b,4a 40 60 40 60 ns 

-- ------- ---------- ~-

tWPDL WIN to WE output delay Figure 4b 15 25 30 15 25 30 ns 
------~----==-- ---

tWPDH WIN to WE output delay Figure 4b 15 30 60 15 30 60 ns 
------1-= --1--------------t------

tCPDL CASIN to CAS delay (RiC) low in Mode 4) Figure 4b 32 41 58 32 41 58 ns 
-- --f---

tCPDH CASIN to CAS delay Figure 4b 25 39 50 25 39 50 ns 
-----I--~-------1--- ---

tRCC Column select to column address valid Figure 4a 40 58 40 58 ns 
~- f----c---~----

tRCR Row select to row address valid Figure 4a,4b 40 58 40 58 ns 
---1----------

tCTL RF 110 low to counter outputs all low Figure 2 100 100 ns 
-- ----------

tRFPDL RASIN to RAS delay during refresh Figure 2 35 50 70 35 50 70 ns 
,------'--- f-= --
tRFPDH RASIN to RAS delay during refresh Figure 2 30 40 55 30 40 55 ns 

-----1----
tRFLCT RFSH low to counter address valid CS = X, Figure 2 47 60 47 60 ns 

tRFHRV RFSH high to row address valid Figure 2 45 60 45 60 ns 

rtROHNC-
'--~-----~------------1------
RAS high to new count valid Figure 2 30 55 30 55 ns 

-------------

tRLEOC RASIN low to end-of-count low CL = 50pF. Figure 2 80 80 ns 
----

tRHEOC RASIN high to end-ol·count high CL = 50pF, Figure 2 80 80 ns 
- -------

tRAHI Row address hold time (Mode 5) Figure 5a 30 20 ns 

tRAH Row address hold time (Mode 6) Figures 5a,5b 20 12 ns 
----

tASC Column address setup time (Mode 5) Figure 5a 8 3 ns 
--

tASC Column address setup time (Mode 6) Figures 5a,5b 6 3 ns 
--~------- --~----

tRHA Row address held from column select Figure 4a 10 10 ns 

tCRS Casin setup time to Rasin high (Mode 6) Figure 5b 35 35 ns 
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Switching Characteristics: (Cont.) 

SYMBOL ACCESS PARAMETER TEST CONDITIONS '8408 '8408·2 UNIT 

MIN TYP MAX MIN TYP MAX 

THREE·STATE PARAMETER 

Figure 7 
C8 low to address output high from tZH R1 = 3.5k 35 60 35 60 ns 
HI-Z R2 = 1.5K 

tHZ CS high to address output Hi·Z from high 
CL = 15p, Figure 7 

20 40 20 40 ns 
R2 = 1k, 81 open 

Figure 7 

TZL C8 low to address output low from Hi·Z R1 = 3.5k 35 60 35 60 ns 
R2 = 1.5k 

tLl C8 high to address output Hi·Z from low 
CL = 15pF, Figure 7 

25 50 25 50 ns 
R1 - 1k 820cen 

CS low to control output high from 
Figure 7 

THZH R2 = 750 Q 50 80 50 80 ns 
Hi·Z high 81 open 

C8 high to control output Hi·Z high 
CL = 15pF 

tHHZ Figure 7 40 75 45 75 ns 
from high R2 = 750Q, 81 open 

tHZL C8 low to control output low from Figure 7, 81, 45 75 45 75 ns 
Hi·Z high' S2 open 

CL = 15pF 
tLHZ C8 high to control output Hi·Z high Figure 7 50 80 50 80 ms 

from low' R2 = 750Q 
81 open 

'"Internally the device contains a 3K resistor in series with a Schottky Diode to Vee-
Note 1: Output load capacitance is typical for 4 banks of 22 DRAMs or 88 DRAMs including trace capacitance. These values are: 00·08, WE CL ~ 500 pF; 
RAS CL ~ 150 pF; CAS CL ~ 600pF unless otherwise noted. 

Note 2: All typical values are for TA ~ 25" and Vc ~ 5.0V. 

Note 3: This test is provided as a monitor of driver output source and sink current capability. Caution should be exercised in testing this parameter. In testing these 
parameters a 15n resistor should be placed in series with each output under test. One output should be tested at a time and test time should not exceed 1 second. 

Note 4: Input pulse OV to 3.0V, tR ~ tF ~ 2.5 ns, f ~ 2.5 MHz, tpw ~ 200 ns. Input reference point on AC measurements is 1.5V. Output reference points are 
2.7V for High and O.BV for Low. 

Note 5: The load capacitance on RF 110 should not exceed 50 pF. 

Test Load 

INPUT 

RD OUTPUT 
UNDERo--J~\--e----~~--~~ TESTPOINT* 

TEST 1511 

CLUS2 

R2 

R" R2 0 4.7K Except as specified 

>-____ HIGH z ____ ~ 

Figure 7. Waveform 

• The "TEST POINT" is driven by the output under test, 
and observed by instrumentation. 
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256K 
DynamicRAM 
Controller / Driver 

Features/Benefits 
• All DRAM drive functions on one chip have on-chip hlgh

capacitance load drivers (specified up to 88 DRAMs) 

• Drives directly all 16K, 64K and 256K DRAMs; capable 
of addressing up to 1 M words 

• Propagation delays of 25 nsec typical at 500 pF load 

• Supports READ, WRITE and READ-MODIFY-WRITE 
cycles 

• Eight modes of operation support externally-controlled and 
automatic access and refresh, as well as special memory 
initialization access 

• On-chip 9-bit refresh counter with selectable End-of-Count 
(127,255 or 511) 

• Direct replacement for National DP8409, DP8409A 

Operating Modes 
0 
1 

2 

3a 

3b 

4 

5 

6 

7 

SYSTEM 
CONTROL 

10 

Externally--controlled fresh ... 

Auto refresh - forced 

Automatic burst refresh 

AII-RAS auto write 

Externally-contrblledAIl-RAS write 

Externally-controlled access 

Auto access, slow tRAH, hidden refresh 

Auto access, fast tRAH 

Set end of count 

74S409 

RAM 
CONTROL 

6 

I 

SYSTEM DYNAMIC RAM 

20 CON.TROLLER 
D.RIVER 

SYSTEM 

SOOpF DRIVE 
9 

RAM 

MEMORY 

16k;64k, OR 
256k DYNAMIC 

ADDIESS ADDRESS RAM BANKS 

Interface Between System and .DRAM Banks 

SN74S409-2/DP8409A-2 
SN74S409/DP8409A 

Ordering Information 

PART NUMBER PACKAGE 

SN74S409 48 N, D 

SN74S409-2 48N,D 

Pin Configuration 

RIC (RFCK) J 

CASIN (RGCK) 2 

SN74S409 

TEMPERATURE 

Com 

Com, Speed Option 

Portions of this Data Sheet are reprinted courtesy of National Semiconductor Corporation. 

TWX: 910-338-2376 
2175 Mission College Blvd. Santa Clara,CA 95054-1592 Tel: (408) 970.9700 TWX:9jO-338.2374 •
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Block Diagram 
'ROW 

RO·8 ---.J ADDRESS 
INPUT LATCH 

ADS-.... --...--.. \ HIGH CAPACITivE DRIVE 

C0-8 

Ii'~ CAPABILITY OUTPUTS 

'I 'I'" '----"'" .. W .... H .... E_N_EN ...... ABLED .......... -+1 00;8 

Ci~ 
RASIN_ 

R/e(RFCK)

9-81T 
REFRESH 
COUNTER 

Rle' 

REFRESH 

! 

RAS 
DECODER 

CONTROL LOGIC 

'IIJIDICATES THAT'THERE 
IS A 3k1l FluLL·UP 
RESISTOR ON, THESE 
OUtPUTS WHEN THEY 
ARE DISABLED 

~-4~I;>~-- RAS1 

CAIMN(RGCK)_ 
L-.r~.----.---.-~ 

iIIN----------+-----+-----+-----+----------L~~~ WE 

RF I/O M2 (RFSH) M1 MO 

Figure 1. 748409 Functional Block Diagram 

Description 
The 745409 is a Multi-Mode Dynamlo RAM~ntroll!!r/Driver 
oapable of direotly driving up to 88 DRAMs, 20 address lines 
to the 145409, allow it to address up to 1M words and it can 
drive 16K, 64K and 256K DRAMs, Since the 74$409 is a 
one-chip solution [including capacitive-Ioad;drivers), it min
imizes propagatl~n delay skews. and saves b~rd space. 

The 748409's, 8 (lperatihg modes offer extemally-controlled 
or on-chip automatic access and refresh. Anon-chip refresh 
counter makes refreshing (either extemally or automatically 
controlled) less complicated; and automatic memory initiali
zation is both simple and fast. 

The 74S409 isa 4a-pin DRAM Controller/Driver With 9 multi
plexed address outputs 'and 6 cOntrol signals. It consists of 
two 9-bit address latches. a 9-bit refresh counter. and control 

lOgic., The 74S'W9 timing parameters are specified when driving 
the typical load capitance of 88 DRAMs, including trace 
capacitance. , 

The 74S409, ,~ can, dr, ilie ,up to 4, 'banks of DRAMs. with each . , ~ 

bank corhprised ot16Ks, MKs or 256Ks. Control signal 
outputs ,'cAs Imd WE are provided: with the sarri& .driving 
caPability. Each, RAS outpot drives 00$ bank of, DRAMs so 
that th~ fpilr, RA,S outputs are used to select the banks. 
while, ~. Wi, and the multiplexed a~dresses can be con
nected to all the 'banks of DRAMs. l'his leaves the non
selected banks in the standby mode (less than one tenth of 
the operating power) with the respective data outputs in 
three-state. Only the bank with its associated RAS low will 
be written to or read from. except in motie 3 where all RAS 
signais go low to allow fast memory initialization. 
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Pin Definitions 
vee GND, GND-Vcc = 5V ± 5%. The three supply pins have 
been assigned to the center of the package to reduce volt
age drops, both DC and AC. There are also two ground pins 
to reduce the low level noise. The second ground pin is 
located two pins from Vcc, so that decoupling capacitors can 
be inserted directly next to these pins. It is important to 
adequately decouple this device, due to the high switching 
currents that will occur when all g address bits change in the 
same direction simultaneously. A recommended solution 
is a 1-I'F multilayer ceramic capacitor in parallel with a low
voltage tantalum capacitor, both connected close to pins 36 and 
38 to reduce lead inductance. ". 

RO-R8: Row Address Inputs. 

CO-C8: Column Address Inputs. 

BO, B1: Bank Select Inputs"':'Strobed by ADS. Decoded to 
enable one of the RAS outputs when RASIN goes low, in 
modes 4-6. In mode 7 BO, B1 are used to define End-of
Couhf(see table 3), and select mode 3a or 3b. 

00-08: Multiplexed Address Outputs-Selected from the 
Row Address. Input Latch, the Column Address Input Latch, 
or the Refresh Counter. 

RASIN: Row Address Strobe Input - Enables selected RASn 
output When M2 (RFSH) is high (modes 4-6), and all RASn 
outputs in modes 0 and 3. RASIN input is disabled in modes 
1~~ . . 

RIC (RFCK)-In Auto-Refresh Mode this pin is the external 
Refresh Clock Input: one refresh cycle has to be performed 
each clock period. In all other modes it is RowlColumn 
Select InP4t, selecting either the row or column liddress 
input latch onto the output bus. 

CASIN (RGCK)-In modes 1,2 and 3a, this pin is the RAS 
Generator Clock i"nput. In all other modes it is CASIN (eoiumn 
Address Strobe Input), which inhibits CAS output when high 
in Modes 3b and 4. In Mode 6 itcan be used to prolong CAS 
output. . 

ADS: Address (Latch) StrQbe Input-Strobes Input Row 
Address, Column Address, and Bank Select Inputs into 
respective latches when high; latches on High-to-Low 
transition. .. 

CS: Chip Select Input-three-state's the Address Outputs 
and puts the control signal into a high-impedance logic 
"1" state when high (unless refreshing in one of tfle Refresh 
Modes). Enables all outputs when low. 

MO, M1, M2 (RFSH): Mod~ Control Inputs-These 3 control 
pins determine .the 8 major"modes of operation of the 74S409 
as depicted in Table 2. . ." 

RF I/O RFRO - This I/O pin functions as a Reset COunter 
Input when set low from an external open-collector gate,or 
as a flag output. "the" flag goes active-jow in MOdes 0, 2 and 

BANK SELECT 
(ST~OBED B,Y ADS) ENABLED Ann 

B1 BO 

0 0 RASo 
0 1 RAS1 
1 0 RAS2 
1 1 RAS3 

Table 1. Memory Bank Decode 

3a when the End-of-Count output is at 127,255, or 511 (see 
Table 3). In Auto-Refresh Mode (mode 5) it is the Refresh 
Request (RFRQ) output. 

WIN: Write Enable Input. 

WE: Write Enable Output- Buffered output from WIN. 

CAS: Column Address Strobe Output-In Modes 3a, 5, and 
6, CAS transitions low following valid column address. In 
Modes 3b and 4, it goes low after RIC goes low, or follows 
CASIN going low if RiC is already low. CAS is high during 
refresh. 

RAS 0-3: Row Address Strobe Outputs-When M2(RFSH) 
is high (modes 4-6), the selected row address strobe output 
(decoded from signals BO, B1) follows the RASIN input. 
When M2 (RFSH) is low (modes 0_3) all RASn outputs go 
low together foliowing"RASIN going low in modes 0 and 3 
and automatically in modes 1 and 2. 

Input Addressing 
The address block consists of a row-address latch, a column
address latch, ancj Ii resettable refresh counter. 

The address latches are fall-through when ADS is high and 
latch when ADS goes low. If the address bus contains valid 
address until after the valid address time, ADS can be per
manently high. Otherwise ADS must go lo~ while the address 
is still valid. 

In normal memory-access operation, RASIN and RIC are 
initially high. When the address inputs are enabled into the 
address latches (modes 3-6) the rQw addresses appear on 
the Q outputs. The Address Strobe also inputs the bank
select address, (BO and B1). If CS is low, all outputs are 
enabled. When CS goes high, the address outputs go three
state and the control outputs first go high through a low 
impeqjilnce, and then are held by an on-chip high impedance. 
This allows output paralleling with other 74S409s for multi
adcjressing. All outputs go active about 50ns after the chip is 
selected again. If CS is high, ancj a refresh cycle begins, all 
the outputs become active until the end of the refresh cycle. 
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Drive Capability 
The 74S409has timing parameters that are specified with up 
to 600pF loads for CAS and WE, 500pF loads for 00-08, and 
150pF loads for RASn outputs. In a typical memory system 
this is equivalent to about 88 5V-only DRAMs, with trace 
lengths kept to a minimum. Therefore, the chip can drive four 
banks each of 16 or 22 bits, or two banks of 32 or 39 bits, 
or one bank of 64 or 72 bits. 

Less loading will slightly reduce the timing parameters, and 
more loading will increase the timing parameters, according 
to the graph of Figure 14. The AC performance parameters 
are specified with the typical load capacitance of 88 DRAMs. 
This graph can be used to extrapolate the variations 
expected with other loading. 

745409 Driving Any 16K, 64K or 256K 
DRAMs 
The 74S409 can drive any 16K, 64K, or 256K DRAMs .. The 
on-chip 9-bit counter with selectable End-of-Count can sup
port refresh 01"128, 256 and 512 rows, while the 9 address 
and 4 RASn dutputs can address 4 banks of 16K, 64K or 
256KDRAMs. 

Read, Write, and Read·Modify.Write 
Cycles 
The output si9nal, WE, determines what type of memory 
access cycle the memory will perform. If WE is kept high 
while CAS goes low, a. read cyCle occurs. If WE goes low 

before CAS goes low, a write cycle occurs and data at 01 
(PRAM input data) is written into the DRAM as CAS goes 
low. If WE goes .Iow later than tCWD after CAS goes low, first 
a read occurs and DO (DRAM output data) becomes valid; 
then dataDI is written intothe same address in the DRAM 
when WE goes low. In this read-modify-write case, 01 and 
DO cannot be linked together. The type of cycle is therefore 
controlled byWE, which follows WIN. 

Power-Up Initialize 
When VCC is first applied to the 74S409, an internal pulse 
clears the refresh counter, the internal control flip-flops, and 
sets the End-of-Count of the refresh counter to 127 (which 
may be changed via Mode 7). As VCC increases to about 2.3 
volts, it holds the output control signals at a level of one 
Schottky diode-drop below VCC, and the output address to 
three-state. As Vce increases above 2.3 volts, control of 
these outputs is granted to the system. 

745409 Functional Modes Description 
The 74S409 operates in B diffElrent functional modes 
selected by signals Mo,M"M2. Mode 3 splits further to modes 
3a and 3b determined by signals Bo,B, in mode 7. 

Mode 0 and mode 1 are generally used as Refresh modes 
for mode 4 and mode 5 respectively, and therefore will be 
described as mode-pairs 0,4 and 1,5. 

Mode 6 is a fast access made for very fast DRAMs and mode 7 
is used only to determine choice of mode 3a or 3b and for 
setting End-of-Count for the refresh modes. 

MODE 
(R""FSH) 

M1 MO MODE OF OPERATION CONDITIONS 
M2 

0 0 0 0 Externally-controlled refresh 

1 0 0 1 Auto refresh -forced 

2 0 1 0 Automatic burst refresh 

3a* 0 1 1 AII-RAS auto write 

3b* 0 1 1 Externally-controlled AII-RAS write 

4 1 0 0 Externally-controlled access 

5.·· 1 0 1 Auto access,. slow tRAH, hidden refresh 

6 1 1 0 Auto access, fast tRAH 

7 1 1 1 Set end of count; determines mode 3a or 3b 

'Mode 3a is selecledby setting Bo,B, 1001. 00, or 10 in mode 7. 
"'Mode 313 is selected by setting, Bl,Be to 11 in mode 7. 

Table 2. 74S409 Mode Select Options 

Mono/ithlo.mlll."",ries 

RF 110 = "ECJC 
RF I/O = Refresh request (RFRQ) 

RF I/O = "ECJC 
RF I/O =EOC; all RAS active 

AII-RAS active 

Active RAS defined by Table 2 

Active'RAS defined by Table 2 

Active RAS defined by Table 2 

See TableS for Mode 7 



SN74S409/DP8409A;SN74S409-2/DP8409A~2 

Mode 0 - Externally-Controlled Refresh 
Mode 4 - Externally-Controlled Access 
Modes 0 and 4 facilitate external control of all timing parame
ters associated with the DRAMs. These modes are indepen
dent modes of operation though generally used together in 
the same application as shown in Figure 2. 

Mode O-Extemally-Controlled Refresh 
In this mode the input address latches are dillabled from the 
address outputs and the refresh counter is enabled. All RAS 
outputs go low following RASI N and refresh the enabled row 
in all four banks. CASIN and RIC inputs are not used and 
CAS is inhibited. The refresh counter increments when either 
RASIN or M2 (RFSH) switch high while the other is still low. 

DRAMs MAY BE 16K, 64K, OR 256K i< nil 
FOR 4 BANKS, CAN DRIVE 16·DATA BITS 

+6: CHECK lilTS FOR ECC. 

FOR 2 BANKS, CAN- DRIVE. 32 DATA BITS 
. . +7 CHECK BITS FOR ECC .. 

FOR 1 BANK, CAN DRIVE 64 DATA BITS 
+8 CHECK BITS FOR ECC. 

INPUT CAS L-.-----+I 
AL"I"'"""' ___ -+·I 

RF 1/0 goes low when the count equals End-of-Count (as 
set in mode 7), and RASIN is low. The 9-bit counter will always 
roll-over to zero at 512, regardless of End-of-Count. However, 
the counter can be reset at any time by driving RF 1/0 low through 
an external open-collector. . .... 

During refresh, RASiN and M2 (RFSH) can transition low 
simultaneously because the refresh counter becomes valid 
on the output bus tRFLCT after RFSH goes low, which is a 
shorter time than tRFPDL. This means the counter address 
is valid on the a outputs before RAS occurs on all RAS 
outputs,strobing the counter address into that row of all the 
DRAMs (see Figure 2.). To perform externally-controlled 
burst refresh, RFSH initially can again have the same edge 
as RASIN, but then maintains a low state, sincj;! RASIN gOing 
low·to-high increments the counter (performi'ng the burst 
~fresh) .. 

I iiU 0 

A0-15, 17, 19 
,- " ' 

CO-&. 7, 8 

INPUT RAS .-----.,;--+lRASIN 

ROW/COLUMN SEL .-------+1 RIC 

WRITEr-----+lMN 

REMESHr-----+I 

74S409 

CASI---.......... ~ 

WE I----+-of: 

Figure 2. Typical Application of 74S409 Using Externally-Controlled Access and Refresh In Modes 0 and 4 

9-81 
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S4091NPUTS 

S409 OUTPUTS 
iiAso 

RE;,FRESH CTR 

00-7 

RF I/O 

. ... , 

" , L _________________ ~ 

I- 'RLEOC / --I i-'RHEOF. 

ENOOfCOUNT 
LOW If n = END-Of-COUNT 

'INDICATES DYNAMIC RAM PARAMETERS ' 

Figure 3. E~ternal Control Refresh Cycle (Mode p) 

n + 1 COUNTER RESET 

COUNTER RESET 
INPUT FROM 

OPEN COLLECTOR 



SN74S409/DP8409A SN74S409-2/DP8409A.2 

Mode 4 - Externally-Controlled Access 
This mode facilitates externally controlling all access-timing 
parameters associated with the DRAMs. Figures 4 and 5 
show the timing for read and write cycles. 

Output Address Selection 
In this mode CS has to be. low at least 50 nsec before· the 
outputs will be valid. With RIC high, the row address latch 

S4091NPUTS 

contents are transfered to the multiplexed address bus out
put 00-08. RASIN can go low after the row addresses have 
been set up on QO-aa, and enables one RAS output selected 
by signals BO, B1 to strobe the 0 outputs into the desired 
bank of memory. AHer the row-address hold-time of' the 
DRAMs, RIC can go .Iow so that about. 40 nsec later. the. 
column address appears on the 0 output. 

'.,IL,.. _----------------

ADS (ALE) 

SYSTEM ~~~ lr----------....... .,J 
ADDRESS 

BUS~~~ ~-------------------~ ~~~~~~~~~~~~~~~~~~ 

"/C 

S409 OUTPUTS 

RASO, 1, 2, 3 

CAS I~~~, -' _ tRAC.-L--.-. --...:---+ ....... --...:-...:--------'" 

DRAM DATA OUT -_------'---------'---------'---------_------<1 

"'NDICATES'J}YNAMIC RAM PARAMETERS 

Figure4. Rea!l~ycle Timlni! (Mods 4)' . 

9~3 
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8409tNPUT8 

ADS (ALE) 

SYSTEM~~~ ~------------------~ ~~~~~~~~~~~~~~~~~ 
ADDRESS 

BUS~~~ }-----------------~~~~~~~~~~~~~~~~"" 

RIC 

WIN 

DRAM DATA IN -,--If--+-----..:~--------+----<I DATA IN VALID 

8409 OUTPUTS· 
IDH' 

RASO, 1, 2, 3 

00-8 

'INDICATES DYNAMIC RAM PARAMETERS 

Figure 5. Write Cycle T~mlng (Mode 41 

, ."~., 

Automatic CAS Generation 
In a normal memory access cycle CAS can be derived from 
inputs ~ or RiC. If CASiN is high, then RIC going low 
switches the address output drivers from rows to column~. . 
CASiN then going low causes CAS to go low approximately 
40 ns later, allowing CAS to occur at a predictable time (see 
Figure 5). For maximum system speed, CASIN can be kept 
low, since CAS will automatically occur approximately 60 ns 
after RIC goes low (see Figure 4). Most DRAMs have· a 
column address set-up time before CAS (tASC) of 0 ns or 
-10 ns. In other words, a tAse greater than 0 ns is safe. This 

9.;.84 

feature reduces timing-skew problems, thereby improving 
access time of the system. 

Fast Memory Access 
For faster access time, RIC can go Iowa time delay (tRPDL 
+ tRAH - tRHAl after RASiN goes low, where tRAH is the 
Row-Address hold-time of the DRAM, and CASIN can go low 
tRce - tcPOL + tASC (min.) after RIC goes low (see tDiF1, 
tDiF2 switching characteristics). 
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Mode i-Automatic Forced Refresh 
Mode S -Automatic Access 

with Hidden Refresh 
Mode 1 and Mode 5 are generally used together Incorporat
ing the advantag!lS of the "hidden refresh" performed in 
mode 5 with the possibilty to force a refresh by changing to 
mode 1. An advantage of the Automatic Access over the 
Externally-Controlled Access is the. reduced memory access 
time. due to the fact that the output cOntrol signals are derived 
internally from one input Signal (RASIN). 

Hidden and Forced Refresh 
Hidden Refresh isa term describing memory refresh per
formed when the system does not access the portion of 
memory controlled by the 74S409 (CS = 1). A hidden refresh 
will occur once per Refresh Clock (RFCK) cycle provided CS 
went high and RASIN went low. If no hidden refresh occurred 
while RFCK was high. the RF 110 (RFRO) goes loW imme
diately after RFCK goes low. indicating to the system when a 
forced refresh is required. The system must allow a forced 
refresh to take place while RFCK is loW by driving M2 (RFSH) 
low. thereby changing mode of operation to Mode 1. 

The Refresh Request on RF I/O (RFRO) is terminated as 
soon as RAS goes low. indicating to the system that the 
foced refresh has been done. The system should then drive 
M2 (RFSH) high. changing the mode of operation back to Mode 5 
{see Figure 6). 

Mode i-Automatic Forced Refresh 
In M()de 1. th~ R/C(RFCKJ pin functions as RFCK (refresh 
cycle clOck) instead of R/C. and CAS remains high. If RFCK 
i.s kept permanently high then whenever M2 (RFSH) goes 

low. an externally-controlled refresh will occur and all RAS 
outputs will follow RASIN. strobing the refresh counter con
tents to the DRAMs. The RF I/O pin will always output high, 
but can be set low externally through an open-collector 
driver. to reset the refresh counter. 

If RFCK is an input clock, one and only one refresh cycle 
must take place every RFCK cycle. If a hidden refresh does 
not occur while RFCK is high. in Mode 5, then RF I/O 
(Refresh Request) goes low immediately after RFCK goes 
low. indicating to the system that a forced refresh is required. 
The system must allow a forced refresh to take place while 
RFCK is low The Refresh Request signal on RF I/O may be 
connected to a Hold or Bus Request input to the system. 
The system acknowledges the HOid or Bus ReQUeSt when 
ready, and outputs Hold Acknowledge or Bus Request 
Acknowledge. If this is connected to the M2 (RFSH) pin, .a 
forced-refresh cycle will be initiated by the S409, and RAS 
will be internally generated on all four RAS outputs, strobing 
the refresh counter contents on the address ouputs into all 
the DRAMs. An external RAS Generator Clock (RGCK) is 
requred forthis function. It is fed to the CASIN (RGCK) pin, 
and may be up to 10 MHz. Whenever M2 goes low (inducing 
a forced refresh), RAS remains high for one to tWo periods of 
RGCK, depending on when M2 goes low relative to the high
to-low triggering edge of RGCK;RAS then goes Iqw for tWo 
periods, performiAg a refresh on all banks. In order. to obtain 
the minimum delay from M2 going low to RAS gOingJow, M2 
should go low tRFSRG before the next falling edge of RGCK. 
The Refresh Request on RF I/O is terminated as RAS begins, 
so that by the time the system has acknowledged the removal 
of the request and disabled its Acknowledge, (i.e., M2-\;jO"es 
high), Refresh RAS will have Elnded, and normal operations 
can begin again in the Automatic Access mode(Mode5).lf it 
is desired that Refresh RAS end in less than 2 periods of 
RGCKfrom the time RAS \Venllow, then M2 may go high 
earlier than tFROH aft~r RF I/O goes high and RAS will 110 
hightRFRH after M2. -
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Mode 5 ~Automatic Access with 
Hidden Refresh 
In this mode all address outputs, RAS and CAS are initiated 
from RASIN making the DRAM access appear similar to 
Static RAM access. The hidden refresh feature enables 
DRAM refresh accomplishe<i with no time-loss to the system. 

Provide<i the input address is valid as ADS goes low, RASIN 
can go low any time after ADS. This is because the selected 
RAS occurs typically ·27 ns later,' by which time the row 
address is already valid on the address output of the 74S409. 
The Address Set"Up time· (tASR), is 0 ns on most DRAMs. 
The 74S409 in this mode (with ADS and RASIN edges simul
taneously~pplied) produces a minimum tASR of 0 ns. This is 
true provided the input addre'5s was valid tASR before ADS 
went loW (see Figure 7). 

Next, t\1eJ9w address is disabled tRAH after RAS goes low 
(30 ns minimum); in most DRAMs, tRAH minimum is less 
than 3005. The column address. is then set up and (tASC I~ 
CAS occurs. The only other control input required is WIN. 
Whi3n a write cycle is required, WIN must go low at least 
30 ns before CAS is output low. 

This gives a total typical delay from: input address valid to 
RASIN (15n5); to RAS (27 ns); to rows held (50 ns); to col
urrlns valid (25 ns); to CAS (23 ns) = 140 ns (that is, 125 ns 
from RASIN).AII of these typical figures are for heaVy capaci
tive loading, of approximately 88 DRAMs. 

Refreshing 
In this' mode RIC (RFCK) functions as Refresh Clock and 
CASi'N (RGCK) functions as RAS Generator Clock. 

One refresh cycle must occur during each refresh clock period, 
and then the refresh address must be incremented before the 
next refre~hj'cycle. As long as 128 rows are refreshed every 2 ms 
(one row every 16 JLS), all 16K and 64K DRAMs will be correctly 
refreshed. The cycle time of RFCK must, therefore, be less than 
16 !-,s. RFCK going high sets an internal refresh-request flipflop. 
First the 748409 will attempt to perform a hidden refresh so that 
the system thruput will not be affected. If, during the time RFCK 

is high, CSon the 74S409 goes high and RASIN occurs, a hidden 
refresh will occur. In this case, RASIN should be conside~ a 
common read/write strobe. In other words, jf the processor is 
accessing elsewhere (other than the DRAMs) while RFCK is high, 
the 748409 will perform a refresh. The refresh counter is enabled 
to the address outputs whenever CS goes high with RFCi< high, 
and all RAS outputs follow RASIN .. lf a hidden refrash is taking 
place as RFCK Qoes low, the refresh continues. At the start ofthe 
hidden refresh, the refresh-request flipflop is reset so on further 
refresh can occur until the next RFCK periOd starts with the posi
tive-going edge of RFCK (see Figure 6). RASIN should go low at 
least 20 ns before RFCK goes low, to ensure occurrence of the 
hidden refresh. 

To determine the probability of a hidden refresh occurring, 
goes low, (and the internal-request flipflop has not been 
for 8JL$, then the system has 20 chances to not select the 
748409. If during this time a hidden refresh did not occur, 
then the 748409 forces a refresh while. RFCK is low, but the 
system chooses when the refresh takes place. After RFCK 
goes low, (and the internal-request flip-flop has not been 
reset), RF I/O goes low indicating that a refresh is requested 
to the system. Only when the system acknowledges this 
request by setting M2 (R'FSR) low does the 74S409 initiate. a 
forced refresh (which is performed automatically). Refer to 
Mode 1, and Figure 6. The internal. refresh request flipflop is 
then reset. 

Figure 6 i.llustrates the refresh alternatives in Mode 5. If a 
hidden refresh has occurred and C'S again goes high before 
RFCK goes low, the chip is deselected. All the control sig
nals go high-impedance high (logic "1 ") and the address out
puts go three-state until C'S again goes low. This mode 
(combined with Mode 1) allows very fast access, and auto
matic refreshing (possibly not even slowing down the 
system), with no extra ICs. Careful system design can, and 
should, provide a higher probability of hidden refresh 
occurring. The duty cycle of RFCK need not be 50 percent; 
in fact, the low-time should be designed to -be a minimum. 
This is determined by the worst-case time (required by the 
system) to respond to the 748409's forced-refresh request. 

IIIIanoIIIhIc WMemOries 
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HOLD OR RFRQ 
BUS REQUEST RF 110 

4 

RFCK 

(CASIN) RGCK 

M2(RFSR) 

00·8 

CAS. 

"0"_ M1 
"1:'_ MO 

RFCK RGCK 

t t 
IRFCK ,,;; 2 msl128 = 15,6 pS . 

FORCES REFRESH 

'INDICATES DYNAMIC RAM PARAMETERS 

CD RFCKGOESLOW 

DRAMs 

CD RFFIO Goi:s LOW IN NO HIDDEN 
REFRESfi OCCURRED WHILE RFCK WAS HIGH 

CD M2 (Rm) DRIVEN LOW EXTERNALLY 

_I T 1-
-I r-'RGCKL 1 --I r- 'RGCKH 

RGCK flJlI1JUlJlJ 
I 1-'RQHRFcH (MODE 5) 

M' (RFSH)------'I . c (MODE 1) 1 11--------

\ . '-\.1- 'FRQH.I -I . 1- 'RFHRY 

RF 110 (RFROl :' I ~ 
_____ ...:..._....:..J -I l-'RGRH I 
-r-__ ...,....~I __ .. :...,I r- 'RGRL ...... ___ --'-'-. ..,...:.. ____ -.-_ 

RASQ,1,.,31 .1.1 .' '. u \ 1 \ 1 
REFRESH TO \ ACCESS TO 

~ >1RP~ ALL BANKS SELECTED BANKS 

00-8 ROWS .=><,.., -C-O-LS--": X Ri:FRESH COUNTER ~ 

u 

-I j--'CTRFL 

~---~--,--PR'OCIESIIOR ACCESSING 
EL!!EWHEIIE 

~ HIDDEN REFRESH ALREADY 
PERFORMED. NO SUBSEQUENT 
REFRESH ALLOWED IN THIS CYCLE, 

I". HIZ· .... ·I -HIGH 

CD REFRESH RE(')UEST RELEASED o RAS 0·3 GOLOVHO PERFORM REFRESH 

CD l1li2 (Ri'SH) RELEI\SED 

" Figure 6, : Hidden Refreshing (Mode 5)al)dForC::ed Refreshing (Mode 1) Timing' 
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I--IADS--l 

ADS J I&...., _____________ ~ 

ADDRESS INPUTSI. __ -<j'DDIIESS"'LID)-_-+--:--=-""""'~=::::-~IEAD+ __ ++ __ _ DATA Y' 

00-8 

--WRITE--

DATA OUTPUT -------+---------{ VALID (READ) 

"INDICATES DYNAMIC RAM PARAMETERS 

Figure 7. Mode 5 Timing 

T 
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Mode 2 -Automatic Burst Refresh 
This.mode is normally used before and/or after a DMA opera
tionto ensure that .all rows remain refreshed, provided the 
DMA transfer takes less than 2 ms (see Figure 8). When the 
74S409 enters this mode, CASIN (RGCK) becomes the RAS 
Generator Clock (RGCK), and RASIN is disabled. CAS 
remains high, and RF I/O goes low when the refresh counter 
has reached the selected End-of-Count and the last RAS 
has ended. RF I/O then remains low until the Auto-Burst 
Refresh mode is terminated. RF I/O can therefore be used 
as an. interrupt to indicate the End-of-Burst condition. 

The signal on all four RAS outputs is just a divide-by-fbUr of 
RGCK; in other words, if RGCK haS a 1.o.o.os period, RAS is 
hfgh and low for 200 ns each cycle. Tne refresh counter 
increments at the end of each RAS, starting from the c;ount it 
contained when the mode was entered. If this. was :z:ero then 
for a RGCK with a 100 ns period with End-.of Count set to 
127, RF I/O will go low after 128 x 0.4,..s; or 51.2,..s. During this 
time, the system may be performing operations tnat do not 
involve DRAM. If all rows need to be burst refreshed, the 
refresh counter may be cleared by setting RF I/O low 
externally before the burst begins. 

MODE 

RGCK 

RAS 0-3 

Burst-mode refreshing.,is also useful when powering down 
systems for long periods of time, but with data retention still 
.required while the DRAMs are in standby. To maintain valia 
. refreshing, power can be applied to the 74S409 (set to Mode 
2), causing it to perform a complete burst refresh. When 
end-of-bust occurs (after 26 I's), power can then be removed 
from the 74S409 for 2 ms, consuming an average power of 
1.3% of normal operating power. No control signal glitches 

"occur when switching power to the 745409. 

Mode3a -AII-RASAutomatic Write 
Mode 3a is useful at system initiali:z:ation, when the memory 
is being cleated (Le., with all-zeroes in the data field and the 
c;orresponding check bits for error detection and correction). 
This requires writing t~e. same data to each location of mem
ory (every row of each column of each bank). All RAS out
puts are activated, as inrefresh;and so are CAS and WE. To 
write to all four banks simultaneously, every row is strobed in 
each. COlumn,' in sequence, until data has been written to all 
locations. The refresh· counter .is used to address the rows, 
and RAS Is low for two RGCK cycles ahd high for two cycles. 

DRAM. 

MODE 2 : 

FigureS. Auto-Burst Mode, . ..,ode 2 
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ToselElct thismode,Sl and so must have previously been 
set t6 ~O, 01, or 10 in Mode 7, depending on the DRAM size. 
For example, tor 16K DRAMs,Sl and SO are 00. For 64K 
DRAMs, Sl and SOareOl. 

In this mode, RIC is disabled, WE is permanently enabled 
low, and CASIN (RGCK) becomes RGCK. RF I/O goes low 
whenever the refresh counter is 127, 255, or 511 (as set by 
End-ot-Count in Mode 7), and the RAS outputs are active. 

REQUIRED IF Q7 
SYSTEM STILL INTERRUPT 

OPERATING 
WHILE 745409 
IN MODE 3A 

PROCESSOR 
ADDRESS 

BUS 

RASIN--r---~~--------+-----~I 

WRITE WIN CASIN 
M2 M1 MO (RGCK) 

PROCESSOR ADS -H--4r--t----' 

6 I-__ -=E:.::.NABLE 

PAL 

745409 Extra Circuitry Required for AII-RA5 Auto Write Mode, Mode 3a 

MODE_ M2, M1, MO 0 011 B1 BO = 10 {~ODE 7) 

REFRESH ____ .C_T_R_o_O ___ v-;--v;-'~ 0 
COUNTER ~~ 

·i T;-
RGCK 

RASO-3 

RF 110 (EOC) I~ 

OCTAL HI Z 
COUNTER.~O 

(\ 
/1 

OUTPUT 

INTERRUPT~ 
/I 

ENABLE COUNTER I 
BUFFER /I 

I.~ . EOC 

:3 
/, 

II 

PROCESSOR 
ADDRESSES 

MODE SELECT 
PAL 

INTERRUPT PROCESSOR 

I 
Figure 9. 745409 AII-RA5 Auto Write Mode, Mode 3a, Timing Waveform 
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Mode 3b - Externally-Controlled 
AII-RAS Write 
To select this mode, B1 and BO must first have been set to 11 
in Mode 7. This mode is useful at system initialization, but 
under processor control. The memory address is provided by 
the processor, which also performs the incrementing. All four 
JU\S outputs follow RASIN (supplied by the processor),. 
strobing the row address into the DRAMs. RIC can now go 
low, while CASiN· may be. used to control CAS (as in the 
Externally-Controlled Access mode), so that CAs strobes ttie 
column address contents into the DRAMs. At this time WE 
should be low, causing the data to ·be written into all four 
banks of DRAMs. At the end of the write cycle; the input 
address is incremented and latched. by the 74S409for the 
next write cycle. This method is slower than Mode3a, since 
the processor must perform the incrementing and accessing. 
Thus the procesSor is occupied during RAM initialization, 
and is not free for other initialization operations. However, 
initialization sequence timing is under system control, which 
may provide som~system ad,-;antage .. 

Mode 4- Externally-Controlled 
Access . 
Mode 4 isdesc;ribed in with mode 0 in section "Mode 0 and 
Mode 4:' 

Mode S -Automatic Access With 
Hidden Ref ........ ' .' 
See descriptionofmodeQarid Illode 5. 

. . 
Mockt 8.-Fast Automatic Access 
The Fast AutOmatic Access mode can only be used with fast 
DRAMs which have tRAH of 10 nsec-15nsec.The typical 
RASIN to CAS delay is 105nsec. In this mode CAS can. be 
extended after 'RAS goes high to extend the data output 
valid time. This feature is useful in applications with short 
cycles where RAShas to be terminated as soon as possible to 
meet the precharge (tRP) requirements of the DRAM. 

Mode 6 timing is illustrated in Figures 10 and 11. Provided thatthe 
• input address is valid as ADS goes low, RASINcan go low 
any time after ADS. This is because the selected RAS occurs 
typically 27 ns later, by which time the row address is already 
valid on the address output of the 74S409. The Address 

Set-Up time (tASR), is 0 ns on most DRAMs. The 74S409 in 
this mode (with ADS and RASIN edges simultaneously 
applied) produces a minimum tASR of 0 ns. This is true pro
vided the input address was valid tASA before ADS went low 
(see Figure 10). 

Next, the row address is disabled tRAH after RAS goes low 
(20 ns minimum); the column address is then set up and tASC 
later, CAS occurs. The only other control input required is 
WTJ\I. When a write cycle is required, WTJ\I must go low at 
least 30 ns before CAS is output low. 

This gives a total typical delay from: input address valid to 
RASIN (15 ns); to RAS (27 ns): to rows valid (50 ns); to col
umns valid (25 ns); toCAS(23 ns) = 140 ris (that is, .125 ns 
from RASlliJ). An of these typical figures are for heavy capaci-
tive loading, of approximately 88 DRAMs. . 

. This mode is therefore extremely fast. The external timing is 
greatly simplified for the memory system designer: the only 
system signal required is RASTN. 

:'In thi~ mode, .'the RIC (RFCK) pin is not used, but CASJN 
,(RGCK)is used as CASIN to' allow an extended. CAS after 
'R'AS hall already terminated: RefertoFigure 11. 

Mode 7...,;, Set End-of-Count (3a, 3b select) 
The End-of~Count can be externally selected in Mode 7, 
using ADS to strobe in the respective value of B1 and BO 
(see Table 3). With B1 and ~O the same EOC is 127; with B1 
= 0 and BO = 1, roc is 255; and with B1 = 1 and BO = 0, 
EOCis511. This selected value of roc will be used until the 
next Mode 7 selection. At power"up theEOC is automati-
cally setto 127 (B1 and BO setto 11). .' 

When B"B. are setto11 in mode 7; mode 3b will be selected 
if mode 3 is selected (M2, M" Mo =0, 1, 1). If Bl~B2 is set to 
00, 016r10then mode 3a will be selected. 

BANK SELECT 
END OF COUNT (STROBED BY ADS) 

B1 BO 
SELECTED 

0 0 127 

0 1 255 
1 0 511 

1 1 , 127 

Table 3, Mode 7 
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ADS 

,.ADDRESS INPUTS! 
DATA. ~~-<ADI)RE:SS'VALJD)~--~~~~~~~==~REAI)+~--~~--~--

--WRITE--

DATA OUTPUT --------------~--'-1f------------------< 
'r-----J 

"'INDICATES DYNAMIC RAM PARAMETERS 

Flgu";10. Mode 6 Timing (~Hi9h) 
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INPUTS I--IADS-I 

ADSJI ~ ________ ---'-

ADDRESS INPUTS/ __ -< 
DATA _ 

OUTPUTS 

DATAOUTPUT--------------------r-----------~--~~--< 

"INDICATES DYNAMIC RAM PARAMETERS 

Figure 11. Mode 6 Timing, EX1ended CAS 
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5N7 45409 /·2 Specifications: 
Absolute Maximum Ratings (Note 1) 

Supply voltage vee ..................................................................................... -0.5 V to 7.0 V 
Storage temperature range .............................................................................. -65° to +150° e 
Input voltage ., ........................................•................................................ -1.5 V to 5.5 V 
Output current ................................................................................................ 150 mA 
lead temperature (soldering, 10 seconds) ........................................................................ 3000 e 
NOTE1: "Absolute Maximum Ratings" are the values beyond which the safety of the device cannot be guaranteed. They are not meant to imply that the device should 

be operated at these limits. The table of operating conditions provides conditions for actual device operation. 

Operating Conditions 

SYMBOL PARAMETER FIGURE 
'S409 'S409-2 

UNIT MIN TYP MAX MIN TYP MAX 

Vce Supply voltage 4.75 5.25 4.75 5.25 V 
TA Operating free-air temperature 0 75 0 75 °C 

tASA Address setup time to ADS Figures 4,5,7,10,11 15 15 ns 

tAHA Address hold time from ADS Figures 4, 5, 7, 10, 11 15 15 ns 

tAOS Address strobe pulse width Figures 4,5,7,10,11 30 30 ns 

tRASINL,H Pulse width of RASIN during refresh Figure 3 50 50 ns 

tRST Counter reset pulse width Figure 3 70 70 ns 

tRFCKL H Minimum pulse width of RFCK Figure 6 100 100 ns 
T Period of RAS generator clock Figure 6 100 100 ns 

tRGCKl Minimum pulse width low of RGCK Figure6 35 35 ns 

tRGCKH Minimum pulse width high of RGCK Figure 6 35 35 ns 

tCSRL CS low to access RASIN low See Mode 5 description 10 10 ns 

tRFSRG RFSH low set-up to RGCK low (Mode 1) See Mode 1 description 35 35 ns 

tRQHRF RFSH hold time from RFRQ (RF I/O) Figure6 2T 2T ns 

Electrical Characteristics: Vee = S.OV ± 5.0%, ooe:s TA:S 75° C Typicals are for Vee = 5V, TA = 25°C. 

SYMBOL PARAMETER TEST CONDITIONS MIN TYP MAX UNIT 

Vc Input clamp voltage VCC = MIN, IC = -12mA -0.8 -1.2 V 

IIH1 Input high current for ADS, R/C only VIN = 2.5V 2.0 100 pA 

IIH2 Input high current for other inputs, except RF I/O VIN = 2.5V 1.0 50 I1A 

IIRSI Output load current for RF I/O VIN = 0.5\1. output high -1.5 -2.5 mAV I 
IICTl Output load current for liAS, CAS, WE VIN = 0.5V, chip deselct -1.5 -2.5 mA 

IlL 1 Input low current for ADS, R/C only VIN =0.5V -0.1 -1.0 mA 

IIl2 Input low current for other inputs, except RF I/O VIN =0.5V -0.05 -0.5 mA 

Vll** Input low threshold 0.8 V 

VIH** Input high threshold 2.0 V 

VOL1 Output low voltage, except RF I/O 10l =20mA 0.3 0.5 V 

VOl2 Output low voltage for RF I/O 10l = 10mA 0.3 0.5 V 

VOH1 Output high voltage, except RF I/O 10H =-1mA 2.4 3.5 V 

VOH2 Output high voltage for RF I/O 10H = - 1OOIlA 2.4 3.5 V 

110 Output high drive current, except RF I/O VOUT = 0.8V (Note 3) -200 mA 

100 Output low drive current, except RF I/O VOUT = 2.7V (Note 3) 200 mA 

10Z 
Three-state output current 0.4V:S VOUT:S 2.7V, -50 1.0 50 I1A (address outputs) CS = 2.0\1. Mode 4 

ICC Supply current VCC = MAX 250 325 mA 

CIN Input capacitance ADS, R/C TA = 25°C 8 pF 

CIN Input capacitance all other inputs TA = 25°C 5 pF 

* * These are absolute voltages with respect to pins 13 or 38 on the device and include all overshoots due to system or tester noise, Do not attempt to test these values 
without suitable equipment, 

9·94 MonoIlthloW·Memories 
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Switching Characteristics: vee = 5.0V ± 5.0%, ooe ~ TA ~ 75°C See. Figure 12 for tes.load (switches·S1 
and 82 are closed unless otherwise specified) typicals are for Vee = 5V, TA = 25°e. 

SYMBOL ACCESS PARAMETER FIGURE '8409 'S409-2 UNIT 
MIN TYP MAX MIN TYP MAX 

tRHA Row address held from column select Figure 4 10 10 ns 

tRlel RASI N to CAS output delay (Mode 5) Figures 7. 10 95 125 160 75 lOa 130 ns 

tRICl RASIN to CAS output delay (Mode 6) ·Figures 7; 10, 11 80 105 140 65 90 115 ns 

tRICH RASIN to CAS output delay (Mode 5) Figures 7. 10 50 63 80 50 63 '80 ns 

ctRICH RASIN to cAS output delay (Mode 6) FiguresT, 10. 11 40 48 60 40 48 60 ns 

tReDl RAS to CAS output delay (Mode 5) Figures 7, 10 98 125 .75 100 ns 

tRCDl RAS to CAS output delay (Mode 6) '. FiQures 7, 10,11 78 105 65 85 ·ns 

tRCDH RAS to CAS output delay (Mode 5) Figures 7, 10· 27 40 27 40 ns 

tRCDH RAS to CAS output delay (Mode 6) . Figuli;!s 7,10 40 65 40 65. ns 

tCCDH CASIN to CAS output delay Mode 6) Figure 11 40 54 70 40. 54 70 ns 

·tscv RASIN to column address valid (Mode 5) Figures 7, 10. 90 120 . :80', 105 (IS 

tRCV RASI Nto column address valid (Mode 6) Figures 7,10, 11 75 105 : '1~" 90 ns 

tRPDL RASIN toRASdelay' .. Figu!'9114, 5, 7, fO, 11 20. 27 35 20 27 35 ns 

tRPDH " 
· RASIN to RAS delay " Figur~S4,.5,7,.10,.11 15 23 ", 32 15 :23' '32 os 

lAPDL 'Addtess ihpuntioiJtpul Ibwdelay Figores4,5,}, 10,11 " 25 40~ :25' 40 'ns 
lAEDIi Address input to output high delay Figures 4, 5, 7, 10, 11 25 40. 25 40 ns 
tSPDl Addre.ssstrobe ioaddress output low Figures 4,5 . 

'~ , 40 .. '60 40. 60 ns 

tSPDH': ' 'Address strobe to address output high FigureS4,5 40 60 .··.c· 40, '·sO.'" ·.ns· 

twPDL WIN to WE outP\lt delay Figure 5 15 25 .30 15 25 '30' ns 

twPDH WIN to WE outputdelay Figl!re5 1.5. 30 60 15. 30 sO ns 

teas, CASIN setup time to RASIN hl91;1 (Mode 6j Figure 11 .. ' ,,' 35 , .35 ns 

tCPDl' CASINto CAS delay (RIC low in~Mode 4) Figure 5 '32' 41 .. 58 32 41 58 'ns 

tCPDH ,CASIN to, CAS,delay Figure 5 .25 39 50 25 39 50 ·,ns 
tRCC, .' column select to columri.address valid ;. Figure 4 . 40. ,'58, AO: ,.' 5$", ns;. 

tRCR Row select to row address valid Figl!nis4;5 ;.;, , 40' . fi8" . • 40'" 58 M.· 
tsAH Row address tlold time (Mode 5)' Figures 7,10 . 30 .' .20 ns 

fRAH, ' · HoW address ho!dtime{MOde 6} r" FigureS 7, to, 1:1 . 20 ,\ ",. 12 '.' ',~';; . 'fisc ,;. 

tAse 'Column~ddress setup time(~ode5) Figui"llS 7,10 8 3 ns 

tASC;: ' Column address setup tiine {Mode 6) Figures 7,10,11 6 :; 3 ns 

tDIFl Maximum (tRPDL .,.. tRHAJ (Mode 4) 15 15 ns 

tDi~?';' Maximum (tRCC:": tcpbO(Mode 4) .. 15 ", 15 ns 
. ; 

< ~ 'S409 ·"'S409-2 TEST CONDITIONS MIN TYP MAX MIN TYP.' MAX UNIT ,REFRESH PARAMETER 
'~' " < ,} :~ 

FF~KJowtofOrced RFRQlow Cl: = 50 pF, Figure 6 20 . 3ci .• 20 30 ns 
.RGck low to force high C =50pF, Figure 6 50; 75 50 75 ns 

8GCK low to ~ low Figure 6 50 65: 95 50 65 ,95 ns 

RGCKlowtoRAShigh . Figure 6 40 60 85 40 60 85 ,ns 

See,Mode 1 55 80 110 ns description 
RFSHhigti to ~bigh • 
. : (encoding.forced RFSH) 

CS high to,RFSH couritervalid Figure 6 :55' 70 I1S 

RF I/O.lpw to counter outputs all low Figure 3 100 ns 

RASIN to ~ delaY during refresh Figures 3, 6 50 70 

F'igures3,6 40 ,55 

twSFi· low to counter ad!lressvalid CS= X, Figures 3,6,,8 6.7 60 

· RFSH high to roW address valid Figures 3,E/ '.' 45 60 
'RA.S high tp new countvaHd .' c3Q 55~' 

AASIN low to end-Qf.count low 80. 
RASIN hlghtb end-of-counthigh 80 
RGCK (tillito end-ol-burst low 

Mode changeto end"of"burst high 
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Switching Characteristics: (Cont'd) 

SYMBOL ACCESS PARAMETER TEST CONDITIONS 

.. THREE-STATE PARAMETER 

Figures 6,12 
tZH CS low to address output high from Hi R1 = 3.5k, R2 = 1.5k 

tHZ CS high to address output Hi-Z from high CL= 15pF, Figures 6,12 
R2 = Ik, S1 Open 

Figures 6, 12 
tZl CS low to address output low from Hi-Z Rl = 3.5k, R2 = 1.5k 

tlZ CS high to address output Hi-Z from low Cl = 15pF, Figures 6,13 
Rl = lk, S2 Open 

CS low to control output (WE, CAS, Figures 6,12 
tHZH (RASO-3) high from Hi-Z high R2 = 7500, S 1 open 

Cl = 15pF 
tHHZ 

CS ~9h to control output (WE, CAS, 
(RA 0-3) Hi-Z high from high R2 = 7500, SI open 

tHZl 
CSlow to control output (WE, CAS, Figure 12 
(RASO-3) .I.ow from Hi-Z high SI,520pen 

tlHZ 
CS ~9h to control output (WE, CAS, eL= 15pF, Figure 12 
(RA 0-3) Hi-Z high from low R2 = 7500,51 open 

'Internally the deVice contams a 3K resistor In senes with a Schottky Diode 
toVCC· 

Notel: Output load capacitance is typical for 4 banks of 22 DRAMs or 88 
DRAMs including trace capacitance. These values are: 00-08. CL = SOOpF; 
RASO·RAS3, CL = 150pF; CAS CL = 600pF unless otherwise noted. 

Note 2: All typical values are for TA = 2SoC and VCC = S.Ov. 

Note 3: This test is provided as a monitor of Driver output source and sink 
current capability. Caution should be exercised in testing this parameter. 
In testing these parameters, a 1S0 resistor should be placed in series with 
each output under test. One output should be tested at a time and test time 
should not exceed 1 second. 

Note 4: Input pulse OV to 3.0\1, tR = tF = 2.S ns, f = 2.S MHz. tpw = 200 ns. 
Input reference point on AC measurements is 1.SV. Output reference pOints 
are 2.7Vfor High and 0,8V for Low. . , 

Test Load 

no 

'S409 
MIN TYP MAX MIN 

35 60 

20 40 

35 60 

25 50 

50 80 

40 75 

45 75 

50 80 

10 

5 

./ 

/ 
,/ 

V 
-5 

-10 

'S409-2 UNIT TYP MAX 

35 60 ns 

20 40 ns 

35 60 ns 

25 50 ns 

50 80 ns 

40 75 ns 

45 75 ns 

50 80 ns 

V 
/ 

5V! 

f1 
o 200 400 eoo eoo 1000 

OUTPUT RD 

INPUT 

UNDER O-...J'w\-",--~"",""--@ TEST POINT* 
TEST 150 

S2 

CLu··.·· .. ' 
R2 

R1, R2 = UK EXCEPT AS SPECIFIED. 

* Th~ "TEST POINT" is driven by the output under test, 
and observed by instrunientation. 

~
3'OV 

OV 1 .. 5V 
'HZ 

V _'HHZ 
OH --·-0.5V 

OUTPUT VOL 
...;;,;;---.;..~ 

HIGH Z _____ [ 

Figure 12. Waveform 

Figure 13. Change in Propagation Delay vs Loading 

CapaCitance Relative to a 500 pF Load 
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Applications 
The 748409 Dynamic RAM Controller provides all the 
address and control signals necessary to access and refresh 
dynamic RAMs. 8ince the 748409 is not compatible with a 
specific bus or microprocessor, an interface is often neces
sary between the 748409 and the system. A general applica
tion using PAL to implement the interface and two additional 

chips to provide refresh clock and chip select is shown in 
Figure 14. 

< 
~ 

CPU 

CONTROL 
ClK 

~ 

< 

U 
S2-SO 

CHIP CSO -SELECT · · · 
CS7 -

RFCK 

REFRESH 
CLOCK 

GENERATOR 

A 

I 

RFSH 

iiAiiN 

INTERFACE 

PAL" 

, 

The 74S409 operatihg 'modes may vary from application to 
application. For efficient refresh it is. recommended to use 
mode 1 and mode 5 to take advantage of the hidden 
(transparent) refresh with forced refresh backup. 

AODRESSBUS ) 

UUU L ::. 
B1-BO C8-0 RI-O I If- .J 

","SO I--- I'iAS 
DYNAMIC 

Ir> "I .. CS 08-0 A8-0 RAM 
f-J ...... WE CAS 

" I ,~ 
RAS1 f-- m 

RFCK ~ DYNAMIC 'I 
SN74S409 V AS-O RAM ....J 
DYNAMIC ........ WE CAS RAM 

T 
CONTROLLER 

I AI\. 
ii1S2 ...... RAS 

:) DYNAMIC 'I 
ADS AI-O RAM ....J. 
WIN ........ WE CAS 

MO 

M1 I ,f-" 
RFSH(M2) RAS3 -RAS 

RASIN => 
DYNAMIC 'I 

'-- AI-O RAM 
f-.J 

RFRO CAS WE -- WE CAS 

CAS 

DATA 

, 
'" DATA BUS 

Figure 14. 74S409'1n General. Application 







ARITHMETIC ELEMENTS AND LOGIC 
SN74S381 Arithmetic Logic Unit/Function Generator ... 10-3 
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Arithmetic. Logic Unitl 
Function Generator 

SN74S381 

Features/Benefits 
• A fully parallel4-blt ALU 

• Ideally sult!td for hlgh-!liSeed proceSiIQrI 
, . 

• Generate and propagate outputs for full carry Iookahead 

• Three,arHhmetic f",nctlons 

• Three logic functions 

.' Preset and clear functions 

Dttscription 
• The'S38,1 ~ a Schottky TTL arithmetic logicuni~ lALU)lfl,!nction 
generato,tttat p!trforins eight binary arithm~tic/logic operations 
on tiNo 4-bit words as shown in ttle function tab"". These opera
tions arel9leeted by thettlreefunctiOI)...eleotli~(SO, 51, 5~). 
A fulllOOkahead ¢~rry qir<:uitisprovidedfotfastfsiinultaneOus 
carry generatio!Jby rne8hsoftwocascade.d outpuls(P andG) for 
the four bits ,in the package. 

Logic Symbol 

G P 

Orderlng'lnformation 

I ,PART NUMBER PACKAGE TEMPERATURE 

I SN74S3a1 '.:" " 
N,J Commercial 

;,c.':< 

PinConf~gurati~n ' 

H 
H 

INPUTS 

pear t 
B:'rriinusA 
.~ < 

A minus S" 
A plus B 

AG).B 
~ + B 

AS 
,~.P~ttt 

t FOfce all F outputs tti~LOws,~;' ' 
ttForce aliF QU1Puls to be /-ligl1$: 

1m 



Logic Diagram 
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Function Table 

FUNCTION S2 S1 

Clear 0 0 

BminusA 
(Inverse 0 0 

Subtraction) 

.. 

A minus B 
(Subtract) 0 1 

A plus B 
(Add) 0 1 

.. 

Function Table 

FUNCTION S2 

A0B 
(OR) 

A0B 
(XOR) 

AliB 
(AND) 

Preset 

1 = HIGH voltage level 

o = LOW voltage level 

X = Don't care 

1 

1 

1 

1 

SO 

0 

1 

0 

1 

S1 

0 

0 

1 

1 

SN74S381 

INPUTS 

Cn A3 A2 A1 AO 83 82 81 

X X X X X X X X 

0 0 0 0 0 0 0 0 
0 0 0 0 0 1 1 1 
0 1 1 1 1 0 0 0 
0 1 1 1 1 1 1 1 
1 0 0 0 0 0 0 0 
1 0 0 0 0 1 1 1 
1 1 1 1 1 0 0 0 
1 1 1 1 1 1 1 1 

0 0 0 0 0 0 0 0 
0 0 0 0 0 1 1 1 
0 1 1 1 1 0 0 0 
0 1 1 1 1 1 1 1 
1 0 0 0 0 0 0 0 
1 0 O· 0 0 1 1 1 
1 1 1 1 1 0 0 0 
1 1 1 1 1 1 1 1 

0 0 0 0 0 0 0 0 
0 0 0 0 0 1 1 1 
0 1 1 1 1 0 0 0 
0 1 1 1 1 1 1 1 
1 0 0 0 0 0 0 0 
1 0 0 0 0 1 1 1 
1 1 1 1 1 0 0 0 
1 . 1 1 1 1 1 1 1 

INPUTS 

SO Cn A3 A2 A1 AO 83 82 81 

X 0 0 0 0 0 0 0 

0 
X 0 0 0 0 1 1 1 
X 1 1 1 1 0 0 0 
X 1 1 1 1 1 1 1 

X 0 0 0 0 0 0 0 

1 
X 0 0 0 0 1 1 1 
X 1 1 1 1 0 0 0 
X 1 1 1 1 1 1 1 

X 0 0 0 0 0 0 0 

0 
X 0 0 0 0 1 1 1 
X 1 .1 1 1 0 0 0 
X 1 1 1 1 1 1 1 

X 0 0 0 0 0 0 0 

1 
X 0 0 0 0 1 1 1 
X 1 1 1 1 0 0 0 
X 1 1 1 1 1 1 1 

Monollthio W Memories 

OUTPUTS 

80 F3 F2 Fl FO G P 

X 0 0 0 0 0 0 

0 1 1 1 1 1 0 
1 1 1 1 0 0 0 
0 0 0 0 0 1 1 
1 1 1 1 1 1 0 
0 0 0 0 0 1 0 
1 1 1 1 1 0 0 
0 0 0 0 1 1 1 
1 0 0 0 0 1 0 

0 1 1 1 1 1 0 
1 0 0 0 0 1 1 
0 1 1 1 0 0 0 
1 1 1 1 1 1 0 
0 0 0 0 0 1 0 
1 0 0 0 1 1 1 
0 1 1 1 1 0 0 
1 0 0 0 0 1 0 

0 0 0 0 0 1 1 
1 1 1 1 1 1 0 
0 1 1 1 1 1 0 
1 1 1 1 0 0 0 
0 0 0 0 1 1 1 
1 0 0 0 0 1 0 
0 0 0 0 0 1 0 
1 1 1 1 1 0 0 1m 

OUTPUTS 

80 F3 F2 F1 FO 

0 0 0 0 0 
1 1 1 1 1 
0 1 1 1 1 
1 0 0 0 0 

0 0 0 0 0 
1 .1 1 1 1 
O. 1 1 1 1 
1 1 1 1 1 

0 0 0 0 0 
1 0 0 0 0 
0 0 0 0 0 
1 1 1 1 1 

0 1 1 1 1 
1 1 1 1 1 
0 1 1 1 1 
1 1 1 1 1 
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Absolute Maximum Ratings 
Supply voltage vee ........•................................•..•... ; ................... , ........................... 7 V 
Input voltage .........................................................• : ......................... ; ................. 5.5 V 
Storage temperature range ............................................................................... -65· to +150·e 

Operating Conditions 

SYMBOL PARAMETER 
COMMERCIAL 

UNIT MIN TYP MAX 

Vee Supply voltage 4.75 5 5.25 V 

TA Operating free-air temperature 0 75 ·e 

Electrical Characteristics Over Operating Conditions 

SYMBOL PARAMETER TEST CONDITIONS COMMERCIAL UNIT MIN TYP MAX 

VIL 
Low·level 

0.8 V 
input voltage 

VIH 
High~level 

2 V 
input voltage 

Vie 
Input clamp 

Vee = MIN 11= -18 mA -1.2 V voltage 

Any S input -2 

IlL 
Low-.level 

Vee = MAX VI = 0.5 V en -8 mA input current 
All others -6 

Any S input 50 

IIH 
High-level 

Vet = MAX VI = 2.7 V en 250 p.A 
input current 

All others 200 

II 
Maximum 

Vee =' MAX VI = 5.5V 1 mA 
input current 

VOL 
low-Level Vee = MIN VIH = 2 V 0.5 V 
output voltage Vll=0.8V IOl = 20mA 

VOH 
High-level Vee = MIN VIH = 2 V 2.7 3.4 V 
output voltage Vil = 0.8 V IOH = -.1 mA 

lOS 
Output short-

Vee = MAX -40 -100 mA 
circuit current* 

lee Supply current Vee= MAX 105 160 mA 
* f<oJnt ""nrc. th 

. W' ............... an one output should be shorted at a tIme and durat!on o~ the short C!fCU!t should not exceed one second. 

10·& ~ono';th;cWMemor;e~ 
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Switching Characteristics vcc = 5 V. TA = 25°C 

SYMBOL PARAMETER TEST CONDITIONS FROM TO 74S381 UNIT 
(See Interlace Test LoacllWa •• fonnl) (INPUT) (OUTPUT) TYP MAX 

tp Propagation delay time C Any F 10 17 ns 

tp Propagation delay time Any Aor B G 12 20 ns 

tp Propagation delay time Any Aar B P 11 18 ns 

tpLH 
Propagation delay, 

CL = 15pF RL = 2800 18 27 ns 
low-to-high 

Propagation delay, 
AnyAorB AnyF 

tpHL high-to-Iow 16 25 ns 

tp Propagation delay time AnyS Any F, G, P 18 30 ns 

Test Load 
*TESTPOINT 5V 

* The "TEST POINT" is driven by the output under test, 
and observed by instrumentation, 

16-BIT ALU (USING 74S381) 
74$381 

WORST CASE PATH DELAY ==::J 

MAXIMUM DELAY OF ADDITION/SUBTRACTION. 

745381 + 74S182 

1-4 bits 27n5 

5-16 bits 44ns 

17-64 bits 64ns 

Monolithic W Memories 10·7 
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Cray Multipliers 

DESCRIPTION 

8x8. Multiplier (latched) 
8x8 Multiplier 
8x8Muitiptier 

16x16 Multiplier 

11·2 

18ble of Contents 

MULTIPLIERS 
Table of Contents Section 11 ........................ 11-2 
Five New Ways to Go Forth and Multiply ............. 11-3 
SN74S51616x16 Multiplier/Divider .................. 11-8 
74S556 16x16 Flow-Thru" Multiplier Slice ........... 11-24 
SN74S557 8x8 High Speed Schottky Multipliers .,. . .. 11-37 
SN54/74S558 8x8 High Speed Schottky Mu~ipliers '" 11-37 

PART NUMBER MAXDELAV 

SN74S557 60 ns (Xi. Vi. to S15) 
SN74S558 60ns 
SN54S558 60ns 

SN74S556 76 ns (Xi. Vi to S15-0) 
90 ns (Xi. Vi to S31-16) 

Monolithic W Memories 

PINS 

40 
40 
40 

84 
84 



Five New Ways to Go Forth and Multiply 
Chuck Hastings 

Our Multiplier Population Explosion 
Recently it has seemed as if every time you turned around 
Monolithic Memories was announcing another new multiplier. 
Want to catch your breath, and find out where each of these fits 
into the overall scheme of things? Read on. 

You will notice that the above parts fall into two categories: 
flow-through Cray multipliers,.and bus-oriented sequential mul
tiplier/dividers. Although all of these parts get referred to rather 
casually as "multipliers," there are major differences between 
the two general types; see Table 1 below. 

Actually, there have been five new multipliers in all within the last 
three years, plus two which had previously been available for 
several years. In time order of introduction, these are: 

111e Cray Multipliers 
The essential idea of a Cray multiplier, as originally put 
together by Seymour Cray in the late 1950s with discrete 
logic at Control Data Corporation, is to wire upan array of full 
adders in the form of a binary-arithmetic-multiplication 
pencil-and-paper example.3 That is, everywhere that there 
is a "1" or a "0" in a longhand binary-multiplication exam
ple, the Cray type of multiplication uses a full adder. One 
may visualize a Cray multiplier functionally as a "diamond;' 
as follows: 

Parts No. 
57/67558 
57/67558-1 
54/74S508 

54174S558 
541748557 

541748516 

54/748556 

DescriptlonA 

150-nsec 8x8 Flow-Through Cray MultiplierB 

125-nsec 8x8 FloW-Through Cray MultiplierB 

8-Bit Bus-Oriented Sequential Multiplierl 
Divider 
60-nsec 8x8 Flow-Through Cray Multiplier 
60-nsec 8x8 Flow-Through Cray Multiplierwith 
Transparent Output Latches 
16-Bit Bus-Oriented Sequential Multiplierl 
Divider 

(lO-nsec 16x16 Flow-Through Cray Multiplier 
with Transparent Input and Output Latches for 
full 32-bit output 

NOTES: A. Times are worst~case times for commercial~temperature~range 
parts.' 

B. Obsolete. 54/748558 replaces these in both new and existing 
designs. 

MULTIPLICAND 

DOUBLE-LENGTH PRODUCT 

Figure 1.Pencil-and-Paper Analogy to Cray-Multiplier Operation 

Role in 
System 

Internal 
Operation 

External 
Control 

Package 

Operations 
Performed 

Storage 
Capabilities 

Second 
Sources 

Where 
Used 

Future 
Prospects 

Flow-Through Cray Multiplier 

Building-block role - as many as 34 parts used in one super
minicomputer (NORD-500 from Norsk Data'). 

Static arithmetic-logic network; multiplies without being 
ciocked~ using eight bits of the multiplier at a time. 

Controlled by several mode-control input signals. 

40-pin DIP (,S557/8); 84-pin LCC or 88~pin PGA ('S556) 

Can only perform multiplication. 

Either no storage capabilities (,558types), or optional storage 
for the double-length product only ('557 type), or full 
productand inputstorage('556 type). 

8x8, Multiple-sourced (AMD, Fairchild, Monolithic Memories). 

Initial usage has been in high-end minicomputers, array pro
cessors, and signal processors.,. 

Potential large market today since these parts are now low
cost and multiple-sourced, and should be used in aI/ new mini
computer designs! 

Bus~Orlented Sequential Multiplier/Divider 

Co-processor role - one, or occasionally two, parts used h'l 
one microcomputer'. 

State machine; requires clocking to Operale; contains edge
triggered registers; sequenced by a slate counter;multipUEls 
using two bits of the multiplier at a time'. 

Controlled by sequences of micro-opcodes which come from 
a microprocessor, a registered PAL, or some other sequential
control device. 

24-pin DIP. 

Can perform multiplication, division, and multiplication-with
accumulation. 

Four full-length registers; capable of storing both input oper
ands and the double-length product. 

SOle-sourced; only bipolar dividers on the mark.et. 

Initial usage has been in industrial-c:ontrol microcomputers, 
digital modems, military avionics, CRT graphic systems, video 
games. and cartographic analysis systems. 

Potential huge world-wide market for enhancement of micro
processor, bit-slice processor, and microcomputer capabilities, 

.and for small-scale signal processing! 

Table 1. A comparison of the two types of MonolHhic Memories Multipliers 
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Our 57/67558, introduced in the mid-1970s, was the original 
single-chip Cray multiplier. To achieve what was for that time 
very high performance for a 8choUky-TTL-technology part, the 
internal design of the 57/67558 also exploited other speed-freak 
multiplication techniques such as Booth multiplication4 and 
Wallace-Tree additions. All of these techniques achieve increased 
speed through extensive parallelism, and can be used at the 
system level as well as withinl81 components. 8ubsequently, 
processimprovementsmade'it posSible to offer a fasterfinal-test 
option, the 57/67550-1, which attained a sales-volume level 
essentially equal to that ofthe original part. 

About five years ago, AMD paid us the sincere compliment 
of second-sourcing these parts with the 75-nsec 258558. Three 
years ago, we returned the compliment with the6D-nsec 
54n4S558. All of· these '558 parts, and the 7D-nsec 54n4F558 
announced by Fairchild, are fully compatible drop-in equival
ents except for the variations in logic delay. 

" Au.. of' iHe:sE 1e.GHNIQUES ACl-lIE\iE INCREASrGD 
'5P«D 1)lRWGH £~'falSIVE !'AR€l.l£,LI~." 

When AMD introduced the 258558, they introduced along 
with it the 80-nsec 258557, a "metal option" of the same 
pasic design with "transparent" output latches to hold the 
double-length product. "Transparent" means that the latches 
go away whe'n you don't want them there; a latch-control line 
like that of the 54/748373 controls whether these output 
latches store information, or simply behave as output buffers. 
Anyway, when we introduced our 54/748558, we followed it 
within a few weeks with the 60-nsec54/748557, which is a 
much faster drop-In replacement for AMD's part. And subse
quently, Fairchild has announced a 70"nsec54/74F557. 

Bec,ause AMD's '8557 has the ,output latches imple
mente,d in TTL technology after the ECl-to-TTL converters, 
whereas our '8557 has them implemented in ECLtechnology 
before the conversion, the latches operate much faster in 
ours. Our '8557 is typically only about a nanosecond slower 
than our '8558,whereas the logic-delay difference between 
AMD's two parts is cpnsiderably greater. Consequently, our 
marginel superiority over AMD for the '8557 is even greater 
than for the '8558. 
More recentiy, we introduced the 9O-nsec '8556, which is a 
16x16 direct size-upgrade of the '8557/8 architecture, with the 
addition of input latches. In a "pipelined" mode, an '8556 can 
produce a new 32cbit product every 75 nsec. 

'8557/8 Cray multipliers come in a 40-pin dual-inline package, 
either ceramic or plastic. Worst-case power-supply current is 
280 rnA.. The '8556 comes in your choice of an 84-pin lCC 
(Leadless Chip Carrier) or an 88-pin PGA(Pin-GridArray) 
package. Worst-case power-supply current is800,mA(900mA 
over military temperature range). The data-bus outputs can sink 
up to 8 mA IOl, for all of these multipliers. 

References 5 and 6 discuss technical approaches to using Cray 
multipliers ,in high-performance minicomputers. The '8558, 
together with PROMs organized in a "Wallace-tree" configu
ration, can sail right along at the rate of four 56x56 multipli
cations every microsecond, on the basis of fixed-point 
arithmetic with no renormalization. (8ee table 7 on page 16 
of reference 5; the multiplication time is 238 nsec for a "divi
sion step;' whichis afixed~pointmultiplication, and 319 nsec 
for a floating-point multiplication where extra time is required 
for renormalization and correction of the exponent of the 
product.) 34 '8558s or '8557s are required to perform this 
multiplication if the computer system architecture does not 
call for the computation 0,1 the least-significant half of the 
double-length product;49 are required if it does. 

--~ 
\\ ... ~£ 'S55B,ToGETHER Wt-rH.PROMSORGANI1E.tJ 

IN A'\WAl...I.AC£~TREE"CONFIGURA"ION, CAN'SAlt.. 
RIGHT ALONG AT TflEI?ATE of FOUR 56 x 56 
MUliIPt..ICATIO~S e:VERY MICROSECOND ... 'I 

The "local" architecture of the multiplier section of a digi
tal system can take two rather different forms. A minicom
puter~ which executes an unpredictable mixture of arithmetic 
and logical instructions one after the other; typically needs to 
be able to get the complete multiplication over and done with 
before going on to the next program step-which is proba
bly not another multiplication. An array processor or digital 
correlator, however, tends to do very regular iterati)ie compu
tations; and the performance of such a system can often be 
greatly increased by a technique called "pipelining;' in which 
the arithmetic unit consists of stages with registers or latches 
in between each sta.ge, and partial computational results 
move from one stage to the next on each ciock. 

The "flow-through" architecture of the '8558 works 
equally well in synchronous or asynchronous pipelined sys
tems, but registers or latches must be provided externally. 
The '8557, however, is actually a superset of the '8558, and 
the added internal-output-Iatch feature adapts it particularly 
well to pipelined systems. The '8556 provides latches atboth ends. 

:-:C}·'1"-~?'!!W:"':'O~R~OK'!S ~EQ'=L~I~~~~~ 
SV~CHRONOUS oR' ASYNCHRONOUS 
PIPEUNED SYSTEMS". " 
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Even a smaller-scale system can make effective use of these 
parts. To return to the case of 56x56 multiplication, which cor
responds to the word-length needed for multiplying mantissas 
in several popular floating-point-number formats, an iterative 
clocked scheme using just seven 8x8 multipliers, some adders, 
and an accumulator register can form the entire 112-bit double
length product in just seven multiply/add cycles. A number of 
mid-range minicomputers today multiply in this manner. The 
multipliers are configured as suggested by the following block 
diagram: 
8-BIT PORTION 
OF MULTIPLIER 

56-BIT 
MULTIPLICANO 

64-BIT PARTIAL 
PROOUCT 

Figure 2. 8x56 Cray Multiplier In Diamond Represenlation 

There is even an occasional 8-bit or 16-bit microprocessor
based system with a need for very fast multiplication, where 
'8557/8s or '8556s may get used as. microprocessor peripher
als7.8• Dlgital-video.systems, in particular electron ic games, with 
"vector graphic" capabilities are one example. 

The world of '8556/7/8 applications has turned out to include 
all sizes of minicomputers, digital video systems, and signal 
processors.,.... FFT (FastFourier TransfOrm) processors, voice 
recognition eqUipment, radar systems, digitalcorrelators and 
filters,electronic seismographs,brain and body scanners, and 
so forth. And there are many unexpected off-beat applications, 
such as real-time data-rescaling circuits in instruments, altO
gether too numerous to list here. After all, an'8556 can multiply 
two 16-bit numbers together and output their entire 32-bit pro
duct in 90 nsec worst case ... less time than it would take a 
speeding bullet to move the distance equal to the thickness of 
this piece of paper. How's that for 8upermultiplier? 

n.e Multiplier/Dividers 
The Monolithic Memories '8516 and '8508 are state-of-the
art TTL-compatible intelligentperipherals for micropro
cessors, somewhere between arithmetic sequential circuits 
and specialized bipolar microprocessors. The '8516 and 
'8508 each can perform any of 28 different multiply and 
multiply-and-accumulate instructions, pluS any of 13 differ
ent divide instructions, at bipolar speeds under the control 
of an internal slate counter. (See· Figure 2 Of the '8516 data 
sheet.) The statecounter's sequence is in turn guided by 3-bit 
instruction codes which are external inputs to the '8516/508. 
The '8516 computes with 16-bit binary numbers, and the '8508 
computes with6-bit binary numbers, as the part numbers none
too-subtly imply. 

A 16-bit bi-directional data bus connects the '8516 with 
the outside world for bringing in multipliers, multiplicands, 
dividends, and divisors; and returning products, quotients 
and remainders. It also has cJock (CK) and run/wait (GO) 
inputs, and.an overflow indication (OVR) output. 

The 'S508 has all of the above inputs and outputs also, 
except that it has only an 8-bit bidirectional data bus. Since 
it comes in the same 24-pin package as the 'S516, it obvi
ouslyhas eight more pins available for other purposes. Four 
of these are used to bring out the internal-state-counter 
value; one each is used for a completion (DONE) status 
output, an output-enable control (OE) input, and a master
reset (MR) control input; and one is not used at all. 

A simple, general interfacing scheme can be used to team 
a 'S516 with any of the currently popular 16-bit microprocessors,or 
an 'S508 with any 6-bit microprocessor. (See Figure 7 of the'8516 
data sheet.) With a couple extra interface circuits, an'8516 can 
also be interfaced to an6-bit microprocessor. Particularly if the 
system software is written in a highly-structuredlanguage such 
as PASCAL OJ FORTH, an'S516/508 can be retrofitted into an 
existing system with a large gain in performance and very little 
impact on either hardware or software - calls to the previous 
software-implemented one-step-at-a-time multiply and divide 
subroutines are simply rerouted to substitute acommand from 
the microprocessorto the 'S516/508 to accept an operand and 
start its operation sequence. 

The 'S516 and 'S508 are in fact two different "metal 
options" of one basic design; the 'S516 has twice as many 
data bits in each internal register. The 'S516 and 'S508 both 
have a worst-case clock rate of 6 MHz (commercial) or 5 
MHz (military); the typical rate is 8 MHz. The simplest com
plete twos-complement 16x16 multiplication instruction can 
be performed in nine clock cycles by an 'S516, orin five by 
an 'S508, since 2-bits-at-a-time Booth multiplication is 
used;' thus, the worst-case time reqUired by the 'S516 to 
multiply in this mode is 1.5 I'sec for a commercial part, and 
for an 'S508 it is 833 nsec. On the same basis, 32/16 diviSion 
can be done in 21 clock cycles, or 3.5I'secworst"case, by an 
'S516; and 16/8 division can be done. in 1.3 clock cycles, .or 
2.21'5eC worst-case, by an 'S508. 

An 'S516/508 can perform either positive or negative mul
tiplication or multiply-accumulation, and many of the instruc
tions provide for "chaining" of successive computations to 
eliminate extra operand transfers on the bus; these features 
further enhance the computational speed of the 'S516/508 
in particular applications. Arithmetic can be either integer or 
fractional with respect to positioning of the results. 

An 'S516 can powerfully enhance the capabilities of any 
present-day 16-bit or 8-blt microprocessor in a compute
bound application. In fact, it can be used in any digital system 
where there is a need to multiply and divide. on a bus. An 
'S508 can likewise enhance the.capabilities of any 8-bit 
microprocessor. 

MUl..TIPL.'f !'ND DIY! DE: ON A6US! 
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The 'S516 comes in an industry-standard 600-mil 24-pin 
dual-in line package, modified to include an integral alumi
num heatsink which does not add appreciably to the package 
height. It requires only +5V and ground power connections, 
and draws a worst-case power-supply current of 450mA 
(commercial) or 500mA (military). Power consumption is 
greatest at cold temperatures, and decreases substantially as 
operating temperature increases. The 16 databus inputs 
require at most 0.25mA input current; the other inputs 
require at most 1mA. The 16 databus outputs can sink up to 
8mA IOL. The 'S508 also fits the above description, except 
that its worst-case power-supply current is 380mA (commer
cial) or 400mA (military), and it has only 8 databus inputs 
and outputs. 

In describing applications of these parts, it is difficult to know 
where to start - they can be used in almost any design where a 
microprocessor can be used, and you know how many places 
that is today. So, perhaps a good starting point is to see what 
uses customers have thought up all by themselves. One customer 
even used two 'S516s in ·pingpong" made on a single 16-bit bus! 
So, rather than merely speculating as to what these parts might 
be good for, here's a list of what Monolithic Memories's cus
tomers have already proven they are good for: 
• Real-time control of h(3avy machinery9 
• Low-cost, high-performance digital modems 
• CRT graphics, including video games 
• Military avionics 
• Cartographic analysis 

As it happens, the above are 'S516 applications, except 
that digital modem designs have been done with both the 
'S516 and the 'S508. Several of the 'S516 designsare.already in 
prOduction. In each of these applications, the microprocessor 
could have coped all right with the computational complexi
ty, albeit at its own less-than-tremendous speed, but a 'S516 
used together with the microprocessor can provide extra 
muscle for handling formidable problems. 

Competition? Well, since there are no second sources for 
the 'S516, and no competitor at present has a similar fast part 
capable of performing division as weHas multiplication, right 
now the 'S516 has no direct competition. Indirectly, there are 
some competing parts which perform only multiplication, and 
would have to perform division by Newton-Raphson iteration 
to be usable for any application where division is required. 
However, the '8516 is (as far as we know) by far the lowest-

priced bipolar 16-bit multiplier, and the other microprocessor 
peripheral chips which can perform division as well as multi
plication are relatively-slow MaS devices. In one case, an 
8-bit cascadable CMOS part requires a 50% reduction in 
clock rate to do 16-bit arithmetic. And considerable numer
ical-analysis and programming sophistication are required to 
implement Newton-Raphson division with fixed-point oper
ands. (It's easier with floating-point operands.) In contrast, 
the 'S516/508 can be easily interfaced to almost any micro
processor using one or two PALs,'" and can perform either 
multiplication or division on command' 

The '8516 is so much faster than the competing M08 
chips that it can even take them on for floating-point compu
tations (which some of them are designed to do) and win. A 
conference paper10 describes the design of an 'S516-based 
8-100-bus card capable of beating an Intel 8087 2:1 on 
floating-point arithmetic. 

80me competing parts, in particular the AMI 2811 and 
Nippon Electric !,PD7720, include an on-board ROM which 
must be mask-programmed at the factory, which makes life 
difficult for small companies (or even larger ones) which are 
trying to get a microprocessor-based product to market 
quickly. Also, some competing parts require sequencing by 
external TTL jellybeans. 

And, as for using AMD/TRW 64-pin 16x16 Cray multiplier 
chips as microprocessor peripherals, these cost much more 
than the 'S516, occupy about three times the circuit-board 
space, multiply faster, don't divide at all except by Newton
Raphson iteration, and also require one or two "overhead" 
microprocessor instructions to interface for a given arithme
tic operation. From a system Viewpoint, when this overhead 
time is reckoned with, these chips provide little actual gain in 
multiply performance over the 'S516 at lots of extra cost, and 
an actual loss in divide performance: the 'S516 is much more 
cost-effective overall. 

'S516s potentially fit into many, many places in commer
cial, industrial, and military electronics, particularly into 
small-scale real-time systems. The part is fast enough to 
enhance the performance of a 16-bit Motorola 68000, Zilog 
Z8000, or Intel 8086, as well as that of any 8-bit micropro
cessor. It is also fast enough to considerably improve the mUl
tiplication and division performance of 16-bit 2901-based 
"bit-slice" bipolar microcomputers, which are often used as 
processors in desktop graphics CRT terminals. 

It is worth bringing the '8516 to the attention of any 
designer who is developing: 

A personal computer or small business computer. 

• A word processor, or a more grandiose "office automation 
system:' 

A cruise missile, or any other "smart weapon:' 

• A digital modem. 

• A small-scale speech-processing system. (These are very 
multiplication-intensive. We have one magazine article on 
the '8516 in such an application~1) 

• A smart instrument, which does data conversion. 

• An industrial control system, particularly one which must 
do many coordinate transformations. 

• An all-digital studio-quality high-fidelity system. 

• A cost-reduced computerized medical scanning system. 

• A multiprocessor system for scientific computations~2) 

If an '8516/508 is introduced into a system configured 
around an older microprocessor as a "co-processor" or 
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helpmate for the microprocessor, and the application is 
arithmetic-intensive, the end effect can be a major upgrad
ing of performance at the system leveL2' Consequently, a 
major reason for designing these parts in is microprocessor 
life-cycle enhancement. In particular, many MOS micropro
cessors have single-length and doubleclength add and <sub
tract instructions: but either they have no multiply or divide 
instructions at all, or else they perform the.ir multiply and 
divide instructions so slowly all to,jeopardizli! the apjiity of the 
entire system to handle its computing ioad in real time., 

So picture, if you will, tbe entrepreneur or chie.f engineer 
of a firm making a successful microprocessor-based widget 
which has been on the market for a few months, .which uses 
an older 8-bit microprocessor~uch asa 6800 or 8085 or280. 
J.ust when his/her sales are really taking off, here comes a 
new start-up competitor with it similar system, using a 
Motorola 68000, with added features and faster performance 
made possible by the 68000's.16-bit word length and 
multiply/divide capabilities. The 'S516 can, in this instance, 
serve as a "great equalizer" - it can be retrofitted into the 
older systeni as previously described; and prowdes even' 
higher-speed multiplication and division than the 68000. 
(Enough 50, actuillly, that there are designers using the 'S516 
with the 68000.) Thus, the 'S516 can dramatically eldend.the 
life cycle of existing microcomputer systems base'a on 
microprocessors which either don't have multiplication and 
division instructions, or perform these operations rellitively 
slowly.:., ' 

" ..... "/. ,'y.\' 

",> ',,t'.>h li"·" ,:(', 

" 'r::~ .~:,-;'; 
",~< '" " """,,-~ ,,) ~-)t.·~ 

': ;0 .,'.', 

'S508s ar~ somewl1;t easier to COntrol from a 109i~'~esign 
viewpOint than 'S516s, purely because they have more eon
trol inputs and outputs. However. the shorter '5508 word 
length makes the part naturally fit into smaller-scale systems 
than those which might use an ·S516. Essentially, the 'S508 
is,optimized for small-scale systems.' 

Now that you know what these parts are, can't you think of 
at least half a dozen prime uses for them right in your own 
backyard? .. n 
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16~16 Multiplier/Divider 
SN74S516 

Featu .... /Beneflts Ordering Information 
• Co-processor feW' enl'iilnclilg the arithmetiC" speed , of all 

present 16-11lt and Il-bH mICroproe.aon 

• Sua-oriented organization 

• 24-pln,~e 

• 16116 or '32116 'division In lesl 'than 3.5 /IHC 
• 16x1~ muffipllCatlon'lriless than 1.5,!'I8C 

• ,28 different. """Upllcatlon Instructlonl such· as "fractIonal 
multiply and accumulate" 

• 13 different divide Instructions 

• SelH:ontalned a~ci mlcroprogrammable 

Description 
The 8N1iiS516 ('8516) is a bus-organized 16x16 Multiplier/ 
Divider. The device pr:QVidesboth multiplication and division of 
2s-complement 'l6-bit' numbers at high speed. There are 28 
different multiply options, including: positive and negative 
multiply; positive and negative accumUlation, multiplication by a 
constant; and both Single-length and double-length addition in 
conjunction with multiplicafion. 13 different divide options ailow 
Single-length or double-length division, division of a previously
generated result, division by a constant, and continued division 
of a remainder or quotient. 

PART NUMBER 

8N748516· 

Logic Symbol 

INSTRUCTION " 3 

GO 

CLOCK 

PACKAGE TEMPERATURE 

24T Commercial 

SN74S516 
VDATABUS 

~ 18 v 

OVERFLOW 

The '8516 is a time-sequenced device requiring a single clock. It 
loads operands from, and, presents results to, 'a bidirectional 
16-bit bus. loading oUhe' operands, reading of the results, and 
sequential control .of the'device is performed by a 3-bit 
instruction field. 

Pin Configuration 

The '8516 has the additiQnal feature that operands 'lInd results 
can be' either integersor,'fractions; when if deals with fr!ictions, 
automatic scallng Occurs.: Results CIln be rounded if required, 
and an Overflow output indicates whenever a result is outside 
the ,normaIlY"!icceptEld (lumbE!rrange. 

For ;~' Sirnpl~ multiplication of two operill1ds th~'device takes 
nine clock 'periods - one for initialization, and eight for the 
actual multiplication. A realistic clock J)8riod is 167 ns, which 
gives a mUltiplication time of 1~ns typical for 16x16 mu!tipli
cation, plUII,l61 n~additionallyfor initialj~tion: or 1500 nil in 
all. More complex multipli~tions will .. take additipnal clock 
periods for loading the additional operands. A simple' division 
operation requires 16 +'4'" 20 clock periods for a typical time of 
3.333 ns(32 bits/16 bitS); also plus 167 ns for initialization, or 
3500ns in all. ,., " 

SKINNYDIP" is a registered trademark of Monolithic Memories. 
TWX: 910-338-2376 
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INSTRUCTION 
OPERATION 

CLOCK 
SEQUENCE CYCLES 

ARITHMETIC OPERATIONS 
0 Xl • Y 9 

1 -Xl' Y 9 

2 Xl • Y + Kz·Kw 9 

3 -Xl . Y + Kz. Kw 9 

4 Kz' Kw/X1 21 

516 0 X·Y 10 

5/6 1 -X, Y 10 

5/6 2 X· Y + Kz,Kw 10 

5/6 3 -X . Y + Kz' Kw 10 

5/6 4 Kw/X 22 

516 5 Kz/X 22 

516 6 0 X· Y + Z 11 

5/6 6 1 -X, Y + Z 11 

5/6 6 2 X'Y+KZ '2-16 11 

5/6 6 3 -X'Y+ Kz '2-16 11 

5/6 6 4 Z, W/X 23 

5/6 6 5 ZlX 23 

5/6 6 6 0 X·Y+Z.W 12 

5/6 6 6 1 -X, Y + Z, W 12 

5/6 6 6 2 X· Y+Wsign 12 

5/6 6 6 3 -X·y + Wsign 12 

5/6 6 6 4 W/X 24 

5/6 6 6 5 Wsign /X 24 

5/6 6 6 6 (See Note 9 below.) -

5/6 6 6 7 Load X, Load Z, Load W, Clear Z 4 

5/6 6 7 Load X, Load Z. Read Z 3 

READING OPERATIONS 
7 Read Z 1 

7 7 Read Z. W 2 
7 7 7 Read Z, W, Z 3 

7 7 7 7 Read Z, W, Z, W 4 

5 7 Round,: then Read Z 2 
""; 5 7 7 Round, then Read Z, W 3 

"" 

NOTES: 
1. X,V are input multiplier and multiplicand. 

2. X1 is the previous contents of the first rank oftheX register (eithertheofd X 
or a new X). 

3. Fractional or integer arithmetic is specified by having the next-to-the-Iast 
operand loaded using a 5' or 6 instruction respectively. All rows begirmin'g 
with "5/6" in effect represent two instructions. 5 does fractional arithmetic 
and 6 does integer arithmetic. 

4. Z, W is a double-precision number. Z is the most significant half.'Z, W 
represents addend upon input, and product (or accumulated sum) after 
multiplication. 

5. Kz '. Kw repn~sents ,previous accu~ulator contents. Kz is ,the most-signifi-
cant half. 

6. ~sign is a single-Ie~gth signed, number, with sign extension. 

7. Maximum Clock cycle = 167 ns for an 6,MHz clock. 
a. If n inst(uction codes are shown at the left under "instruction sequenced'-" 

the 'number of clock cycles at the right is n+B for multiplicatjon and n+20 
for division. 

9. Th,e cod,e "5/6 6 6, 6" represents an incomplete operation since it ,leaves 
the '5516 ·in state 1 rather than in state 0, 8, or 10. 

Figure t. 'SS16 Instrucflon Sel (Partial List) 

SUMMARY OF SIGNALS/PINS 

B15-BO Bidirectional data bus inputs/outputs 

12-10 Instruction (sequential control) input 

CK Clock pulse input 

GO Chip activation input 

OVR Arithmetic overflow output 

Description (continued) 

The 'S516 device uses standard low-pbwer Schottky technology, 
requires a single +5V power supply, and is fully TTL compatible. 
Bus inputs require at most 250 p.A iriput current, and control and 
clock inputs require at most 1 mA input current. Bus outputs are 
three-state. and are capable of sinking 8 mA at the low logic 
level. The 'S516 is available in both commercial-temperature 
and military-temperature ranges, in a 6OD-mil 24-pin dual-in-line 
ceramic package. 

Device Operation 

The 'S516 contains four 16-bit working registers. Y is the 
multiplier register; X is the multiplicand and divisor register; W is 
the least-significant half of a double-length accumulator, and 
holds the least-significant half of the" product after amultipli
cation operation, or the remainder after a division operation; and 
Z is the most-significant half of this same accumulator. In 
addition to these registers, there is a high-speed arithmetic unit 
which performs addition, subtraction, and shifting steps in order 
to accomplish the, various arithmetic operations; a loading 
sequencer; and a PLA control network. 

Operands are loaded into the working registers in time sequence 
at each clock period, under the control of this sequencer. The 
chip-activatione signal GO must be LOW in order to begin the 
loading process and continue to the next step in the loading 
operation: If GOis continually held HIGH, the 'S516 remains in 
a wait state with its outputs held in their high-impedance states, 
so that the other devices attached to the bus may drive it. In 
this condition, the 'S516 does not respond to any codes on' its 
instruction inputs; in effect, it does not "wake up" until GO goes 
LOW. Also, GO may change only when the clock inpot CK is 
HIGH: After all of the operands are loaded, the '5516 jumps t() 
the multiply routine, or to the divide routine, and performs the 
required operations as indicated in Figure 1. After 9 clock 
periods for a simple multiply or 21 clock periods for a simple 
divide, for example, the result is placed on the bus in 
time sequence. " 
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KEY: 

* Loop 7 times for multiplication. 
**Loop 14 times for fractional division, 

or 15 times for integer division. 

The numbers inside the circles indicate the state of the '8516 
multiplier/divider. These states are represented by a fourcbit 
state counter, where Ais the least-significant bit of this state 
counter and 0 is the most-significant bit. (These four bits are 
not available externally on the '8516.) 

The next state of the '8516 is a function ofthepresent state and 
the instruction lines. For example if the '5516 is at state 0 and the 
instruction is 0, 1, 2, or 3, then the next state is state 4 (multiply 
instruction); if the instruction is 4, the next state is state 5 (divide 
instruction); and so forth. The instructions which take the '8516 

INSTRUCTION STARTING STATE NEXT STATE 
CODE 

0, 1, 2,3 0, 8, 10 4 
4 0, 8,10 5 
5 0 1 

5, 7 8, 10 0 
6 0,8, 10 
7 0, 8, 10 0 

from one state to another are indicated by the numbers written 
next to the state-transition path lines. "0123," for instance, 
implies that any of instructions 0, 1, 2, or 3 will take the '5516 
along the path marked "0123." 

"X" next to a path implies that the path will be followed 
regardless of the value of the instruction inputs at that time. In 
other words, for the purpose of state transitions, X means "don't 
care." There are cases, however,wherethe particular instruction 
used may affect when the contents of the registers are available 
on the bus - see Figures 9 and 10 for contrasting examples of 
how this effect operates. 

Figure 2. Transition Diagram for the. 'S516 Multiplier/DIvider 

Three instruction inputs '2, '1' 10, whic,h may change only 
when the clock input CK is HIGH, s.elect the required function 
and drive the sequencer from state to state. Thus, the action of 
the multiplier/divider at any clock period is a .function of the 
machine state and the state of the control inputs. Figure 2 shows 
the multiply/divi<;le state table, and all. possible operations. After 
a Read or Round operation, the machine is driven back to. state 
0, .and a new sequence of arithmetic operations is assume<;l. If a 
chain operation is being performed, such as ac:cumulation of 
products, state 0 is bypassed, and loading of an operllnd or 
jumping to the next arithmetic operation occurs at the end of the 

previous arithmetic operation - at state 8 for a multiplication 
instruction, or at state 10 for a division instruction. 

Register X is a dual-rank register, Yfhich allows the loading oian 
operand X <;luring the multiplication or division process. If the 
machine enters the loading sequence and a new X operand has 
not been loaded, then the machine proceeds with the previously
loaded X, denoted in' this text as "Xl." This. loading-while
processing capability allows a cycle to be saved during 
"chained" calculations, and also.aUows multiplication and divi
sion by a constant. (See Figure 13). (continued next page) 
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Figures 3 and 4 show the codes and durations for the 41 
different possible arithmetic operations. These operations can 
be concatenated in strings to perform complicated 2s-com-

plement arithmetic operations 8,t high-speed. Rounding and 
reading of results can be performed after any operation. 
Figure 5 is a block diagram of the 'S51616x16 Multiplier/Divider. 

(continued page after next) 

TIME-SLOT 

OPERATION 1 2 131 4 I 5 I 6 I 7 161 9 10 11 I 12 
INS CODE 0 

Xl • Y MULTIPLY 
BUS Y 

INS CODE 1 
-Xl' Y 

BUS 
MULTIPLY 

Y 

INS CODE 2 
Xl 'Y+ KZ. KW MULTIPLY 

BUS Y 

INS CODE 3 , 
-Xl 'Y+ KZ' KW MULTIPLY 

BUS Y 

INS CODE 5/6 0 x·y 
BUS 

MULTIPLY 
X Y 

INS CODE 5/6 1 
-X, Y 

BUS X Y 
MULTIPLY 

INS CODE 5/6 2 
X·Y + KZ' KW 

BUS X Y 
MULTIPLY 

-X·Y+KZ·KW 
INS CODE 5/6 3·· 

MULTIPLY 
BUS X Y 

INS CODE 5/6 6 0 
X· Y + Z 

BUS 
MULTIPLY 

X Z Y 

-X .'y + Z 
INS CODE 5/6 6 1 

Mui...TIPLY 
BUS ~ Z Y 

x·y + KZ '2-16 
INS CODE 5/6 6 2 

BUS X Y 
MULTIPLY -

-X, Y + KZ .2-16 
INS CODE 5/6 6 3 

BUS X Y 
MULTIPLY -

INS CODE: 5/6 6 6 0 
X· Y +Z. W 

BUS X Z W Y 
MULTIPLY 

INS CODE 5/6 6 6 1 
-X, Y + Z. W 

BUS X Z W 
MULTIPLY 

Y .' 

INS CODE 5/6 6 6 2 
X ,Y+Wsign 

BUS X W Y 
MULTIPLY -

INS CODE 5/6 6 6 3 
-X 'Y+Wsign BUS X W Y 

MULTIPLY -

NOTES: 1) Xl is the previous cQntents 01 the lirst rank 01 the.x register (either old X 0, a new X). . 

2) KZ ' 2-16 is a single-IOfIgth sl90ed n~m~r comprising the most-'llignilicant hall of Jhe p;:"'IOUS double-length prodl'cI and 
here gets added in at the leaat-ilignilicant end of the new result. 

3) W sign is a Single-length signed number, with sigQ..Efxtension as needed. 

4) Fractional or integer arithmetic is specified by having the next-to-the-Iast operand loaded using a 5 or 6 instruction 
respectively. All rows beginriing with "5/6" in effect represent two instructions. 5 does fractional arithmetic and 6 does 
integer arithmetic. ' 

Figure 3. Multiplication Codes andTlmeB for 16}C16 MultlJ)lIcaflon In the 'S516 
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TIME-8LOT 

OPERATION 1 2 3 I 4 15 16 17 I 8 I 9110111'112113114115116117118119120 21 22123 24 
INS CODE 4 

1 KZ,KW/X1. DIVIDE 
BUS -

INS CODE 5/6 4 
KW/X 

BUS X 
DIVIDE 1 -

INS CODE 516 5 
KZ/X DIVIDE 1 

BUS X - '. 

INS CODE 516 6 4 
Z, W/X DIVIDE 1 

BUS X Z W 

INS CODE 5/6 6 5 
1 ZJX DIVIDE 

BUS X Z -
W/X 

INS CODE 5/6 6 6 4 
DIVIDE 1 

BUS X - W -
Wsign/X 

INS CODE 5/6 6 6 5 1 DIVIDE 
BUS X 0 W -

NOTES: 1) Xl is the previous contents of the first rank of the X register (either old X or a new X). 
2) Fractional division divides a 32-bit 2IH:ompiement number in 1 clock period less than Integer division. 

3) Wsign is a Single-length signed number, with sign-extension as needed. 

4) Division operation Wsign/X requires that the Z register be initialized with all-zero contents at the time Z Is loaded. 
5) Fractional or integer arithmetic is specified by having the next-to-the-Iast operand loaded using a 5 or 6 instruction respectively. All rows 

beginning with "5/6" in effect represent two instructions. one of which does fractional arithmetic and one of which does integer arithmetic. 

Figure 4. Division Codes and Time. for 32116 Division in 'S516 

z WALU 

TO OVERFLOW 
SHIFT 
MUX 

FIgure 5: Inleinal Architecture olthe 'SS16 
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Initialization 
The 'S516has no direct masterreset.input. However, initialization 
of the 'S516 can easily be perform8d by continually presenting 
instruction code .7, which aftera mllXimum cif 21 cloCk. periods 
forces theijlachine back to state O. . 

Multiplication 
The 'S516 provides 2s-complement 16-bit multiplication, and can 
also accumulate previously-generated double-length ProducfS. ' 
No time penalty is incurred for accumUlation, since the, 
machine accumulates whi.te the multiplication operation )s 
proceeding. In addition to accumUlation, the device can add 
into a product e.ither a single-length or a double-Iength"number. 
It can also use a previously~loaded operand as a constant; so 
that constant rtlultiplibltion and accunllJll!tion is possible, . 

Onekeyteature is,tlJe.a,bilityto.perform both positive ,multi
PliqatiOl,lSandnegaih'e rnultipliCl!tiOl)s,again Yfithol!t any speed 
penalty. This feature, ,allows complexcarithmetic multiplications 
to be programmed with very littl.e overhead. Another Important· 
reature'ls Ihe:'ab:iliW:fO work \iVilheither fractlonS'elr'integers:: 

Di"ision 
The 'S516 also provides a range of division operali<>rs. A 
double-length number in l.w is divided by X;the'resultQ,is 
stored in l, and the remainder R in W.Again all numbers are in 
the 2s-complement number .representation, ,with the most 
significant bit of an operl!nd (whethersingle-lerr9th.or double
length) hailing a negalive :Wei!!h!;' In order to facilitate repeated , 
division, with theniultipleclength quotient alwaYS keeping the 
same sign, the remalrider is always the same sign as thedividehd, 
Fractional or intfilger ':op~raiiO~' is possible, arid division ,and' 
multiplication operatiol'ls can be concatenated. For example" 
the operations (AxS)lC,(A+S)fCcan easily be performed: The: 
dividend" can. be any 6(l:l~i~u51~genEkated resu~.~,product, 
quotient, or rer:n,aincl~; ,'or,~ may'b~a, doublecfength or, single-: 
len 9th signed operand. ' 

'R_ding R .... lts 
The result of an Ql'ithme~c operation, or of astringOf pperations, 
¢an be read onfo;the l6-blt pus if the mac!,!ine is lit the end ~fl!l'1 
operation ofattl'1e stl!rt of anew sequence. The ".d operation 
requires that ~lie GOsignal ~ held L.PW so thattl:1& infp/Tnl!tion 
is readout ontoihe bidirectional bus, when COde.7 is specl(ied. 
(SeE, Figure 6.) Sincethere isa double-lengthaccumulator Z. Wi. 
r.ding CI!O take. two cYcles. First, register Z. is. reI!d. AftEir 
another clock has been ~iveg,lf Code '7.is still present; the 
least-significant half of Ule p,rodu,ct frqm tlie Wregister ill piaCi!ld 
on the bus, or likewise Ule remainder If a division opaiatipnhad 
been paiformed,' .... 

If the 'S516 Is instructed to ~rfomi a r.d operl!tiondurlng the 
10l!ding sequenCe, then thesequence is broken and therilllchil'1e 
is forced. b:l!Ck to stl!te o relldY to stl!rt.thesequenceagain; 
ContrOl. r.doperatlQns at$lI!te 0 just. swap the contents ot 
reqistsrZand Wi" 'c",· 

Il1t.g.ran4,FraCfioli .. I:,lritbm~.*, . 
The 'S516 ca",~ork ~theitherfni.Gtjonalotim~~r,n~ml:ler: 

,rePresentati!?n~ IA!hen:\yorking:wiftl il}t.rs,~" nu~ers'.are .. 
scaled from thele~t-sfgnificant end, .and Jl1e r.St711/g!llf«;an:tblt 

is assumed to have a weight of ~, For integer multiplication, 
accumulation; ,and division, all numbers are scaled .from this 
least-significant weight, and results are correct if interpreted· in 
this manner, The double-length register Z,W can therefore hold 
numbers in the range _231 to +i31 -1; the operands X and Y, 
and. single-length results, are in the rl!nge _215 to+215 -1. 

When working with fractions, the maChine automatically perc 
forms scaling so that input operands and resurts have a con
sistent format All numbers in the fractional represen!l!tion are, 
scaled. from the most significant end, which has a weignt of-~ 
(negative). The binarY point is one place to the right olthis most, 
significant bit, so that the next bit has a weight. 01 ::!-1. The 
double-length register l,W therefore holds numbers in the range 
-1to +1-:2-31 and the operands. X and Y andl;lingle-Iength 
resulture in therange -1 to +1-::! 1.5. Since au~omaficS¢aling 
occurs, the product of two numbers :always has fhe'leasi
significant bit as a 0,· unless an accumulation is performed. with 
the I$ast-significanfbit being'a 1. .. ... . .. 

During a chain operation with the partial results not being read" 
., onto the bus,the :S!i16willstl!yil'l ei~herJl1e'frIlQliona'9ri(lt~ei 

mode. At the start of Ii sequence of opefl!tions, fractional or 
. integer operation is desigriated by loadihg operands using 
instruction code 5 or instruction code 6 respectively, 

Mixed fractional and .integer arithmetiC: is also possible, by 
redefining the weight of the least-signifiCant or'most-significant 
bits, However, care must beexercised,due .to the automatic 
scaling feature, when fra~tio!1l!1 arithmetic is; programmed. 

Rou,nding 
Roundingean be performed on the .resultofa multiplication or 
division. Generally rounding would onlybe called out.during 
fractional operation, but nothing in the 'S516 prec!tldes forming 
a rounded. result during integer arithmetic. 

Rounding for .multiplication, provicl~the best' single-length 
most-significant half of the product. ,Ro!)nding occurs at the end 
of a multiplication, and .is performec:t ·illst,eadof.a Load or Read 
operation when Ii code 5 is specified, instead of a. code 7, to 
get Jrom state.!lor state 10 backtostl!telJ, (Seel"igure2; also, 
note th!l,t this, mode .of opel-atloh prech.ld~S "steelIng" a cycle 
according to the m\illlod illustrated .In 'figur!l9.rrhfi :S516 looks 
at the,most-:st~nificant b.itof the least"$igi;mcant half of the 
product W15' a~ addS J to' thel1l9St-signitlcant !'Ialt of the 
produQlatthe least-;!li!/nificantend il W1Sis II 1. After the oper
atiprr, the 'S516 is instate 0, sothat ther.ounded product can 
.be read, and the W register ~ cleared. . 

Rounding for, diVision . is performed by forcing the, leest~ 
significant bit of the quotient inZ to a1 unless thE! division is 
exact (remainder, i:;zero). ThiS. method ,of rounding causes a 
siiQtltly t,Jigi:ler v~rrance int~¢:fesult ,than having anadditiona,l 
iterative; ,di¥!siO!1ope~lltio!1;P'iJt is. cqn:;idera,bly ee$ier to. 

, "perfe(I1l,!,gain,aft~r' roundi!19 the'S5t6 Iloesto state 0, so 
" .' that ,8. i'eiid operation ea.n lie" performed, and the W register 

i~:91.~red, . 

Overflow. 
The~SQ1a)1~:aI1 .. o\le\ifIOwoufPutQVfl; Y(hic;h isCl~ed .priOrtfo" 
ea~;9~tioniancl.i~~!,:d!.!rjng;~n~peratjQn.if,~eRf(Xju9t ,m,; 
C{UotiEiOtig~outslae,t/:Ieflo.~allY:"8ccep~ral)ge. {.i,'; .... 
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For multiplication, overflow can only occur if the most negative 
number in the operand range is used: (-1)x(-1)=+1, which 
cannot be held in the. '8516's internal registers. Overflow can 
more. easily occur during either positive or negative accumula
tion of products. For .fractional arithmetic, if the'rroduct or 
accumulation goas outside the range of -1 to +1-2-3 , then the 
overflow flipflop wilF~beset. . 

The overflowfllp~floPisenabled in stateS for the multiplyopera
tion or instate 10 for adivide operation. It only gets reset when a 
transition to state 0 from slates 0, 3, 8, 10 and 11 , when instruction 
7 is being presented to the'S516. 

Oilerllow may also occur dllying division if tlie quotient goes 
outside the generally-accepted number range of -1 to +1-2-15 
during fractional operation. This woiJldoccur if the divisor is 
lass than the diilidend, or equal to the dividend if a positive 
quotient is being generated~ For integer arithmetic the numbers 
must be scaled. by 215.. . 

a-B.IT 
'OR 

16-liiT 
MICROPROCESSOR 

(NEEDS .ONE OR . 
MORE INTERFACE-

CIRCUITS FOR . 
&-Brr MICRO- . 
PROCESSOR) 

MEMORY 

Figure 7 shows the block diagram of a microprocessor sYt;iem 
with its arithmetic capabilities enhanced by the use ota '8516 
16x16 multiplier/divider. The relatively small numberof'instruo: 
tion lines (only 3) of the '8516 provides a unique way 
to control the multiplier/divider: As may be seen from 'Figure 7,' 
these three instruction lines are 'assigned to thli three" least
significant bits (LSBs) ofthe addrissb'us;while the remaining 

Figure 6. 'S516 Internal Circuitry of ~GO" Line and Three-
State-Enable 

During the states 0, 1,3,8,10 and 11 ifthe "GO" line (GO) is held 
at logic HIGH then the machine will be in a Wait state until 00 
goas to logic LOW. .' 

SINE LOOKUP TABLE 
8086 (OPTIONAL) 

SN74S518 
1~IT 

MULTIPLIERIDIVIDER 

OVERFLOW 

address bits are decoded by a Programmable Array Logic (PAL-) 
circuit to determine when the multiplier/divider is selected. For 
example, s.upPO!le the. '8516 is assigned. address 100; then any 
address in the range 01'100-101 will enable.the 'S516 (te., thEi 
GO. line is LOw). Thus, If the. address Is 100 the '8516 
instructicm IsO;·if flie address Is 106· the '8516 Instruction is 
6; and s() '.fOrth; 
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Data Formats 
Fractional Multiply 
Xj, v 1 - Input, Multiplicand, Multipler 

115 14 13 12 11 10 9 8 7 6 5 4 3 2 01 

Sign Z-1 Z-2 Z-3 Z-4 2-5 2-6 Z-7 Z-8 2-9 2-10 2-11 Z-12 2-13 2-14 2-15 

Zj - MS Half Output Product 

115 14 13 12 11 10 9 8 7 6 5 4 3 2 01 

Sign Z-1 Z-2 Z-3 2-4 2-5 Z-6 2-7 2-8 2-9 Z-10 Z-11 Z-12 2-13 Z-14 2-15 

Wi - LS Half Output Product" 

115 14 13 12 11 10 9 8 7 6 5 4 3 2 01 
Z-16 Z-17 Z-18 2-19 Z-20 2-21 Z-22 2-23 2-24 2-25 Z-26 2-27 Z-28 2-29 2-30 "0" 

• The least significant bit of Wi is always a binary 0 due to normalization. Note that -1 x -1 yields an overflow in fractional multiply. 

Integer Multiply 
Xj, v 1 - Input, Multiplicand, Multiplier 

1 15 14 13 12 11 10 9 8 7 6 5 4 3 2 01 

Sign 214 213 212 211 210 29 28 27 26 25 24 23 22 21 20 [J]I 
Zj - MS Half Output Product 

1 15 14 13 12 11 10 9 8 7 6 5 4 3 2 01 

Sign 230 229 228 227 226 225 224 223 222 221 220 219 218 217 216 

Wi - LS Half Output Product"" 

115 14 13 12 11 10 9 8 7 6 5 4 3 2 01 

215 214 213 212 211 210 29 28 27 26 25 24 ~ 22 21 20 

•• The least significant bit of Wi is a valid data bit. Note that 2-15 x 2-15 yields +230 which can be represented in the output bits without overflowing. 

Fractional Divide 
ZI - Input Dividend 

115 14 13 12 11 10 9 8 7 6 5 4 3 2 01 

Sign Z-1 Z-2 Z-3 2-4 Z-5 2-6 2-7 2-8 2-9 2-1 0 2-11 Z-12 Z-13 Z-14 Z-15 

MonoIlthlcWMemorieB ii-iS 



x - Input Divisor 

Zj - Output Quotient 

W - Output Partial Remainder t 

t Note that the partial remainder R = 2-15 (W) 

Integer Divide Example (Z, W)/X 
Zj - MSB Input Dividend 

115 14 13 12 11 10 9 

Wi - LSB Input Dividend 

x - Input Divisor 

Zj - Output Quotient 

115 14 13 12 11 10 9 

Wi - Output Partial Remainder 

8 

8 

8 

8 

5N74.5516 

7 6 5 4 3 2 o I 

7 6 5 4 3 2 

7 6 5 4 3 2 0\ 

7 6 5 4 3 2 01 

~ __ 1_4 ____ 13 ____ 1_2 ___ 1_1 ____ 10 ____ 9 _____ 8 __ ~7 _____ 6 ____ 5 _____ 4 ____ 3 ____ 2 _________ 0~1 

~ ~ ~ ~ ~ ~ ~ ~ ~ 
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Absolute Maximum Ratings 
Supply voltage V cc ............................................................................................. 7.0 V 
Input voltage ................................................................................................... 7.0 V 
Off-state output voltage .......................................................................................... 5.5 V 
Storage temperature ...............................•................................................... -65° to +150°C 

Operating Conditions 

SYMBOL PARAMETERS 

VCC Supply voltage 

TA Operating free-air temperature 

fMAX Clock frequency 

tcwp Positive clock pulse width 

tCWN Negative clock pulse width 

tss Sus setup time for inputting data * 

tSH Sus hold time for inputting data * 

t'NSS Instruction, GO setup time 

t'NSH Instruction, GO hold time 

* During operations when the bus is being used to input data. 
* * This device has a limited operating temperature range. 

FIGURE 
MIN 

4.75 

0 

8 6 

8 70 

8 50 

8 50 

8 35 

8 10 

8 30 

Electrical Characteristics Over Operating Conditions 

SYMBOL PARAMETER TEST CONDITIONS 

V,L Low-level input voltage 

V,H High-level input voltage 

V'C Input clamp voltage VCC - MIN 
" 

= -18mA 

',L Low-level input current VCC = MAX 
I S15-80 

V, = 0.5V I All other inputs 

"H High-level input current Vee = MAX V, = 2.4V 

" 
Maximum input current Vee = MAX V, = 5.5V 

VOL Low-level output voltage Vee = MIN 10L - 8mA 

VOH High-level output voltage Vce = MIN 10H - -2mA 

lOS Output short-circuit current* Vee = MAX Vo = OV 

ICC Supply current Vec = MAX 

COMMERCIAL 
TYP 

5 

MIN TYP 

2 

0.3 

2.4 

-10 

370 

* Not more than one output should be shorted at a time, and the dUration of the short-circuit should not exceed one second: 

MAX UNIT 

5.25 V 

45** °c 

MHz 

ns 

ns 

ns 

ns 

ns 

ns 

MAX UNIT 

0.8 V 

V 

-1.5 V 

-250 }J.A 

-1 mA 

250 p.A 

1 mA 

0.5 V 

V 

-90 mA 

450t mA 

t At cold temperatures see the "ICC vs Temperature" curves on the next page for more complete information. The typical values shown here are at 5.0 V. 

Switching Characterictics Over Operating Conditions 

SYMBOL PARAMETER FIGURE COMMERCIAL UNIT 
MIN TYP MAX 

tso 
Sus output delay from eK for outputting data;* 

8 70 95 ns 
CL = 30 pF 

FROM '2-'0 to bus 30 65 
tpxz Output disable delay ns 

From GO to bus 20 40 

Output enable delay; FROM '2-'0 to bus 55 80 
tpzx ns 

eL = 30pF From GO to bus 25 45 

tOVR Overflow output delay from eK; CL = 30 pF 8 60 95 ns 

* Durrng operatIons when the bus IS being used to output data. 

IIIIfJnoI,thIC WMemor1es 11-17 
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Test Waveforms 

TEST V • 
X OUTPUT WAVEFORM - MEAS. LEVEL 

VOH 

AIIIPD 5.0V *t.5V 

VOL 

IPHZ IpLZ VOH 

llC~ 0.5V 
IpXZ 

0.5V 
O.OV 5.0V VOL O.OV 

IPZH IPZL 2.8V~VOH 
IPZX 1.5V 

O.OV 5.0V O.OV VOL 

*At diode; see "Test Circuit" figure below. 

AC Test Conditions Test Load 
RL 

TEST 5800 
Inputs 0 VLOW, 3 VHIGH. Rise and fall time 1-3 ns from 1 V to 
2 V. Measurements are made from 1.5 VIN to 1.5 VOUT, except 
that tpxz is measured by a delta in the outputs of 0.5 V from 
VOL or VOH respectively. 

Timing 

POINT*®~l T~ 
CL 1_ 11200 f IN916 OR IN3084 

":" V x(s .. table above) 

Timing waveforms are shown in Figure 8. Specific instruction 
timing examples are shown in Figures 9 through 13. 

* The "TEST POINT" is driven by the output under test, 
and observed by instrumentation. 

CLOCK (CK) 
(8 MHz IS SHOWN) 

GO, 12-10 
(SEE NOTE) 

BUS 
(USED AS INPUT) 

OVERFLOW 

-ICWp~ 

...J 

W 
Jt-IINSS-

I-tcWN-
1/ 

J J 

~:~~~ ~ ~~A~~~ __ '" -IINSH-+ 

J~ 

'" ~II f.---DATAINPUT~ 
JI\ J~ 

I+---tas _ _ IBH_ 

- 10VR ~ 
J 

'V \1 n 
i+--DATA.OUTPUT ~I n III 

J 1\ IS VALID flYYYYYYYYYYY 
BUS 

(USED AS OUTPUT) 

IBO 

NOTE: Go and 12-10 can change only when CK is high. 

Figure 8, Timing Diagram of the 'S516 
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CK ~~~~~~~~~~~~~~~~~~~n 

'. 

X4 -Xu Xl X1:l "XI Xu STATE' 

" --:: 

BUS 

'. )(6 Xu :X . ANY CODI:t X7 
.~ .. ":;'""" -

~ .~ bt~ . ~ I" 7x ~ '"-
.;; 

.. " ,. , .. XXJ Y ·2 r-":'!...)( M ~ r-- -- r-- l-

INSTRUCTION 

TIME·SLOT I 2 3 4: 5 6 .7 I 9 1'0 11 12 13 14 

.' 
r-~. ~. ','" '. '. . '. OYI:RFLOW 

NOTES: Register Z ,is18ad at the same ti~e that the overflow signal (if present) is set. tf the instr,Uction remains at code 7 after time-slot 11. tne cc;mtents of registers 
Zjlnd .W: all! Swapl'lId eac!> eyclQ, 

t"Any code" means any of eode 0 /hrough code 7, However, code 6willioad a new value of le,. and code 7 wUI cause.lhe 'S516to aftempt to .. ~rivethedata bus, 

'Not available externallY on' the 'SS16: 

Figure .,"'.I~lCinTlmiitg~mpleNo:.1il;;oaltX,L()8dY, Multlply,ReadZ, Read W; By Presenting Code7on'thlilnstructlon 
. 1,.1,.. DiJi'lng'theliiililt'MuUlply Cyci~(l[Hate'8),the R~UII8 May BeReadDlil1ngTlm.-SIOI81.0Ili1d11 

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

CK 

.' ,. ,~ .: 

.. , . ,.'f.,. 
} 

I\~ i- I>'" '. .. .... '" '. ,-.. 't, . ; .. 
., "~' X'D ' .. 4. I~O~· " . . ;:., .. .... .. ; . ... . ... IXI '. X.o Xl.: .' ....... 

. ' , ...... ;; . 7 ;. ,.', .. : .... .. .. "';. "'" . ... 
-". .. :, .".' .., 

INS1RUO'l"IQ N"h·' X<s< XII X I:: 'ANY.CqDEt ' .• .' IX7 .' IX. Xu ';, 'XANl COI;lE,/OXCEPT C 

~. IN' I;:> I', OUT.OUT 
~. 

.\, IN .IN, 
' . ..::;... " .. .r=zry /'-X XlIX V I( Xv., .... 

.' ~- -
~E 7t 

BUS. 

TIME-SLOT r ". if' 3 4' 5 6 7 I 9 10 11 12 1 '2 '. 

.: . 1 ..•. , r- " ., . . ~, . 
, ciVERFL0\,V' 

.' 

NOTES: The instruotion lines may be' ehanglld<;,nly when CK is ~igh. 
t"AI1Y co:~.;,· ,mell~s any of code 0 IhrO~ghC.Ode 7. C~ 6ma), b~ used here since a ne~X explicitly gets loaded for the·nextmullipIYOper~tion.HOwever, 
code? ~II cause the '5516 to' attempl 10' drive Ihedata bus; .. '.' .'~ '," . . ..' ." ',." '.' . ,;:. .; ';' 

"Not available externally '00 the 'SS16. 

',." 

F!gure 1O".lnst~ctlon'flmlng Example No; 2: Repeat; "Load X, Load V,Multlply,~eadZ, Read.W" 

III 



--rurLLJLJn....!Lru"lJl-LfLfL l L~ 
. , .. ; I, , 

CK 

II \ 

STAn;' c ~ ~ hc'12 lxa:-0 Xo .- .. 
INSTRUCTION lxa:- ,Xo iX :ANY CODEt IX7 

)(£}(i" /Z "€ 'Xl --- - - -BUS 

TIME-SLOT 1 2 3 4 5 8 7 8 9 10 11 12 

OVERFI,pW 
r- rol 

NOTES: Code 7 is given in lime-slot 9, but has no effect until time-slot 10 since GO is HIGH. After GO goes LOW in time-slot 10; Z may be read. 

r'Any code'; means any of code 0 through code 7. 

'Not available externally on the '5516. 

Flgure,;11. Instruc,tlon Timing Example No, 3: Load X, Load Y, Multiply, Read Z, Read W, JIlls rl~l"g Diagram 
Correspo"ds to Table 1. Only After Eight Clock Pu" of the Pperatlon Cycle,t,he Result.s Read""",jZ 
During Time-Slot 10 and W During Time-Slot 11 

CK ~~run....n....Ln....lLn....Ln....~V~~n....n....~ 
II 1\ . ., 

STATE' 
---"" --Xo IX1 X4 X12 x" Xo 
.~ -:" .. . .... .~ - .. - - .~,. ' 

l~~ X7 N '~ . ](6 Xo X .ANYCODEt. . 
--

c' , . - -:-
~ 

... " 

·.X ~ Y I" 
rz y;-........ -' 

I.,.STRjJCTIO 

BUS 

TIME-SLOT 1 2 3 f 5 8 7 8 9. 10 11 

1'""- -- R~- -- -- ... 
; i h, . i OVERFLOW 

NOTES: 't"Any code"means any of ~odeOthrough code 7. Code 6 or code 7 ";ay be used here; since GOrs HIGH, no new Xcan b8loaded, and the '5516 cannot 
attempt to drive the data bus. 

'Not available externally on the '5516. 

Figure 12, Instruction Timing Example No, 4: Load X; Load Y, Multiply, Walt, Read Z, Read W 

• 1 
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CK ~~~~~~~~~L~LW~~~~~~~~ 

1)(1:"' X4 Xa 1X4 ~: -Xo I'X12 X12 " ~ -- - -STATE" 

'IT ")co IXa' ~ -- ---- -6 ' X ANY CODE t IX ANY CODE t - - - "~- -INSTRUCTION 

IN IN r ;-y ~ 'r-
_ ..... -XX'X y y , ," I-""": - l ',~ ~- -- -BUS 

TIME·SLOT 1 2 ,3 4 5 6 7 8 9 1 2 3 4 

OVERFLOW , r i 

NOTES: This sequence of operations is suitable for uSe when, reading is to be done only at the very end of \he operation sequence. The new X value i.loaded diJril19 . 
Ihe time that the previous multiplication is being performed. See Programming Example #3 for N 

:SX((I 
i =1 

t"Any code,,'means any 0~c9de oiliroug~,~bde 7. However, code 7 will cause the 'S516 to attempt to drive the data bus. 

·Not available externally on .tne 'S51B. 

tlCode6allolNs:loading of a new X 1,;"State'12irid it takes the 'S516 State Counter to StateS. In State a. Y Is loaded via instruction 2 and the next 
multlply-accum~!ate,-cYCI~ is I~itlated. ' 

Figure 13.,lnslruction Timing Example No.5: Sum ot Products 
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Programming Example. 
In the following examples assume that each line with a separate 
instruction corresponds to one clock pulse. Instruction codes 
are 0, 1, 2, 3, 4, 5, 6, 7 and x according to the usage explained 
in the key to Figure 2. 

Programming Example 1 
Calculating X • V (A'B) 
INST 6 'X - A 
INST 0 V - B 
INST X MULT 
INST X MULT 
INST X MULT 
INST X MULT 
INST X MULT 
INST X MULT 
INST X MULT 
INST 7 MUL T AND READ Z = 16 MSB OF (A'B) 
INST 7 READ W = 16 LSBOF (A'B) 

Programming Example 2 

Calculating X1 . V (A'C) 

INST 0 
INST X 
INST X 
INST X 
INST X 
INST X 
INST X 
INST X 
INST 7 
INST 7 

X1 is a previous multiplier value. It was previously 
loaded (in example 1) with A. 

V-C 
MULT 
MULT 
MULT 
MULT 
MULT 
MULT 
MULT 
MULT and READ Z = 16 MSB OF (A'C) 
READ W = 16 LSB OF (A'C) 

Programming Example 3 
N 

Calculating ~Xi'Vi (A'B + C·D + E·F + ... ) 
i = 1 

In this case we read only after N multiplications. A new Xi + 1 
is loaded during the multiplication process for Xi Vi. 
Assume N = 3. 
The sequence of instructions and operations for calculating 

3 

N = 1 

N = 2 

N = 3 

READ Z 

READ W 

~ Xi . Vi is: (A'B + C·D + E'F) 

i = 1 

INST6 X-A 
INST 0 V-B 
INST X MULT} INST X MULT 
INST X MULT 
INST X MUL T Perform A·B 
INST X MULT 
INST X MULT 
INST X MULT 
INST 6 MULT and LOAD X - C 

Z - 16 MSB of (A'B) 
W - 16 LSB of (A'B) 

INST 2 V-D 
INST X 

MULTI INST X MULT 
INST X MULT 
INST X MUL T Perform C·D + (Kz ' Kw) 
INST X MULT 
INST X MULT . 
INST X MULT 
INST 6 MULT and LOAD X - E 

Z - 16 MSB of (CoD + A'B) 
W- 16 LSB of (C'D + A'B) 

INST 2 V-F 
INSTX MULT} iNST X MULT 
INST X MULT 
INST X MUL T . Perform E·F + (Kz' Kw) 
INST X MULT 
INST X MULT 
INST X MULT 
INST 7 MULT and 

READ Z = 16 MSB of (E'F + C·D + A'B) 
INST 7 READ W = 16 LSB of (E'F + C·D + A-B) 
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Programming Example 4 
Multiplication plus a constant (AoB + Constant) 

INST.E1 
INST 6 
INST 6 
INST 0 
INST X 
INST X 
INST X 
INST X 
INST X 
INST X 
INST X 
INST 7 
INST 7 

.-:, ! 

Assume that the constant is a 32-bit 2s-complement 
number. 

.X -A 
Z - C LOAD 16 MSB of constant 
W - D LOAD 16 LSB of constant 
V-B 

MULT} MULf . 
IvlULT 
MUL T Perform AoB + (Z, W) 
MULT 
MULT 
MULT 
MULT and READ Z = 16 MSB of (AoB + (C, D)) 
READ W = 16 LSB of (AoB + (C, D)) 

Programming Example 5 
Dividing a 32-bit number by a 16-bit number «B, C)/A) 

INST 6 
INST 6 
INST 4 
INST X 
INST X 
INST X 
INST X 
INST X 
INST X 
INST X 
INST X 
INST X 
INST X 
INST X 
INST X 
INST X 
INST X 
INST X 
INST X 
INST X 
INST X 
INST X 
INST 7 

INST 7 

X -A 
Z -B 
W-C 

Perform Division (Z, W) 
-X-

. . . (B,C) 
DIVIDE and READ the quotient Z =-;:-

. . .(B, C) 
READ the remainder W of -;:-

11·23 
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16x16Flow-Thru™MultiplierSlice 
745556 

Features/Benefits 
• Twos-complement, unsigned, or mixed operands 

• Full 32-blt product Immediately available on each cycle 

• High-speed 16x16 parallel multiplier 

• Latched or transparent inputs/outputs 

• Three-state output controls, Independent for each half of 
the product 

• Single +5 V supply (via multiple pins) 

• Available In 84-terminal Leadless-Chlp Carrier and 
88-Pln-Grld-Array packages 

Description 
The'S556 Is a high-speed 16x16 combinatorial multiplier which 
can multiply two 16-bit unsigned or signed twos-complement 
numbers on every cycle. Each operand X and Y has an asso
ciated mode-control fine; XM and YM respectively. When a 
mode-controlline is at a LOW logic level, the operand is treated 
as an unsigned 16-bit number; when the mode-control line is at 
a HIGH logic level, the operand is treated as a 16-bit signed 
twos-complement number. Additional inputs RS and RU allow 
the addition of a bit into the multiplier array althe appropriate bit 
positions for rounding. The entire 32-bit double-length product 
is available at the outputs at one time. 

'S556 Logic Diagram 

16-BIT { YO 
YINPUT Y15 

YM 

Flow-Th'ruT" is a trademark of Monolithic Memories. 

lift 531 S16 
,"' -..----'-

16-BIT 
M8P 

Ordering Inforination 

PART NUMBER TEMPERATURE 

748556 Commercial 

P88 is an 88-Pin-Grid-Array Package. 

L84 is an 84-terminal Leadless-Chip Carrier Package. 

* The 84-terminalleadless chip carrier, L84, and its' socket. L.84-2, a~e in 
development; contact the ·factory for further delails. .. 

The most-significant product bit, S31, is available in both true 
and complemented form to simplify longer-wordlength multipli
cations. The product outputs are three-state, controlled by 
assertive-low enables. The MSP outputs are controlled by the 
TRIM (OEM) control input, while the LSP outputs are controlled 
by the TRIL (OEL) control input. This allows one or more multi
pliers to be connected to a parallel bus orto be used in a pipelined 
system. 

All inputs and outputs have transparent latches. The latches 
become transparent when the input to the corresponding gate 
controllineGX, GY, GM, GL is HIGH. If latches are not required, 
these control inputs may be tied HIGH, leaving the multiplier 
fully transparent for combinatorial cascading. The device uses a 
single +5 V power supply, and is available both in an 84-terminal 
lead less chip carrier (LCC) package and in an 88-pin-grid-array 
package. 

so }16-BIT 
L8P 

1.--_...._--'-815 

TWX: 910-338-2376 
2175 MiSSion CoileggBlvd, Sarita Clara, CA 95054~1592' Tel: (408) 97Q-970'il'fWx:91o-33s:2a74 

1,,_'~4 
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SUMMARY OF SIGNALS/PINS Rounding Inputs 

Xis-O Multiplicand 16-bit data inputs INPUTS ADDS USUALLY USED WITH 

Y1S-0 Multiplier 16-bit data inputs 

Mode-control inputs for each data word; 
XM,YM lOW for unsigned data-and HIGH for twos-

complement data 

S31-0 Product 32-bit output 

S31 Inverted MS product bit (for expansion) 

RS, RU Rounding inputs for signed and unsigned 
data, respectively 

GX Gate cc;mtrol for Xi, RS, RU 
'c' 

OY Gate control for Yi 

GL 
Gate control for least-significant half 
of prqduct 

" 

GM Gate control for most-significant half 
of product 

TRIL : Three-state control for least-significant half 
OEl ofprodu9t 

TRIM Three-state control for most-significant half 
OEM of products 

,"':C 

RU R'S 215 214 XM 

l l NO NO X 

l H NO YES Ht 

H l YES NO l 

H H YES YES . 
t In mixed mode, one of these could be low but not both_ 

* USl!.ally a nona:ense,operation. 

Mode.Contr:olln~uts 

OPERAtiNG INPUT DATA 

MODE 

X1S.0 Y15~O 

Unsigned Unsigned Unsigned 

Mixed 
Unsigned Twos-Comp. 

Twos~Comp_ Unsigned 

j" Signed Twos~CGmp_ l'lNos~C6mp; 

",,:) 

84-TerminalLeJKlless Chip Carrier Pinout 

74$556 

39 41) 4142 43 44 45 4647 4& 49 so 51 

lB,t;; 1Il !II l! 131:11;; iii = :I t: =, C 
lIJ UJ, ill CII,~ ~ O,0) UJ ~>UJ (1).(1) fj 

, II PI$Iilc Chip, Carrier ~, veer. Output buffer vec, 
VeC2" Logic vee, 

All vee and GNO pins must. i>8co"rinected 10, the r~pective'Ve:C .nd GNO 
,conne,cticn. J)n the board ~nd should not be U$ed for dlIisych8,inlngth,ough 
the Ie:: , , , ' 

YM. 

X 

H~_ 
L . 

MODE-, 
CONTROL 

INPUtS 

XM YM 

l l' 

l H 

H L 
H :fi 

, 

IDI 
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Operating Conditions 
COMMERCIAL 

SVM130L PARAMETER FIGURE MIN TVP 

Vee Supply voltage 4.75 5 

TA Operating free-air temperature 0 

tS1 SetL'p time (Xi. Ri)/Yi to GX/GY 2a,2b 10 

tS2L 60 
tS2 Setup time Xi' Vi, Ri to GM, GL 3a,3b 

tS2M 74 

I 
tS3L 4a, 4b, 4c, 60 

tS3 Setup time GX, GY to GL, GM 4d, 4e, 4f tS3M 75 

tH1 Hold time (Xi, Ri)/Yi to GX/GY 2a,2b 8 

tH2 Hold time Xi. Yi' Ri to GM, GL tH2L, tH2M 3a,3b 3 

tH3 Hold time GX, GY to GM, GL tH3L' tH3M 
4a, 4b, 4c, 

0 
4d, 4e, 4f 

tw Latch enable pulse width 6 12 

* Indicates case temperature. 

Electrical Characteristics Over Operating Conditions 

SYMBOL PARAMETER TEST CONDITIONS MIN TVPt 

VIL Low-level input voltage ** 

I VIH High-level input voltage ** 

Vie Input clamp voltage Vee = MIN II = -18 mA 

IlL Low-level input current Vee = MAX VI = 0.4 V 

IIH High-level input current Vee =.MAX VI = 2.4 V 

II Maximum input current Vee = MAX VI = 5.5 V 

VOL Low-level output voltage Vee = MIN 10L = 8 mA 

VOH High-level output voltage Vee = MIN 10H = -2 mA 

10ZL Vo = 0.5 V 

10ZH 
Off-state output current Vee = MAX 

Vo = 2.4 V 

I lOS Output short-circuit current* Vee = MAX Vo = OV 

I lee Supply current Vee = MAX 
I Supply current at hot 

I 
lee temperature limit 

Vee = 5.25 V TA = 75°e 

t Typicals at 5.0 V and 25°C TA. 

* Not more than one output should be shorted at a time and the duration of the short-circuit should not exceed one second. 

** These are absolute voltages with respect to' the ground pins and inciude aii overshoots due to system and/or tester noise. 
Do not attempt to test these values without suitable equipment. 

11·26 l/IIonolithic W l/IIemories 

2 

2.4 

-20 

600 

MAX UNIT 

5.25 V 

75 °e 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

MAX UNIT 

0.8 V 

V 

-1.5 V 

-0.4 mA 

75 ",A 

1 mA 

0.5 V 

V 

-100 ",A 

100 ",A 

-90 mA 

800 mA 

700 mA 
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Switching Characteristics Over Operating Conditions 

I 74S556 I 
I SYMBOL PARAMETER TEST COMMERCIAL UNIT 

I 
CONDITIONS 

MIN TYP MAX 

i tOTL 
Xi'Yi,Ri to S15-0 50 76 ns 

I Transparent Figs. 1, 2c, 3b, 4c, 4f 
Multiply 

I GX, GY, GM, GL = H Xi,Yi,Ri to S31:831-16 i tOTM 60 90 ns 
I Figs. 1 ,2c, 3b, 4c, 4f 
I 

t01L 
GX, GY to S15-0 80 I ns 

I Transparent Figs. 2a, 2b, 4d, 4e 
CL = 30 pF Output Multiply 

i 
GM, GL = H GX,GY, to S31:831-16 RL = 560 n 

t01M Figs. 2a, 2b, 4d, 4e See figure 7 92 ns 

I Transparent 
GM, GL toSi I t02 Input Multiply .35 ns I Figs. 3a, 4a, 4b 

I GX, GY =.H 

I Th ree-State TRIL (OEL), TRIM (OEM) 

I 
tpxz Oisable Timing to Si Fig. 5 

30 ns 

I tpzx 
Th ree-State TRIL (OEL), TRIM (OEM) 

30 ns 
I Enable Timing to Si Fig.5 

Transparent Multiply.- Flowthrough Operation 

X, V,R 

s 

Figure 1 

The transparent multiply is a flowthrough operation ofthe 'S556. 
Both the input and output latches are made transparent by 
keeping GX, GY, GM, and GL at a HIGH level. The operands are 

presented to the X,Y, and R inputs; the results areavailabletDTL 
and tOTM later, for the least and most sign ificant halves of the 
product respectively. 

MonoIHhlc W lIIIemorles 11·27 
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Transparent Output Multiply - Pipelined Input 

X'Y'R----L.'o----+-"J'---'--

GX,GY ________ --!II L ----"""7"'"--

s----------~I.--. _to_l_L,~~_l~.~ 

* With this particular timing, set-up time t81 will autom~t'ically be met. 

Figure 2a. 

X'Y'R_t.,+-"J~ 
GX,GY _____ ~I IL-________ ~--------_ 

I--~'v~'.~.........---
s 

Figure 2b 

By tying the GL and GM lines HIGH, the '8556 can perform 
transparent output (or pipelined input) multiplies. Oata present 
is latched at the inputs using the GX and GY control signals. The 
time at which the result 8 is present at the outputs depends on 
when the rising edges of GX and GY occur. If the rising edges of 
GX and GY occur after the operand inputs change, then Figure 
2a applies; the result will be available at the outputs tD1 Land 
t01M* after the rising edges of GX andGY. If the rising edges of 
GX and GY occur less than (tw min - tS1 min/before the oper-

X,Y, R_t." +-'" J---,--
GX,GY I 

s 

Figure 2c 

and inputs change, then Figure 2b applies; in this case the 
result will also be available at the outputs t01L and t01 M* after 
the rising edges of GX and GY. However, if the rising edges of 
GX and GY occur more than (tw min -·tS1 min) before the 
operand inputs change, then Figure 2c applies; the result will 
appear at the outputs tOTL and tOTM* after the operand inputs 
change. 

* 'For the least and most significant halves of the product, respectively. 

Transparent Input Multiply - Pipelined Output 

X, Y,R f r=t~-F tS2 

GL,GM 

s r-"1c 
Figure 3a 

By tying the GX and GY lines HIGH, the '8556 can perform 
transparent input (or pipelined output) multiplies. Oata is pre
sented at the inputs, and t82 after X, Y and R change, the results 
can be latched. The time at which the result 8 is present at the 
outputs depends upon when the rising edges of GL and GM 
occur. If they occur at or after (tS2 min - tw min) from the inputs 

X, Y,R' f -I-",-f IS2 

GL,GM I 
I .. tOTL,tOTM t= s 

Figure 3b 

changing, then Figure 3a applies; the result appears at the 
outputs t02 after the rising edges of GL and GM. If the rising 
edges of GL and GM occur before (tS2 min - tw min) from the 
inputs changing, then Figure 3b applies; the result appears at 
the outputs tOTL and tOTM * after the operand inputs change. 
* For the least and most significant halves of the product, respectively. 
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Gated Multiply - Pipelined Input and Output 

,,··==t~,·+ .. l-
G~GY r---lL __________ ~~--~ 

/. '83 ./ .. -I ,'H3, 

GL, GM ____________________ -!r---lL __ :--__ 

s-------.;.f---~1= 
Figure4a 

X,Y,R 

GX,GY 

(...---~IS2'----

GL,GM 

S ______ ~_ .. _·_'_' ____ t_P_TL_;_IP_T_M_-~-_~_-_~_"~, __ ;,~~~ .: 

Figure 4c 

X,Y,R_., t+ .. ~---
G~Gy ______ ~.~L ____________ ~ ___ ·~ 

J.oI .. ,:...I .. ___ ,83~'s2===~:r--+'H3 
GL, GM _____ --:-_______ ··....Ifl L __ -:-__ 

S ______ ~~I_·~_-_-_-_~-_-_-_IP_'_l_'~_'_M:::::::.~ .• ~~ 

, " ~ 

X,Y,R 

~GY 

s 

's2 
~~--'s3----

Figure4b 

" .. ~,.+ .. ~------
GX,GY' n rL 

....,----...,.---I. 's3 -1,,·1 'tis 

I 
GL, G:_, ,-,------·!I-.-=--:-:-:===-'P-'l-.-,O-'M~-----_ -'_ .... _-_ ... ~"'i ."", " " •• 

Figure4d 

S ______ ~I: .. ~:::::_IP_T_L_.I_P_TM_~_-_-__ --~-)k~.--,-,-(--

* With this partic~Jar timing setup time tS1 will be automatically met. 

Figure4e 

The gated multiply represents the pipelined input and Qutput 
Operation. The latch enable lines GX., GY, GI" GM are uSl!d to ' 
store incoming operands and outgoing results. The parlicular 
set-up times that must be met and the time ,the result t$kes to 
reach the outputs depends on two timing relationships, The first 
is when the rising edges of GX and GY ocCur with respect to the 
operand inputs changing, and the second is when the riSing 
edges of GL and GM.occurwith respect ,to the rising edgesofGX 
and GY. On the ab<!'ilefiming diagrams, denote the abSolute time 

Figure4f 

thattheoperand inputs change as T XYR. the abSolute time that 
the rising edges of GXand GY occur as T GXY, and the absolute 
time thafthetlsing edges of GL ant:! GM occur as T GLM' Thus, 
the'two delays of concern can be explicitly stated es (T GXV -
TXVR) and (T GLM - T GXY)' Notice that either of these quanti
ties can be, positive or negative depending on. which. event 
occurs first. Timing for gated multiplies can then be summarized 
in the follo""il1g table: ' 
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, 

TGXy~TXYR ~GLM -TGXY FIGURE 
WHICH SET-UPTIMES WHEN RESULT IS 

MUST BE MET PRESENT AT OUTPUTS 

TGXY - T XYR~ 0 TGLM-TGXY;:: tS3min-tWmin 4a tS3 TGLM + t02 

O<T XYR~T GXY S; tWmin-tS1 min TGLM-TGXY;:: tS3min-tWmin 4b tS1' tS2' tS3 TGLM + t02 

tWmin - tS1 min < T XYR - T GXY T GLM-T GXY;:: tS3min"tWmin 4c tS1' tS2 TXYR + (tOTL' tOTM)* 

TGXeTXYR;::O T GLM-T GXY < tS3min-tWmin 4d tS3 T GXY + (t01L' t01 M)* 

O<TXYR-T G)(y,$ tWrriin-tS1~in T GLM-TGXY < tS3min -twmin 4e tS1' tS2' tS3 T GXY + (t01 L. t01 M) * 

tWmin - tS1min < TXYR- TGXY T GLM~ T GXY < tS3min-tWmin 4f tS1' tS2 TXYR + (tOTL' tOTM)* 

* For the leest and most significant halves of the product respectively. 

NOTE: TXYR represents the absolute time when the operand Inputs change. 
T GXY and T GLM represent the absolute times when the rising edges of the latch controls occur. 

Test Waveform. 

S 

TRIL(OEL). 
TRij,f(OEMj 

Three-State Timing 

___ --J 

FigureS 

Latch Enable Pulse Width 
(GL, GM, Gx, GY) 

TEST Vx OUTPUT WAVEFORM - MEAS. LEVEL 

VOlt 

AlltpD 5.0V 

VOL 

tPHZ . 0 . VOH 

tpxz 
0.5\1 

0.5V 
tpLZ 5 VOL 

IPZH 0 2.8V 

tpzx 

tpZL 5 O.OV 

Load Test Circuit 

11-30 

*UV 

l><=~ 
O.OV 

~VOH l.5V 

VOL 

3V 

LOW·HIGH·LOW t J. 
PULSE ---- --- ~ --~- ::v 

r-~~ 
HIGHp~~~tIGH ----------,~---j---------.::v 

Figure 6 

V. (SEE TABLE ABOVE) 

OUTPUT 

TEST 
POINT 

UNDER >--..--...... 
TEST • 

IN916 OR IN3064 

RL 
560n 

112011' 

Figure 7 
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Recommended Bypass Capacitors 
The switching currents when the outputs change can be fairly 
high, and bypass capacitors are recommended to adequately 
decouple the VCC and GND connections. 

For example, on the 84-terminal LCC package, pins'21 and 22 
are VCC2 supplies and should be decoupled with pin 33, a GND 
input, using a 0.1 j.<f monolithic ceramic disk capacitor. The 

, capacitor must have good high-frequency characteristics. Aiso 
pins 64 and 65, VCCl and VCC2, should be decoupled with pin 
74, a GND input, with a similar capacitor arrangement. 

For the BB-pin-grid-array package pins 21 and 22 are VCC2 
supplies and should be decoupled with pin 35, the GND pin. Pins 
66 and 67, VCCl andVCC2, should be decoupled with pin 77, 
the GND pin. 

DecoupJlng Capacitors Shown with the 84-Te.rmlnal LCCPackage 

Typical Supply Current Over Temperature Range' 

74S556 

IDI 
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88Pin-Grid-Array 
Pin Locations 
Bottom View 

@@@@@@@@@@@@@ 
®@@@@@@@®®®®@ 
®@ @@ 
00 @@ 

IDENTIFIER ~0. ®@@ 
FOR PIN 1 12 33 ® 11 34 @ @ 

CD@. 1 @@ 
88 

@@ @@ 
® @ 78 71 56

55 @ @ 

@@ @@ 
@@ @@ 
@@@@@@@@@@®®@ 
'@ ® ® @ @ @ ® ® ® ® @ @ ® 

Pin-Guide For Pin Grid Array 
Pin No. Pin Name Pin No. Pin Name Pin No. Pin Name 

1 X9 23 N/C* '45 825 

2 X10 24 Y8 46 824 

3 X11 25 Y9 47 823 

4 X12 26 Y10 48 822 

5 X13 27 Y11 49 821 

6 X14 28 Y12 50 820 

7 X15 29 Y13 51 819 

8 XM 30 Y14 52 518 

9 GX 31 Y15 53 517 

10 R5 32 YM 54 516 

11 RU 33 GY 55 GND 

12 GND 34 N/C* 56 TRIL (OEL) 

13 YO 35 GND 57 GL 

14 Y1 38 TRIM (OEM) 58 815 

15 Y2 37 GM 59 514 

16 Y3 38 83.1 60 813 

17 Y4 39 531 61 812 

18 Y5 40 S30 62 811 

19 Y6 41 529 63 810 

20 Y7 42 528 64 59 

21 VCC2t 43 . 827 65 58 

22 VCC2t 44 826 66 \tCCm 

* Not connected. t VCC2 = Logic vcc. tt VCC1 = Output bufferVCC. 

11 .. 32 

Pin No. Pin Name 

67 VCC2t 

68 N/C* 

69 87 

70 86 

71 85 

72 84 

73 53 

74 82 

75 51 

76 SO 

77 GND 

78 N/C* 

79 GND 

80 XO 

81 X1 

82 X2 

83 X3 

84 X4 

85 X5 

86 X6 

87 X7 

88 X8 
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Rounding 
Multiplication of two n-bit operands results in a 2n-bit productt. 
Therefore, in a pure n-bit system it is necessary to convert the 
double-length product into a single-length product. This can be 
accomplished by truncating or rounding. The following exam
ples illustrate the difference between the two conversion tech
niques in decimal arithmetic: 

39.2-39 
39.6 - 39 Truncating 

39.2 + 0.5 = 39.7 - 39 
39.6 + 0.5 = 40.1 - 40 

Rounding 

Obviously, rounding maintains more precision than truncating, 
but it may take one more step to implement. The additional step 
involves adding one-half of the weight of the single-length LSB 
to the MSB of the discarded part; e.g., in decimal arithmetic 
rounding 39.28 to one decimal point is accomplished by adding 

0.05 to the number and truncating the LSB: 

39.28 + 0.05 = 39.33 - 39.3 

The situation in binary arithmetic is quite similar, but two cases 
need to be considered; signed and unsigned data representa
tion. In signed multiplication, the two MSBs of the result are 
identical, except when both operands are -1 ; therefore, the best 
single-length product is shifted one position to the right with 
respectto the unsigned multiplications. Figure8 illustrates these 
two cases for the 16x16 multiplier. In the signed case, adding 
one-half of the 815 weight is accomplished by adding 1 in bit 
position 14, and in the unsigned case by adding 1 in bit position 
15. Therefore, the '8556 multiplier has two rounding inputs. R8 
and RU. Thus, to get a rounded Single-length result, the appro
priate R input is tied to Vee (logic High) and the other R input is 
grounded. If a double-length result is desired, both R inputs are 
grounded. 

tin general multiplication of an M-bit operand by an N-bit operand results in an (M + N)-bit product. 

(a) SIGNED MULTIPLY (OMIT 531 as S30 0 531 = sign of result) 

)( 

+ o o • 

Sao • 

BEST l6-BfT PRODUCT 

(b) UNSIGNED MULTIPLY 

BINARY POINT 

• X1S X14 X13 X12 Xll Xl0 Xg Xs X7 Xs Xs X4 X3 X2 Xl 

)( • Y1S Y14 Y13 Y12 Yll Yl0 Yg Ys Y7 Ys YS Y4 Y3 Y2 Yl 

+ 

BEST 16-BIT PRODUCT 

NOTES: 

FULL 32-BIT ] 
PRODUCT 

513 ..• 50 

,oo,:~."J 
WEIGHT OF THE 
DISCARDED PART 

FULL 32-BIT ] 
PRODUCT 

514 513 ... 50 

'"":~,.,, J WEIGHT OF THE 
DISCARDED PART 

(a) In signed (twos-complement) notation, the MSa of each operand is the sign bit, and the binary point is to the right of the MSB. The resulting product has a redundant 
sign bitand the binary pOint istothe right of the second MSa of the product. The best 16-bitproductisfrom S30 through S15' and rounding is performed byadding"1" 
to bit position 814-

(b) In unsigned notation the best 16-bit product is the most significant half of the product and is corrected by adding "r to bit position 8 15-

Figure S. Rounding the Result of Binary Fractional Multiplication 

Monolithic W Memories 11-33 
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Using the '5556 in a Pipelined 
Positive-Edge Triggered Clock System 
The '5556 has internal latches which can be used affectively in 
systems where things happen on pOSitiv~going clock edges. 
This application is ane~ension of the gated multiply mode 
shown in Figure 1, in which a 32-b.it product can be latched every 
tS3 nsec in the '8556. 

If thesignal~ GX, GY, GMand GL can be derived from the 
system clock then the latches can almost have the same effect as 
having a register. The .i>8sic philosophy behind the recom
mended timing is that the input latches are closed when the 
output latches are open; the outputs are then closed (and have 

SYS~ CLK 

Gx,GY 

GL,GM 

X, Y,R 

latched results) and new data is presented to the input latches, 
which are opened. This is shown by the relation between GX, GY 
and GL, GM in Figure 9. The set-up time t53 is shown as one 
value but strictly speaking, it is split as tS3L and tS3M for the 
least Significant and most significant half of the product respec
tively. The value of tS3L is less than tS3M' for applications 
requiring the least significant bits of the result as fast as 
possible. 

One note of caution is that a design must always meet the set-up 
and hold times for Xi, Ri with respect to GX and for Yi with 
respect to GY. . 

The result Si isavaiiablelD2 after the rising edge of GM and GL. 

'S3' 'H3 = SETUP, HOLD TIMES OF 
GX, GY TO GM, GL 

1--+ 'H1 's1' 'H1 = SETUP, HOLD TIMES OF 
r-______ x~I'_R~IT_O_G_X_A_N_D_Y~IT_O_G_Y 

s 

11-34 

1:....------11- 'D2 = PROPAGATION DELAY OF 
GM,GLTOSI 

Figure 9 

IWonoIIIhleWllllemor/e. 
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Totally Parallel 32x32 Multiplier A twos-complement 32x32 multiplication can be performed 
within 220 nsec using 4 'S556s, 20 'S381s, and 7 'S182s. This 
32x32 multiply operation involves adding up four partial pro
ducts as shown in Figure 10. These four partial products are 
generated in four multipliers; the outputs are XA 'VA, XA 'YS, 
XS'YA, XS'YS, where X31·16 = XS, X15-O = XA, Y31-16 = YS, 
Y15-0= VA. 

x = XBXA - 32 BITS 
Y = YB Y A - 32 BITS 

U= UNSIGNED 
S = SIGNED 

64-BIT 2'S COMPLEMENT OUTPUT 

Figure 10. Partial Products for a 32x32 Multiplication 

The implementation ofthis twos-complement 32x32 multiplier is 
shown in Figure 11. The outputs of the 16x16 multipliers are 
connected to two levels of adders to give a 64-bit product. The 
first level of adders is needed to add the two central partial 
products of Figure 10, XA 'YS and XS'YA. Notice the technique 
which is used to generate the "sign extension", or the most
significant sum bit ofthe first level of adders. The 'S556 provides, 
as a direct output, the complement of the most-significantpro
duct bit; having this signal immediately speeds up the sign
extension computation, and reduces the external parts count. 

VCC Y31-16 

Y15-0 

YM 
'5556 

S31-16, 

X31-16 

U 
X15-0 

XM 

Sl5-0 

VCC 

':' 

SIGN 
EXT 

B47-32 A47-32 B31-16 

S63-48 

INPUTS 

Yl5-0 .X31-16 VCC Y31-16 

Y15-0 

YM 

'5556 

'5381 + 'S182' 

F31 F30-15 

'5381 + '5182' 

S47-32 

OUTPUTS 

F14-0 

S31-16 

Xl5-0 Y15-0 X15-0 

U U U 
X15-0 X15-0 X15-0 

XM YM XM 

'5556 'S556 

So 531-17, Sl&. Sl5-0 

Cin 1-+-------' 

* THESE ARE ADDER BLOCKS USING THE 'S381 , A 4-BIT ALU FUNCTION GENERATOR, TO PERFORM A HIGH SPEED ADD 
OPERATION. THE 'S18215 A LOOK-AHEAD CARRY GENERATOR WHICH REDUCES THE PROPAGATION DELAY. ALL THE 
ABOVE PARTS ARE AVAILABLE FROM MONOLITHIC MEMORIES INCORPORATED. 

':' 

TOTAL MULTIPLY TIME = MULTIPLIER DELAY + ADDER LEVEL 1 DELAY + ADDER LEVEL 2 DELAY = 90 + 65 + 65 = 220 nsec 

Figure 11. Implementation of the 32x32 Multiplier 

Monolithic W Memories 11·35 
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For example, th~uts to the adder in the most Significant 
position are the S31 outputs from the two central multipliers. 
The sign extension of the addition of XA*YB and XB*YA is 
defined as 
SIGN· EXT = A.B. + A.C. + B.C., where 

A is the most-significantbit of the term }(A*YB; 
B is the most-significant bit of the term XB*YA; and 
G is the carry-in to the most-!!ignificant bits ot.XA*YB and 
XB*YA, in the adder. 

The sign extension can be computed as the negation of the 
carry-outterm ofth~terms, A, S, and C. This term corresponds 
to the negative of the carry"<iut of the bit position just one place 
to the right of the most-significant bit position ofthe first level of 
adders. The negatiVe of the 'carrY-out can be generated by 
presenting a carry-out andabii1ary "one" to the most significant 
bit of the adder,Tlie generated sum bit then corresponds to the 
negation ofthecarry-ouf oftheprevious stage, which is the sign 

11·36 

I; , ~ 

extension requiredto be added to the 16 most-significant bits of 
the XB*YB partial product term. 

The second level of adders, which performs a 48-bit add func
tion, is fairly straightforward. These adders can be implemented 
using '5381 four-bit ALUs and 'S182 carrY-bypasses ("carry
lookahead generators") which are available from Monolithic 
Memories Inc. and from other vendors. 

Other configurations such as' 4Bx48 and 64x64 multipliers can 
be designed using the same methodology, n. 

References 
1. "Fast 64x64 MUltiplication using 16x16 Flow-through Multi

plier and Wallace Trees," Marvin Fox, Chuck Hastings and 
Suneel Rajpal, Monolithic Memories System Design Hand
book, pages 8-53 to 8-61. 



8x8High Speed 
Schottky Multipliers 

Features/Benefits 

• Industry-standard 8x8 multiplier 

• Multiplies two 8-bit numbers; gives 16-bit result 

• Cascadable; 56x56 fully-parallel multiplication uses only 34 
multipliers for the most-significant half of the product 

• Full 8x8 multiply in 60ns worst case 

• Three-state outputs for. bus operation 

• Transparent 16-bit latch in 'S557 

• Plug-in compatible with original Monolithic Memories' 67558 

Description 
The 'S557/,S558 is a high-speed 8x8 combinatorial multiplier 
which can multiply two eight-bit unsigned or signed twos
complement numbers and generate the sixteen-bit unsigned 
or signed product. Each input operand X and Y has an 
associated Mode control line. XM and YM resoectivelv,When a 
Mode control line is at a Low logic level. the operand is treated 
as an unsigned eight-bit number; whereas, ifthe Mode control is 
at a High logic level, the operand is treated as an eight-bit signed 
twos-complement number. Additional inputs, RS and RU, (R, in 
the '8557) allow the addition of a bit into the multiplier array at 
the appropriate bit positions for rounding signed or unsigned 
fractional numbers. 

The 'S557 internally develops proper rounding for either 
signed or unsigned numbers by combining the rounding input 
RwithXM,YM,XM,andYM as follows: 

R U = XM . Y M • R = Unsigned rounding input to 27 adder. 

RS = (XM + YM) R = Signed rounding input to 26 adder. 

Since the 'S558 has no latches. it does not require the use of pin 11 
for the latch enable input G, so RS and RU are brought out 
separately. 

The most-significant product bit is available in both true and 
complemented form to assist in expansion to larger signed 
multipliers. The product outputs are three-state, controlled by 
an assertive-low Output Enable which allows several multi
pliers to be connected to a parallel bus or be used in a pipe
lined system. The device uses a single +5V power supply and is 
packaged in a standard 40-pin DIP. 

SN74S557 
SN54/74S558 

Ordering Information 

PART NUMBER 

54S558 

74S557, 74S558 

Logic Symbol 
Gt/R 

Rt/R 
U 

$ 

x 18 

y 8 

OE 

v 

"V 

PACKAGE 

J, (44), (L) 

N,J, 

l I 

8x8 
MULTIPLIER 

Pin Configuration 

I TEMPERATURE 

I Military 

-r Commercial 

f--
16 

f--

f--

Y 

---.... ~---

54fl4S558 
74S557ct> 

GND 

Vo $9 

V1 $10 

V2 

V3 

Vs 

V6 

V7 

tFor 748557 Pin 9 is R and Pin 11 is G. 

TWX: 910-338-2376 
2175 Mission College Blvd. Sanla Clara, CA 95054-1592 Tel: (408) 970-9700 TWX: 910-338-2374 

Il/10.. . Dol/thlc .. ~lIn Memories InJlW 
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Logic Diagram 

11·38 

Yo 
I 
I 

a-BIT I 
Y I 

INPUT I 
I 
I 

Y7 

SN/74S557 SN54/74S558 

Y INPUT 

a-BIT x INPUT 
X7------ Xo 

a x a 
MULTIPLIER 

ARRAY 

16 

MODE 

ROUND 
DECODE 

XM 

YM 

RslRtl 

Rut 

LATCH (Gtl------': TRANSPARENT :_'S557 ONLY 
ENABLE ~ ____ ~~~C!:,_E_5 ____ ~ 

16 

515 515------S0 --16-BIT PRODUCT 

tFor 745557 Pin 9 is R and Pin 11 is G. 

Monolithio W Memories 
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Absolute Maximum Ratings 
Supply voltage vee ...............•......•.... , ..• , •. '" ...•........•..••••....•.•......•. ,. . . . ..• . . . . . . . .• . . ... 7.0 V 
Input voltage .•.....•.............•..•••..•••.•...••.••............•....•....•.. , .............. ', ... ~ •.. ' ....... " 7.0 V 
Off-state output voltage ............................................................................... ; . .. . . • .. .. 5.5 V 
Storage temperature .................................................................... ,: .............. _65· to +150·e 

Operating Conditions 
MILITARY 

SYMBOL PARAMETER DEVICE 
MIN TYP MAX 

Vee Supply voltage all 4.5 5 

TA Operatingfree-air temperature all -55 

'su Xi' Vi to G set 'S557 

th Xi. Vi to G hold time 'S557 

tw L!!tch ElQable pulse width 'S557 

* Case temperature 

Electrical Characteristics Over Operating Conditions 

SYMBOL PARAMETER TEST CONDITIONS 

VIL Low-level input voltage 

VIH High-level input voltage 

VIC Input clamp voltage Vee = MIN Ir =-lSmA 

IlL ' L,ow-leveliQPut current Vec = MAX VI = 0.5V 

IIH High:Jevel input current Vee = MAX VI =2.411 

I, Maximum input current Vcc = MAX VI = 5.5V 

VOL Low-level outpvt voltage Vee = MIN IOL = SmA 
" 

VOH High-level output voltage Vee = MIN IOH = -2mA 

lOll Vo = 0.5V 
, 

Off-state output current Vee = MAX 
,; 

IOlH 
," 

Va = 2.4V 

los 9utput short-circuitcurrent* Vee'" MAX Va = ,OV 

Icc Su pply current Vee = MAX 
,0 * Not more than one output should be shorted <11 a tIme and duratIOn of the .hort-<:"cUlt .hO,uld not exceec:t one second, 

t Typical. at 5,OV V CC and 25"C T A' 

SWitching Characteristi~ Over OpeI'llUngCondlUons 
, , 

5,5 

125* 

, 

COMMERCIAL 
UNITS 

MIN TYP MAX 

4.75 5 5.25 V 

0 75 ·e 

40 ns 

0 "ns 
15 , ns 

MIN TYPtMAX UNIT 

O.S V 
" 

2 V 

-1.5 V 

~1 'mA 

100 pA 

,1 rnA 

0.5 V 
, 

2.4 'v 
-100 pA 

100 pA 

-20 , -90 mA 

200 280 rnA 
;; ; ., 

SYMBOL PARAMETER . DEviCE TEST MILITARY COMMERCIAL 
CONDITIONS MIN TYPT MAX MIN tvpt MAX UNIT 

tpOll" . XI. Vi to S7-o I;;' ,All' 
, 

40 60 40 50 ns • ',0,,_ 

tpD2 Xi' Vjto St5-S All 45 70 45 60 ns 

tPD3 Xi. Vi toS15 All 
eL' '" 30pF 

50 75 50 65 ns 

tPD4' GtoSi 
',;, 

'S5157 
RL "5600 

. 20 40 20 35 ns 

tpxz OEtoSi All 
see lest figures 

20 40 20 30 ns 

tplX OEioSi All 15 40 15 30 ns 

~mll/l""""'" 11 .. 38 
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Timing Waveforms 

5etup and Hold Times ('5557) 

~,:~~.jR~ 
_--_-_-_~.-. -_,-. -.-_-~-G INPU~\ ______ ::v 

I ~ 

~, 
rO-U-T-~-UT-S-

NOTE: If the rising edge of G occursbefor. (tSUMIN-tWMIN) from the inputs 
changing, then the applicable propagation delays are tpD, tpD2 and tPD3, 
(and not tpD4)' In this case the time at which the results arrive at the outputs 
depends on when the inputs change instead- of when the rising edge of 
G occurs. 

Propagation Delay 

~
----------------------------~-----3V 

l~pi;T~ -- -- -- -- -- -- -- -- - -l.SV 

------------------~---------------OV 

tpDl, 2, 3 

IPXZ-J EI~:v 
-- --l.SV 

DE -----------________ --' ov 

Latch-Enable Pulse Width ('5557) 

f j ~ 
HIGH-LOW-HIGH 
~~ ---- --- ----: 

Test Waveforms 

TEST Vx OUTPUT WAVEFORM - MEAS. LEVEL 

VOH 

AIIIPD S.OV *l.sv 

VOL 

lor lor 
VOH 

!~'" tpHZ tpLZ O.SV 
IPXZ 

O.SV 
O.OV S.OV VOL O.OV 

lor lor 
IpZH tpZL 

2.BV 
~VOH 

IPZX 1.SV 

O.OV S.OV O.OV 
VOL 

Test Load 

Vx (see lable above) 

TEST 
POINT* 

IN916 OR IN3064 

RL 
S60n 

1120n 

* The "TEST POINT" is driven by the output under test, 
and observed by instrumentation, 

Definition of Timing Diagram 

WAVEFORM INPUTS OUTPUTS 

- DON'T CARE; CHANGING; 
CHANGE PERMITTED STATE UNKNOWN 

:ill {ft NOT CENTER LINE IS 
APPLICABLE HIGH IMPEDANCE STATE 

MUST BE STEADY WILL BE STEADY 

11-40 Monolithic W Memories 
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SUMMARY OF SIGNALS/PINS 

X7-XO Multiplicand 8-bit data inputs ., 

YrYO Multiplier 8-bit data inputs 

Mode control inputs for each data word; LOW for 
XM,YM unsigned data'and HIGH for twos-complement 

data 

S,5-80 Product 18-bit output 

S15 Inverted·MSB for expansion 

RS,RU Rounding inputs for signed and unsigned data, 
respectively (,S558 orily) 

G Transparent latch enable (,S557 only) 

OE Three-state enable for S15-8 0 and S15 outputs 

R 
,Rounding input, for signed or unsigned data; 
combined internally with XM' YM ('8557 only) 

74S557 FUNCTION TABLE 

PRODUCT LATCH 

INPUTS 
RESULT CONTENTS 

OUTPUTS FUNCTION 
FROM (INTERNAL 

ARRAY TO PART) 

OE Q .ij OJ SI 

L L X L L 
Latched 

L L X H H 

L H L (L)* L 
Transparent 

L H H (H)* H 

H L X (L) Z 
Hi-Z; Latched 
Data not 

H L X (H) Z 
Changed 

H H 'X (X)* Z Hi-Z 

* 'Identical with product result passing through latch. 

ROUNDING INPUTS 
'S557 

INPUTS ADDS, 

XNi YM R .. 27 ' '6 2 . 

L L H YES NO 
L H H f\.jO YES 

H L H NO YES, 

H H H " NO: YES 

X X L NO NO 

'$558' 

INPUTS ADDS 
" 

USUAL,LY USED WITH 

RU RS 27 26 
X"" Ylil 

L ~, , ,L NO NO X X " 

L H NO YES Ht Ht 
H L YES' NO L L 
H H YES YES * 

.:' * 

tlr mIxed, mode. one of these could be Low but not both. 
*Usually a nonsense operation. See applications section of data sheet. 

MODE CONTROL INPUTS 
.-

MODE 
INPUT DATA CONTROL 

OPERATING INPUTS'-: 
MODE X7~XO Y7-YO XM YM 

Unsigned Unsigned .Unsi9ned L L 

'Mixed 
Unsigned Twos-Camp .. t ," H 

Twos-Comp. Unsigned' H L 

Signed Twos-Comp. Twos-Comp. H H 

r 
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Functional Description 

The '8557 and 'S558 multipliers are 8x8 full-adder Gray arrays 
capable of multiplying numbers in unsigned, signed, twos
complement, or mixed notation. Each 8-bit input operand X and 
Y has associated with it a mode control which determines 
whether the array treats this number as signed or unsigned. If 
the mode control is at . High logic level, then the operand is 
treated as a twos-complement number with the most-significant 
bit having a negative weight; whereas, if the mode control is at a 
Low logic level, then the operand is treated as an unsigned 
number. 

The multiplier provides all 16 product bits generated by the 
multiplication. For expansion during signed or mixed multipli
cation the most-significant product bit is available in both true 
and complemented form. This allows an adder to be used as a 
subtractor in many applications and eliminates the need for 
certain SSI circuits. 

Two additional inputs to the array, RS and RU' allow the ad
dition of a bit at the appropriate bit position so as to provide 
rounding to the best signed or unsigned fractional eight-bit 
result. These inputs can also be used for rounding in larger 
multipliers. In the 'S557, these two inputs are generated inter
nallyfrom the mode controls and a single R input. 

The product outputs of the multiplier are controlled by an 
assertive-low Output Enable control. When this control is at a 
Low logic level the multiplier outputs are active, while if the 
control is at a High logic level then the outputs are placed in a 
high-impedance state. This three-state capability allows 
several multipliers to drive a common bus, and also allows 
pipelining of multiplication for higher-speed systems. 

SN54/74S558 

Rounding 
Multiplication of two n-bit operands results in a 2n-bit prod
uctt. Therefore, in an n-bit system it is necessary to convert the 
double-length product into a Single-length product. This can 
beac~omplished by truncating or rounding. The following ex
amples illustrate the difference between the two conversion 
techniques in decimal arithmetic: 

39.2-39} . 
39.6 -39 Truncating 

39.2 + 0.5 = 39.7_39} Rounding 
39.6 + 0.5 = 40.1 -40 

Obviously, rounding maintains more precision than truncating, 
but it may take one more step to implement. The additional 
step involves adding one-half of the weight of the single-length 
LSB to the MSB of the discarded part; e.g., in decimal arith
metic rounding 39.28 to one decimal pOint is accomplished by 
adding 0.05 to the number and truncating the LSB: 

39.28 + 0.05 = 39:33_39.3 
The situation in binary arithmetic is quite similar, but two cases 
need to be considered: signed and unsigned data represen
tation. In signed multiplication, the two MSBs of the result are 
identical, except when both operands are -1; therefore, the 
best single-length product is shifted one position to the right 
with respect to the unsigned multiplications. Figure 1 illus
trates these two cases for the 8x8 multiplier. In the signed case, 
adding one-half of the S7 weight is accomplished by adding 1 
in bit position 6, and in the unsigned case 1 is added to bit posi
tion 7. Therefore, the 'S558 multiplier has two rounding inputs, 
R sand Ru' Thus, to get a rounded Single-length result, the 
appropriate R input is tied to V GG (logic High) and the other 
R input is grounded. If a double-length result is desired, both 
R inputs are grounded for the 'S558, and the Single R input 
is grounded for the 'S557. 

tin general: multiplication of an M-bit operand by an N-bit operand results in an (M + N)-bit product. 

·'r~m~" X5 X4 X3 X2 Xl Xo 

X Y7 • Y6 Y5 Y4 Y3 Y2 Yl YO 
(a) 51GNED 

514·513 512 511 510 59 5a 57 56 55 54 53 52 51 50 ~FULL l5-BIT PRODUCT MULTIPLICATION 515 

*OMITS15 + • 0 0 0 0 0 0 0 0 0 0 0 0 0 ~ADD 1/2 THE.M5B 
WEIGHT OF THE 

SINCE S14 = S15 * 514·513 512 511 510 59 5a 57 DI5CARDED PART 
~ 

-lfOMITS15 
v 

SINCE S14 = S15 
BEST 8-BIT PRODUCT 

• X7 XS X5 X4 X3 X2 Xl Xo 

X • Y7 Y6 Y5 Y4 Y3 Y2 Yl YO 

<'I "'''G,,, f • 515 514 513 512 511 510 59 Sa 57 56 55 54 53 52 51 So .-FULL l6-BIT PRODUCT MULTIPLICATION ... 

0 0 0 0 0 O· 0 0 0 0 0 0 0 0 .-ADD 112 THE M5B 

t WEIGHT OF THE 
.515 514 513 512 511 510 59 

5! I DISCARDED PART . 
BEST 8-BIT PRODUCT 

NOTES: 

(a) In signed (twos-complement) notation, the MSB of each operand is the sign bit. and the binary pOint is to the right of the MSB. The resulting product has a redundant 
sign bit and the binary point is to the right of the second M5B of the product. The best eight-bit product is from S14 through $7' and rounding is performed by adding 
'T' to bit position 56. 

(b) In unsigned notation the best 8-bit product is the most significant half of the product and is corrected by adding "1" to bit position 57> 

Figure 1. Rounding the Result of Binary Fractional Multiplication 
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Signed Expansion 
The most-significant product bit has both true and comple
ment outputs available. When building larger signed multi
pliers. the partial products (except at the lower stages) are 
signed numbers. These unsigned and signed partial products 
must be added together to give the correct signed product. 
Having both the true and complemented form .of the most
significant product bit available assists in this addition. For 
example. say that two signed partial products must be added 
and MSI adders are used; we then have the situation of adding 
together the carry from the previous adder stage plus the addi
tion of the two negative most-significant partial-product bits. 
The result of adding these variables must be a positive sum 
and a negative carry (borrow). The equations for this are: 

S=A@BE!:lC 
COUT =AB + BC + CA 

where C is the carry-in and A and B are the sign bits of the two 
partial products. 

Now an adder produces the equations: 
S=A E!:l B Ei3 C 
COUT =AB + BC + CA 

Examining these equations. it can be seen that. if the inversions 
of A and B are used. then the most significant sum bit of the 

SN54/74S558 

adder is the sign extension b-:=it=. :---:::-_-= 

Sign ext = AB+ BC+ CA = AS + BC + CA. 

and the sum remains the same. 

16x16 Twos.Complement 
Multiplication 
The 16-bit X operand is broken into two S-bit operands (X7-XO 
and X15-XS). as is the Y operand. Since the situation is that of a 
cross-product,four partial products are generated as follows: 

A = XL • YL 
B=XL'YH 
C=XH'YL 
D=XH'YH 

where the subscript L stands for bits 7-0, ("low or least-signifi
cant half). and the subscript H stands for bits 15-S. 

Expanded twos-complement multiplication requires a sign 
extension of the Band C partial products. Thus. B15 and C15 
need to be extended eight positions to the left (to align with 
0 15), In this approach t~o more adders are required. But the 
complement olthe MSB (S15) on the 'S557/S,can be used to save 
these two adders. Figure 2 shows the implementation of 16x16 
signed twos-complement multiplication in this manner. 

INPUTS 
VCC Yl5-8 VCC Y7-0 Xl5-8 VCC Yl5-8 X7-0 Y7-0 X7-0 

0 0 U 
Yl5-0 X15-0 X15-0 X15-0 

YM XM VM XM 

'555718 '555.118 '555718 

515-9. 58 57-0 -=-

U 
57-0 

OUTPUTS 
* THESE AREADDER BLOCKS USING,THE ·S381.A4-BIT ALU FUNCTION GENERATOR. TO PERFORM A HIGH-SPEED ADD 

OPERATION. THE '518215 A LOOKAHEAD CARRY GENERATOR AND, REDUCES THE PROPAGATION DELAY. ALL OF THE 
ABOVE PARTS ARE AVAILABLE FROM MONOLITHIC MEMORIES INCORPORATEO. 

TOTAL MULTIPLY TIME = MULTIPLIER DELAY + ADDER LEVEL 1 DELAY +ADDER LEVEL 2 DELAY = 60+44+64 = 168 nsec 

Figure 2. 16x16 Twos-Complement Signed Multiplication 

XIS X14 X13 X12 XII Xl0 Xg Xa X7 X6 X5 X4 X3 

Y15 Y14 Y13 Y12 VII Yl0 Yg Ya Y7 V6 Y5 Y4 Y3 

IBIS 814 813 B12 Bl1 Bl0 B9 Ball B7 86 B5 B4 B3 B2 Bl Bol 

1015 014 013 012 011 010 Og 081107 06 05 04 03 02 01 001lA15 A14 A13 A12 All Al0 Ag AsIIA7 A6 AS A4 A3 

IC15 C14 C13 e12 Cl1 Cl0 C9 call C7 Cs C5 C4 C3 C2 Cl col 

S31 S30S29 528 S27 526' 525 S24 S23 S22' S21 S20 S19 Sla 517 Sl~ S15 S14 513 S12 S11 S10 S9 sa S7 S6 55 S4 53 

ROUNDED RESULT 

Figure 3. Unsigned Expansions of the 8x8 Multiplier to 16x16 Multiplication 

WIonoIllhlc mMemories 

X2 Xl Xo 

Y2 VI Va 

A2 Al Aol 

52 51 So 
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Appl ications: 
How to Design Superspeed Cray 
Multipliers with '558s by Chuck Hastings 

Multiplication, as most of us think of it, is performed by repeated 
addition and shifting. When we multiply using pencil and paper, 
according to the familiar elementary-school method, we first 
write down the multiplicand, and then write down the multiplier 
immediately under it and underline the multiplier. Then we take 
the least-significant digit of the multiplier, multiply that digit by 
the entire multiplicand, and record the answer in the top row of 
our workspace, underneath the line. Then we repeat, using now 
the second-least-significant multiplier digit, and record that 
answer below the first one, pushed one digit position (that is, 
"shifted") to the lefl. This process continues until we run out of 
multiplier digits (or out of patience), at which point we add up 
the constants of the whole diamond-shaped workspace and 
record at the bottom an answer which consists of either 
m + n - 1 digits or m + n digits, where there are m digits in the 
multiplier and n digits in the multiplicand. An example, voila': 

125 (multiplicand) 
xl07 (multiplier) 

875 (7 x 125) 
000 (0 x 125, shifted left one digit position) 

125 (1 x 125, shifted left two digit positions) 

13375 (sum of the above) 

Figure 4. Decimal Multiplication 

The decimal number system has no monopoly on truth -
our ancestors simply happened to have ten fingers at the 
time when someone came up with the idea of counting. Binary 
numbers, as you know, are more copacetic than are decimal 
numbers with digital-logic elements, which like to settle 
comfortably into one voltage state ("High) or another ("Low"), 
rather than into one of ten different states. So we can repeat the 
above example using binary numbers, right? First, we convert 
our multiplicand and multiplier to binary: 

12510 = 011111012 

10710 =011010112 

The subscripts 10 and 2 refer to the "base" or "radix" of the 
number system, 10 for decimal and 2 for binary. (Remember 
your New Math?) For sneaky reasons to be revealed soon, I've 
used 8-bit binary numbers, which is one bit more than 
necessary for my example, and added a leading zero. So, we 
multiply: 

011111012 
x 011010112 

01111101 
01111101 

00000000 
01111101 

00000000 
01111101 

01111101 
00000000 

0011010000111111 = 1337510 

Figure 5. Binary Mulliplication 
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I've left off the remarks this time, but they're just like the 
remarks in the. decimal example, at least in principle. Just in 
case you doubt this answer, I'll convert it back; 

1 1 

1 
0 
0 
0 
0 
1 
0 

0 
0 

2 
4 
8 

16 
32 

0 
0 
0 
0 

1024 
0 

4096 
8192 

0 
0 

13375 

64) 
128) 
256) 
512) 

( 2048) 

(16384) 
(32768) 

Figure 6. Binary-Io-Decimal Conversion 

Now look carefully at the diamond-shaped array of numbers in 
the workspace in Figure 5. Each row is either the multiplicand 
01 f 11101, or else all zeroes. The 01111101 rows correspond 
to "1" digits in the multiplier, and the all-zero rows to "0" digits in 
the multiplier. Life does get simpler in some ways when we 
switch to binary numbers: "multiplying a multiplier digit by the 
multiplicand" now means just gating a copy of the multiplicand 
into that position if the digit is "1," and not doing so if the digit is 
"0." 

Seymour Cray, the master computer designer from Chippewa 
Falls, Wisconsin, whose career has spanned three companies 
(Univac, Control Data, and. now Cray Research) and many 
inventions, first observed some time in the late 1950s that 
computers also could actually multiply this way, if one merely 
provided enough components. This last qualifying remark; in 
those days when even transistors, let alone integrated circuits, 
in computers were still a novelty was by no means a trivial one! 
To prove his point (and satisfy a government contract), Cray 
designed, and Control Data built, a 48x48 multiplier which 
operated in one microsecond, about 1960. This multiplier was 
part of a special-purpose array processor for a classified 
application, and was so big that a CDC 1604 (then considered a 
large-scale processor) served as its inpuVoutput controller. In 
principle, such a multiplier at that time would have had to 
consist of 48 48-bit full adders or "mills," each of which received 
one input 48-bit number from the outputs of the mill immediately 
above it in the array, and the other 48-bit number from a gate 
which either allowed the multiplicand to pass through, or else 
supplied an ali-zero 48-bit number. Actually, these mills have to 
be somewhat longer than 48 bits. Anyway, that is at least 2304 
full adders, and in 1960 a full-adder circuit normally occupied 
one small plug-in circuit card. 

A later version of this multiplier, in the CDC 7600 super
computer, could produce one 48x48 product out every 275 
nanoseconds. on a pipelined basis. The pipelining was 
asynchronous, and the entire humungous array of adders and 
gating logic could have up to three different products. rippling 
down it at a given instant! 

11·44 Monolithic W Memories 



SN/74S557 

Back to the 1980s. Monolithic Memories has for several years 
produced an 8x8 Cray multiplier, the 67588, as a single 6ao-mil 
40-pin DIP. After we invented this part, AMD second-sourced it, 
and by now it has become an industry standard. We now also 
have faster pin-compatible parts, the 54fl4S558 and 74S557. 
Like other West Coast companies 2,000 miles from Wisconsin 
and Minnesota where Seymour Cray does his inventing, Mono
lithic Memories previously used the term "combinatorial multi
plier" instead of "Cray multiplier" for this type of part. However, 
"combinatorial multiplier" has nine extra letters and five extra 
syllables, and also inadvertently implies that the technique 
involves combinatorial logic rather than arithmetic circuits. 
Some West Coast designs, including our 67588, use a modified 
internal array with only half as many full-adder circuits and 
slightly different interconnections, based on the two-bit "Booth
multiplication" algorithm (see reference 1), plus the two-bit 
"Wallace-tree" or "carry-save adder" technique (see references 2 
and 3). Conceptually, however, the entire chip or system 
continues to operate as a Cray multiplier. 

The '558, in particular can be thought of as a static logic network 
which fits exactly the binary multiplication example of Figure 5. 
(See now why I insisted on using 8-bit binary numbers?) There 
are no flipflops or latches whatever in the '558 - it is a "flow
through" device. Its 40 pins are used up as follows: 

Use of Pins 
Input, Output, Number 

or Voltage of Pins 

Multiplier I 8 
Multiplicand I 8 
Double-Length Product a 16 
COmplement of Most- a 
Signiiicant Bit of Double-
Length Product 

3-State Output Enable 
Number-Interpretation- 2 
Mode Control 

Rounding Control for Product 2 
Power and Ground V 2 

40 

Table 1. Use of Pins in the '558 

The two number-interpretation-mode control pins, one for the 
multiplier and one for the multiplicand, allow the format for each 
of these two 8-bit input numbers to be chosen independently, as 
follows: 

Control Input 

L 
H 

Interpretation of 8-bit Input Number 

8-bit unsigned 
7-bit plus a sign bit 

Table 2. Mode Control Input Encoding 

The two rounding control pins allow either integer (right
justified) or fractional (left-justified) interpretation of the 14-oit8.
plus-sign double-length product of two 7-bitscplus-sign numbers 
for internal rounding of the double-length result to the most 
accurate 8-bit number. The control encoding is: 
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RS Input RU Input Effect 

L L Disable Rounding 
L H Round Unsigned 
H L Round Signed 
H H Nonsense (see below) 

Table 3. Rounding Control Input Encoding 

Rounding is normally disabled if the entire 16-bit double-length 
product output is to be used. If only an 8-bit subset of this 
product is to be used, this subset can be either bits 15-8 for 
unsigned rounding as shown in Figure 7, or bits 14-7 for 
signed rounding as shown in Figure 8. In either case, a "1" is 
forced into the '558's internal adder network at the bit position 
indicated by the arrow; adding a "1" into the bit position be/ow 
the least-significant bit 'of the final answer has the effect of 
rounding, as you can see after a little thought. Obviously, 
forcing a "1" into both of these adder positions at the same time 
is a nonsense operation for most applications - it adds a "3" 
into the middle of the double-length result. 

KEEP DISCARD 

01 115 

'C:SIGN t 
BIT FORCE-ADD 

A "1" HERE 

..- SIGNIFICANCE: __ 
MOST LEAST 

Figure 7. Unsigned Rounding 

DISCARD 

FORCE-ADD 
A "1" HERE 

__ SIGNIFICANCE: __ 

MOST LEAST 

Figure 8. Signed Rounding 

By now you probably have a fairly good idea of what a '558 is, 
and would like a few hints as to how to use it, right? First of all, 
there is an occasional application in things like video games for 
very fast multiplication, either 8x8 or 16x16, controlled by an 8-
bit microprocessor, where there would be one '558 per system 
(see reference 4). More typically, however, the '558 is a building 
block, and several of them are used within one system; in fact, 
maybe more than several - "many." In the usual Silicon-Valley 
jargon, we can cascade a number of '558 (8x8) Cray-multiplier 
chips to create larger Cray multipliers at the systems level. 

For the sake of concreteness, I'll discuss the case of 56x56 
multipliers, which are appropriate in ,floating-point units which 
deal with "IBM-long-format" numbers which have a 56-bit 
mantissa. Any computer which emulates, or uses the same 
floating-point format as, any of the following computers can use 
such a multiplier: 
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IBM 360/370 
Amdahl 470 
Data General Eclipse 
Gould/System Engineering SEL 32 
Norsk Data 5OQ(different format) 

There are two basic approaches: serial-parallel, and fully 
parallel. The serial-parallel approach uses seven '558s, and 
requires seven fuJI niultiply-and-add cycles. On the first cycle, 
the least-significant eight bits of the multiplier are multiplied by 
the entire multiplicand, and this parti!!1 product is saved. On the 
second cycle, the next-least· sigriiflcant eight bits of the 
multiplier are multiplied by the multiplicand, and that product 
(shifted eight bit positions tq the left) is added into the first 
partial product to form the new partial product. And so forth, for 
five more cycles. It's almost like our decimal-multiplication 
example of Figure 1, except ttiat instead of base-1O decimal 
digits we now have base-256 superdigits. 

The fully-parallel approach totally applies Cray's usual design 
philosophy (sometimes characterized'as "big, fast, and simple") 
at the systems level. It uses 49 :568s,il1 seven ranks; the 'i'th rank 
performs an operation corresponding to that done during the 
'i'th cycle in the serial-parallel implementation. In principle, a 
complete mill is used to add the outputs of one rank of '5585 to 
those of the rank above. it. Or, altarnatively, these mills can be 
laid out in a "tree" arrangement, such as: 

ABC D E F G 

~ ~ / ~ / ~ / 

/+~64-BIT~~ /---+ 

MILLS "-

+~~-BI~-/+ 
'"-D.T u~ILL/ 

96-BIT MILL_+ 

Figure 9. "Tree" Summing Arrangement of Mills for a 56x56 
Cray Multiplier 

Each letter stands for one rank of '558s, and each "+" stands for 
a mill of the indic.ated length. More involved "Wallace-tree" 
techniques are usually preferable. (See reference 3). If the 
least-significant hlllf, of,. the double-length product is never 
needed, only 34 'S558s are required. There is one subtlety 
which needs to be mentioned. If, conceptually, a '558 looks like 
a diamond-

MULTIPLICAND 

Figure 10. A Single '558 In "Diamond" Notation 

then, the 8x56 multiplier for the serial-parallel' configuration 
(which is also one rank of the fully-parallel configuration, 
which has seven such ranks) looks like this: ,'. 
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8-BIT PORTION 
OF 

MULTIPLIER 
56-BIT 

MULTIPLICAND 

64-BIT PARTIAL 
PRODUCT 

Figure 11. .8x56 Cray Multiplier in "Diamond" Notation 

As you may discover after a moment's thought, each slanted 
double line in Figure 8 calls for addition of the outputs of two 
'5585 - the eight most significant bits of one, arid the eight 
least-significant bits of the next one to the left. There must also 
be an extra adder (or at least a "half adder") to 'propagate the 
carries from this addition alt the way over to the.left end of the 
result. The upshot is that an extra 56-bit mill is needed, in 
addition to the '558s. The eight least-significant bits ,of the least
significant '558 do not have to go through this miii, since they do 
not get added to anything else. 

One final note: building up a large Cray-multiplier configuration 
out of '5585 requires a lot of full adders, or else a lot of something 
else equivalent to them. Monolithic Memories also makes 
745381 (a 4-bit "ALU" or "Arithmetic Logic Unit") and the 
74S182 (a carry-bypass circuit which works well with the '381); 
and two faster ALUs, the 54n4F381 and the 54n4F382are in 
design. These ALUs and bypasses are excellent building blocks 
from which to assemble the mills used for summation within a 
rank of '558s, and also the mills used for tree-summation of the 
outputs of all ranks. For how to put together one of these mills 
using '381s, '382s, and '182s, see reference 1. For how to use 
PROMs as wallace trees, see reference 3. 

Now you can go ahead, design your Cray multiplier out of '5585, 
and start multiplying full-length numbers together in a fraction 
of a microsecond. Sound like fun? 
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8-Bit Interface 

MILITARY PART NUMBER FUNCTION POWER POLARITY FEATURE 

SN54LS240 Buffer LS Invert -

SN54LS241 Buffer LS Noninvert -
SN54LS244 Buffer LS Noninvert -

SN54S240 Buffer S Invert -

SN54S241 Buffer S Noninvert -

SN54S244 Buffer S Noninvert -

SN54LS245 Buffer Transceiver LS Noninvert -

SN54LS273 Register LS Noninvert Master Reset 

SN54LS373 Latch LS Noninvert -

SN54S373 Latch S Noninvert -

SN54LS374 Register LS Noninvert -

SN54S374 Register S Noninvert -
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Pick the Right 8-Bit - or ie-Bit ~ .Interface . 
Part for the Job 
Chuck Hastings and Bernard Brafman 

Introduction 
A few years age, 20-pin 8-bit buffers, registers, latches, and 
transceivers"came Into. existence as a rather haphazard 
upwards evolutien from the MSI devices available in the 
mid-1970s. As time went en, usage o.f these parts increas.ed 
untiL they 1Je~me ene, 0.1 the fundamental cemputer-system 
buil~ing-bleck "primitives"-the "glue" which helds the 
entire systemtegether, System designers demanded, and 
semicenductp[manufacturers provided, many refinements 
such as inverting outputs to.. reduce parts.ceunt in assertive~ 
leW-bus systems, high.driveeutputs to. rescue designswith 
everleaded buses., Schmitt-trigger inputste li~ewise rescue 
designs tre.ubled with severe bus neise, high-veltage eut
puts'~pecifically suited' fer .driving MOS inputs, series
resister eutputS fer driving highly-capacitive leads such as 
dynamic-MOS address buses, and so. forth. 
Teday'the demands are to. reduce'cemponent. cests and, 
system board area. Reducing parts ceunt achieves beth Of 
theseebJectives at erie stroke. With the development Of the 
300-mil24-pin SKINNYDIP'" package, it is new pessible to 
effectively incerperatethe.eQIJivalentef two: 20-pin 8-bit 
interface ·parts into. ene j24-pin U16cbjtjntE1rfi~ice" part. The. 
appreach is' to leck. forcommenconfiguratleris ef pairs of . 
8-bit parts, and implementthe pair as a singlechip.Cemm9n 
cerifi~uratiens Include ba¢k~~()~back ."registered(er.l~tch~) 
transceivers," with the same options already aVailable in the' 
2O-pin 8~bitpartsread back registers oriatc!'tes, and pipelihed 
registers or latches:' ' "" ' ' .' . 

llilerfai.aasics 
Wbere, Do interface CU:cuitsFit In? 
Interface circuits· appear as ynglamOlouS bread-and-butter 
commodity items, as cOmpared' to many of the other more 
complex integrated circuits of today: their sales velume is 
very ,high; their aVerage selling price is comparatively lew, 
and essentially interchangeable. parts are offered by several 
suppliers. They halle the hU~tlJe ro.le,ef, beil).g t".e,"glue'; 
which helds digital systems tegether; theyar~ m!1arisrather 
thari ends.in themselves. . 

When.prelimin<irysystem block diagrams turn into detailed 
s.chematics, the blor;ksturn. into' 'f;emplex .circuits,.:.· 
mic:reprece~sors, multipliers/dividers,autemati,c dyna(liic. 
MOSRAM refrj!sh controliers,. high-speed FIFOs, program
'mable-16gJcciTcuits; arithmetic~logic.units,' and so' fO.rth.. But 
.then, • hewever,. the lines. between those blecks fum , into 
inteliace elrcults: whlchmustbe therein the finaldesjgnbl,lt 
never explicitly get notieed.ducing the cOnceptual-design 
stage! . . 

The.term· '~/rrterface'!'is .8ctuallyBbif"lJt a misnom,r", since' it 
. implies that these parts alway& eecOr al a beunda,ybetWeen 
~iSern"9what difierenttypes 'of logic; :T.hatmay have been 
.true once, ~d:jt is stm true that mariy olthe circuits, com
monlycalled::in1e\face:'.,have inputsand/or outputs·whi.Ch 
areaifferenteleqtrically.from·thoseef,sawtriplethree-input 
NAND: gates produced usJngctheidellfica! solid-state-circuit 
technolegies.· But .ageneral v.(Orkirigdefinition. ¢. "interfac'e 
circuits"al$e has to coversome~ther.partswhichgetused 

. '; 

"INTEIlFACECIIlCUITS; .. THE 'GLUE' 
WHICH HOLDS PIGITAL.. SYSTEMS 
TOGE;THEIL." . 

in similar Systeln roies, but have normal inputs and norms:! 
tetem-poleor th"*,-state 'outputs. One such definition, cur'" 
renUodav at MonoHtl1ieMemorjes, is,;' 
.~.. .u1tra~higti performance Integrated circuits whiCh donol 
lendthemseh/es 10 higlter levels of IntegratlQn. due either 10 
ttteir Pllrallel data st!"lcturs.ar to th.e e,-ctrh;al PfQpe,.ies of 
theJr Inputs and/or outpu~.'~ .,' . 
Interface. circuits gel used wherever data. must be held, 
tr!lOsrnitted ondemljm;I., pqwer-amplifie,d, Jevel,shiited,. read 
from a nOisY.bus, in.verted. er .otherwiseeperatedupon in 

. seme: sirnp\eelectrfcal Way, If rnel,e complex transformatiens 
of the data are called for, ofapred6min!!ntl:tmathemlltj9a/ 
rather than ~Iectrica! nature,thedeslgner will t)(piC!llIytty to. 
perform the required operations with readymade ,-SI or MSI 
circuits. Even here, ef ceurse, interface Circuits eiten have 
the inconspicueus butcrucial rele ef performing fermat con
version so that several LSI circuits can com,rnonicate with 
each other. Still, they are viewed .as "overhead;' which 
system designers try to. minimize 'and. semiQo.ndJ,Jcter pro
ducers oiten rank well. belc;>w their top :levlJl:Ofcerporate 
priorities. . 

. Butinteriace Circuits are hereto stay,~tJ~asUor several 
mere years. And the realization is growing among both users 
and producers of semlconducters that, since inteliace parts 
are net abeut toval1ish soq.n, theyne€id to. be tr~atedas 
SO)lllilthin9 mere than 'liIftefthoughts .to'the dEl:sign process. 
USers who. select interface circuits snrewdly are achieving 
real gilfnslnsystem performance and rEilfabiHty, andsignifi
cant reduciioris iri system size, weight. andJ)ewer consump
tien: Prod.ucersWhe dO'a conscientious.andprofessiqnal Jeb 
Of develepirigandmarketin9triesehuinbteparts,'a,tefindfng 
increased demand fortheir wares,l:!Ven'durjrigrece~sions. 

Two.maior;tre(idS ¢\!rrently~vident in. tlle.Wo.rld6f Int.erface 
circuits.s.!'e:: .' ...... ."..... . ./'-
• Th~:,,~erg.~c.pf anor~~rl¥. matrlx.II\(.~~~rQa~h ,0 

Inledac." .pro~uct8,so.that Iake":411 togettle, t.iteyf0tm an 
811"81 ral~ertha.n '1~lya splendld)'I".'bleo,asj0t:t~ ty~ 

•. ,AstrqIJge",pha~I,s'PIJ Increaslll9tl1e nli","'~~of ~~t~,blt. 
whlj:.I'!can ~"'!\d/edPt lIc:comod.t;cr,bY.a'InQ1e Inlerf,c;e-

, c:!rc\l".P~~iI~~:i· .... '. . '. " , . " 
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This paper will discuss eachofthese trends in some detail, 
and will then go on to present some realistic interface appli
cations based on several actual designs. 

What Kinds of Interface Circuits Are There? 

Commonly, the label "interface circuit" is applied to any of a 
diverse collection of miscellaneous devices which don't 
seem to fit into any other classification. As the term is used 
here, however, it means either one of three basic 8-bit 
types-buffers, latches, and registers-which are simple 
interface circuits, or else one of several 16-bit compound 
interface circuit types such as transceivers and pipelines. 

Buffers merely "pass" or transmit information at increased 
power levels. Mosf contemporary buffer circuits, including 
20-pin 8-bit buffers; also have an electronically-selectable 
electrical-isolation capability. Such a three-state buffer has a 
type of output which can be switched into a "hi-Z" (high
impedance) state in which it does not drive, nor appreciably 
load, the circuit node to which it is attached. 

True or noninverting buffers pass the input information along 
with the same polarity (i.e., conventions in the representa
tion of ones and zeroes by high and low voltages) that it had 
when it was received. Inverting buffers reverse the polarity 
of the input information from what was received, comple
menting all ones to zeroes and all zeroes to ones. 

Most buffers feature standard PNP inputs. However, the 
'SI'LS340/341/344/310 buffers feature SChmitt-trigger inputs, 
with a guaranteed 300/400-millivolt deadband (typically twice 
that) centered about the switching threshold voltage. (This nota
tion is shorthand for "54/7 4S340, 54/74S341, 54/7 4S344, 
54174S310, 54174LS340, 54/74LS341, 54/74LS344 and 
54/74LS31 0;' and will be used frequently hereafter.) These 
Schmitt-trigger buffers won't respond to input noise pulses 
Which would make buffers with normal inputs start to switch, as 
long as the noise pulses do not completely cross the deadband; 
thus noise immunity is improved. 

'i f/ .. 

... THE 'LS340!341!344!310 BUFFE~S FEATU~E 
SCHMITT'T~IGGE~ INPUTS, WITH A GUA~ANTEED ... DEADBAND. 

Latches and registers have the same basic capability as 
buffers, but also have the additional capability that they 
retain stored information as long as power is supplied to 
them. Each of these circuit types requires an additional con
troi signai in order to perform its system function. 

More specifically, latches use an enable signal. When this 
signal is on, they store information, and their outputs do not 
change even if the information presented to their inputs 
changes. When their enable Signal is off, latches act just like 
buffers. Turning on the enable signal in effeCt "freezes" in 
place whatever information was passing through the latch, 
so that the hitch stores it. 

Registers use a clock signal instead' of an enable signal. 
When the clock signal goes through a transition from off to 
on, this "rising edge" causes the information present at the 

inputs to be stored in the register. and then to remain present 
at the register outputs until another rising edge occurs. 
When the clock is in a steady-state condition (a "level"), 
either on or off, or even when the clock goes through a 
transition from on to off (a "falling edge"), the outputs of the 
register do not change. Thus, unlike latches, registers lack a 
mode in which they act exactly like buffers and pass informa
tion directly from their inputs to their outputs. This lack is a 
consequence of the control signal being "edge-sensitive" 
rather than "level-sensitive;' 

Transceivers are bidirectional interface circuits capable of 
interconnecting two buses so that information can pass in 
either direction. Most of the transceiver parts in production 
today are buffer transceivers - they are I ike two cross
coupled buffer circuits within a single 20-pin package. A 
16-bit buffer transceiver has eight A-bus data pins and eight 
B-bus data pins. Either the A-to-B buffers may be enabled, 
or the B-to-A buffers, or neither; if both sets of buffers were 
to be enabled, obviously there would be a race condition on 
each of the data lines, and so the control structure of some 
buffer transceivers specifically disallows that mode of opera
tion. (Some other types do allow it.) Buffers which are not 
enabled are, of course, in the hi-Z state. Thus each buffer 
transceiver interface circuit consists of eight logical ele
ments, and each of these logical elements consists of two 
simple-buffer elements cross-coupled back-to-back so that 
the input line for one is the output line for the other and 
conversely, 

Latch transceivers and register transceivers are now positioned 
to become major factors in the marketplace; several semicon
ductor houses now offer such devices. In particular, Monolithic 
Memories now supplies several different families of these devi
ces in the 24-pin 300-mil SKINNYDIP® package; some of these 
families are also supplied by Texas Instruments. A variety of 
speeds and architectures are available; see section 12 of this 
Databook for details. 

Pipelines are unidirectional interface circuits having more 
than one full-width internal latch/register o('stage:' but typi
cally having just one set of parallel data inputs and one set of 
parallel data outputs. Two-stage latch pipelines, and both 
two-stage and four-stage register pipelines, are available. 
The four-stage devices can store twice as much information per 
package, but the twocstage devices can be reconfigured more 
flexibly and have a greater degree of separate control for each 
stage. 

Understanding and Using Interface 
How Designers Choose Interface Circuits 

In the real world, a digital-logic designer doesn't set out 
deliberately to use some particular interface circuit whose 
properties he has carefully learned, in the same way that he 
might for instance set outto use a bit-slice registered ALU or 
a multiplier/divider. Rather, as we have said, it is much more 
likely that it all starts with some innocent-looking little line 
between two blocks on his preliminary system block diagram 
which, it turns out, can't really be just a simple little line 
after all. 

Maybe the data which travels on that little line goes away at 
the source unless the little line is actually also capable of 
seizing it at the proper time and remembering it. Or maybe 
the end.of the little line is an assertive-low system bus, with 
enough loads hanging off it to call for almost 30 milliamps of 
drive capability in whatever contemplates driving the bus, 
which doesn't quite jibe with the 2-milliamp drive capabili
ties and assertive-high outputs of the MOS LSI device from 
which the data is coming. 

12·6 Monolithic IUD Memories 
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At this point the designer needs an interface circuit, and
wittingly er unwittingly-he must go. through a several-stage 
decisien precess to. determine what interface circuit he 
needs to. actually implemenHhat little line, befere his bleck 
diagram can turn into. a system. He must also. fervently hepe 
that, by the time he gets to. the final twig en his decisien tree, 
the interface part he needs will turn eut to. actually exist. 
Figure 1 is an 'example. 

A top-dewn design approach, as illustrated in Figure r, isn't 
always wise with integrated circuits, simply because the 
chances are fairly goed that the desperately needed circuit 
actually won't exist r1. And there.was a time, not all that leng 
age, when enly a quasi-randem subset ef all ef the ebvieusly 
possible variatiens ef the basic interface parts had reached 
full preductien status, so. that they ceuld be beught and 
plugged in. The hapless designer just had to memerize what 
that subset was, and de his design bettem-up fremthere. 

Teday, chaes is giving way to. erder. and enelJgh of the pessi
ble interface parts which a deSigner might want de by now 
exist (er will exist shertly) that the kind ef tep-dewn theught 
process pertrayed in Figure 1 really will werk eut all right 
when designing with interface. Fer instance, the line 0.1 inter
face parts new in preductiOn'at Menolithic Memories is suf
ficientlv orderlv to. be oraariizable into the matrix of the 
Interface Selectien Guide on page 11-3 of thiS aatabook. 
Altheugh this Guide is still somewhat irregular, it is at least 
recegnizable as first~c9usin to. a legic-design Karnaugh map, 
and yeu can actually get yeur hands en any el1l1e interface parts 
in the matrix. 

DATA WORD WIDTH 

Figure 1; Interface-Circuit-Selection Decision Tree 
The dimensions of ljariationfOr interface parts in any such 
Karnaugh map are, of ceurse', tWe-valued "Beolean" vari
ables. It is realistic frem beth legical and histerical view
peintsto {;onsider that alrol the: interface' i>arts of the Inter-

face Selectien Guide have been derived frem a very lew 
basic types, by implementing these combinations which 
make sense of several two-valued properties of interface 
parts. These are: 
• CommerciaJ versus military temperature-range eperatiei'L 

• High-speed Schettky (S~ TTL) er low-pewer Schottky 
(L.S-TTL) speed/power range, 

• Neninverting or inverting outputs. 

• No. memory capabilities in the logical elements, so that 
they operate as buffers; or memery capabilities therein, 
further subdivided according to whether the logical ele
ments operate as latches or registers. 

• Cempound 16-bit interface circuits or simple a-bit inter-
face circuits. . 

• 'Hi-drive or standard levels of current-sinking capability 
(lod at the eutputs. 

• Schmitt-trigger or standard inputs. 

• For nen-three-state parts, master-reset er cleck-enable 
centrol inputs. 

• Series-resistor or standard eutputs. 

Obviously, not alliniaginable cembinatiens ef, the abeve 
prepertiesactuallyexist as parts, or would 'even be useful, if 
they did; and selniconquctor houses cannot aff6rd lerlong 

, to offer 2n interface-circuit part types for rapidly increasing 
n. Mereever, certain efthe preperties whicli in the past h8vehad 
ju~t two pessible majercl:leiCes (e:g., S-TTL arid LS-TTL) teday 
have mere, than iwe; fer instance; Sedtion 12 ef. tlJ,iS 'oatabQ(:jk 
includes some CMOS parts. . , , 

Nevertheless, by now the matrix appreach has been fully
eneugh implemented to. ,effer a very helpful perspective to. 
the working designer. 

Part numbers teday allow s9me ef the preperties ef interface 
circuits to be directly inferred, at least if the part number 
fellows the conventiens of the industry:standard "54/74" 
numl:)ering series. 54/74 part numbers have a well-defined 
fermat VVE4TxxxP. with the foHewing interpretatien: 

• VV - a prefix which variessomewhatff(?m vender to. vender. 

• E4 

.T 

- ,a temperature-range envirenmental specificatien. 
"54" implies the military temperature range (-55°C 
to. +1250 C), and "74" the commercial temperature 
range (OOC to. + 70°C fer several vendors, and OOC 
to + 75°C f9r. Menolithic Memories). In aQY case., 
interface circuits must run properlye\ter avery w'ide 
temperature range. , '" 

"- a Solid-state-circuit technelegy.Upwards ef aaozen 
ef these have been premoted, with widely varying 
success, during the last decade. The earliest ene, 
plain eld geld-deped TTL, bmitted using any special 
letter in ,part numbers. Today, the' two dominant 
technelogiesare "S" (high-speed Schottky) arid 
"LS" (Lew-pewerSchottky).'bthers:·beceming quite 
irnpertantli1clude '.'P' (fqr"FAST," a lewer-powerform 
ef high-speed SChottky); "ALS" (advancec! lew-pewer 
Sch'OtlkY); arid "SG," "Her and "'ACT' (Isoplanar 
CMOS' 'precessed 'to' 'De fully TlL"veltage-level 
cempatible). 

• xxx - a twO-digit, three-'l:Iigit"and teday, sometimes even 
feur~digit number which uniquelyspecifiEils the pin
eut of the, part an~ its "functional behaviOr" (see the 
explanation which follOWS), indepsnaent Of speed/ 
pewerfange. ", " ' " 
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240 OCtal Buller 3,74 Octal R.egister ,245,Oclal Transceiver 

OUTPUT 1 
ENABLE ,E1 

GROUP ,. 
tAl 2 

D/,TA 

OUTPUT 

OUTPUT ENABLE i5E 1 

ENABLE la' 2 

GROUP 2 

DATA 

DIRECTION DIR 1 1-1==----=-= 20 VCC 

f H>--I+-____ ;-J" E OUTPUT. 
ENABLE 

A-BUS 
DATA IN/OUT 

B-BUS 
'IN/OUT 

....,L-__ ....::ur:-" CK CLOCK 

flgure2 .. Pinouts for the Three Basic 20-Pin Intei1ace Parts 

• P _ a Package type: plastic;cerdip, flatpack, lead less All of the buffers have the same pinout as the 'S240. They 
chip carrier, sidebrazed ceramic; small-outline differ in speed/power range, in the polarity of the outputs, in 
surface-mount, or whatever. the noise-rejection capabilities of the inputs (Schmitt

trigger or standard), and in enable structure (complementary 
OJ assertive-low) as shown in Figure 3, which really is 
unequivocally a Karnaugh map. 

The .functional beh,avior of a circuit can be, defined some
what circularly as'~what a designer needs to knpw about the 
circuit in order to construct designs which operate properly 
using partslrorn any supplier interchangeably:' This defini
tion is akin to one classic cjefinition of computer architecture 
as " ... th" :structure C?f, the computer a programmer needs to 
know in order to be able to writEi any program that will COr-
rectly run on thecomputer."r2 ' 

Two parts produced using different solid-state-circuit tech
nologies may e~hibit eSSE!ntiaiJY tbe,same fljnctional behay
ior. IUhat is the case, and if either part will also satillfy system 
timing constraints (wl1ich is an i$Sue quite'sePilrafe from that 
of "functional ,behavior") and input/butput voltagll compati
bility constrai,nts,the design~rc!oes not' need tb' care what 
kind of internal. g,a~e.s are used within thll "part - Schottky 
TTL, Eel, CMOS •. NMOS; or water wheels. Qri the .other 
hand, two partsproduced.usingthe,S8I)1etechnology may 
have subtle, or even drastic. qifferences in their functional 
behavior; for example, one ,may have inverting . outputs, or 
hi"drive outputs, or Schmi,tt-trigger inputs whereas the other 
does not. ' , 

The Matrix at Interface Part Types 
, the interface ,,8180{ the Interface Selection Gui(ie mo~tly have 
o!]e of just. three different pinoutli. shown )[1 Figure 2, in their 
usual 20-pin plastiC or cerdip SKINNYDIPfQrm. 

COMPLEMENTARY 
ENABLES 

~, 

'5210 '5241 

'5310 '5341 

'L5310 'LS341 

'LS210 'LS241 

- -

ASSERTIVE-LOW 
ENABLES , 

... 

'5244 '5240 

'5344 :5340 

'L534,4 'LS340 

'LS244 'L5240 

'-INVERTING NON·INVERTING INVERTING 
OUTPUTS OUTPUTS OUTPUTS 

} USUAL 
INPUTS 

I SCHMITI· 
TRIGGER 
INPUTS 

} USUAL 
INPUTS 

Figure~. 8-Bit Tht:fle-State Buffers 

Most of the latches and registers have the same pinout as the 
'S374. They differ in whether the memory control line is 
level-sensitive (latch) or edge-sensitive (register), in 
speed/power range, in the polarity of the outputs, and in the 
IOL (current-sinking drive) capability of the outputs as shown 
in the Karnaugh map of Figure 4. 

LATCHES REGISTERS . .......... . 

I } USUAL 

's533 '5373 '5374 '5534 (2O-mAI 

S·TTL 
OUTPUTS 

, '5535, '5531 'S?32 '5536 I HI-DRIVE 

{ 
(32-mA) 
OUTPUTS 

L5-TTL 

'L5533 'LS373 :LS374 'LS534 ,,} USUAL. 
(240m,\) 
OUTPUTS ~ - ~~ 

INVEfrllNG '- NON-INVERTING INVERTING 
OUTPUTS " OUTPUTS. OUTPI,JTS 

Figure4. 8~BitThree-Statei,atches and Registers 
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The three transc.eivers of the Interface Selection Guide are 
more specifically buffer transceivers-compound 16-bit 
interface Circuits like two 8-bit buffer circuits cross-coupled 
"back-to-back" within a single device. They differ in input
current and output-leakage-current specifications, which 
here are indistinguishable for test purposes since every data 
pin is both an input and an output; ~he 'LS245 specification 
is tighter. (The 'LS245-1 is also specified lis faster, but that is 
not a difference in "functional behavior.") There is also a 
difference in IOL capability; the 'LS645-1 is specified as 
higher. Actually, all three devices undergo identical fabrica
tion, and are' separated only at final testing; for instance, 
those .'LS645scapable of meeting the' 48-mA IOL specifi
cation in both directions drop into a separate bin. 
Upcoming developments!n interface parts will tend in many 
cases to follow the matrix approach, at least partially. Even 
where the new parts do not. fit perfectly into the matrix of 
existing parts, some attention is likely to be paid to issues of 
balance and symmetry over the entire interface-circuit 

'. • 48"'4 
48mA 

" .i,Z4, ",A,' 

pr~dt' uct ~ine, 

24 mA "".THOSE 'LS64S. WA8I.£ 
OF MEETING THE 48-/M 101. . ' _,' i' SPECIFICilTION IN BOTH 

a'lb-" ' 0 , ".TO-8 PIIlECTIONSPROPINTO~ 

P'RECT'O'L ~I "'"~:BIN''''' 

~ .~'~ ::~-~~ ~_' ~~~'0;_~ ~, ~ 
~ ).' '~ 
( 'CV ' 

.~ ~,"I~ 
:>.---ntl 

~O~_-Uc 

In some call$!!, new interfaCe parts directly ''fill in the holes" in 
the matrix. For instance, some recent additions to Monolithic 
Memories' line of interface parts are: 

Speedl 
F,unction f'ower Pcilarity 

Register S ",oninv. 

Register S Noninv. 

Buffer S Noninv. 

Buffer.' S Noninv. 

Bl,Iffer ' S Inv. 

Buffer S Inv., 

_ Feature 

Master 
Reset 

Clock 
Enable 

. Series 
Output 
Resistor 

Series 
Output 
Resistor 

Series 
Outpu~ 
Resistor 

Series 
Output 

. Filesistor 

Part Number 

SN54/74S273 

SN54/74S377 
SN54/74S383@ 

SN54/748734* 

SN54/748731 

SN54/74S730* 
" 

NOTES: @-The" '8383 differs from the 'S377 only in hav
ing· open-collector outputs rather than totem-
pole outputs, ~ , 

*-The '8734 IS ;aditect replacement for AMD's 
Am2966. 

If-The 'S730 is a direct replacement for.AMD's 
-, '..Am2965. ,.' 

Table 1 •. Recent 4dditiOnti to, Ihe Monolitl)lc Memories Ipter
face-Part-Type Matrix 

" ... THE '5273 AND '5377. 
LIKE THEIR LS-TTL COUNTER
PARTS, ~ OESIGNEO WITH 
STANOAJlI) TTL 'TOTEM-POLE' 
OUTPUTS ... " 

The 'S273 and 'S377 bring to higher-performance TTL sys
tems the samefunc;tional behavior which has long been 
available for medil!m-performance TTL ~ystems, with the 
popular 'LS273 and 'LS377 parts. The 'S27.3 and 'S377 , like 
their LS-TTL counterparts, are designed with standard TTL 
"totem-pole" outputs. Somehow, in the somewhat more cha
otic early days of 8-bit interface, the need for high-speed 
Schottky versions of these parts got overlooked by most 
interface producers, 

Since the'S273 and 'S377 are totem-pole-output parts, the 
control pin which gets used on the 'S374 (whose pinout they 
otherwise follow) for "Output Enable"for tne three-state 
outputs is available. for something else. The ·S27.3 uses it as 
a "Master Reset"(M'R) input, capable of forcing al.l.afthe 
eight D-type flipflops on the chip into, the off. (low) state 
simultaneously, regardless of their previous state-or of the 
state .of the clock line and/or the data-input lines. The '5377, 
on the other hand, uses that same pin as a "Clock Enable" 
(Cl<EN) i1:)put, which in effect either allows the clock signal 
to reacl:! the ejght D-type f1ipflops on the chip, or else cuts it 
off from reaching the flipflops so that they are not clocked 
and just sit there holding whatever information they contained 
previously. The '5383 is a slight modification of the '8377 to 
provide open-collectorrather than totem-pole outputs. 

The major applications for these parts are in situations where 
'S374s would be difficult to control appropriately. Because 
of tne'S273'~ lim input, its forte is control applications
instruction' registers, microinStri:fctionregisters; fiming
pulse registers, and sequential circuits in general, and 
sometimes as eight individual separate D-type control 
fli!">flops in one package. 'In aft of these applicatiohs,there 
has to be's'way to force the system into some proper initial 
state, so that It "starts off on the right foot" and does not get 
intO someunplanned~for; untestable, unpredictable machlne
J)Sycho condition on power-up:The 'S~77, orr the other 
hand, becaqse of its"CK'E1'il input, is the optimum choice for 
the highest-performarrce TTL pipeline paths for data, 
instrUctions, microinstructions, and address parameters 
in "overlapped-architecture" machines such as array pro
cessors.and high-performance minicomputers. Its open
collectorcounterpart, the 'S383, cali be used to drive Qpen~ 
collector buses or to provide wired-OR or wlred--AND.logic 
functions. . 
The 'S700. '8730. ·S731. and 'S734 felltUre a new type of 
output sta@incorporating a series resistor, designed to effi
ciently drive highly-capacitative loads such. as 'arrays of 
dynamic-MOSRAM inputs. Rlseahd fall times are more 
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symmetric than with '8240-type buffers, and the latter need 
an external series limiting resistor for their own protection 
when driving highly capacitative loads. 

Consequently, although '8240-type buffers may exhibit 
greater speed when tested under light loading conditions, 
'8730-type buffers are likely to perform better under realis
tic system conditions when driving large distributed capaci
tative loads is a major .factor in the application. 

O.f these four new buffers, two-the '8730 and '8734-are 
second-source versions of the Am2965 and Am2966 
respectively, originally introduced by AMD. The other 
two-the '8700 and '8731-are complementary-enable ver
sions of the '8730 and '8734 respectively, just as the '8210 
and 'S241 are complementary-enable versions of the 'S240 
and 'S244 respectively. Complementary-enable buffers 
excel in driving buses with two multiplexed sources for 
the information, such as instruction addresses and data 
addresses in a bit-slice bipolar microcomputer system. 

The four 'S730-type parts may be grouped with Monolithic 
Memories' line of conventional and Schmitt-trigger-input buffers 
in a 2x2 matrix chart or Karnaugh map, with the dimensions of 
this map chosen to be the polarity of the second-buffer-group 
enable input E2 (here across the top) and the polarity of the 
data-buffer logical elements themselves (here down the side), 
thus: 

Polarity of E2* 

E2 E2 
'LS240 'L8210 
'L8340 'L8310 

Inverting '8240 '8210 
'8340 '8310 

Polarity '8730 '8700 
of Data 'L8244 'L8241 Buffers 'L8344 'L8341 

Noninverting '8244 '8241 
'8344 '8341 
'8734 '8731 

* SinceE; is assertive-low for all of these parts, the parts with an asserti'Ye-low 
E2 are "assertive-low-enable" parts, whereas the parts with an assertive
high E2 are "complementary-enable" parts. 

Table 2. 8-Bit Buffers Grouped by Polarity and Enable Struc-
ture 

By this time, many presently-unused 8N54/74xxx part 
numbers have already been reserved for other potential new 
parts, even though not all of these parts are yet in produc
tion. Nevertheless, it was at least possible to part-number 
these four series-output. resistor buffers in such a way that 
the relationship among the four types remains the same as 
for '8240-type buffers. To state this another way, one can add 
490 to the last three digits of the usual buffer part number to 
get the part number for the corresponding series-output
resistor part, e.g., '8241 + 490 = '8731, etc. 

Directions In The Evolution of Interface 
Parts 
More Bits per Package 

Historically, the first interface parts were 16-pin TIL devices 
offered during the early 1970s, usually with four or six "Iogi-

cal elements" per package. One "logical element" handles 
one data bit; in simple interface parts, a logical element may 
be a buffer, a latch, or a register (with "register" here imply
ing an edge-triggered flipflop). 

As the digital-electronics industry shifted from M81 to L81 
integrated circuits, and from the quaint and irregular old
time computer word lengths to word lengths which are mUl
tiples of eight bits (most often 8, 16, or 32), 8-bit interface 
devices became the only way to go for simple electrical data 
transformations-chip counts got intolerably high with 4-bit 
devices, and 6-bit devices were awkward misfits in most of 
the newer designs.r3 And, to have eight input data lines, eight 
output data lines, power and ground, and two control signals, 
an integrated-circuit package has to have 20 pins. 

To conserve board space, the width of this 20-pin package 
waschosellto be 300 mils (.300") like that of the overwhelm
ing majority of the then-existing bipolar M81 and S81 
devices. Hence, during the 1970s, the present 20-pin 
300-mil 8KINNYDIP package became the standard for 
interface circuits. One 20-pin SKINNYDIP takes up only 
about half as much board space as one of the older 600-mil 
24-pin packages, which were then being used for a few early 
8-bit interface parts such as the Intel 8212. 

... ONE 20-PIN SKINN~DIP" TAKES UP ONl. ~ ABOUT 
HAl.F AS MUCH BOA~D SPACE AS ONE OF THE Ol.DE~ 
600-MIl. 24-PIN PACKAGES ... " 

24-pin interface parts were obviously the next major develop
ment to come. In the early 1980s, mechanical packaging prob
lems which previously had inhibited the introduction of a 24-pin 
3OD-mil 8KINNYDIP were solved, and this package is now also 
in widespread use for PROMs, PAL programmable-logic cir
cuits, and so forth. So what might one do with four additonal 
pins in an interface part? 

One answer is to spend all four of them for additional control 
signals in order to achieve more flexible parts, such as the 
Monolithic Memories SN54/74LS380 "multifunction" 8-bit 
register. (See page 6-16 of this databook.) This part is actually 
implemented with "hard-array logiC" technology, and has an 
internal structure like one form of PAL. 
Another answer is to spend all four of them for additional· 
data signals, equally for inputs and outputs. The result is 
10-bit interface parts with functionality similar to that of 
existing 20-pin 8-bit parts. 

A middle-of-the-road answer is to divide them equally 
between control signals and data signals. This approach 
leads to 9-bit interface parts with improved functionality. 

16-bit "double-density" interface-circuits - dual 8-bit 
circuits in a single 24-pin SKINNYDIP - are a more far
reaching answer than the preceding ones. These circuits use 
the four extra pins to provide separate control inputs for both 
8-bit internal groups, and also to provide improved function
ality. The number of data pins is held at 16 by multiplexing 
the use of two 8-bit groups of input and/or output pins. 

12·10 I/IIonol/thlc WMemorles 
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The motivation for 16-bit interface parts is, first of all, to cut 
component counts by replacing two parts with one in as 
many situations as possible, in order to save board space 
and assembly costs. Particularly in high-performance com
puters and array processors, the packaging itself is expen
sive when it must be designed to provide a proper signal
transmission environment for ultra-fast logic. An almost-50% 
cut in the board area required for the interface parts-here, 
as always, the "glue" which holds the whole system 
together- may result in major indirect savings. 

But there. are other incentives besides sheer cost reduction 
which favor cramming as much logic as possible into a given 
board area. There usually is only one board size in a chassis 
(or even in a system), and any logic subsystem which cannot 
fit onto one such board immediately incurs a speed penalty 
attributable to board-to-board communications-extra buff
ers for 'noiseefree signal transmission, extra signal-path 
length on each board over to the edge where the connecto'rs 
are, more extra length in the backplane wiring, and lots of 
additional inductance and capacitance permeating all of the 
above. 

So, saving board area is very likely to improve both system 
cost and system performance, by increasing the probability 
that a given logic subsystem will fit onto just one board. 

Interface-part internal element density has for many years 
been increasing at a rate which is, to say the least, unspec
tacular. Going from four to six to eight to sixteen logical 
elements in an interface-circuit package doesn't seem like a 
whole lot, compared for instance to going from 1K to 4K to 
16K to 64'S to 256K bits in a single dynamic-MOSRAM 
package in roughly the samepumber of years. 

But, consider what a true LSI interface circuit would have to 
look like-"':one. with the same magnitude of "equivalent gate 
count" being bandied .about for todaY's microprocessors, 
dynamic MOSRAMs, and so forth. First of all, it would need 
to halie several hundred data. inputs and several hundred 
data ·otJtputs, so that the most immediately-plausible 
mechanical design for a package would resemble a sea 
urchin! And, if it were implemented using any present-day 
TTL technology, the part would dissipate enough watts to 
need cooling fins like a Porsche cylinder head! 

And so it has turned out that progress over time in increasipg 
the logical-element density for interface parts has been 
more or less linear, while progress in increasing the level of 
integration for microprocessors and dynamic MOSRAMs 
has been more or less exponential. It isno·accident that a 
basic phrase of the definition for "interface circuits" qyoted 
earlier in this paper is " .•. which do not lend themslves to 
higher levels of integration ...... If these same density trends 
continue, digital electronic systems of the future may actu
ally have a higher proportion o·f packages allocated to inter
face circuits than is typical today, which if it happens is likely 
to surprise quite a few people. . 

Structure of 16-Bit Interface Circuits 

Common configurations of two 8-bit int/f1rface parts used 
together furnish a natural starting point for the definition of 
useful 16-bit interlace parts. When the same configuration 
tends to occur over and over again, it is natuTal to "draw a 
boundary around it and put it all. on one chip:' unless of 
course the resulting compound chip turns out to need too 
many pins. 

Figure 5 illustrates three such two-part configurations which 
are observably very common, and intuitively very plausible: 

• "Back-to-back" or "cross-coupled:' (Figure 5A). 

• "Nose-to-tail" or "pipelined:~ (Figure 5B.) 

• "Side-by-side" or "parallel:' (Figure 5C.) 

8 

Figure SA. Back-to-Back Configuration 

.. '. ·1· .. HI '. 
Figure 5B. Nose-to-Tail Configuration 

8 ~ 

8 8 

8 B 

Figure 5C. Side-by-Side Configuration 

Figure 5. Common Configurations of Two 8-Bit Interface 
Parts 

The bac.k-to-backconfiguration, when applied to simple 
B.-bit buffers, leads to buffer transcEHvers such as tlie .'LS245. 
The 'LS245 is, of course, still a 20-pin part; the choice was 
made to change its enable structure from that which would 
be strictly implied by placing two 'LS244s back-lo-back, in 
order to hold the package size to 20 pins and to disallow 
having both directions siml!ltaneously enabled. These same 
statements continue to hold for the 'LS645 and 'LS645-1. 
The 'LS640 and 'LS640-1 areiriverting buffer.transceivers, 
and the'LS643 and 'LS643-1· incorporate an S-bit inverting 
bufleT'l)ack-to~back with an B.-bit non inverting buffer; there 
are also open-collector equivalents to these part!! and the 
'LS645 and 'LS645-1. The:entire series features the same 
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enable structure, with a master enable linel: controlling 
both set,s of buffers and a direction line DI R to allow just one 
direction to be enabled at a time. 

Figure 6. Two-Stage Pipeline Register Configuration 

Applied to 'LS373 latches and 'LS374 registers, the 
back-to-back configuration leads to the 24-pin 'LS547 latch 
transceiver and the 'LS546 registertransceiver respectively. 
These parts are just what one would expect them to be, with 
individual ol.itput~enableand clock control inputs for each 
8-bit group, except that there are enough pins to also give 
each group clock-enable control. inputs like the 'S377. The 
'LS567 and 'LS566 are the corresponding inverting parts. 

The nose-to-tail and side-by-side configurations do not lead 
to anything very interesfing with buffers, at least as long as 
there are only enough pins for one 8-bit input data path and 
one 8-bit output data path. Latches and registers, however. 
are entirely another matter. It turns out to be attractive to 
combine these two configurations, even though at first 
glance they look quite dissimilar. into a single "two-stage 
pipeline" configuration as shown in Figure 6. Such a two
stage pipeline can opera:te in either a nose-to-tail mode or a 
side-by-sidernQde,.according to the setting of the two inter
nal multiplexers shown in Figure 6. Applied to 'LS373 
latches and 'LS374 registers, this more powerful configura
tion leads to the 24-pin 'LS549 latch pipeline and the 'LS548 
register pipeline. ,For these parts, the control inputs are a 
final-stage output enable, selects for each mux, a common 
clock (or latch-enable for the 'LS549) input for both stages, 
and individual clock-enable inputs for each stage. 

To clarify the timing control of these parts, the 16-bitregister 
parts ('LS546, 'LS566, and 'LS548) have individual clock
enable signals for each' 8-bit group, and either individual 
clock signals ('LS546 and 'LS566) or a common clock signal 
('LS548). ThE! 16-bit latch parts ('LS547, 'LS567, and'LS549), 
since the '~clock" signal turns into a level-sensitive latch
enable signal, have two independent ways of enabling 
storage in each of the two stages. Thus, the 'LS547 and 
'LS567 parts feature two separate and eqUivalent latch-enable 
control inputs ·foreach 8-bit group, either one of which can 
cause the group to "latch up"and store information. The 
'LS549 part has the same operating mode, except that each 
8-bit group has one separate latch-enable control input and 
there is one more latch-enable input common tb both groups. 
Read~back latches and rligisters ('LS793li1nd:L~794Jiilso have 
a backct<)-t)ack structure; but their "return" .element is a b.uffer 
(resembling, say,a '244), ratheqhan another latchorregil?ter .. 

As with other TTL 8-bitlatches aridi'egisters, thE! part-numbering 
scheme for all of the parts just mentfonedassignsodd numbers 
to latcheS and even numbers to registers. . . 

Flont-Ioadinfj latches are one other type of 16-bit interface 
part: The 'LS646 (ooninverting) is to a firstapproximatipn an 
'LS645 superimpQSeQupon an 'LS546. (The numbering 
scheme wasn't planned to be that cute-;it just happened.) 
The 'LS648 is· a silTlilar inver~ingpart. To clarify what is 
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meant, each of the eight logical elements of an 'LS646 con
sists of two back-to-backb\.lffers and two back-to-back 
flipflops, with a parallelled buffer and flipflop pointing in the 
A-to-B direction and a similar buffer-flipflop pair pointing in 
the B-to-A direction. The 'LS646 and 'LS648 are thre&-state 
parts: the 'LS647 and 'LS649 are respectively the equivalent 
open-collector parts. The 'LS651 (inverting) and' the 'LS652 
(noninverting) are equivalent to the 'LS648 and 'LS646 respec
tively, but have a different control structure which allows indec 
pendent enabling of either direction; the 'LS653 and 'LS654 are 
versions of the'LS651and 'LS652 respectively in which the 
A-direction output buffers are open-collector, and the B
direction buffers are still three-state. 

32-bit .interlace parts are also visible on the horizon. Two 
four-stage pipelines, the Am29520 andAm29521, are 
offered by AMD as members of a series of signal-processing 
parts, and Monolithic Memories is introducing them also as the 
'S720 and 'S721 , As compared to the 'LS548 and 'LS549, they 
offer twice as. many stored bits per square inch of board, but 
considerably less flexibility in accessing and contrOlling register 
contents. 
The matrix approach to classifying various interface parts 
can be extended to encompass transgeiversand pipelines, 
as is done in Table 3. The correspondence between the vari
ous 8-bit Simple-interface parts and the 16-bit compound 
interface parts which are in a sense derived from thein, is 
summarized in Table 4. 

Front-
Configu- Loading 
ration Buffers Latches Registers Latc!,!es 

Simple '210 '310 '373 '531 '374 '532 
'240 '340 '533 '535 '534 '536 
'241 '341 
'244 '344 

Back-to- '245 '547 '546 '646 '647 
Back '640 '640.1 '567 '566 '648 '649 

'643 '643~1 '651 '652 
'645 '645-1 '653 '654 

Two-Stage '549 '548 
Pipeline 

Table 3. Matrix Classification'Scheme for a·Bit and 16-Bil 
Interface Parts 

Simple Compound Number 
Interface Interface Of Regls-
Type lYpe Pins Buffer Latch ter 

Transceivers: 
'244 '245 '645 20 X 

'645-1 
'240 :640, ZO X 

'640-1 
'240/'244 '643 20 X 

'643-1 
'373 '547 24 X 
'374 '546 24 X 
'533 '567 24 X 
'534 '566 24 X 

Pipelines: 
'373. '549 24 X 
'374 '548 24 X 

Table 4. Equivalences Bet~,en Simple and Compound 
. Interface Types 
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Various Applications of Interface Parts 
Some Logic-Design Examples 

Severalillustrativedesigns using various interface parts may 
suggest some design insights and some creative ways to use 
interface. Thedesigns presented halle generally been 
excerpted from actual digital systems. 

Reading a switch setting to establish an externally,-defined 
system parameter, such as a device address, is a mundane 
but essential task in many' microprocessor-based systems. 
Figure 7 illustrates how a group of eight switches. may con
veniently be read .using a byte-wide buffer such as the 
'LS244. Since the switches must be electrically isolated 
from the bus, the ·LS244.'s three-state outputs are disabled 
by control signals originated by the microprocessor until the 
time comes to read in the switch settings. Because the 
'LS244 can supply up to 24 milliamps of IOL to drive the bus, 
this simple scheme can be utilized even on heavily-loaded· 
system data buses. 

If still more drive capability is needed, an 'S244 in the same 
configuration can Sink up to 64 milliamps. And, if the system 
is to be operated in an industrial envirOnment and the switch 
signals entering the buffer inputs are subject to severe 
noise, the Schmitt-trigger 'LS344 tYpe of buffer can also be 
substituted for the 'LS2g4 <with no. other change to the ci~-
cuit.· ,.. . 

!HbbJ)bb 1 \::y\'\ . X 
~ 

Vcc~ ~Vcc 
.Vcc Vce 

Vcc Vcc 
y cc 

EJ:t ENABLE £2 ~LS2441 

T. 
A 

8-81 
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. B!J!l 

rU 
. I 

, 

Vec 

.. ,. 

c 

Figure 7. Switch~SetlingReadin Cirtuit 

Interfacing two separate buses is a very standard application 
for transceivers. Figure 8 Shows an 'L8245. whic:h has a con
trolstructure such that one control signal sele.cts the direc

·fion.ot·data transfer. and the bther one,independently allows 
. data fransfer to' be enabled or disabled. Thus, the two buses 

can be operated totally isolated from each other, or else 
either one maybe made to fOI.low the other. Depending on 
the drille-capability and polarity requirements ofthe applica
tion, any of .the other buffer transceivers might .be used here· 
instead. Or, if memory:as wellljls cross-coupling is required, 
a latch transceiver orregister tninsc:eiver might also be 4sed 
inasimilar manner. 
Driving adynamic-MOSRAM a,flpress bus with a multiplexed 
row/column address can eonve'niently be done with an '8700 
as shown ir\Figure9. This pat:t is an Il\\lietting complementaiy~ 
enable buffer with a series-resistor outputstriJeture, which is. 
an ideal combination of characteristics here. . 
Firs! of. all,a.Ht'jflvertingbuffer· n6rmally . has. one le~5 
trarisisW'- and hence. one lessdelilY- in its internal data 
path than does an equivalent noninvElrtingbuffer, an'<fhenG9' 
is faster. Anddy:namiC MOSRAMs.reaHY don't care II their 
iddresses c6n1e in ':true" or "compJemehteq" fort;ri as IOJ;l,9!as' . 
thatform·/iever changes: \ ... . . .. . . .' . 

Second, a complementary-enable buffer can easily multiplex 
two different address sources to the same set of outputs 
without introducing extra switching delay, or allowing a 
mome~ "bus fight" condition, if the same control signal 
(here,.9AS or "Column Address Strobe") is tied directly to 
both El and EZ and the two 4-bit groups of outputs are tied 
together. . 
Finally, because of the internaiseries resistor in the'S700's 
output structure, this part (like the '5730/1/41 can drille highly 
capacitative loads, of say upto 70 dynainiC-MOSRAM inputs, 
without the. need for. external limiting. resistors to control 
undershoot, resulting in a net system speed. gain Since signal 
rising and falling transition times remain symmetric. Otherwise, 
the effective logic delay of the buffer (wh'icl1rs'slmply the 
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Figure 1\. Interfacing Two Separat~ Buses 

'16-BIT. 
ADDRESS 

Fillure 9, Multiplexed Row/Column AddressDti~ers 
worse.Qfthe two transit.ion'tirnesIWOuj~get degr~ded"sirice 
the"use of ,an external series reslstorwopld have greatly 
lengthened thelow-to-hjgh transiti~n.tline. :. ; , 

fJ.emo/Pplexlng.and nOId.ing:.addre.$$. (i{lcldata.'words for 
single-bui; microp,iocessors. is.'a.n ap,plication Which takes, 
advantage. of tf:\estrong. points ()( the :.S531 as shoy.'n. in~ 
Figure 10. Since the 'S531Is a "transpareritlatch" and can 
operate as a'liufter when necessary, the memory system 
designer can takeadliahtSgE1 0f the tuff time slots when the 
address' ~hd data Signals arejjrese!'lt(iri.the microprocessor' 
outputs. Because the address anOdata signals are then 
preSenUOra lonf1Eir period of time at the :8531 outputs: if 
may. bepos.sible.to use.slowerIandtherefpfe less e~pen~. 
sive!) memorydevicescthanif edge-triggered registers had 
been used here instead. The three-state ()utputs 01 the 
'8,531 allQw· the designer. to. implement bidirectional data 
buseS·and. DMA address schemes;.VariaJions on this 
appioachcan use '83735 If. less drivacapabilify is needed, 'Or 
:LiS37GSif less speed is needed as well; or '85355, '5533s, or 
~LS5'33s under tbe.sarne respective circumstances if the' 
addre~sand' data.busesto'.1:!e. driven ,are assertivJHdw' 
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Figure 10. Address/Data Demultiplexer for Single-Bus 
Microprocessors 

according to the system definition,' If the data-bus interface 
needs to have latching capability also for data returning to 
the microprocessor, then 'LS547s are an excellent choice. 

Synchronizing the state changes of a PROM-based control 
sequencer is easily performed using a· register with a 
clock-enable feature, like the 'LS3n shown in Figure 11. In 
this simple sequencer, a 4-bit counter steps through the 
PROM addresses. The counter may be reset to address 
0000, or loaded with any 4-bit address. The 32 x 8 PROM, 
with five address lines, allows for one external input as well 
as the four bits from the counter. The PROM outputs are 
pipelined using the 'LS377, which eliminates PROM output 
glitches, synchronizes the state changes of the sequencer 
with the system clock; and speeds up the effective cycle 
time. The availability of enable control inpu~s on both the 
counter and the 'LS377 allows forcing "wait" states, where 
both the counter and the,register hold their current state for 
extended periods of titTle. If a higher-speed implementation 
of this design is needed, a 74S161 or 93S16 counter can 
replace the 74LS161, one of Monolithic Memories' new 
63S081A ultra-speed 32x8 PROMs (19 nsec worst.case and 
9 nsec typical for tAA, instead of 5O'and 37 nsec respectively) 
can replace the 6331-1"and an '8377 can replace the 'L8377. 

Saving Deslgnsatthe Last Minute, or Planning Ahead' 
Designs hanging out over the edge of un workability can 
sometimes be salvaged without any redesign effort, by 
replacing standard illterface parts with hi-drive, Schmitt
trigger-input, or even just inverting pin-compatible parts. 
Hi-drive parts such as the 'S532 or 'LS645~~ get dropped 
into 'S374 or 'LS645 sockets respectively late in the design 
cycle, when the designer suddenly discovers that he has 
hung, several too many inputs on his main systetTI bus.' 
Schmitt-trigger-input parts such as the 'LS341 likewise get 

1~·14 

dropped into 'LS241 sockets shortly after the designer has, 
recovered from his first observation of his actual bus wave
forms on a good laboratory oscilloscope - it's that or back to 
the ol,d drawing board. And, when he suddenly remembers 
after laying out a tightly packed board that "Oh, xxxx, that 
particular bus is assertive-low," it's nice to be able to simply 
sutistitute an 'S534 for an 'S374 in a few places rather than 
having to find room for several inverter packages. So a 
designer who has learned to think of interface parts in terms 
of the matrix approach will now and then find a particularly 
quick route to saving his skin. 

EXTERNAL --------, 
INPUT 

ENABLE ---'-+ ....... ~ 
RESET--t--t-' 

CONTROL 
OUTPUTS 

Figure 11. Synchronous PROM-Based Control Sequencer 

However, an astute designer may use hi-drive, Schmitt
trigger-input, and inverting parts quite deliberately in order 
to gain speed, economy; drive capability, or noise immunity. 
A number of the industry-standard buses in the microcom
puter world are assertive-low; and inverting buffers, latches, 
and registers are much more appropriate for connecting 
these to a microprocessor, or to a bit-slice arithmetic unit, 
than non-inverting parts with extra inverters in series just to 
make the polarity come out right. Similarly, Schmitt-trigger 
hex inverters whose only function in the data path is to pro
vide noise immunity can be eliminated by using 'LS340-type 
buffers, which also provide Significant drive capability and 
three-state outputs. The need to parallel three-state drivers 
and registers and split drive lines, just for extra drive capabil
ity, can be reduced or eliminated by using hi-drive parts. 
And, in an obvious but not trivial switCh, substituting a 
high-speed Schottky part for a low-power Schottky equiva
lent part can beef up drive capability considerably. 

.5V 

'8532 

.sc 
~7 

'LS344 

Figure,12. Flat-Cable Transmjssion Scheme Using Hi-Drive 
and SChmi.tt-Trigger"lnput Interface Parts . 

BO,ard-to-board signal transmission, Via, flat cable is a particu
larly, nice application for both hi-drive and Schmitt-trigger
input interface parts. The 32-miHiamp outputs of, say, an 
'S532 are better matched to tll,e characteristic impedance of 
flat cable (usually ,100 to 120 ohms) than 20-milliamp outputs 
would be. An adequate scheme, in many cases, for the 



Pick the Right 8-Bit or 16-Bit Interface for the Job 

transmission of data from board to board uses 3M or similar 
flat cable. Every second cable wire is grounded at both ends 
for shielding, so that signal wires alternate with ground wires 
("signal-ground-signal-ground"), and there is at least one 
ground wire at each edge of the cable. Signal wires are 
driven by 3;?-mA hi-drive latches or registers, and the 
receivers are Schmitt-trigger-input buffers, and that's all 
there is to it-no resistors, capacitors, or black magic. For a 
strobe, clock, or control signal, a linear receiver such as a 
National Semiconductor 8837 is used together with a 
180-ohm series resistor and a 3300-ohm shunt resistor to 
Vee> as shown in Figure 12. This overall scheme is compatible 
with some Digital Equipment Corporation buses, and is good 
for transmission distances of up to 25 feet. 

" ... DESIGNS HANGING OUT OVER THE EDGE OF 
UNWORKABILIT'I CAN SOMETIMES BE SALVAGED ... " 

Conclusion 
Interface parts seem primitive alongside of LSI micropro
cessors and dynamic MOSRAMs, but they are inescapable 
and smart designers today have learned how to use them 
astutely. A powerful aid in doing so is to think of the set of 
interface parts as' an array,. which fits into a matrix whose 
dimensions are various circuit properties. Even though the 
rate of progress seems slow, the bit-density and functionality 
of interface parts is steadily increasing, and the time is 
approaching for designers to learn to take the next logical 
step and use 16-bitinterface parts extensively in their sys
tems, in order both to save cost and to improve overall 
system performance. 
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8-Bit Buffers SN54LS240 
SN54LS241 
SN54LS244 

SN54S240 
SN54S241 
SN54S244 

Features/Benefits Ordering Information 
• Three-state outputs drive bus lines 

• Low current PNP inputs reduce loading 

• 8-blt data path matches byte boundaries 

• Ideal for microprocessor interface 

• Complementary-enable '241 combines multiplexer and 
driver functions 

Description 
These 8-bit buffers provide high speed and high current 
interface capability for bus organized digital systems. The three
state drivers willsourcea termination to ground (upto 1330) or 
sink a pull-up to Vee as in the popull;lr 220 0/330 0 computer 
peripheral termination.The PNP inputs provide improved fan-in 
with 0.2 mA IILon the low-power Schottky buffers and 0.4 mA 
IlL on the Schottky buffers. 

The '240 and '244 provide inverting and non inverting outputs 
respectively, with assertive low enables. The '241 also provides 
inverting and noninverting outputs, but with complementary 
(both assertive-low and assertive-high) enables, to allow trans
ceive or multiplexer operation. 

Logic Symbols 

PART 
NUMBER 

SN54LS240 

SN54LS241 

SN54LS244 

SN54S240 

SN54S241 

SN54L244 

'240 8-Blt Buffer '241 8-Bit Buffer 

PKG 

J,L,W 

J,L,W 

J,L,W 

J,L,W 

J,L,W 

J,L,W 

TWX: 910-338-2376 
2175 Mission College Blvd. Santa Clara, CA 95054-1592 Tel: (408) 970-9700 TWX: 910-338-2374 
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TEMP ENABLE POLARITY POWER 

Mil Low Invert 

Mil 
High-

Non- LS Low 
Invert 

Mil Low 

Mil Low Invert 

Mil 
High-

Non- S Low 
Invert 

Mil Low 

'244 8-Blt Buffer 

Monolithic I!t!n 
Memories Il1Jl1.U 



SN54LS240/41/44 SN54S240/41/44 

Function Tables 

'240 '241 

E1 ~2 1A 2A 1Y 2Y E1 E2 1A 2A 1Y 2Y 

L L L L H H L L L X L Z 
L L L H H L L L H X H Z 
L l H L L H L H L L L L 
L L H H L L L H L H L H 
L H L X H Z L H H L H L 
L H H X L Z L H H H H H 
H L X L Z H H H X L Z L 
H L X H Z L H H X H Z H 
H H X X Z Z H L X X Z Z 

'244 

E1 E2 1A 2A tv 2Y _. 

L L L L L L 
L L L H L H 
L L H L H L 
L L H H H H 
L H L X L Z 
L H H X H Z 
H L X L Z L 
H L X H Z H 
H H X X Z Z 
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SN54LS240/41/44 SN54S240/41/44 

IEEE Symbols 

'240 '241 
1 ..... 

EN 

"'-
E1 1 ..... J EN 

~ 
1Al 

2 
r> 

18 
'V 1Y1 1A1 

2 
t> 

18 
'V 1Y1 

"1A2 
4 t-. 16 1Y2 1A2 4 16 

1Y2 

1A3 " 6 14 1Y3 1A3 6 14 1Y3 

1A4 
8 12 

1Y4 1A4 
8 12 

1Y4 

19 ..... 
EN E2 

19 
EN 

1 1 

2A1 
11 

t>. 'V 
9 2Y1 2A1 

11 
t> 'V 

9 2Y1 

2A2 
13 t-. 7 

2Y2 2A2 
13 7 

2Y2 

2A3 
;5 b, 5 

2Y3 2A3 
15 5 2Y3 

2A4 
17 3 

2Y4 2A4 
17 3 

2Y4 

'244 
1 ..... 

EN j '1 
1A1 

2 
t> 'V 

18 
1Y1 

1A2 
4 16 1Y2 

1A3 6 14 1Y3 

1A4 
8 12 1Y4 

19 r-. 
EN 

11 
t> 'V 

9 2A1 2Y1 

13 7 
2A2 2Y2 

15 5 2A3 2Y3 

17 3 
2M 2Y4 



SN54LS240/41/44 SN54S240/41144 

Absolute Maximum Ratings 
Supply voltage vee ...............................................•....................................... -0.5 V to 7 V 
Input voltage ............................................................................................. -1.5 V to 7 V 
Off-state output voltage .................................................................................. -0.5 V to 5.5 V 
Storage temperature .................................................................................. -65°C to +150o e 

Operating Conditions 

SYMBOL PARAMETER MIN 
MILITARY 

UNIT TYP MAX 

Vee Supply voltage 4.5 5 5.5 V 

TA Operating free-air temperature -55 125 °e 

Electrical Characteristics Over Operating Conditions 

SYMBOL PARAMETER TEST CONDITIONS MILITARY UNIT MIN TYP MAX 

VIL Low-level input voltage 0.7 V 

VIH High-level input voltage 2.0 V 

VIC Input clamp voltage Vee= MIN II = -18 mA -1.5 V 

~VT Hysteresis (VT + -VT ) Vee = MIN 0.2 0.4 V 

IlL Low-level input current Vee = MAX VI = 0.4 V -0.2 mA 

IIH High-level input current Vee = MAX VI = 2.7 V 20 p,A 

II Maximum input current Vee = MAX VI = 7V 0.1 mA 

Vee=MIN 
VOL Low-level output voltage VIL = MAX IOL=12mA 0.4 V 

VIH = 2 V 

Vee= MIN 10H =-3 mA 2.4 3.4 
VOH High-level output voltage VIL =0.5V V 

VIH = 2 V 10H = -1.2 mA 2.0 

10ZL Vee = MAX Va = 0.4 V -20 p,A 
Off-state output current VIL = MAX 

10ZH VIH = 2 V VO=2.7V 20 p,A 

lOS Output short-circuit current* Vee= MAX -40 -225 mA 

Outputs 'LS240 17 27 
High 'LS241, 'LS244 17 27 

Supply Outputs Vee= MAX 'LS240 26 44 
ICC mA Current Low Outputs 'LS241, 'LS244 27 46 

open 
Outputs 'LS240 29 50 
Disabled 'LS241, 'LS244 32 54 

* Not more than one output should be shorted at a time and duration of the short-circuit should not exceed one second. 

Switching Characteristics VCC = 5 V,TA = 25°C 

SYMBOL PARAMETER TEST CONDITIONS 'LS240 'LS241, 'LS244 UNIT (See TeslLoadlWavelorms) MIN TYP MAX MIN TYP MAX 

tpLH 9 14 12 18 ns 

tpHL 
Data to output delay 

12 18 12 18 ns 

tpZL 
eL = 45 pF RL = 667 n 

20 30 20 30 ns 

tPZH 
Output enable .delay 

15 23 15 23 ns 

tpZL 15 25 15 25 ns 

tPHZ 
Output disable delay eL = 5pF RL =667 n 

10 18 10 18 ns 
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SN54LS240/41 144 

Absolute Maximum Ratings 
8upply voltage vee ....................................................................................... -0.5 V to.7 V 
Input voltage ............................................................................................. ,.-1.5 V to 7 V 
Off-state output voltage .................................................................................. -0.5 V to 5.5 V 
8torage ternperature ................................................................................... _65° e to +150° e 

Operating Conditions 

SYMBOL PARAMETER 
MIN 

MILITARY 
TYP MAX UNIT 

Vee 8upply voltage 4.5 5 5.5 V 

TA Operating free-air tern perature -55 125 °e 

Electrical Characteristics Over Operating Conditions 

SYMBOL PARAMETER TEST CONDITIONS 
MILITARY 

UNIT MIN TYP MAX 

VIL Low-level input voltage 0.8 V 

VIH High-level input voltage 2.0 V 

VIC Input clarnp voltage Vee- MIN 11- -18 rnA -1.2 V 

AVT Hysteresis (VT + -VT J Vee = MIN 0.2 0.4 V 

Low-level I Any A -0.4 
IlL input current I Any E 

Vee = MAX VI = 0.5 V rnA 
-2 

IIH High-level input current Vee = MAX VI=2.7V 50 I-'A 
II Maxirnurn input current Vee = MAX VI = 5.5 V 1 rnA 

Vee=MIN 
VOL Low-level output voltage VIL =0.8V IOL = 48 rnA 0.55 V 

VIH = 2V 

Vee=MIN IOH = -3 rnA 2.4 3.4 
VOH High-level output voltage VIL = 0.8 V V 

VIH = 2V 
IOH=-12rnA 2.0 

10ZL Vee = MAX VO=0.5V -50 I-'A 
Off-state output current VIL =0.8V 

IOZH VIH = 2 V Vo = 2.4 V 50 I-'A 

108 Output short-circuit currentt Vee = MAX -50 -225 rnA 

Outputs '8240 80 123 

High '8241, '8244 95 147 

8upply Outputs Vee = MAX '8240 100 145 
rnA ICC Current Low Outputs '8241, '8244 120 170 

open 
Outputs '8240 100 145 

Disabled '8241, '8244 120 170 

t Not more than one output should_ be shorted at a time and duration of the shoft~ircuit should not exceed one second. 

Switching Characteristics vec = 5 V, TA = 25°C 

SYMBOL pARAMETER TEST CONDIT!ONS 'S240 'S241 , 'S244 UNIT (S.e Teat LoadIWav.,orma) MIN TYP MAX MIN TYP MAX 

tPLH 
Data to output delay 

4.5 7 6 9 ns 

tpHL 4.5 7 6 9 ns 

tpZL 
eL =50pF RL =.900 

10 15 10 15 ns 

tPZH 
Output enable delay 

6.5 10· 8 12 liS 

tpZL 10 15 10 15 ns 

tPHZ 
Output disable delay eL = 5 pF RL = 900 

6 9 6 9 nS 

* For the·S210 add 2 ns.for the E2 (Pin 1a)enable. 
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Test Load 

Test Waveforms 

INPUT 

SN54LS240/41/44 SN54S240/41/44 

(SEE NOTE B) RL 
(!)--t---~-~-~-<>"'" o---/W'--O 5 V 

Sl 

CL 

(SEE NOTE A) I RO 
(SEE 

NOTE C) 

S2 

* The "TEST POINT" is driven by the output under test, 
and observed by instrumentation. 

~ __ ~~-------------3V ,..------3V 

'---_--______ OV 
OUTPUT 

CONTROL 
(Low·level 
enabling) 

'-----------~~--~-----OV 

IN-PHASE 
OUTPUT _____ -+ __ , 

OUT OF PHASE 
OUTPUT 

(See Note G) 

~---....;.-VOL 

,.----VOH 

'---~~------VOL 

WAVEFORM 1 
(See Note 0) 

WAVEFORM 2 
(See Note 0)· Sl open 52 closed 

Propagation Delay Enab.le and Disable 

Notes: A. CL includes probe and jig capacitance. 

S. All diodes are 1 N916 or 1 N3064. 

C. For Series 645, RO = 1 K, VT = 1.5 V. 
For Series 54LS, RO = 5 K, VT = 1.3 V. 

D. Waveform 1 is for an output with internal conditions such that the 
output is low except when disabled by the output control. 

Waveform 2 is for an output with interna,1 conditions such that the 
output is high except when disabled by the output control. 

E. In the examples 'above, the phase relationships between inputs 
and outputs have been chosen arbitrarily. 

F. An input pulses 8(e supplied by generators having the following 
characteristics: PRR ,; 1 MHz. ZOUT = 50 nand: 
For series 548, tR :::; 2.5 ns, tF :::; 2.5 ns. 
For' Series.54LS and PAL devices, tR :::; 15 ns, tF :::; 6 ns. 

G. When measuring"propagation delay times of three-state,outputs, 
switches 81 arid 52 are closed. 

Monolithic m Memories 12·21 



8-Bit Buffers with 
Schmitt Trigger 
Inputs 

Features 
• SChmitt-trigger Inputs guarantee high noise margin 

• Three-""te outputs drive bus lines 

• Typical Input and output capacitance :510 pi 

• Low-current PNP Inpuls reduce loading 

• 2CJ.pIn SKINNYDIP4D saves Iipace 

• 8-blt data peth matches byte boundaries 

• Ideal for m~r Interface 
• COmplementary-enable '310 and '341 types combine multi

plexer and driver functions 

• Pln-comPattble';"" SN54n4S2101240/114 and 
SN54174LS210124011/4; can be dli'ect replacement In 
systems with noise problems . 

Description 
In addition to the standard Schottky and low-power 
8-bitbuffers, Monolithic Memories provides full h 
a "true" Schmitt-trigger circuit. The impr ve 
characteristics are designed (1) for the I 
buffers, to be consistent with the S 
trigger inverter, and to guarantee a fullMllDmMlOi 
(2) for the Schottky buffe low 
to guarantee a full 500m 
operation makes 
noisy environ 

These 8-bit bu 
face capability f 
statedrlverswillso ceatermin f 
sink a pull-up to Veeasin the p 

Logic Symbols 
'310 8-BIt Buffer. '3/10 8-BIt Buffer 

"For other pac~ types. pleeee contact your local sales representative. 

SKINNYDIP" is a registered trademark of Monolithic Memories. 

SN54/74t.S310 SN54/74S31 0 
SN54/74LS340 SN54/74S340 
SN54/74LS341SN54/74S341 I 

SN54/74LS344 SN54/74S344 

O~ering Information 
PART 

NUMBER 

SN54LS310 

SN74LS310 
SN54LS340 
SN74LS340 
SN54LS341 
SN74LS341 

PKG" 

LS. 

S 

. The PNP inputs provide improved fan-in 
rthe low-power Schottky buffers and 0.25 mA 

ottky buffers. 

40and '344 provide inverting and non-Inverting outputs 
pEictively, with assertive-low enables. The '310and '341 also 

provide inverting and non-inverting outputs respectively, but 
with complementary (both assertive-low and assertive-high) 
enables, to allow transceiver or multiplexer operation. 

All of the 8-bit devices are packaged in the popular 2o-pin 
SKINNYDIP4D. 

'341 8-Blt Buffer '344 8-BIt Buffer 

TWX: 910-338-2376 
2175 Mission College Blvd: Santa Clara, CA 95054-1592: Tei: (408) 970-9700 TWX: . 910-338-2374 . 

I/Ionollthlc l!1!n 
.emorles· uun.u 
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SN54/74LS310/40/41/44 SN54/74S310/40/41/44 

IEEE Symbol. 

'310 '340 

1 ....... J EN 

~ 
E1 

1A1 
2 

,I> 18 
-<T " 1Y1 1A1 

2 

1A2 
4 16 1Y2 1A2 

4 

1A3 
6 14 

1Y3 1A3 
6 

1A4 
8 12 

1Y4 1A4 

19 lEN 
L;' E2 E2 

11 
-<T I> " 

9 2Y1 2A1 

2A2 
13 7 

2Y2 

2A3 
15 5 2Y3 

2A4 1.7 3 
,2Y4 

E1 E1 1 ...... EN 

1A1 
2 

1A1 
2 18 .u I> " 

1A2 
4 1Y2 1A2 

4 16 

1A3 
6 14 1Y3 1A3 

, 6, 14 
1Y3 

1A4 
8 12 

1V4 1A4 
8 12 

1Y4 

E2 
19 

EN 19 ...... 
EN 

] 
11 

I> " 
9 

-'r 2Y1 2A1 2A1 
11 .u I> " 

9 
, 2Y1 

2A2 
13 7 

2Y2 2A2 
13 7 

2Y2 

2A3 
15 5 2Y3 2A3 

15 5 2Y3 

2A4 
17 3 

2Y4 2A4 
17 3 

2Y4 

',' 
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SN54/74LS310 SN54/74LS340 SN54/74LS341 SN54/74LS344 

Absolute Maximum Ratings 
Supply voltage v cc ............................................................................................... 7 V 
Input voltage .••..........•....•.•.....••....•..•....••..•....•....................•...•....••.•..............•.•• 7 V 
Off-state output voltage .......................................................................................... 5.5 v 
Storage temperature .•...•...•....•..•..•..•..•.•..•...•..........•....••...••..........•...........•.• -65° to +150" C 

Operating Conditions 

SYMBOL PARAMETER 

Vcc Supply voltage 

Operating free-air temperature 

Electrical Characteristics Over OperaUng Condillons 

SYMBOL PARAMETER 

VT+ Positive threshold voltage 

VT- Negative threshold voltage 

VIC Input clamp voltage 

!J.VT Hysteresis (VT+-VT_) 

!J.VDB Dead band vOltage 

VIL 

VIH 

IlL 

IIH High 

II 

VOL 
10L= 24 rnA 

-Vcc = MIN 10H = -3 rnA 

VOH Hi9h-level output voltage VT+= 2V 10H =-12rnA 

VT_=0.6V 10H =-15rnA 

10ZL VCC=MAX . Vo = 0.4 V 

10ZH 
Off-state output current VT+ = 2V 

VO=2.7V VT.=0.6V 

lOS Output short-circuit current" VCC=MAX 

Outputs. 'LS310,'LS340 

High 'LS341, 'LS344 

Supply Outputs VCC;=MAX 'LS310,'LS340 
ICC Current Low Outputs open 'LS341, 'LS344 

Outputs. 'LS310, 'LS340 

Disabled 'LS341, 'LS344 

MILITARY 
MIN TYP MAX 

4.5 5 5.5 

-55 

-0.2 

20 

0.1 

0.4 

2.4 3.4 

2 

-20 

20 

.,.40 -225 

17 27 

'18 35 

26 44 

32 46 

29 50 

34 54 

** Not more than one output should be shorted at a time and duration of the short-circuit should not exceed one second. 

* "A" indicates data Input. "E" indicates enable input. 

12-24 II/IonoIIthIc m lllemorles 

V 

V 

O.B V 

V 

0.8 V 

2.0 V 

-0.2 rnA 

pA 

0.1 rnA 

0.4 
V 

0.5 

2.4 3.4 

V 

2 

-20 pA 

20 p.A 

-40 -225 rnA 

17 27 

18 35 

26 44 
rnA 

32 46 

29 50 

34 54 



SN54/74LS310 SN54/74LS340 SN54/74LS341 SN54/74LS344 

Switching Characteristics vcc = 5 V, TA = 25"C 

SYMBOL PARAMETER TEST CONDITIONS 'LS310, 'LS340 'LS341, 'LS344 UNIT (See Tell Load~) MIN TYP MAX MIN TYPMAX 

tpLH 19 25 19 25- ns 

tpHL 
Data to Output delay 

19 25 

tpZL 
CL = 45pF RL= 6670 

32 

tpZH 
Output Enable delay 

23 

tpLZ 
" Output Disable delay CL = 5pF RL= 6670 

tpHZ 
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SN54/74S310 SN54/74S340 SN54/74S341 SN54/74S344 

Absolute Maximum Ratings 
Supply voltage Vce ..•................ : ..•........................ '.' .....•................................... ". .. 7.0 V 
Input voltage : .. : .•..•.......•.•...... : ..•.......•....•......... , ......••..........••.......................•..... 5.5V 
Off-state output voltage ., .. '........................................................................... . . . . . . . . ... 5.5 V 
Storage temperature .................................................................................... -65° to+150°C 

Operating Conditions . 

SYMBOL PARAMETER 
MILITARY COMMERCIAL 

MIN TYP MAX MIN TYP MAX UNIT 

Vcc Supply voltage 4.5 5 5.5 

Operating free-air temperature -55 125 

Electrical Characteristics Over Operating Concltlons 

SYMBOL 

avos 

10ZL 

10ZH 

lOS 

ICC 

PARAMETER 

Positive threshold voltage 

Negative threshold voltage 

Input clamp voltage 

Hysteresis (VT+-VT_) 

Dead band voltage 

Input low voltage 

High-level output voltage 

Off-state output current 

Output short-circuit current" 

Supply 
Current 

Outputs 
High 

Outputs 
Low 

TEST CONDITIONS 

AnyA* 

AnyA* 

v 
v 

0.8 V 

2.0 v 
-0.25 -0.25 mA 

50 50 pA 

mA 

0.55 
v 

0.55 

10H =-1 mA 2.7 
VCC=MIN 

10H =-3mA 2.4 3.4 2.4 3.4 

Vr+=2V IOH=-12mA 2 v 
Vr_ = 0.8 V 10H = -15 mA 2 

Vcc = MAX Vo =0.5 V -50 -50 pA 
VIH = 2.0 V 1--=c..-----+--------1I--------I----l 
VIL=0.8V VO=2.7V 50 50 pA 

Vcc = MAX -50 -225 -50 -225 mA 

'S310,'S34O 50 80 50 80 

'S341, 'S344 80 130 80 130 

Vcc = MAX I-'S_3_1_0';...'S_3_4O __ -t-__ 1_1_0_1_55---"1-__ 1oo __ 1_5_5_f mA 
Outputs open 'S341, 'S344 130 180 130 185 

I--------~ 1--'---~_+--------.,I--~--_4 

Outputs 
Disabled 

'S310, 'S340 135 180 135 180 

'S341 , 'S344 155 180 150 200 

** Not more than one output should be shorted at a time and duration 01 the short-<:ircult should not exceed one second. 

* "A" Indicates data input; "E" indicates enable Input. 
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SN54/74S310 SN54/74S340 SN54/74S341 SN54/74S344 

Switching Characteristics vcc = 5 V, T A = 25°C 

SYMBOL PARAMETER TEST CONDITIONS 'S310, 'S340 'S341, 'S344 UNIT 
(See Test LoadlWavetonna) MIN TYP MAX MIN TYP MAX 

tpLH 11 15 16 22 ns 

tpHL 
Data to Output delay 

16 22 10 15 ns 

tpZL 
CL = 50 pF RL = 9011 

8 15 

tpZH 
Output Enable delay 

6 

tpLZ 10 
Output Disable delay CL = 5pF RL= 9011 

tpHZ 

If .... 
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i 'SN54/74,LS310/40/41/44 SN54/74S310/40/41/44 

Function Tabl •• 
-'310 '340 

E1 -.... ~. 1Y OUTPUrS ,- 2YOUTPUTS E1 E2 1YOUTPUTS 2YOUTPUTS 

H 'H Z 
Enabled 

(Inverting) 
H H Z Z 

H L Z Z H L Z Enabled 
(Inverting) 

.L '; H Enabled Enabled 

- (Inverting) (Inverting) L H Enabled 
Z (Inverting) 

L L 
Enabled 

Z (Inverting) L L Enabled 
(Inverting) 

'341 

E1 E2 1YOUTPUTS 2YOUTPUTS E1 E2 

H H Z Enabled 
H L Z Z 
L H Enabled Enabled 
L L Enabled Z 

Z '" High Impedance (output off). 

OUTPUT 

VOL 

L-__ ~~~ __ ~ __ ~ ______________ IN~ 

I~T~I ~-:I 
INVERTING DEVI NONINVERTING DEVICE 

THRESHOLD VOLTAGE VS OPERATING TEMPERATURE 

v V 

2.0 2.0 

vr 
1.8 1.8 

1.6 1.6 

1.4 DEAD BAND 1.4 

'fT-
1.2 1.2 

1.0 1.0 

0.8- 0.8 

25 125. ·C o 25 75 ·C 

MILITARY DEVICE COMMERCIAL DEVICe 
* Dead Band: Th8 hysteresis is guaranteed at any operating temperatura and voltage. 
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SN54/74LS310/40/41/44 SN54/74S310/40/41/44 

Test Load" 

RL 
TEST POINT· f.j-,-..... -~--..--41---t--<;t'Sl 0-.NV'-05V 

Test Wavefonna 

INPUT 

IN-PHASE 
OUTPUT_ .... _-+_~ 

OUT OF PHASE 
OUTPUT 

(S'" NoliI: .0); 

CL RO 

.' (SEE NOTE AI ~ENOTEC) '----'---""'"":--+---<Y: 

* The "TEST POINT" Is driven by the output under test. 
and observe!'! by instrumentation. . 

d jig capacitance .. 

are lN916 or lN3064. 

Series 54174S310/340/341/344 RO = SK. I/T = VT+ = 1:8 V 
or low-tO-high input transition. 

ForSerle8,5417493101340/341/344 Rd= SK. VT = I/T- = 1.1 1/ 
lor high-to-Iow inpu~transition. 
For Series S4/74LS310/340/341/344 RO'; SK. I/T = I/T+': 1 .. 7. V' 
lor low-tcrhigh input transition; . 
Fpr.Series54174L310/340/341/344 RO = SK. VT=VT;~ 0.9· 1/ 
IOrhigh-tq-IOW inpultransition. 

0. -Wavel.orm lis lor an output with fnlEimal conditions such thatlhe 
output is low except when disabled by the Qutput conlroL 

Wav~orm 2 is lor an oulput with intemar'conditions suc~ thaUhe. 
output is high except when disabled by the output control. . 

E. In Ihe examples above. the priasa relatiOnstiipS betw";n inputs 
and outputs have been chosen arbitrarily." " -

F. All input pulses are suppiied by generato"; having the·folld""i.g .. -
characiterlstlcs:'PRR.:S 1 MHZ.ZoUT = 50[land: . 

·For Series S41748,.1R.:S2.Sns.IF"'.2.S ns. 
For Series 5417 4LS and PALS. tR .:S 15 ns,IF.:S 6 ns. . 

G • .when -measuring propagation delay times pi 3-s!ate outputS; 
. switches Sl and S2 are closed. (propagation delays al8 mSli
.· .. 'ned Irom the inputs'crossing VT+' I/T" to the output. crOs~i.ng·' 

V.T) 

'v-~;""--3V 

'+-----oV 



8-Bit Buffer Transceiver 
SN54/74LS245 

FOR 
MORE DETAIL 
SEE SECTION 

13 

Features/ Benefits 
• Three-state outputs drive bus lines 

• Low current PNP Inputs reduce loading 

• Symmetric -- equal driving capability In each direction 

• 20-pln SKINNYDIP® saves space 

• B-blt data path matches byte boundaries 

• Ideal for microprocessor Interface 

• Pln-compatlble with SN54/74LS645 -- Improved speed, 
IlL and IOZL specifications 

Description 

SKINNYDIP® is a registered trademark of Monolithic Memories. 

Ordering Information 
PART 

NUMBER 

SN54LS245 

SN74LS245 

L 
L 
H 

IEEE Symbol 

DIRECTION 
CONTROL 

DIR 

L 
H 
X 

'LS245 

OPERATION 

B data to A bus 
A data to B bus 

Isolated 

E __ -21~9 __ -f,G~3'---~---' 

DIR 1 ....... J 3EN1 (BA) 
YEN2(AB) 

A1 L?1 : 
2? 

18 
I-LJ--':---B1 

A2~ __ ---=3'+--I 1---+,1,,-7 _-B2 
I-----l 

A31 ___ 4.:...----I 1-.....:1::;6 _-B3 

A4._-+,S::"'---j 
1--_1:.::5 __ EB4 

A5:_..,;6::"'---j 1--..,;1~4 _-85 

A6i ___ 7'-+----I 1----'1"'-3_-86 

8 1----------1 12 
A7---''-+----I 1-.....:~--B7 

A8._-+,9::"'---I 
1--:1~1 __ B8 

TWX: 910-338-2376 
2175 Mission College Blvd. Santa Clara, CA 95054-1592 Tel: (408) 970-9700. TWX: 910-338-2374 

MonolIthIc mT!1I 
.emorle. IlUlW 
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8-Bit Buffer Transceiver 
SN54/74LS645 SN74LS645-1 

Featuresl Benefits 
• Three-state outputs drive bus lines 

• Low current PNP Inputs reduce loading 

• Symmetric - equal driving capability In each direction 

• 20-pln SKINNYDIP@ saves space 

• 8-blt data path matches byte boundaries 

• Ideal for microprocessor Interface 

• SN74LS645-1 rated at IOL = 48 mA 

Description 

These 8-bit bus transceivers are design 
two-way communication between d 
tion implementation minimizes e 

IEEE Symbol 

19 
1 

DIR 

L 
H 
X 

'LS645/645-1 

03 
13EN1 (BA) 

FOR 
MORE DETAIL 
SEE SECTION 

13 

OPERATION 

B data to A bus· 
A data to B bus 

Isolated 

E 
DIR 

YEN2(AB) 

A1 
2 

C 
A2 3 

A3 
4 

A4 5 

AS 
6 

AS 
7 

A7 
8 

AS 
9 

SK1NNYDIP® is-a regIstered tr~~emark of Monolithic Memories. 

TWX: 910-338-2376 
2175 Mission College Blvd. Santa Clara, CA 95054-1592 Tel: (408) 970-9700 TWX: 910-338-2374 

18 
\71 <l 

:J t> 2\7 

B1 

17 
B2 

16 
B3 

15 .&4 

14 B5 

13 B6 

12 B7 

11 B8 

MonolIthIc 111111 
MemorIes InJn.LI 
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a-Bit Registers 
with Master Reset 
or ,Clock Enable 

Featu .... /Benefi'-
• II-b~ ~ta ~h,,,,,lc~byt\lbound!lrles 

• .1_1 f9r mlC«lp~9~aml"-tR!(:tlori registers . 

• Ideal .fo; microprogram In~ace 

:. Sull!lble, for pipeline data ~I.ters 
, " ,"'-.' - .-: , ' 

• UsefuUn tlmb1g;sequenclng, ·and control circuits 

• T1iree;2738may repiace four':l748 

Description 
These 8-bit registers contain eight D-type flip-flops, they 
feature very low ICC (17 rnA typical) on the low-power Schottky 
devi.ces and very-high-speed operation on the Schottky 
devices. The"273 register is loaded on the riSing edge of the 
clock (CK) and asynchronQuslycleared whenever the master 
reset Une, MR, is low. . 

Function Table 
INPUTS OUTPUT 

MR CLOCK DATA Q 

L X' X L 
H t H H 
H t L L 
H LOr H or! X 00 

SN54LS273 

Ordering Information 

PART 
PKG TEMP POLAR- CONTROL 

NUMBER lTV 

SN54LS273 J,L,W Mil 
Non-
Invert 

Logic Symbols 

8-Bit Register 
with Master Reset 

'273 

OPTION 

Master 
Reset 

POWER' 

LS 

. .... . TWX: 910-338-2376 
2175:~is.ion ColiegeBlvC!,.Saritll Clara,.CA95054-1592 Tel: (408)970.-9700 rWl.C: \110-338-2374 

.onoHlhIC.l!l!n 
.emorl8$. U1JlW 
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SN54LS273 

Absolute Maximum Ratings 
Supply voltage vee ............................................................................ ··········· -0.5 V to 7V 
Input voltage ........................................................................................... -1.5 V to 5.5 V 
Off-state output voltage .. ;............................................................................... -0.5 V to 5.5 V 
Storage temperature range ........................................................................... ·. -65°e to +150o e 

IEEE Symbols 

Operating Conditions 

SYMBOL PARAMETER 

Vee Supply voltage 

Mii 
CK 

10 

20 

3D 

40 

50 

60 

70 

so 

'273 
1 ." R 
11 

., C1 

3 10 

4 

7 

S 

13 

14 

17 

1S 

TEST CONDITIONS 
(See Interface, Test 
Load/Waveformsl 

TA Operating free-air temperature 

tw Width of clock 
High-IWH 

Lbw-tWL 

tWMR Width of Master Reset Low-tWMRL 

tree MR to eK 

Data input to eK 

tsu Setup time 

Data input 

th Hold time 

2 10 

5 20 

~.-- 30 

9 
40 

12 
50 

15 
60 

16 
70 

19 
80 

MILITARY 
FIGURE MIN TYP MAX 

4.5 5 5.5 

-55 125 

1 20 

2 20 

2 251 

3 201 

251 
4 

101 

3 51 

4 
51 

51 

t l The arrow indicates the transition of the clockienable input used for reference. f for the low-te-high transition. l for the high-te-Iow transition. 

Monolithic WMemories 

UNIT 

V 

°e 

ns 

ns 

ns 

ns 

ns 
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SN54LS273 

Electrical Characteristics Over Operating Conditions 

SYMBOL PARAMETER TEST CONDITIONS MILITARY UNIT MIN TYP MAX 

VIL Low-level input voltage 0.7 V 

VIH High-level input voltage 2.0 V 

Vie Input clamp voltage Vee= MIN II = -18 mA -1.5 V 

IlL Low-level input current Vee=MAX VI = 0.4 V -0.4 mA 

IIH High-level input current Vee= MAX VI = 2.7V 20 p.A 

II Maximum input current Vee= MAX VI= 7V 0.1 mA 

Vee = MIN 
VOL Low-level output voltage VIL = MAX 10L =4 mA 0.25 0.4 V 

VIH = 2V 

Vee= MIN 
VOH High-level output voltage VIL = MAX 10H = -400p.A 2.5 3.4 V 

VIH = 2 V 

lOS Output short-circuit current* Vee= MAX -20 -100 mA 

lee Supply current t Vee= MAX 'LS273 17 27 mA 
Outputs open 

* Not more than one output should be shorted at a time and duration of the short-circuit should not exceed one second. 

t ICC is measured after first a momentary ground, and then 4.5 V is applied to clock, while the following other input conditions are held: 
For the ·LS273-4.S V on all data and master-reset inputs. 

Switching Characteristics vcc = 5V, TA = 25°C 

TEST CONDITIONS 'LS273 
UNIT SYMBOL PARAMETER (See Test LoadlWaveforms) MIN TYP MAX 

fMAX Maximum elock frequency 30 40 MHz 

tpLH 27 ns 

tpHL 
elock to Output delay 

eL=15pF RL=2KO 27 ns 

tpHL Master Reset to output delay 27 ns 
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CK 

Q 

SN54LS273 

CLOCK PULSE WIDTH AND CLOCK TO OUTPUT DELAYS MASTER RESET PULSE WIDTH, MASTER RESET TO OUTPUT DELAY 
AND MASTER RESET TO CLOCK RECOVERY TIME FOR 'S273 

MR VT 

VT 

t_~ twMRL 

CK fVT 

VT 

~'~'i Figure 1 ;-Q 

Figure 2 

DATA SET-UP AND HOLD TIMES 

Q 

Figure 3 

Test Waveforms Test Load 
VCC 

TIMING 
INPUT 

DATA 

~-------------3V 
VT (See Note C) 

------------~4------------------0V 

~~~.-+------~-----3V 

INPUT ________ ..I 

----------oV 
SETUP AND HOLD 

INPUT 

'-------------oV 
IN-PHASE 

~-+~.r----------VOH 

OUTPUT ______ ~--' 
'------VOL 

OUT OF PHASE 
OUTPUT 

.,.-------VOH 

·----------VOL 

PROPAGATI9N DELAY 

TEST POINT· RL 

(SEE NOTE B) 

(SEENOTE~ I (SEE NOTE C) 

* The "TEST POINT" is driven by the output under test, 
and observed by instrumentation. 

LOAD CIRCUIT FOR 
BI-STATE 

TOTEM-POLE OUTPUtS 

Notes: A. CL includes probe and jig capacitance. 

B. All diodes are tN916 or lN3064. 

C. For Series 54LS, VT = 1.3 V . 

D. In the examples above, .the phase relationships between inputs 
and outputs have been chosen arbitrarily. 

E. All input pulses are supplied by generators having the following 
characteristics: PRR oS 1 MHz. ZOUT = 50 n. .. 

IWonoIIthIc IUD lIIIemorles 12·35 



8- Bit Latches, 8-Bit Registers 
SN54LS373 SN54S373 
SN54LS374 SN54S374 

Features/Benefits 
• Three-state outputs drive bus tines 

• 8-bit data path matches byte boundaries 

• Hysteresis Improves noise margin 

• Low current PNP Inputs reduce loading 

• Ideal for microprocessor interface 

Description 
The latch passes eight bits of data from the inputs (0) to the 
outputs (Q) when the gate (G) is high. The data is "latched" 
when the gate (G) goes low. The register loads eight bits of input 
data and passes it to output on the "rising edge" of the clock. 

Function 'lBbles 
'373 8-Bit Latch 

OE G D Q 

L H H H 
L H L L 
L L X Qo 
H X X Z 

Logic Symbols 
'373 8-Blt Latch 

Ordering Information 

PART PKG TEMP POLARITY TYPE POWER NUMBER 

SN54LS373 Latch 
LS 

SN54LS374 Non- Register 
J,L,W Mil 

invert SN54S373 Latch 
S 

SN54S374 Register 

The three-state outputs are active when OE is low, and high
impedance when OE is high. Schmitt-trigger buffers at the 
gate/clock inputs improve system noise margin by providing 
typically 400 mV of hysteresis. 

'374 8-Bit Register 

OE CK D Q 

L t H H 
L t L L 
L Lor H or I X QO 
H X X Z 

'374 8-Blt Register 

. . .. ... .. . . . TWX: 91 0-338~2376 
.onOlllhlc m1!11 
lllemories uurw 2175 MI88lon College Boulevard, Santa Cla,a, CA 95050 Tel: (406) 970-9700 TWX: 910-338-2374 
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SN54LS373/74 

Absolute Maximum Ratin,s 
Supply voltage Vcc ......................•....•..........................•...••..••....•...•..........•... -0.5 V to 7 V 
Input voltage ........................•....•...•......••......................•...••.........•.....•....... -1.5 V to 7 V 
Off-state output voltage ...............•............................................................••... , -0.5 V to 5.5 V 
Storage temperature .•........•.............•...•.....•....•..........•.....•.•••.......•.....•...•.. -65° C to +150° C 

Operating Conditions 

SYMBOL PARAMETER MILITARY UNIT 
MIN TYP MAX 

Vcc Supply voltage 4.5 5 5.5 V 

TA Operating free-air temperature -55 125 °c 

tw Width of Clock/Gate 
High 15 
Low 15 

ns 

tsu Setup time 
'LS373 51 
'LS374 20r 

ns 

th Hold time 
'LS373 201 
'LS374 or 

ns 

Electrical Characteristics Over Operating CondHlons 

SYMBOL PARAMETER TEST CONDITIONS 
MILITARY UNIT 

MIN TYP MAX 

VIL Low-level input voltage 0.7 V 

VIH High-level input voltage 2.0 V 

VIC Input clamp voltage VCC=MIN 11- -18mA -1.5 V 

IlL Low-level input current VCC=MAX VI- 0.4 V -0.4 mA 

IIH High-level input current Vcc = MAX VI = 2.7 V 20 ,.A 

II Maximum input current VCC=MAX VI= 7V 0.1 mA 

VCC=MIN 
VOL Low-level output voltage VIL =MAX 10L =12mA 0.25 0.4 V 

VIH =2V 

VCC=MIN 
VOH High-level output voltage VIL =MAX 10H =-1 mA 2.4 3.4 V 

VIH =2V 

10ZL VCC=MAX VO=0.4V -20 ,.A 

10ZH 
Off-State output current VIL =MAX 

VIH =2V VO=2.7V 20 ,.A 

lOS Output short-circuit currentW VCC=MAX -30 -130 mA 

ICC Supply current VCC=MAX 'LS373 24 40 
mA 

Outputs open 'LS374 27 40 

* Not more than one output should be shorted at a time and duration of the short-circuit should not exceed one second. 

Switching Characteristics Vcc = 5 V, TA = 25°C 

SYMBOL PARAMETER TEST CONDITIONS 'LS373 'LS374 UNIT (See 'lN1 LoedlWaYeformo, MIN TYP MAX MIN TYP MAX 

fMAX Maximum clock frequency 35 50 MHz 

tPLH 12 18 ns 

tpHL 
Data to output delay 

12 18 ns 

tPLH CL = 45pF RL =6670 20 30 15 28 ns 

tpHL 
Clock/Gate to output delay 

18 30 19 28 ns 

tpZL 25 36 21 28 ns 

tpZH 
Output enable delay 

15 28 20 28 ns 

tpLZ 15 25 14 25 ns 

tpHZ 
Output disable delay CL = 5 pF RL = 6670 

12 20 12 20 ns 

Monolithic miD Memories 



IEEE Symbols 

OE 
G 

10 

20 

30 

40 

50 

60 

70 

80 

12·38 

1 

11 

3 

4 

7 

8 

13 

14 

17 

18 

... 
EN 
IlTG1 , 
10 

'373 

I> 

SN54LS3.73/74 SN54S373/74 

'374 
OE 
CK 

1 ... 
11 

lEN 
,rr:C1 

\l 
2 10 10 

3 10 I> \l 
2 10 

5 
20 20 

4 5 2Q 

6 
30 30 

7 6 
30 

9 
40 40 

8 9 40 

12 
50 50 

13 12 50 

15 
60 ·60 

14 15 60 

16 
70 70 

17 16 
70 

19 
80 80 

18 19 
80 

IIIIonoIlthlo W'.emorle$ 



SN54LS373/74 SN54S373/74 

'373 Timing Diagrams '374 Timing Diagrams 

OJ VT-l~ ...,f- VT 

ClK 'IT 

..... u ... .."' .... 
. "¥VT 
"471pd1 

OJ 

Test Waveforms 

~ __ ~~ __ -------------3V ,..------3V 
INPUT 

'---------____ ov 

OUTPUT 
CONTROL 
(low-level 
enabling) 

'-----------~,~----------oV 

IN-PHASE 

OUTPUT ----t--
OUT OF PHASE 

OUTPUT 
(See Note G) 

~~~.+-----------VOH 

'--------VOl 

~----~-VOH 

'---~~--------~VOl 

VT =1.5V 

WAVEFORM 1 
(See Nole 0) 

Propagation Delay Enable and Disable 

Standard Test Load 

Notes: A Cl includes. probe and jig capacitance. 

B. All diodes are lN916 orlN3064. 

C. For Series 545, RO •. 1 K, VT = 1.5 V. 
For Series 54LS. RO = 5 K, VT = 1,3 V. 

D. Waveform 1 is for an output with internal conditions such that the 
oulpul is low except when disabled by the output conlrol. 

Wavefonn 2 is for an output with internal conditions such that the 
output is high excepl when disabled by the oulpul control. 

E. In the examples above. the phase relationships between inputs 
and outputs have been chos~1"! arbitrarUy. 

F. All input pulses are supplied by generalois having the following 
characleristics: PRR" 1 MHz. ZOUT = 50 nand: 
For series 545. tR " 2.5 ns, tF " 2.5 ns. 
For Series 54L5 and PAL devices, IF! " 15 ns, IF" 6 ns. 

G. When measuring propagation delay times of three-state outputs, 
switches 51 and 52 are closed:·· 

(SEE NOTE B) Rl 
~~~----~~~--~-o~~5V 

Cl 
(SEE NOTE A) I RO 

(SEE 
NOTE C) 

51 

52 

-l-
* The "TEST POINT" is driven by the output under test, 

and observed by instrumentation. 
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SN54S373/74 

Absolute Maximum Ratings 
Supply voltage vcc ....•.•..•...........•.........•..........••...•........•................•............. -0.5 V to 7 V 
Input voltage ...........••...•••.............•....•.••...•........•..•.•...............................•.. -1.5 V to 7 V 
Off-state output voltage ......••.• , ............ ,............ . . . . . . . . . . . . . . • . . . . . . . . . . . . . • . . • • . . . . • • . . • • . . .• -0.5 V to 5.5 V 
Storage temPerature .••....•....•..•••••..•••.............•....•.•.••••.••••.••..•••...•....•••...... -65DC to +150DC 

Operating Conditions 

SYMBOL PARAMETER MILITARY UNIT 
MIN TYP MAX 

Vcc Supply voltage 4.5 5 5.5 V 

TA Operating tree-air temperature -55 125 DC 

tw Width of Clock/Gate 
High 6 
Low 7.3 

ns 

Isu Setup time 
'8373 01 
'8374 51 

ns 

th Hold time 
'8373 101 
'S374 21 

ns 

t! The arrow indicates the transition of the clock input used for reference. t for the low-to-high transition, ! for the high-to-Iow transition. 

Electrical Characteristics Over Operallng Conditions 

SYMBOL PARAMETER TEST CONDITIONS 
MILITARY UNIT 

MIN TYP MAX 

VIL Low-level input voltage 0.8 V 

VIH High-level input voltage 2.0 V 

Vic Input clamp voltage VCC=MIN II = -18 mA -1.2 V 

IlL Lowclevel input current VCC=MAX VI- 0.5V -0.25 mA 

IIH High-level input current VCC=MAX VI= 2.7V 50 p.A 

II Maximum input current VCC=MAX VI= 5.5V 1 mA 

VCC=MIN 
VOL Low-level output voltage VIL =0.8V 10L =20mA 0.5 V 

VIH = 2 V 

VCC=MIN 
VOH High-level output voltage VIL =0,8V 10H =-2 mA 2.4 3.4 V 

VIH = 2 V 

IOZL VCC=MAX VO= 0.5 V -50 p.A 
Off-state output current VIL =0.8V 

10ZH VIH =2V VO=2.4V 50 p.A 

lOS Output short-circuit current": VCC=MAX -40 -100 mA 

ICC Supply current VCC=MAX '8373 105 160 
mA 

Outputs open '8374 90 140 

* Not more than one output should be shorted at a time and duration of the short-circuit should not exceed one second. 

Switching Characteristics VCC = 5 V, TA = 25DC 

SYMBOL PARAMETER TEST CONDITIONS 'S373 'S374 UNIT (See 'lUI LoadlWovefonno) MIN TYP MAX MIN TYP MAX 

fMAX Maximum clock frequency 75 100 MHz 

tpLH 
Datil to output delay 

7 12 ns 

tPHL 7 12 ns 

tPLH CL= 15pF RL = 280n 7 14 8 15 ns 
ClocklGate to output delay 

tPHL 12 18 11 17 ns 

tpZL 11 18 11 18 ns 

tPZH 
Output enable delay 

8 15 8 15 ns 

tpLZ 8 12 7 12 ns 

tPHZ 
Output disable delay CL = 5.pF RL = 280n 

6 9 5 9 ns 
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a-Bit Register With Clock Enable and 
Open-Collector Outputs 
SN54/74S383 

Features Ordering Information 
• 2O-Pln SKINNYDIP@ Saves Space 

• 80blt dal!t ~Ih matchea byte boundaries PART 
NUMBER 

PKG TEMP j)()LAR- CONTROL POWER 
lTV OPTIONS 

• Only available TTL o~n-collector-output register 

• Ideal for certain microprocessor system buses 
j-:S:=:N.::5:-:4S:::3::::B3:;.+-=J!.:,L:!.:,W-=+----==M.:.cil-l Non-
SN74S3B3 N,J Com 

• Suitable ,for pipeline data registers 

• Excellent for multiple, physlcelly .... parated connections to 
buses In microprocesSor-based systems 

• Wired-OR or wired-AND logic with outputs 

Description 
This B-bitreglster contains B D-type flip-flops and features very 
fast switching. The 'S3B3 register Is, loaded on the rising edge 
of the clock provided that the clock enable line, CK t;:N, is low. 
Like other B-bitinterface devices, the 'S3B3 is packaged i 
popular 2O-pin SKINNYDIP. 

Logic Symbol 

'Indicates Open-Gollectpr Output 

SKI NNYDlPo. i~ a j-egis_tradernatk pi Monolithic Memorie~. 

CKEN 

CK 

10 

20 

30 

40 

6D 

70 

so 

1 

11, LG2 
.,2C,1 

3 10 

4 

7 

8 

13 

14 

17 

18 

'," ," ' .,',' , ,,'.\ ' '', "'iL' .' . ',' • ,TWX,: 914;;;i;i8;~37e 
217!rMlsslon eollege Blvd. SanlBelara, CA95054"1592 Tel: (408)"970,11700 TWX: 91 O~338~2374 ' 

I> ~ 

/,' 

, 

L 

2 

5 

6 

9 

12 

15 

16 

19 

20 

3Q 

40 

50 

60 

70 

80 



SN54/74S383 

Absolute Maximu'" Ratings 
Supply voltage VCC .•...........•....••...•....•.•.••••... ',' ......•...• ~ ... ~ ... , ............ , ,'" ..•.... '. . . •.•. .. 7.0 V 
Input voltage ...................••.•..••.........•...•........... , ......•.... : .......•........•...•....... :..... 5.5 V 
Off-state output voltage ................................. ; ...•....••.•.....•....•...•.. " ...•..•.•.••..••...••.. '" 5.5 V 
Storage temperature ................••••.•••....•••................................•......•........•... -650 to +150°C 

Operating Conditions 

SYMBOL PARAMETER 
TEST CONDITIONS 

(See Interface, Telt 
LoadlWav.. rms 

FIGURE 

Vec Supply voltage 

Operating free-air temperature 

Low-tWL 
tw Width of clock 

High-tWH 

,Data input to CK 

Setup time Low CK EN to CK 

High CKEN to CK 

Data input 

Hold time 

t J The arrow indicates the transition of the clock/enable input 

SYMBOL 

VIL Low-I 

VIH 2 

Vie = -1SmA 

IlL = 0,5V 

IIH = 2.7V 

II Maximum input current Vee = MAX = 5,5V 

Vec = MIN 
VOL Low-level ,output voltage VIL = MAX IOL = 24mA 

VIH = 2V 

Vec = MIN 

10H High-level output current VIL = MAX VOH = 5.5 V 
VIH = 2V 

Ice Supply current Vee = MAX Out uts HIGH 
Outputs open Outputs LOW 

Switching Characteristics VCC = 5 V, TA = 25°C 

SYMBOL PARAMETER 
TEST ,CONDITIONS 

(See Test LoadlWavelormsj 

fMAX Maximum Clock frequency 

tpLH 
Clock ,to output delay 

CL = 15pF Rt = 2S00 

tpHL , 

MILITARY 
MIN TYP MAX 

4.15 5 5.5 

-55 

COMMERCIAL 
MIN TYP MAX 

O,S O.S 

2 

-1,2 -1.2 

-250 -250 
50 50 

0.5 0.5 

250 250 

160 160 
160 160 

'S383 
MIN TYP MAX 

75 110 

10 17 
< 14 22 

ns 

UNIT 

V 

V 

V 
pA 

/1A 
mA 

V 

IJ.A 

mA 

UNIT 

MHz 
ns 

ns 



Test Waveforms 

CK---J 

CLOCK PULSE WIDTH AND 
CLOCK TO OUTPUT DELAYS 

Q-------, 

Test Load 

VT = 1.5V 

Figure 1 

* The "TEST POINT" is driven by the output u 
and observed by instrumentation. 

SN54/74S383 

CE 

CK 

VCC 

DATA AND CLOCK ENABLE 
SETUP AND HOLD TIMES 

by generators having the following 

MOnolithic WMemo,.,es 12-43 



SN54/74S383 

Open Collector Bus Application Information For 
Determination of RL For Wired-And Applications 

1. CALCULATE RL(Mln): 

TTL 
Vee - VOL (Max) 

RL(Min) = 
IOL - (TOTAL IlL) 

SN54174S383 
REGISTER 
OUTPUT 

Qr-__ ~~~ __ ~ ___ LO_A_D __ -; 

where IOL = 24 mA at 

VOL (Max) = 0.5 V 

2. CALCULATE RL(Max): 

RL(Max) = 
(TOTAL IOH + TOTAL IIH) 

3. SELECT a value for RL in the range of RL(Min) to RL(Max). 
based on power consumption and speed requirements: 

RL 
(KI1) 

1.5 

1:0 

• • • 

OTHER 
OPEN-COLLECTOR 
OUTPUTS 

OTHER 
OPEN-COLLECTOR 
OUTPUTS 

10 12 

• 

14 

Tp(ns) 

IIH 

• IIH • • 

16 

f), - TpLH 

o -TPHL 

VCC = 5.0 V 

TA = 25'C 

18 

RL vs. Tp FOR SN54174S383 
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8-BitLatches, 8-Bit Registers 
with Inverting Outputs 
SN54/74LS533 SN54/74S533 
SN54/74LS534 SN54/74S534 

Features/Benefits 
• Inverting outputs 

• Three-state outputs drive bus lines 

• 2O-pin SKINNYDIP® .saves space 

• 80blt data path matches byte boundaries 

• HysteresiS Improves noise margin 

• Low current PNP Inputs reduce loading 

• Ideal for microprocessor Interface 

• Pln-compatible with SN54n4LS373/4or SN54n4S373/4 -
cail be direct replacement when bus pOlarity musl be changed 

Description 
In addition to the standard Sand L5 latches and registers. 
Monolithic Memories provides inverting outputs instead of non
inverting outputs. The inverting outputs are intended lor bus 
applications that require inversion as in interfacing the Am 
4-bit slice to an assertive-low bus. 

The latch passes eight bits 01 data from the inp 
outputs (0) when the gate (G) is high. 

Function Table. 

L 
L 
L 
H 

Logic Symbols 
'533 8-Blt Latch (Inverting) 

Ordering Information 

PART 
PKG TEMP POLARITY TYPE 

NUMBER 

541:.5533 J,W,L Mil 
74L5533 N,J Com 

54L5534 J;W,L Mil 
74L5534 N,J Com 

545533 J,W,L 
745533 N,J 

545534 
74$534 

'534' 8-Blt Register (Inverting) 

OE CK D Q 
L I H H 
L ILL 
L L or H or I X 00 
H X X Z 

.'533 8-BIt Register (Inverting) 

POWER 

SKfNNYDIP~ !s a registered trademark of Monolithic Memories. 

, ". ' .. .', .... . .. . . • ..fflX; .1110-33802376 
2175.Misslon College Blvd. Santa Clara, CA 95054-1592 Tel: (408) 970-9700 TWX: 910-338'2374 

IIIIonollthlc l!1!n 
.."'Orl •• tn.InlI 
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SN54/74LS533 SN54/74LS534 SN54/74S533 SN54/74S534 

IEEE Symbols 

OE 

G 11 

10 

20 
4 

30 

40 
8 

50 
13 

60 
14 

70 
17 

80 
18 
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SN54/74LS533 SN54/74LS534 

Absolute Maximum Ratings 
Supply voltage V CC .••.....•...•......•.......•••....•......•...•..••.•••..•••••........•.•.•.....••••••••••••.•.. 7 V 
Input voltage .•....•..•.....................•.••................•.•..•....•..•....•...•..••.•.......•••••••••••••• 7 V 
Off-state output voltage ..........•.............••......... . . • • . • . • . • . • . . • • • • • . • • • • . . . . . • . • . . • . • . . . .. • • • • • • • • • • • •• 5.5 V 
Storage temperature •••••••••....•••••••••••.•..••••••••••.•••.•..•••.....•....••••.••••••••.••.•••••.. -650 to +150" C 

Operating Conditions 

SYMBOL PARAMETER 

V Supply voltage 

Operating free-air temperature 

High 
Width of Clock/Gate 

Low 

LS533 
Setup time 

LS534 

LS533 
Hold time 

LS534 

t 1 The arrow indicates the transition of the clock/enable input used for reference. t for the low

Electrical Characteristics Over Operating CondHions 

SYMBOL PARAMETER 

Low-level input voltage 

High~level input voltage 

Input clamp voltage 

MILITARY COMMERCIAL UNIT 
MIN TYP MAX MIN TYP MAX 

4.5 5 5.5 4.75 5 5.25 V 

-55 125 0 75°C 

15 15 
ns 

15 

31 ns 
201 

ns 

V 

V 
-1.5 V 
-<l.4 mA 

0.1 mA 

0.25 0.4 

0.35 0.5 

= ';'lmA 2.4 3.4 

lOS Output short-<:ircuit current * 
ICC Supply current VCC = MAX 

Outputs open 

IOH = -2.6mA 

Vo = 0.4V 

Vo = 2.7V 

LS533 
LS534 

2.4 

20 

-130 -30 

36 48 

27 48 
* Nqt more than one output should be shorted at a time and duration of the. short-circuit should not exceed one ~cond. 

Switching Characteristics VCC = 5 V, TA = 25°C 

SYMBOL PARAMETER 
TEST CONDITIONS LS533 

(See Telt LoadlWavelonnl) MIN TYP MAX MIN 

fMAX Maximum Clock frequency 35 
tpLH 

Data to Output delay 17 25 
tpHL 12 25 
tpLH CL = 45pF RL= 6670 20 35 
tpHL 

Clock/Gate to output delay 
18 35 

tpZL 
Output Enable delay 

25 36 

tpZH 17 30 

tpLZ Output Disable delay CL = 5pF RL = 6670 
18 29 

tpHZ 16 24 

V 
3.1 

-20 /lA 

-130 mA 

36 48 mA 
27 48 

LS534 UNIT 
TYP MAX 

50 MHz 

ns 

ns 

19 30 ns 

15 30 ns 

21 30 ns 

20 30 ns 

18 29 ns 
16 24 ns 



SN54/74S533 SN54/74S534 

Absolute Maximum Ratings 
Supply voltage Vcc ............................................................................................... 7 V 
I nput voltage ................................................•.................................................. 5.5 V 
Off-state output voltage .......................................... ; . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. 5.5 V 
Storage temperature ................................................................................... -65° to +150°C 

Operating Conditions 

SYMBOL PARAMETER 
MILITARY COMMERCIAL 

MIN TYP MAX MIN TYP MAX UNIT 

VCC Supply voltage 4.5 5 5.5 4.75 5 5.25 V 

Operating free-air temperature -55 125 0 75°C 

High 6 6 
Width of Clock/Gate 

Low 7.3 

S533 01 
Setup time 

S534 51 

S533 101 
Hold time 

S534 

t! The arrow indicates the transition of the clock/enable input used for reference. f for the low-to

Electrical Characteristics Over Operating Conditions 

SYMBOL PARAMETER 

Low-level input voltage 

High-level input voltage V 

Input clamp voltage -1.2 V 

Low-level input current -0.25 mA 

High-level input current 50 50 JiA 
mA 

0.5 0.5 V 

= -2mA 2.4 3.4 
High-

Off-state output current 

lOS Output short-drcuit current * 
ICC Supply current VCC = MAX, 

Outputs open 

= -6.5mA 

Vo = 0.5V 

Vo = 2.4V 

8533 
S534 

2.4 

-50 

50 

-40 -100 -40 

105 160 

90 140 

* Not more than one output should be shorted at a time and dUration of the short-circuit shoufd not exceed one second. 

Switching Characteristics VCC = 5 V. TA = 25°C 

SYMBOL PARAMETER 
TEST CONDITIONS S533 

(See Test Load/Waveforms) MIN TYP MAX MIN 

'MAX Maximum Ciock frequency 75 

tpLH 
Data to Output delay 

9 18 

tpHL 5 16 

tpLH CL = 15pF RL = 2800 12 22 
tpHL 

Clock/Gate to output delay 
7 20 

tpZL 
Output Enable delay 

11 20 

tpZH 8 17 

tpLZ Output Disable delay CL = 5pF 
8 16 

tpHZ 
RL = 2800 

6 13 

12-48 lIIIonoIithlc W'Me",orles 

V 
3.1 

-50 JiA 

50 JiA 

-100 mA 

105 160 mA 
90 140 

S534 
UNIT 

TYP MAX 

100 MHz 

. ns 

os 

11 20 ns 

8 18 ns 

11 20 ns 

8 17 ns 

7 16 ns 

5 13 ns 



SN54/74S533 SN54/74S534 

Test Waveforms 

°i °i VT~ -.;t- VT 

ClK VT 

I-tsu .... .. Ij,+ 

Qi Qi 

--------------4----J 
.. tpd 

VT = 1.3V 

~ __ ~.+---------------3V 

tNPUT 

'-------------oV 

tN-PHASE 
~_+~~----------VOH 

OUTPUT ____ +-_' 
'-------VOl 

OUT OF PHASE 
OUTPUT 

(See Note G) 

Test Load 

~------VOH 

Propagation Delay 

* The '"TEST POINT" is driven by the output under test. 
and observed by instrumentation. 

NOTES: A. CL includes probe and jig capacitance. 

B. All diodes are lN916 or lN3064. 

C. For Series 54/745, RO = 1 K, VT = 1.5 V. 
For Series 54174LS, RO = 5K, VT = 1.3 V. 

D. Waveform 1 is for an output with internal conditions such that the 
output is low except when disabled by the output control. 

Waveform 2 is for an output with internal conditions such that the 
output is high except when disabled by the output control. 

E. In the examples above, the phase relationships between inputs 
and outputs have been chosen arbitrarily. 

F. All input pulses are supplied by generators having the following 
characteristics: PRR::; 1 MHz, ZOUT = SOlland: 
For Series 541745, tR:5 2.5 ns, tF:5 2.5 ns. 
For Series 54174LS and PALs, tR:5 15 ns. tF:5 6 ns. 

G. When measuring propagation delay times of 3-state outputs. 
switches S1 and 82 are closed. 

Monolithio W Memories 

VT 

3V 

OV 

VOL 

VOH 

1.5V 
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a-Bit Latch, a-Bit Register 
with 32 mA Outputs 
SN74S531 SN74S532 

F .. tu .... /Beneflts Ordering Information 
• High drive capability (IOL = 32 mAl 

• Three-atate outputs drive b"s ,lines 
• 2D-pln SKINNYDIP@ saves space 

• 8-blt data path matches byte boundaries 

• HySteresis Improves noise margin 

• Low current PNP Inputsrecluca loading 

• Ideal for microprocessor Interface 

• Pln-compatlble with SN74S373/4 - can be a direct 
replacement when high drive capability Is required 

Description 
In addition to the standard S and LS latches and registers. 
Monolithic Memories provides increased output sink curren 
(loll from the standard Schottky ,IOL of 20 mA to an i 
mA. 

The higher IOL is intended for upgrading s 
ently satisfy 32-mA requirements with t 
3fiT A/368A hex buffers. 

SKINNYDIP" Is a registered trademark of Monolithic Mem9rles. 

PART 
NUMBER 

OE 

L 
L 
L 
H 

OE is low. and high
hmitt-trigger buffers at the 

m noise margin by providing 

es are packaged in the popular 20-pin 

'S532 8-Blt Register 

CK D Q 

! H H 
! L L 

LorHor l X 00 
X X Z 

'S532 8-BIt Register 

TWX: 910-338-2376 
2175, ~1 .. lon College Bivel. Santa Clara, CA 95054-1592 Tel: (408) 970~9700 TWX: 910-338·2374 

ItIIonollthlc mll,1I 
.emorles InJn.U 
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SN74LS531 SN74LS532 

IEEE Symbols 

'SS31 'S532 
OE 

G 
11 

CK 

10 10 I> \I 10 10 

20 5 
20 20 

3D 30 3D 
7 

40 40 

50 
13 12 

50 

60 
14 15 

60 

70 
17 16 

70 70 

80 
18 19 

80 

Monolithio mMemories 



SN74S531 SN74S532 

Absolute Maximum Ratings 

~nU:~I~~~~~:e.~?~.:::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::. ·5.~ ~ 
Off-state output voltage .......... . . .. . • .. .. . . . . .. . .. .. • .. . .. . .. . .. . . . . .. . . . .. • . .. . .. . . . . .. . .. . .. . . . .. . .. .. . . . . ... 5.5 V 
5torage temperature ........•......••....•.....•.............••...•...........••.•...............•.•.•. -65. to +150·C 

Operating Conditions 

SYMBOL PARAMETER 
COMMERCIAL 

MIN TYP MAX 
UNIT 

='1===1 
Vcc 5upply voltage 4.75 

TA Operating free air temperature o 

tw Width of Clock/Enable 
High 6 
Low 

5531 
tsu Setup time 

5532 

5531 
th Hold time 

5532 

t I The arrow Indicates the transition of the clock/enable input used for. reference. t fo 

Electrical Characteristics Over Operating CondO 

SYMBOL PARAMETER 
MAX 

UNIT 

V I L Low-level input voltage 0.8 V 
VIH High-level input voltage V 

-1.2 V 
-0.25 mA 

IIH 50 JiA 

II mA 

VOL = 32mA 0.5 V 

VIL IOH = -B.5mA 2.4 3.1 V 
VIH = 2V 

-50 I1A 

50 JiA 

VCC = MAX, Vo = 0.5V 
VIL = 0.8V, 

VIH = 2V Vo = 2.4V 

VCC = MAX. -40 -100 mA 

160 
mA 

140 
VCC = MAX, 5531 
Outputs open 5532 

105 
90 

SYMBOL PARAMETER 
TEST CONDITIONS 5531 5532 UNIT (See Tea, LoacIJWaveforma) MIN TYP MAX MIN TYP MAX 

-fMAX Maximum Clock frequency 75 100 MHz 

tpLH 
Data to Output delay 

7 12 ns 

tpHL 7 12 ns 
tpLH CL = 15pF RL = 2800 7 14 8 15 ns 

tpHL 
Clock/Gate to output delay 12 18 11 17 ns 

tpZL 11 18 11 ~8 ns 

tpZH 
Output Enable delay 

8 15 8 15 ns 

tpLZ Output Oisable delay 
8 12 7 12 ns 

tpHZ 
CL = 5pF RL= 2800 

6 9 5 9 ns 
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5N745531 5N745532 

'5531 Timing Diagrams '5532 Timing Diagrams 

Test Load 

TEST POINT' [.l--.-----""""""--,""'-Mlf---+ 

-----VOH 

OUTPUT 
CONTROL 
(Low-level 
enabling) 

WAVEFORM 1 
...... -----VOL (See Note 0) 

,.----VOH 

Propagation Delay VT = 1.3V 

NOTES: A. CL includes probe and jig capacitance. 

B. All diodes are 1 N916 or 1 N3064. 

C. ForSeries54174S.RO= lK.VT= 1.5V. 

Enable and Disable 

O. Waveform 1 is for an output with internal conditions such ttiatthe 
output is low except when disabled by the output control. 

Waveform 2 is for an output with internal conditions such that the 
output is high except when disabled by the output control. 

E. In the examples above. the phase relationships between inputs 
and outputs'have been chosen arbitrarily. 

F. All input pulses are supplied by generators having the following 
characteristics: PRR " 1 MHz. ZOUT = 50nand: 
For Series 541745. tR" 2.5 ns. IF" 2.5 ns. 
For Series 54174LS and PALs. tA" 15 ns. tF" 6 ns. 

G. When measuring propagation delay times of 3--state outputs, 
switches-S1 and 82 are 'closed, 

Monolithic m Memories 

/""----3V 

52 closed 

12-53 



a-Bit Latch, a-Bit Register 
with Inverting, 32 mA Outputs 
SN74S535 SN74S536 

Features/Benefits Ordering Information 
• Inverting outputs 

• High-drive capability (IOL = 32 mAl 

• Three-state outputs drive bus lines 

• 20-pin 5KINNVDlp® saves space 

• S-blt data path matches byte boundaries 

• Hysteresis improves noise margin 

• Low current PNP inputs reduce loading 

• Ideal for microprocessor intertace 

• Pin-compatible with 5N745533/4 - can be a direct 
replacement when high-drive capability Is required 

Description 

Monolithic Memories provides increa 
(lOLl from the standard Schottky 
32 mA; also, inverting outputs inst 
ing outputs. 

The higher IOL is i 

Functi 

L 
H 

Logic Symbols 

L 
H 

00 
Z 

'5535 S-Bit Latch (Inverting) 

SKINNYDIP® is a registered trademark of Monolithic Memories. 

PART 
NUMBER 

SN74S535 

SN74S536 

PKG 

puts (D) to the 
e data is "latched" 

r loads eight bits of input 
the rising edge of the clock. 

are active when OE is low, and high
is high. Schmitt-trigger buffers at the 

improve system noise margin by providing 
mV of hysteresis. 

of the B-bit devices are packaged in the popular 20-pin 
INNYDIP®. 

'5536 S-Bit Register (Inverting) 

OE CK 0 Q 

L 1 H L 
L 1 L H 
L Lor H or! X 00 
H X X Z 

'5536 B-Bit Register (Inverting) 

TWX: 910-338-2376 
2175 Mission College Blvd. Santa Clara, CA 95054-1592 Tel: (408) 970-9700 TWX: 910-338-2374 

Monolithic ~1!n 
Memories IllJnJJ 
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SN74S535 SN74S538 

IEEE Symbols 

'S53S 'SS36 
OE OE 

G 
11 

G 
11 

10 3 10 2 1Q 10 [> 'V 

20 
4 5 2Q 20 

4 

3D 
7 6 30 30 

40 
8 9 ijQ 40 

50 
13 12 50 

8D 
14 15 m 

7D 
o 17 16 ro 

80 
18 19 jjQ 
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SN745535 SN74S538 

Absolute Maximum Ratings 
Supply voltage Vcc ....................................•.•.•.....•..•.......•...........•......................... 7 V 
Input voltage ................................................................................................... 5.5 V 
Off-state output voltage .................... . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. 5.5 V 
Storage temperature .•..............................................................•.................. -650 to +150° C 

Operating Conditions 
COMMERCIAL 

·MIN TYP 
PARAMETER SYMBOL UNIT 

VCC Supply voltage 4.75 

TA Operating free air temperature o 

tw Width of Clock/Enable 
High 

Low 

6 

Setup time 
S535 

tsu S536 

8535 
th Hold time 

S536 

Electrical Maximum Ratings Over Operating C 

SYMBOL PARAMETER 
MAX 

UNIT 

V I L Low-level input voltage 0.8 V 

V IH High-level input voltage V 
VIC Input clamp voltage -1.2 V 

-0.25 mA 

50 J.lA 

1 mA 

VOL = 32mA 0.5 V 

V 

-50 J.lA 

50 J.lA 

-100 mA 

160 
mA 

140 

SYMBOL PARAMETER 
TEST CONDITIONS S535 S536 

UNIT 
(See Telt LoadlWaveformB) MIN TYP MAX MIN TYP MAX 

fMAX Maximum Clock frequency 75 iOO MHz 

tpLH 
Data to Output delay 

9 18 ns 

tpHL 5 16 ns 
tpLH 

Clock/Enable to output delay 
CL = 15pF RL = 2800 12 22 11 20 ns 

tpHL 7 20 8 18 ns 

tpZL 11 20 11 20 ns 

tpZH 
Output Enable delay 

8 17 8 17 ns 

tpLZ Output Disable delay RL = 2800 
8 16 7 16 ns 

tpHZ 
CL = 5pF 

6 13 5 13 ns 
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5535/536 

'5535 Timing Diagrams '5536 Timing Diagrams 

Test Load 

Test Waveforms 

INPUT 

IN-PHASE 
OUTPUT ____ ~~, 

OUT OF PHASE 
OUTPUT 

(See Nole G) 

°i VT ~ VT 

ClK VT r-

-Isu" I-Ih-

IVT 

I-Ip~ . 

Oi 

VT = 1.3V 

TESTPOINT* 

Cl RO 

(SEE NOTE AI(SEE NOTE C) '-____ ..... --<~ 
S2~ 

* The'·TESTPOINT' is driven by Ihe oulput under lesl. 
and observed by instrumentation. 

3V 
OUTPUT 

CONTROL 
OV (low·level 

enabling) 

VOH' 
WAVEFORM 1 

VOL (See "!ole 0) 

VOH 

VT 
'----J~~~~~-VOl 

Propagation Delay Enable and'Disable 

NOTES: A. Cl includes probe and jig capacitance. 

B. All diodes are IN916.or IN3064. 

C. For·serjes54174S. RO = IK"VT= 1.5 V. 

D. Waveform t is for an output with internal conditions such that the 
outpul is loW except \/Inen disabled by Ihe oulpul conlroL 

,Waveform 2 isfaran OUf:p~t with internatconditions such th~tthe 
outpul is high excepl when disabled by the' output control. 

E.' In the ·examples above~ the phase relationships between inputs 
a'nd outputs have been chosen arbitrp:rily. . 

F. All input pUI~es are supplied by.gerierators having the jollowing 
characteristics: PRR $ 1 MHz, ZOUT = 5011and: 
For Series 54174S, tR $ 2.5 ns, tp$ 2.5 ns. 
ForSeries54174lS and PAls, tR $15 ns. tF $ 6ns. 

G. Whiin measuring propagation delay times of 3-state 'outputs, 
switches Stand S2 a~eclosedi. 

'. MonolithicLJJJ)lIIIemOrie$ 
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8-Bit Diagnostic Register 
SN54/74S818 

FOR 
MORE DETAIL 
SEE SECTION 

13 

Features/Benefits 
• Hlgh-drive capability: IOl = 32 mA (Com), 24 mA (Mil) 

• Assists on-line and off-line system diagnostic testing 
• Swaps the content of shadow register and output register 

• Shadow register for diagnostic telling 

• Edge-triggered "0" registers 
• Cascadable for wide control words for use In 

microprogramming 

• Features RAM write-back for wrlteble control store 
Initialization 

• PNP Inputs for low-Input current 

• 24-pln SKINNYDIP® se_ space 

Applications 
• Register for microprogram control store 

• Status register 

• Data register 
• Instruction register 

• Address register 
• Interrupt mask register 

• Pipeline register 
• General purpose register 
• Parallel-serlaIlSerial-paraliel converter 

Description 
The SN54n45818 is an 8-bit register with diagnostic features. 
There is a shadow register in each diagnostic register. Diagnos
tic data is shifted in serially into the shadow register (57-50), 
while the output register is loaded with either the content of the 
shadow register or the input data (07-00). Moreover, 07-00 can 
also be used as the outputs from the shadow register to the data 
bus, while the outputs (B7-8O) can also be converted to inputs 
when disabled. 
Function Table 

INPUTS OUTPUTS 

MODE SOl ClK DClK B7-BO S7~SO 

L X t * Bn- On HOLD 

L X * t HOLD 
Sn- Sn-1 
50- 501 

L X t t Bn- On 
Sn- Sn-1 
50- 501 

H X t * Bn- Sn HOLD 

H L * t HOLD Sn- Bn 

H L t t Bn- Sn Sn- Bn 

H H * t HOLD HOLD 

* Clock must be steady or falling. 

SKINNYOIP8 is a registered trademark of "Monolithic Memories 

Ordering Information 

PART NUMBER PACKAGE TEMPERATURE 

SN54S818 JS,F,l Mil 

SN74S818 NS,JS Com 

NOTE: L package here IS L2a The other packages are 24-pln. 

Block Diagram 
D7-DO 

SDI-~-----"~ 
DCLK -+--~-P 1--1--+-..... SDO 

MODE~-----~ 8 

CLK-----...p. 

i!------<v 

17-10 

SEE OPERATION FIG. 
SDO 

57 Load output register from input bus 1 

57 Shift shadow register data 2 

S7 
Load output register from input bus 1&2 
while shifting shadow register data 

501 Load output register from shadow register 2,3,4 

SDI Load shadow register from output bus 3 

SOl Swap shadow register and output register 

SOl Enable 07-00 as outputs for RAM write-back 4 

. . TWX: 910-338-2376 r.onolllhlc I!mll 
IIIemorles InJn.LI 2175 Mission College Bivd. Santa Clara, CA 95054-1592 Tel: (408) 970-9700 TWX: 910-338-2374 
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Interface Test Load/Waveforms 

Test Load 

TESTPOINT* 

TESTPOINT* 
VCC 

+---..... --1<.-... (SEE 
NOTE B) 

CLI (SEE NOTE A) -=-
RO 

S2 

* The "TEST POINT" is driven by the output under test, 
and observed by instrumentation. 

LOAD CIRCUIT FOR 
THREE-STATE OUTPUTS 

Test Waveforms 

LOAD CIRCUIT FOR 
BI-STATE 

TOTEM-POLE OUTPUTS 

TIMING 
INPUT _______ ~-V-T-(S-e-e-N-o-te-C-)--OV 

~-------------~ 

DATA INPUT ____ _ 

~~~.~-------3V 

'----------OV 

Hlo"':jC::EL ______ SVT 
tw VT. ._----

LOW-LEVEL VT VT 
PULSE 

SETUP AND HOLD 

~--~.t--~-----3V 

INPUT '-__________ OV 

IN-PHASE 
~~~~---------VOH 

OUTPUT 
CONTROL 
(Low-level 
enabling) 

PULSE WIDTH 

_-----3V 

'---------~~+_~------OV 

OUTPUT ____ I-~ 
'---------VOL 

WAVEFORM 1 
(See Note D) 

OUT OF PHASE 
OUTPUT 

(See Note G) 

~--------VOH 

VT 
'--~~-----------VOL 

PROPAGATION DELAY ENABLE AND DISABLE 

Notes: A. CL includes probe and jig capacitance. 

B. All diodes are 1N9160r lN3064. 

C. For Series 54, RO = lK, VT = 1.5V. 
For Series 54LS, RO = 5K, VT = 1.3V. 

D. Waveform 1 is for an output with internal conditions such that the output is low except 
when disabled by the output control. 

Waveform 2 is for an output with internal conditions such that the output is high except 
when disabled by the output control. 

E. In the examples above, the phase relationships between inputs and outputs have been 
chosen arbitrarily. 

F. All input pulses are supplied by generators having the following characteristics: 
PRR"; 1 MHz. ZOUT = 50 nand: 
For Series 54, tR:5 2.5 ns, tF :5 2.5 ns. 
For Series 545 and PAls, tR:5 15 ns, tF:5 6 ns. 

G. When measuring propagation delay times of 3-state outputs, switches SI and S2 are closed. 
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Table of Contents 
DOUBLE-DENSITY PLUS™ INTERFACE 

Double-Density PLUS Selection Guide 
PART NUMBER PART DESCRIPTION 

POWER POLARITY 
COMMERCIAL ARCHITECTURE FUNCTION FEATURE 

74LS546 Transceiver Register LS Noninvert 

74LS566 Transceiver Register Independent LS Invert 
enable 

74LS547 Transceiver Latch controls LS Noninvert 

74LS567 Transceiver Latch LS Invert 

74LS646 Transceiver Front load latch LS Non invert 

74LS647 Transceiver Front load latch Direction LS Noninvert 

74LS648 Transceiver Front load latch 
control 

LS Invert 

74LS649 Transceiver Front load Latch LS Invert 

74LS651 Transceiver Front load latch LS Invert 

74LS652 Transceiver Front load latch Independent LS Noninvert 
enable 

74LS653 Transceiver Front load latch controls LS Invert 

74LS654 Transceiver Fr/load latch LS Noninvert 

74ACT547 Transceiver Latch Independent CMOS Noninvert 

74ACT567 Transceiver Latch 
enable controls 

CMOS Invert 

74ACT646 Transceiver Front load latch Direction CMOS Noninvert 

74ACT648 Transceiver Front load latch 
control 

CMOS Invert 

74ACT651 Transceiver Front load latch Independent CMOS Invert 

74ACT652 Transceiver Front load latch 
enable controls 

CMOS Noninvert 

74ACT793 Readback Latch Readback CMOS Noninvert 

74ACT794 Readback Register 
enable control 

CMOS Noninvert 

74LS793 Readback Latch Readback LS Non invert 

74LS794 Readback Register 
enable control 

LS Non invert 

74LS548 Two-stage pipeline Register Input, Output LS Noninvert 
individual 

74LS549 Two-stage pipeline Latch select controls LS Non invert 

748818 Pipeline Register Mode controls S Noninvert 

13-4 MonoIlth/oW.emorles 

OUTPUT IOL 

Th ree-state 32mA 

Th ree-state 32mA 

Three-state 32mA 

Three-state 32mA 

Th ree-state 24mA 

Open-collector 24mA 

Th ree-state 24mA 

Open-collector 24mA 

Three-state 24mA 

Three-state 24mA 

A: Open-collector 24mA 
B: Three-state 

24mA 

Three-state 12mA 

Three-state 12mA 

Three-state 12mA 

Th ree-state 12mA 

Three-state 12mA 

Th ree-state 12mA 

Th ree-state 12mA 

Three-state 12mA 

Three-state 24mA 

Three-state 24mA 

Three-state 32mA 

Three-state 32mA 

Three-state 32mA 



Small But Mighty; New Components 
Give You More Logic in Less Chips* 

Chuck Hastings and Suneel Rajpal 

Interface circuits are generally thought of as unglamorous 
bread-and-butter items. They have the humble role of being 
the "glue" which holds digital systems together. Contempo
rary custom-LSI wizards often claim to be on the point of 
getting rid of all these bothersome little low-complexity 
circuits, and yet more interface circuits are sold with each 
passing year. According to recent estimates, during 1983 
the personal computer industry alone consumed one-fourth 
as many interface circuits as all users consumed during 
1982. Figure 1 graphically portrays a realistic scenario for 
interface for the next few years-everything else will shrink, 
so interface will grab an increasing share of board area 
in the future! 

"INTERF4CE CIRCuITS. " THE 'GLUE' 
WHICH HOLDS OlGIT4L S'ISTEMS 
TOGETHER ... " 

What this means to you is that, if interface does its part and does 
some shrinking too, you'll get some major shrinkage in your 
overall system. Interface is low-complexity stuff to start with, and 
overthe years it has stubbornly resisted being shrunk. Nonethe.
less, today Monolithic Memories offers a broad line of interface 
parts which arose from commonly-encountered circumstances, 
and which - where they fit your design - shrink parts count by 
a factor of 2:1. Unsurprisingly, they are called "Double-DenSity 
PLUS Interface." Actually, und.er optimal conditions certain of 
these parts can shrink your parts count by as much as 4:1. 

Double-Density PLUS'" Interface can do wonders to 
compress the physical size of your logic. Consider, for 
example, a simple sychronous cross-connection betwe.en 
two 8-bit microprocessor buses, capable of transferring 
information in either direction one byte at time. This cross
connection can be implemented using two 'LS374 8-bit 

non inverting registers, connected "back-to-back" - that is, 
each 'LS374 has all of its eight outputs tied respectively to the 
eight inputs of the other one. Together, these two parts total 40 
pins and 2 (0.6'1.1) = 2 (0.66) = 1.32 square inches, allowing for 
100 mils end clearance and 300 mils side clearance as is com
mon practice in board layout. 

You may notice that, when these two. parts are considered 
as a functional blOCk, far fewer than 40 pins go to the outside 
world; there are only the 16 data pins corresponding to the 
two8-bit buses, two clock pins, two output-enable pins, and 
power and ground. Now, since Monolithic Memories also 
noticed back-to-back 'LS374s as an attractive low-pin-count 
combination a couple of years ago, today you have the 
option of replacing both of these 'LS374's with a single 
24-pin, 300-mil "SKINNYDlp®" 'LS546, which takes up 
only (0.6'1.3) = 0.78 square inches of your board - slightly 
more than half as much board area as the two 'LS374s. 
To summarize: 

DESIGN BOARD AREA WIRE ENDS 

SOLUTION Sq. In. Normalized Pin Count Normalized 

Two'LS374s 1.32 1.00 40 1.00 
One'LS546 0.78 0.59 24 0.60 

Table 1. Board Area and Wire Savings Using 'LS546 

'Note: This article is a portion of Monolithic Memories Conference PaperCP-112, which may be found in its entirety in the second edition of the Systems 
Design Handbook. 

SKINNYDIP®,is a registered trademark of Monolithic Memories~ 

Double-Density-PLUS·· is a trademark of MonoHthic Memories. TWX: .910-338-2376 

2175 Mission College Blvd. Sanla Clara, CA 95054-1592 Tel: (408) 970-9700 TWX: 910-338-2374 
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Small but Mighty; New Components Give You More Logic in Less Chips 

Unit IC Consumption 
per System 

MMI 
PROMs 

Figure 1. Logic Distribution on a Typical Board 

You also pick up some other benefits along the way making 
this swap. The two registers within the 'LS546 are appreciably 
faster than the 'LS374s, and also have a higher output drive 
- 32 mA sinking current instead of 24 mA. The 'LS546 
and 'LS566 have ciock enables which operate independently 
for each register. The 'LS546 also has a cleaned-up 
"structured" pinout with the 8 pins for each data bus 
together, each bus having its own side of the 24-pin 
dual-inline package. 

The 'LS546 is comprised of two non-inverting edge-triggered 
registers. If you are dealing with assertive-low buses and 
need inverting registers, use an 'LS566. If you prefer latches 
to registers, use either an 'LS547 (non-inverting) or an 
'LS567 (inverting). All of these parts have a common "back
to-back" internal architecture, as shown in Figure 2. 

r-~------l 

I c::&J~" i : CONTROLS 
DATA -77"8/~ .. 't'1-- . i. :6/ .. DATA 

I I 8 L ________ _ 

Figure 2. The 546/547/566/567 Block Diagram 

Two more famiiies Df back-lo-back parts also come in the 
same pinout: the 'LS646/7/8/9 family, and the 'LS651/2/3/4 
family. These differ from each other in enable structure; the 
'LS646 et. al. have a "direction-control line" so that you 
can't perform certain operations on both sides of the part 
simultaneously, whereas the 'LS651 et.· al. have generally 
independent operations on both sides. In each of these 
families there are two non-inverting parts and two inverting 
parts; in each case, there is a three-state part and an 
open-collector part. All of the parts from both families are 
comprised of "front-loading-latch" individual elements (see 

eACK-io-iW:1< coNflOORAilOt.l 

Figure 3); a front-loading latch is an edge-triggered flipflop in 
parallel with a buffer, so that the data can be piped through the 
buffer to reach the output rapidly and then can be subsequently 
recorded in the flipflop. It is also possible, in a front-Ioading
latch structure, to pipe data temporarily around the flipflop to the 
output without ever recording it in the flipflop. The 'LS646/7/8/9 
feature hysteresis on their data inputs as well as on their control 
inputs, which makes them function well in high-noise environ
ments. The 'LS653/4 are open-collector in one direction, but 
three-state in the other direction. 

r--------------i 

I 
I 
I 

I I~ 
II 8 

L __________ ---l 

Figure 3. The '646-Series/'651-Series Block Diagram 
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Small but Mighty; New Components Give You More Logic in Less Chips 

Then there are two "read back" parts, which consists of a 
latch or register back-to-back with a buffer: the 'LS793 
readback latch, and the 'LS794 read back register. Both of 
these are just 20-pin, and hence offer a full 2:1 saving in 
board area as well as in parts count. They have structured 
pinouts compatible with those of the 'LS573 and 'LS574, but 
a very different internal architecture; each of the 8 elements 
(latch or flipflop) has 2 outputs, one of which is totem-pole 
and goes to the presumed "output pin" of that element, and 
the other of which is three-state and goes back to the "input 
pin" for the element (see Figure 4). Thus, it is possible to 
read the contents of an 'LS793 or 'LS794 from its input lines 
by enabling its three-state outputs. 

r--:----------l 
CLOCK GATE I.·,' ~. ~ " 1 / 

DATA 'fI.7;"1 ,- , ., /8 

I ' I 
L_____ _ ____ J 

OE 

Figure 4. The '793/'794 Block Diagram 

The 'LS793 and 'LS794 are intended for use in decentralized 
systems, for instance industrial-control systems in which a 
large number of slowly-changing setpoints and displays are 
under the control of a central microprocessor. The readback 
feature permits reading one of these, updating it, and 
replacing it. Without the read back feature, the system would 
have to keep a redundant copy of the setpoint or display 
value in main memory, which could cause additional system 
overhead due to the time-slicing of the, microprocessor's 
activities, or even due to virtual-memory page-faulting in 
larger systems. Moreover, there is the reliability issue of 
whether the alleged redundant copy always agrees exactly 
with the real thing out there in the register controlling the 
actuator or the display, and what happens whenever it doesn't. 

CONFIGURATION LATCHES REGISTERS 

Back-to-Back '547('373) '546('374) 
UR '567('533) '566('534) 

Back-to-Back '646/7('374) 
Front-Loading '648/9('534) 
Latches '652/4('374) 

'651/3('534) 

Readback UR '793(,373) '794(,374) 

Table 2. Double-Density PLUS Interface Product 

Note that the bracketed part numbers represent the element 
inside the Double-Density PLUS Interface. For example, a '245 
can replace two '2445 and a '546 can replace two '374s. The same 
holds true for the '646 and '651 series. However the '793/'794 are 
the eqUivalent 01 a '373/'374 and a read back bulfer such as a '244. 

Table 2 is a summary of the Double-Density PLUS Interface 
product presently available from Monolithic Memories. 

Two other common and intuitively-plausible combinations of 
a couple of 8-bit latches or registers are "nose-to-tail" (one 
after the other), and "side-by-side" (alternate). If two registers 
are used in a nose-to-tail combination, for instance, data from 
the inputs enters the first register when it is clocked, and 
the outputs of the first register are the inputs of the second 
register, and thus the same data finally reach the outputs of 
the combination when the second register is subsequently 
clocked. And, if two registers are used in a side-by-side 
combination, their inputs come from the same input bus, 
and their outputs go to the same output bus, but they can 
be controlled separately and the output bus can be driven 
from either one. 

Although the nose-to-tail configuration and the side-by-side 
configuration seem quite different, with the provision of 
some internal multiplexing the same Double-Density PLUS" 
Interface part can satisfy both requirements. Such a part is 
called a pipeline - register or latch, as the case may be. The 
internal architecture of a two-level pipeline is shown in 
Figure 5. 

DATA 

1-------------1 

I 8 I 
I 
I 8 I 

CONTROLSI 8 H>;~8 -f; .. DATA 

~ I 
L _____________ l 

Figure 5. The '548/9 Block Diagram 

The 'LS548, with the edge-triggered registers, and the 'LS549, 
with latches, follow the Figure 5 block diagram exactly. Their 
pinouts resemble those of 'LS546, 'LS646, and 'LS651 families. 
Their speeds are similar, and they also feature 32-mA-IOL 
outputs. 

Typical applications for Double-Density PLUS Interface include 
computer peripherals, ,minicomputers,and microcomputers. 
Applications forthe open-collector parts are in the telecommun
ication and games areas. The drive of these parts enables them 
to drive heavily-loaded buses, and flat cables. 

Monolithic W Memories 13·7 



8-Bit Buffer Transceiver 
SN54LS245 

Features/Benefits 
• Three-state outputs drive bus lines 

• Low current PNP Inputs reduce loading 

• Symmetric - equal driving capability in each direction 

• S-blt data path matches byte boundaries 

• Ideal for microprocessor interface 

• Pin-compatible with SN54LS645 - Improved speed, 
IlL and IOZL specifications 

Description 
These 8-bit bus transceivers are designed for asynchronous 
two-way communication between data buses. The control func
tion implementation minimizes external timing requirements. 

The device allows data transmission from the A bus to the B bus 
or from the B bus to the A bus depending upon the logic level at 
the direction-control (DIR) input. The enable input (E"j can be 
used to disable the device so that the buses are effectively isolated. 

Logic Symbol 
'LS245 

Ordering Information 

PART TYPE TEMP 
NUMBER 

SN54LS245 J,L,w Mil 

Function Table 

ENABLE 
DIRECTION 

E CONTROL 
DIR 

L L 
L H 
H X 

IEEE Symbol 

E 

DIR 

A1 

A2 

A3 

A4 

AS 

A6 

A7 

A8 

'LS245 

19 "G3 

L:{3EN1 (BA) 

~EN2(AB) 

2 

L 
\71 <l 

C> 

3 

4 

5 

6 

7 

8 

9 

POLARITY POWER 

Non invert LS 

OPERATION 

B data to A bus 
A data to B bus 

Isolated 

18 

U 2\7 

B1 

17 
B2 

16 
B3 

15 B4 

14 
B5 

13 
B6 

12 
B7 

11 
B8 

TWX: 910-338-2376 
2175 Mission College Blvd. Santa Clara, CA 95054-1592 Tel: (408) 970-9700 TWX: 910-338-2374 
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SN54LS245 

Absolute Maximum Ratings 
Supply voltage vee ....................................................................................... -0.5 V to 7 V 
Input voltage ............................................................................................. -1.5 V to 7 V 
Off-state output voltage ...................................................... . .. . . . . . . . . . . . . . .. . . . . . . . . .. -0.5 V to 5.5 V 
Storage temperature ................................................................................. -65°C to +150o e 

Operating Conditions 

SYMBOL I PARAMETER 
MILITARY 

UNIT MIN TYP MAX 

Vee I Supply voltage 4.5 5 5.5 V 

TA I Operating free-air temperature -55 125 °e 

Electrical Characteristics Over Operating Conditions 

SYMBOL PARAMETER TEST CONDITIONS MILITARY UNIT MIN TYP MAX 

VIL Low-level input voltage 0.7 V 

VIH High-level input voltage 2 V 

VIC Input clamp voltage Vee = MIN 11= -18 mA -1.5 V 

~VT Hysteresis (VT + -VT ) A or B Vee = MIN 0.2 0.4 V 

IlL Low-level input current Vee = MAX VI = 0.4 V -0.2 mA 

IIH High-level input current Vee = MAX VI = 2.7V 20 !J.A 

II 
Maximum I Aor B 

Vee = MAX 
VI = 5.5 V 

0.1 mA input current I DIR or E VI = 7.0 V 

Vee = MIN 
VOL Low-level output voltage VIL = MAX 

VIH = 2V 
10L = 12 mA 0.25 0.4 V 

Vee=MIN 10H= -3mA 2.4 3.4 
VOH High-level output voltage VIL = MAX 

IOH=-12 mA 
V 

VIH = 2V 2 

10ZL Vee = MAX Vo=O.4V -200 !J.A 
Off-state output current VIL = MAX 

10ZH VIH = 2 V VO=2.7V 20 !J.A 

lOS Output short-circuit current* Vee = MAX -40 -225 mA 

Outputs 
48 70 High 

ICC 
Supply Outputs 

Vee= MAX. Outpl.lts open 62 90 mA 
Current Low 

Outputs 
64 95 Disabled I 

* Not more than one output should be shorted at a time and duration of the short-circuit should not exceed one second. 

Switching Characteristics VCC = 5 V, TA = 25°C 

SYMBOL PARAMETER TEST CONDITIONS A to B DIRECTION B to A DIRECTION UNIT (See Test LoadIWaveforms) MIN TYP MAX MIN TYP MAX 

tPLH 8 12 8 12 ns 

tPHL 
Data to output delay 

8 12 8 12 ns 

tPZL 
eL = 45 pF RL = 667.11 

27 40 27 40 ns 

tpZH 
Output enable delay 

25 40 25 40 ns 

lPZL 15 25 15 25 ns 

tPHZ 
Output disable delay eL= 5 pF RL = 667.11 

15 25 15 25 ns 

Monolithic WMemories 13·9 



Test Load 

Test Waveforms 

SN54LS245 

TEST POINT· 

CL 

(SEE NOTE AJ I RO 
lK 

* The "TEST POINT" is driven by the output under test, 
and observed by instrumentation. 

~"" __ ~-4~---------------3V ,_-------3V 
INPUT 

IN-PHASE 
OUTPUT ____ +-_ 

OUT OF PHASE 
OUTPUT 

(See Nole GJ 

'-------------ov 

~_+--~_i-----------VOH 

'-----VOL 

~------VOH 

VT 
-------VOL 

OUTPUT 
CONTROL 
(Low-level 
enabling) 

WAVEFORM 1 
(See Note OJ 

'-----------~,_+------oV 

WAVEFORM 2 -
(See Note OJ Sl open S2 closed 

Propagation Delay VT = 1.3 V Enable and Disable 

13·10 

Notes: A. CL includes probe and jig capacitance. 

B. All diodes are lN916 or lN3064. 

C. For Series 54LS, RO = 5 K, VT = 1.3 V. 

D. Waveform 1 is for an output with internal conditions such that the 
output is low except when disabled by the output control. 

Waveform 2 is for an output with internal conditions such that the 
output is high except when disabled by the output control. 

E. In the examples above, the phase relationships between inputs 
and outputs have been chosen arbitrarily. 

F. All input pulses are supplied by generators having the following 
characteristics: PRR ,; 1 MHz. ZOUT = 50 nand: 
For series 54S, tR ,; 2.5 ns, tF ,; 2.5 ns. 
For Series 54LS, tR ,; 15 ns, tF ,; 6 ns. 

G. When measuring propagation delay times of three~state outputs, 
switches S 1 and 82 are closed. 
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, a-Bit Buffer Transceivers 
SN54LS645 

Features/Benefits Ordering Information 
• Three-state outputs drive bus lines 

• Low current PNP inputs reduce loading 

• Symmetric - equal driving capability in each direction 

• 8-bit data path matches byte boundaries 

• Ideal for microprocessor interface 

Description 
These 8-bit bus transceivers are designed for asynchronous 
two-way communication between data buses. The control func
tion implementation minimizes external timing requirements. 

The device allows data transmission from the A bus to the B bus 
or from the B bus to the A bus depending upon the logic level at 
the direction-control (DIR) input. The enable input (E) can be 
used to disable the device so that the buses are effectively isolated. 

All of the 8-bit devices are packaged in the popular 20-pin 
SKINNYDIP. 

PART TYPE TEMP NUMBER 

SN54LS645 J,L,W Mil 

Function Table 
DIRECTION 

ENABLE 
CONTROL E 

DIR 

L L 
L H 
H X 

IEEE Symbol 

POLARITY POWER 

Non invert LS 

OPERATION 

B data to A bus 

J A data to B bus 
Isolated 

SN54LS645 
19 

G3 Logic Symbol 

SN54LS645 

E 

DIR yEN1(BA) 
3EN2 (AB) 

2 
Al 

L 
A2 

3 

A3 
4 

A4 
5 

AS 
6 

A6 
7 

A7 
8 

A8 
9 

TWX: 910-338-2376 
2175 Mission College Blvd. Santa Clara, CA 95054-1592 Tel: (408) 970-9700 TWX: 910-338-2374 

18 
\71 <J 2 

W t> 2\7 

B1 

17 
B2 

16 
B3 

15 
B4 

14 
B5 

13 
B6 

12 
B7 

11 
B8 

MonolithIc mt!ft 
MemorIes InJZ'UI 

13·11 



SN54LS645 

Absolute Maximum Ratings 
Supply voltage vee ....................................................................................... -0.5 V to 7 V 
Input voltage ............................................................................................. -1.5 V to 7 V 
Off-state output voltage .............................................................. . . . . . . . . . . . . . . . . . . .. -0.5 V to 5.5 V 
Storage temperature ................................................................................... _65° e to +150° e 

Operating Conditions 

SYMBOL PARAMETER 
MILITARY 

UNIT 
MIN TYP MAX 

Vee Supply voltage 4.5 5 5.5 V 

TA Operating free-air temperature -55 125 °e 

Electrical Characteristics Over Operating Conditions 

SYMBOL PARAMETER TEST CONDITIONS 
MILITARY UNIT 

MIN TYP MAX 

VIL Low-level input voltage 0.7 V 

VIH High-level input voltage 2 V 

VIC Input clamp voltage Vee= MIN 11=-18mA -1.5 V 

AVT Hysteresis (VT + -VT J A or B Vee= MIN 0.2 0.4 V 

IlL Low-level input current Vee = MAX VI = 0.4 V -0.2 mA 

IIH High-level input current Vee = MAX VI = 2.7 V 20 I'A 

II 
Maximum I AorB VI = 5.5 V 

0.1 mA 
input current I DIR or E 

Vee = MAX 
VI = 7.0V 

Vee = MIN 
VOL Low-level output voltage VIL = MAX 

VIH = 2V 
10L = 12 mA 0.25 0.4 V 

Vee=MIN IOH=-3mA 2.4 3.4 
VOH High-level output voltage VIL = MAX V 

VIH = 2 V IOH=-12mA 2 

10ZL Vee = MAX VO=0.4V -200 I'A 

Off-state output current VIL = MAX 
10ZH VIH = 2 V Vo = 2.7V 20 I'A 

lOS Output Short-circuit current" Vee = MAX -40 -225 mA 

Outputs 
48 70 

High 

ICC 
Supply Outputs 

Vee = MAX. Outputs open 62 90 mA 
Current Low 

Outputs 
64 95 

Disabled 

* Not more than one output should be shorted at a time and duration of the short-CirCUIt should not exceed one second. 

Switching Characteristics VCC = 5 V, TA = 25°C 

SYMBOL PARAMETER 
TEST CONDITIONS A to B DIRECTION B to A DIRECTION UNIT (See Test LoadlWaveforms) MIN TYP MAX MIN TYP MAX 

tPLH 8 15 8 15 ns 

tPHL 
Data to output delay 

11 15 11 15 ns 

tpZL 
eL = 45 pF RL = 667!1 

31 40 31 40 ns 

tPZH 
Output enable delay 

26 40 26 40 ns 

tpLZ 15 25 15 25 ns 

tpHZ 
Output disable delay eL = 5 pF RL = 667!1 

15 25 15 25 ns 
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Test Load 

Test Waveforms 

SN54LS645 

TESTPOINT* 

51 

(SEE 
+---.,.----1<11--'; NOTE 8) 

CL 

(SEE NOTE A) I RO 
(SEE 

NOTE C) 

* The "TEST POINT" is driven by the output under test, 
and observed by instrumentation. 

~--~ct---------------3V 
OUTPUT 

CONTROL 
(Low-level 
enabling) 

~----3V 
INPUT 

IN-PHASE 
OUTPUT ________ -t __ , 

OUT OF PHASE 
OUTPUT 

(See Note G) 

'-------------ov 

'--------VOL 

_----VOH 

VT 
'-----'--------------VOL 

WAVEFORM 1 
(See Note 0) 

'------~~------oV 

Propagation Delay VT = 1.3 V Enable and Disable 

Notes: A. CL includes probe and jig capacitance. 

B. All diodes are 1N916 or 1N3064. 

C. For Series 54LS, AO = 5 K, VT = 1.3 V. 

D. Waveform 1 is for an output with internal conditions such that the 
output is low except when disabled by the output control. 

Waveform 2 is for an output with internal conditions such that the 
output is high except when disabled by the output control. 

E. In the examples above, the phase relationships between inputs 
and outputs have been chosen arbitrarily. 

F. All input pulses are supplied by generators having the following 
characteristics: PRR :;; 1 MHz. ZOUT = 50 nand: 
For series 54S, tA :::: 2.5 ns, tF :$ 2.5 ns. 
For Series 54LS, tR :$ 15 ns, tF :$ 6 ns. 

G. When measuring propagation delay times of three-state outputs, 
switches S1 and S2 are closed. 
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a-Bit Bus Register Transceivers 
and Latch Transceivers 
SN54/74LS546 SN54/74LS547 
SN54/74LS566 SN54/74LS567 

Features/ Benefits 
• Bidirectional transceivers utilizing registers or latches 

• Faster than other lS-TTL reglstersllatches 

• Independent registersllalches lor A bus and B bus 

• Data can be swapped between internal registersllatches 

• a-bit data paths match byte boundaries 

• 'lS546/547/566/567 can replace two 'lS374/373/534/533 
devices 

• Independent clock/gate enables for rank A and rank B 

• High drive capability: IOl = 32 mA (COM), 24 mA (Mil) 

• 24-pin SKINNYDIP® saves space 

• Three-state outputs drive bus lines 

• The clock, clock-enable, and latch-enable inputs typically 
have 300 mV hysteresis 

There are independent clock and clock e,!able controls for the 
two directions namely CKA, CKB, CKEA, CKEB for 'LS546/ 
'LS566, and independent gate enable contro~A2, GB1 
and GB2 for 'LS547/'LS567. The CKAIB and CKEAlB can con
trol the internal registers AlB to load data or hold data. Similarly, 
the GA1, GA2, GB1 and GB2 can govern the internal latches, 
AlB to pass or hold data. 

Ordering Information 

PART NUMBER PACKAGE TEMPERATURE 

SN54LS546 JS, W, l (28) Mil 

SN74LS546 NS, JS, NL (28) Com 

SN54LS547 JS, W, L (28) Mil 

SN74LS547 NS, JS, NL (28) Com 

SN54LS566 JS, W, L (28) Mil 

SN74LS566 NS, JS, NL (28) Com 

SN54LS567 JS, W, L (28) Mii 

SN74LS567 NS, JS, NL (28) Com 

SKINNYDIP'~ is a registered trademark of Monolithic Memories. 

Description 
These devices are comprised of a pair of 8-bit registers ('LS546, 
'LS566), or a pair of 8-bit latches (,LS547, 'LS567). 

The direction of operation is controlled by OEAB and OEBA. 
When OEAB is Low and OEBA is High, the operation of the 
registers/latches is A-to-B direction; when OEAB is High and 
OEBA is low, the operation of the registers/latches is B-to-A 
direction; when OEAB and OEBA both are High, the A, B buses 
both are inputs, data will be stored into registers/latches; when 
OEAB and OE§A both are Low, the A, B buses both are outputs, 
data will transfer from internal registers/latches to A, B buses. 

There are independent clock and clock enable controls for the 
two directions: namely CKA, CKB, CKEA and CKEB for 
'LS5461'LS566, and independent gate enable control GA 1, GA2, 
GB1 and GB2 for 'LS547/'LS567. The CKAIB and CKEAlB can 
control the internal registers AlB to load data or hold data. 
Similarly, the GA1, GA2, GB1 and GB2 govern the internal 
latches, AlB to pass or hold data. 

The 'LS5461'547 provide non-inverting polarity; the 'LS566/'LS567 
provide inverting polarity. The 'LS5461'LS547/'LS5661'LS567 all 
have 3-state outputs, and have 32-mA output drive IOL (COM) 
over the commercial temperature range and 24-mA output drive 
IOL (MIL), over the military temperature range. 

All of the devices are packaged in the popular 24-pin SKIN
NYDIP package. 

POLARITY TYPE POWER 

Register 

Non-invert 

Latch 

LS 

Register 

Invert 

Latch 

TWX: 910-338-2376 
2175 Mission College Blvd. Santa Clara, CA 95054-1592 Tel: (408) 970-9700 TWX: 910-338-2:!74 

Monolithic ~T!11 
Memories LnJlW 
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SN54/74LS546SN54/74LS547 SN54/74LS566 SN54/74LS567 

Pin Configurations 

SN74LS546 SN74LS547 

Plastic Chip Carrier Plastic Chip Carrier 

SN74LS566 SN74LS567 

Plastic Chip Carrier Plastic Chip Carrier 
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SN54/74LS546 SN54/74LS547 SN54/74LS566 SN54/74LS567 

Logic Diagram 

13·16 

SN54n4LS546 
REGISTER TRANSCEIVER 

NON-INVERTING OUTPUTS 
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SN54/74LS546 SN54/74LS547 SN54/74LS566 SN54/74LS567 

Logic Diagram 

SN54n4LS547 
LATCH TRANSCEIVER 

NON-INVERTING OUTPUTS 
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SN54/74LS546 SN54/74LS547 SN54/74LS566 SN54/74LS567 

Logic Diagram 

13·18 

SN54174LS566 
REGISTER TRANSCEIVER 

INVERTING OUTPUTS 
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SN54/74LS546 SN54/74LS547 SN54/74LS566 SN54/74LS567 

Logic Diagram 

SN54n4LS567 
LATCH TRANSCEIVER 
INVERTING OUTPUTS 
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SN54/74LS546 SN54/74LS547 SN54/74LS566 SN54/74LS567 

Block Diagrams 

'LS546 (Non-inverting) 'LS547 (Non-inverting) 

A BUS ABUS 

em; GA1 
OEBA CKA OEBA GA2 

CKEB OEAB GB1 OEAB 
CKB GB2 

BBUS BBUS 

'LS566 (Inverting) 'LS567 (Inverting) 

ABUS ABUS 

OEBA 
CKEA 

OEBA 
GA1 

CKA GA2 

CKEB OEAB GB1 OEAB 
CKB GB2 

BBUS BBUS 
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SN54/74LS546 SN54/74LS547 SN54/74LS566 SN54/74LS567 

IEEE Symbols 

OEBA 

OEAB 

CKA 

CKEA 

CKB 

CKEB 

AO 

Al 

A2 

A3 

A4 

A5 

A6 

A7 

OEBA 

Offi 
CKA 

CKEA 

CKB 

CKEB 

AO 

Al 

A2 

A3 

A4 

A5 

21 

3 I'--

1 

2 I'--

23 

22 I'--

4 

L 
5 

6 
~ 

7 
~ 

8 ~ 

9 L 
10~ 

11 L-
L-

21 

1 

2 

23 

22 

4 

6 

10 
A6""-

11 
A7 

'LS546 

ENl [BA] 

EN2[ABJ 

4C3 

G4 

6C5 

G6 

\71 <I 50 

3D [> 2\7 

'LS566 

ENl [BA] 

EN2 [AB] 

4C3 

G4 

6C5 

G6 

\71 <I 

3D [> 

'LS547 

OEBA 21 l- ENl [BA] 

OEAB 
3 r-- EN2[AB] 

GAl 

GA2 

1 ~ 

2 _1-- 21 C3 

GBl 

GB2 

23 -
22 r--

21 C4 

~ 
20 

U 
BO AD 

4 20 

L 
\71 <I 40 

U 3D [> 2\7 
19 5 19 

~ 18 

Bl Al 
6 L- f--J 18 

f------J 17 

B2 A2 
7 L- f--J 17 

~ 16 

B3 A3 
8 L- f--J 16 

f--J 15 

B4 A4 

9 
L- J 

15 

e----I 14 

B5 A5 

10 L- f--J 14 

f--J 13 

B6 A6 

11 
L- f--J 13 

f------J 
B7 A7 

L- ~ 

'LS567 

OEBA 
21 

ENl [BA] 

OEAB EN2[AB] 

GAl 

GA2 
21 C3 

23 
GBl 21 C4 22 
GB2 

20 20 
BO AD \71 <I 

3D [> 
19 19 

Bl Al 

18 6 18 
B2 A2 

17 17 
B3 A3 

16 16 
B4 A4 

15 15 
B5 A5 

14 10 14 
B6 A6 

13 11 13 
B7 A7 

Monolithic WMemories 

BO 

Bl 

B2 

B3 

B4 

B5 

B6 

B7 

BO 

Bl 

B2 

B3 

B4 

B5 

B6 

B7 
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SN54/74LS546 SN54/74LS547 SN54/74LS566 SN54/74LS567 

Function Table 
Nomenclature Description 

AO-A7: 

BO-B7: 

x: 

GA1fGA2: 

GB1fGB2: 

aoA/aoB: 

GA1 

X 

X 

X 

L 

L 

L 

H 

H 

H 

Eight input/output pins on the A side. 

Eight input/output pins on the B side. 

H or L state irrelevant ("Don't Care" conditions). 

Gate enables for rank A of 'LS547I'LS567. 

Gate enables for rank B of 'LS547I'LS567. 

Previous data of the internal rank AlB. 

GA2 RANK A GB1 GB2 RANKB 

L Enabled X L Enabled 
(Flush) (Flush) 

L Enabled 
(Flush) 

L H Disabled 
(Freeze) 

L Enabled H X Enabled 
(Flush) (Flush) 

H Disabled H X Enabled 
(Freeze) (Flush) 

H Disabled X L Enabled 
(Freeze) (Flush) 

H Disabled L H Disabled 
(Freeze) (Freeze) 

X Enabled X L Enabled 
(Flush) (Flush) 

X Enabled 
(Flush) 

L H Disabled 
(Freeze) 

X Enabled H X Enabled 
(Flush) (Flush) 

'CK'EAfCKEe: Clock enable for rank A/B of 'LS546I'LS566. 

CKA/CKB: 

UC: 

1: 

Clock for rank AlB of 'LS546I'LS566. 

H or L or I case (nonclocked operation). 

Positive edge of CK causes clocking, if clock 
enable is asserted. 

CKA CKEA RANK A CKB CKEB RANKB 

UC X Disabled UC X Disabled 

1 L Enabled 1 L Enabled 

t L Enabled 1 H Disabled 

1 H Disabled 1 L Enabled 

1 H Disabled 1 H Disabled 

0'E'Ae: 
OE'BA: 

To enable the A-to-B operation. 

To enable the B-to-A operation. 

OEAB OEBA OPERATION DIRECTION 

L L A, B buses both are outputs 
(Transfer stored data to bus stored) 

L H A-to-B 

H L B-to-A 

H H A, B buses both are inputs (storage) 

Pin Configuration 

(GA1t)CKA 1 

(GA2t) CKEA 2 

OEAB 3 

A6 

GND 

t For SN74LS547, SN74LS567 

VCC 

CKB (GBlt) 

CKEB (GB2t) 

OEBA 

BO 

Bl 

82 

83 

B5 

86 
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SN54/74LS546 SN54/74LS547 SN54/74LS5'66 SN54/74LS567 

Bus Operation For 'LS546 

DIRECTION DATA 1/0 CLOCK CLOCK 

OPERATION CONTROL BLOCK DIAGRAM ENABLE (A) RANK A ENABLE (B) RANKB 
OEAB OEBA AO-A7 BO-B7 CKA CKEA CKB CKEB 

UC X aoA uc X aoB 

uc X aoA I L Bbus 

A UC X aoA I H aoB 

.~~ 
I L Abus UC X aoB 

Storage H H Input Input I L Abu8 I L Bbus 

IRA:K1a I L A bus I H aoB 

BUS I H aoA UC X aoB 

I H aoA I L Bbus 

I H aoA I H aoB 

UC X aoA UC X aoB 

UC X aoA I L B bus 
A UC X aoA I H aoB 

BUS rn-
LfB"7 . I L Rank B UC X aoB Output B-to-A 

H L of Input I L Rank B I L B bus. 
Operation 

Rank B I L Rank B I H aoB 
BUS 

I H aoA UC X aoB 

I H aoA . 1 L S bus 

I H aoA I H aos 

UC X aoA UC X aoB 

UC X aoA I .L Rank A 

A UC X aoA I H aoB 

M ffil Output . -ffi ~.~. 
I L Abus UC X aoB 

A-to-B 
Operation L H Input of I L A~us I L Rank A 

Rank A I L Abus I H aoB 
BUS 

I H aoA ~C X aoB 
.. 

! H aoA I L Rank A 

I H aoA I H aoB 

UC X aoA UC X aoB 

UC X aoA I L Rank A 

.~ ~I 
uc X aoA ! H aoB 

~"7 . t L Rank B UC X aos 
Transfer '. Qutput Output 
Stored L L of of I ·L Rank B f L Rank A 
Data Rank B Rank A I L Rank B ! H aos 

BUS 
I H aoA UC X aoB 

I H aoA I L Rank A 

I H aoA ( H QoB 
.. 
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SN54/74LS546 SN54/74LS547 SN54/74LS566 SN54/74LS567 

Bus Operation For 'L,S547 

DIRECTION DATA 110 GATE GATE 

OPERATION CONTROL BLOCK DIAGRAM 
ENABLE (A) 

RANK A 
ENABLE (B) 

RANKB 
OI:AB OEBA AD-A7 BD-B7 GA1 GA2 GB1 Gi2 

L H aoA L H aoB 

L H aoA H x B bus 
" 

A L H aoA x L B bus 

.~ ffi-j H X A bus L H aoB 

Storage H H " Input Input H X ,Pi. bus H X B bus EB , 
A , 

H X A bus X L B bus B 
BUS 

X L A bus L H aoB 

X L A bus H X B bus 

X L Abus X L B bus 

L H aoA L H aoB 
, 

L H CioA H X B bus 
" 

A L H aoA X L B bus 

BUS -EB-- H X RankB L H aoB Output 

lEB~' . B-toeA 
H L of Input H X RankB H X Bbus Operation 

Rank B 
H X Rank B X L Bbus 

BUS X L Rank B L H aoB 

X L Rank B H X Bbus 

X L Rank B X L Bbus 

L H aoA L H aoB 

L H aoA H X Rank A 

t ~l 
L H aoA X L Rank A 

Output 
H X A bus L H aoB 

A~to-B 
L H Input' of H X A bus H X Rank A Operation RANK 

Rank A 'A 
H X A bus X L Rank A 

B 
BUS 

X L Abus L H aoB 

X L Abus H X Rank A 
, X L A bus X L Rank A 

L H aoA L H aoB 
'" 

L H aoA H X Rank A 

.;. ~ I L H aoA X L Rank A 

Transfer "Output Output r lffi B 

H X, Rank B L H aoB 

Stored L L of of I RA:K B 
H· X Rank B H X Rank A 

Data RankB Rank A 
f-l* X Rank B X L Rank A 

BUS 

" X L Rank B L H aoB 

X· L Rank B H X Rank A 

X· L Rank B X L Rank A 

* NOTE: These controls forOEAB, OEBA. GA1, GA2, GB1 and GB2 can cause race conditions, 
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SN54/74LS546 SN54/74LS547 SN54/74LS566 SN54/74LS567 

Bus Operation For 'LS566 

DIRECTION DATA 1/0 CLOCK CLOCK 

OPERATION CONTROL 
BJ,.OCK DIAGRAM 

ENABLE (A) RANK A ENABLE (B) RANKB -OEA13 OEBA AO"A7 BO-B7 CKA CKEA CKB CKEB 

UC X OoA UC X OoB 

UC X OoA I L B bus 

A UC x OoA I H OoB 

4BEBJ 
I L Abus UC X OoB 

Storage H H Input Input I L A bus I L B bus. 
RANK . 

A I L A bus I H OoB 
. 8 

BUS I H OoA UC X OoB 

I H OoA I L Bbus 

I H OoA I H OoB 

UC X OoA UC X OoB 

UC X OoA I L Bbus 

r 
A UC X OoA I H OoB 

.~ ~ Output 
.... RANK I L Rank B UC X OoB 

B-to-A LEB B B 
Operation H L ~ Input I L Rank B I L B bus' 

Rank B I L' Rank B I H OoB 
BUS I H OoA UC X OoB 

I H OoA I L B bus 

I H OoA I H OoB 

UC X OoA DC X OoB 

UC X OoA I L Rank A 

A UC X OoA I H OoB 

Output .~ I L Abus UC X OoB 
A-to-S 
Operation L H Input of I L Abus I L Rank A 

Raiik"A I' L Abus I H OoS 
BUS 

I H OoA UC X OoB 

I H OoA I L Rank A 
", 

I H OoA I H OoS 

UC X OoA UC X OoB 

UC X OoA I L Rank A 

A UC X OoA I H OoB 

.~ Transfer. Output Output . .. •.. .. "':" ... I L Rank B UC X OoB 

stored L L of of '( L Rank B I L RahkA 
Data Rank.B Rarik"A ' RANK • . 

A .. ; I L Rank B I H OoB·. .... 8. 
BUS I H OoA UC X OoB 

f H OoA I L Rank A 

I H OoA I H OoB 
"',, 
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SN54/74LS546 SN54/74LS547 SN54/74LS566 SN54/74LS567 

Bus Operation For 'LS567 

DIRECTION DATA 1/0 GATE GATE 

OPERATION COIIITROL BLOCK DIAGRAM 
ENABLE (A) 

RANK A 
ENABLE (B) 

RANKB 
0EAii OEBA AO-A7 BO-B7 GA1 GA2 GB1 GB2 

L H OoA L H OoB 

L H OoA H X B bus 

A L H OoA X L B bus 

.~ ffil H x Abus L H OoB 

Storage H I:i Input Input 
IRA:KI B 

H X Abus H X B bus 

H X A bus X L B bus 
aus 

X L Abus L H OoB 

X L Abus H X B bus 

X L Abus X L B bus 

L H OoA L H OoB 

L H OoA H X B bus 

A L H OoA X L B bus 

Output 1~~1 
H X Rank B L H OoB 

B-to-A 
H L of Input H X Rank B H X B bus 

Operation 
Rank B 

H X Rank B X L B bus 
BUS 

X L Rank B L H OoB 

X L Rank B H X B bus 

X L Rank B X L B bus 

L H OoA L H OoB 

L H OoA H X Rank A 

A L H OoA X L Rank A 

Output .~ EB I H X A bus L H OoB 
A-to-B 
Operation L H Input of ~B H X A bus H X Rank A 

Rank A 
H X A bus X L Rank A 

BUS 
X L Abus L H OoB 

X L Abus H X Rank A 

X L Abus X L Rank A 

L H OoA L H OoB 

L H OoA H X Rank A 

A L H OoA X L Rank A 
BU 

Transfer Output Output I . RAaNK J H X Rank B L H OoB 

Stored L L of of 
, LIRA:K~J 1.1 H* X Rank B H X Rank A 

Data Rank B Rank A 
H* X Rank B X L Rank A a 

BUS X L Rank B L H OoB 

X' L Rank B H X Rank A 

X' L Rank B X L Rank A 

* NOTE: These controls for OEAB, OEBA, GA1, GA2, GB1 and GB2 can cause race conditions. 
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SN54/74LS546 SN54/74LS547 SN54/74LS566 SN54/74LS567 

Absolute Maximum Ratings 
Supply voltage V CC ....................................................................................... -0.5 V to 7 V 
Input voltage ................•............................................................................ -1.5 V to 7 V 
Off-state output voltage ................................................................................ " -0.5 V to 5.5 V 
Storage temperature ................................................................................. -65°C to +150°C 

Operating Conditions 

SYMBOL PARAMETER 

VCC Supply voltage 

TA Operating free-air temperature 

'LS546, 'LS566 
High 
t--- CK 

Low 
TW Width of clock/gate 

High GA1,GB1 
'LS547, 'LS567 

Low GA2,GB2 

'LS546 CKA.CKB 

'LS547 
GA1, GB1 

GA2, GB2 
Tsu Setup time 

'LS566 CKA, CKB 

'LS567 
GA1, GB1 

GA2, GB2 

'LS546 CKA,CKB 

'LS547 
GA1, GB1 

GA2, GB2 
Th Hold time 

'LS566 CKA, CKB 

'LS567 
GA1, GB1 

GA2, GB2 

Tsuce Setup time for CKEA, CKEB, (,LS546, 'LS566 only) 

Thee Hold time for CKEA, CKEB CLS546, 'LS566 only) 

t l the arrow indicates the transition of the clock/gate input used for reference: 

t for the low-ta-high transitions. 

! for the high-ta-Iow transitions. 

MILITARY 
MIN TYP MAX 

4.5 5 5.5 

-55 125 

11 

19 

10 

18 

141 

5) 

151 

141 

131 

221 

01 

131 

51 

01 

111 

51 

151 

51 

MonolithicUJ] Memories 

COMMERCIAL 
MIN TYP MAX UNIT 

4.75 5 5.25 V 

a 75 °c 

8 

15 
ns 

8 

16 

11 I 

5) 

151 
ns 

111 

131 

221 

01 

131 

51 
ns 

01 

11 ) 

51 

111 ns 

41 ns 
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SN54/74LS546 SN54/74LS547 SN54/74LS566 SN54/74LS567 

Electrical Characteristics Over Operating Conditions 

SYMBOL PARAMETER TEST CONDITIONS MILITARY COMMERCIAL UNIT MIN TYP MAX MIN TYP MAX 

VIL Low-level input voltage 0.8 0.8 V 

VIH High-level input voltage 2 2 V 

Vie Input clamp voltage Vee = MIN 11=-18mA -1.5 -1.5 V 

Vee = MAX A or B -250 -250 
IlL Low-level input current ;;.A 

VI = 0.4 V All others -400 -400 

IIH High-level input current Vee = MAX VI = 2.7 V 20 20 ;;.A 

II 
Maximum input l A or B 

Vee = MAX 
VI = 5.5 V 

0.1 0.1 mA 
current I All others VI = 7.0 V 

Low-level Vee = MIN 10L = 24 mA 0.5 
VOL output voltage VIL = MAX V 

VIH = 2V 10L = 32 mA 0.35 0.5 

High-level Vee = MIN 10H = -1 mA 2.4 3.4 
VOH output voltage VIL = MAX V 

VIH = 2V 10H = -2.6 mA 2.4 3.1 

10ZL Vo = 0.4 V -250 -250 

10ZH 
Of i-state output current Vee = MAX 

Vo = 2.4 V 20 
;;.A 

20 

lOS Output short-circuit current' Vee = MAX -30 -130 -30 -130 mA 

'LS546 180 180 

Vee = MAX 'LS547 180 180 
lee Supply current mA 

Outputs open 'LS566 180 180 

'LS567 180 180 

* Not more than one output should be shorted at a time and duration of the short-circuit should not exceed one second. 
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Switching Characteristics Over Operating Conditions 

MILITARY COMMERCIAL 
SYMBOL PARAMETER TEST CONDITIONS 'LS546 'LS547 'LS546 'LS547 UNIT 

MIN MAX MIN MAX MIN MAX MIN MAX 

fMAX 
Maximum clock 

33 43 MHz 
frequency _. 

tpLH/tpHL 
CK to output delay 

26 21 ns 
(,LS546 only) CL = 45 pF RL = 280!1 
GA1, GA2, GB1 or 

OE=L 
tpLH/tpHL GB2 to output 27 24 ns 

delay (,LS547 only) 

tpLH/tpHL 
Data D to output 

23 18 ns 
delay (,LS547 only) 

tpZL/tpZH 
Output enable 

CL = 45 pF RL = 280!1 25 25 21 21 ns 
delay 

tpLzltpHZ 
Output disable 

CL = 5 pF RL = 280!1 22 22 19 19 ns 
delay 

Switching Characteristics vcc = 5 V, TA = 25°C 

SYMBOL PARAMETER TEST CONDITIONS 'LS546 'LS547 UNIT 
MIN MAX MIN MAX 

'MAX Maximum clock frequency 50 MHz 

tpLH/tpHL 
CK to output delay 19 ns 
(,LS546 only) 

GA1, GA2, GB1 or GB2 to 
CL" 45 pF RL = 280!1 

tpLH/tpHL output delay (,LS547 only) OE = L 23 ns 

tpLH/tpHL 
Data D to output delay 17 ns 
(,LS547 only) 

tpZ~tpZH Output enable delay CL = 45 pF RL = 280!1 19 19 ns 

tpLzltpHZ Output disable delay CL = 5 pF RL = 280!1 17 17 ns 
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Switching Characteristics Over Operating Conditions 

MILITARY COMMERCIAL 
SYMBOL PARAMETER TEST CONDITIONS 'LS566 'LS567 'LS566 'LS567 UNIT 

MIN MAX MIN MAX MIN MAX MIN MAX 

fMAX 
Maximum clock 

33 43 MHz 
frequency 

tpLH/tpHL 
CK to output delay 

26 21 ns 
(,LS566 only) CL = 45 pF RL = 280 n 

GA1, GA2, GB1 or OE=L 
tpLH/tpHL GB2 to output 26 24 ns 

delay (,LS567. only) 

tpLH/tpHL 
Data D to output 

29 23 ns 
delay (,LS567 only) 

tpZL/tpZH 
Output enable 

CL = 45 pF RL = 280n 25 25 21 21 ns 
delay 

tpLZltpHZ 
Output disable 

CL = 5 pF RL = 280n 22 22 19 19 ns 
delay 

Switching Characteristics vcc = 5 V, TA = 25°C 

SYMBOL PARAMETER TEST CONDITIONS 'LS566 'LS567 UNIT 
MIN MAX MIN MAX 

fMAX Maximum clock frequency 50 MHz 

tpLH/tpHL 
CK to output delay 

19 ns 
(,LS566 only) 

GA 1, GA2, GB1 or GB2 to 
CL = 45 pF RL = 280 n 

tpLH/tpHL output delay (,LS567 only) OE = L 21 ns 

tpLH/tpHL 
Data D to output delay 

19 ns 
(,LS567 only) 

tpZL/tpZH Output enable delay CL = 45 pF RL = 280 n 19 19 ns 

tpLz/tpHZ Output disable delay CL = 5 pF RL = 280 n 17 17 ns 
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Definition of Waveforms 

Setup and Hold 

'LS5461566 

Clock CK to Output Delay 

r-------------~~--------~3V 
DATA ---.I \ INPUT 

'-------0 V 

OUTPUT 
CLS566) 

1--------3 V 

V_T ________ ,-
ov 

r---------~"-',\kyT :: 
--'~tPHL 

[vT ' 
~----+I-"""""'~~tPUi 

3V 
OV 



'SN54/74LS547 SN54/74LS567 

Definition of Waveforms 

'LS547/567 

Setupal1d Hold Data D to Output Delay 

Gx-------_'r----------...c.-3v 

VT 

~---------oV 

DATA 
INPUT 

~------.,...- 3V Gx 

VT Gx _______ --',+ ____________ ov 

~---+-...:......-..... ------- 3V 

OUTPUT 
fLS547) 

---.J 
VT 

/ 
) 

VT 

VT I-- IpLH 

13"32 

'-~--OV 
OUTPUT 
fLS567) 

, V 

1\ T 

I-- f-lpHL 

VT= 1.3V 

GA1, W; GB1 or GB2 to Output Delay 

r------,------------3V 
DATA / \ 
INPUT ~ . '-______ OV 

.GA1/GBl 

OUTPUT 
fLS547) __ ~~ 

OUTPUT 
fLS567) 

._----3V 

'-__ J ---------OV 

,-----""""' -------- 3 V 

'-----OV 

~ _____ .;-,", ,-_____ 3 V 

VT 

1'------ OV 

IpHL 

~
3V 

VT 

------ ------OV 
IpLH 

Monoiilhlt: W""emorie$ 

VT = 1.3V 

' VT 
1\ 

1-

) 

VT 
1\ 
r,-IPHL 

VVT 

IpLH 

3V 

OV 

3V 

OV 
3V 

OV 

3V 

OV 



SN54/74LS546 SN54/74LS547 .SN54/74LS566 SN54/74LS567 

Test Load 

WAVEFORM 1 
(SEENOTEC) 

WAVEFORM 2 
(SEE NQTEC). 

TEST POINT' 

CL 

(SEE NOTE All RO 
1K 

• The "TEST POINT"ls driven by the output under test, 
and, observed by instrumentation. 

r,----..,.....,..;.--- 3V 

r~~----~ __ --~--~~=====*==:VO~. . ". O-SV 

_---.,.,..-...J 
VT .. ' l-"1.5V 

51 AND 5 . CU)SE£l 
VT =.J.3V 

J;NABLE AND DISABl.E 

NOTES: A: CLincludes probe'<md jig capacits"c.: 

B, All diodes are IN9l6or lN3064, 

,G. wav~form.1 is ior an ~U.tpDt w~th inte,rnal condition,s such tpat the output is low except when disabled 'by the6ut~t co'ntrol. 

Waveform 2 is for a~ o~tPut with internal conditions.such (Mat the output is high except wherf disatiied by the out~ut contra': 

D. In. the'examPJ~$ 'a~)le, the.ph~seJelationsh.ip'~ betwee,n)~puts and o,utputs have been chos~ -arbitfariIY. 
E: Il-!I input pUI~esa;e 'S~PPli~d' by generalorshavinll the follo':"ing characteristics: PRR ,; 1 MHZ. Zout = 5011 and tR ,; 15 rio. tF ,; 6 ns. 

F. When meas,:,!ing pr~pagation ~~I~Y time~, ~~, ~-state ~utputs. ~witches 81 and ~2 are closed. 
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8-Bit Bus Front-Loading-Latch 
Transceivers 
SN54/74LS646 
SN54/74LS64~ 

Features/Benefits 
• Bidirectional bus transceivers and registers 

• Independent registers for A and B buses 

• Real-time data transfer or stored data transfer 

• 24-pin SKINNYDIP® saves space 

• 8-blt data path matches byte boundaries 

• Three-state or open-collector outputs drive bus lines 

Description 
The 8-bit bus transceivers with 3-state (,LS646, 'LS648) or open
collector (,LS647, 'LS649) outputs have 16 D-type flip-flops and 
multiplexers. The bus-oriented pinout of the parts is shown in the 
Pin Configuration. The internal gate-level hardware configura
tions for the 'LS646I647 and 'LS648/649 are given in their respec
tive Logic Diagrams. The basic repeated element, consisting of 
an edge-triggered flip-flop paralleled with a bypassing path or 
"feed-through" into a two-way mux, is sometimes called a ''front
loading latch." 

A pair of multiplexers are used to distribute two bytes of data 
through the part. The data-routing combinations offered by the. 
multiplexers provide flexibility in 9 irecting data to or from either 
bus, and/or either register. Data is loaded into registers A or B 
upon the rising edge of the appropriate clock signals. CKA 
clocks register A, which receives data from the B bus directly at 

Pin Configurations 

'LS64a/647/648/64!! 
8-Blt Bus Front-Loading-Latch Transceivers 

SKINNYDIP" Is a registered trademark of Monolithic Memories. 

SN54/74LS647 
SN54/74LS649 

Ordering Information 

PART 
PKG TEMP PoLARITY O/P PWR 

NUMBER 

SN54LS646 JS,W,L(28) Mil Noninvert ~hree-state LS 

SN54LS646 
NS,JS 

COm Noninvert r-hree-state LS 
NL (28) 

SN54LS647 JS,W,L (28) Mil Noninvert LS 
Open-

SN74LS647 
NS,JS 

Com Non invert collector LS 
NL (28) 

SN54LS648 JS,W,L(28) Mil Invert r-hree-state LS 

SN54LS648 
NS,JS 

Com Invert r-hree-state LS 
NL (28) 

SN54LS649 JS,W,L(28) Mil Invert LS 
Open- r--

SN74LS649 
NS,JS 

COm Invert collector LS 
NL (28) 

its inputs. Similarly, CKB clocks register B, which has the A bus 
available directly at its inputs. Control of the multiplexers is 
provided by two select lines (one per register), SRA and SRB. 
Command of the outputs is performed by enable line E, and 
direction line DIR. 

When E is HiQtl data from the buses can be stored into register A 
and B. When E is Low.and DIR is High, the direction of operation 
is from A to B; when E and DIR are LOW, the direction of 
operation is from B to A. 

SRA is used to select between register A and the B bus, and then 
to route the data to a controlled buffer connected to the A bus. 
Likewise, SRB selects between register B and the A bus, and 
then routes the data to the B bus through a controlled buffer. 

SN74LS646 
SN74LS647 
SN74LS648 
SN74LS649 

Plastic Chip Carrier 

TW)(: 91,O-,338~2376 
2175 MISSion College Bivd. S~nla ciara,CA 95054·1592 Tel: (408) 970.9700 TWX: 910c33l1.2374 

""olithic IITln 
MemorIes uun.u 
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SN54/74LS646 SN54/74LS647 SN54/74LS648 SN54/74LS649 

Logic Diagrams 

CKA 
OIR 

SRA 

SRB 

CKB 

AO 

23 

3 

21 

22 

2 

1 

4 

'LS646/647 (Non-Inverting) 

.... 
P"" 

1 J 

1-=0-
..... ...... 

:: or 

....... ... or 1 OF 8 CHANNELS 

.... r- --------- --- --- --------- -I 
Ii"'" I 101 i 

I 

T« i I C1 
I 

I REGISTER A .A I 
I I I 

1:1 
,.,. 

I I 
I I 
I 

~ 
I C1 
I I 

I REGISTER B .... I 

L I or _J f--------- r-- -- ----------

TO 7 OTHER CHANNELS 

* For the 'LS646 devices, the A and B bus outputs are 3-5tate. 

For the 'LS647 devices, the A and B bus outputs are open-collector. 

'LS648/649 (Inverting) 

CKA~~=--~~~--------------------------------------------' 

OIR --~3--~~:[:J~--------------------------------------------l 
Il --=2:..:c' __ -+-__ -<lI._ 

SRA --.-:2::::2 ____ -E~--~-+---------------------~_<{>___, 

SRB--~---4~r----+--------------~_<{>___, 
1 OF 8 CHANNELS 

20 
BO 

CKB ----'---~~>---'--, 
101--_---.-++-+-=2O=_. BO 

C1 <P-->--H-"-t 

REGISTER A 

TO 7 OTHER CHANNELS 

* For the 'LS648 devices, the A and B bus outputs are 3-5tate. 

For the 'LS649 devices, the A and B bus outputs are open-collector. 
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SN54/74LS646 SN54/74LS647 SN54/74LS648 SN54/74LS649 

IEEE Symbols 

'LS646 'LS647 

E 21 E 21 
G3 G3 

DIR 3EN1 [BA] DIR 
3 

3EN1 [BA] 

23 
3 EN2[AB] 

23 
3EN2[AB] 

CKA m-C4 CKA !l:rC4 
SRA 

22 22 
.!TG5 SRA .!TG5 

CKB .o-C6 CKB m-C6 

SRB .!TG7 SRB .!TG7 
20 20 

'il1 '" 
5 BO 4 BO 

AO 
5 

AO 

6D 7 
.!T '1 19 19 

A1 B1 A1 B1 

6 18 6 18 
A2 B2 A2 B2 

17 7 17 
A3 83 A3 B3 

16 8 16 
A4 B4 A4 B4 

9 15 9 15 
AS 85 AS B5 

10 14 10 14 
A6 B6 A6 B6 

11 13 11 13 
A7 B7 A7 B7 

'LS648 'LS649 

E 21 E 21 

3 
G3 G3 ' 

DIR 3EN1 [BA] DIR 3EN1 [BA] 

23 
3EN2[AB] 

23 
3 El'I2 [AB] 

CKA 
22 

~C4 CKA m-C4 
22 

SRA -Ll"'G5 SRA -Ll"'G5 

CKB ~ CKB .r:rC6 

SRB 
2 

.!TG7 SRB 
2 

.!TG7 

4 
20 

'il1 ;,1 5 80 4 BO 
AO 

5 
AO 

6D 7 

5 .!T '1 19 
A1 B1 A1 B1 

6 6 18 
A2 B2 "'2 B2 

7 17 
A3 B3 A3 83 

8 8 18 
A4 B4 M 84 

9 9, 15 
AS 85. AS 85 

10 10 14 
A6 B6 A6 B6 

11 11 13 
A7 87 A7 B7 



SN54/74LS646 SN54/74LS647 

Block Diagrams 

'LS646/647 (Non-Inverting) 

A BUS 

B BUS 

SN54/74LS648 SN54/74LS649 

'LS648/649 (Inverting) 

DI~=D----.· 

SRA 

ABUS 

BBUS 

E 
DIR 

* For the 'LS646/648 devices, the A and B bus outputs are 3-5tate. 

For the 'LS647/649 devices, the A and B bus outputs are open-collector. 

Function Table 
Nomenclature Description 

E: To enable the A-to-B or B-to-A operation. 

DIR: To select the direction of operation. 

E DIR OPERATION DIRECTION 

L L B-to-A 

L H A-to-B 

H X A and B buses both are inputs (storage) 

SRAlSRB: To select the output data coming from the AlB 
register if SRA/SRB is a High level; otherwise, 
directly from the input data bus. 

AO-A7: Eight input/output pins on the A side. 

BO-87: Eight input/output pins on the B side. 

CKAlCK8: Clock for Register AlB. 

X: H or L state irrelevant ("Don't Care" conditions). 

t; Positive edge of CK causes clocking, if clock enable 
is asserted. 

UC: 

RGTR: 

H or L or I case (nonclocked operation). 

Register. 
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Bus Operation for 'LS646/647 

CONTROL DATA I/O CLOCK 
ENABLE 

OPERATION BLOCK DIAGRAM 'LS646/647 
E DIR SRA SRB AO-A7 BO-B7 CKA CKB 

.~~ 
UC UC No operation 

UC t Real time A bus data - RGTR B 

Storage H X X X Input Input t UC Real time B bus data - RGTR A r BUS 
Real time A bus data - RGTR B eKB CKA 

t t Real time B bus data - RGTR A 

UC UC Real time B bus data - A bus 
A ~ 

BUS l!:q UC t 
Real time B bus data - A bus 

Real time Realtime B bus data - RGTR B 

B-to-A L L L X Output Input 

,~ 
t UC Real time B bus data - A bus 

B Real time B bus data - RGTR A 
Operation BUS 

Real time B bus data - A bus 
CKB CKA 

t t Real time B bus data - RGTR A 
Real time B bus data - RGTR B 

UC UC RGTR A data - A bus 
A 

RGTR A data - A bus 

~8J 
uc t 

Stored data 

•. ~ -;n • 

RGTR A data - RGTR B 

B-to-A L L H X Output Input t UC Real time B bus data - RGTR A 
B BUS RGTR A data - A bus 

Operation 
eKB CKA Real time B bus data - RGTR A 

t t RGTR A data - A bus 
RGTR A data - RGTR B 

UC UC Real time A bus data - B bus 
A 

~ 
Real time A bus data - B bus BUS UC t 

Real time 
Real time A bus data - RGTR B 

A-to-B L H X L Input Output 

.~ 
t UC Real time A bus data - B bus 

Real time A bus data - RGTR A 
Operation • BUS Real time A bus data - B bus 

CKB CKA t t Real time A bus data - RGTR A 
Real time A bus data - RGTR B 

UC UC RGTR B data - B bus 

A 

BJlU uc t 
Real time A bus data - RGTR B 

BUS RGTR B data - B bus Stored data 

A-to-B L H X H Input Output ~M.' t UC RGTR B data - B bus 

j : RGTR B data - RGTR A 
Operation BUS 

CKB CKA Real time A bus data - RGTR B 
t t RGTR B data - B bus 

RGTR B data - RGTR A 
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Bus Operation for 'LS648/649 

CONTROL DATA 1/0 CLOCK 
ENABLE 

OPERATION BLOCK DIAGRAM 'LS648/649 
E DIR SRA SRB AO-A7 BO-B7 CKA CKB 

UC UC No operation 

B~S IR~Tt~l uc t Real time A bus data - RGTR B 

H X t[6Jl Storage X X Input Input B . B t UC Real time B bus data - RGTR A r BUS 
Real time A bus data - RGTR B eKB CKA 

t I Real time B bus data.- RGTR A 

UC UC Real time B bus data - A bus 
A 

AB:J:T BUS uc I 
Real time B bus data - A bus 

Real time Real time B bus data - RGTR B 

B-to-A L L L X Output Input I :'" t UC Real time B bus data - A bus 

~RG:RI B Real time B bus data - RGTR A 
Operation BUS 

Real time B bus data - A bus 
eKB eKA 

t I Real time B bus data - RGTR A 
Real time B bus data - RGTR B 

UC UC RGTR A data - A bus 

A 

~m~ 
RGTR A data - A bus 

BUS UC t 
RGTR A data - RGTR B Stored data A 

B-to-A L L H X Output Input ~ UC Real time B bus data - RGTR A l B~S t 
RGTR A data - A bus 

Operation 
Real time B bus data - RGTR A eKe eKA 

t t RGTR A data - A bus 
RGTR A data - RGTRB 

UC UC Real time A bus data - B bus 
A 

J~~ 
Real time A bus data - B bus BUS UC I 

Real time Real time A bus data - RGTR B 

i I A-to-B L H X L Input Output 

.~ 
t UC Real time A bus data - B bus 

Realtime A bus data - RGTR A 
Operation e 

BUS Real time A bus data - B bus 
eKB eKA t t Real time Ii. bus data - RGTR A 

Real time A bus data - RGTR B 

UC UC RGTR B data - B bus 

A 

ffi~ I uc I 
Real time A bus data - RGTR B 

BUS RGTR B data - B bus Stored data 

Il:~m A-to-B L H X H Input Output I UC RGTR B data - B bus 
.... J B~S RGTR B data- RGTR A 

Operation 
eKB eKA Real time A bus data - RGTR B 

I t RGTR B data - B bus 
RGTR B data - RGTR A 
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SN54/74LS646 SN54/74LS648 

Absolute Maximum Ratings 
Supply voltage Vcc ....................................................................................... -0.5 V to 7 V 
Input voltage ............................................................................................. -1.5 V to 7 V 
Off-state output voltage .................................................................................. -0.5 V to 5.5 V 
Storage temperature ................................................................................. -65°C to +150°C 

Operating Conditions 

jSYMBOL 
MILITARY COMMERCIAL 

PARAMETER MIN TYP MAX MIN TYP MAX UNIT 

I Vce Supply voltage 4.5 5 5.5 4.75 5 5.25 V 

TA Operating free air temperature -55 125 0 75 °e 

High 20 20 
tw Width of clock ns 

Low 20 20 

'LS646 201 201 
tsu Setup time ns 

'LS648 201 201 

'LS646 01 01 
th Hold time ns 

'LS648 01 01 

10H High-level output current -12 -15 mA 

10L Low-level output current 12 24 mA 

t , The arrow indicates the transition of the clock input used for reference. t for the low-to-high transitions. ~ for the high-to-Iow transitions. 

Electrical Characteristics Over Operating Conditions 

SYMBOL PARAMETER TEST CONDITIONS MILITARY COMMERCIAL UNIT 
MIN TYP MAX MIN TYP MAX 

VIL LOW-level input voltage 0.7 0.8 V 

VIH High-level input voltage 2 2 V 

VIC Input clamp voltage Vce= MIN II = -18 mA -1.5 -1.5 V 

.l VT Hysteresis (VT + -VT _ ) Vee= MIN 0.1 0.4 0.2 0.4 V 

IlL LOW-level input current Vee= MAX VI = 0.4 V -0.4 -0.4 mA 

IIH High-level input current Vee= MAX VI = 2.7 V 20 20 IJ.A 

II 
Maximum input I A or B 

Vce= MAX 
VI= 5.5V 

0.1 0.1 mA 
current I All others VI= 7V 

Vee= MIN IOL=12mA 0.25 0.4 0.25 0.4 
VOL Low-level output voltage VIL = MAX V 

VIH = 2 V 10L = 24 mA 0.35 0.5 

Vee= MIN 10H = -3 mA 2.4 3.4 2.4 3.4 
VOH High-level output voltage VIL = MAX V 

VIH = 2 V 10H= MAX 2 2 

10ZL Vee= MAX VO=O.4V -400 -400 IJ.A 

10ZH 
Off-state output current VIL = MAX 

VO-2.7V IJ.A VIH = 2 V 20 20 

lOS Output short-circuit current* Vee= MAX -40 -225 -40 -225 mA 

Outputs High 145 145 

'LS- Outputs Low 165 165 
646 

Vee= Outputs Disabled 165 165 
mA 

ICC Supply current MAX Outputs High 145 145 

'LS- Outputs Low 165 165 
648 

Outputs Disabled 165 165 

* Not more than one output should be shorted at a time and duration of the short circuit should not exceed one second. 
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Switching Characteristics vcc = 5 V, TA = 25°C 

SYMBOL PARAMETER TEST CONDITIONS 'LS646 'LS648 UNIT 
(See Test Load/Waveforms) MIN MAX MIN MAX 

tpLH 18 18 ns 

tpHL 
Data to output delay 

20 25 ns 

tpLH 25 25 ns 

tpHL 
Clock to output delay 

35 40 ns 

tpLH Select to output delay 40 55 ns 

tpHL (data input High) CL = 45pF RL = 6670 
35 40 ns 

tpLH Select to output delay 50 40 ns 

tpHL (data input Low) 25 40 ns 

tpZL 65 55 ns 

tpZH 
Output enable delay 

55 50 ns 

tpLZ 35 35 ns 

tpHZ 
Output disable delay CL = 5pF RL = 6670 

35 45 ns 

tpZL 60 45 ns 
Direction enable delay CL = 45pF RL = 6670 

tpZH 45 40 ns 

tpLZ 30 30 ns 
Direction disable delay CL = 5pF RL = 6670 

tpHZ 30 35 ns 

Switching Characteristics Over Operating Range 

TEST CONDITIONS 
MIL COM 

SYMBOL PARAMETER (so. Test Load/Waveforms) 'LS646 'LS648 'LS646 'LS648 UNIT MIN MAX MIN MAX MIN MAX MIN MAX 

tpLH 25 18 25 18 ns 

tpHL 
Data to output delay 

25 25 25 25 ns 

tpLH 28 25 28 25 ns 

tpHL 
Clock to output delay 

35 40 35 40 ns 

tpLH Select to output delay t 40 55 40 55 ns 

tpHL (data input High) 
CL = 45pF RL = 6670 

35 40 35 40 ns 

tpLH Select to output delay t 50 40 50 40 ns 

tpHL (data input Low) 30 40 30 40 ns 

tpZL 65 55 65 55 ns 

tpZH 
Output enable delay 

55 50 55 50 ns 

tpLZ 45 35 45 35 ns 
Output disable delay CL = 5pF RL = 6670 

tpHZ 45 50 45 50 ns 

tpZL 60 45 60 45 ns 

tpZH 
Direction enable delay CL = 45pF RL = 6670 

45 40 45 40 ns 

tpLZ 40 30 40 30 ns 
Direction disable delay CL = 5pF RL = 6670 

tpHZ 45 45 45 45 ns 

t See Figure 4. 
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Absolute Maximum Ratings 
Supply voltage, vee •••••.•.•...••••••••....•••••• , ••••.... ',' •..•••••••••••••.....•••••••.....•.•...•.•.••••• ' .•.•. 7.0 V 

Input voltage, ••••..••••••••••••••.•..•••••••..•...••••••••.......••.•••••••••••..•....•.••.••••••.•.•...•.•.••.•• 7.0 V 

Off-state output voltage •••••••...•.•••••••••....•.•.•••••.•••... ~ ..•••••••••••....•....••••.•••.•.........•.••.••. 5.5 V 

Storage temperature •••..••••••••.•..•...•••••••.•....••••••••••••.....•.•••••••••••••.. ' •.... ' ••••.••••••• ~. to +150" e 

Operating Conditions 
MILITARY COMMERCIAL 

UNIT SYMBOL PARAMETER MIN TYP MAX MIN TYP MAX 

Vee Supply voltage 4.5 5 5,5 4.75 5 5.25 V 

TA Operating free air temperature -55 125 0 75 ·e 

High 20 20 
tw Width of clock ns 

Low 20 20 

'LS647 20 I 20 I 
tsu Setup time ns 

'LS649 20 I 20 I 

'LS647 01 01 
th Hold time ns 

'LS649 01 01 

VOH High-level output voltage 5,5 5.5 V 

IOL Low-level output current 12 24 mA 

t 1 The a'rrow indicates the transition of the clock input used for reference. t for the low~to-high transitions. 1 for the high-ta-Iow transitions. 

Electrical Characteristics Over Operating Conditions 

SYMBOL PARAMETER TEST CONDITIONS 
MILITARY COMMERCIAL UNI'f 

MIN TYP MAX MIN TYP MAX 

VIL Low-level input voltage 0.7 0.8 V 

VIH High-Ievel'input voltage 2 2 V 

VIC Input clamp voltage Vee= MIN II = -18 mA -1.5, -1.5 V 

Il VT Hysteresis (VT+-VT_) Vee= MIN" 0.1 0.4 0.2 0.4 V 

IlL Low-level input current Vee = MAX VI = 0.4 V -0.4 -0.4 mA 

IIH High-level input current Vee = MAX VI = 2,7 V 20 20 p.A 

II 
Maximum input I AorB 

Vee = MAX 
VI = 5.5 V 

0.1 0.1 mA 
current I All others VI= 7V 

Vee = MIN IOL=12mA 0.25 0.4 0.25 0.4 

VOL Low-level output voltage VIL = MAX V 
VIH = 2V IOL =24mA 0.35 0.5 

", 

Vee= MIN 
Vow 5.5 V] IOH High-level output current VIL =MAX 10Q 100 p.A 

VIH = 2 V 

Outputs High 130 130 

'LS- Outputs Low 150 150 
647 

Vee= Outputs Disabled 150 150 

ICC Supply current mA 
MAX Outputs High 130 130 

'LS- butputsLow 150 150 
649 

Outputs Disabled 150 150 

* Not more than one output should be shorted at a time and duration of the sho'rt circuit should not exceed one second. 
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SN54/74LS647 SN54/74LS649 

Switching Characteristics vcc = 5 V, T A = 25°C 

SYMBOL PARAMETER TEST CONDITIONS 'LS647 'LS649 UNIT 
(See Test Loa~/Waveform.) MIN MAX MIN MAX 

tpLH 26 25 ns 

tpHL 
Data to output delay 

27 30 ns 

tpLH 35 30 ns 

tpHI:.. 
Clock to output delay 

45 45 ns 

.tpLH Select to output delayt 50 55 ns 

tpHL (data input High) , 45 45 ns 

tpLH 
CL = 45pF RL = 6670 

60 45 Select to output delayt ns 

tpHL (data input Low) 30 40 ns 

tpLH 
Output enable delay 

40 40 ns 

tpHL 50 50 ns 

tpLH 
Direction enable delay " 

35 30 ns 

tpHL . 40 45 ns 

(. 
I 

Switching Characteristics Over Operating Range 

TESLCON.DITIONS 

SYMBOL PARAMETER (See Test Load/Wav.forml) 

tpLH 

tpHL 
Data to output delay 

tpLH 

tpHL 
. Clock to output delay 

tpLH Select to output delayt 

tpHL (data input High) 

tpLH Select to output delayt 
CL = 45pF RL =6670 

tpHL (data input Low) 

tpLH 

tpHL 
Output enable clelay 

tpLH 
Direction enable, del~y 

tpHL 

t See Figure 4. 

MIL 
:u, 

COM 

'L.S647 'LS649 'LS647 'LS649 UNIT 
MIN MAX MIN MAX MIN MAX MIN MAX 

32 35 32 35 ns 

27 30 27 30 ns 

35 '40 35 40 ns 

45 45 45 45 ns 

50 55 50 55 ns 

45 45 45 45 ·ns 

60 ' 50 60 50 ns 

'30 40 30 40 ns 

40 45 40 45 ns 

50 "' 50 50 50 ns 

.:40 45 40 : .. 45 ns 

40 45 40 45 ns 
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SN54/74LS646 SN54J'74LS647 SN54/74LS648 SN54/74LS649 

Test Waveforms 

CK 

DATA 

Setup Time/Hold'Time Bus Data To Bus Output Delay' 
r---~----~'r-~----~3V 

BUS DATA 

,-------- 3V 
-J~.VT 

'--------- 0 v 

_____________________ J+ ___ --___ ----- 0 V 

DATA 
OF BUS 

DATA OF 
REGISTER 

SRA/SRB 

OUTPUT(i) 
(NON-INVERTING 
DEVICES ONLY) 

BUS OUTPUT 
(,LS646J847) 

-----4-..../ 
\ 
-I\VT 
'----

-'au--"''' 
Figure 1. 

BUS OUTPUT 
rLS848/849) '-__ ~~J-I ___ VOL 

Figure 2. 

CK To Bus Output Propagation Delay Time 

DATA ...f VT 

CK 

BUS OUTPUT 
rLS6481647) 

--4-J 

BUS OUTPUT 
rLS848/649) 

INPUT DATA HIGH 

3V 

OV 

OV 

,-------------4-~~----VOH 

'-_______ ~~~..../,+-___ VOL 

Figure 3 

Select To Output Delay 
--~,-----__ ---------3V 

~------~--------~-----OV 

~--------~-------------3V 

---J.-4-----__ ~--------OV 

Figure 4 

_-------3V 

'---~~'+---------OV 

'----I--4--J -+--- VOL 

tpLH 

INPUT DATA LOW 

NOTES: 1. When SRA/SRB is low, the input data will transfer to output bus. 

2. When SRA/SRB is high, the data of register will tra'nsler to output bus. 

3. For the inverting devices. the timing is similar, but the output is opposite to that for the non-inverting devices. 

Monolithic m lIIIemorles 



SN54/74LS646 SN54/74LS647 SN54/74LS648 SN54/74LS649 

Enable/Disable/Direction-Change Delay 

Test Loads 

E 

DIR 

WAVEFORM 1 
(SEE NOTE C) 

WAVEFORM 2 
(SEE NOTE C) 

VCC 

.. ~RL 

,..----3v 

~---------'-r----------OV 

,----------~t----------3V 

~----OV 

VT = 1.3 V 

Figure 5 

TEST POINT' 

51 

~,.......:.--...... -MlI--+ (SEE NOTE B) 

TEST POINT' ~ 

TCL 

CL 

(SEE NOTE A) I 5K 

-=- (SEE NOTE A) 

Loa.d Circuit For 
Open-Collector Outputs 

Load Circuit For 
Three-State Outputs 

Notes: A. 

B. 

C. 

D. 

E. 

F. 

* The "TEST POINT" is driven by the output under test 
and observed by instrumentation. 

CL includes probe and jig capacftance. 

AU diodes are 1 N916 or 1 N3064. 

Wavefortn'J is for an output with internal conditions such that the 
output is low except when disabled by the output control. 

Waveform'2 is for an output with internal conditions such that the 
output is high except when disabled by the output' control'. 

,'n the examples above, the phase relationships between inputs 
and outputs have been chosen arbitrarity. 

All input pulses are supplied by generator,s having the following 
characteristics; PRR,; 1 MHz. ZOUT = 50 l! and tR = 15 ns tF'; 6 ns. 

When measuring propagation delay times ofthree-state outputs, 
switches S1 and 82 are closed. 
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a-Bit Bus Front-Loading-Latch 
Transceivers 
SN54/74LS651 
SN54/74LS653 
Features/Benefits 
• Bidirectional bus transceivers and registers 

• Independent registers for A and B buses 

• Real-time data transfer or stored data transfer 

• Simultaneous outputs on both buses 

• 24-pin SKINNYDIP® saves space 

• 8-bit data path matches byte boundaries 

• Three-state or open-collector outputs drive bus lines 

• 'LS653/4 are open-collector in A direction, 
three-stale in B direction 

Description 
These 8-bit bus transceivers with 3-state (,LS651, 'LS652) or 
open-collector (,LS653, 'LS654) outputs have 16 D-type flip-flops 
and multiplexers. The bus-oriented pinout of the parts is shown 
in the Pin Configuration. The internal gate-level hardware 
configurations for the 'LS651/653 and 'LS652/654 are given in 
their respective Logic Diagrams. The basic repeated element, 
consisting of an edge-triggered flip-flop paralleled with a by
passing path or "feed-through" into a two-way mux, is some
times called a 'iront-Ioading latch." 

A pair of multiplexers are used to distribute two bytes of data 
through the part. The data-routing combinations offered by the 
multiplexers provide flexibility in directing data to or from either 
bus, and/or either register. Data is loaded into registers A or B 
upon the rising edge olthe appropriate clock signals. CKA clocks 
register A, which receives data from the B bus directly at its inputs. 

Pin Configurations 
'LS651 1652/653/654 

8-Bit Bus Front-Loading-Latch Transceivers 

SKINNYDIP@ is a registered trademark of Monolithic Memories. 

SN54/74LS652 
SN54/74LS654 

Ordering Information 

PART PKG TEMP POLARITY OUTPUTS POWER 
NUMBER 

SN54LS651 JS,W,L* Mil Invert Th ree-state LS 

SN74LS651 
NS,JS, 

Com Invert Th ree-state LS 
NL (28) 

SN54LS652 JS,W,L* Mil Non invert Th ree-state LS 

SN74LS652 
NS,JS, 

Com Noninvert Three-state LS 
NL (28) 

SN54LS653 JS,W,L* Mil Invert LS 
-

SN74LS653 
NS,JS, 

Com Invert A bus open- LS 
NL (28) collector; 

B bus -
SN54LS654 JS,W,L* Mil Noninvert LS 

th ree-state -
SN74LS654 

NS,JS, 
Com Noninvert LS 

NL (28) 

* L package here is L28. The other packages are 24-pin. 

Similarly, CKB clocks register B, which has the A bus available 
directly at its inputs. Control of the multiplexers is provided by 
two select lines (one per register), SRA and SRB. Command of 
the outputs is performed by two enable lines, GAB and GBA. 

When GAB is Low and GSA is High, data from the buses can be 
loaded into registers A and B. When GBA is Low, the A bus is 
configured foroutpul. When GAB is High, the B bus is configured 
for output. The A and B buses can be enabled at the same time, to 
operate as outputs simultaneously. 

SRA is used to select between register A and the B bus, and then 
to route the data to a controlled buffer connected to the A bus. 
Likewise, SRB selects between register B and the A bus, and 
then routes the data to the B bus through a controlled buffer. 

A2 SN74LS651 
SN74LS652 
SN74LS653 

A3 SN74LS654 

Plastic Chip Carrier 

TWX: 910-338-2376 
2175 Mission College Blvd. Santa Clara, CA 95054-1592 Tel: (408) 970-9700 TWX: 910-338-2374 

Monolithic mmn 
Memories U1Jl1.U 
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SN54/74LS651 

Logic Diagrams 

23 

3 

22 

2 

CKA 
GAB 

SRA 

SRB 

GBA 

CKB 

,-
21 

1 

4 
A 0 

23 

r , , 

i 

SN54/74LS652 SN54/74LS653 

'LS652/654 (Non-Inverting) 

...... 
-yo" ...... 

-..... 

-------- --- --- --------
1 OF 8 CHANNELS 

r--;Q 

~ 
C1c 

REG'isTERA 

.A 

U 
.... 

-<l~_ » REGISTERB 

I)-... 
-------- --- f-I--- --------

TO 7 OTHER CHANNELS 

* For the 'LS652 devices, the A bus outputs are 3-state. 

For the 'LS654 devices, the A bus outputs are open-collector. 

The 8 bus outputs are 3-5tate for both devices. 

'LS651/653 (Inverting) 

SN54/74LS654 

t-l , 
I , 
I 
I , 
I , 20 

i 
lio 

, 
,"I , , 
J 

, 

CKA ~I~~---------------------~ 
3 

GAB -i~------------------------------, 
22 

SRA ~I~~-------__ --~~~>-, 
2 

SRB ~~~--------r~~ 
_21 
GBA --<11>----, 

CKB 

Ao,--....,H-+~ 

TO 7 OTHER CHANNELS 

* For the 'LS651 devices, the A bus outputs are 3-state. 

For the 'LS653 devices, the A ,bus outputs are open-collector. 

The B bus outputs are 3-state for ·both devices. 

MonolIthic m MemorIes 

1 , 
I , 
I 
I , , 
, 20 BO 

I , , 
I , 

J 
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SN541'74LS651 SN541'74LS6!52 SN541'74LS6!53 SN541'74LS654 

IEEE Symbols 

'LS651 'LS653 

GBA 
21 

GaA 
21 

3 
EN1 [BA) 

3 
EN1 [BA) 

GAB EN2[AB) GAB 
23 

EN2[AB) 
23 

CKA C4 CKA 
22 

C4 
22 

SRA G5 SRA G5 
1 

CKB C6 CKB C6 
SRB 

2 
G7 SRB 

2 
G7 

20 20 
4 

" 1 2:1 <l 5 BO ~1 2:1<l ~ BO 
AO 'V' '5 AO 

5 
6D 7 6D 

'7 19 5 '7 19 
A1 B1 A1 B1 

6 18 18 
A2 B2 A2 B2 

7 17 17 
A3 B3 A3 B3 

8 16 8 16 
A4 B4 A4 B4 

9 15 9 15 
A5 B5 AS B5 

10 14 10 14 
A6 B6 A6 B6 

11 13 11 13 
A7 B7 A7 B7 

'LS652 'LSII54 

GBA 
21 

GaA 21 
3 

EN1 (BA) 
3 

EN1 [BA) 
GAB EN2(AB) GAB EN2[AB) 

23 23 
CKA C4 CKA C4 

22 22 
SRA G5 SRA G5 

1 
CKB 

1 
CKB C6 C6 
SRB 

2 
G7 SRB G7 

20 
4 

20 
4 BO 4D BO 

AO AO 

5 19 5 19 
A1 B1 A1 B1 

18 6 18 
A2 B2 A2 B2 

,17. 7 17 
A3 .B3 A3 B3 

16 8 16 
A4 114 A4 B4 

9 15 . 9 15 
A5 B5 A5 B5 

10 14 10 14 
A6 B6 A6 B6 

11 13 11 13 
A7 B7 A7 B7 
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SN54/74LS651 SN541'74LS65,2 SN54/74L$653 SN54/74LS654 

Block Diagrams 

'LS6521654 (Non-Inverting) 'LS651/653 (Inverting) 

A BUS A BUS 

SRB SRB 

Vot---<r-GAB V---<J-GAB 

BBUS 88US 

* For the 'LS651/652 devices, the A bus outputs are 3-state. 

For the 'LS653/654 devices, the A bus outputs are open-collector. 

The B bus outputs are 3-state for bot" devices. 

Function Table 
Nomenclature ~cription 

GAB: To enable the A-to-Bo.peration. 

Gil: To enable the B-to-A operation. 

GAB GBA OPERATION DIRECTION 

L L BtoA 

L H Aand·B,buses both are inpyts (storage) 

H L, 
A and B buses.both are outputs 
(Transfer stored data to bus) :: 

H H Ato B 

SRAlSRB: To select the output data coming' from the AlB 
registerif SRAlSRB is High level; otherWise, directly 
from the input date bus. . . 

AO-A7: Eight inputloutput pins on the A side. 

BO-B7: Eight input/output pins on the B side. 

CKA/CKB: Clock for RI!9ister AlB. 

X: H or L stete irrelevant ("Don't Care" conditions). 

I: 

!.IC: 

RGTR: 

PoSitive edge of CK causes clocking, if clocking 
enable is asserted. 

Hor L or I case.(nonclocked operation). 

Register. 
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SN54/74LS651 SN54/74LS653 

Bus Operation for 'LS651 1653 

CONTROL DATA 1/0 CLOCK 
ENABLE 

OPERATION 
GAB GSA 

BLOCK DIAGRAM 'LS651/653 
SRA SRB AO-A7 BO-B7 CKA CKB 

." 

B~S IR~TRI~ 
we uc No operatipn 

UC t Real time A bus data - RGTR B 
. 

~l Storage L H X X Input Input B B t UC Real time B bus data - RGTR A 
BUS 

eKB CKA t t Real time A bus data - RGTR B 
Real time B bus data '- RGTR A 

UC UC Real time B bus data - A bus 
A ,............., 

Real time B bus data - A bus BUS 

~ UC t 
Real time Bbu5 data - RGTR B Real time 

B-to-A L L L X Output Input 

.~~ t UC Real time B bus data - A bus 

B. 
Real time B.bus data - RGTR A 

Operation BUS 
Real time B bus data - A bus 

CKB CKA t t Real time B bus data - RGTR A 
Real time B bus data - RGTR B 

UC UC RGTR A data - A bus 

A RGTR A data - A bus 
BUS ~ UC t 

RGTR A data - RGTR B Stored data 

.~~ Real time B bus data - RGTR A B-to-A L L H X Output Input 
RGTR l B 

t UC 
RGTR A data - A bus 

Operation B BUS r Real time B bus data - RGTR A CKB CKA 
t t RGTR A data - A bus 

RGTR A data - RGTR B 

UC UC Real time A bus data - B bus 

B~S ~I 
uc t. Real time A bus data - B bus 

Real time Real time A bus data - RGTR B 

A~io~B H 'H X' L "nput Output ~~ t UC Real time A bus data - B bus 
B ... 8 Real time A bus.data - RGTR A 

Operation 
CKB cL BUS 

Real time A bus data - B bus 
t t Real time A bus data - RGTR A 

'. Real time A bus data - RGTR B 

uc UC RGTR B data - B bus 
, , 

A 

~~. 
UC t Realjime'A·bus data - RGTR B 

:". .BUS RGTR B data ~ B bus 
Stored data 

A-to-B H H' X; H Input· Output ~"~ t UC RGTR B data"":" B bus 

.,,;, r ... 
.1 B~S 

RGTR B data - RGTR A 
Operation Real time A bus data - RGTR B eKB CKA 

t t RGTR B data - B bus 
RGTR B data - RGTR A 

UC UC RGTR AlB data - AlB bus 
A 

BUS g UC t RGTR AlB data - AlB bus 

Transfer ~~ "~ 
RGTR.A data - RGTR B 

Stored H L H H Output Output RGTR .... t UC RGTR AlB data.- AlB bus 
B .... RGTR B data- RGTR A 

Data B 
BUS RGTR AlB data - AlB bus 

CKB CKA 
R~TRA data - RGTR B t t 
RGTR B data - RGTR A 
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SN54/74LS652 SN54/74LS654 

Bus Operation for 'LS652/654 

CONTROL DATA I/O 
OPERATION r---.---..---...... -t----r-----l 

GAB GBA SRA SRB AO-A7 BO-B7 

Storage 

Real time 

B-to-A 

Operation 

Stored data 

B·to-A 

Operation 

Realtime 

A~to-B 

Operation 

Stored data 

A-to-B 

Operation 

L H 

L L 

L L 

H H 

H H 

" 

.' 

x x Input Input 

L X Output Input 

H X Output Input 

'. 

x L Input Output 

x H Input 

BLOCK DIAGRAM 

A 
BUS 

.~ CKB 

B 
BUS 

CKA 

CLOCK 
ENABLE 

'LS6521654 
CKA CKB 

UC UC No operation 

UC I Real time A bus data - RGTR B 

t UC Real time B bus data - RGTR A 

Real time A bus data - RGT,R B 
Real time B bus data - RGTR A 

UC UC Realtime B bus data - A bus 

UC 
Real time B buS data - A bus 
Real time B bus data - RGTR B 

Real time B bus data - A bus 
UC Real time B bus data - RGTR A 

Real time B bus data - A bus 
I Real time B bus data - RGTR A 

Real time B bus data - RGTR B 

UC UC RGTR A data - A bus 

RGTR A data - A bus 
UC I RGTR A data - RGTR B 

UC Real time B bus data - RGTR A 
RGTRAdatil-AbuB ' 

Real time B bus data - RGTR A 
t I RGTRAdata-Abus 

, RGTR A data - RGTRB 

UC UC Real time A.bus.data - B bus 

UC 
Real time A bus data - B bus, 
Real time A bus data - RGTR B B~$ ROTH ~l 

~L..::..J1 Real time.A bus data - B bus 
8 J I UC Real .time A bus data - RGTR A 

8~S t------t----t-~~ 
CK8 CKA Real time A bus data - B bus 

B~S a 

I Real time A bus data - RGTR A 
Real time A bus data ~ RGTR B 

UC UC RGTR B data - B bus 

UC 
Real time A bus data - RGTR B 
RGTRB data - B bus 

UC RGTR B data -'+ B bus 
RGTR B data'.. RGTR A 

Real time A bus data - RGTR B 
I RGTRBdata- B bus 

RGTR B,data - RGTR A 

UC ,UC RGTR AlB data - AlB bus 

UC 
RGTR AlB data - AlB bus 
RGTR A data c- RGTR B 

Tr,ansfer 

Stored 

Data 

H L H H 
" ~ ,;. RGTR AlB data - AlB. bus 

Output Output Rc;.TH , I UC RGTRB data _ RGTR A 

.' ", 

, . B~$ t--f--Ir-r------.,------i 
CKB 'CKA RGTR AlB data - AlB bus 

.' 

I RGTR A data -RGTR B 
RGTR B data -:" RGTR A 



SN54/74LS651 SN54/74LS652 

Absolute Maximum Ratings 
Supply voltage vee ....................................................................................... -0.5 V to 7 V 
Input voltage ............................................................................................. -1.5 V to 7 V 
Off-state output voltage .... . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. -0.5 V to 5.5 V 
Storage temperature ................................................................................. -650 e to +1500 e 

Operating Conditions 

SYMBOL PARAMETER 
MILITARY 

MIN TYP MAX 
COMMERCIAL 

MIN TYP MAX UNIT 

Vee Supply voltage 4.5 5 5.5 4.75 5 5.25 V 

TA Operating free air temperature -55 125 0 75 °e 

High 20 20 
tw Width of clock ns 

Low 20 20 

'LS651 20 I 20 I 
tsu Setup time ns 

'LS652 20 I 20 I 

'LS651 01 01 
th Hold time ns 

'LS652 01 01 

10H High-level output current -12 -15 mA 

10L Low-level output current 12 24 mA 

f l The arrow indicates the transition of the clock input used for reference. t for the low-te-high transitions. 1 for the high-ta-Iow transitions. 

Electrical Characteristics Over Operating Conditions 

SYMBOL PARAMETER TEST CONDITIONS MILITARY COMMERCIAL UNIT MIN TYP MAX MIN TYP MAX 

VIL Low-level input voltage 0.7 0.8 V 

VIH High-level input voltage 2 2 V 

Vie Input clamp voltage Vee= MIN II = -18mA -1.5 -1.5 V 

IlL Low-level input current Vee= MAX VI = 0.4 V -0.4 -0.4 mA 

IIH High-level input current Vee = MAX VI=2,7V 20 20 I'A 

II 
Maximum input I Aor B 

Vee = MAX 
VI = 5.5 V 

0.1 0.1 mA 
current I All others VI= 7V 

Vee=MIN 10L = 12mA 0.25 0.4 0.25 0.4 
VOL Low-level output voltage VIL = MAX V 

VIH = 2 V 10L = 24mA 0.35 0.5 

Vee= MIN 10H =-3mA 2.4 3.4 2.4 3.4 
VOH High-level output voltage VIL = MAX V 

VIH = 2 V 10H = MAX 2 2 

10ZL Vee = MAX Vo= 0.4 V -400 -400 I'A 
Off-state output current VIL = MAX 

VO=2.7V 10ZH VIH = 2V 20 20 I'A 

lOS Output short-circuit current* Vee = MAX -40 -225 -40 -225 mA 

Outputs High 145 145 

'LS- Outputs Low 165 165 651 

Vee= Outputs disabled 165 165 
lee Supply current mA 

MAX Outputs High 145 145 

'LS- Outputs Low 165 165 
652 

Outputs disabled 165 165 

* Not more than one output should be shorted at a time and duration of the short circuit should not exceed one second. 
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SN54/74LS651 SN54/74LS652 

Switching Characteristics vcc = 5 V, TA = 25°C 

SYMBOL PARAMETER TEST CONDITIONS 'LS651 'LS652 UNIT 
(See Test Load/Wa.eforms) MIN MAX MIN MAX 

tpLH 15 15 ns 

tpHL 
Data to output delay 

15 20 ns 

tpLH 20 20 ns 

tpHL 
Clock to output delay 

30 30 ns 

tpLH Select to output delay t 35 35 ns 

tpHL (data input High) CL = 45pF RL = 6670 
20 25 ns 

tpLH Select to output delay t 35 35 ns 

tpHL (data input Low) 30 20 ns 

tpZL GBAto 25 25 ns 

tpZH A bus output enable delay 20 20 ns 

tpLZ GBAto 25 25 ns 

tpHZ A bus output disable delay CL = 5pF RL = 6670 
35 35 ns 

tpZL GAB to 30 30 ns 

tpZH B bus output enable delay CL = 45pF RL = 6670 
25 25 ns 

tpLZ GAB to 25 25 ns 

tpHZ B bus output disable delay CL = 5pF RL = 6670 
35 35 ns 

t See Figure 4. 

Switching Characteristics Over Operating Range 

TEST CONDITIONS 
MIL COM 

SYMBOL PARAMETER (See Tesl LoadlWa.eforml) 'LS651 'LS652 'LS651 'LS652 UNIT MIN MAX MIN MAX MIN MAX MIN MAX 

tpLH 20 20 15 20 ns 

tpHL 
Data to output delay 

20 25 17 22 ns 

tpLH 
Clock to output delay 

25 25 22 22 ns 

tpHL 35 35 30 30 ns 

tpLH Select to output delay t 40 40 35 35 ns 

tpHL (data input High) 
CL = 45pF RL = 6670 

25 30 25 28 ns 

tpLH Select to output delay t 40 40 35 35 ns 

tpHL (data input Low) 35 25 30 22 ns 

tpZL GBAto 30 30 25 25 ns 

tpZH A bus output enable delay 25 25 20 20 ns 

tpLZ GBAto 35 30 30 28 ns 

tpHZ A bus output disable delay CL = 5pF RL =6670 
40 45. 40 40 ns 

tpZL GAB to 35 35 30 32 ns 

tpZH B bus output enable delay CL= 45pF RL = 6670 
30 30 25 25 ns 

tpLZ GAB to 35 35 30 30 ns 

tpHZ B bus output disable delay CL = 5pF RL = 6670 
40 45 35 40 ns 

t See Figure 4. 
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SN54/74LS653 SN54/74LS654 

Absolute Maximum Ratings 
Supply voltage Vee .............. , ................. , .................. ,- ................. -.................. ":0.5 V to 7 V 
Input voltage ....................................... ; ..................................................... -1.5 V to 7 V 
Off-state output voltage .......•.• -. . • . . . . . . . . . • • . . . . . . . . . . . . . . . . . . . . . • . . .• . . . . . . . . . . . . . . . . . . . . . . . .. . . . . . .. -0.5 V to 5.5 V 
Storage temperature ................................................................................. -65°e to +150oe 

Operating Conditions 

SYMBOL PARAMETER 
MILITARY COMMERCIAL 

UNIT MIN TYP MAX MIN TYP MAX 

Vee Supply voltage 4.5 5 5.5 4:75 5 5.25 V 

TA Operating free air temperature -55 125 0 75 °e 
High 20 20 

tw Width of clock ns 
Low 20 20 

'LS653 201 201 
tsu Setup time ns 

'LS654 201 201 

'LS653 01 01 
th Hold time ns 

'LS654 01 01 

VOH High-level output voltage (A bus only) 5.5 5.5 V 

IOH High~level output current (B bus only) -12 -15 mA 

IOL Low-Ievei output current 12 24 mA 

1 I The arrow Indicates the transition of the clock input used for reference. 1 for the low-to-high transitions, I for the high-to-Iow transitions. 

13-54 
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Electrical Characteristics Over Operating Conditions 

SYMBOL PARAMETER TEST CONDITIONS MILITARY COMMERCIAL UNIT MIN TYP MAX MIN TYP MAX 

VIL Low-level input voltage 0.7 0.8 V 

V,H High-level input voltage 2 2 V 

V'C Input clamp voltage Vce=MIN " = 
-18mA -1.5 -1.5 V 

',L Low-level input current Vee=MAX V,= 0.4V -0.4 -0.4 mA 

'II" High-'eve' input current Vee=MAX V,= 2.7V 20 20 p.A 

" 

Maximum input I AorB 
Vee = MAX 

VI= 5.5V 
0.1 0.1 mA 

currellt I All others VI= 7V 

Vee = MIN 10L = 12mA 0.25 0.4 0.25 0.4 
VOL Low"level output voltage V,L = MAX V 

VIH =2V. 'OL =24mA 0:35 0.5 

High,level output voltage Vee = MIN 10H =':3mA 2.4 3.4 2.4 3.4 
VOH V,L = MAX V 

(Bbus only) V,H =2V 10H = MAX 2 2 
. 

High-level output current Vee = MIN 
10H 

(A bus only) 
VIL = MAX VOH= 5.5V 100 100 p.A 
VIH =2V 

10ZL 
Off-state output current 

Vee = MAX VO=0.4V -400. -400 pA 
VIL = MAX 

10ZH (B bus only) 
VIH =2V 

V~=2.7V 20 20 p.A ( bus only) ' .. 

lOS 
Output short-circuit current* 

Vee = MAX -40 -225 "':40 . -225 'mA (B bus only) 

Outputs High 145 145 .. 

'LB-' QutputsLow ., 165 165 
... \ .. 

. 653 

Vce= Outputs. disabled ..165 165 
; ICC . Supply current MAX 

mA 
Outputs High 145 145 

'LS- Outputs Low 165 16.5 
, 

654 
Outputs disabled 165 165 . i 

* Not more than one output shaul!! be shorled at a time and duration 01 the shari circuit should not exce.d one second. 

f3-S5 



SN54/74LS653 SN54/74LS654 

Switching Characteristics vcc = 5 V, TA = 25°C 

SYMBOL PARAMETER TE$T, CONPITIONS· 
(See Teat Loadiwavelormo) 

tpLH 

tpHL 
Data to A bus output delay 

tpLH 

tPHL 
Data to B bus output delay 

tpLH 

tpHL 
Clock to A bus output delay 

tpLH 

tpHL 
Clock to B bus output delay 

, 
tpLH 

I 
Select to A bus t 

tpHL output delay (data input High) CL = 45pF RL =6670 
.;' , 

tpLH Select to A bus t 
tpHL output delay (data input Low) 

tpLH Select to B bus t 
tpHL output delay (data input High) 

tpLH Select to B bus t 
tpHL output delay (data input Low) 

tpLH GBAto 

tpHL A bus output enable delay 

tpZL GAB to 

tpZH B bus output enable delay 

tpLZ GAB to 

tpHZ B bus output disable delay CL = 5pF RL = 6670 

* For A lius, the test load will 'refer to the open-collector test load. See Figure 6. 

For B bua, the test load will refilr to the three-state test load. See Figure 7. 

t See Figuril4. 

13,-56 

'LS653 
MIN 

'LS654 UNIT MAX MIN MAX 

25 25 ns 

20 25 ns 

15 15 ns 

15 20 ns 

30 30 ns 

30 30 ns 

20 20 ns 

30 30 ns 

45 45 ns 

25 30 ns 

40 45 ns 

30 25 ns 

35 35 ns 

25 25 ns 

35 35 ns 

30 20 ns 

35 35 ns 

25 30 ns 

30 30 ns 

25 25 ns 

25 25 ns 

35 35 ns 



SN54/74LS653 SN54/74LS654 

Switching Characteristics Over Operating Range 

TEST CONDITIONS· 

SYMBOL PARAMETER (See Test Load/Waveforms) 

tpLH 

tpHL 
Data to A bus output delay 

tpLH 

tpHL 
Data to B bus output delay 

tpLH 

tpHL 
Clock to A bus output delay 

tpLH 

tpHL 
Clock to B bus output delay 

tpLH Select to A bus output t 
tpHL delay (data input High) 

tpLH 
CL = 45pF RL = 6670 

Select to A bus output t 
IpHL delay (data input Low) 

tpLH Select to B bus output t 
tpHL delay (data input High) 

tpLH Select to B bus output t 
tpHL delay (data input Low) 

tpLH GBAto 

tpHL A bus output enable delay 

tpZL GAB to 

tpZH B bus output enable delay 

tpLZ GAB to 

tpHZ B bus output disable delay CL = 5pF RL" 6670 

* For A bus, the test load will refer to the open-coilector test load. See Figure 6. 

For B bus, the test load will refer to the three-state test load. See Figure 7. 

t See Figure 4. 

Mil 

'lS653 'lS654 
MIN MAX MIN MAX 

30 30 

25 30 

20 20 

20 25 

40 40 

40 40 

25 25 

35 35 

50 50 

30 40 

45 55 

35 30 

40 35 

25 35 

40 45 

35 25 

40 35 

30 40 

35 35 

30 30 

35 35 

40 45 

IIIIDnoIlthlc m Memories 

COM 

'lS653 'lS654 UNIT MIN MAX MIN MAX 

28 30 ns 

23 28 ns 

18 18 ns 

18 20 ns 

35 35 ns 

35 35 ns 

23 23 ns 

30 30 ns 

45 48 ns 

25 35 ns 

43 50 ns 

30 28 ns 

35 35 ns 

25 30 ns 

35 40 ns 

30 23 ns 

35 35 ns 

28 35 ns 

30 33 ns 

25 28 ns 

30 30 ns 

38 40 ns 
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SN54/74LS651 SN54/74LS652 SN54/.74LS653 SN54/74LS654 

Test Waveforms 
Setup Time/Hold Time Bus Data To Bus Output Delay 

CK 

DATA 

VT 

Figure 1. Figure 2. 

CK To Bus Output Propagation Delay Time 

r----------------~,----------------3V 

DATA J-VT \VT 

DATA 
OF BUS 

DATA OF 
REGISTER 

CK 

BUS OUTPUT 
fLS6521654) 

BUS OUTPUT 
CLS651/653) 

Figure 3 

Select To Output Delay 

__ ~ ______ +-____ J 

SRA/SRB 

OUTPUT 

(NON·INVERTING ........ 
DEVICES ONLY) tPLH ---;'HL 

INPUT DATA HIGH 
VT = 1.3V 

Figure 4 

OV 

OV 

VOH 

VOL 

VOH 

VOL 

VT = 1.3V 

...... 
tpHL tPLH 

INPUT DATA LOW 

NOTES: 1. When SRA/SRB is low. the input data will transfer to output bus. 

2. When SRA/SRB is high. the data of register will transfer to output bus. 

3. For the inverting devices, the timing is similar, but the output is opposite to that for the non-inverting devices. 

13·58 IIIIonoIlthlo W Memories 
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3V 

OV 

3V 

OV 

3V 

OV 

VOH 

VOL 

3V 

OV 

VOH 

VOL 

VOH 

VOL 

VT= 1.3V 



SN54/74LS651 SN54/74LS652 SN54/74LS653 SN54/74LS654 

Enable/Disable Delay 

Test Loads 

r-------------------3v 
~------------~,+_-----------------OV 

r---------------~·+--------------------3V 
GAB 

~-------------------OV 

r------------------3V 
OUTPUT ENABLE VT 

~--------------JI--------------------OV 
__ tpZL-----" 

DATA OUTPUT ----'-----....,. 
WAVEFORM 1 ~1 CLOSED 
(SEE NOTE C) S2 OPEN 

IpZH--. 

DATA OUTPUT 
WAVEFORM 2 Sl OPEN 
(SEE NOTE C) ____ S_2_C_L_O_SE_D.-/ 

VCC 

VT = 1.3 V 

Figure 5 

SlAND 
S2CLOSED 

TESTPOINT* 

TEST POINT' ~RL 
CL 

(SEE NOTE A)I SK 

CL -I- (SEE NOTE A) 

Load Circuit For 
Open-Collector Outputs 

Load Circuit For 
Three-State Outputs 

* The "TEST POINT" is driven by the output under test, 
and observed by instrumentation,' 

Notes: A. CL includes probe and jig capacitance. 

B. All diodes are 1N916 or 1N3064. 

C. Waveform 1 is for an output with internal conditions such that the 
output is low except when disabled by the output control. 

Waveform 2 is for an output with internal conditions such that the 
output is high except when disabled by the output control. 

O. In the examples above, the phase relationships between inputs 
and outputs have been chosen arbitrarily. 

E. All input pulses are supplied by generators having the following 
characteristics: PAR $ 1 MHz. ZOUT '" 50 nand tA'" 15 ns tF $ 6 ns. 

F. When measuring propagation delay times of three-state outputs, 
switches 81 and 82 are closed. ~ 

IIIIonoIlthic m Memories 

Sl 

(SEE 
NOTE B) 
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a-Bit Two-Stage Pipelined 
Register/Latch 
SN54/74LS548 SN54/74LS549 

Feature/ Benefits 
• Two S-bit high-speed registersllatches 

• Faster than other LS-TTL registersllatches 

• Three-state outputs drive bus lines 

• 24-pin SKINNYDIP® saves space 

• S-blt data path matches byte boundaries 

• Multiplexer selects either rank at input/output 

• Output can drive bus direclly: IOL 32 mA (com), 24 mA (mil) 

• Registers/latches configurable for nose-Io-tail or side-by
side operation 

• Individual clock/gate enables for each rank 

Applications 
• Registers for pipelined arithmetic units or digital signal 

processors 

• Bus monitor for popular S-bit microprocessors to restart 
Instructions upon virtual memory page fault 

• Video display character/attribute pipellned registers 

• Sequence/stale generator for systems: dual-rank registers! 
latches allow storing a backup previous state for 
redundancy, or diagnostics 

• Two-stage buffer for pipelined interfacing input/output 

Description 
The 54/74LS548 and 54174LS549 contain a pair of high-speed 
8-bit registers (,LS548) or latches (,LS549) which perform var
ious pipeline storage functions. Two control pins govern a pair 
of internal multiplexers, as shown in the block diagrams; using 
these, several useful data paths can be configured. The input 
selection multiplexer determines the source of data to the second 
register/latch, as controlled by the INSEL line. In this way, data 
from either the 07-00 inputs, or the outputs of the first register/ 
latch, are stored in the second register/latch. The output selec
tion multiplexer determines the source of data that will be sent to 

SKINNYDIP" is a registered trademark of Monolithic Memories 

the outputs Y7-YO. This multiplexer is controlled by the OUTSEL 
line, and allows either the first orsecond register/latch data to be 
output. The outputs are fully buffered, provide high-drive cur
rent, and allow three-state control through the OE line. 

Ordering Information 

PART 
PKG TEMP TYPE POWER 

NUMBER 

SN54LS548 JS,W,L(28) Mil Register LS 

SN74LS548 NS,JS,NL(28) Com Register LS 

SN54LS549 JS,W,L(28) Mil Latch LS 

SN74LS549 NS,JS,NL(28) Com Latch LS 

The arrangement of registers/latches within the 'LS5481'LS549 
can be thought of a two 8-bit storage ranks, rank 1 and rank 2. 
The 'LS548 has a common clock line CK, and separate clock 
enables CKE1 and CKE2 for rank 1 and rank 2 respectively. 
In contrast, the 'LS549 operates as a flow-through latch, and 
has separate latch enables G1 and G2 for each rank, as well as 
a common latch-enable input G. 

In the 'LS548, data present at the 07-00 inputs are stored in rank 
1 on the positive edge of CK, if CKE1 has been previously 
asserted. Data for rank 2 are stored similarly, if CKE2 is asserted 
prior to the clock. In the 'LS549, data pass through the latches 
when the latch controls (G1 or G2) for either rank are enabled 
simultaneously with the common latch enable G. Data remain in 
a rank when the latch controls are disabled, or 'unasserted'. 

The clock/gate control lines are used with the INSEL and OUT
SEL controls for flexible data storage and movement operations. 
Two representative examples are shown in Figure 1 (a) and 1 (b). 
The first example is a classical 2-stage pipelined register, or 
'nose-to-tail' configuration. Data at 07-00are first stored in rank 
1, then stored in rank 2 on the next clock/gate. If the clock/gate 
enable for either rank becomes unasserted, then the previously
stored data are simply retained. In the second example, data at 
07-00 are stored in either or both ranks if the respective 
clock/gate enable signals are asserted. In this 'side-by-side' 
configuration, data sent to the Y7-YO outputs are selected from 
either rank 1 or rank 2, under control of the OUTSEL line. 

TWX: 910-338-2376 
2175 Mission College Blvd. Santa Clara, CA 95054-1592 Tel: (408) 970-9700 TWX: 910-338-2374 

Monolithic l!T!n 
Memories InJlW 
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SN54/74LS548 SN54/74LS549 

Pin Configurations 

SN54174LS548 

SN54174LS549 

t For SN54/74LS549. 

Block Diagrams 
'LS548 

D7-00 

CKE1 

CK 

INSEL 

OUTSEL 

VO-----OE 

Y7-VO 

Typical Configurations 

RANK 1 RANK 2 

SN54174LS548 

8-BITBUS 
TWO-STAGED 

PIPELINED 
REG/LATCH 

Plastic Chip Carrier 

D7-00 

D7-00 

CKEl 
(at) 

D Q I----j D Q 1--[>---;.- Y7-VO 

CK/G __ ~~ _____ .-1 

INSEL = L 

(a) N~to-Tail Figure 1 

G 
G2 

CKiG 

II/IonoIlthlc W Memories 

'LS549 

D7-00 

SN54/74LS549 

8-BIT BUS 
TWO-STAGED 

PIPELINED 
REG/LATCH 

Plastic Chip Carrier 

INSEL 

OUTSEL 

'110----,-- .oe; 

Y7-VO 

INSEL = L 

I-.. D,........, .. Y7-VO 

OUTSEL: 

INSEL = H 
L = RANK 2 
H=RANKl OE 

(b) Side-by-Side 

1.3-61 



SN54/74LS548 SN54/74LS549 

Function Table Nomenclature 
Description 

Rank 1-0 or Rank 2-0 = Data available at the internal flip
flopllatch outputs for the 8 rank 1 or 
rank 2 registersllatches respectively. 

INSEL 

L 

H 

o = Data at the 00-07 input pins. 

Y = Data at the YO-Y7 output pins. 

X = H or L state irrelevant ("don't care" 
conditions) 

00 = . Previous states of the internal 
registerllatchdata are retained. 

Z = Indicates thatthe yo-Y7 outputs are 
in high-impedance state. 

INSEL = Input select mux control pin; deter
mines the source of input data for 
rank 2. 

RANK 2 INPUT 

Rank 1 

0 

OUTSEL = Output select mux control pin; se
lects either rank 1 or rank 2 for 
output 

OUTSEL OUTPUT 

L Rank 2 

H Rank 1 

OE = Output enable pin. 

OE OUTPUT 

L Rank 1 or Rank 2 

H Hi-Z 

CK 

I = PositiveedgeofCKcausesciocking, 
if clocking is enabled. 

CK '" The common clock line for the 
54/74LS548. 

CKE1/CKE2 = Clock enable line for the rank 11 
rank 2 register in the 54/74LS548. 

CKE1 CKE2 RANK 1 RANK 2 

Lor H orl X X Disabled Disabled 

I 

I 

I 

X 

G G1 

L L 

L L 

L H 

L H 

H X 

L 

L 

H 

H 

L Enabled Enabled 

H Enabled Disabled 

L Disabled Enabled 

H Disabled Disabled 

G = The common latch control line for 
the 54/74LS549. 

G1/G2 = Latch enable line for the rank 11 
rank 2 latch in the 54/74LS549: 

G2 RANK 1 RANK 2 

L 
Enabled Enabled 
(Flush) (Flush) 

H 
Enabled Disabled 
(Flush) (Freeze) 

L 
Disabled Enabled 
(Freeze) (Flush) 

H 
Disabled Disabled 
(Freeze) (Freeze) 

X 
Enabled Enabled 
(Flush) (Flush) 

13-62 M~/HhICW Memories 



SN54/74LS548 SN54/74LS549 

'LS548 Function Table 'LS549 Function Table 

CK CKE1 RANK 1 CKE2 INSEL RANK 2 G G1 RANK 1 G2 INSEL RANK 2 

Lor H 
X 00 X X 00 or j 

L L D L L Rank 1-0 

L L D L H D 
t H 00 H X 00 

L L D H X 00 
t L D H X 00 

L H 00 L L Rank 1-0 
I L D L L Rank 1-0 

L H 00 L H D 
I L D L H D 

L H 00 H X 00 
I H 00 L L Rank 1-0 

H X D X L Rank 1-0 
t H 00 L H D 

H X D X H D 

'LS548/549 Output Function Table 

OUTSEL OE y 

L L Rank 2-0 

H L Rank 1-0 

X H Hi-Z 

MonolIthic WMemorles 13-63 
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Logic Diagram 

54/74LS548 Pipelined Register 

CK VCC 

CKE1 OUTSEL 

INSEL 

DO 

01 YO 

02 Y1 

03 Y2 

04 Y3 

05 Y4 

Y5 

Y6 

Y7 
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Logic Diagram 

54/74LS549 Pipelined Latch 

G vee 

OUTSEL 

INSEL 

DO 

01 YO 

02 Y1 

03 Y2 

04 Y3 

05 Y4 

06 Y5 

07 Y6 

GNO Y7 
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SN54/74LS548 SN54/74LS549 

Pin Configurations 

'LS548 'LS549 

vcc 

OUTSEL 

em G2 

OE OE 

vo VO 

V1 V1 

V2 V2 

V3 V3 

V4 V4 

06 Y5 06 V5 

V6 V6 

GNO V7 GNO V7 

IEEE Symbols 

'LS548 'LS549 

OE OE 
OUTSEL OUTSEL 

INSEL INSEL 

CKE2 52 

CKE1 G1 

CK G 

00 6 I> 20 DO 4 I> 20 
7'\1 VO 

"4 
5'\1 VO 

"6 
19 19 

01 V1 01 Y1 

18 
Y2 

18 
V2 02 02 

17 
03 V3 

17 
03 V3 

16 16 
04 Y4 04 Y4 

9 15 9 15 
05 V5 05 Y5 

06 
10 14 

VS 06 
10 14 

Y6 

07 
11 13 

Y7 07 
11 13 

Y7 
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SN54/74LS548 SN54/74LS549 

Absolute Maximum Ratings 
Supply voltage Vcc ............. ; ............................ , ....................... : ....................... -0.5 V tf) 7 V 
Input voltage' ................... , ...... : ............................................ : ....................... -1.5 V tf) 7 V 
Off-staie output voltage ....................................................... , . . .. .. .. •. .. . . . ... . .. . ... .. -0.5 V to 5.5 V 
Storage temperature ................................................................. ;............... -65·C to +150·C 

Operating Conditions 

SYMBOL PARAMETER 
MILITARY COMMERCIAL 

UNIT MIN TYP MAX MIN TYP MAX 

VCC Supply voltage 4.5 5 5.5 4.75 5 5.25 V 

TA Operating free-air temperature -55 125 0 75 ·C 

High 
'LS548 CK 

15 11 ns 
'LS549 G 

Width of. CK; G, Gl, G2 tw 
'LS548 CK 15 lL .. , 

Low ns 
'LS548 Gl, G2 18 16 

'LS548 CK 201 151' 
--" 

tsu Setup time for Data G 
'LS549 

10( 61 ns' 

G1,G2 171 41 

'LS548 CK 01 ,01' " i' 

th 
'. 

Hold time for Data .G 121 " 101 ,n.s . 
;~549 

. " .... ' .. 

G1,G2 51 5 
'" 

0; , ~', 

tsu-CKEX Setup time for clock 'Elnables CKE1, CKE2 (,LS548 only) 151 101 ns 

th-CKEX Hold time for clock enable CKE1, CKE2, (,LS548 only) 81 51 ns 

tsu-INSEL Setup time for INSEL 1 30 25 ns 

th-INSEL Hold time for I NSEL 2 0 o '. ns 

NOTES: 1. This is the minimllm'setup time needed for INSEL priorto the rising edge olthe clock/GX, and to the falling edge olthe G. to ensure data transferto 
rank 2. ' 

2. This is the minimum hold time needed.for INSIOLafterthe rising edge olthe clock/GX, and to the falling edgeolthe G.lo ensure data transferto rank 2. 

t! the arrow indicates the transition of the clock/gate jnput used for reference: 

t for the I~w"":to-high t~ansition~, 

! for the hig~-to-IOw transitions. 
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SNS4/74LS548 SN54/74LS549 

Electrical Characteristics Over Operating Conditions 

SYMBOL PARAMETER TEST CONDITIONS MILITARY COMMERCIAL UNIT MIN TVP MAX MIN TVP MAX 

VIL Low-level input voltage 0.8 0.8 V 

VIH High-level input voltage 2.0 2.0 V 

VIC Input clamp voltage VCC=MIN II = -18 mA -1.5 -1.5 V 

VCC=MAX DorY -250 -250 
III low-level input current J.lA VI =0.4V All others -400 -400 

IIH High-level input current Vcc = MAX VI = 2.7V 20 20 -/iA 

- Maximum input I 0 or Y 
.. 

VCC=MIN 
VI = 5.5V 0.1 0.1 mA II- current I. All others VI =7V 

VCC=MIN IOl=32mA 0.35 0.5 
VOL low-level output voltage Vil = MAX V 

VIH = 2V 10l =24mA 0.5 

VCC=MIN 10H=-lmA 2.4 3.4 
VOH High-level output voltage Vil = MAX V 

VIH = 2V IOH=-2.6mA 2.4 3.1 

10Zl VCC=MAX Vo =0.4V -20 -20 

10ZH 
Off-State output current Vil = MAX J.lA 

VIH =2V Vo = 2.7V 20 20 

lOS Output short-circuit current< VCC=MAX -30 -130 -30 -130 mA 

VCC=MAX 'lS548 150 150 
ICC Supply Current mA Outputs open 'lS549 160 160 

* Not more than one output should be shorted at a time and d_uratiQn of the short Circuit should not exceed one second. 
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Switching Characteristics vcc = 5 V, TA = 25°C 

SYMBOL PARAMETER TEST CONDITIONS 'LS548 'LS549 UNIT 
(See Test Load/Waveforms) MIN MAX MIN MAX 

fMAX Maximum clock frequency 50 MHz 

tpLH/tpHL CK, G1, or G2 to output delay 18 22 ns. 

tpLH/tpHL G to output delay CLS549) CL = 45 pF. RL = 280[1 23 ns 

tpLH/tpHL Data D to output delay (,LS549) OE=L 16 ns 

tpLH/tpHL Output multiplexer control 
20 20 ns OUTSEL to output delay 

tpZL/tpZH Output enable delay CL = 45 pF. RL = 280[1 18 18 ns 

tpLz/tpHZ Output disable delay CL = 5 pF. RL = 280[1 15 15 ns 

Switching Characteristics Over Operating Conditions 

TEST CONDITIONS MIL COM 

SYMBOL PARAMETER (See Test 'LS548 'LS549 'LS548 'LS549 UNIT 
Load/Waveforms) MIN MAX MIN MAX MIN MAX MIN MAX 

fMAX Maximum clock frequency 33 45 MHz 

tpLH/tpHL CK.G1 orG2 
25 26 20 24 ns to output delay 

tpLH/tPHL G to output delay CLS549) CL = 45 pF 28 25 ns 

tpLH/tpHL 
Data D to output RL = 280[1 

24 18 ns delay (,LS549) OE= L 

tpLH/tpHL 
Output multiplexer control 

27 27 22 22 ns OUTSEL to output delay 

tpZL/tpZH Output enable delay CL = 45 pF 23 23 20 20 ns 
RL = 280[1 

tpLz/tpHZ Output disable delay CL = 5 pF 20 20 17 17 ns 
RL = 280[1 
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Test Waveforms 

DATA / 
CK 

OUTPUT 

DATA~ 

G 

Gx 

OUTPUT 

13-70 

CKto Output Delay 

\ 

VT 

IpLH IpHL 

VT =1.3V 

G to Output Delay 

\ 
VT 

VT 

VT 

VT = 1.3V 

'LS548 

CK 

DATA 

CKEX 

INSEL 

'LS549 

G 

Gx 

DATA 

INSEL 

Setup and Hold 

lVT 

~~V 
---.-/1\ T 

~~ vT 
.I 

-4---Isu- .... th .... 

~~ vT ~~ v .11\ T 

~IsU.CKEX Ih.CKEX 

~ 
--.J~ VT 

~t- VT 

--tsu·INSEL -----r-- It,-INSEL 

Setup and Hold 

~t-VT 
1\ 

JI{-VT 

l' \1/ 
7~VT 

--Isu- ..... th ... 

J[VT 
\-VT 

..-.-.. 
Isu-INSEL It,-INSEL 

VT = 1.3 V 

Data D to Output Delay 

DATA __ ll~VT ----,l--vT -==:: 
G~ t 

r-----~--__ ------3V 

OUTPUT 

OV 

Monollthio WMemories 
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3V 
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Standard Test Load 

TEST POINT" 

CL 
(SEE NOTE A)I 

SN54/74LS548 SN54/74LS549 

1r---- 3v 
OUTPUT 
ENABLE 

(Lo.w-Ievel 
enabling) 

~------,~-------OV 

WAVEFORM 1 
(SEE NOTE C) 

WAVEFORM 2 S10pen 
(SEE NOTE C) S2.losed 

'LS5481549 Enable and Disable 

Load Circuit for Three-state Outputs * The "TEST POINT" is driven by the output under test, 
and observe'd by instrumentation. 

Notes: A. CL inQludes probe and jig capacitance. 

B. All diodes are 1N91S or lN3064. 

C. Waveform 1 is for an output with internal conditions such that the 
output is low except when disabled by the output control. 

Waveform 2 is for an output with internal conditions such that t.he 
output is high except when disabled by the output control. 

D. In'the examples above, the phase relationship,s between inputs 
and outputs have been chosen arbitrarily. 

E. All input ,pulses are supplied by generators having the following 
characteristics: PRRS lMHz. ZOUT = 50 11 and tR = 15 ns IF S 6 ns. 

F. When measuring propagation delay times of three-state outputs, 
switches 81 and S2~are closed. 
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a-Bit Latch/Register 
with Readback 
SN54/74LS793 SN54/74LS794 

Features/Benetits 
• 1/0 port configuration enables output data back onto 

Input bu. ., ' 

• a·blt data path matches byte boundaries 

• Ideal for mlcroproceaaor Interface 

Description 
These B·bit latches/registers are useful for I/O operations on a 
microprocessor bus. An image of the output data can be read 
back by the CPU. This operation is important in control algo
rithms which make decisions.based on the previous status of 
output controls .. Rather than storing a redundant copy of the 
output data in memory, simply reading the register as an I/O port 
allows the data to be retrieved from where it has been stored in 
an 'LS79314, for verification and/or updating. 

MICROPROCESSOR DATA BUS 

The data is loaded in the registers on the low-ta-high trsflsition 
of the clock (CK), for the 'LS794. The·data is passed through 
the 'LS793 when the gate, (G), is High, and it is "latched" when G 
changes to Low. The output enable, OE is used to enable data on 
07-00. When OE is low the output of the latches/registers is 
enabled on 00-07, enabling 0 as an output bus so that the host 
can perform a read operation. When OE is High, 07 -DO are inputs 
to the latches/registers configuring 0 as an input bus. 

The output drive of these commercial parts for any output pin 
is 10L = 24 rnA. 

'LS793 Function Table 
G OE Q 0 

L L 00" Output, 0 
L H 00" Input 

Ht L 0* Output, 0* 
H H 0 Input 

• In this case the oulput of the latch feeds the input. and a "race" 
condition results . 

.. 0 0 represents the previous "latched" state. 

t This transition is not a normal mode of operation and may produce hazards. 

Ordering Intormation 

PART 
PKG TEMP 

NUMBER 
POLARITY TYPE POWER 

SN54LS793 J,W,L, Mil Latch 
SN74LS793 N,J,NL Com Non-

LS 
SN54LS794 J,W,L, Mil 

invert 

SN74LS794 N,J,NL Com 
Register 

logic Symbols 

'LS793 'LS794 

'LS794 Function Table 
CK OE Q 0 

Lor H or j L 00 Output, 0 
Lor H or j H 00 Input 

t L 00 Output, 0* 
t H 0 Input 

• In this case the output of the register is clocked to the inputs and the overall 
a output is unchanged at 01)" 

TWX: 910-338-2376 enolllhlc .. I!Yrn 
2115.MJsalon ColiegeBlvd.SanlaClere,CA95054.1592·Tel:(408) 970-9'101!'TWX: 910"338-2374' .. """.1.5 ··1nJIW 
1~2 . 
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Pin Configurations 

SN74LS793 

8-BIT 
LATCH/REG 

WITH 
READBACK 

Plastic Chip Carrier 

IEEE Symbols 

.~ 

G 

00 

D1 

02 

03 

04 

05 

DB 

07 

'LS793 

1 · .... J EN2 
11 

'i1 

2 

L 
10 t> 

\72 ~ 

3 

4 

5 

6 

7 

,8 

9 

SN74LS794 

8-BIT 
LArCH/REG 

WITH 
READBACK 

Plastic Chip Carrier 

'LS794 

~ 

CK 

1 ...... J EN2 
11 

,Cl 

19 ._~19 . 2 

L 
10 t>' 

1 , § 

\72 ~ '.', 

o 00 

18 
0 

3 ',-,' " 18 01 

.17 
0 

4 1,' 17 
2 02 

16 0 3 03 
5 16 

15 Q4 04 6 15 

14 
0 

7 14 . 5 05 

13 '. 8 13 
1 

Q6 06 

-12 
0 7 07 9 12 

Mono/ithif; IFJFJlMemO,.~s 

00 

01 

lEi 02 

03 

04 

05 

06 

07 
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SN54/74LS793 SN54/741.S'794 

Absolute Maximum Ratings 
Supply voltage vee ............ ' ............................................... , .......................... -0.5 V to 7 V 
Input voltage ............................................................................................. -1.5 V to 7 V 
Off-stateoutput voltage ... . . .. . .. .. . . . . . .. .. .. .. . • . .. • • . .. .. • .. . .. . .. . .. . .. . .. • .. . .. . .. .. . .. .. • .. .. . .. . .. -0.5 V to 5.5 V 
Storage temperature .... ;............................................................................. -65°C to +150o e 

Operating Conditions 
..... 

MILITARY COMMERCIAL 
SYMBOL PARAMETER MIN TYP MAX MIN TYP MAX UNIT ,- ,', 

Vee Supply vOltage 4.5, 5 5.5 4.75 5 5.25 V 

TA Operating free air temperature -55 125 0 75 "e 

Width of Clock/Gale I High 15 15 
tw ns , Low (,LS794 only) 15 ',. 15 

" 
, 

" 'LS793 151 .101 
tsu SetupUme. 

'LS794 151 1s1 

'LS793 101 101 
ns 

th Hold time 
01 01 'LS794 

t 1 The arrow indicat~sth.e transition of the clock/gate input used ,for reference. t for the low-ta-high transitions, 1 for the high-ta-Iow transnians. 

Electrical CharacteritJtics Over Operating CondItions 

SYMBOL PARAMETER TEST CONDITIONS MILITARY COMMERCIAL UNIT MIN TYP MAX MIN TYP MAX 

VIL Low-level input voltage 0.7 0.8 V 

VIH High-level input voltage 2 2 V 

VIC Input clamp voltage Vee = MIN It = -18mA -1.5 -1.5 V 

IlL LoW-lev!!1 input current Vee = MAX VI = 0.4 V -250 -250 p.A 

IIH High-level input current Vee =.MAX VI = 2.7V 40 40 p.A 

Maximum input -, Dora VI = 5.5 V " 

II Vee = MAX 0.1 0.1 mA current ,. I All others VI =7V 

Vee = MIN IOL = 12mA 0.25 0.4 0.25 0.4 
VOL Low-level output voltage VIL=.MAX V 

. VIH =2V 10L = 24mA 0.35 O.~ 

'~l 
'. 

Vee = MIN 10H = -1. fllA 2.4 3.4 
VOH High::'levei output voltage., ". VIL= MAX .' 

'2:4 
V 

VIH = 2 V 10H = -2.6mA 3.1 .' 

10ZL Vee = MAX Vo = 0.4 V -250 -250 
Off-state output current VIL = MAX p.A 

10ZH VIH= =2V Vo = 2.7V 40 40 

lOS Output short-circuit current* Vee = MAX -30 -130 -30 -130 mA 

Vee = MAX 'LS793 120 120 
mA ICC Supply current 

Outputs open 'LS794 120 120 

* Not more than one output should be shorted at a time and duration of the short-circuit should not exceed one second. 

,. 'j 
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SN54/74LS793 SN54/74LS794 

Switching Characteristics vcc = 5V, TA = 25°C 

SYMBOL PARAMETER 

fMAX Maximum clock frequency 

tpLH 

tpHL 
Data to output delay 

tpLH 

tpHL 
Clock/gate to output delay 

tpZL 
Output enable delay t 

tpZH 

tpLZ 

tpHZ 
Output disable delay t 

t For the 'LS793, G should remain LOW during these tests. 

'LS793 Timing Diagra~$ 

01 

--------~--~~--~ 

G-O 

TEST CONDITIONS 'LS793 'LS794 
(See Int.rlace T.st Load/Wav.forms) MIN TYP MAX MIN TYP MAX UNIT 

35 50 MHz 

12 18 
" 

ns 

12 18 ns 
CL " 45pF RL = 280 !l 

17, 25 9 " 20 ns 

12 25 14 20 .. ns 

15 20 15 20 ns 

11 20 11 20 ns 

8 20 8 20 ns 
CL = 5pF RL = 280 n 

9 20 9 20 ns 

'LS794 Tiritin9~agrarils 

OJ 
~------~l~--~JD~~~--~~--

eLK 

The case when gate is HIGH and dBtanoWs through the part is spacified as Data to Output delay in the Switching Characterislics tatile. pll ='1.3V). 
Test Loads PULSEWIDTI:I' 

FOR D OUTPUTS-ENABLE AND DISABLE 
TEST POINT FOR 01* 

'rS2 

FOR.Q OUTPUTS ," 

TEST POINT FOR 01* 

','*The"t,E9'r PC;INT;: .I~ ilri)leiftiy .tn;diJfPutunder test, 
iand, oliserv$d by, io.fr~ment!'lipn, '.,': 

OUTPUT 
ENABLE 

(Low-1M! 
" enabling) 

WAVEFORM 1 
(See Note A) 

WAVEFORM 2 

.. ENABLE AND DISABLE WAVEFORMS 

r-~------~--~--3V 

~~----~--~-Jt------------__ ----OV 

0.5 V 

.. (SeP.Note A) __ ,;.,-_....,....,.-J 
~;--------~es:::+r-VOH --uv 

, ,S1 AND 52 C~OSED 
for the 'LS193, the latchcontrol"G" sho,Lild be ,low while testing 
the enable and 4isable times; so that the output (Q) doesnol 

,ctiange.'(VT= 1:3V):, " 
NOTES: A. 'Waveform 1 is lor an output with Internal conditions iluchthal 

th<!Q!J,tput is low ·exceplw~en •• disabJedby"tl:1e 'o,ulpul control. ; 
waveform 2 Is lor an output "',Ilh into,nal, conditl,ons such: that 
the output is high except when di.abiod by the output control. 
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8·~itSERDE 
Pipeline Register 

Features/Benefits 
• High drive capability. IOL = 32 mA (Com) 

• Alternate source to Am29818 

.Serlal-parallel/Parallel-sarlal plpallne register 

• Independent pathlng and clocking controls 

• Expandable In multiples of 8 bits 

• Three-state outputs" 

• PNP Inputs for low-Inputcurrent 

• 24-pln SKINNYDIP@ saves space 

Applications 
• Universal Interface element forsystems using both s~al 

and parallel data formats 

• Serial cOmmunication and peripheral Interface 

• Microprogram control store output register 

• Serlal-parallel/Parallel-serlalplpellne conversion 

• Stete machine feedback path Isolation/diagnostics 

• Serial raadback raglster 

Description 
The SN54n4S818 is an S"bit serializing/deserializing pipeline 
register. It can also be used as a,~rial readback register as well 
as a diagnostic register. All of these configurations are expan
dable in multiples of eight bits, 

The 54n4S818 internally consists of a universal shift register 
and an 8-bit register. Its wide application results from a combina
tion of powerful interconnection modes and independent clock
ing and pathing controls. It is ideally suited as a universal 
interface element involving both serial and parallel data formats. 

Function Table 

INPUTS OUTPUTS 

MODE SDI CLK DCLK B7-BO S7-50 

L X I * Bn- On HaLO 

L X * I HaLO 
Sn- Sn-1 
SO- SOl 

L X t I, Bn- On Sn- Sn-1 
'SO- SOl 

H X I * Bn-'Sn HaLO 

H L * I HaLO Sn- Bn 

H L I I Bn--Sn Sn- Bn 

H H * I HaLO; HO~O 
* ,Clock must be steady or fallong. 

SKINNYDIF'" is a registered trademark of Monolithic Memories. 

SN54/74S818 

Ordering Information 

PART NUMBER PACKAGE TEMPERATURE 

SN74S818 NS, JS, NL (28) Com 

SN54S818 JS, W, L (28) Mil 

Block Diagram 07-00 

SDO 

S7 

S7 

S7 

SOl 

SOl 

SOl 

SOl 

SOl --t---.....;~ 
OCLK-+--,....,.,..... 1---1-+-- soo 

MODE~--~--~ 8 

CLK---~ 

6i-----4IJ 

B7-1O 

SEE OPERATION FIG. 

Load output register from input bus 1 

Shift shadow register data 2 

Load output register from input bus "' 1 & 2 
while shifting shadow register data 

Load output register from shadow register 2,3,4 

Load shadow register from output bus 3 

Swap shadow register and output register 

Enable 07-00 all outputs for RAM write-back 4 

MonolithIc m' " TWX: 910-338-2376 • ._ .. 
2175 Mission College Blvd. Santa Clara, CA95054"1"592 Tel: (408) 970-9700 TWX: 910-338-2374 : emo.-.es 
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Logic Diagram 

OE VCC 

OClK MODE 

DO BO 

01 B1 

02 B2 

03 B3 

D4 B4 

05 B5 

D6 B6 

07 B7 

SOl S.OO 

GIIIO ClK 
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Pin Configuration 

Typical Configurations 

Serializing Pipeline Register ' 

Serial Readback Register , 

13-78 

SN54/74S,18 

SN745818 

&.BITBUS 
SERDE 

PIPELINE REGISTER 

PI!lstlc Chip Carrier 

D"serlallzlng Pipeline Register 

Diagnostic Register 

.-, 



SN541'74S818 

Absolute Maximum Ratings 
Supply voltage VCC .................. .' .................................................................... -0.5 V to tv 
Inputvoltage, .......... , ............. , .............................. :' ....................................... -1.5Vt07V 
Off-state output voltage ......................................................... ' ..•• ".. .. .. .. . .. • .. .. .. •. -0.5 V to 5.5 V 
Storage temperature ................................................................. '................ -65°C to +l50°C 

Operating Conditions 
, 

MILITARY COMMERCIAL 
SYMBOL PARAMETER UNIT 

MIN TVP MAX MIN TYP , MAX 

VCC Supply voltage 4.5 5 5.5 4.75 5 5.25 V 

TA Operating free air temperature ~55 125 0 75 °c 

High 15 1,2 I,:ns 
tw Width of ClK 

low 15 13 ns 

High 25 
! 

20 'ns 
twd Width of DClK 

low 25 20 ," " ns 

tsuc Setup time from MODE to ClK 
, 

201 171, ns 

the Hold time from elK to MODE " 01 01 '.' .ns 

tsud Setup time from data to ClK 211 141 ns 

thd Hold time fronlClK to data '. ' 01 •... 01 .. ', ns 

tsude ' Setup time from SOl, MODE to DCLK 311 201. " ns 

ltide' . Hold time from DCLKto SOl, MODE ,,' 01 " 01 
,;,' '. ns , , 

tsudq Setup time from output to DClK ,251 181 ns 

thdq Hold time from DlCKto output 01 01 ns, 

f I The arrow indicates the tranSition of the clock/gate input used for reference: ! for Ihe low.lo-high liansilions. I for the high-ta-Iow transitions, 



SN54/74.S818 

Electrical Characteristics Over Operating Conditions 

SYMBOL PARAMETER TEST CONDITIONS MILITARY COMMERCIAL UNIT MIN TYP MAX MIN TYP MAX 

VIL Low-level input voltage 0.8 0.8 V 

VIH High-level input voltage 2 2 V 

VIC Input clamp voltage VCC= MIN II = -18 mA -1.2 -1.2 V 

IlL Low-level input current Vce= MAX VI = 0.5 V -0.25 -0.25 mA 

IIH High-level input current Vee= MAX VI = 2.7 V 50 50 JlA 

Maximum input 
D orB VI = 5.5 V 

II All Vec= MAX 1 1 mA 
current others VI= 7 V 

10L =32 mA 0.5 
87-80 

Vee= MIN Low-level 10L = 24 mA 0.5 
VOL output voltage VIL = MAX V 

SDO 10L =8 mA 0.5 
D7-DO VIW2V 

10L =4mA 0.5 

87-80 Vee= MIN IOH=6.5 mA 
VOH High-level VIL = MAX 2.4 2.4 V output voltage SDO 

O7-DO VIH= 2 V IOH=-2 mA 
.... 

Vee= MAX 10ZL Off-state VO=0.5V -250 -250 JlA 

10ZH output current VIL = MAX 
VO=2.4V 50 50 JlA VIH= 2 V 

lOS Output short-circuit current* Vee" MAX -40 -100 -40 -100 mA 

ICC Supply current Vee = MAX. Outputs open 115 155 115 145 mA 

* Not more than one output should be, shorted at a time and duration of the short-circuit should not exceed one second. 

13-80 Monolithic W Memories 



SN54/74S818 

Switching Characteristics vcc = 5 V, TA = 25°C 

SYMBOL PARAMETER 
TEST CONDITIONS MIN MAX UNIT (See Test Load/Waveforms) 

fMAX Maximum output clock frequency Cl = 50 pF Rl = 2800 OE = l 40 MHz 

Maximum diagnostic clock frequency ~ Cascaded 20 
fMAXO Cl = 50 pF Rl = 2 K!l MHz 

Uncascaded 25 

tClK ClK to output delay Cl = 50 pF Rl = 2800 OE = l 14 ns 

tss SOl to SOO delay (MOOE = HIGH) 12 ns 

tMS MOOE to SOO delay Cl = 50 pF Rl = 2 KO 17 ns 

tos OClK to SOO delay (MOOE = lOW) 28 ns 

tOEZl 25 ns 
OClK to 07-00 enable delay Cl = 50 pF RL = 2 KO 

tOEZH 20 ns 

tOOlZ 36 ns 

tOOHZ 
OCLK to 07-00 disable delay Cl = 5 pF Rl = 2 K!l 

60 ns 

toc OClK to ClK separation 
Cl = 50 pF Rl = 2800 OE = l 

22 ns 

tco ClK to OCLK separation 35 ns 

tpZl 19 ns 

tpZH 
Output enable delay Cl = 50 pF Rl = 2800 

13 ns 

tplZ 12 ns 

tpHZ 
Output disable delay Cl = 5 pF Rl = 2800 

22 ns 

Switching Characteristics Over Operating Range 

SYMBOL PARAMETER TEST CONDITIONS MILITARY COMMERCIAL 
(See tnterlace Test LoadlWaveforms) MIN MAX MIN MAX UNIT 

fMAX Maximum output clock frequency CL = 50 pF Rl = 2800 OE = l 33 40 MHz 

Maximum diagnostic I Cascaded 16 20 
fMAXD clock frequency I 

Cl = 50 pF Rl = 2 KO MHz 
Un cascaded 20 25 

tClK ClK to outpUt delay Cl = 50 pF RL = 2800 OE = l 18 14 ns 

tss SOl to SOO delay (MOOE = HIGH) 18 15 ns 

tMS MOOE to SOO delay Cl = 50 pF Rl = 2 KO 27 18 ns 

tos OCLK. to SOO delay (MOOE = lOW) 38 30 ns 

tOEZl 35 25 ns 

tOEZH 
OCLK to 07-00 enable delay CL= 50 pF RL = 2 KO 

30 25 ns 

tOOlZ 45 45 ns 

tOOHZ 
OCLK to 07-00 disable delay Cl = 5 pF Rl = 2 KO 

90 80 ns 

toc OCLK to ClK separation 30 30 ns 

tco eLK to OClK separation 
Cl = 50pF Rl = 280n OE = l 

45 40 ns 

tpZl 
Output enable delay 

25 20 ns 

tpZH 
Cl = 50 pF Rl = 280n 

20 15 ns 

tplZ 20 15 ns 

tpHZ 
Output disable delay CL = 5 pF Rl = 280n 

30 25 ns 

Monolithic mllllemories 13-81 



SN54/74S818 

Timing Waveforms 

CLK 

MODE 

07·00 

B7.BO ____________ -

IC

-

L-'=E 
VT = 1.5V 

Figure 1. Switching waveforms for typical register applications (OE = L) 

1 ..... ------'wd(LOW)I-------.,..I----~--.:.... 

DeLK VT 

• 10C~---~~~~~--~ 

CLK 

~-----~~·1·4.-----~dc------.1 

MODE 

t------'audc------I~ 

SOl 

~-----~s---~~ 

SOO 

Figure 2. Switching waveforms for .shift·in followed by diagnostic load 



SN54/74S818 

Timing Waveforms 

ClK. VT VT fl -------------------------------------------------
OCLK 

SOl 

MODE 

SOO 

07-00 
(AS 

OUTPUTS) 

ICO a 

)~VT jlf-VT 

'wc!(LOW) 

~ 
-'~ 

'wc!(HIGH) 

1/ 
jrVT 

ISS 

, , VT 

'00 

,VT' 
J 

.r~--~---~I--------~.~~14~· ------~'.~~~~~~. 
B7'BO-----*-VT--------"....,..-....;..-----....;..---*-"T-----

Figure 3. Switchingwaveforins fordBta bus (D7'DO) disabling 



SN54/74S818 

Enable/Disable Delay 

Test Load 

13·84 

OUTPUT ENABLE 

WAVEFORM 1 

(See Nole C) 

,-------------------3 V 

~--------------JI--------------------oV 

Sl AND 
S2CLOSED 

+ ____ 1.5 V 

\...:...... __ ~ __ ~:;f::=~==0.5V f VOL 

WAVEFORM 2 S1 OPEN C;;--~===1+~VOH 0.5 V 

(See Nole C) ____ S_2_C_L_O_S_E_D..J. 
-1.5V 

Sl AND 

TEST POINT" 

CL 

(SEE NOTE A) I RO 
1K 

* The "TEST POINT" is drived by the output under test. 
and observed by instrumentation. 

NOTES: A. CL includes probe and jig capacitance. 

B. All diodes are lN916 or lN3064. 

S2CLOSED 

C. Waveform 1 is for an output with internal conditions such that the 
output is low except when disabled by the output control. 

Waveform 2 is for an output with internal conditions such that the 
output is high except when disabled by the output control. 

D. In the examples above the phase relationships between inputs 
and outputs have been chosen arbitrarily. 

E. All input pulses are supplied by generators having the following 
characteristics: PRR ,; 1 MHz Zout = 50n and 
for series 54174S tR = 2.5 ns tF'; 2.5 ns. 

F. When measuring propagation delay times of 3-state outputs, 
switches 81 and 82 are closed, 

87-80 07-00,SOO 

1 K.O 5Kll 

IIIIonoIIthIo W Memories 



SN54/74S818 

Basics of Diagnostics 
The basic theory of diagnostics is to insert test data to the inputs 
of a typical system and sample the test results from certain 
nodes of the circuits. For a combinatorial circuit, testing is very 
easy since the circuit has no memory of the previous states. But 
for a sequential circuit, the data to be sampled at a node depends 
not only on the inputs, but also on the current state it is in. If the 
previous state contains some error, it will possibly perform an 
illegal jump. In that case, depending on which state the system is 
currently in, the next state may be different. After several illegal 
jumps, it will be quite impossible to keep track of the jumps 
which it performs. 

A way to solve the problem is by converting a sequential circuit 
to a combinatorial one. A sequential circuit can often be viewed 
as a network with a clock and a number of inputs and outputs, 
with some outputs being routed back to the inputs (see Figure 
Sa). If the loop is broken and inputs which are fed back from the 
outputs are instead fed in from some external sources (see 
Figure 5b), the system can be viewed as combinatorial and 
system testing will be easier. The "shadow register" concept 
involves shifting in serial data to the hidden register (the shadow 
register) and then loading test data to the output register. 
Together with other system inputs, the test results will appear on 
the output end of the network and can be sampled and analyzed. 
and analysed. 

.~ C'--_N_E_TWO __ R_K_ .... :; O~ 

Figure 5a. A typical digital system 

.~ c,--_NE_TWO_'_R_K __ 8S'"~ 

Figure 5b. The feedback of figure Sa is broken to convert the 
system to a non-sequential one 

Diagnostic On-ChipTM (DOCTM) Using 
Shadow Register 
The diagnostic register is an B-bit register with two levels of 
registers-a shadow register and an output register. A shadow 
register is basically a buried register with shift capability. There 
is also an output reg ister whose outputs appear to the rest of the 
system. There is an output flipflop to each shadow flipflop. An 
output flipflop drives a three-state output buffer before going to 
the output pin. If the output is disabled, the output pin may be 
converted to an input pin. This feature is very important if the 
output is driving a bus and sampling of data on the bus is 
desired. 

The input to a bit of the shadow register is a multiplexer which 
can select from one of the following nodes: 

a) Output of the preceding bit olthe shadow register (or SOl for 
the least significant bit). 
b) Output of the same bit of the shadow register. 
c) Data on the output pin of the same bit. This data may bethe 
output of the corresponding bit of the output register if there is 
no output enable pin and the output is enabled, or the input to 
that pin if there is an output enable pin and output is disabled. 
Refer to Figure 6 for some general informatl2!l, on a typical 
diagnostic functional part with output ena.ble (OE). 

SOl 
OLCK 

INPUTS 

1---+--+-'" SOO 

MOOE~------~ 

CLK----~ 

OE--~:>_------~ 

OUTPUTS 
B LINES, BI-OIRECTIONAL 
(IF OUTPUT BUFFERS ARE 

THREE·STATE, 

Figure 6. A typical functional block diagram 
for a diagnostic part 

The input to any bit of the output register is also selected from 
one of the following nooes: 
a) Corresponding input bit. . 
b) Corresponding output bit of the shadO)N register. 

The reasons why a shadow register is preferr€d, as comparedto 
shifting in diagnostic data directly to the output register, are: 
a) The output register contains control signals for the system. 
Certain bits ofthis register may controfdifferent ports which are 
driving the same bus. As diagnostic data is shifted in, these bits 
become random and the ports they are controlling may drive a 
bus simultaneously. Invalid data may appear and worst of all, 
with a low-impedance path between the power supply, severe 
damage may be done to these ports. 
b) As a diagnostic word is shifted in, the system is performing 
different tasks from what it is supposed to do. For example, 
when an ALU is performing an addition, diagnostic data is 
shifted in. The ALU then performs some other functions. The 
status of the system keeps changing. In some cases, illegal 
states may appear which produces unpredictable test results; 
for example, a flag may appear unpredictably. 
c) The shadow register enables diagnostic data to be shifted in 
as background data without holding up the processor operation. 

Monolithic W Memories 13-85 
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Thediagnostic .. reglster is one part ina series of diagnostic 
products which follows a new standard·for diagnostics. The 
basic standard is described in Figure 6 arid the table on page one; 
This standard implies that all diagnostic parts in this series are 
cascadable. 

Diagnostic Pins 
There are several pins in the diagnostic register in addition to the 
regular 8-bit inputs and outputs: 
1) Diagnostic Clock (DCLK)-The diagnostic clock is used to 
clock the shadow register. 
2) MODE-This pin ]sused in selecting the data to the regis
ters. For the output rEl~.ister, MODE = LOW indicates that the 
output register is. being.' used as a normal register; MODE = 
HIGH means that "tlie next state of the output register will be 
obtained from the shadow register. For the shadow register, 
MODE = LOW indicates serial data from 501 (see below) is 
shifted in every diagnostic clopk; MODE = HIGH switches 501 
from a data input to a control input. See below for details. 
3) Serial Data In (SO I)-When MODE = LOW, this pin is for 
shifting serial data in. When MODE = .HIGH, 501 serves as a 
control pin. If MODE = HIGH and 501 = LOW, data from the 
output pins will be .loaded tothfi shadow register on the next 
OCLK. MODE = HIGH and 501 = HIGH indicate a reserved 
operation. The data from ~he diagnostic clock is held the same. 
This reserved operation will be very significant when more 
operations than what is described are needed. The diagnostic 
register gives an example of how it can be used. 
4) Serial Data Out (SOO)--'-When MODE = LOW, this pin carries 
the shift-out bit of the shadow register. When MODE = HIGH, 
the 501 becomes a controi pin and the control signal should be 
passed along if several' diagnostic parts are connected to
gether serially. So 500 should carry 501 along in this case. 

Write-Back to RAMs 
Due to the applications of a diagnostic register in a writable 
microprogram control store, this part also includes an addi
tional feature to initialize the control RAMs;When necessary, the 
input data pins to the register can be operated as output 
pins. In short, a diagnostic register is an 'asymmetric register 
transceiver' with shift capability. The term 'asymmetric register 
transceiver' means that there are two bidirectional registered 
ports on a chip, and these ports are enabled with different 
methodologies and have different timings. One port is still 
primarily for inputs (07-00), while the other is primarily for 
outputs (67-60). 

Wheh MODE and SOl are both 1 .. .ifGH~, the 07-00wlUbe 
converted to an output port on the rising edge of the next 
OCLK by enabling the th"ree-state buffers driving the 07-00. 
The input for the three-state buffers is from the outputs of the 
shadow register (57-SOy. 
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Applications 
This part can be used as a: microprogram control store register, 
data register, status register, address register, instruction regiS
ter, interrupt mask register, interrupt vector, program counter, 
stack pOinter, and for other general purposes. 

If the diagnostic registers are used in a system using micro
program control words, status registers, and instruction regis
ters, etc., one way to connect them tOgether is shown in Figure 
7; There is only one data input and one data output to the 
diagnostiC parts. When serial data is shifted in or shifted out, 
data has. to be passed from one diagnostic chip to another .. 
Since 501 must be passed from chip-to-chip if it is used for 
control, it is necessary for logic designers to make sure the 
fall-through time Of 501 to the last chip and the setup time from 
501 to OCLK are satisfied .. 

TEST 
DATA 
OUT 

Figure 7. One way diagnostic registers can be linked together 

The diagnostic registers are basically used for diagnostiC pur
poses, although they may also function as parallel-to-serial 
and serial-to-parallel converters. 

Two examples of how the diagnostic parts can be built into a 
system are shown in Figures 8. 9. The diagnostic registers are 
used to substitute the instruction register, memory data registers, 
status register .. memory address registers, and the registers for a 
non-writable (Figure 8) or a writable (Figure 9) microprogram 
contro.! store. The only additional. block to a typical system 
without diagnostic features is the diagnostics controller. The 
diagnostiCS controller should be able to supply the system with 
signals like MODE, SOl, oCLK, and the register clock (CLK). In 
order words, the diagnosticS controller in itself isa supercontroller 
ofthe processing unit. It should also be noted that all sequential 
paths, except for the register files, should be .converted to 
combinatorial paths if all the diagnosticp~rts are to break the 
sequential loops. . " 



DIAGNOSTICS 
CONTROLLER 

SN54/74S818 

DATA BUS 

'--..:.:.::=;:.:..::.=-...1 SOl 

CONTROL BUS 

Figure 8. An application example of using diagnostic registers in a CPU using non-writable control store 

Figure 9. An application example of using diagnostic registers in a CPU using writable control store 
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In normal operation, the diagnostic controller will make the 
diagnostic feature inactive by setting MODE = LOW and dis
abling DCLK and have the CLK free running. 

When diagnostics are needed, the, following sequence is per-
formed: .,' 

1) Shift in diagnostic test data bit-by-bit.ln order to perform this 
operation, CLK is disabled; MODE remains LOW; SDI contains 
the bit to be shifted in, and the diagnostic clock is enabled. This 
will continue until a full test vector is shifted into the shadow 
register. 
2) MODE switches to HIGH. Then DCLK is disabled and CLK 
is enabled. The,contents of the shadow register, which is the 
test vector, will be loaded into the output register. 
3) The test result is set up at the inputs of \he diagnostic 
registers. MODE switches to LOW again. DCLK is still disabled 
and CLK is still enabled. The test result will be clOCked into the 
output register. 
4) With MODE HIGH and DCLK enabll!d and CLK disabled, 
the test result will be clOCked to the shadow register. 
5) With MODE held LOWand DCLKstili enabled and CLK still 
disabled, the test result can be shifted out and analyzed while 
another test vector is shifted in. 

A block diagram of such a diagnostics controller is shown in 
Figure 10. The central control unit of this controller may be a 
disk-based unit or even a diagnostic PROM. Note that, in normal 
operation, MODE remains LOWand only CLK is active. 

Figure 9 is an example with writable programmable control 
store where initialization of the control RAMs is necessary. 
This can be done by loading in a sequence of data and address 

through the diagnostics controller. What this controller muSt 
be able to do, in addition to what is described above (see 
Figure 10), is to disable the outputs from the microprogram 
sequencer and feed In the address through another diagnostic 
register. There is a switch, 51, which switches the SDI to the 
register'S of the writable control store from some other regis
ter (in Figure 9, it is the memory address register) to the 
diagnostic 'control store address' register. The initialization 
data is shifted into the shadow register by resetting MODE to 
LOW and enabling DCLK. After all data is shifted into the 
shadow register, MODE and SDI are set HIGH and then followed 
by a CLK, a DCLK, and a write to control store. The CLK loads 
the present control store address in the output registers of the 
'c,ontrol store address' register, and the MODE = HIGH and SOl = 
HIGH will enable the inputs to the diagnostic register as outputs, 
so that the dllta in the shadow register can be written back to 
the control store. 

RESET 
OTHER 

CONTROl. 
IIIGNALS 

CLOCK 

CENTRAL 
CONTROL 

UNIT 

1-------_ MODE 

1-------. SDI 
EXTEND DCLK 

DCLI( 

EXTENDCLI( 
CLK 

~------ SDO 

Figure 10. A diagnostic controller unit 



8-Bit Bus Latch Transceivers
Advanced CMOS-TTL Compatible 
74ACT547 74ACT567 

Features/Benefits 
• Bidirectional transceivers utilizing latches 

• Independent latches lor A bus and B bus 

• Data can be swapped between Internal latches 

• 8-blt data paths match byte boundaries 

• '5471'567 devices can replace two '373 devices 

• Independent gate enables lor rank A and rank B 

• Low quiescent supply current of < 10 p.A (typical) 

• Active supply current at about 20"10 LS equivalent 

• Wide commercial operating supply and temperature ranges 
4.5 V to 5.5 V; -40°C to +85°C 

• 24-pln SKINNYDIP4Il saves space. 

Ordering Information 

PART NUMBER PACKAGE TEMPERATURE 

74ACT547 NS,JS Commercial 

74ACT567 NS,JS COmmercial 

·SKINNYDIfl® is a' registered trademark of Monolithic Memories. 

Description 
These transceivers have a pair of 8-bit latches connected back
to-back, i.e. the bus pins are used for input or output. The latches 
are followed by either non-inverting (,ACT547) or inverting 
(,ACT567) three-state buffers. 

Both devices have independent gate enable inputs for ranks A 
and B (GA1, GA2, GB1, GB2), and independent output enables 
for ranks A and B (OEAB, OEBA). 

The direction of operation is controlled by OEAB and OEBA. 
When OEAB is Low and OEBA is High, the devices operate in the 
A-to-B direction. When OEAB is High and OEBA is Low, the 
devices operate in the B-to-A direction. When OEAB and OEBA 
are both High, the A and B buses are configured as inputs. When 
OEAB and OEBA are both Low, the A and B buses are 
configured as outputs. See the Bus Operation Tables for the 
detailed operation. 

Data is passed through the latch whenever either of the gate 
enables for the respective rank (GA 1 or GA2, GB1 or GB2) are 
asserted. 

All of the 8-bit devices are packaged in the popular 24-pin 
SKINNYDIP® package. 

POLARITY TYPE TECH 

Noninvert 
Latch CMOS 

Invert 

'. . .' . ' TWX: 910"338-2376 
2175 Mission College Blvd. Sanla Clara, CA 95054-1592 Tel: (408)970-9700 TWX: 910-338-2374 .:::::!!!/',!:m 
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Logic Symbol 

13~90 

74ACT547 74ACT567 

74ACT547 
LATCH TRANSCErVER 

NON'::INVERTING OUTPUTS 



Logic Symbol 

74ACT547 74ACT567 

74ACT567 
LATCH TRANCEIVER 

INVERTING OUTPUTS 
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74ACT547 

Block Diagrams 

'ACT547 (Non-inverting) 

ABUS 

OEBA 

GBI 
GB2 

BBUS 

IEEE Symbols 

OEBA 

OEAB 

GAl 

GA2 

GBI 

GB2 

AO 

Al 

A2 

A3 

A4 

AS 

A6 

A7 

'ACT547 (Non-inverting) 

21 
ENI [BA) 

3 r-
~[AB) 

1 

2 r- :>1 C3 

23 t--
22 r- :>1 C4 

~ 

4 

L 
\71 <J 40 

U 3D I> 2\7 
5 

6 ~ ~ 

7 
~ ~ 

8 
~ ~ 

L.::. 
9 

..-----J 

10 ~ ..-----J 

11 
~ ~ 

~ ~ 

GAl 
GA2 

OEAB 

20 
BO 

19 
Bl 

18 
B2 

17 
B3 

16 
B4 

15 
B5 

14 
B6 

13 
67 

74ACT567 

'ACT567 (Inverting) 

ABUS 

OEBA 

GBI 
GB2 

BBUS 

'ACT567 (Inverting) 

OEBA 
21 

ENI [BA) 

OEAB EN2 [AB) 

GAl 
:>1 C3 

GA2 
23 

GBI :>1 C4 
GB2 

22 

20 
AO 

19 
Al 

18 
A2 

17 
A3 

16 
A4 

15 
AS 

"~ §" A6 

A7 ~1: ~~ 
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BO 

Bl 

B2 

B3 
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74ACT547 74ACT567 

Function Table 
Nomenclature Description 

AO-A7: Eight inputJoutputpins on the A side. 

BO-B7: EightinputJoutput pins on the B side. 

X: H or L state irrelevant ("Don't Care" conditions). 

GA1/GA2: Gate enables for rank A of 'ACT547/'ACT567. 

GB1/GB2: Gate enables for rank B of 'ACT547rACT567. 

QoAlQoB: 'Previous data of the intemai rank AlB . 

. 
GA1 GAi. RANK A GB1 em RANKB 

X L Enabled 
(Flush) 

X L Enabled 
(Flush) 

X L Enabled 
(Flush) 

L H Disabled 
(Freeze) 

L H Disabled 
• (Freeze) 

X L Enabled 
(Flush) 

L H Disabl,ed 'L H Disabled 
(freeze) (FrEleze). 

H X Enabled X L Enabled 
. (Flush) (Flush) 

Enabled 
" 

Disabled H X L· H 
(Flush) (Freeze) 

H X Enabled 
(Flush) 

H X Enabled 
(Flush~ 

ow: To enable the A-to-B operation. 

0Eii: To enable the B-to-A operation. 

OEAB· OEBA OPERATION DIRECTION 

L " L A, Bbuses both are outputs 
(Transfer stored data to bus stored) 

L H A-to-B 

H L B-to-A 

H H, A, B buses both are inputs (storage) 

MoIIoIIIhIoW.emories 13·83 



74ACT547 74ACT567 

Bus Operation for' ACT54 7 

DIRECTION DATA 1/0 GATE GATE 

OPERATION CONTROL BLOCK DIAGRAM 
ENABLE. (A) RANK A ENABLE (B) RANKB 

OEAB OEBA AO-A7 BO-B7 GA1 m GB1 Gi2 
L H OoA' L H OoB 

L H OoA H X B bus 

A L H OoA X L Bbus 

kBEB-i H x Abus L H OoB 

Storage H H Input Input H X Abus H X Bbus 
RANK 

A H X Abus X L Bbus 
B 

'BUS 
X L Abus L H OoB 

.X L ·Abus H X Bbus 

X L Abus X L Bbus 

L H OoA L H OoB 

L H OoA H X Bbus 

A 
L H OoA X L Bbus 

BUS . -EB- H X Rank B L H OoB Output RANK 

B-to-A B 

Operation H L of Input· It!J B 

H X Rank B H X Bbus 
RankS H X Rank B X L B bus 

BUS X L Rank B L H OoB 

X L Rank B H X Bbus 

X L Rank B X' L B bus 

L H OoA L H OoB 

L H OoA H X Rank A 

A L H OoA X L Rank A 
BUS ~ 

Output RABNKJl H X A bus L H OoB 
A-to-B 

L H Input of 

~B 
H X A bus H X Rank A Operation 

Rank A H X A bus X L Rank A 
BUS 

X L A bus L H OoB 

X L A bus H X Rank A 

X L A bus X L Rank A 

L H OoA L H OoB 

L H OoA H X Rank A 

\fB~1 
L H OoA X L Rank A 

Rank B OoB 
Transfer Output Output 

H X L H 

Stored L L of of H* X Rank B H X Rank A 
Data Rank B Rank A H* X RankB X L Rank A 

BUS 

X L Rank B L H OoB 

X* L Rank B H X Rank A 

X* L Rank B X L Rank A 

. * Note: These controls lor 'O'EAB, QEBA, GAl, QA2, GBI and Gs2 can cause race conditions, 
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74ACT547 74ACT587 

Bus Operation for ' ACT587 

DIRECTION DATA 1/0 GATE GATE 

OPERATION CONTROL BLOCK DIAGRAM 
ENABLE (A) 

RANK A 
ENABLE (B) 

RANKB 
0EAi 0EiA AO-A7 BO-B7 GA1 GAi GB1 Gi2 ';" 

L H QoA L H QoB 

L H QoA H x; Bbus 

A L H QoA x .L Sbus 

.~ ~ H X A bus L H QoB 

Storage H H Input Input 
I~KI B 

H x A bus H '* Bbus 

H X A bus X L Bbus 
BUS 

X L A'.bus" ;L ;; H, 'OoB 

~ L A bus H X B.buS 

X L A bus X L Bbus 

L H QoA L H Qoe 

L :H' QoA H X Bbus 

A L H OoA X L Bbus 
BUS 

~~ . Output 
... H X Rank B L H QoB. 

B-to-A .'Lgj. Operation 
H L 2L- Input H X Rank B H X Bbus 

RankB 
H .x RankB )( L Bbus B 

BUS 
X L Rank B L H QoB .. I' 

'. X , .. l· Rank,B H X Bbus 
i 

.' -'. 
.. 

C", 
.X L Rank B X L Bbus 

," 

L H QoA .L; I-j Qoe .; 

.. L H OoA H X Rank A I 

A L H QoA X L' Rani(A, 

BUS ~ 
I' 

RANK H X Alms t:: 'H QoB 
'A-to-B Output 

~; B 
Operation L H Input of H.··· X Abus H X Rank A-

RiiriiW\ H X A bus X L Rank A 
BUS 

X L Abus L H QoB 

X L Abus H X Rank A 
X L A bus X L Rank A. 

L H QoA L H QoB 

L H QoA H X Rank A 
.. 
H Rank A 

.~ ~. 
L ·QoA X ,L 

Transfer Output Output Lffi ~ I H X RankB L H QoB 

Stored L L of of H* X RankB H X Rank A 
Data R8rik1i Rank A H* X Rank B .x L Rank A 

BU& X L RankB L H QoB 

X* L Rank B H X Rank A 

X* L RankB X L Rank A 

- -* Note: These controls for OEAB, 0EBA,I3A1, GA2, GB1., and G82 carl cause race conditions. 



74ACT547 74ACT567 

Absolute Maximum Ratings 
Supply voltage, VCC .................................................................................... -0.5 V to 7.0 V 
DC input voltage, VI ............................................................................... -0.5 V to V CC + 0.5 V 
DC output voltage,Vo .....................•..................................................... -0.5 V to VCC + 0.5V-
DC output source/sink current per output pin, 10 ................................................................. ±35 rnA 
DC Vce or ground current, ICC or IGND .................... : .................................................. ±200 rnA 
Input diode current, 11K: 

VI<O ................................................................................................... -20 rnA 
VI>Vce ................................................................................•............... +20 rnA 

Output diode current, 10K: 
VO<O .....................................•............................................................ -20mA 
VO>VCC ............................................................................................... +20 rnA 

Storage temperature ................................................................................... -65° to +150°C 

Operating Conditions 
-- --

COMMERCIAL SYMBOL PARAMETER 
MIN TYP MAX 

UNIT 

VCC Supply voltage 4.5 5 5.5 V 

TA Operating free air temperature -40 85 °c 

High 12 
tw Width of gate ns 

Low 12 

'ACT547 
GAl, GBl 81 

GA2, GB2 81 
tsu Setup time ns 

GAl, GBl 81 
'ACT567 

GA2, GB2 81 

'ACT547 
GAl, GBl 81 

GA2, GB2 81 
th Hold time ns 

GAl, GBl 81 
'ACT567 

GA2, GB2 1 

tr Input rise time at VI = 4.5 V 0 500 ns 

tf Input fail time at VI = 4.5 V --- 0 500 ns 

t l .The arrows indicate the transition of the gate control input used as reference: t, for the LOW-to-HIGH transitions,' for the HIGH-ta-LOW transitions. 
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Electrical Characteristics Over Operating Conditions 

SYMBOL PARAMETER TEST CONDITIONS 
COMMERCIAL 

MIN TYP 

VIL Low-level input voltage 

VIH High-level input voltage 2 

liN Input current Vee: MAX VI : Vee 
orGND 

Vee: MAX IOL "20 /.LA 

VOL Low-level output voltage VIL : MAX IOL: 6mA 
VIH : MIN IOL : 12 mA 

Vee: MIN IOH: -20/.LA 3.4 
VOH High-level output voltage VIL : MAX 

VIH : MIN IOH: -6mA 2.4 

IOZ Off-state output current Vee: MAX Va : Vee 
orGND 

lee Quiescent supply current Vee: MAX VI : Vee 
orGND 

Switching Characteristics 

SYMBOL PARAMETER 

tpLH GA 1, GA2, GB1 or GB2 

tpHL 
to output delay 

tpLH 
Data to output delay 

tpHL 

tpZL 
Output enable delay 

tpZH 

tpLZ 
Output disable delay 

tpHZ 

Typical ICC vs Frequency 

TEST CONDITIONS 
COMMERCIAL 

(See Interlace Test Load/Waveform) MIN 

eL: 50 pF 

RL = 1 KG 
eL: 50 pF 

74ACT547/567 
15r------,-------r------,-----~ 

10 

5r-----~~----~------t_----_1 

O~O------~10~----~2~O------3~O------~40 

FREQUENCY· MHz 

Monolithic mMemories 

MAX UNIT 

0.8 V 

V 

± 1.0 /.LA 

0.1 

0.37 V 

0.4 

V 
.. 

±30 /.LA 

80 /.LA 

UNIT 
MAX 

32 
ns 

32 

32 
ns 

32 

34 
ns 

34 

34 
ns 

34 
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Definition of Waveforms 

'ACT547/567 

Setup and Hold Data D to Output Delay 

Gx ________________ .,. \ T'-- ---------- 3 V 

I\VT 
~-----------OV 

r-----------------3V 
Vv 

Gx _.....,-___ -..,-_--IJ,+ __ T ______ ------ 0 v 

r--------!--------__ ------~ 3 V 

\ VT 

'----OV 

OATA 
INPUT 

G 

OUTPUT 
(,ACT547) 

OUTPUT 
(,ACT567) 

--1 
VT 

V. J VT 

I--- tpLH 

\ V 
1\ T 

I--- r-tpHL 

VT = 1.3 V 

GA1, GA2, GB1 or GB2 to Output Delay 

\ 
3V 

DATA ~ 
INPUT 

OV 

3V 

GA1/GBl 
OV 

3V 

GA2IGB2 
OV 

OUTPUT 
VT 

(,ACT547) 
OV 

tpHL 

~3V OUTPUT VT 
(,ACT567) --cv 

~tpLH 

VT = 1.3 V 
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\. 

tpHL 

'1vT 
J . 
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OV 
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74ACT547 74ACT567 

Enable/Disable Waveforms 

Test Load 

WAVEFORM 1 
(SEE NOTE 3) 

WAVEFORM 2 

r------------------- 3V 

~ ______________ JI ___________________ oV 

I 
S.1 CLO. SED 

S2 OPEN 

....-lpZH 

VT ____ 1.5 V 

, ~ ___ ...!.. ___ -Jf=::::::===O.5V 
"- VOL 

(SEE NOTE 3) _______ J. 

VCC 

TES~.POINT . 

FROM OUTPUT . ... . RL.· Sl. . 
UNDER TEST 

CL 1 
(SEE NOTE 1) r .,.. 

Notes: 1. CL includes probe and jig capacitance. 

2. When measuring tpZL. 811 is tied to Vee. When measuring tpHZ and tpZH. 
81' is tied to ground. 

S1 AND 
S2CLOSED 

When measuring propagation delay times of three~state outputs, 81 is open. i.e. 
not connected to Vee or ground. 

3. Waveform 1 is for an output with internal conditions such that the output is Low except when 
disabled by the output control. 

Waveform 1 is for an output with internal conditions such that the output is High except when 
disabled by the output control. 

(SEE NOTE 2) 

4. In the examples above, the phase relationships between inputs and·outputs have been chosen arbitrarily. 

5. All input pulses are supplied by generators having 'the following characterIstics: PRR :s: 1 MHz, tr:s: 6 ns, 
tf'; 6 ns. Zout = 500. 
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a-Bit Bus Front-Loading Latch 
Transceivers -
Advanced CMOS-TTL Compatible 
74ACT646 74ACT648 

Featuresl Benefits 
• Bidirectional bus transceiver and register 

• Independent registers for A and B buses 

• Real-time data transfer or stored data transfer 

• 24-pin SKINNYDlp® saves space 

• Three-state outputs drive bus lines 

• Low quiescent supply current of <10 p.A (typical) 

• Active supply current at about 20% LS equivalent 

• Wide commercial operating supply and temperature 
ranges 4.5 V to 5.5 V; -40°C to +85°C 

Description 
This 8-bit bus transceiver with three-state outputs has sixteen 
D-type flip-flops and multiplexers. The bus-oriented pinout of 
the part is shown in the Pin Configuration. The internal gate
level hardware configurations for the 'ACT646/648 are given in 
the Logic Diagram. The basic repeated element, consisting of an 
edge-triggered flip-flop paralleled with a bypassing path, or 
"feed-through", into a two-way multiplexer is sometimes called a 
"front-loading latch." 

A pair of multiplexers are used to distribute two bytes of data 
through the part. The data-routing combinations offered by the 
multiplexers provide flexibility in directing data to or from either 
bus, and/or either register. Data is loaded into registers A or B 
upon the riSing edge of the appropriate clock signals. CKA 

Pin Configurations 
, ACT646/648 

8-Blt Bus Front-Loading Latch Transceiver 

VCC 

CKA 

SRA 

~ 

BO 

B1 

B2 

B3 

AS B4 

AS B5 

A7 B6 

GND B7 

SKINNVDIP@ is a registered trademark of Monolithic Memo·ries. 

Ordering Information 

PART PKG TEMP POLARITY OUTPUT TECH 
NUMBER 

74ACT646 NS,JS Com Noninvert Three-
state 

CMOS 
74ACT648 NS,JS Com Invert 

clocks register A, which receives data from the B bus directly at 
its inputs. Similarly, CKB clocks register B, which has the A bus 
available directly at its inputs. Control of the multiplexers is 
provided by two select lines (one per register), SRA and SRB. 
Command of the outputs is performed by enable line E, and 
direction line DIR. 

When E is High, data from the buses can be stored into register A 
and B. When E is Low and DIR is High, the direction of operation 
is from A to B, when E and DIR are Low, the direction of 
operation is from B to A. 

SRA is used to select between register A and the B bus, and then 
to route the data to a controlled buffer connected to the A bus. 
Likewise, SRB selects between register B and the A bus, and 
then routes the data to the B bus through a controlled buffer. 

TWX: 910-338-2376 
2175 Mission College Blvd. Santa Clara, CA 95054-1592 Tel: (408) 970-9700 TWX: 910-338-2374 
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Logic Diagrams 

CKA 
23' 

DIR 3 

I! 21 

SAA 22 

SRa 2. 

CKB 

AO 4 

CKA 
23 

DIA 3 

I! 21 

SAA 22 

SAB 2. 

CKB 

AO 4 

74ACT646 74ACT648 

'ACT646 (Non-Inverting) 

1 OF 8 CHANNELS -------- -- --------

REGISTER a 

TO 7 OTHER CHANNELS 

'ACT648 (Inverting) 

TO 7 OTHER CHANNELS 

I 
1 

REGISTER A . f 
1 
1 

1 

I. 
I 
1 

I __________ .:1 

1 OF 8 CHANNELS 

I 46>--+-++4 1 
REGISTER A' 1 

1 
1 
I 
I 
I 
I 
1 __________ J 

Mono/IthIcm Memories 

20 ao 



74ACT646 74ACT648 

IEEE Symbols 

'ACT646 'ACT648 

e- 21 
G3 e- 21 

3 
G3 

DIR 3EN1 [BA] DIR 3EN1 [SA] 

23 
3EN2[AB] 

23 
3EN2[AB) 

CKA !!TC4 CKA 
22 

!!TC4 
22 

SRA ..erGS SRA ..erGS 

CKB !!Tce CKB <.erce 

SRB ..erG7 SRB ..erG7 
20 20 

BO 4 BO 
AO AO 

19 19 
A1 B1 A1 B1 

18 6 18 
A2 B2 A2 B2 

17 17 
A3 B3 A3 B3 

16 16 
A4 B4 A4 B4 

15 15 
AS BS AS B5 

10 14 10 14 
A6 B6 Ae B6 

11 13 11 13 
A7 B7 A7 B7 

Block Diagrams 

'ACT646 (Non-inverting) 'ACT648 (Inverting) 

A BUS A BUS 

BBUS 
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Function Table 
Nomenclature Description 

E: 
DIR: 

E 

L 

L 

H 

SRAlSRB; 

AO-A7: 

BO-B7: 

CKAICKB: 

X: 

t: 

UC: 

RGTR: 

74ACT646 74ACT648 

To enable A-ta-Bor B-ta-A operation. 

To select the direction of operation. 

DIR OPERATION DIRECTION 

L B-to-A 

H A-to-B 

X 
A and B buses both are inputs 

(Storage) 

To select the output data coming from the AlB 
register if SRAlSRB is a High level; otherwise·, 
directly from the input data bus. 

Eight input/output pins on the A side. 

Eight input/output pins on the B side. 

Clock for Register AlB. 

H or L state irrelevant ("Don't Care" condition). 

Positive edge of clock causes clocking, if clock 
enable is asserted. . 

H or L Or I case (nonclocked operation). 

Register. 
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Bus Operation for' ACT646 

CONTROL DATA 1/0 CLOCK 
OPERATION BLOCK DIAGRAM ENABLE 'ACT646 

E DIR SRA SRB AO-A7 BO-B7 CKA CKB 

UC UC No operation 
A 

~ 
BUS UC t Real time A bus data - RGTR B 

Storage H X X X Input Input ~ t UC Real time B bus data - RGTR A 
BUS 

t t 
Real time A bus data - RGTR B 

CKB CKA 
Real time B bus data - RGTR A 

UC UC Real time B bus data - A bus 
A [!J;r BUS Real time B bus data - A bus UC t 

Real time B bus data - RGTR B Real time 

B-to-A L L L X Output Input .~ t UC Real time B bus data - A bus 

B 
Real time B bus data - RGTR A 

Operation BUS 
Real time B bus data - A bus 

CKB CKA 
I t Real time B bus data - RGTR A 

Real time B bus data - RGTR B 

UC UC RGTR A data - A bus 
A RGTR A data - A bus 

- ffiJ 
uc t 

RGTR A data - RGTR B Stored data 

B-to-A L L H X Output Input ~ .. t UC Real time B bus data - RGTR A 
RGTR A data - A bus 

Operation 
B BUS 

eKB CKA Real time B bus data - RGTR A 
I t RGTR A data - A bus 

RGTR A data - RGTR B 

UC UC Real time A bus data - B bus 
A 

~. 
BUS Real time A bus data - B bus UC t 

Real time A bus data - RGTR B Real time 

A-to-B L H X L Input Output 

~ 
t UC Real time A bus data - B bus 

B 
Real time A bus data - RGTR A 

Operation BUS 
Real time A bus data - B bus 

CKB CKA 
t I Real time A bus data - RGTR A 

Real time A bus data - RGTR B 

UC UC RGTR B data - B bus 

A 

B:]~ 
UC I 

Real time A bus data - RGTR B 

Stored data BUS RGTR B data - B bus 

A-to-B L H X H Input Output t UC RGTR B data - B bus ~~ J B~S RGTR B data - RGTR A 
Operation 

Real time A bus data - RGTR B CKB CKA 

t I RGTR B data - B bus 

I I I I I I I I I I I 
RGTR B data - RGTR A 

I 
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Bus Operation for' ACT648 

CONTROL DATA 110 
OPERATION 1-:::-0--.--.--4---.---1 

Storage 

Real time 

B-to-A 

Operation 

Stored data 

B-to-A 

Operation 

Realtime 

A-to-B 

Operation 

Stored data 

A-to-B 

Operation 

E DIR SRA SRB AO-A7 BO-B7 

H x x x Input Input 

L L L x Output Input 

L L H x Output Input. 

L H x L 

L H x H Input Output 

74ACT648 

BLOCK DIAGRAM 

B~S ~~TR 

tFGTR 
a B 

BUS 

A 

co CKA 

a 
aus 

CLOCK 
ENABLE 'ACT648 

CKA CKB 

UC UC No operation 

UC I Real time A bus data - RGTR B 

I UC Real time B bus data:"'" RGTR A 

Real time A bus data - RGTR B 
Real time B bus data - RGTR A 

UC UC Real time B bus data - A bus 

UC 
Real time B bus data - A bus 
Real time B bus data - RGTR B 

Real time B bus data - A bus 
UC Real time B bus data - RGTR A 

Real timlilB.bus data - A bus 
I .Real timeB .bus data -' RGTR A 

Real time B bus data - RGTR .B 

UC UC RGTR A data - A bus 

RGTR A data - A bus 
BUS ..... ~GTR 

~ A I UC Real time B bus data - RGTR A 
RGTR a RGTR A data ... ' -A bus 

i a BUS ~--il---i.,--------------I 
CKa CKA Real time B bus data - RGTR A 

UC I RGTAA ~ata - RGTR B 

I I RGTR~data - A bus 
RGTR A data - RGTR B 

UC UC Real time A bus data - B bus 

uc 

UC UC RGTR B data - B bus 

UC 
Real time A bus data - RGTR B 
RGTR B data - B bus 

RGTR B data - B bus 
UC RGTR B data - RGTR A 

Real time A bus data - RGTR B 
I RGTR B data - B bus 

RGTR B data - RGTR A 
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74ACT646 74ACT648 

Absolute Maximum Ratings 
Supply voltage, VCC ............................................................................. ".' .... -0.5 V to 7.0 V 
DC input voltage, VI ................................... ;, .............................................. -0.5 V to VCC +0.5 V 
DC output voltage, Vo .......................................................... , .................. -0.5 V to VCC+0.5 V 
DC output source/sink current per output pin, 10 ................................................................. ±35 mA 
DC VCC or ground current, ICC or IGND ....... ~ ............................................................... ± 100 mA. 
Input diode current, 111:<: 

VI <0 ;' .. , .............................................................................................. -20 mA 
VI>VCC .. , .. ··· ... · ................................................. , .................................... +2bmA 

Output diode current, 10K: 
VO'<O ...................................................... , ............................................ -20 mA 
Vo >VtC:...· .......... ·· ........................................... , ..................................... +20mA 

Storage temperature ...................................................................................... -65 to +150"C 

O" ... tlng Conditions 

S'tMBOl PARAMETER MIN 
COMMERCIAL 

UNIT TYP MAX 

Vcc Supply voltage 4.5 5 5.5 V 

TA Operating free-:alr temperature -.40 85 ·C 
'. I High 20 
lw Width of clock 

I 
ns 

low 20 

tsu Set uptime 251 ns 

th Heldtime 01 ns 

tr Inputri.setime at VI = 4.5 V 0 500 ns 

tf Input falltlme at VI =. 4.5 V 0 500 ns 

10H High-level output current . -8 mA 

10l Low-level output current ; 12 mA 

1 The arrow indicates the Low-Io-High tr~nsition of the clock 'irlp,ut used as reference. 
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74ACT646 74ACT648 

Electrical Characteristics Over Operating Conditions 

SYMBOL PARAMETER TEST CONDITIONS 25°C COMMERCIAL UNIT MIN TYP MAX MIN TYP MAX 

VIL Low-level input voltage 0.8 0.8 V 

VIH High-level input voltage 2 2 V 

liN Input current VCC= MAX VI = VccorGND ±1.0 ±1:0 p.A 

VCC" MIN 
10L = 2Op.A 0.1 0.1 

VOL Low-level output voltage VIL = MAX 10 =SmA 0.32 0.37 V 
VIH = MIN 

10L = 12mA 0.4 0.4 
, 

VCC= MIN iOH= -20p.A 3.4 3.4 
VOH High-level outputvoHage VIL = MAX V 

VIH = MIN 10H = -SmA 2.4 2.4 

10Z Off-state output current VCC= MAX Vo = Vccor GND ±10 ±30 p.A 

ICC' Quiescent supply current VCC" MAX VI .7' Vccor GND 10 40 p.A 

• See ICC vs. Frequency chart. 

Switching Characteristics 
TEST CONDITIONS COMMERCIAL .', 

SYMBOL PARAMeTER (See Test TA = 25°C COMMERCIAL 
UNIT 

LosdIWaveform) MIN MAX MIN MAX 

tpLH , 38 45 
Data to output delay 

38 
ns 

tpHL .45 

tpLH 3:;1 38 
Clock to output delay ns 

tpHL CL =50 pF 
32 38 

tpLH SeleCt to output delay· 32 35 

(data input high) 
ns 

tpHL 32 '. 35 

tpLH Select to output delay· 32 35 

(data input low) 
ns 

tpHl 32 35 

tpZL 40' 45 
Oufputenable delay ./, ns 

tpZH 40 45 

tpLZ 35 .' 40 
Output disable delay, ns 

tpHZ '.'. RL = lKfl 35 40 

tpZL 
;" " CL= 50pF 40 

.: 
45 

Direction enable delay 
35 

ns 
tpZH 40 

tpLZ 
, '30 35 

Direction di~!lble del!iy ns· 
tpHZ " . 30 35 

. ' 
* See Figure 4. 



74ACT848 74ACT848 

Test Waveforms 

Setup Time/Hold Time Bus Data To Bus Output Delay 

,...------3v r-----'T-----3V 
CK aUSDATA j~VT 
~.."...---------.t_------ OV '-----OV 

DATA 

13-108 

aUSOUTPUT 
,...--~~~'------VOH 

VT = 1.3V 

Figure 1. 

CK To Bus Output Propagation Delay Time 

VT = 1.3V 

Figure 2. 

r--------,---------------3V 
DATA JVT ,\:VT 

OV 

CK 

,...--------~~~-----VOH 

DATA 
OF BUS 

DATA OF 
REGISTER 

SRA/SRB 

(NON'INVERTING 
DEVICES ONLY) 

VT = 1.3V 

Figure 3. 

Select To Output Delay 

INPUT DATA HIGH 
VT = 1.3V 

NOTES: 1. When SRA/SRB is low. the input data will transfer to output bus. 

2. When SRA/SRB is high. the data of registar wil! transfer to output bus. 

3V 

OV 

3V 

OV 

3V 

OV 

VOH 

VOL 

3. For the inverting devices, the timing is similar, but the output is opposite to that for the non~inverting devices. 

Figure 4~ 
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Enable/Disable/Direction-Change Delay 

Test Load 

E 

DIR 

WAVEFORM 1 
(SEE NOTE 3) 

WAVEFORM 2 
(SEE NOTE 3) 

VT 

VT 

__ tpZl_ 

l_tPZH 

4.5 V 

VT 

VT 

FigureS. 

F~~~E~~~T -t----oIW---

Cl 

(SEE NOTE 1) r 
Figure 6. 

NOTES 1. Cl includes probe and jig capacitance. 

Vcc 

(SEE NOTE 2) 

2. When measuring tplZ and tpZl. Sl is tied to VCC. When measuring tpHZ and tpZH. 
51 is tied to ground. 

When measuring propagation delay times of three--state outputs, 81 is open, j,e .• 
not connected to Vee or ground. 

3V 

OV 

3V 

OV 

1.5V 
0.5 V 
VOL 

VOH 
0.5 V 
1.5V 

3. Waveform 1 is for an output with internal conditions such that the output is Low except when 
disabled by the output control. 

Waveform 2 is for an output with internal conditions such that the output is High except when 
disabled by the output control. 

(SEE NOTE 2) 

4. In the examples above, the phase relationships between inputs and outputs have been chosen arbitrarily. 

5. All input pulses are supplied by generators having the following characteristics: PRR $1 MHz. tr S6 ns, 
tf $6 ns. Zout = 50 n. 
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74ACT646/648 
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10 20 

FREQUENCY-MHz 
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a-Bit Bus Front-Loading Latch 
Transceivers -
Advanced CMOS-TTL Compatible 
74ACT651 74ACT652 

Featuresl Benefits 
• Bidirectional bus transceiver and register 

• Independent registers for A and B buses 

• Real-lime data transfer or stored data transfer 

• Simultaneous outputs on both buses 

• 24-pin SKINNYDIP® saves space 

• Three-state outputs drive bus lines 

• Low quiescent supply current of <10 p.A (typical) 

• Active supply current at about 20% LS equivalent 

• Wide commercial operating supply and temperature 
ranges 4.5 V to 5.5 V; -40°C to +85°C 

Description 
This 8-bit bus transceiver with three-state outputs has sixteen 
Ootype flip-flops and multiplexers. The bus-oriented pinout of 
the part is shown in the Pin Configuralion. The internal gate
level hardware configurations for the 'ACT651/652 are given in 
the Logic Diagrams. The basic repeated element, consisting of an 
edge-triggered flip-flop paralleled with a bypassing path, or 
"feed-th rough", into a two-way multiplexer is sometimes called a 
"front-loading latch." 

A pair of multiplexers are used to distribute two bytes of data 
through the part. The data-routing combinations offered by the 
multiplexers provide flexibility in directing data to or from either 
bus, and/or either register. Data is loaded into registers A or B 

Pin Configurations 
'ACT651/652 

8-Bit Bus Front-Loading Latch Transceiver 

SKINNYOIP® is a registered trademark of Monolithic Memories. 

Ordering Information 

PART 
PKG ITEMP POLARITY OUTPUT TECH 

NUMBER 

74ACT651 NS,JS I Com Noninvert Three-

NS,JS I Com state 
CMOS 

74ACT652 Invert 

upon the rising edge of the appropriate clock signals. CKA 
clocks register A, which receives data from the B bus directly at 
its inputs. Similarly, CKB clocks register B, which has the A bus 
available directly at its inputs. Control of the multiplexers is 
provided by two select lines (one per register), SRA and SRB. 
Command of the outputs is performed by two enable lines, GAB 
and GBA. 

When GAB is low and GBA is high, data from the buses can be 
loaded into registers A and B. When GBA is low, the A bus is 
configured foroutpul. When GAB is high, the Bbus is configured 
for output. The A and B buses can be enabled 'at the same time, 
to operate as outputs simultaneously. 

SRA is used to select between register A and the B bus, and then 
to route the data to a controlled buffer connected to the A bus. 
Likewise, SRB selects between register B and the A bus, and 
then routes the data to the B bus through a controlled buffer. 

TWX:. 910,338-237& 
2175 Mission College Blvd. Santa Clara, CA 95054·1592 Tel: (408) 970-9700 TWX: 910·338-2374 

Monolithic f!1!n 
Memories InJn.U 
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Logic Diagrams 

13-112 

CKA 

GAB 

SRA 

SRB 

GeA 
CKB 

AO 

23 
CKA 

GAB 

SRA 

SRB 

GBA 

CKB 

3 ..... 

22 ..... 

2 

21 r> 
1 

!>o--
r 
I 
I 
I 
I 

.l 4 

I 
I 
I 
I 
I 
I 
I 
I 
L 

, 

23 

3 

22 

2 

21 -
1 
~ -

r r-
I 
I 
I 
I 

(4) I 
I 
I 
I 
I 
i 
I 
I 
I 
L 

74ACT651 .74ACT652 

'ACT651 (Inverting) 

-to. ,... 
0\> 

-------- ---t-t--- ------- 1 1 OF B CHANNELS 

[J I 
I 

~ 
I 

C1 I 
REGISTER A I 

I 
I 

1D I .20 

:J£ 
I 

~C1 I 
RI~Gis,iR B I 

I 
I 

BO 

-------- --- f-I--- -------- J 

TO 7 OTHER CHANNELS 

'ACT652 (Non-Inverting) 

.... 
~"" 

-1>-

-------- --- t--- ------- 1-1 1 OF B CHANNELS 
......-,0 I 

I 

~ 
I 

C1.jo- I 
REG'isTERA I 

.A I 
.... I 

1D I (20) 

I 
~C1 ?! R~ERB 

..... 

--------HJ .... 
-------- ---H---

BO 

TO 7 OTHER CHANNELS 
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IEEE Symbols 

'ACT651 'ACT652 

OBA 
21 21 
3 

EN1 [BA] GsA 
3 

EN1 [BA] 
OAB EN2[AB] GAB EN2[AB] 23 23 
CKA C4 CKA C4 

22 22 
SRA 05 SRA 06 

1 
CKB C6 CKB C6 
SRB 

2 
07 2 

07 SRB 
20 20 

4 1 ;"1<] 5 BO 4 BO 
AO '\7 5 AO 

60 7 

5 'i 19 5 19 
A1 B1 A1 B1 

6 18 6 18 
A2 B2 A2 B2 

7 17 17 
A3 B3 A3 B3 

16 16 
A4 B4 A4 B4 

9 15 9 15 
AS BS AS BS 

10 14 10 14 
A6 B6 AS B6 

11 13 11 13 
A7 B7 A7 B7 

Block Diagrams 

'ACT651 (Inverting) 'ACT652 (Non-inverting) 

A BUS ABUS 

SRA SRB SRA SRB 

V-_-<J-OAB V---<J-OAB 

BBUS BBUS 
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Function Table 
Nomenclature Description 

GAB: To enable A-to-B operation. 

GBA: To enable B-to-A operation. 

GAB GBA OPERATION DIRECTION 

L L B-to-A 

L H 
A and B buses both are inputs 

(Storage) 

H L A and B buses both are outputs 
(Transfer stored data to bus) 

H H A-to-B 

SRAlSRB: To select the output data coming from the AlB 
register if SRAlSRB is a High level; otherwise, 
directly from the input data bus. 

AO-A7: Eight inpuVoutput pins on the A side. 

BO-B7: Eight inpuVoutput pins on the 8 side. 

CKAICKB: Clock for register AlB. 

X: H or L state irrelevant ("Oon't Care" condition). 

f: Positive edge ofCK causes clocking, if clock enable 
is asserted. 

UC: H or L or I case (nonclocked operation). 

RGTR: Register. 



74ACT651 

Bus Operation for' ACT651 

CONTROL DATA 1/0 CLOCK 
OPERATION BLOCK DIAGRAM ENABLE 'ACT651 

GAB GBA SRA SRB AO-A7 BO-B7 CKA CKB 

lF~l 
UC uc No operation 

UC t Real time A bus data - RGTR B 
Storage L H X X Input Input t UC Real time B bus data - RGTR A r BUS 

Real time A bus data - RGTR B 
eKB CKA t t 

Real time B bus data RGTRA 

UC UC Real time B bus data - A bus 
A 

.~ 
Real time B bus data - A bus BUS UC t 

Real time Real time B bus data -RGTR.B 

B-to-A L L L X Output Input 

-~~ 
t UC Real time B bus data - A bus 

Operation 
B 

Real time B bus data - RGTR A 
BUS 

eKA 
Real time B bus data ~ A bus 

eKB t t Real time B bus data - RGTR A 
Real time B bus data RGTR B 

UC UC RGTR A data - A bus 
A 

"Om~l 
RGTR A data - A bus BUS UC t 

Stored data .A RGTRA data - RGTR B 

B~to-A L L H X Output Input '~r¥J Real time B bus data - RGJR A l B~S t UC RGTR A data - A bus 
Operation 

eKB CKA Real time B bus data - RGTR A 
t t RGTR A data - A bus 

RGTRA data - RGTR B 

UC UC Real time A bus data - B bus 

k~~~' 
uc t 

Real time A bus data - B bus 

Real time Real time A bus data - RGJR B 

A-to-B H H X L Input Output r UC Real time A bus data --, B bus 
BIi'" 

.1 1 Real time A bus data - RGTR A 
Operation BUS 

Real time A bus data - B bus eKB CKA 

1 t Real time A bus data - RGTR A 
Real time A bus data RGTR B 

UC UC RGTR B data '-- B bus 

A 

~I 
uc t 

Real time A bus data - RGTR B 

Stored data 
BUS RGTR B data - B bus 

A-to-B H H X H Input Output t['Om ! UC RGTR B data - B bus 

Operation 
r B ... J B 

RGTR B data - RGTR A 
BUS 

CKB CKA Real time A bus data - RGTR B 
1 t RGTR B data - B bus 

... RGTR B data - RGTR A 

UC UC RGTR AlB data - AlB bus 
A 

RGTR AlB data - AlB bus 
BUS -B:h uc 

~ffi 'om 
1 

Transfer RGTR A data - RGTR B 

Stored H L H H Output Output "';,TR "- t UC RGTR A/§ data -,A/B bus 
RGTR § data -RGTR A 

Data r B 
BUS RGTR AlB data- AlB bus 

CKB CKA 
t t RGTR A data- RGTR B 

RGTRB data '-- RGTR A 
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Bus Operation for' ACT652 

CONTROL DATA 1/0 
OPERATION I---'--r;=;-;--~-+---r---j 

GAB GBA SRA SRB AO-A7 BO-B7 

Storage 

Real time 

B-to-A, 

Operation 

Stored data 

B-to-A 

Operation 

Real time 

A-to~B 

Operation 

Stored data 

A-to-B 

Operation 

Transfer 

Stored 

,Data 

L 

L 

" . 

. 

L 

H 

.' 

H 

H 

H x x Input Input 

L L x Output Input 

L " H Output Input 

H x L Input Output 

H H Input Output 

L H H Output Output 

74ACT652 

BLOCK DIAGRAM 

s~ ~~TR IfJGTR 
S S 

sus 

CKS CKA 

A 

SU~S a-
~ .. Js 
C~ CKA

SUS 

A 
sus 

I,........, 

rP .CKB CKA 

s 
sus 

,CLOCK 
ENABLE 'ACT652 

CKA CKB 

UC UC No operation 

UC 1 Real time A bus data - ROTR B 

t UC Real time B bus data - RGTR A 

Real time A bus data - RGTR B 
Real time B bus data - RGTR A 

UC UC Real time B bus data - A bus 

UC 
Real time B bus data - A bus 
Real time B bus data - RGTR B 

Real time B bus data - A bus 
UC Real time B bus data - RGTR A 

Real time B bus data - A bus 
1 Real time B bus data - RGTR A 

Real time B bus data - RGTR B 

UC UC RGTR A data - A bus 

UC 
RGTR A data - A bus 
RGTR A data - RGTR B 

Real time B bus data - RGTR A 
UC RGTR A data - A bus . 

Real time B bus data - RGTR A 
1 RGTR A data - A bus 

RGTR A data - RGTR B 

UC UC Real time A bus data - B bus 

UC 
Real time A bus data - B bus 
Real time A bus data - RGTR B 

Real time A bus data - B bus 
UC Real time A bus data - RGTR A 

Real time A bus data - B bus 
1 Real time A bus data - RGTR A 

Real time A bus data - RGTR B 

UC UC RGTR B data B bus 

UC 
Real time A bus data - RGTR B 
RGTR B data - B qus B~S ~I 

t[6j ~i RGTR B data - B bus 
R~TR .1 1 UC RGTR B data - RGTR A 

s~s~--~--~---------------------I 
CKe CKA Real time A bus data - RGTR B 

.t.~ B:;. 
_,F BUS 
CKB eKA 

1 RGTR B data - B bus 
RGTR B data - RGTR A 

UC UC RGTR AlB data AlB bus 

UC 
RGTR AlB data - AlB bus 
RGTR A data - RGTR B 

uc RGTR AlB data c... AlB bus 
RGTR B data - RGTR A 

RGTR AlB data - AlB bus 
1 RGTR A data - RGTR B 

RGTR B data - RGTR A 
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74ACT651 74ACT652 

Absolute Maximum Ratings 
Supply volta!;le, vee ........ ' .................................................... : ....................... -0.5 V to 7.0 V 
DC input volta!;ls, V I ............................................................................... -0.5 V to Vee +0.5 v 
DC output voltage, Vo ............................................................................. -0.5 V to Vee+0.5 V 
DC output source/sink current per output pin, '0 ................................................................. ±35 mA 
DeVee or ground current, ICC or 'GND ....................................................................... ± 100 mA 
Input diode current, " K: 

V, <0 ................................................•................................................. -20mA 
V, >Vee ............................................................................................... +20 mA 

Output diode current, '0K: 
VO<O ................................................................................................. ~20mA 
Vo >Vee ............................................................................................... +20 mA 

I Storage temperature .................................................................................... -65 to +150·e 

Operating Conditions 

SYMBOL PARAMETER 
COMMERCIAL 

UNIT 
MIN TYP MAX 

Vee Supply voltage 4.5 5 5.5 V 

TA Operating free-air temperature -40 85 ·e 

I High 20 
tw Width of clock ns 

I Low 20 

tsu Set up time 251 ns 

th Hold time 01 ns 

tr Input rise time at V, = 4.5 V 0 500 ns 

tf Input fall time at V, = 4.5 V 0 500 ns 

10H High-level output current -6 mA 

10L Low-level output current 12 mA 

T The arrow indicates the Low-ta-High transition of the clock input' used as reference. 
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Electrical Characteristics Over Operating Conditions 

SYMBOL PARAMETER TEST CONDITIONS 25°C COMMERCIAL UNIT MIN TYP MAX MIN TYP MAX 

VIL Low-level input voltage 0.8 0.8 V 

VIH High-level input voltage 2 2 V 

liN Input current Vee = MAX VI = Vee or GND ±1.0 ±1.0 p.A 

Vee = MIN 
10L = 20 p.A 0.1 0.1 

VOL Low-level output voltage VIL = MAX 10 =6mA 0.32 0.37 V 
VIH = MIN 

10L = 12mA 0.4 0.4 

Vee = MIN 10H = -20 p.A 3.4 3.4 
VOH High-level output voltage VIL = MAX V 

VIH = MIN 10H = -6mA 2.4 2.4 

10Z Off-state output current Vee = MAX Vo = Vee orGND ±10 ±30 p.A 

ICC· Quiescent supply current Vee = MAX VI = Vee or GND 10 40 p.A 

* See ICC vs. Frequency chart. 

Switching Characteristics 
TEST CONDITIONS COMMERCIAL 

SYMBOL PARAMETER (See Test TA = 25°C COMMERCIAL UNIT 
LoadlWavefonn) MIN MAX MIN MAX 

tpLH 39 48 
Data to output delay ns 

tpHL 35 42 

tpLH 35 44 
Clock to output delay ns 

tpHL eL = 50 pF 
35 40 

tpLH Select to output delay* 32 40 

(data input high) ns 
tpHL 32 40 

tpLH Select to output delay* 35 44 

(data input low) ns 
tpHL 32 36 

tpZL GBA to A bus 28 32 
output enable delay ns 

tpZH 28 32 

tpLZ GBA to A bus 28 32 
output disable delay ns 

tpHZ RL = 1 Kfl 35 38 

tpZL GAB to B bus eL = 50 pF 30 33 
output enable delay ns 

tpZH 28 32 

tpLZ GAB to B bus 28 32 
output disabie deiay - ns 

~ 

30 I ,,8 I 
* See Figure 4. 
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Test Waveforms 

Setup Time/Hold Time Bus Data To Bus Output Delay 

,------- 3 V 3 V 

CK BUS DATA 

DATA 

------------------------,~--------------OV OV 

BUS OUTPUT 
r-------~~-~------VOH 

DATA 
OF BUS 

DATA OF 
REGISTER 

SRA/SRB 

Figure 1 Figure 2 

CK To Bus Output Propagation Delay Time 

r----------,----------------3V 
DATA -.r Vr -\ VT 

OV 

CK 

OV 

r-----------------~--,~-------VOH 

VT = 1.3 v 

Figure 3 

Select To Output Delay 

--~,-----------------------------3V 

~-----~---------OV 

r-r----~~~------- 3V 

-~------+-----~ --~,--_+-----------+-------------OV 

r----3V 

'-----.,.-t-'+--------- 0 V 

(NON-INVERTING __ 
DEVICES ONLY) IpLH tPLH 

INPUT DATA LOW INPUT DATA HIGH 

NOTES: 1. When SRAfSRB is low. the input data will transfer to ou1put bus. 

2. When SRA/SRB is high, the data of register will transfer to output bus. 

3. For the inverting devices, the timing is similar, but the output is opposite to that for the non-inverting devices. 

Figure.4 

Monolithio W MemorieS 13-119 



Typical ICC vs. Frequency 
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74ACT651/652 
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V 
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74ACT651 74ACT652 

Enalble/Disable/Direction-Change Dela, 

GAB 

WAVEFORM 1 
(SEE NOTE 3) 

WAVEFORM 2 
(SEE NOTE 3) 

r---~---':--':----~--3V 

~--------"+---------~---------OV 

r--~-----~~~-----------------3V 

~----------OV 

---':-~---,+~ 4.5 V 

--~---' 

FigureS. 

- ''1' 

Figure 6. 

NOTES· CLincludes probe and ji9 capacitance. 

2. When measuring tpLZandtpZb S1'is tied to Vee. When measuring tpHZ and ipZH• 
8, is tied to ground. . 

When measuring propagation delay times of thre..:.tate outpuis.·Sj. is open. i.e .• 
. not connected to Vee or ground. . 

'I. 3. Waveform' is fOr an output with internal conditions such that the output is Low except whon 
'qisabfed by the output controL""' • • • "" 

Waveform 2 is 'far'lin output With internal conditions solch that'the output is High excepi iNhen 
disabled by the OUlput control. 

4. In theexampfesabove. the phase relationships between iriputs and Qutputs have beenChose~·arbjlrarilY. 

5. All input pulses are supplied by generators having theioliciwing cllaracteristics: PRR $ t MH~ tri~ ns. 
tf $6 ns. Zout = 50 n. 

~ono/HhIcWAf8morlea 



a·Bit Latches/RegisterswithReadback· 
Advanced CMOS· TTL Compatible 
74ACT793 74ACT794 

Features/Benefits 
• 1/0 port configuration enables output data back onto 

input bus 

• Low quiescent supply current of < 10 /LA (typical) 

• Eighth bits matches byte boundaries 

• Ideal for microprocessor interface 

• Wide commercial operating supply and temperature ranges 
4.5 V to 5.5 V; -40°C fo + 85°C 

Description 
These 8-bit latcheslregisters are useful for 1/0 operations on a 
microprocessor bus. An image of the output data can be read 
back by the CPU. This operation is important in control algo
rithms which make decisions based on the previous status of 
output controls. Rather than storing a redundant copy of the 
output data in memory, simply reading the register as an i/O port 
allows the data to be retrieved from where it has been stored in 
an ACT793/4, for verification andlor updating. 

MICRQPROCESSOR DATA BUS 

The data is loaded in the registers on the low-to-high transition of 
the clock (CK), for the ACT794. The data is passed through the 
ACT793 when the gate, (G), is High, and it is "latched" when G 
changes to Low. The output enable, OE is used to enable data on 
D7-DO. When OE is low the output of the latches/registers is 
enabled on DO-07, enablingD as an outut bus so that the host 
can perform a read operation. When OE is High, D7-DO are 
inputs to the latches/registers configuring D as an input bus. 

The output drive of these commercial parts for any output pin is 
IOL = 12 mA. 

'ACT793 Function Table 

G OE Q 0 

L L Q~" u Output. Q 

L H Qo" Input 
Ht L D' Output, Q' 
H H D Input 

* In this case the output of the latch feeds the input, anq a "race" 
condition results. 

** 00 represents the previou~. "Iatche,d" state. 
t This transition is not a normal mode of operation and may produce hazan}s. 

Ordering Information 

PART PKG TEMP POLARITY NUMBER 

74ACT793 N,J Com Non-

74ACT794 N,J Com invert 

Logic Symbols 

'ACT793 

'ACT794 Function Table 

CK 

Lor H or j 
Lor H or j 

! 
! 

OE 

L 
H 
L 
H 

Q 

Qn QO 
QO 
o 

TYPE TECH 

Latch 
CMOS 

Register 

'ACT794 

* In -t,his case the Ol,ltput of the'register is clocked to the inputs and the overall 

o output is unchanged 'at 00 

TWX: 910-338-2376 
2175 Mission College Blvd. Santa Clara, CA 95054-1592 Tel: (408) 910'9700 TWX: 910-338-2374 

Monollthlo 1!T!.n 
Memories UUlW 
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74ACT793 74ACT794 

Absolute Maximum Ratings 
Supply voltage, Vcc .... ' .....• : .•............ ' ............• ' ......... " .................................... -0.5 V to 7.0 V 
DC .input voltage, VI ................................. .',. ," .................................... ; .... -:0.5 V to VCC +0:5, V 
DC output voltage, Vo ................................................... ",' ...... .' .................... -0.5 V to VCC +0.5 V 
DC output source/sink current per output pin, 10 ................................................................. ±35 rnA 
DC VCC or ground current, ICC or IGND ................................................... ; ... : . . .. .... .. . . ... ±100 rnA 
Input diode ,current, 11K 

VI<O ................................................................................................... -2OmA 
VI>VCC ; .....•......... , ....•.........•....•..•..........•.........•.............•...•..........•.... : .. +2OmA 

Output diode current, 10K: 
Vo <() ................................................................................................... -20 rnA 
Vo >VCC . . . . . . . . . . . . . . . . . . . . . . . . • . . • . . . . . • • . . .. . . . .. . . . .. . . . . . . . . . . . . . . . . . . . . . . . • . . . . . • . • . . . . . • . .. . . . .. +20 rnA 

Stqrage temperature .................. ,............................................................... -65°C to +150°C 

Operating Conditions 

SYMBOL PARAMETER COMMERCIAL UNIT 
MIN TYP MAX 

VCC Supply voltage 4,5 5 5.5 V 

TA Operatingfre&-air temperature, " , -,40 85 °c 

• High 15 ,", I 

tw, Width of ClocklGCl!e . '. ns 
Low 15 

'ACT793 81 ", . . 
,lsu Setup time 

'AQ-T794 251 
ns 

'ACT793 81 
th Hold time 

'ACT194 '. " 01 

tr Input rise time at'VI. = 4.5 V 0 500 ns' 
.' 

it· • Input fall time at VI'="4.5 V" .' 
.. " , .'"" 0 500 ns 

10K High-Iavel outpu(current ' -6 rnA 

10L Low-level output current 12 rnA 

01 1 The arrows indicales'lhe.lransilio~,of the clock/gale, inpul used ,lor reference. t for Ih"low-lo-high Iransilions. I for the, high-la-low transitions, 
:" ~. ",~, .. ~" :;" ",,: " ,; -, , . '. ..;;' , . ': " :, '. . .', " ' ID 

, . 
Electrical Characteristics Over Operating Conditions ,. 

PARAMEt~R TEST CONDITIONS 
, 

COMMERCI~L ' .. 
SYMBOL "MIN 'TYP MAX' UNIT 

~ .. , 

VIL Low-level itiPlifi/oltage " j. 
00' 

,'", 

0.8 V 

VIH High-level input voltage "":~.: 2 V 

liN, Input current' 
" 

Vec=MAX VI = Vec o~GNP ,.' " ±1.0 p.A 

10l =20p.A " 0.1 
VCC= MIN 

VOL Low-level o"!tput voltage, \I)L = MAX, tOl =S,mA ',. 0.37 V 
VIH=MIN 

10L = 12mA .' 0,4 

Vec=,MIN IOH=-20p.A 3.4 
VOH High-level output voltage VIL = MAX V 

VIH=MIN IOH=-6mA 2.4 

IOZ Off..state output current 
, 

Vce=MAX Vo = VCC or GND ±30 p.A 

ICC Quiescent supply current Vee = MAX VI';' Vee arGND , 80 p.A 
, , .'< 

.' 
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74ACT793 74ACT794 

Switching Characteristics for' ACT793 

,SYMBOL PARAMETER TEST CONDITIONS ' COMMERCIAL 
(See Test LoadIWaveform) MIN 

tpLH 
Data to output delay 

tpHL 
CL =50 pF 

tpLH 
Gate to output delay 

tpHL 

tpZL 
Output enable delayt 

tpZH RL = 1 KO 

,tpLZ CL = 50pF 
Output disable delayt 

tpHZ 

t For the ACT793. G should rema,n LOW dUring these tests, 
~, 

Switching Characteristics for 'ACT794 

SYMBOL PARAMETER TEST CONDITIONS COMMERCIAL 
(See Test LoadIWaveform) MIN 

tpLH 
Clock to output delay CL =50pF 

tpHL 

IpZL 
Output enable delay 

tpZH RL=l KO 

tpLZ CL =50pF 

tpHZ 
Output disable delay 

'ACT793 Timing Diagrams 'ACT794 Timing Diagrams 

OJ 
-..JI''-'--....,...J 

VT 

VT 

MAX UNIT 

,40 
ns 

",40 

40 
ns 

40 

30 
ns 

30, 

33 
ns 

33 

MAX UNIT 

40 
ns 

40 

30 
ns 

30 

30 
ns 

30 

OJ VT 

-----~-----4~-'I~~-------

G-Q D-Q Vy = 1.3V 

The case when gate ,is HIGH and data flows through the part is specified as Data to Qutput delay ir, the Switching Characteristics table, (V~ = ':3V), 
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74ACT793 74ACT794 

Enable/Disable Waveforms 

,-------------------3 V 
OUTPUT ENABLE VT 

~--------------JI-------------------OV 

WAVEFORM 1 
(SEE NOTE 3) 

____ 1.5 V 

\.~ __ --+ ___ -.::Jf==::===0.5 v 
VOL 

r;---~=E=:f+=VOH WAVEFORM 2 _ V. 0.5 V 

(SEE NOTE 3) ---------'---0 V -1.5 V 

Standard Test Load 
VCC 

TESHPOINT 

FROM OUTPUT RL Sl 
UNDER TEST (SEE NOTE 2) 

CL 1 
(SEE NOTE 1) r .". 

Notes 1. CL includes probbe and jig capacitance. 

Sl AND 
S2 CLOSED 

2. When measuring tpLZ and tpZL. 5, is tied to Vee· When measuring tpHZ and tpZH. 
81 is tied to ground. 

When measuring propagation delay times of three-state outputs, 51 is open, i.e., 
not connected to Vee or ground. 

3. Waveform 1 is for an output with internal conditions such that the output is Low except when 
disabled by the output control. 

Waveform 2 is for an output with internal conditions such that the output is High except when 
disabled by the output control. 

4. In the examples above, the phase relationships between inputs and outputs have been chosen arbitrarily. 

5. All input pulses are supplied by generators having the following characteristics: PRR::; 1 MHz, tr::; 5 ns, 
tf <; 6 ns. Zout = 50 I!. 

Typical ICC vs Frequency 

15 

'0 

o 
o 

'ACT793/794 

./ 
V 

/ 
V 

10 20 

FREQUENCY-MHz 

30 

/ 

40 
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EeL 1 OKH Selection Guide 
DEVICE FUNCTION PACKAGE '. PINS 

NOR Gate 

MC10Hl02 Quad 2-lnput 

MC10H211 Dual 3-lriput, 3-Output ' 

QRGate 
MC10Hl03 Quad 2-lnput 

MC1OH210 Dual 3-lnput, 3-0utput 

ANDGatea. 

McioHl04 Quad AND 

Complex Gates 

MC10Hl0l QuadORINOR 
L 

MC10Hl05 Triple 2-3-2 Input ORiNOR 

MC10Hl07 Triple Exciusive ORINOR 

MC10Hl09 Dual 4-S.lnput ORiNOR 

MC10Hl17 DUal 2-Wide OR-AND/OR-AND Invert 

MC10Hl18 Dual2-Wide 3-lnput ORlAND 

MC10H121 4-Wide OR-ANDIOR-AND Invert 

, :L'1;l8/18lators < .. : 
MC10H124 

, 
.' . Qu~d TIIJECL 

MC10H125. Quad ECL!TTL 

, Receivers 
MCWH11S: Quad Line Receiver 

MC10Hl16 Triple Line Receiver , '. 1 P 
Fflp..i=L.opLatcheS. J, N 16 

MC10Hl30 . ' Dual latch 
\ . . . 

MC10H131 Dual D Master Slave.FHp-FLop . ;",:' 
MC10H175 .' Quint Latch 

MC10H176 'Hex D-Flip-Flop > 
Pal1ty Checker . 

I' 
MC10Hl60 , 12~Bitl)arity (3en~iator-Checker .": ' :-:\" EpcoderslDecOdes " 

. MC10H161. '. Bina,ytol-8(Low) , ~ : 

MCioH162' Binary' to 1:.a (Highf 
{.,' 

Date Selector Multiplexer . . ' 

MC10H158 Quad 2-lnput Multiplexers (Non-inverting) 

MC10H159 Quad 2-lnput Multiplexers (Inverting) r .~. " 

MC10Hl64 8-Line Multiplexer ." 

MC10H173 Quad 2-lriput MultipleXer Latch :. 
MC10H174 Dual 4-1 multiplexer " 

.' 

Counters " .: ' 
MC10H016 Binary Counter 

"" MC10Hl36 Uni\i9rsal Hexadecimal c,.; 
ArIthmetic Functions :; 

MC10H179 Lookahead Carry Block 
., ,'. 

.. , s;M!c:IaI' Funcuona 
\ 

.; ::"., ·MC1QHlt11 ...... " "> . : ;., ' ,lJnj\l9I'$8I.$bjfU~egister:: .. \ .' .. :,~.:" .",' .;,' ·:.i';. '::;""';:", 
i";;·""'. . :.: MC'Ql:fl.>:::,; :''' .. .~,"::ft:;r 5-Bit Magnitude Comparatar 

,''I' 
" , ". ~~. \ ,'v:';;' ··.·'1'··' ..\ 

, 
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ECL 10KH High-Speed 
Emilter-CoupledLogic Fami~y 
MC10H016 
~-Bit Binary Counter 

Features/ Benefits 
" Counting frequency, 200 MHz min. 

• Power dissipation 570 mW typical 

• Noise margin 150 mV 

• Voltage compenset~ 

• Eel 10K-compatible 

Description 
The MC10H016 is a high-speed synchronous, presettabie,cas
cadable 4-bit Binary Counter. This device is a member of Mono
lithic Memories' new ECl 10KH family. It is useful for a large 
number of conversion, counting, and digital integration 
applications. 

Pin Configuration 

MC10H016 
4-blt Binary Counter 

MC10H016 

4-BIT 
BINARY 

COUNTER 

Ordering Information 

, PART NUMBER PACKAGE TEMPERATURE I 
MC10H016 J, N. NL Com 

Function Select Table 

CE PE MR CP 

L L L ? 
H L L Z 

L H L ,·Z 

H H L Z 

X X L ZZ 

X X H X 

Z = Clock Pulse (Low to High) 

ZZ = CIQck Pulse (High to Low). 

FUNCTION 

Load parallel (Pn to an) 

Load parallel (Pn to an) 

Count 

Hold 

Masters respond; 
slaVeS hold 

Reset (an; LOW, 
TC; HIGH) 

I 

Features include as~ertion inputs~nd outputs on each aftha four master/slave 
counting flip-flops. Termir'lal count is generated internally in a manner that 
allows sYXlchronous loadio"g at nearly the speed of the qasic counter: 

Portions of this QIIta sheet reproducl!d with the courtesy of Motorola Inc, 

TWX: 910-338-2376 
2:175 Mission College Blvd: Sanl!!,Clara, CA 95054-1592 'Tel: (408)970-9700 TWX: 9tO,338-2374 

MonolIthIc m' 
Memories 

14·4 



Logic Diagram 

CE-,------j 

MC10H016 

4-blt Binary Counter 
r-----------------------------------------~Qo 

-, 
I 
I 
I 
I' 
I 
I 
I 
I 

__ ..J 

r--------------+---------------+----------~Ql 

r-----------+-__ ~------~--------~~ 
--s.::AVe-- -, 

I 
I 
I 
I 
I. 
I. 
I 
I 

____ __...1 

MR-----~£>----------~-------~-~_+----~---~ 

Not" .Thisdiagram is provided for und~rstanding of logic operation only. Ii should not be used for evaluation of prcpagaliOn delays as many gate funelions are 
achieved Internallywilhout incurring a full gate delay. . 
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MC10H016 

Absolute Maximum Ratings 
Supply voltage VEE (VCC = 0) .......................................................................... -8.0 V to 0 Vdc 
Input voltage VI (VCC = 0) ....................................................................•........... 0 Vdc to VEE 
Output Current: 

Continuous .................................................................................................. 50 mA 
Surge .............•...........•...........................................................•............... 100 mA 

Operating Conditions 

SYMBOL PARAMETER 
COMMERCIAL 

MIN TYP MAX UNIT 

VEE Supply voltage -5.46 -5.2 -4.94 V 

TA Operating temperature range 0 75 °c 

I Plastic -55 150 
TSTG Storage Temperature Range 

I 
°c 

Ceramic -55 165 

Electrical Characteristics vEE = -5.2 V ±5% (See Note) 

0° 25° 75° 
SYMBOL PARAMETER UNIT 

MIN MAX MIN MAX MIN MAX 

IE Power supply current - 126 - 115 - 126 mA 

I All except MR - 450 - 265 - 265 
linH Input current HIGH I Pin 12 MR 

p.A 
- 1190 - 700 - 700 

linL Input current LOW 0.5 - 0.5 - 0.3 - p.A 

VOH HIGH output voltage -1.02 -0.84 -0.98 -0.81 -0.92 -0.735 Vdc 

VOL LOW output voltage -1.95 -1.63 -1.95 -1.63 -1.95 -1.60 Vdc 

VIH HIGH input voltage -1.17 -0.84 -1.13 -0.81 -1.07 -0.735 Vdc 

VIL Low input voltage -1.95 -1.48 -1.95 -1.48 -1.95 -1.45 Vdc 

Switching Characteristics VEE = 5.2 V, ±50f0 (See Note) 

0° 25° 75° 

SYMBOL PARAMETER UNIT 
MIN MAX MIN MAX MIN MAX 

Clock to Q 1.0 2.4 1.0 2.5 1.0 2.7 

tpd Propagation delay Clock toTC 0.7 2.4 0.7 2.5 0.7 2.6 ns 

MRteQ 0.7 2.4 0.7 2.5 0.7 2.6 

Pn to Clock 2.0 - 2.0 - 2.0 -
tset Setup time ns 

CE or PE to Clock 2.5 - 2.5 - 2.5 -
Clock to Pn 1.0 - 1.0 - 1.0 -

thold Hold time ns 
Clock to CE or PE 0.5 - 0.5 - 0.5 -

'count Counting frequency 200 - 200 - 200 - MHz 

tpt+ Rise time 0.5 2.0 0.5 2.1 0.5 2.2 ns 

t"t- Fall time 0.5 2.0 0.5 2.1 0.5 2.2 ns 

Note: Each Eel 10KH series circuit has been designed to meet the de specifications shown in the test table, after thermal equilibrium has been established. 
Thecircl.,lit is in a testsocketor mounted on a printed circuit board and transverse airflow greater than 500 linearfpm is maintained. Outputs are terminated 
through a 50 n resistor to ~2.0 V. 

14-6 MonollthlcW Memories 



ECL 10KH,High Speed .. , . 
EmiHer Coupled Logic Family 
MC10H100 
Quad'2-lnput NOR Gate with Strobe 

Features/Benefits Ordering Information 
• Propagation delay, 1 ns typical 

• 25 mW typlcaVgate (no load) 

• Noise margin 150 mV 

• .Voltage compenseted 

• . ECl 10K-cQmJlfflble 

Description 
The M10HrOO is iI member of Monolithic Memories' ECl 10KH 
family. This ECl device isa Quad2~lnput'NOR Gate with Strobe. 
This device is a functional/pinout duplication of the standard 
ECl 10K family part, with 100% improvement in propagation 
delay and no increase in power supply current 

Pin Configuration 

",MC10tt100, , 
·Quad '2.lnput NOR Gate with strobe 

PART NUMBER PACfKAGE' 

MC10H100 J,N,Nl 

LogicDiagra~ 

MC10H100 

2=4+5'+9 

VCCH PIN 1 
VCC2= PIN 16 

VEE = PINS 

MC10H100 

ECI,.10.KH 
QttAD' 

2·INPUi 

TEMPERATURE 

Com 

, , NOR PATE 
,(IN WlrHSTROBE DIN 15 

Portions of this data sheet reproduced with the courtesy of Motoroia Inc. ' 

TWX: 910-338-2376 .1IIIo000Iith, .• !clZT!n 
:t17S Mlssioii Coilege Blvd.Santa'Clara, CA9s0S4'.t59:2Te.f(408)9fO:9700 'T\YX!" 91 0'-338"2374 , 'fIIIJor .. _ uun.u 
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MC10H100 

Absolute Maximum Ratings 
Supply voltage VEE (VCC = 0) .........................••.............................•...•.............. -S.O V to 0 Vdc 
Inpul voltage VI (VCC=O) ...................... ; .....•.....•......••..................................... OVdctoVEE 
Output current: 

Continuous .......•......•..................•..................•.....•...•....•..............•.. , .. ,........ 50 rnA 
Surge .............. , .........................................................................•............ , 100 rnA 

Operating -Conditions , 

SYMBOL PARAMETER 
COMMERCIAL UNIT 

MIN TYP MAX 

VEE Supply voltage -5.46 -5.20 _ -4.94 V 

TA Operating temperature range 0 75 °c 

I Plastic -55 150 
TSTG Storage temperature range 

I 
°c 

Ceramic -55 165 

Electrical Characteristics VEE = -5.2 V ±5% (See Note) 

0° 25° 75° 
SYMBOL PARAMETER UNIT 

MIN MAX MIN MAX MIN MAX 

IE Power supply current - 29 - 26 - 29 rnA 

I Pin9 - 900 - 560 - 560 
linH Input current HIGH p.A I All other pins - 500 - 310 - 310 

linL Input current LOW 0.5 - 0.5 - 0.3 - p.A 

VOH HIGH output voltage -1.02 -0.S4 -0.98 -0.81 -0.92 -0.735 Vdc 

VOL LOW output voltage -1.95 -1.63 -1.95 -1.63 -1.95 -1.60 Vdc 

VIH HIGH input voltage -1.17 -0.84 -1.13 -0.S1 -1.07 -0.735 Vdc 

VIL LOW input voltage -1.95 -1.48 -1.95 -1.4S -1.95 -1.45 Vdc 

Switching Characteristics VEE = -5.2 V ±5% (See Note) 

0° 25° 75° 
SYMBOL PARAMETER UNIT 

MIN MAX MIN MAX MIN MAX 

Pin 9 0.65 1.6 0.7 1.7 0.7 1.S 
tpd Propagation delay ns 

All other pins 0.4 1.3 0.45 1.35 0.5 1.5 

tr Rise time (20%-SO%) 0.5 2.0 0.5 2.1 0.5 2.2 ns 

tf Fall time (80%-20%) 0.5 2.0 0.5 2.1 0.5 2.2 ns 

Note: Each Eel 10KH series circuit has been designed to meet the de specifications shown in the test table, after thermal equilibrium has been established. 
The circuit is in a test socket or mounted on a printed circuit board and transverse air flow greater than 500 linear fpm is maintained. Outputs are terminated 
through a soon resistor.to -2.0 V. 

14·8 Monolithic W l/IIemorles 



ECL 10KH High-Speed 
Emitter-Coupled Logic Family 
MC10H101 
Quad OR/NOR Gate 

Features/Benefits Ordering Information 
• Propagation delay, 1 ns typical PART NUMBER 
• Power dissipation 25 mW/gate 

MC10H101 
• Noise margin 150 mV 

• Voltage compensllted 

• ECl 10K-compatlble. 

Description 
The MC10H101 isa member of Monolithic Memories' ECl family. 
This ECl.10KH part is afunctional/pinout duplication of the 
standard ECl 10K family part, with 100% improvement in prop
agation delay, and no increase in power-supply current. 

Pin Configurations 

MC10H10.1 
QuadOR/NOR Gate 

MC10H101 
Quad ORINOR Gate 

Cln ..::'Q"--f-~_/I>--"'

D· .,;:;'3;-t-'-""r''J'''--';O
COM:~ -,,'2'---<1--80£._.0.--"-

PACKAGE TEMPERATURE 

J,N,Nl(20) Com 

MC10H101 

Portions of this Data Sheet reproduced with the courtesy of Motorola, Inc. 

TWX: '910-338"2376 , 
2175 MlsslonCoUege Blvd. Santa Clara, CA 95054-1592 Tel: (408) 970-9700 TWX: 910-338-2374 

IIIotJollthlQm1!n 
",.morl •• InJn.U 
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MC10H101 

Absolute Maximum Ratings 

Supply voltage VEE (VCC = 0) ..•....•..•.....•..........•..•.........................•.....•............... -8.0 to 0 Vdc 
Input voltage VI (VCC = 0) .....•.•........•....••........•••...•............•....... ;.~. , .•. ; ....•.....•.... 0Vdcti:> VEE 
Output Current: 

COntinuous •...................•.•.•••••..••..•...•...•....••.........••.•.......•..•....•••..•...........•.. SOmA 
Surge ....•...•.•.........••..••...••....•......................•..•.. ; ...................................... 100 mA 

Operating Conditions 

SYMBOL PARAMETER 
COMMERCIAL UNIT 

MIN TYP MAX 

VEE Supply voltage -5.46 -5.2 -4.94 V 

TA Operating temperature range 0 75 °c 

Plastic -55 150 
TSTG Storage temperature range °c 

Ceramic -55 165 

Electrical Characteristics VEE = -5.2 V ± 5% (See Note) 

0° 25° 75° 
SYMBOL PARAMETER UNIT 

MIN MAX MIN MAX' MIN MAX 

IE Power supply current .' - 29 - 26 - 29 mA 

.1 MC10H101 - 425 - , 
265 - 265 

linH Input current high . . IlA '1 MC10H101(Pin 120nly) - 850 - 535 - 535 

linL Input current LOW 
" 

0.5 - 0.5 - 0.3 - IlA 

VOH HIGH output voltage -1.02 -0.84 -0.98 -0.81 -0.92 -0.735 Vdc 

VOL LOW output voltage -1.95 -1.63 -1.95 -1.63 -1.95 -1.60 Vdc 

VIH HIGH input voltage -1.17 -0.84 -1.13 -0.81 -1.D7 . -0.735 Vdc 

VIL LOW input voltage -1.95 -1.48 -1.95 -1.48 -1.95 -1.45 Vdc 

Switching Characteristics VEE = -5.2 V, ±5% (See Note) 

0° 25° 75° 
SYMBOL PARAMETER UNIT 

MIN MAX MIN MAX MIN MAX 

tpd Propagation deiay 
All others 0.5 1.45 0.5 1.5 0.5 1.6 

ns 
12 Pin 0.5 1.6 0.5 1.6 0.5 1.7 

tr• t+ Rise time 0.5 2.1 0.5 2.2 0.5 2.3 ns 

tf. t- Fall time 0.5 2.1 0.5 2.2 0.5 2.3 ns 
.. ' 

Note: Each EeL 10KH series circuit has been designed to meet the de specifications shown in the test table, after thermal equilibrium has been established. 
The circuit is in a test socket or mounted on a printed circuit board and transverse air flow greater than 500 linear fpm is maintained. Outputs are terminated 
through a 50 n resistor to -2.0 V. 
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ECL10KH High-Speed 
Emitter-Coupled Logic Family 
MC10H103 
Quad 2.lnput OR Gate 

Features/Benefits 
• Propagation delay, 1.0 ns typical 

• Power dissipation 25 mW/gate 

• Noise margin 150 mV 

• Voltage compensated 

• ECl 10K compatible 

Description 
The MC10H103 is a member of Monolithic Memories' ECl 
family. This ECl 10KH part is a functional/pinout duplication of 
the standard ECl 10K family part with 100% improvement in 
propagation delay, and no increase in power-supply current. 

Pin Configurations 

MC10Hl03 
Quad 2-lnpul OR Gate 

Ordering Information 

PART NUMBER PACKAGE TEMPERATURE 

MC10H103 J,N,Nl(20) 

Logic Diagram 

MC10Hl03 
Quad 2-lnput OR Gate 

Aln1 ...:::!..----': .. C ....... ~ 
Ain2 --"--...... -10...0". 

Bln1~B 
Bln2~" - out 

CI 1 12 :C~ 15 c 
Ci~2 13 :=;: 9 ~ 
D~ in1~ ..•. DOUI 
Din2 

MC10Hl03 

ECl10KH 
QUAD 

2-INPUT 
OR GATE 

Com 
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MC10H103 

Absolute Maximum Ratings 
Supply voltage VEE (Vee = 0) .................................................................... ' •• ' .. ' ••• ~8.0 Vto 0 Vdc 

Input voltage VI (Vee = 0) •••.•.••.•.•••...•••..•..••...•.•.•••.••. , •.•.•••••.•••• :" .•••• "":~ ••••••• " .••..• 0Vclc to VEE " 
Output eurrent: ' 

Continuous •• ; ••••• ',-, •••••••••••• ' ................ , ... ' ......... ;'.0-........ ' •••••••• ' ........ ;. ;'" ••• ' ••••••• n ..... 50mA 
Surge ....................................................................................................... 100 rnA 

Operating Conditions 

SYMBOL PARAMETER COMMERCIAL UNIT MIN'tVP MAX 

VEE Supply voltage -5.46 -5.2 -4.94 V 

TA Operating temperature range 0 75 ·C 

Plastic -55 150 
TSTG Storage temperature range 

" 

·e 
Ceramic -55 165 

Electrical Characteristics vEE = -5.2 V ±SOfo (See Note) 

D· 2S· 7S· 
SYMBOL PARAMETER UNIT 

MIN MAX MIN MAX MIN MAX 

IE Power supply current - 29 - 26 - 29 rnA 

linH Input current HIGH - 425 - 265 - 265 p.A 

linL Input current LOW 0.5 - 0.5 - 0.3 - p.A 

VOH HIGH output voltage -1.02 -0.84 -0.98 -0.81 ':'0.92 -0.735 Vdc 

VOL LOW output voltage -1.95 -1.63 -1.95 -1.63 -1.95 -1.60 Vdc 

VIH HIGH input voltage -1.17 -0.84 -1.13 -0.81 -1.07 -0.735 Vdc 

VIL LOW input voltage -1.95 -1.48 -1.95 -lA8 -1.95, -1.45 Vdc 

Switching CharacteriStics VEE =-S.2 V, ±SOfo (See Note) 
,; 

D· 25· ,75~ , 
SYMBOL PARAMETER UNIT 

MIN MAX MIN< MAX MIN MAX 

tpd Propagation delay 0.4 1.3 0.4 1.3 0.4 \ ' 1.45 ns 

tp t+ Rise time (200/0-800/0) 0.5 1.7 0.5 1.8 0.5 1.9 ns 

It, t- Fall time (800/0-200/0) 0.5 1.7 0.5 ' 1.8 0.5 1.9 ns 

Note:' Each Eel 10KH series' ~Ircuil has been de~igne.:t 10 'n;met the de speclficalions shown in lhe lesl lable, after thermal equilibrium has been established. 
,The circuil is in a lesl socket or mounted on a prlnled clrcuil board and Iransverse air flow greater than 500 linear fplTtismainlalned. Oulputs are lerminale.:t 

'.itiiOugha50t{tiis,st'6rio-2:QV, " ,',' ,",," '", ',,' '" ,', ,"" .' ",',"" , :"": ,,'" ," " 



ECL 10KH High-$p"d 
Emitter-Coupled Logic Family 
MC10H102/Quad 2-lnput NOR Gate 
MC10H10S/Tripie 2-3-2 Input OR/NOR Gate 

Features/Benefits 
• Propagation delay, 1 ns typical 

• Power dissipation 25 mW/gate 

• Noise margin 150 mV 

• Voltage compensated 

• . ECl 10K compatible. 

Description 
The MC10H102 and MC10H105 are members of Monolithic 
Memories new ECLfamily.These ECl 10KH parts are functional! 
pinout duplications of the standard ECl 10K family parts. with 
100% improvement in propagation delay. and no increase .. in 
power-supply current. 

Ordering Information 

PARi NUMBER PACKAGE 

MC10H102 

MC10H105 
J.N.Nl(20) 

.. 
Logic Diagrams 

MC10H102 
4 

Aln1 ~. . ... 2 "out 
Ain2 
B·~.~·-
in1~Bout 

Bin2 10 
C'l~-In~Cout 
Cin2 12 15 _ 
Din1~Dout 
Din2~Dout 

TEMPERATURE 

Com 

MC10H105 

Pin Configurations 
Quad 2-lnput NOR Gate Triple 2-3-2 Input ORINOR Gate 

MC10H102 
Quad2-lnput NOR Gate 

MC10Hl05 
Triple 2-3-2 Input ORINOR Gate 

MC1OH102 

MC10H105 

Portions of this Data Sheet reproduced with the'courtesy of Motorola Inc~ 
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MC1 OH1 02/MC1 OH1 06 

Absolute Maximum Ratings 
Supply voltage VEE (VCC = 0) .............. , ... : •... ... . .. • .•. , ..•.. ; ........ , .. >., ........... ; : ...... -S.OV to OVdc 

Input voltage VI (VCC= 0). ' ......................................... : ......................................... OVQc to VEE 
Output Current: 

Continuous .......................... " ............... ; .. ; ..... ; ."; ........................... ; ................. 50 mA 

Surge ....................................................................................................... 100 mA 

Operating Conditions 

SYMBOL PARAMETER COMMERCIAL UNIT MIN TYP MAX 

VEE Supply voltage -5.46 -5.2 -4.94 V 

TA Operating temperature range • 0 75 °C 

Plastic -55 150 
TSTG Storage temperature range °C 

Ceramic -55 165 
'. 

Electrical Characteristics VEE = -5.2V ± 5'10 (See Note) 

0° 25° 75° 
SYMBOL PARAMETER UNIT . MIN MAX .MIN MAX MIN MAX 

I MC10H102 - 29 - 26 - 29 
IE Power supply current I MC10H105 

mA 
- 23 - 21 - 23 

linH Input current HIGH - 425 - 265 - 265 /LA 

linL Input current LOW 0.5 - 0.5 - 0.3 - /LA 

VOH HIGH output voltage -1.02 -0.84 -0.98· -0.81 -0.92 -0,735 Vdc 

VOL LOW output voltage -1,95 -1.63 -1,95 -1.63 -1,95 ~1.60 Vdc 

VIH HIGH input voltage -1,17 -0,84 -1.13 -0.81 -1,07 -0.735 Vdc 

VIL LOW input voltage -1,95 -1.48 -1.95 -1,48 -1,95 -1.45 Vdc 

Switching Characteristics VEE = -5.2 V, ±5'10 (See Note) 

0° 25° 75° 
SYMBOL PARAMETER UNIT 

MIN MAX MIN MAX MIN MAX 

MC10H102 0.4 1.25 0.4 1.25 0.4 1.4 
tpd Propagation delay ns 

MC10H105 0.4 1,2 0.4 ',2 0.4 1,3 

MC10H102 0.5 1.5 0.5 1.6 0.55 1,7 
Ir• t+ Rise time ns 

MC10H105 0.5 1.5 {l,5 1.6 0.5" 1.7 

MC10H102 0.5 1.5 0.5 1.6 0,55 1.7 
If. t- Fall time ns 

MC10H105 0.5 1.5 0,5 1,6 0,5 1,7 
. " ...... 

Note: Each ECL-10KH series circuit has been designed,to meet the de specifications shown in the test table, after thermal equil,ibrium has been established. 
The clreuit is in a: test socket or mounted on a printed circuit board and'tr'a'nBverse airflow greater than 500 linea(fpm is -msintained:'Outpu'ts are terminated 
thf(1ugh a 50 n reSistor 10-2.0 V. 
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ECL 10KH High Speed 
Emitter Coupled Logic Family 
MC10H106 
Triple 4·3·3 Input NOR Gate 

Featuresl Benefits Ordering Information 
• Propagation delay. 1 ns typical 

• 36 mW typicallgate (no load) 

• Noise margin 150 mV 

• Voltage compensated 

• ECl10K-compatible 

Description 
The Ml0Hl06 is a member of Monolithic Memories' ECl 10KH 
family. This ECl device is a Triple 4-3-3 Input NOR Gate. This 
device is a functional/pinout duplication of the standard ECl 
10K family part, with 100% improvement .in propagation delay 
and no increase in power supply current. 

Pin Configuration 

MC10Hl06 
Triple 4-3-3 Input NOR Gate 

PART NUMBER 

MC10Hl06 

Logic· Diagram 

PACKAGE 

J,N, Nl 

MC10Hl06 

Vce1 = PIN 1 
VCC2= PIN 16 

VEE = PIN 8 

MC10Hl06 

ECll0KH 
4-3-3 

INPUT 
NOR GATE 

I TEMPERATURE 

I Com 
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MC10H106 

Absolute Maximum Ratings 
Supply voltage VEE (VCC = 0) ........................................................................... -8.0 V to 0 Vdc 
Input voltage VI (VCC = 0) ......•.....................................••.•............... ;'................ OVdc to VEE 
Output current: 

Continuous ..........•......................•. ',' ............. , .................... , . . . . . . . . . . . .. .. . . . .. . . ... .50 mA 
Surge ...................................................................................................... 100 mA 

Operating Conditions 

SYMBOL PARAMETER COMMERCIAL UNIT MIN TYP MAX 

VEE Supply voltage -5.46 -5.20 -4.94 V 

TA Operating temperature range 0 75 °c 

I Plastic -55 150 
TSTG Storage temperature range 

I °c 
Ceramic -55 165 

Electrical Characteristics vEE = -5.2 V ±5% (See Note) 

0° 25° 75° 
SYMBOL PARAMETER UNIT 

MIN MAX MIN MAX MIN MAX 

IE Power supply current - 23 - 21 - 23 mA 

linH Input current HIGH - 500 - 310 - 310 p.A 

linL Input current LOW 0.5 - 0.5 - 0.3 - p.A 

VOH HIGH output voltage -1.02 -0.84 -0.98 -0.81 -0.92 -0.735 Vdc 

VOL LOW output voltage -1.95 -1.63 -1.95 -1.63 -1.95 -1.60 Vdc 

VIH HIGH input voltage -1.17 -0.84 -1.13 -0.81 -1.07 -0.735 Vdc 

VIL LOW input voltage -1.95 -1.48 ~1.95 -1.48 -1.95 -1.45 Vdc 

Switching Characteristics vEE = -5.2 V ±5% (See Note) 

0° ,25° 75° 
SYMBOL PARAMETER UNIT 

MIN MAX MIN MAX MIN MAX 

tpd Propagation delay 0.5 1.3 0.5 1.5 0.55 1.55 ns 

tr Rise time (20%-80%) 0,5 1.7 0.5 1.8 0.55 1.9 ns 

tf Fall, time(800/0-20%) 0.5 1.7 0.5 1.8 0.55 1.9 ns 

Note: Each Eel 10KH series circuiehas ;been"designed to meet the de specifications shown in the test table, after thermal equilibrium has been established. 
The circuit is in a test socket or rTlOunted on a printed circuit board and transverse air flow greater than 500 linear fpm is maintained. Outputs are terminated 
through a 50-0 resistor to -2.0 V. 
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ECL 10KH High-Speed 
EmiHer-Coupled Logic Family 
MC10H104/MC10H107 

.Quad 2-lnput AND Gate/Triple 2-lnput 
Exclusive OR/NOR Gate 

Features/ Benefits 
• Propagation delay, 1 ns typical 

• Power dissipation 35 mW/gate typical 

• Noise margin 150 mV 

• Voltage compensated 

• ECl 10K-compatible 

Description 
The MC10H104 and MC10H107 are members of Monolithic 
Memories' new ECl family. These ECl 10KH parts are func
tional/pinout duplications of the standard ECl 10K family parts 
with 100% improvement in propagation delay, and no increase in 
power-supply current. 

Pin Configurlltions 
MC10H104 

Quad 2-lnput AND Gate 

MC10H107 
Triple 2-lnput 

Exclusive OR/NOR Gate 

Ordering Information 

PART NUMBER 

MC10H104 
MC10H107 

Logic Diagrams 

MC10H104 
4 

PACKAGE 

J,N,Nl(20) 

Aln1~ 2 A 
Atn2~ oul 

Bln1~ 3 .. B 
BIn2~!>UI 
C ~"14 cin1~co';' 

In2 12 9 0-
Dln1~"~ out 
Dln2~DOUI 

VCC1 = PIN 1 
VCC2= PIN 16 

VEE = PIN 8 

MC10H10g 

MC10H107 

2 

TRIPLE 
2-INPUT 

EXCLUSIVE 
OR/NOR 

GATE 

TEMPERATURE 

Com 

MC10H107 

4 . 2 ~ 
Aln1~~ C)ut 
Aln2~~I\OUI 
Bln1 T"'~ :OUI 
Bin2....!...J.}~ oul 

Cln1 ~~e;;;;;.1 
Cin2~~COUI 

VCC1 = PIN 1 
VCC2 = PIN 16 

VEE = PIN 8 
PIN 6 = NC 

Portions of this Data Sheet reproduced'with the'courtesy of Motorola Inc. 
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MC1 OH1 04 MC1 OM1 07 

Absolute Maximum Ratings 
Power supply VEE (VCC = 0) ...................................•....................•.•.................. -8.0 V to 0 Vdc 
Input voltage VI (VCC = 0) ................•................... ; ............................... : ... ' ........... 0 Vdc to VEE 
Output Cl,J rrent: 

Continuous ............................................................... ; ................ ' .................. 50 mA 
Surge ...... ; ....•................•.......................................................................... 100 mA 

Operating Conditions 
.' COMMERCIAL 

SYMBOL PARAMETER MIN TYP MAX UNIT 

VEE Supply Voltage -5.46 -5.2 ,-4.94 V 

TA Operating temperature range 0 75 °c 

Storage temperature range I Plastic -55 150 
°c TSTG 

I Ceramic -55 165 

Electrical Characteristics VEE = -5.2 V ±. 5% (See Note) 

0° 25° 75° 
SYMBOL PARAMETER UNIT 

MIN MAX MIN MAX MIN MAX 

I 
MC10H104 - 39 - 35 - 39 

IE Power supply current 
MC10H107 - 31 - 28 - 31 mA 

linH Input current HIGH - 425 - 265 - 265 ",A 

linL Input current LOW 0.5 - 0.5 - 0.3 - ",A 

VOH HIGH output voltage -1.02 -0.84 -0.98 -0.81 -0.92 0.735 Vdc 

VOL LOW output voltage -1.95 -1.63 -1.95 -1.63 -1.95 -1.60 Vdc 

VIH HIGH input voltage -1.17 -0.84 -1.13 -0.81 -1.07 -0.735 Vdc 

VIL LOW input voltage -1.95 -1.48 -1.95 -1.48 -1.95 -1.45 Vdc 

Switching Characteristics VEE = -5.2 V. ±5% (See NOle) 

0° 25° 75° 
SYMBOL PARAMETER UNIT 

MIN MAX MIN MAX MIN MAX 

Propagation delay 
MC10H104 0.4 1.6 0.45 1.75 '0.45 1.9 

tpd ns 
MC10H107 0.4 1.5 0.4 1.6 0.4 1.7 

MC10H104 0.5 1.6 0.5 1.7 0.5 1.8 
tr• t+ Rise tirne ns 

MC10H107 0.5 1.5 0.5 1.6 0.5 1.7 

MC10H104 0.5 1.6 0.5 1.7 0.5 1.8 
tf. t- Faii time ns 

MC10H107 0.5 1.5 0;5 1.6 0.5 1.7 

Note: Each Eel 10KH series circuit has been designed to meet the de specifications shown in the test table, after thermal equilibrium has been established. 
The circuit ,is in a test socket. or mounted on a printed circuit board and transverse air flow grater than 500 linear fpm is maintsi'ned. 
Outputs are terminated through a 50 n resistor to -2.0 V. 
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ECL 10KH High-Speed" 
EmiHer-Coupled Logic Family 
MC10H109 
Dual 4·5 Input OR/NOR Gate 

Features/ Benefits Ordering Information 
• Propagation delay, 1 ns typical 

• Power dissipation 35 mW/~te typical 
PA~TNUMBER PACKAGE 

• NOise margli1150 mV MC10H109 J.N.Nl(20) 

• Voltage compensated 

• ECl10K-Compatible 

Descrl.,tlon Logic Diagram 
The MC1 OH109 is a member of Monolithic MemorIes' new'ECL 
family. These ECl 10KH parts arefunctionallpinout duplications 
ofthe standard ECl 10K family parts with 100% improvement in 
propagation delay. and no, increase in power-supply current. 

PlriConflgu"'tion 
~. " ,~ . " 

MC1OH109 
Dual 4-5 "lput ORINOR Gate 

MC10H109 

DUAL 
4-5 INPUt 
OR/NOR 

GATE 

MC10H109 

AIN14$' 

,
AIN2 5, " ,'3 AOU"T 
AIN3 6 ' 2 AoUT 
AIN47 , ' " 

BIN19~ BIN210 ' , 
BIN3 11 ' 14 BO, UT 
BIN4 12 ,15 BOUT 
,BIN513 '" ' 

TEMPERATURE 

Com 

VCC1 = PIN 1 , 
, , 

VeC2 = PIN 16 
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MC10H1Q9 

Absolute Maximum Ratings 
Power supply VEE (Vee = 0) ................... : ................................................... " .... -'8.0 V td'O Vdc 
Input voltage VI (Vee = 0) ............................... ',' , ... ,., ..........•........•...... , ...... ~ ... .' ... '.+9 Vdc toVEE 
Output current: . . 

Continuous.;.: ............. , .•.. ,. ".' ................. , ........ : ..... , ................. , .... , ........................ 50 rnA 
Surge ....•..........................................•............... , ............•.......................... 100 mA 

OperatirigCOnditions .' 

SYMBOL . PARAMETER 
.' COMMERCIAL 

UNIT MIN TYA MAX 

VEE Supply Voltage . -5.46 -5.2 '-4.94 V 

TA Operating temperature range 0 75 ·e 

I Plastic -55 150 
·e TSTG Storag,e temperature rang~ 

I Ceramic -55 165 

Electrical Characteristics VEE = -S.2 V ± 5% (See Note) 

D· 2S· 75· 
SYMBOL PARAMETER 

MAx 
UNIT 

MIN MAX MIN MAX MIN .. , 

IE Power supply current I MC10H109 - 15 - 14 - 15 mA 

linH Input current HIGH - 425 - 265 - 265 p.A 

linL Input current LOW 0.5 - 0.5 - 0.3 - p.A 

VOH HIGH output voltage -1.02 -0.84 -0.98 -0.81 -0.92 0.735 Vdc 

VOL LOW output voltage -1.95 -1.63 '-1.95 -1.63 -1.95 -1.60 Vdc 

VIH HIGH input voltage '. -1.17 -0.84 -1.13 -0.81 -1.07 -0.735 Vdc 

VIL LOW input voltage -1.95 -1.48 -1.95 -1.48 -1.95 -1.45 Vdc 

Switching Characteristics VEE = -5.2 V, ±S% (See Note). 

D· 25· 75· 
SYMBOL PARAMETER UNIT 

MIN MAX MIN MAX MIN MAX 

tpd Propagation delay 0.4 1.3 0.4 1.3 0.45 1.45 ns 

t,.. t+ Rise time ". 0.5 .... 2.0 0.5 2.1 0.5 2.2 ns 

It. t- Fall time 0.5 2.0 0.5 2.1 0.5 2.2 ns 

Note: Each ECL 10KH series circuit has'blllln designed to meEit tl)e dc specifications shown in Ihe test teble, after thermal equilibrium has been established. 
The circuit loin a teot socket or mounted on a printed circuit board and transverse air flow greater than 500 linear fpm io maintained. Outputs are terminated 
through a 50 0 resistor to -2.0 V. " • . 
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ECL 10KH High-Speed 
EmiHer-Coupled Logic Family 
MC10H115 
Quad Line Receiver 

Features/ Benefits 
• Propagation delay 1.0 ns typical 

• Power dissipation, 175 mW typical 

• Noise margln.150 mV 

• Voltagecompensated 

• ECL 10K-compatible 

Description 
The MC10Hl15 is a Quad Differential Amplifier designed for 
use in sensing double-ended signals over long lines. This 
ECl1 OKH part is a functional/pinout duplication of the standard 
ECl 10K family part, with 100"10 improvement in counting 
frequency and no increase in power-supply current. 

Pin Configuration 

MC10H.115 
Quad Line Receiver 

MC10H115 

2 

Q.UAD 
LINE 

RECEIVER 

COUT 

Ordering Information 

PART NUMBER I PACKAGE TEMPERATURE 

MC10H115 I J,N,NL(20) Com 

Application Information 
The base bias supply (Vaa) is made available at pin 9 to make 
the device useful as a Schmitt trigger, or in other applications 
where a stable reference voltage is necesary. Active current 
sources provide the MC10Hl15 with excellent common mode 
rejection. If any amplifier in a.package is not used, one input of 
that amplifier must be connected to Vas (pin 9)· to prevent 
upsetting the current source bias network. 

Logic Diagram 

MC10H115 

A'N 4 

""l>" A'N 5 AOUT 

B,N 7 

"'ol>" BOUT B,N 6 

C'N lQ 
~ .. 14 cOUT 

C'N 11 

D,N 13 
D,N 12 ::t> .. 15 DOUT 

I vBB 
VCC1 = PIN 1 

vCC2 = PIN 16 

VEe PINS 
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MC10H115 

Absolute Maximum Ratings 
Supply voltage VEE (Vee = 0) .......................................................................... -8.0 V to 0 Vdc 
Input voltage V, (Vec = 0) ...................................................... " •.....•.............. , .•. 0 Vdc to VEE 
Output Current: 

c(;mJinu04s .................................................... , ............................................ 50 mA, 
Surge ..................................................................................................... 100 mA 

Operating Conditions 

SYMBOL PARAMETER 
COMMERCIAL 

MIN TYP MAX UNIT 

VEE Supply voltage -5.46 -5.2 -4.94 V 

TA Operating temperature range 0 75 °c 

I Plastic -55 150 
TSTG Storage temperature range 

I 
°e 

Ceramic -55 165 

Electrical Characteristics VEE = -5.2 V ±S% (See Note) 

0° 25° 75° 
SYMBOL PARAMETER UNIT 

MIN MAX MIN MAX MIN MAX 

'E Power supply current - 29 - 26 - 29 mA 

'inH Input current HIGH - 150 - 95 - 95 p.A 

'eBO Input leakage current - 1.5 - 1.0 - 1.0 p.A 

VOH HIGH output voltage -1.02 -0.84 -0.98 -0.81 -0,92 -0,735 Vdc 

VOL LOW output voltage -1.95 -1.63 -1.95 -1.63 -1.95 -1.60 Vdc 

V,H HIGH input voltage -1.17 -0.84 -1.13 -0,81 -1,07 -0,735 Vdc 

V,L LOW input voltage -1.95 -1.48 -1,95 -1.48 -1.95 -1.45 Vdc 

VBB Reference voltage -1.42 -1.28 -1.35 -1,23 -1.295 ..,1,15 Vdc 

Switching Characteristics VEE = -5.2 V, ±5% (See Note) 

'" 

0° 250 75° 
SYMBOL PARAMETER UNIT 

MIN MAX MIN MAX MIN ,_MAX 

tpd Propagation deiay 0.4 1.3 0.4 1.3 0.45 ,1.45 ns 

tp t+ Rise time 0.5 1.4 0,5 1,5 0.5 1.6 ns 

tf. t- Fall time 0.5 1.4 0.5 1.5 0.5 1.6 ns 

Note: Each Eel 10KH series circuit has been designed to meet the de specifications shown in the test table, after thermal equilibrium has been established. 
The circuit is in a test socket or mounted on a printed circuit board and transverse airflow greater than 500'liriear fpm is maintsihed. 'Outputs are terminated 
through a son resistor to -2.0 V. • 
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ECL 10KH High-Speed 
Emitter-Coupled Logic Family 
MC10H116 

! Triple Line Receiver 

Features/ Benefits 
• Propagation delay 1 ns typical 

• Power dissipation, 85 mW typ/pkg 

• Noise margin 150 mV 

• Voltage compensated 

• ECL 10K"compatlble 

Description 
The MC10Hl16 is a Triple Line Receiver. This device is a 
member of Monolithic Memories' new ECl family. It isa.f\.lnctlo
nal/pino\.lt d\.lplication of the standard ECl 10K family part with 
100% improvement in propagation delay and no increase in 
power-s\.lpply c\.lrrent. 

Pin Configuration 

MC10H116 
Triple line Receiver 

MC10Hl16 

Ordering Information 

PART NUMBER PACK,AGE ...... TEMPERATURE 

MC10Hl16 J,N,Nl(20) Com 

Application InformatiOn 
The MC10Hl16 is designed to be \.lsed in sensing differential 
signals over long lines. The bias s\.lpply (VSS) is made available 
to make the device usef\.ll as a Schmitt trigger, or in other 
applications where a stable reference voltage is necessary. 

,'Active c\.lrrent sO\.lrces<proVide theSe receivers with excellent 
common-mode nOiserejection. If any amplifier ina package is 
not \.lsed, one inp\.lt of that amplifier m\.lst be connected to VSS 
to 'prevent unbalancing the c\.lrrent-source bias network. 

The MC10Hl16 does not have internal-inp\.lt pull-down resis"' 
tors. This provides high impedance to the amplifier inp\.lt and 
facilitates differential connections. 

Typical applications: 

• low level receiver 

• Schmitt trigger 

• Voltage level interface 

Logic Diagram 

MC10Hl16 

VCC1 = PIN 1 
VCC2 = PIN 16 
VEE = PIN 8 

Portions of this data sheet reproduced with the courtesy of Motorola Inc. 

TWX: 910-338-2376 
2175 Mission College Blvd. SanlaClara; CA 95054-fs9:2 Tel: (408j970,97Qlj' tw)(~'9fo-338:2374 
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MC10H116 

Absolute Maximum Ratings 
Supply voltage VEE (VCC = 0) ..........................................•............................... -8.0 V to 0 Vdc 
Input voltage VI (VCC = 0) .............................•.................................................. 0 Vdc to VEE 
Output Current: 

Continuous ........................................................................................••.•..... 50 mA 
Surge ...............................................•...........................•......................... 100 mA 

Operating Conditions 

SYMBOL PARAMETER 
COMMERCIAL 

UNIT MIN TYP MAX 

VEE Supply voltage -5.46 -5.2 -4.94 V 

TA Operating temperature range 0 75 ·C 

I Plastic -55 150 
TSTG Storage temperature range 

I 
·C 

Ceramic -55 165 

Electrical Characteristics VEE = -S.2 V ±S% (See Note) 

D· 2S· 7S· 
SYMBOL PARAMETER UNIT 

MIN MAX MIN MAX MIN MAX 

IE Power supply current - 23 - 21 - 23 mA 

linH Input current HIGH - 150 - 95 - 95 JlA 

ICBO Input leakage current - 1.5 - 1.0 - 1.0 JlA 

VBB Reference voltage -1.37 -1.25 -1.35 -1.23 -1.31 -1.19 Vdc 

VOH HIGH output voltage -1.02 -0.84 -0.98 -0.81 -0.92 -0.735 Vdc 

VOL LOW output voltage -1.95 -1.63 -1.95 -1.63 -1.95 -1.60 Vdc 

VIH HIGH input voltage (1) -1.17 -0.84 -1.13 -0.81 -1.07 -0.735 Vdc 

VIL LOW input voltage (1) -1.95 -1.48 -1.95 -1.48 -1.95 -1.45 Vdc 

VCMR Common mode range (3) - - -2.85 -0.8 - - Vdc 

Vpp Input sensitivity (4) - - 150 typ - - mVPP 

Switching Characteristics VEE = -S.2 V, ±S% (See Note) 

o· 2S· 7S· 
SYMBOL PARAMETER UNIT 

MIN MAX MIN MAX MIN MAX 

tpd Propagation delay 0.4 1.3 0.4 1.3 0.45 1.45 ns 

tro t+ Rise time 0.5 1.5 ., 0.5 1.6 0.5 ·.1.7 ns 

tf, t- Fall time 0.5 1.5 0.5 1.6 0.5 1.7 ns 

Notes: 1. When VSS is used as the reference voltage. 

2. Each Eel 10KH series circuit has been designed to meet the specifications shown in the test table, after thermal equilibrium has been established. 
The circuit is in a test socket or mounted on a printed circuit board and transverse air flow greater than 500 linesr fprn is maintained. 
Outputs are terminated through a 50-!} resistor to -2.0 V; 

3. Differential input not to exceed 1.0 Vdc, 

4,,- Differentiat j·nput required to,obtain full logic swing on-output~ 
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ECL 10KH High-Speed 
EmiHer-Coupled Logic· Family 
MC10H117 
Dual 2-Wide 2-3 Input 
OR-AND/OR-AND-INVERTGale 

Features/Benefits Ordering .Intormation 
• Propagation delay 1 n8 typical 

- Power dlsslpallon, 100 mW/gate tYPical 
.~oIae margin 150 mV 

- Voltage compenSated 
-ECl10K-compatibie 

Description 
The MC10H117 isa member of Monolithic Memori;';'ECl 10KH 
family.This ECl device is a Dual2wide 2-3 inp!.!t OR-AND/OR~ 
AND-INVEf'rr gate designed for use in data distribution and asa 
data controlier for digital multiplexers. 

This general purpose logic elemeQtis afunctional piriout.dupli
cation ofthe standard ECl 10K part, with 100% improvement in 
propagation delay, and no increase in power-supply current,. 

Pin. Contq,uratlons 

MC10H117 
Duel 2-WIde 2-3 Input 

OIl-AND/O.II~AND-Jnv,rt Gate 

PART NUMBER PACKAGE TEMPERATURE 

MC10H117 

, " ,;- " ' / ~ " 'c 

.; Port\O!tSot;ihi~ d~t8. shO!ei reprdd.Ji:8dwiiti th' coulte\;YQI MOtOrola Inc . 
. ' " ~ '. .:,:"it,'·:'~5;<j~,;;. t::.\~.'~;·:':' .,,' ,.', '. 



MC10H117 
i t 

Absolute Maximum Ratings 
. Supply voltage VEE (Vt;c = 0) ............................................................... , .......... ~;, -8;OVtoOVdc 1 

Inpul.voltage (Vce = 0) ............................... . "'.' .......... ~ '.' • . . , ................. '.~' ... ,;".0 Vdc to VEE 
, Output Current: . . .' '" 

Co!J~il:1uQu~: ','.'," :"':' ; ....• , ... , ..... ~, •. : ........ ::,.: •.... , ... : •... '.:: .~ .• " .......... .' •... '.\ '.' :., ................................ 5O.mA 
Surge ..................................................................................................... 100 mA 

Operating Conditio" . ,< .. -,r 

---." 
COMMERCIAL 

SYMBOL PARAMETER MIN TYP'MAX UNIT 

VEE Supply voltage -5.46 -5.2 -4.94 V 

TA Operating temperature range 0 75 ·C 

I Plastic -55 150 
TSTG Storage temperature rang~ 

I 
·C 

":r'-' Ceramic -55 165 

, 
'i' D· 25· 75· 

I 
SYMBOL PARAMETER UNIT 

MIN MAX MIN MAX MIN MAX 

IE Power supply current" . - 29 - 26 - 29 mA 

.', :;: .. ,/",,' . Piris 3,4,5,12,13,14 - 465 - 275 - 275 

IlnH Input current HIGH Pin 6,7,10,11 - 545 - 320 - 320 JjA 

.', Pin9 710 415 415 .\\ -'M - - -
" ~ IlnL Input current LOW 0.5 - 0.5 - 0.3 - JjA 
, 

VOH HIGH output voltage -1.02 -0.84 -0.98 -0.81 -0.92 -0.735 Vdc 
;. " 

VOL LOW output voltage ~1.95 -1.63 -1.95 ;-1.63 -1.95. -1.60 Vdc 

!~ . 
VIH HIGH input voltage -1.17 -0.84 -1.13 -1>.81 -1.07 -0.735 Vdc 

'i. j VIL LOW inputvoltaQe '" :. -1.95 -1.48 -1.95 -1.48 -1.95 '. -1.45 Vdc 
' .. .. . 

.~ '". 
"1 .~ \ 

Switching ~ha,"riSJ:icsVEE= -5.2 V, ±5% (See Note) 
' .. 

. , .. .. , .. , 

", .- D· ~. 75~ , .. 
SYMBOL . PARAMETER. UNIT 

, MIN MAX MIN MAX MIN MAX 

fpd Prop~~tiQn <felsf,: .. ' ;. .. 0.45 1.35 0.45 1.35 0.5 1.5 ns .... . "',,_,~ . .,...", ''''".-, 

~,t+ Rise time .0.5 1.50 0.5 1.6 0.5 '1.7 ns 

t" t- Fall time 0.5 1.50 0.5 1:6 0.5 1.7 ns 

.'~ Not~: Each Eel lOKH seri~ circuit has been d~igned to meet the dc specifications. shown in the test table, after thermal equilibrium has been established, 
Th •. circ~iUsi.nat!lSt.!"'ketormount!K!onal>rinted.circultboardandtransverseairflowgreaterthan500lineadpmlsmainlained.Outputsareterminated 
through a 50 11 resistor 10 -2.0 V. 



ECL 10KH High-Speed 
EmiHer Coupled Logic Family 
MC10H118 
Dual 2-Wide 3-lnput OR-AND Gate 

FeaturesJ' Benefits 
• Propagation delay 1 ns typical 

• Power dissipation, 100 mW/Gate typical 

• Noise ma"llin 150 mV 

• Voltage compensated 

• ECL 10K-compatible 

Deiscription 
The MC10H118 is a member of Monolithic Memories' ECL 10KH 
family. This ECL device is a Dual2-Wide 3-lnput OR-AND Gate. 
It is a functional pinout duplication of the standard ECL 10K part 
with 100% improvement in propagation delay and no increase in 
power supply current. 

Pin Configurations 

MC10H118 
buaI2-""lde 3-lnput OR-AND Gate 

Ordering Information 

PART NUMBER PACKAGE 

MC10H118 J,N,NL(20) 

Logic Diagram 

MC10H118 
Dual2-Wlde 

3-lnput O.R-AND Gate 

83--..;--_ 
84 
8 5-'::::"""--

TEMPERATURE 

Com 

POrjipns of this data.sheet ..e~roduced with ~~ oourtesyofMoioTola Inc . 

. TWX: 910-338-2376 
2175:MissionCoilege Blvd.SaAlaClara;CA95054>1·59.2. Tel:(408'·91~'91~.TWX: 910"338'-2374' 
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MC10H118 

Absolute Maximum Ratings 
Supply voltage VEE (VCC = 0) .........•..•....••........•.•.•..•..•..•..•....•..•.......••.......•.•.... -8.0 V to 0 Vdc' 
Input voltage VI (Vee = 0) ............................... ; .•.• ,'. •. : .... " ................................. 0 Vdc to VEE 
Output Current: . ',~, " , 

CO(1tinuou:l.o , ........ '0 •• ' ..................................... ~. , ........ , ....... < ............................... 50 rnA 
Surge •........•....•••.•.•.•...•...•..•••.•••..•••...•.•...••.•..•..••.•..••.••..••.•••.••.•.•...••....•.. 100 rnA 

Operating Conditions 
. ". 

SYMBOL PARAMETER 
COMMERCIAL 

UNIT MIN TYP MAX 

VEE Supply voltage -5.46 -5.2 -4.94 V 

TA Operating temperature range 0 75 ·C 

I Plastic -55 150 
TSTG Storage temperature fa~gl1., .. 

I Ceramic 165 
~C 

-55 

Electrical CharacteristiC. VEE = -5.2 V ±5"1o (See Note) 

o· 25· 75· 
SYMBOL PARAMETER UNIT 

MIN MAX MIN MAX MIN MAX 

IE Power supply current - 29 - 26 - 29 mA 

: Pins 3,4;5,12,13,14 - 465 - 275 - 275 

linH Input current HI~H Pins 6,7;10,11 - 545 - 320 - 320 p.A 

Pin 9 - 710 - 415 - 415 
" 

linL Inputcunent LOW 0.5 - 0.5 - 0.3 - p.A 

VOH HI,GH'()utput voltage -1.02 -0.84 -0.98 -0.81 -0.92 -0.735 Vdc 

VOL LOW output voltage -1.95 -1.63 -1.95 -1.63 -1.95 -1.60 Vdc 

VIH HIGH input voltage -1.17 -0.84 : .,.1.13 -0.81 -1.07 -0.735 Vdc 

VIL LOW input voltage -:1.95. -1.48 -1.95 -1.48 -1.95 -1.45 Vdc 

Switching Characteristics vEE = -5.2 V, ±5% (~:Note) 

o· 25" 75· , 

SYMBOL PARAMETER , 
MIN 

UNIT 
MIN MAX MAX MIN MAX 

tpd Propagation delay 0.5 1.6 0.5 1.7 0.55 1.85 ns 

tr, t+ Rise time 0.5 1.5 0.5 1.6 0.5 1.7 ns 

tt, t- Fall time 0.5 1.5 0.5 1.6 0.5 1.7 ns 

Note: Each EeL 10KH series Circuit has been designed to meet the dc specifications shown in the test table, after thermal equilibrium has been established. 
The dlrcuit is in a test Socket or mounted on a printed circuit board and transverse air flow greater than 500 linearfpm is maintained. Outputs are terminated 
through a 50-n resistor to -2.0 V. 

>,>~;. "f,~fo# ' 

:,.~ ~~~ ~·t" 
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ECL 10KH High-Speed 
EmiHer Coupled Logic Family 
MC10H119 
4-Wide 4-3-3-3 Input OR-AND Gate 

Features/Benefits Ordering Information 
• Propagation delay 1 ns typical 

PART NUMBER I 

:.; , .:." 

• Power dissipation, 100 mW/Gate typical 

• Noise margin 150 mV 

"I • Voltage compenseted 

• ECl10K-compatible 

MC10H119 I J,N,Nl(20) I Com 

Description 
The MC10H119 is a member of Monolithic Memories' ECl 10KH 
family. This ECl device is a 4-Wide 4-3-3-3 Input OR-AND Gate. 
It is a functional pinout duplication ofthestandard ECl 10K part 
with 100% improvement in propagation delay and no increase in 
power supply current. 

Pin Configurations 

MC10H119 
4-Wide 4-3-3-3 

Input ~R-AND Gate 

4-WIDE 
,OR-ANDI 
OR-AND 
INVERT 

Logic Diagram 

MC10H119 
4-Wlde4-3-3-3 

Input OR-AND Gat~ 

VCC1 = PIN 1 

VCC2,=PIN 16 

VEE = PINS 

·'.l, 
Portions of this data sheet reproduced withlhe courteSy of Motorola Inc. 

TWX: 910-338-2376 IWonollthlc mmn 
2175 Miss'~n 00llegeSlvd: Santa Clara, CA 95054-1592. Tet (408) 970-9700 '.TWX: 910-338-2374. ,·Memorles·. InJn.U 
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MC10H119 

Absolute Maximum Ratings 
Supply voltage VEE (VCC = 0) ........................................................................... -8.'0 VtoO Vdc 
Input voltage VI (VCC = 0) .................................... , .. . ............................... ; .. ; .. Q Vdc to VEE 
Output Current: ' 

Continuous ............................... '," ............................... , ............................... ,50 mA 
Surge ..................................................................................................... 100mA 

Operating Conditions 

SYMBOL PARAMETER 
COMMERCIAL 

MIN TYP MAX UNIT 

VEE Supply voltage -5.46 -5.2,,-4,94 V 

TA Operating temperature range 0 75 ·C 

I Plastic -55 150 
TSTG Storage temperature range ·C 

I Ceramic -55 165 

Electrical CharacWrlstics VEE = -S.2 V ±5% (See Note) 

o· 2S· 7S· 
SYMBOL PARAMETER UNIT 

MIN MAX MIN MAX MIN MAX 

IE Power supply current - 29 - 26 - 29 mA 

Pins 3,4,5,6,7,9,11, 
- 500 - 295 '- 295 

linH Input current HIGH 12,13,14,15 p.A 

Pin 10 - 610 - 360 - 360 

linL Input current LOW 0,5 - 0.5 - 0.3 - p.A 

VOH HIGH outputvoltage -1.02 -0.84 -0.98 -0.81 .,.0.92 -0.735 Vdc 

VOL LOW outP\lt voltage -1.95 -1.63 -1.95 -1.63 -1.95 -1.60 Vdc 

VIH HIGH input voltage -1.17 -0.84 -1.13 -0.81 -1.07 -0.735 , Vdc 

VIL LOW input voltage -1.95 -1.4.8 -1.95 -1.48 -1.95 -1.45 Vdc 

Switching Ch1Iracteristlcs VEE = -S.2 V, ±S% (See Note) 

PARAMETER 
o· 25· 7S· 

SYMBOL I',UNIT MIN MAX MIN MAX ,MIN MAX 

Alloth4:lrs 0.7' 2.0 0.75 2.0 ' 0.8 2.15 
tpd Propagation deiay 

Pin 10 0.75 ,~;2" .0.75 2.25 :0.8 
ns 

2.35 

tr, t+ Risetimj! 0.7 2.4 0.7 2.3 0.7 2.4 ns 

It, t- Fall time .0.7 2.4 0.7 2.3 0.7 2.4 ns 

Note: Each EeL 10KH series circuit has been designed to meet the de speciilcatlons shown In the test table, after thermal eqUilibrium has been established, 
Th~ ~ircuit Is in a,test,socketor mounted on aprinted circuit board and transverse airflow greater than 500 linearfpm is maintained. Outputs are terminated 
through ~ 50 n resi~tor to -2.0 y, 

IIIIonoIHhio W Memories 



ECL 10KH H,gh~~peed . 
EmiHer-Coupled Logic Family 
MC10H121 
4-Wide OR-AND/OR-AND-INVERT Gate 

Featu .... /Benefits 
• Prop8gatlon delay 1 lIS typical 

• Power (lISSlpation. 145 mW iyplCJI 

•. Noise margin 1SO mV 

• VoHage ~mp8nsated 
• Eel,; 111K-compatlble 

Description 
The MC10H121 is a 4-Wide OR"ANO/OR-AND-INVERT Gate. 
This device isa member of Mon61ithic Memories' new ECL 
family. This ECL 10KH part is a functional/pinout duplication of 
the. standard ECL 10K family part with 100% improvement in 
propagation delay, and no increase in power-supply current. 

Pin' Co-:-f,guration' 

. MC10H121 
4-Wlde 'OR-AND/OR-AND"INVERTGate 

,MC10H121 

Ordering Information 

I PART NUMBER 

1 MC10H121 

.. Logic Diagram 

D1-..:;-~r 

D2 ----"'-...... 

D3--"-~ 

D4 "'--=--A# 
DS --"-"""'i 

'7 ----':..:...,..~ 
D8-=-~ 
Dg-~~ 

D10-=-..... 
D11..:.·,....::~"\ 

""J, NiNL' 

MC10H121 

Com 

'. < " ',' • .,.' ":, • 

Portions of this data s.heet reprOdUCtid· ... ith i~.e ~otirtl;sy 'of MbtorOla Inc.' 



MC10H121 

AbaoluteMaximum Ratings 
Supply voltage VEE (Vee = 0) ••.••••••••••••••••••••••••.••.••.•.•••••.•••••••••••••.•••••••.••.•.•.••• ;~8.0 V to 0 Vdc' 
Input voltagEiVI(Vee = 0) ......... ,'" .... :., ' i .J, ." ; .. , .... :' '," ..... ,. 'i' ....... , .. ";" .;t .... , .. ,0 Vdq tOYEE, 
Output CUrrent: 
·.,,RoD,tiI'1HIl\,l§,.,;.;.rv":~'" •.•. ; ..... ,. ", ......................... , •••....•. , .•• , ..•..••. : ... ~ .....• , ...•....... , ..........• ',"." ,,50 rnA 

Surge ••.•....•...........•.•.•.•••..•..••..•..••..•..•.•....•••.••.•••••..•••.•...•••..••.••.••••••.•••.... '100 rnA 

Ope.ntlng 'Conditions 
... 

" 

SYMBOL PARAMETER 
COMMERCIAL 

UNIT MIN TYPMAX 

VEE SupPly voltage -5.46 -5,2 -4.9~ V 

TA Operating temperature range 0 75 °e 

I Plastic -55 +150 
TSTG Storage temperature range ·C 

I Ceramic -55 '+1.65 

EleCtrical Characteristics vEE = -5.2 V ±5% (See Note) 

SYMBOL 
0° 25° 7So 

PARAMETER UNIT 
MIN MAX MIN MAX MIN MAX 

IE Power suPPly currerit - 29 - 26 - 29 rnA 

Pins 4 - 7. 9.11 -15 - 500 - 295 - 295 
linH Input currerit HIGH p.A 

Pi,,10 - 610 - 360 - ., 360 

linL Input current LOyv 0.5 - 0:5 - 0.3 - p.A 

VOH HIGH output volti!ge -1.02 -0.84 -0.98 -0.81 -0.92 -0.735 Vdc 

VOL LOW output voltage " -1.95 -1.63 -1.95', -1.63 -1.95 -1.60 Vdc 

VIH ,'j.!IGH inp9!:vc$lfage -1.17 -0.84 -1.13 -0.81 -1.07 -0.735 Vdc 

VIL LOW input voltage, ., -1.95 -1.48 -1.95' -1.48 -1,95 -1.45 Vdc 
,. 

Switching CharacteristiC. VEE = -S.2 Vi ±S%(See Note) 

0° :ali0 7SO 
SYMBOL PARAMETER 

,MIN lin,. UNIT 
MIN MAX .MAX MAX 

All others 0.55 1.95 0:6 2.0 0:7 ;, 2.40 
tpd Propagation delay 

9:.45 '2.2 
ns 

Pin 10 0.45 1.8 1.8 0.55 

tro t+ Rise time 0.5 /,0:5 
' . ;. 1.9 1.7 1.8 0.5 ns 

tt. t- Fall time 0.5 1.7 b.5 1.8 0.5 ':. 1.9 ns 

Note: ·Each EeL .10KH aeries circuit has been designed to meet the dc specifications shown in thelestctabte,.after,)he,rn;>al ~quilibrium has been established, 
Thecircult is in a test socket orll)ounted on aprinted circuit board and transverse air flow greaterthanljOO lioearfpm~lI)ainlained, Outputs areterm;Aated 
Ibt;?"gh a!!Q n (es\~lo"IO'7?';OV",."i'· . 
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ECL 10KH High-Speed 
EmiHer-Coupled Logic Family 

I MC10H124 
I Quad TTL-to-ECL Translator 

Features/Benefits 
• Propagation delay 1.5 ns typical 

• Power dissipation 520 mW typical 

• Noise margin 150 mV 

• Voltage compensated 

• ECl 10K-compatible 

Description 
The MC10H124 is a Quad TTl-IO-ECl translator. This device is 
a member of Monolithic Memories' new ECl family. This quad 
translator is used for interfacing data and control signals 
between a saturated logic section and the ECl seCtion of digilal 
systems. The .10KH part is a functional/pinout duplication olthe 
standard ECl .. 10K fam ily part, with 100"10 improvementin prop
agation delay, and no increase in power-supply current. 

, Pin Configuration 
MC10H124 

Quad TTl-lo-ECl Translator 

COMMO~' 
STROBE 

MC10H124 

GND 

Ordering Information 

PART NUMBER PACKAGE TEMPERATURE 

MC10H124 J, N, Nl Com 

Application Information 
The MC10H124 has TTL-compatible inputs and ECl comple
mentary open-emitter outputs that allow use as an. inverting/ 
non-inverting translator or as a differential line driver. When the 
common strobe input is at the low logic level, it forces all true 
outputs to an ECl low logic state arid all inverting outputs to an 
ECl high logic state. 

An advantage of this device is that TTL-level information can be 
transmitted differentially, via balanced twisted-pair lines, to ECl 
eqUipment, where the signal can be received by the MC10H1l5 
or MC10H116 differential line receivers. The power supply 
requirements are ground, +5.0 volts, and -5.2 volts. 

Logic Diagram 

MC10H124 

AIN 5 4 AOVT 6 2 COMMON AoUT 
STROBE 

BIN 7 
BOUT 
BOUT 

CIN 10 12 
COUT 15 
COUT 

D,N 11 13 
DOUT 14 
DOUT 

GND = PIN 16 
Vcc = PIN 9 
VEE = PIN 8 

Portions of -.this 'data sheet reproduced with th~ court'esy of Motorola Inc. 

TWX: 910·3.38-2376 
2175 Mission College Blvd. Santa Clara, CA 95054'1592 Tel: (408) 970-9100' TWX: 910-33$-2374 
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MC10H124 

Absolute Maximum Ratings 
Supply voltage VEE (VCC = 5.0 V) ....................................................•....••.... ': .; . •. .• -8.0 V to 0 vac 
Supply voltage, VCC (VEE = -5.2 V) .............................. • ......•.•..•.• "" ........... ,. • ... 0 to +7.0 Vdc 
Input Voltage, VI (VCC= 5.0 V) ............................... \.' ......... : ..... / .. : ...• ; ............. OVdctoVCC 
Output Current: . 
. " 'Coriiinuous ........... : •...•. :: ... :': ..... : .... : ......... : ................................... : ................ 50 mA 

Surge .................. ,' ................. ,., ..•• " ............................................ ;., .......... ,. 1,00 mA 

Operating Conclitions .. 

SYMBOL . PARAMETER 
COMMERCIAL 

UNIT MIN TYP MAX 

VEE Supply voltage -5.46 -5.2 -.(94 V 

TA Operating temperature.range. 0 75 °c 

Siorage temperature range I Plastic -55 +150 
TSTG .' j' 'Ceramic 

PC 
-55 +165 

Electrical Characteristics VEE = -5.2 V ±5% VCC = 5.0 V ±5% (See Note) 
., 

15ci 0° ; 25° 
SYMBOl:. PARAMEiER UNIT 

.. .. ", MIN MAX MIN MAX MIN MAX 

IE Negative power supply drain current - 72 - 66 - 72 mA 

ICCH - 16 - 16 - ,18 mAo 

ICCl 
Positive power supply drain current' 

- 25 - 25 - 25 mA 

Input current HIGH Pin 6 .' - 200 - 200 - 200 
IIH (VI = 2.4 V) Pins 5,7,10,11 

jJ.A 
- 50 - 50 - 50 

Input current LOW Pin 6 - -12.8 - -12.8 - .-12.8 
III (VI = 0.4 V) 

mA 
Pins 5, 7,10,11 - -3.2 - -3.2 - -3.2 

Il I:nput breakdown current (Vin =; 5.5 V) - 1.0 -, 1.0 ~ 1.0 mA 

VIC 
Input clamp voltage (-10 mA, pins 5,7,10,11) 

,: (-20 mA,pin 6) 
- -1.5 - -1.5 - -1.5 Vdc 

VOH HIGH output voltage -1.02 -0.84 -0.98 -0.81 -0.92 -0.735 Vdc 

VOL lOW output voltage -1.95 -1.63 -1.'95 -1.63 -1:95 -1.60 Vdc 

VIH HIGH input v9ltag~ 
" 

2.0 - 2.0 - 2.0 - Vdc 

Vil LOW input volt~ge,. - 0.8 - . :0.'&,. - 0:8 Vdc 

.' .' 

Switching Characteristics VEE = -52 V +5% (See Note) ,- ..•. 
0° .. ; . '25° 75°, 

SYMBOL PARAMETER UNIT 
MIN MAX MIN MAX MIN MAX 

tpd Propagation delay 0.55 2.25 ~Q.55 2.4 0.85 2.95 ns 

If't+ Rise lime 0.5 1.5 0.5 1.6 0.5 1.70 ns 

It, t- Fall time 0;5 1.5 0.5 , , 1·6. 
" 

Q.5 1.70 ns . ~~ 

Note: Each ECL 10KH series circuit has ,been designed to meet the de specifications shown in the test table. aliBi I~erma\ equilibrIum has been established. 
Thecircuit is in a test socket or mounted on a printed circuit board and transverse airflow greater than 500 lirieart'pm is'rriainl:'ained. Outputs are terminated 
through a 50 n resistor to -2.0 V... . .. ., 

\!. iCqi -.:Cu;~I!~tdr~n·fr~mv9~;,,,jVer Sup;,I/~ith·~ilin;.;i~~t L.~gi~H';GHI~~~1 
, C" ICC~ - Cur~t.~·,ii\nllom·~~j!~r supplywi~h all \n,putsal\ogic LOW level. 

. " 'J" to, , .. 
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ECL 10KH High-Speed 
EmiHer-Coupled Logic Family 
MC10H125 

PRELIMINARY 
INFORMATION 
This ~ocu.ment contains spe

cifications' and fnformation 

which are sUbiect to change. Quad ECL-to-TTL Translator 

Features/Benefits 
• propagation delay, 2.5 ns typical 

• Power DI8I!Ipation 520 mW typical 

• Noise margin 150 mV 

• Voltage compensated 

• ECL 10K-compatlble 

Description 
TheMC10H125 is'a member of Monolithic Memories' ECLfam
ily. The MC10H125 is a quad translator fOfinterfaeing dala'and 
control signals between the ECl section and TTL compatible 
section of digital systems. The 10KH part is a functional/ pinout 
duplication of the standard ECl 10K family part, with 100% 
improvement in propagation delay, and no increase in power
supply current. 

Pin Configuration 

MC10Hl25 . 
Quad ECL-to·TTL''f.ranslator 

Ord.ring Information 
PART NUMBER PACKAqE TEMPERATURE 

MC10H125 ' , J,N,Nl(20) Com 

Application Information 
The MC:10H125 incorporates differential inputs,and Schottky 
TTL "totem pole" outputs. The differential inputs don't have 
input pull-down.and all?wfor use as an inverting/non-inverting 
translator or as a differential line receiver. The VSS reference 
voltage is available from Pin 1 for use in ~inglErended input 
biasing. The outputs of the Mel0Hl25 go to a low logic level 
whenev~r the ioputs are left floating. 
An advantage ofthis device is that ECl-level information can be 
received via balanced twisted pair iines in'the TTL equipment. 
This isolates the ECl-logic from the noisy TTL environment. 
Power supply requirements are ground, +5.0 volts and -5.2 volts. 

, , 

L~glc Diagram 

MC10Hl25 
Quad ECL~to"TTL 

Translator 

Ain 2 

":1>. 4 

Aln 3 Aout 

, Bin ,6, ',",:' .," 

'5 " 

'Bin 7 ".:1>" Bout 

ein 10' r:'" 
12 

Cln 11 ~. Cout 

Din .14 
~ .. 13 

Din 15 J'out .. 

I Vas 
Ond ='Pln 16 

Vee 1+ $.0 Vdc)= Pin e 
VEE (05.2 Vdc) c Pin 8 

Portions of this Data Sheet reproduced with the courtesy of Motorola Inc. 

", , ...,',' ,'" "", "", " ' " " ", " TWX: 910.338.2376 """"th'c 111111 
2175'MI88lon C"dll&g'i Bouleval'd, santa Cra,&: CA 950'5. Tel: (06) 9lQ~97iilrTWX:' 910-'3311'.2314 "' "morl •• 'II\UW 

, / 
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MC10H125 

Absolute Maximum Ratings 
Power supply vEE (Vee + 5.0 V) .......................................................................... -8.0 V to 0 Vdc 
PowerSupply Vee (VEE = -5.2 V) ..........•.............................................................. 0 V to + 7.0 Vdc 
Input voltage VI (Vee = 5.0 V) ................................................................ ; ............. 0 Vdc to VEE 

Operating Conditions 

SYMBOL PARAMETER MIN 
COMMERCIAL 

TYP MAX UNIT 

VEE Supply Voltage -5.46 -5.2 -4.94 V 

TA Operating temperature range 0 75 °c 

I Plastic -55 150 
TSTG Storage temperature range °e 

I Ceramic -55 165 

Electrical Characteristics VEE" -5.2 V±. 5%, VCC = 5.0 V ±. 5% (See Note) 

0° 25° 75° 
SYMBOL PARAMETER UNIT 

MIN MAX MIN MAX MIN MAX 

IE Negative power supply drain current - 44 - 40 - 44 mAdc 

ICCH l Outputs = H - 63 - 63 - 63 
. Positive power supply drain current I mAdc 

Icel Outputs = l - 40 - 40 - 40 

linH Input current - 225 - 145 - 145 !lAdc 

ICBO Input leakage current - 1.5 - 1.0 - 1.0 !lAdc 

VOH HIGH output voltage I 10H = -1 mA 2.5 - 2.5 - 2.5 - Vdc 

VOL lOW output voltage 
I 10l = +20 mA - 0.5 - 0.5 - 0.5 Vdc 

VIH HIGH input voltage -1.17 -0.84 -1.13 -0.81 -1.07 -0.735 Vdc 

Vil lOW input voltage -1.95 -1.48 -1.95 -1.48 -1.95 -1.45 Vdc 

lOS Short circuit current 60 150 60 150 60 150 mAdc 

VBB Reference voltage -1.37 -1.25 -1.35 -1.23 -1.31 -1.19 Vdc 
." 

Switching Characteristics VEE = ~5.2 V, ±5% (See Note) 

0° 25" 75° 
SYMBOL PARAMETER UNIT 

MIN MAX MIN MAX MIN MAX 

tpd Propagation delay * 0.8 3.3 0.85 3.35 0.9 3.4 ns 

tp t+ Rise time 0.3 1.2 0.3 1.2 0.3 1.2 ns 

It. t- Fall time 0.3 1.2 0.3 1.2 0.3 1.2 ns 

Note: Each Eel 10KH series circuit has been designed to meet the de specifications shown in the test table, after thermal equilibrium has been established. 
The circuit is in atest socket or mounted on a printed circuit board and transverse air flow greater than 500 linearfpm is maintained. Outputs are terminated 
through a 50 11 resistor to -2.0 V. 

* Drives a 25-pF load. 
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ECL 10KH High-Speed 
EmiHer-Coupled Logic Family 
Dual Latch 
MC10H130 

Features/ Benefits Ordering Information 
• Propagation delay, 1 ns typical 

• Power dissipation, 155 mW typical 

• Noise margin 150 mY 

• Voltagecortlpensated 

• ECl 10K-compatible 

Description 
The MC10Hl30 is a dual latch which has two different mechan
isms to retain data through latch control signals. Each latch can 

! be operated separately by holding the common latch control 
signal (C) LOW, then switching an individual latch control signal 
(CE1/CE2) from LOW to HIGH to cause retention of data in the 
relevant latch. If simultaneous operation of both latches is 
required, CEl and CE2 are held LOW and the common latch 
control C is switched from LOW to HIGH. 

FOr either latch, data present at the inputs (01/02) will be seen at 
the outputs (01101 and Q2/02) when both latch control signals 

I are LOW. This condition allows data to be setupwithin the latch, 
after which time causing a positive transition to the HIGH state 

I on either or both latch control signals causes data retention. 
After either or both of these signals are HIGH, subsequent 
changes in data at an inpl,.lt are.ignored by the latch, provided the 

I hold time requirement is met. 

An alternative means to load data in the latches' is to use the 
direct set and reset (81182 and Rl/R2, respectively) lines. These 

I inputs do not override the.latch controls, or~e 0 inputs. Instead, 
set or reset are only effective when either C, CE1/CE2 or both, 

, are HIGH. Note thatthis relationship is differentthan the case for 
a similar part, the MC10H131, which is a Dual Ma5ter-8lave 
Ootype Flip-Flop. 

FunctiOn Table 

D C 

L L 

H L 

X H 

! x H 

X H 

X H 

X X 

I x X 

X X 

X X 
= X DontCare 

N.D .• Not Defined 

CE1/CE2 

L 

L 

X 

X 

X 

x 
H 

H 

H 

H 

R S Qn=l 

X X L 

X X H 

L L an 

L H H 

H L L 

H H N.D. 

L L Qn 

L H H 

H L L 

H H N.D. 
". 

PART NUMBER PACKAGE TEMPERATURE 

MC10H130 J,N,NL(20) Com 

Logic Diagram 
MC10Hl30 
Dual Latch 

51 

01 01 

CEl 
6 

OJ 

Rl 
4 
9 c-

13 
R2 

11 02 
CE2 

10 
02 

52 
12 

Pin Configurations 

MC10H130 
Dual latch MC10H130 

01 

ECll0KH 
DUAL 

lATCH 

Pqrtio~s, of thjs data sheet reproduc~d wj~h the,co~rtesy of Motorola Inc. 

. ' ". TWX: 910-:138-2376 
Monolithic I!l!ft 
Memories In.IrW 

14·37 
2175 Mission College Blvd. Santa Clara, CA 95054-1592 Tel: (408) 970~9700 TWX: 910-338-2374 
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MC10H130 

Absolute Maximum Ratings 
Supply voltage VEE (VCC = 0) ......................................................................... ; ... -8.0 V toOVdc 

Input voltage VI (VCC = 0) .............•.................................................................... OVdc to VEE 
Output Current: 

Continuous .............................. , ............ , ................................................ ,' ...... 50mA 

Surge ..............................................•........................................................ 100 mA 

Operating Conditions 

SYMBOL PARAMETER COMMERCIAL UNIT MIN TYP MAX 

VEE Supply voltage -5.46 -5.2-4.94 V 

TA Operating temperature range 0 75 °c 

I Plastic -55 150 
Tstg Storage temperature range 

I 
°c 

Ceramic -55 165 

Electrical Characteristics VEE = -5.2 V ±5% (See Note) 

0° 25° 75° 
SYMBOL PARAM.ETER UNIT 

MIN MAX MIN MAX MIN MAX 

IE Power supply current - 38 - 35 - 38 mA 

Pins 6,11 - 468 - 275 - 275 

linH Input current HIGH Pins 7, 9,10 - 545 - 320 - 320 /-LA 

Pins 4, 5, 12, 13 - 434 - 255 - 255 

linL Input current LOW 0.5 - 0.5 - 0.3 - /-LA 

VOH HIGH output voltage -1.02 -'-0.84 -0.98 -0.81 -0.92 -0.735 Vdc 

VOL LOW output voltage -1.95 -1.63 -1.95 -1.63 -1.95 -1.60 Vdc 

VIH HIGH input voltage .' -1.17 -0.84 -1.13 -0.81 -1.07 -0.735 Vdc 

VIL LOW input voltage -1.95 -1.48 -1.95 -1.48 -1.95 -1.45 Vdc 

Switching Characteristics VEE = -5,2 V ±5% (See Note) .. 

0° 25° 75° 
SYMBOL PARAMETER UNIT 

MIN MAX MIN MAX MIN MAX 

Data 0.40 1.60 0.40 1.70 0.40 1.80 

tpd Propagation delay··· Set, Reset '. 0.60 1.70 0.70 1.80 1.80 1.90 ns 

Clock, CE 0.50 1 •. 60 0.50 1.70 1.70 1.80 

tr,t+ Rise time (20%-80%) 0.5 1.6 0.5 1.7 0.5 1.8 ns 
' .. 

tf' t- Fall time (80%-20%) 0.5 1.6 0.5 1.7 0.5 1.8 ns 

tset Setup time 0.5 1.6 0.5 1.7 0.5 1.8 ns 

thold Hold time 0.5 1.6 0.7 - 0.7 - ns 

Note: Each eqL10KH series circuit has been designed to meet the de specificat,ions show,: in the_test table, after thermal equilibrium has been established. 
The circuit is in 3,'test socket or Il:l0unted on a printed circuit board 'and transverse airf-loW greatet than 500 linear fpm is maintained. Outputs are terminated 
through 8,50,0 resistor to -2.0 V. 
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EeL 10KH High-Speect 
Emitter-Coupled Logic Family 
MC10H131 
Dual Master-Slave Type D Flip-Flop 

Featuree/Beneflts 
• Propagation delay, 1 ns typical 

• Power dls,sljHltlC)n, 235 mW tYpical 

• Noise margin of 150 mV 

• Voltage compeil8atad 

• Eel 10l(-compatlble 

Description 
The MC10H131 is a member of Monolithic Memories' ECl 
family. ,The MC10H131 is a dualmaster-slave O-typeflip-fldp .. 
Asynchronous Set (S) and Reset (R) override Clock (eel and 
Clock Enable (ee) inputs. Each flip-flop may be clocked 
separately by holding the common clock in the low state anl;i 
using the erlable,inputsforthe clocking fllction. If the common 
cicek is to .beused,to clock thefJip-flop, the Clock Enable inputs 
riustbe ihth~ .Iowstate.ln this case, the enable inputs perform 
the functiooot ~qr:ltrolljng thec,onirhon, clock., ' 

The outPutstiltes of the flip-flop change.on the positive tr;msition 
of the'ControlHng input(s). Achange in the informatiOn present 
at the data (0) inputwill not affect the data output at~ny .other.· 
tim~ due to master slave conStruction. ' 

ThiSECllQKH'P!Dt is a.functional/pinout dUpliCati~nof the 
standard ECr. 10Kfllmilypart, with .iOO% improve!lient in crOCk 
speed and propagation.d~layand no increase in power,suPPly 
current: . 

Fllncti~n rabieS 
R,-S 11W1'H .TABLE 

l 

l 

N.D;,.: NOt Defined. 

e" 
l 

H! 
H! 

X: ·Don't·Care. 

c=ce.+c~:,> 

l 

H 

: .,. 

, H' 

ei..oC:KE~ Tfll;ITH TABLE 

" D 
" 

f X 

l 

H ! 

H' 

.: " 

On.1 
an 

l 

H 

I' 

Ordering Information 

PARTf\lUMBER PAeKAGlf 

MC10H131 J,N,Nl(20) 

Logic Diagram 
Me10H131 

Dual. Mastar-S/ave Type D F!lp-Flop' 

81 --==-----..... 

DR _1""O __ -J DR Q2 ...... =.,-'02 

52 . 12 

> : denotes edge triggered clock 

Pin COnfiguratlon~ 

Me10H131 

Dual Master-Silive Type D Flip-Flop 

.... ..... 



MC10H131 

Absolute Maximum Ratings 
Supply voltage VEE (VCC = 0) ............................................................................. ;~.O to' b Vdci 

Input voltage VI (VCC = 0) •........................ ': ..•. , ...... , .............. ',' ............... , ...•.......... "qVdc to VEE 
Output Current: ' , ' " .... , . " " .. . • 

C9nti!\u9H~,,~, ',n"· ! .• ' ••••• ·"."'c.· .. · .. ·· ""'/"'J;.",' 0' ',,'" ' ... '," ., ......... ',,",. , •.... , ............ , .... , ......... 50 mA 
Surge •••••...•..•................••.......•..•.........•............•.•...•.......•..•.......•...•.•.....•.. 100 mA 

O .. r:"',iI19 Conditiems 
,,' • of ~ 

PARAMETER SYMBql:-~ 
'" <." 

VEE Supply voltage 

TA Operating temperature range 

1 'Plastic " 

TSTG Storage temperature range 
<':" ''':. '~ I Ceramic 

Electrical Characteristics vEE = -5.2 V ±5% (See Note) 

0° 
SYMBOL PAR~METER' 

." MIN 

IE po~e.rsupply current -
Pins 6,11 -

Input current HIGH , 
Pin 9 -

linH . '~ ~< Pins 7, 10 -.. 
Pins 4,5, 12, 13 -

linL Input current LOW 0.5 

VOH HIGH output voltage -1.02 

VOL LOW output voltage -1.95 

VIH HIGH input voltage -1.17 

VIL LOW input voltage 
, 

-1.95 

SWitcb,lng '".-raeterlsties ,VEE = -5.2 V, ±5% (See Note) 
~ ."' ", , 

, , '.;, .,. . ,;" 
,; SYMBOL'" PARAMETER 

:', t MIN 

'. MAX 

62 

530 
660 
485 
790 

-
-0.84 

-1.63 

-0.84 

-1.48 

MAX 

COMMERCIAL 
MIN TYP MAX 

-5.46 -5.2 -4.94 

0 75 

-55 150 

-55 165 

25° 75° 

MIN MAX MIN MAX 

- 56 - 62 

- 310 - 310 
- 390 - 390 
- 285 - 285 
- 465 - 465 

0.5 - 0.3 -, 

-0.98 -0.81 -0.92 -0.735 

-1.95 -1.63 -1.95 -1.60 

-1.13 -0:81 '-1.07 -0.735 

-1.95 -1.48 -1.95 -1.45 

250' 75° 

MIN MAX MIN MAX 

,'~ .tpd , ;ropagatidri0d~l~y '[':fi-'-' _~_I~_, R_k~_C_~_--"'~I-_O~_~_+-_.,--'--t----:-_--+-:-_~I--:--:-+-:::-:-:--:--t. 
;: 1" t+ 'Rise time (~d%-aO%i .; 0.6 

1,6 0,& 1.7 (f8 1.8 

1.6 0,7 0.1 "f8 1.7 

2,0 0.6 2,0 0.6 2:2 

~,t- Fali tim~ (sp,%~200/ci) . ; 0.6 Z.{) 0,6 2.0 0.6 2.2 

0.7 0.7 

thold Hold time 0.8 0.8 0.8 

tt99 Toggle frequency 250 250 250 

.UNIT 
. '"' 

V 

°C 

°c 

UNIT 

mA' 

p.A 

IJ.A 

vdc 

Vdc 

Vdc 

Vdc 

UNIT 

ns. 

ils 

ns' 

ns· 

ns 

MHz 

Note:'" E."",EC~,~OI<iH'series elr""it has'been<!lelilgnedtomeet.the.dc specifications shownln the test tal>le,after thermal equilibrium has been.'established, 
~:i :i'--~! '~ff~ c.i~~it~~t~t~~c,~et Q~ilJ.9u.9ted on a printed circuit board and transverse airflow great~r than 500 Iinearfpm Is maintained. Outputs are terminated 

:~ ':, .:~;, ': L ~~#?u~~~a ~f~'~~t:~~.t6 -'2:0~V;': .', 



I 

,I 
v 

CLOCKTOQ 

CLOCK 

MC10H131 

Switching Time Comparison 
ECL 10KH versus ECL 10K 

CLOCKTOQ 

MC1J131 r 7 V CLOCK '--. r 
tpd ++ 117 l 1.5ns 

MC1D131 

11 J.e '['1++ 
Dns 

L lJ/ 

',FOR MC10H131: 1.4 ns 
t, FOR MC10131: 2.0 ns 

SET /RESET TO Q 

MC1DH1.31 ____ f V V !pd++ 
Un. 

v 

SET/RESETTO Q 

7,\ :\~ MC1D131 

i d +-

'\ \ 8~ 

I 
) W 
MC10H131/ . 

tpd+ -

"4]" 
t 

It FOR MC1DHI31: 1.2 ns 
It FOR MC1D131: 1.4 ns 

~ 
I v 

'] .I ,..,.MC1D131 

I :;- Ipd + + v 
SET/RESET 
~ J.\' ~\ 

\ \; 
I 

SET/RESET r---..,.I 
) /j 

" FOR MC1DH131: 1.5ns 
',FOR MC10131: 2;1 ns 

3.1 ns 

NOTE: tr and tf measured from the 20% to the 80% level of the output signal swing. 

tpd is measured from 'he 50% level of the input to the 50%levol of the output. 

MonolIthic W "'emorles 

.. / ....--MC10131 

) ~ 
MC1DH131/ 

Ipd+-

1
,

·
4n

} 

, 
It FOR MC10H131: 1.2 ns 
If FOR MC10131: 1 .. 5 ns 

tro~s-

roo-
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ECL 1,OKH High-Speed 
Emitter-Coupled Logic Family 
MC10H136 
Universal Hexadecimal Counter 

Featuresl Benefits 
• Counting frequency, 250 MHz min. 

• Power dissipation, 715 mW typical 

• Noise margin 150 mV 

• Voltage compensatad 

• ECL 10K-compatible 

Description 
The MC10Hl36 isa high-speed synchronous hexadecimal 
counter. This device is a member of Monolithic Memories' new 
ECl 10KH family. This 1 OKH part is a functional/pinout duplica
tion of the standard ECl 10K family part, with 100% improve
ment in propagation delay, and no increase in power-supply 
current. 

Pin Configuration 

MC10H136 
Universal Hexadecimal Counter 

MC10H136 

Ordering Information 

PART NUMBER 'PACKAGE TEMPERATURE 

MC10H136 J,N,Nl Com 

Application Information 
The MC10Hl36 is a high-speed synchronous counterthatoper
ates at 250 MHz. Counter operating modes include count up, 
count down, preset and hold count. This device allows the 
designer to use one basic counter for many applications. 

The Sl, S2 control lines determine the operating modes of the 
counter. In the preset mode, a clock pulse is necessary to load 
the counter with the information present on the data inputs (DO, 
01, 02 and 03)' Carry out goes low on the terminal counter or 
when the counter is being preset. 

Function Select Table 
I S1 S2 .. OPERATING MODE 

I l l Preset (program) 

I l H Increment (Count up) 

I H l Decrement (Count down) 

H H Hold (Stop count) .,,' 

Portions of this data sheet reproduced with the courtesy of Motorola Inc. 

TWX: 910-338-2376 MonolIthIc II!!II 
2175 Mission Colieg'eBlvd. Sanla Clara; CA 95054:1592 Tel: (4D8) 97lic9700 TWX, 910·3"38-2374 Memorles·1n.UW 
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MC10H138 

Logic Diagram 

$, 9 

~ 7 

CAiiiWiN _'.:..:0+-1----' 

CLOCK~13~--+-~-+;-+------+~-+;-----~~~-r--~~~ 

12 14 11 15 6 2 5 
DO 00 D, 0, D2 °2 D3, 

VCC1 = PIN 1 
YCC2= PIN 16 

VEE = PIN 8 

Sequential Truth Table* 

I , INPUTS .. 

I CARRY CLOCK 

I Sl S:! Do, D1 D2 D3 IN Y!!:.../v.H Qo Q1 Q2 

I L L L L H H X ~ L L H 

I L H X X X X L .-r H L H 

I L H X X X X L ~ L H H 

I L H X X X X L ~ H H H 
I L H X X X X H '- H H H 

I L H X X X X H ~ H H H 

I H H X X X X X -f H H H 

I L L H H L L X --F H H L 

I H L X X X X L -' L H L 
! H L X X X X L -F H .L L 

I H L X X X X L .-r L L L 

I H L X X X X L ~ H H H 

J( ;:. Don't care. 
lII" Truth table shows lOgic states assuming that the inputs vary in sequence from top to bottom, as shown. 

CARRY 
OUT 

OUTPUTS 

cARRY 
Q3 

"OUT 

H L 

t-I H 

H 
' , 

H 
,,,. 

H I L 

H H 

H H 

H H 

L L 

L H 

L H 

L L 

H H 

The states of the: 00-03 outputs are shown assuming the bccuranee of a'L-to-H edge transition (e.g. after clocking). 

Monolithic W llllemories 

.SELECT 
MODE 

:Preset,.' 

Increment 

Increment 

Increment 

Increment 

Increment 

Hold 

Preset 

Decrement 

Decrement 

Decrement 

Decrement 



MC10H136 

Absolute Maximum Ratings 
Supply voltage VEE (VCC = 0 V) .••••.•••.. ;............................................................. -8.0 V to 0 Vdc 
Input voltage VI (VCC = 0 V) • > •••••••• >. • • • • • • • • • • • • •• • • • • • • • • • • • • • • •• • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • •• 0 Vdc to VEE 
Output Current 

Continuous __ -.-" •.•. --..•..••..... , .•. _ ..•....••...•..•••.••. -._ •••..•••••.•.••••••••••..••••• -; ••.•••••••••••.••••• 50 mA 
Surge' ....... , .' •.•••.••••••. _ ..•.•.•.• , •.•.•....•.•.•••.•.. , • . . • •. . • . • • . • •• • . • • • • • . • • • • •• • • • • • . • . • • • • • • • • • • •• 100 mA 

Operating COnditions 

SYMBOL PARAMETER 
-COMMERCIAL 
MIN TYP MAX UNIT 

VEE SiJpply voltage -5.46 -5.2 -4.94 V 

TA Operating temperature range 0 75 

Storage temperature range. . I Plastic -55 +150 
TSTG I 

·C 
Ceramic -55 +165 

Electrical Characteristics VEE = -5.2 V ±5% (See Note) 

o· 25° . 75· 
SYMBOL PARAMETER_ UNIT 

MIN MAX MIN MAX MIN MAX 

IE Power supply current - 165 - 150 - 165 mA 

Pins 5, 6, 11, 12, 13 - 430 - 275 - 275 

Pin9 - 670 - 420 - 420 
linH Input current HIGH JJ.A 

Pin7 - 535 - 335 - 335 

Pin 10 - 380 - 240 > - 240 

linL Input current LOW 0.5 - 0.5 - 0.3 - JJ.A 

VOH HIGH oLltput voltage --_ -1.02 -0.84 -0.98 -0.81 -0.92 -0.735 Vdc 

VOL .'. LOW output voltage -1.95 -1.63 -1.95 -1.63 -1.95 -1.60 Vdc 

VIH HIGH input voltage -1.17 -0.84 -1.13 -0.81 -1.07 -0.735 Vdc 

VIC LOW input voltage -1.95 -1.48 -1.95 ,:1.48 ,._1.95 -1.45 Vdc 
-> >->- >' '" '" Note: -EachECL 10KH series circuit has been designed to meelthe de .p~elfleallons shown In the test table, after thermal equilibrium ha,sbeen established_ 

Th~ Circuit is In a test socketor:-mounted on a printed Circuit board and transverse airflow greater than 500 linEfar fpm is maintained. Output~ are terminated 
through a 50fl resistor to -2.0V. 
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MC10H136 

SWitching Characteristics vEE = ':'5.2 v, ±5"1o (See Note) 

0° 25° 75° 
SYMBOL PARAMETER UNIT 

MIN MAX MIN MAx MIN MAX 

Clock to Q 0.7 2.3 0.7 2.4 0.7 2.5 

tpd Propagation delay 'Clock to carry out 1.0 4.8 1.0 4.9 1.0 5.0'" , ns 

'Carry in to carry out 0.7 2.5 0.7 2.6 0.7 2.7- ,'" 

Data (DO to C) 2.0 - 2.0 -- 2.0 -

Select(S to C) 3.5 - 3.5 - 3.5 -
tset Setup time 

Carry in (Cin to C) 2.0 2:0 
<I'\S 

2.0 - - -
" 

Carry in (C to Cin) 0 - 0 - 0 -
Data (C to DO) 0 - 0 - 0 -

Select (C to 5) -0.5 - -0.5 - -0.5 -
thold HOld time ns 

qarry in (C to Cin) 0 -' 0 - 0 -

, Carry in (Cin to C) 2.2 - 2.2 - 2.2 -
, fcount Counting frequency' 250 - 2!?P, - 250 -:::=..:. MHz 

tr,t+ Rise time :. : 0.5 2.3 ",,0.5 2.4 0.5 2.5 ,,' . os 

tf,t- "Fall time 0.5 2.3 0.5 2A -0.5 2.5 ns :. 

I\IQte: Eae!) Eel1 OKH series circuit has be,en designed to meet tne de specifieatioos shown in the tesl table, after thermal .,quifibrlum has been eStablished. 
Thecircuit' Is ina test socket."or mounted on a printed circuit board and transverse airflow greater than 500 linearfpm is maintained. Outputs are terminated" 
Ihrougha50n resislorlo-2.0 V: •. 
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ECL 10KH High-Speed 
EmiHer-Coupled Logic Family 
MC10H141 
Four-Bit Universal Shift Register 

.PRELIMINARY 
INFORMATION 
This document conisir;s spe
cifications and information 
which are subject to change. 

Features/Benefits Ordering Information 
• Shift ·frequency, 250 MHz min 

• Power diSsipation, 425 mW typical 

• Noise margin 150 mV 

• Voltage compensated 

• ECL 10K-compatlble 

Description 
The MC10H141 is a four-bit universal shift register which per
forms shift-left, or shift-right, serial/parallel in, and seriaVparaliel 
out operations with no external gating. Inputs S1 and S2 control 

(See following page) 
Function Table 

SELECT OUTPUTS OPERATING 

S1 S2 oon-1 Q1n-1 Q2n-1 Qa.,-1 MODE 

L L DO 01 02 03 Parallel entry 

L H 01n 02n 03n OR Shift right* 

H L OL OOn 01n 02n Shift left* 

H L OOn 01n 02n 03n Stop shift 

* outputs as exist after pulse appeani at "c" input with input conditions as 
shown (Pulse Positive transition 01 clock Input), 

Logic Diagram 

S1 

S2 

10F4 
DECODER 

PART NUMBER PACKAGE 

MC10H141 J,N,NL(20) 

MC10H141 
Four-Bit Universal Shift Register 

TEMPERATURE 

Com 

MC10H141 

FOUR BIT 
UNIVERSAL 

SHIFT 
REGISTER 

C~-c~--------------~----+-----~--~-----t----------+-----r----------J 

> : Denotes edge triggered clock 03 02 01 00 
Portions 01 this Dats Sheet reproduced with the courtesy 01 Motorola Inc. 

.. ... .. TW~ "0-;138-2371" ... • lIIIonolllhlll, mt=n 
2175 Mission College Blvd. santa Clara, CA 95054-1592 Tel: (408) 970-9700 TWX: 910-338~2374·· .morl •• .. U1JrW 
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MC10H141 

Absolute Maximum Ratings 
Supply voltage, VEE (VCC = 0). '" ...•.•....................•.•.• " •.•...... " " •...•.........••.••••••.. '. -8.0 V to 0 Vdc 
Input voltage, VI (VCC = 0) ................................................................................. 0 Vdc to VEE 
Output Current: 

Continuous .................................................................. ' ................................ 50 mA 
Surge ....................................................................................................... 100 mA 

Operating Conditions 

SYMBOL PARAMETER 
MILITARY 

MIN TYP MAX UNIT 

VEE Supply voltage -5.46 -5.2 -4.94 V 

TA Operating free-air temperature 0 75 ·C 

I Plastic -55 150 
TSTG Storage temperature range 

I 
·C 

Ceramic -55 165 

Electrical Characteristics vEE = -S.2 V ±S% (See Note) 

o· 25· 75· 
SYMBOL PARAMETER UNIT 

MIN MAX MIN MAX MIN MAX 

IE Power supply current - 112 - 102 - 112 mA 

Pins 5, 6, 9, 11, 12, 13 - 405 - 255 - 255 

linH Input current HIGH Pins 7,10 - 416 - 260 - 260 p.A 

Pins 4, - 510 - 320 - 320 

linl Input current lOW 0.5 - 0.5 - 0.3 - p.A 

VOH HIGH output voltage -1.02 -0.84 -0.98 -0.81 -0.92 -0.735 Vdc 

VOL lOW output voltage -1.95 -1.63 -1.95 -1.63 -1.95 -1.60 Vdc 

VIH HIGH input voltage -1.17 -0.84 -1.13 -0.81 -1.07 -0.735 Vdc 

Vil LOW input voltage -1.95 -1.48 -1.95 -1.48 -0.95 -1.45 Vdc 

Switching Characteristics VEE = -S.2 V, ±5% (See Note) 

D· 2S· 75· 
SYMBOL PARAMETER UNIT 

MIN MAX MIN MAX MIN MAX 

tpd Propagation delay 1.1 2.0 1.0 2.0 1.1 2.1 ns 

thold Hold time 
" 1.0 - 1.0 - 1.0 - ns 

I Data 1.5 - 1.5 - 1.5 -
tset Setup time ns 

I Select 3.0 - 3.0 - 3.0 -
tr• t+ Rise time 0.5 2.4 0.5 2.4 0.5 2.4 ns 

tf. t- Fall time 0.5 2.4 0.5 2.4 0.5 2.4 ns 

fshift Sh ift frequency 250 - 250 - 250 - MHz 

NOTE: Each Eel 1 OKH series circuit has been designed to meet the de specifications shown in the test table, after thermal equilibrium has been established. The 
circuit is in a test socket or mounted on a printed circuit board and transverse air flow greater t/:lan 500 linear fpm is maintained. Outputs are terminated 
through a son resistor to._-2.0 V. 

Description (Continued) 
the four possible operations ofthe register without external gating 
of the clock. The flip-flops shift information on the positive edge 
of the clock. The four operations are stop Shift. shift-left. shift
right, and parallel entry of data. The other six inputs are all data 

type inputs; four for parallel entry data. and one for shifting in from 
the left (Dl) and one for shifting in from the right (DR). This device 
is a functional/pinout duplication of the standard ECl 10K part. 
with 100% improvement in propagation delay and operation fre
quency and no increase in power supply current. 
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ECL 10KH High-Speed 
EmiHer-Coupled Logic Family 
MC10H158 
QUAD 2-lnput Multiplexer 

PRELIMINARY 
INFORMATION 
This document contains spe
cifications and information 
which are subject to change. 

Features/Benefits Ordering Information 
• Propagation delay, 1.5 ns typical 

• Power dissipation, 197 mW typical 

• Noise margin 150 mV 

• Voltage compensated 

• ECl10K-Compatible 

Description 
The MC10H158 is a member of Monolithic Memories' ECL 
Family. The MC10H158 is a quad 2-input multiplexer. When the 
select line (SELECT) is LOW D_1 data appear at the outputs 
(Q3-QO). Conversely, when the select input is HIGH, D_O data 
appear at the outputs. This ECL part is a functional/pinout 
duplication of the standard ECL 10K family part, with 100% 
improvement in propagation delay and no increase in power
supply current. 

MC1 OH158 Function Table 
SELECT 0-'1' 0_1' Q 

L X L L 

L X H H 

H L X L 

H H X H 

* D....O/O_1 indicate each of four bit positions for the "zero" or "one" inputs, 
as controlled by the select line. 

X :: Don't care. 

Pin Configurations 
MC10H158 

Quad 2-lnput Multiplexer 

QO 

000 

"NC 

* NC~No connection 

VCC 

Q2 

Q3 

020 

021 

031 

SELECT 

PART NUMBER PACKAGE TEMPERATURE 

MC10H158 J,N,NL(20) Com 

Logic Diagram 

SELECT 

001 

000 

011 

010 

021 
12 

13 
020 

031 
10 

030 
11 

MC10H158 
Quad 2-lnput Multiplexer 

'---~ ..... ~ QO 

'---:r-..... ~ Q2 

r--~" 

VEE Pin 8 

VCC Pin 16 

MC10H158 

ECl10KH 
QUAD 

2-INPUT 
MUX 

~Q3 

Portions of this data sheet reproduced with the courtesy of Motorola Inc. 

TWX: 910-338-2376 
2175 Mission College Blvd. Santa Clara, CA 95054-1592 Tel: (408) 970-9700 TWX: 910-338~2374 
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MC10H158 

Absolut. Maximum Ratings 
Supply voltage. VEE (Vee = 0) .•.•... oo •••••••••• oo •••••••••••••••••••••••••••••••••••••••••••••••• oo •••• ' ••• -ao to 0 Vd6'" 
Input voltage~ VI (Vce= 0) " ~ .• 'c.' ',OO ••••••••• ,:, •••• ;., •• oo •• ,' ......... , •••••••••••••• : •• :' ... , ••• ,.oo ••••••• 0Vdc to, VEE 
Output Current: 

Continuous •...•.....•..• ;,: .•• ; ............ ; ................. ; ...••...•.•.. ; •....• : ..•.•.• : .'oo •••• ' •••• : ••• , .'50,mA 
Surge ...................................................................................................... ;l00mA 

Operating Conditions 
" 

SYMBOL PARAMETER 
COMMERCIAL 

UNIT MIN TYp MAX 

VEE Supply Voltage -5.46 ":5;2':'4.94 V 

TA Operating temperature range 0 75 ·C 

TSTG Storage temper/Hure range I Plastic -55 1.50 ·C 

I Ceramic -55 ,165' 

ElectricaICha .... ct.ristics VEE = -5.2 V :l:S% (See Note) 
, 

," 

PAAAMETER 
O· 25· 75· 

UNIT SYMBOL 
, MIN MAX MIN'. MAX I!jIlN' MAX 

IE Poweniupply current - 53 - 48 ~ 53 "',', >mA 

li~I·( Inputcurrent HIGH 
Pin 9 '0: - 475 --' ?95 '-,. ' ,295 

,p.A 

, " 'Pins 3-6 and 10-13 - 515 - 320 ' - 320 " 

linl Input current LOW 0.5 - 0:5 - 0.3 - /loA 

VOH 
' ~. ;', I. ,', , 

' HI9H output y,oltage -1.02 -0.84, -0,98 -:0.81 -0.92 -0,735 Vdc 

VOL LOW output voltage 
" 

-1.95", -1.63 -1;95 -1.63 ..,1.95 : ' ' -1.60" , Vdc, 

VIH HIGH input voltage -1.17 -0.84 -1.13 -0.81 -1.07 -0.735, Vdc 

VIL LOW input voltage -1.95 -1.48 -1.95 -1.48 -1.95 -1.45 Vdc . , " ';<"",:" 

Swit~hlngCh,aract.ristl~YEE = :-5.2 V, ±S% (See Note) 

o· ; 
25· 75· 

SYMBOL, PARAMETER 
MIN , 

UNIT 
, ';: MIN MAX MIN. MAX ,MAX 

.';," 

", " 

Data 0.5 '.9 :0.5 .' r.9 0.5, ',li 2.0 
tpd Prop~gatitm delay 

SelecF· ",1.0.; 1.d1 ., 
ns 

1.0 2.9 2.9 2.9 

tr• t+ Risetli)1e}, :'; . 0:7 2.2 O.T' 2.0 0.7' 'j ",2.2 ns 

It. t,· Fall time "',"" , 0.7 2.2 ,0.7 2.0 0.1: 2.2 ns 

NOTES:' Each Eel. 10 KH series circuit ha~ been designed to meet the de sPeCifications shown in, the teat !lible. after thermal equilibrIum hu been established. 
, ,Jh~ qircuit I.,in a test lIQ!,ke!~r mounted ~n e p~inted cl,reuit bO\lrd and transverse airftow, greater thin 500 "?~rlJ!", is m~n~!.ned: O'utputsare terminated 

through a SOO resistor to -2.6 V. ' ' , ' 
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ECL.10KH High-Speed' 
EmiHer-Coupled Logic' Family 

PRELIMINARY 
INFORMATION 
This document contains spe
cif.ications and information 

MC10H159 which are subject to change. 

Quad 2-lnputlnverting Multiplexer with Enable 

Features/Benefits 
• Propagation delay, 1.5 ns typical 

• Power dissipation, 218 mW typical 

• Noise marglo150 mY 

• VOltage compensated. 

• ECL 10K-c:ompaUble 

Description 
The MC10H159 is a member of Monolithic Memories' ECL 
family. The MC10H159 is.a quad 2-input inverting multiplexer 
with enable. A HIGH level on the enable input (ENABLE) 
overrides the select input(SELECT) and forces ali ofthe outputs 
(03-00) to the LOW level. A LOW level on the enable input 
allows multiplexer action, which is controlled by the select input. 
When the select input is LOW, D_1 data appear at the outputs. 
Conversely, when the select input is HIGH, D...O data appear at 
the o,utputs. 

MC1 OH159 Function Table 

ENABLE SELECT D.JI* 0_1" Q 

L L X L H 

L L X H L 

L H L X H 

L H' H X L 

H X X X L 

" 0_0/0_1 Indicate each of 4 bit positions for the "zero" or "one" inputs, 

as controlled bX the select line. 

X = Don't care. 

Pin Configurations' 
MC10H159 

Quad 2-lnput Inverting Multiplexer with Enable 

Ordering Information 
PART NUMBER PACKAGE TEMPERATURE 

MC10H159 J,N,NL(20) Com .. 

Logic Diagram 

MC10H159 
Quad 2-lnput Inverting Multiplexer with Enable 

SELECT 

001 

, DOG 

011 

010 

ENABLE 

021 

020 

031 

D30 

5 

6 

3 

4 

12 

13 

' 10. 

11 

MC10H159 

ECL10KH 
QUAD 

2:INPUT 
iNVMUX 

. Portions of this Data Sheet reproduced with the courtesy of Motorola, Inc. 

TWX: 910-338-2376 IWonollthlc l!1!n 
2175 Mls.lonCollegeEllvcl.Sanla Clara, CA 95054-1592 Tel: (408) 970-9700 TWX: 910-338-2374 _.morl •• , InJrW 
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MC10H159 

Absolute Maximum Ratings 
Supply voltage VEE (VCC = 0) ............................................................................. -8.0 to 0 Vdc 
Input voltage V, (VCC=O) ................................................................................ OVdctoVEE 
Output Current: 

Continuous .....•................•....•...•......•................................•......................•.. 50 mA 
Surge ..................................................................................................... 100 mA 

Operating Conditions 

SYMBOL PARAMETER 
COMMERCIAL 

UNIT MIN TYP MAX 

VEE Supply voltage -5.46 -5.2 -4.94 V 

TA Operating temperature range 0 75 °c 

Storage temperature range I Plastic -55 150 
TSTG °c 

Ceramic -55 165 

Electrical Characteristics VEE = -5.2 V ±5% (See Note) 

0° 25° 75° 
SYMBOL PARAMETER UNIT 

MIN MAX MIN MAX MIN MAX 

'E Power supply current - 58 - 53 - 58 mA 

Input current HIGH i Pin 9 - 475 - 295 - 295 
'inH /.'A 

Pins 3-7 and 10-13 515 - 320 - 320 

'inL Input current LOW 0.5 - 0.5 - 0.3 - /.'A 

VOH HIGH output voltage -1.02 -0.84 -0.98 -0.81 -0.92 -0.735 Vdc 

VOL LOW output voltage -1.95 -1.63 -1.95 -1.63 -1.95 -1.60 Vdc 

V,H HIGH input voltage -1.17 -0.84 -1.13 -0.81 -1.07 -0.735 Vdc 

V,L LOW input voltage -1.95 -1.48 -1.95 -1.48 -1.75 -1.45 Vdc 

Switching Characteristics VEE = -5.2 V, ±5% (See Note) 

0° 25° 75° 
SYMBOL PARAMETER UNIT 

MIN MAX MIN MAX MIN MAX 

Data 0.5 2.2 0.5 2.2 0.5 2.2 

tpd Propagation delay Select 1.0 3.2 1.0 3.2 1.0 3.2 ns 

Enable 1.0 3.2 1.0 3.2 1.0 3.2 

tpt+ Rise time 0.5 2.2 0.5 2.2 0.5 2.2 ns 

tf,t- Fall time 0.5 2.2 0.5 2.2 0,5 2.2 ns 

Note: Each_Eel 10KH._s~ries circuit has been designed to. meet the de. specifications shownin tt)e test-table, after thermal equilibrium has been established. 
The circuit is in a test socket or mounted on a printed circuit board and transverse airflow greater than 500 linear fpm is maintained, Outputs are terminated 
through a 50 n resistor to -2.0 V. 
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EeL 10KH High.Speed 
EmiHer·Coupled Logic Family 
MC10H160 
12·Bit Parity Generator·Checker 

Features/Benefits Ordering Information 
• Propagation delay, 2.5 ns typical 

PART NUMBER PACKAGE 
• Power dissipation, 320 mW typical 

• Noise margin 150 mV MC10H160 J,N,Nl(20) 

• Voltage compensated 

• ECl10K-compatible 

Description 

Logic Diagram 

MC10H160 

TEMPERATURE 

Com 

The MC10H160 is a member of Monolithic Memories' new ECl 
family. The MCl OH160 is a 12-bit parity generator-checker. The 
output goes high when an odd number of inputs are high provid
ing the odd parity function. Unconnected inputs are pulled to a 
logic low allowing parity detection and generation for less than 
12 bits. The MCl OH160 is a functional/pin out duplication ofthe 
standard ECl 10K family part with 100% improvement in propa
gation delay and no increase in power-supply current. 

12-Bit Parity Generator-Checker 

Pin Configuration 

MC10Hl60 
12-Bit Parity Generator-Checker 

MC10H160 

12·BIT 
PARITY 

GENERATOR
CHECKER 

Function Table 

INPUT 
SUM OF HIGH lEVEL INPUTS 

Even 

Odd 

VCC1 = Pin 1 
vCC2 = Pin 16 
VEE = Pin 8 

OUTPUT 
PIN 2 

lOW 

HIGH 

Portions of this data sheet reproduced with the courtesy of Motorola Inc. 

TWX: 910-338-2376 lI:nolilhiCm 
2175 Mission College Blvd. Santa Clara, CA 95054-1592 Tel: (408) 970-9700 twX: 910-338-2374 fIJOries 
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MC10H160 

Absolute Maximum Ratings 
Power supply VEE (VCC = 0 V) .......................................................................... -8.0 V to 0 Vdc 
Input voltage VI (VCC = 0 V) ..............................•............................................... 0 Vdc to VEE 
Output Current: 

Continuous ........................................................................................•........ 50 mA 
Surge •................................................................................................... .100 mA 

Operating Conditions 

SYMBOL PARAMETER 
COMMERCIAL 

UNIT MIN TYP MAX 

VEE Supply voltage -5.46 -5.2 -4.94 V 

TA Operating temperature range 0 +75 ·C 

I Plastic -55 +150 
TSTG Storage temperature range ·C 

I Ceramic -55 +165 

Electrical Characteristics VEE = -5.2 V ± 5% (See Note) 

D· 25· 75· 
SYMBOL PARAMETER UNIT 

MIN MAX MIN MAX MI.N MAX 

IE Power supply current - 88 - 78 - 86 mA 

I Pins 3,5,7,10,12,14 - 391 - 246 - 246 
linH Input current HIGH 

I Pins 4,6,9,11,13,15 457 285 285 
p.A 

- - -
linL Input current LOW 0.5 - 0.5 - 0.3 - p.A 

VOH HIGH output voltage -1.02 -0.84 -0.98 -0.81 -0.92 -0.735 Vdc 

VOL LOW output voltage -1.95 -1.63 -1.95 -1.63 -1.95 '"1.60 Vdc 

VIH HIGH input voltage -1.17 -0.84 -1.13 -0.81 -1.07 -0.735 Vdc 

VIL LOW input voltage -1.95 -1.48 -1.95 -1.48 -,1.95 -1.45 Vdc 

Switching Characteristics VEE = -5.2V ±5% (See Note) 

D· 25· 75° 
SYMBOL PARAME:TER UNIT 

MIN MAX MIN MAX MIN MAX 

Ipd Propagation delay 1.1 3.1 1.1 3.3 1.2 3.5 ns 

Ip 1+ Rise time 0.55 1.5 0.55 1.6 0.75 1.7 ns 

If, t- Fall time 0.55 1.5 0.55 1.6 .0.75 1.7 ns 

Note: Each Eel 10KH series circuit has been. designed to meet the de specifications shown'· fn the testtable', after thermal equilibrium ha,s been est~blished. 
The circuit is in a test s~cket or mountedon a printed circuit board and transverse air flow greater than 500 linear fpm is maintained. Outputaare terminated 
through a 50 0 resistor to -2.0 V. 

14·53 



ECL 1 OKH High-Speed 
EmiHer-Coupled Logic Family 
MC10H161 
Binary to 1-of-8 Decoder 

Features/ Benefits Ordering Information 
• Propagation delay, 1 ns typical 

• Power dissipation, 315mW typical 

• Noise margin 150 mV 

• Voltage compensated 

• Eel 10K-compatible 

Description 
The MC10H161 is a high-speed Binary to l-of-8 Decoder. This 
device is a member of Monolithic Memories' expanding ECL 
10KH family. This ECL device is designed to decode a three-bit 
word to a one-of-eight line output. The selected output will be 
low while all other outputs will be high. The enable inputs, when 
either or both are high, force all outputs high. 

The MC10H161 is a true parallel decoder. No series gating is 
used internally, eliminating unequal delay time found in other 
decoders. The MC10H161 is useful in high"speed multiplexer/ 
demultiplexer applications. 

This ECL 10KH part is a functional/pinout duplication of the 
standard ECL 10K part with 100% improvement in propagation 
delay, and no increase in power-supply current. 

Pin Configuration 

PART NUMBER 

MC10H161 

Truth Table 

ENABLE 
INPUTS 

INPUTS 

El Eo C B A 

L L L L L 

L L L L H 

L L L H L 

L L L H H 

L L H L L 

L L H L H 

L L H H L 

L L H H H 

H X X X X 

X H X X X 

x = Don't Care 

PACKAGE TEMPERATURE 

J,N,NL(20) Com 

OUTPUTS 

00 01 02 03 04 05 06 07 

L H H H H H H H 

H L H H H H H H 

H H L H H H H H 

H H H L H H H H 

H H H H L H H H 

H H H H H L H H 

H H H H H H L H 

H H H H H H H L 

H H H H H H H H 

H H H H H H H H 

MC10H161 
Binary to l-of-8 Decoder Logic Diagram 

MC10H161 

ECL10KH 
BINARY 

T010F8 
DECODER 

MC10H161 

VCC1 = PIN 1 
VCC2 = PIN 16 
VEE = PINS 

Portions of this data sheet reproduced with the courtesy of Motorola. Inc. 

TWX: 910,338-2376 
2175 Mission College Blvd. Santa Clara, CA 95054-1592 Tel: (408) 970-9700 TWX: 910-338-2374 
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MC10H161 

Absolute Maximum Ratings 
Supply voltage VEE (Vce = 0) .....................................•................................... .'-8.0 V to 0 VdC 
Input voltage VI (VCC = 0) ......................................................•.•....................... 0 Vdc to VEE 
Output Current: 

Continuous ........•...............•..............................•....•......•.•.....•....••............•.. 50 mA 
Surge .......................................................•....•......................... ' .....•..... , ... 100 mA 

Operating Conditions 

SYMBOL PARAMETER 
COMMERCIAL 

UNIT MIN TYP MAX 

VEE Supply voltage -5.46 -5.2 -4.94 V 

TA Operating temperature range ,', 0 75 ·C 

I Plastic -55 150 
TSTG Storage temperature range ·C 

I Ceramic -55 165 

Electrical Characteristics VEE = -S.2 V ±S% (See Note) 

o· 25· 7S· 
SYMBOL PARAMETER UNIT 

MIN MAX MIN MAX MIN MAX 

IE Power supply current - 84 - 76 - 84 mA 

linH Input current HIGH - 465 - 275 - 275 JJ.A 

linL Input current LOW, 0.5 - 0.5 - 0.3 - JJ.A 

VOH HIGH output voltage -1.02 -0.84 -0.98 -0.81 -0.92 -0.735 Vdc 

VOL LOW output voltage -1.95 -1.63 -1.95 -1.63 -1.95 -1:60 Vdc 

VIH HIGH input voltage -1.17 -0.84 -1.13 -0.81 -1.07 -0.735 Vdc 

VIL LOW input voltage -1.95 -1.48 -1.95 -1.48 -1.95 -1.45 Vdc 

Switching Characteristics VEE = -S.2V ±S% (See Note) 

o· 2S· '", 7S· 
SYMBOL PARAMETER UNIT 

MIN MAX MIN MAX MIN MAX 

Propagation delay I Data Pins 7. 9.14 0.6 2.0 0.65 2.1 0.7 2.2 
tpd ns 

Enable Pins 2.15 0.8 2.3 0.8 2.4 0.9 2.5 

tp t+ Rise time 0.55 1.7 0.65 1.8 0.7 1.9 ns 

It. t- Fall time 0.55 1.7 0.65 1.8 0.7 1.9 ns 

Note: Each Eel 10KH series circuit has been deSigned to meet the de specifications shown in the test table, after thermal "equilibrium has been established. 
The circuit is in a test socket.or mounted on a printed circuit board and transverse air flow greater than SOO linearfpm is maintained. Outputs ar.eterminated 
through a 50 n resistor to -2.0 V. 
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ECL 10KH High-Speed 
Emitter Coupled Logic Family 
MC10H162 
Binary to 1-of-8 Decoder 

Features/ Benefits Ordering Information 
• Propagation delay 1 ns typical 

PART NUMBER PACKAGE TEMPERATURE 
• Power dissipation, 315 mW typical 

• Noise margin 150 mV 

• . Voltage compensated 

• ECl 10K-compatible 

Description 
The MC10H162 is a high-speed Binary to l-of-8 Decoder. This 
device is a member of Monolithic Memories' ECl 10KH family. 
This ECl device is designed to convert a three-bit word to 
one-of-eight output lines. The selected output will be high while 
all other outputs are low. The enable inputs, when either or both 
are high, force all outputs low. 

The MC10H162 is a true parallel decoder. This eliminates 
unequal parallel path delay times found in other decoder 
designs. This device is ideally suited for high-speed multiplexer/ 
demultiplexer applications. 

This ECl 10KH part is a functional/pinout duplication of the 
s,andard ECl 10K part with 100% improvement in propagation 
delay and no increase in power-supply current. 

Pin Configurations 

MC10H162 
Binary to 1-0'-8 Decoder (Inverting) 

MC10H162 J,N,Nl 

Truth Table 

INPUTS OUTPUTS 

EO E1 C B A QO Q1 Q2 Q3 Q4 

l l l l l H l l l l 

l l l l H l H l l l 

l l l H l l l H l l 

l l l H H l l l H l 

l l H l l l l l l H 

l l H l H l l l l l 

l l H H l l l l l l 

l l H H H l l l l l 

H X X X X l l l l l 

X H X X X l l l l l 

x :: Don't Care. 

LogiC Diagram 

MC10H162 
Binary to 1-of~8 Decoder 

Com 

Q5 Q6 Q7 

l l l 

l l l 

l l l 

l l l 

l l l 

H l l 

l H l 

l l H 

l l l 

l l l 
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MC10H162 

Absolute Maximum Ratings 
Supply voltage VEE (VCC = 0) ........................................................................... -8.0 V to 0 Vdc 
Inputvoltage VI (VCC = 0) ................................................................................ 0 Vdc to VEE 
Output Current: 

Continuous ................................................................................................. 50 mA 
Surge ..................................................................................................... 100 mA 

Operating Conditions 

SYMBOL PARAMETER 
COMMERCIAL 

MINTYP MAX UNIT 

VEE Supply voltage -5.46 -5.2 -4.94 V 

TA Operating temperature range 0 75 °c 

I Plastic -55 150 
TSTG Storage temperature range °c 

I Ceramic -55 165 

Electrical Characteristics vEE = -5.2 V ±SOfa (See Note) 

PARAMETER 
0° 25° 75° 

SYMBOL UNIT 
MIN MAX MIN MAX MIN MAX 

IE Power supply current - 84 - 76 - 84 rnA 

linH Input current HIGH - 465 - 275 - 275 p.A 

linL Input current LOW 0.5 - 0.5 - 0.3 - p.A 

VOH HIGH output voltage -1.02 -0.84 -0.98 -0.81 -0.92 -0.735 Vdc 

VOL LOW output voltage -1.95 -1.63 -1.95 -1.63 -1.95 -1.60 Vdc 

VIH HIGH input voltage -1.17 -0.84 -1.13 -0.81 -1.07 -0.735 Vdc 

VIL LOW input voltage -1.95 -1.48 -1.95 -1.48 -1.95 -1.45 Vdc 

Switching Characteristics VEE = -5.2V ±5% (See Note) 

0° 25° 75° 
SYMBOL PARAMETER UNIT 

MIN MAX MIN MAX MIN MAX 

I Data 0.7 2.0 0] 2.1 0.8 2.5 
tpd Propagation delay ns 

I Enable 0.8 2.3 0.8 2.4 0.9 2.6 

tf't+ Rise time 0.6 1.8 0.6 1.9 0.6 2.0 ns 

tf. t- Fall time 0.6 1.8 0.6 1.9 0.6 2.0 ns 

Note: Each Eel 10KH series' circuit has been designed to meet the de specifications shown in the test table"atter thermal equilibrium has been estab.lished. 
The circuit is in a test socket or mounted on a printed circuit board and transverse air flow greater than 500 linear fpm is maintained, Outputs are terminated 
through a 50 It" resistor to -2.0 V. 
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'tYpical Applications 

CR 
START/STOP 

CONTROL SELECTION 

..... ] ~ l>--
J > XY1>-'-0"" 

.~ 
L~x.........;u.>-

J > x x 1>--
J 2X XJ>-

I > x--" ""1>-

MC10H162 

So 

S, MC10H136 rmnii CR 
A BCD 

too.. E, 
~~ C 

-B MC10H164 

A 
DO 

So 

S, MC10H136 

CR 
ABC 0 

too.. 
E1 

EO 

.... ~ 
C 

MC10H162 
;-- B 

A 

AAAf21~k!! 

Figure 1. High Speed 16·81t MultlplexerlDemultiplexer 
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ECL 10KH High-Speed 
Emitter-Coupled Logic' Family 
MC10H164 
a-Line Multiplexer 

Features/Benefits 
• Propagation delay, 1 ns typical 

'" Power dissipation, 310 mW·typlc:al 

• Noise margin 150 mV 

• Voltage compensated 

• ECl.10K-compatible 

Description 
The MC10Hl64 is a member of Monolithic Memories' ECl 
family. This ECl 10KH part is a functional/pinout duplication of 
the standard ECl 10K part, with 100% improvement in propa
gation delay, and no increase in power supply current. 

Pin Configuration 

MC10H164 
8-Une MuHlplexer 

Truth Table 

ADDRESS INPUTS 
ENABLE 

C .8 

l l l 

l l l 

l L H 

l l H 

l H l 

l H l 

l H .• H 

l H 'H 

H X X 

x= Don't Care 

A 
Z 

l XO 

H Xl 

l X2 

H X3 

l X4 

H X5 

l X6 .. 

H x:r 
X l 

Ordering Information 

PART NUMBER PACKAGE TEMPERATURE 

MC10Hl64 J,N,Nl(20) Com 

The MCl OHl64 is designed to be used in data multiplexing and 
parallel-to-serial conversion applications. Full parallel gating 
provides equal delays through any data path. The MC10Hl64 
incorporates an output buffer, eight inputs and an enable. A high 
on the enable forces the output low. The open emitter output 
allows the MC10Hl64 to be connected directly to a data bus. 
The enable line allows an easy means of expanding to more than 
eight lines using additional MC10Hl64s. 

Loilc Diagram 

A 

B 

C 

ENABLE 

7 

9 

10 

2 

6 

5 

4 

3 

11 

12 

13 

,,~~ 

14 

MC10H164 
8-llne Multiplexer 

~ 

~ 
VCC1=Pln1 
V~C2=Pln;16 

~ 
EE.=Pln8 

~ -t 

'" 
~. 

. h. 
~ 

'\ 

tL 
-:l ~ 
Y 

H. 
-:l~ 
"r 

H. 
J~ 
Y 

H. 
Ij 

... l" 
L-r-t 

J ~. '" . 

l.-t. 
.0, J:). 

T 

z 
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MC10H164 

Absolute Maximum Ratings 
Supply voltage VEE (VCC=O) ............•..............•....•.........••..............•....• ; .......... '. -B.OV to 0 Vdc 
Input Voltage VI (VCC=O) ................................................................................. OVdctoVEE 
Output current: 

Continuous • . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . • . . . . . . . • . . . . . . . . . . . . . . . . . . • . . . . . . . . • . • . . . . . . . . . . . . • . •• 50 mA 
Surge' .. ; ............................................................................... , .................... ' 100mA 

Operating Conditions 

SYMBOL PARAMETER 
COMMERCIAL UNIT 

MIN TYP MAX 

VEE Supply voltage -5.46 -5.2 -4.94 V 

TA Operating free-air temperature 0 75 ·C 

c I Plastic -55 150 
TSTG Storage temperature range I Ceramic 165 

·C 
-55 

Electrical Characteristics VEE = -5.2 V +5% (See Note) -

D· 25· 75· 
SYMBOL PARAM~ER UNIT 

MIN MAX MIN MAX MIN MAX 

IE Power supply current - 83 - 75 - 83 mA 

linH Input current HIGH - 512 - 320 - 320 !LA 

linL Input current LOW 0.5 - ,0.5 - 0.3 - '!LA 

VOH HIGH output voltage -1.02 -0.84 -0.98 -0.B1 -0.92 -0.735 Vdc 

VOL LOW output voltage -1.95 -1.63 -1.95 -1.63 -0.735 -1.60 Vdc 

VIH HIGH input voltage , -1.17 -0.84 -1.13 -0.B1 -1.07 -0.735 Vdc 

VIL LOW input voltage -1.95 -1.48 -1.95 '-1.48 -1.95 -1.45 Vdc 

Switching Characteristics VEE = -5.2 V, ±5% (See Note) 

D· 25· 75· 
SYMBOL PARAMETER UNIT 

, MIN MAX MIN MAX MIN MAX 

Xo-X7 
.' 

1.0 2.B 0.7 2.7 0.7 2.9 

A,B,C, 1.0 3.B 0.7 3.6 0.7 3.9 

tpd Propagation delay Data 0.7 2.4 O.B 2.5 0.9 2.6 I)S 

Address 1.0 2.8 1.1 2.9 1.2 3.2 

Enable 0.4 1.45 0.4 1.5 0.5 1.7 

tr,t+ Risillime 0.6 1.B 0.6 1.9 0.6 2.0 ns 

tf,t~ Fall time 0.6 1.8 0.6 1~9 0.6 2.0 ns 

Note: Each Eel 10KH series circuit has been d.sign!ld to meet the dc speciflcations.hown in the test tabie, after thermal equilibrium has been eslablish!ld. 
The clrcuit is in a te~t socket or mou.nte~.on apri~ted Circu.it board and transverse air flow greater than 500 linea-rfpm i~ maintained. Outputs are terminated 
through a 50 n resistor to -2.0 V, 
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ECL10KH High-Speed 
Emitter Coupled Logic Family 
MC10H166 
5-Bit Magnitude Comparator 

Features/ Benefits Ordering Information 
• Propagation delay, Data-to-Output, 2.0 ns typical 

• Power dissipation, 440 mW typical 

• Noise margin 150 mV 

• Voltage compensated 

• ECl 10K-compatible 

Description 

The MCl OH166 is a member of Monolithic Memories' ECl 10KH 
family. This device is a 5-Bit Magnitude Comparator and is a 
functional/pinout dupl ication olthe standard ECl 10K part with 
100% improvement in propagation and no increase in power
supply current. 

The MCl OH166 is a high-speed expandable S-bit comparator for 
comparing the magnitude of two binary words. Two outputs are 
provided: A < B and A> B. The A = B function can be obtained by 
wire-ORing these outputs (a low level indicates A = B) or by 
wire-NORing the outputs (a high level indicates A = B). A high 
level on the enable function forces both outputs low. 

Pin Configurations 

MC10H166 
5-Bit Magnitude Comparator 

PART NUMBER PACKAGE 

MC10Hl66 J,N.Nl 

Truth Table 

INPUTS 

E A I B 

H X I X 

l Word A = Word B 

l Word A > Word B 

L Word A < Word B 

Logic Diagram 

TEMPERATURE 

Com 

OUTPUTS 

A<B 

l 

l 

l 

H 

.' A>B 

l 

L 

H 

l 

A<8 

VCC1 = PIN 1 
VCC2 = PIN 16 

VEE =PIN8 
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MC10H166 

Absolute Maximum Ratings 
Supply voltage VEE (VCC = 0) .............................•.........•...•........................ ~ .... " -8.0 V toO Vdc 
Input voltage VI (VCC = 0) ..............•......••.................•........•.•.•.......................... 0 Vdcto VEE 
Output Current 

Continuous •..•.•.••.....•..•..................•..•.•..•....•..........•.....•.•.••..•.......•............•. 50 mA 
Surge .....••.....• : ...•.•. , ..............•.......••...........................••.•..•..........•.......... 100mA 

Operating Conditions 

SYMBOL PARAMETER 
COMMERCIAL 

UNIT MIN TYP MAX 

VEE Supply voltage -5.46 -5.2 -4.94 V 

TA Operating temperature range 0 75 °c 

I Plastic -55 150 
TSTG Storage temperature range °C 

I Ceramic -55 165 

Electrical Characteristics VEE = -5.2 V ±5% (See Note) 

0° 25° 75° 
SYMBOL PARAMETER UNIT 

MIN MAX MIN MAX MIN MAX 

IE Power supply current - 117 - 106 - 117 mA 

linH Input current HIGH - 350 - 220 - 220 ,.A 

linL Input current LOW 0.5 - 0.5 - 0.3 - ,.A 

VOH HIGH output voltage -1.02 -0.84 -0.98 -0.81 -0.92 -0.735 VdC 

VOL LOW output voltage -1.95 -1.63 -1.95 -1.63 -1.95 -1.60 Vdc 

VIH HIGH input voltage -1.17 -0.84 -1.13 -0.81 -1.07 -0.735 Vdc 

VIL LOW input voltage -1.95 -1.48 -1.95 -1.48 -1.95 -1.45 Vdc 

Switching Characteristics VEE = -5.2V ±5% (See Note) 

0° 25° 75° 
SYMBOL PARAMETER UNIT 

MIN MAX MIN MAX MIN MAX 

I Data-to-Output 1.1 3.5 1.1 3.7 1.2 4.1 
tpd Propagation delay 

I 
ns 

Enable-to-Output 0.6 1.7 0.7 1,7 0_7 1.8 

tr• t+ Rise time 0.6 1.5 0.6 1.6 0.6 1.7 ns 

tf. t- Fall time 0.6 1.5 0.6 1.6 0.6 1.7 ns 

Note: Each Eel 10KH series circuit has been designed to meet the de specifications shown in the test table. after thermal equilibrium has been established. 
The circuit is in a test socket or mounted on a printed circuit board and transverse air flow greater than 500 linear fpm is maintained. Outputs are terminated 
through a 50-n resistor to -2_0 V_ 
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80 
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~ 
83 

A3 
A<B 

B2 

A2 
A>B 

81 

Al 

BO 

Ao 

B4 

~ 
B3 

A3 
A<B 

B2 

~ A>B 
Bl 

Al 

80 

Ao 

MC10H166 

MC10Hl66 MC10H166 

A>8 A<B 

A>B A<B A= B 

FOR 9-81T WORD 

Figure 1. 9-Blt Magnitude Comparator 

For longer word lengths, the MC1 OH166 can be serially expanded 
or cascaded. Figure 1 shows two devices in a serial expansion for 
a 9-bit word length. The A>B and A<B outputs are fed to the AD 
and BO inputs respectively of the next device. The connection for 
an A = B output is also shown. The worst case delay time of serial 
expansion is equal to the number of comparators times the data
to-output delay. 

A=B 

1-...... +---- A < 8 

1--"'----A> B 

Figure 2. 25-Blt Magnitude Comparator 

For shorter delay times than possible with serial expansion, 
devices can be cascaded. Figure 2 shows a 25-bit cascaded 
comparator whose worst case delay is two data-to-output 
delays. The ca~caded scheme can be extended to longerword 
lengths. 
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ECL 10KH High-Speed 
EmiHer-Coupled Logic Family 
MC10H173 

PRELIMINARY 
INFORMATION 
This document contains spe
cifications and information 
wh ich are subject to change. 

QUAD 2-lnput Multiplexer With Latch'-------

Features/Benefits 
• Propagation delay, 1.5 ns typical 

• Power dissipation, 275 mW typical 

• Noise margin 150 mV 

• Voltage compensated 

.. Eel 10K-compatlble 

Description 
The MC10H173 is a quad 2-input multiplexer with latch. This 
device is a functional/pinout duplication of the standard ECL 
10K part, with 100% improvement in propagation delay and 
no increase in power-supply current. 

It incorporates common clock and common dataselectinputs. 
Theselect input determines which data input is enabled. Ahigh 
(H) level enables data inputs 000, 010, 020, and 030 and a low 
(L) level enables data inputs 001,011, 021, 031. Anychange 
on the data input will be reflected at the outputs while the clock 
is low. The outputs are latched on the positive transition of the 
clock. While the clock is in the high state, a change in the infor
mation present at the data inputs will not affect the data outputs. 

MC1 OH173 Function Table 

SELECT CLOCK Qn = 1 

H L 000 

L L 001 

X H aOn 

x = Don't care. 

Pin Configurations 
MC10H173 

Quad 2-lnput Multiplexer with Latch 

Ordering Information 

PART NUMBER PACKAGE TEMPERATURE 

MC10H173 J,N,NL(20) Com 

Logic Diagram 

MC10H173 
Quad 2-lnput Multiplexer with Latch 

SELECT 

000 

001 

010 

011 

020 

021 

030 

031 

CLOCK 

4 

13 

12 

11 

10 

MC10H173 

ECL10KH 
QUAD 

2-INPUT 
MUXWITH 

LATCH 

G 
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MC10H173 

Absolute Maximum Ratings 
Supply voltage, VEE (VCC = 0)............................................................................ -8.0 to 0 Vdc 
Input voltage, VI (VCC = 0) .....•...•.........•..•••...........••........ , .................... , ........ , .... 0 Vdc to VEE 

I Output Current: . 
, Continuous .................................................................................................. 50 rnA 

Surge •.................................•................................................•..•..........•..... 100 rnA 

Operating Conditions 

SYMBOL PARAMETER COMMERCIAL UNIT MIN ·TYP MAX 

VEE Supply voltage -5.46 -5.2 '-4.94 V 

TA Operating temperature range 
. , ... 

0 75 °c 

I Plastic -55 150 
TSTG Storage temperature range °c I Ceramic -55 165 

Electrical Characteristics VEE = -5.2 V ± 5% (See Note) 

0° 25° 75° 
SYMBOL PARAMETER UNIT 

MIN MAX MIN MAX MIN MAX 

IE Power supply current - 73 - 66 - 73 rnA 

I Pins 3-7 and 10-13 - 510 - 320 - 320 
p.A linH Input current HIGH 

IPin9 - 475 - 300 - 300 

linL Input current LOW 0.5 - 0.5 - 0.3 - p.A 

VOH HIGH output voltage -1.02 -0.84 -0.98 -0.81 -0.92 -0.735 Vdc 

VOL LOW output voltage -1.95 -1.63 -1.95 -1.63 -1.95 -1.60 Vdc 

VIH HIGH input voltage -1.17 -0.84 -1.13 -0.81 -1.07 -0.735 Vdc 

VIL LOW input voltage -1.95 -1.48 -1.95 -1.48 -1.95 -1.45 Vdc 

Switching Characteristics VEE = -5.2 V, ±5% (See Note) 

.. 0° 25° 75° 
SYMBOL PARAMETER UNIT 

MIN MAX MIN MAX MIN MAX 

Data 0..7 2.3 0.7 2.3 0..7 2.3 

tpd Propagation delay Clock 1.0 3.7 1.0 3.7 1.0 3.7 ns 

Select 1.0 3.6 1.0 3.6 1.0 3.6 

tset Setup time 
Data 0.7 - 0.7 - 0.7 - ns 
Select . 1.0 - 1;0 - 1.0 -

.. 
Data 0.7 - 0.7·. -

.... 
0.7 -

thold Hold time ns 
Select 1.0 - LO - 1.0 -

tr, \+ Rise time 0.7 2.4 0.7 2.4 0.7 2.4 ns 

tf. t- Fall time 0.7 2.4 0.7 2.4 0.7 2.4 ns 

NOT;[::, Ea,ch, Eel· 19KH ~erie~ __ ?Ircuit has ,~~n,_ de~,igned to meetJhe de specificati,ons sho~,n __ in ~he te~t t~ble",aft,~~ ,thermaf,equilibri,!J(Tl ha~"Qe,~m ,est~bUs~ed., 
Th~,circuitis in a t~st socket qr mQunted on a printed circuit board and transverse air flow greater than SOOlinear fpm is maintained. Outputs are terminated 
through. ~(1fi,re$istoft9-2.0,v. 
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ECL 1 OKH High-Speed 
EmiHer-Coupled Logic Family 
MC10H174 
DuaI4-to-1 Multiplexer 

Features/ Benefits Ordering Information 
• Propagation delay 1.5 ns typical i PART NUMBER PACKAGE TEMPERATURE 
• Power dissipation, 305 mW typical 

• NOilemargln 150 mV 

• Voltage compensated 

• Eel 10K-compatible 

Description 
The MC10H174 is a Dual 4-to-1 Multiplexer. This device is a 
member of Monolithic Memories' new ECL family. This device is 
a functional/pinout duplication of the standard ECL 10K part 
with 100% improvement in propagation delay, and no increase in 
power-supply current. 

Pin Configuration 
MC10H174 

DuaI4-to-1 Multiplexer 

MC10H174 

ECl10KH 
QUAD 
4TO 1 
MUX 

: MC10H174 J,N,NL(20) 

Logic Diagram 
MC10H174 

Xo--"-------.Jjr-"'\ 

Xl--~-------+~~~, 

A 

B 

E--~----~r+~t--------1 

Yo--~----~r+~~~~ 

Yl--~----~r-~~~~ 

Function Table 

ENABLE ADDRESS INPUTS 

E B A 

H X X 

L L L 

L L H 

L H L 

L H H 

x = Don't' care. 

Com 

OUTPUTS 

Z W 

L L 

Xo Yo 

X1 Y1 
.. .. 
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MC10H174 

Absolute Maximum Ratings 
Supply voltage VEE (VCC = 0) .......................................................................... -8.0 V to 0 Vdc 
Input voltage VI (VCC = 0) ................................................................................ 0 Vdc to VEE 
Output Current: 

Continuous ........................................................................................•.....•.. 50 rnA 
Surge ..................................................................................................... 100 rnA 

Operating Conditions 

I SYMBOL 
COMME:RCIAL 

PARAMETER MIN TYP MAX UNIT 

I 
VEE Supply voltage -5.46 '-5.2 -4.94 V 

TA Operating temperature range 0 75 °c 

I Plastic -55 150 
TSTG Storage temperature range 

I , °c 
Ceramic -55 165 

Electrical Characteristics VEE = -5.2 V ±5% (See Note) 

00 250 750 

SYMBOL PARAMETER UNIT 
MIN MAX MIN MAX MIN MAX 

IE Power supply current - 80 - 73 - 80 rnA 

I Pins3-7and9-13 - 475 - 300 - 300 
linH Input current HIGH I Pin 14 

,.A 
- 670 - 420 - 420 

linL Input current LOW 0.5 - 0.5 - 0.3 - ,.A 

VOH HIGH output voltage -'1.02 -0.84 ,.0.98 -0.81 -0.92 -0.735 Vdc 

VOL LOW output voltage -1.95 -1.63 -1.95 -1.63 . -1.95 -1.60 Vdc 

VIH HIGH input voltage -1.17 -0.84 -1.13 -0.81 -1.07 -0.735 Vdc 

VIL LOW input voltage -1.95 -1.48 -1.95 -1.48 -1.95 -1.45 Vdc 

Switching Characteristics VEE = -5.2 V, ±5%(See Note) 

00 250 750 

SYMBOL PARAMETER UNIT 
MIN MAX MIN MAX MIN MAX 

Data (All others) 0.7 2.4 0.8 2,3 0.9 2.6 

tpd Propagation delay Select (A,S) Pin 7, 9 1.0 2.8 1.1 2.9 1.2 3.2 ns 

Enable Pin 14 0.4 1.45 0.4 1.50 0.5 1.70 

tr• t+ Rise time 0.5 1.5 0.5 1.6 0.5 1.70 ns 

tf. t- Fall time 0.5 1.5 0.5 1.6 0.5 1.70 ns 

Note: Each Eel 10KH series circuit has been designed 'to meet the de specifications shown in the test table, after thermal equilibrium has been established. 
The circuit is in a test socket or mounted on a printed-circuit board and transverse air flow greater than 500 Hnearfpm is maintained. Outputs are terminated 
through a son resistor to -2:0 V. 
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ECL 10KH High·Speed 
Emitter·Coupled Logic Family 
MC10H175 
Quint Latch 

Features/Benefits 
• Propagation delay, 1.2 ns typical 

• Power dissipation, 400 mW typical 

• Noise margin 150 mV 

• Voltage compensated 

• ECl 10K-compatible 

Description 
The MC10H175is a member of Monolithic Memories' ECl 
family. The MC10H175 is a quint D-type latch with common 
reset and clock lines. This ECL 10KH part is a functional/pinout 
duplication of the standard ECL 10K part, with 100% improve
ment in propagation delay, and no increase in power-supply 
current. 

Pin Configuration 
MC10H175 
Quint latch 

Truth Table 

0 Co C1 

L L l 

H L L 

X H X 

X X H 

X H X 

X X H 

x ~ Don't Care 

RESET Qn + 1 

X L 

X H 

L an 

L an 

H L 

H l 

Portions of this Data Sheet reproduced with courtesy of Motorola Inc. 

Ordering Information 

PART NUMBER PACKAGE TEMPERATURE 

MC10H175 J,N,Nl(20) Com 

Application Information 
The MC10H175 is a high-speed, low-power quint latch. It 
features five D-type latches with common reset and a common 
two-input clock. Data is transferred on the negative edge of the 
clock and latched on the positive edge. The two clock inputs are 
ORed together. 

Any change on the data input will be reflected at the outputs 
while the clock is low. The outputs are latched on the positive 
transition of the clock. While the clock is in the high state, a 
change in the information present at the data inputs will not 
affect the output information. The reset input is enabled only 
when the clock is in the high state. 

Logic Diagram 
MC10H175 
Quint Latch 

DO ___ 1~O __________ ~ 

VCC1 ~ Pin 1 
VCC2 ~ Pin 16 

VEE ~ Pin 8 
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MC10H175 

Absolute Maximum Ratings 
Supply Voltage VEE (VCC = 0) .......................................................................... -8.0 V to 0 Vdc 
Input Voltage VI (VCC = 0) ................................................................................ 0 Vdc to VEE 
Output Current: 

Continuous ................................................................................................. 50 mA 
Surge ..................................................................................................... 100 mA 

Operating Conditions 

SYMBOL PARAMETER 
COMMERCIAL UNIT 

MIN TYP MAX 

VEE Supply voltage -5.46 -5.2 -4.94 V 

I TA Operating temperature range 0 75 °c 

I Plastic -55 150 
TSTG Storage temperature range °c I Ceramic -55 165 

I Electrical Characteristics VEE = -5.2 V ±S% (See Nole) 

0° 25° 75° 
SYMBOL CHARACTERISTIC UNIT 

MIN MAX MIN MAX MIN MAX 

IE Power supply current - 107 - 97 - 107 mA 

Input current HIGH r Pins 5,6,7,9,10,12,13 - 565 - 335 - 335 
linH !LA 

Pin 11 - 1120 - 660 - 660 

linL Input current LOW 0.5 - 0.5 - 0.3 - !LA 

VOH HIGH output voltage -1.02 -0.84 -0.98 -0.81 -0.92 -0.735 Vdc 

VOL LOW output voltage -1.95 -1.63 -1.95 -1.63 -1.95 -1.60 Vdc 

VIH HIGH input voltage -1.17 -0.84 -1.13 -0.81 -1.07 -0.735 Vdc 

VIL LOW input voltage -1.95 -1.48 -1.95 -1.48 -1.95 -1.45 Vdc 

Switching Characteristics VEE =-5.2 V, ±5% (See Note) 

0° 25° 75° 
SYMBOL PARAMETER UNIT 

MIN MAX MIN MAX MIN MAX 

Data 0.6 1.6 0.6 1.6 0.6 1.7 

tpC! Propagation delay Clock 0.7 1.9 0.7 .2.0 0.8 2.1 ns 

Reset 1.0 2.2 1.0 2.3 1.0 2.4 

tset Setup time 1.5 - 1.5 - 1.5 - ns 

thold Hold time 0.8 - 0.8 - 0.8 - ns 

tr, t+ Rise time 0.5 1.8 0.5 1.9 0.5 2.0 ns 

tf, t- Fall time 0.5 1.8 0.5 1.9 0.5 2.0 ns 

Note: Each EeL 10KH series circuit has been designed to meet the.de spectfications-shoytn in the test table, after thermal equilibri~m has been established. 
The circuit is-in,a test socket or mounted on a printed circuifboard and transverse airflow greater than 500 linearfpm is maintained. Outputs are terminated 
througha5Q n resistor to -2 .. 0 V. 
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ECL 10KH High-Speed 
EmiHer Coupled Logic Family 
MC10H176 
Hex D Master-Slave Flip-Flop 

Features/Benefits Ordering Information 
• Propagation delay 1.7 ns typical 

• Power dissipation, 460 mW typical PART NUMBER PACKAGE TEMPERATURE 

• Noise margin 150 mV 

• Voltage compensated 

• ECl10K-compatible 

Description 
The MC10H176 is a member of Monolithic Memories' ECL 10KH 
family. This ECL device includes six high speed master-slave 
D-type flip-flops with one common input clock for all six. Data 
enters into the master during the LOW state of the clock and is 
transferred to the slave during the positive-going clock transition. 
Thus, outputs may change only on a positive-going Clock 
transition. A change in information present at the data (D) input 
will not affect the output information any other time due to the 
master-slave construction of this device. 

This ECL 10KH part is a functional/pinout duplication of the 
standard ECL 10K part, with 100% improvement in clock 
frequency and propagation delay and no increase in power
supply cu rrent. 

Pin Configurations 

MC10H176 
Hex 0 Master-Slave Flip-Flop 

Q1 

Q2 
HEX 0 

MC10H176 J,N,NL(20) Com 

Truth Table 

C 0 On+1 

L X an 

H* L L 

H* H H 

x = Don'! Care 
* A clock H is a clock transition from a low to a high state 

Logic Diagram 
MC20H176 

Hex 0 Master-Slave Flip-Flop 

NC MASTER_SLAVE NC 16 
FLIP-FLOP 

05~Q5 
CLOCK~ 

DO 

01 

VCC1 = PIN 1 
VCC2 = PIN 16 

VEE = PIN 8 
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MC10H176 

Absolute Maximum Ratings 
Supply voltage VEE (VCC = 0) ........................................................................... -8.0 V to 0 Vdc 
Input voltage VI (VCC = 0) ..................................................•. , ........ , .........•....•... 0 Vdc to VEE 
Output Current: 

Continuous ........•....................................................................•......•..•......•.• 50 mA 
Surge ..•......•...•.•................•..................................................................•. 100 mA 

Operating Conditions 

SYMBOL PARAMETER 
COMMERCIAL 

UNIT MIN TYP MAX 

VEE Supply voltage -5.46 -5.2 -4.94 V 

TA Operating temperature range 0 75 °c 

I Plastic -55 150 
TSTG Storage temperature range 

I 
°c 

Ceramic -55 165 

Electrical Characteristics VEE = -5.2 V ±5% (See Note) 

0° 25° 75° 
SYMBOL PARAMETER UNIT 

MIN MAX MIN MAX MIN MAX 

IE Power supply current - 123 - 112 - 123 mA 

l Pins 5,6,7,10,11,12 - 425 - 265 - 265 
linH Input current HIGH I Pin 9 670 

p.A 
- - 420 - 420 

linL Input current LOW 0.5 - 0.5 - 0.3 - p.A 

VOH HIGH output voltage -1.02 -0.84 -0.98 -0.81 -0.92 -0.735 Vdc 

VOL LOW output voltage -1.95 -1.63 -1.95 -1.63 -1.95 -1.60 Vdc 

VIH HIGH input voltage -1.17 -0.84 -1.13 -0.81 -1.07 -0.735 Vdc 

VIL LOW input voltage -1.95 -1.48 -1.95 -1.48 -1.95 -1.45 Vdc 

Switching Characteristics VEE = -5.2V ±5% (See Note) 

0° 25° 75° 
SYMBOL PARAMETER UNIT 

MIN MAX MIN MAX MIN MAX 

tpd Propagation delay 0.9 2.1 0.9 2.2 1.0 2.4 ns 

tset Setup time 1.5 - 1.5 - 1.5 - ns 

thold Hold time 0.9 - 0.9 - 0.9 - ns 

tp t+ Rise time 0.5 1.8 0.5 1.9 0.5 2.0 ns 

tf, t- Falltime 0.5 1.8 0.5 1.9 0.5 2.0 ns 

ftog Toggle frequency 250 - 250 - 250 - ns 

Note: Each Eel 10KH series cir~,~it has, been designed to meet th~ d~ specifica~ions shown in the test tab,le, after thermal equil,ibrium has been estabHshed. 
The circuit is in a test socket or m'ounted on a printed circuit board and transverse air flow greater than 500 iinearfpm is maintained. Outputs are termina'ted 
through a 50 n ",.istodo -2.0 v. 
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ECL 10KH High-Speed 
EmiHer-Coupled Logic Family 
MC10H179 
Look-Ahead Carry Block 

Features/Benefits 
• Propagation delay. 1 ns typical 

• Power dissipation. 300 mW typical 

• Noise margin 150 mV 

• Voltage compensated 

• ECL 10K-compatible 

Description 
The MC10H179 is a look-Ahead Carry Block. This device is a 
member of Monolithic Memories' ECl 10KH family. 

This ECl 10KH part is a functional/pinout duplication of the 
standard ECl 10K part with 100% improvement in propagation 
delay, and no increase in power-supply current. 

Pin Configuration 
MC10H179 

Look-AheadC8rry Block 

MC10H179 

Ordering Information 

PART NUMBER PACKAGi!! TEMPERATURE 

MC10H179 J,N,Nl(20) 

Logic Diagram 
MC10H179 

Look-Ahead Carry Block 

PG = PO + P1 + P2 + P3 
GG = (GO + P1 + P2 + P3) (G1 + P2 + P3) (G2 + P3) G.3 

cn+2 = (Cn + PO + P1) (GO + P1) G1 

Com 

cn+4 = (Cn + PO + P1 + P2 + P3)(GO + P1 + P2 + P3)(G1 + P2 + P3) 
(G2 + P3) G3 

Application 
The MC10H179 is a high-speed, low-power, standard ECl 
complex function that is designed to perform the look-ahead 
carry function. This device can be used with the MC10H181 4-bit 
AlU directly, or with the MC10H180 dual arithmetic unit in any 
computer, instrumentation or digital communication application 
requiring high-speed arithmetic operation on long words. 

When used with the MC10H181, the MC10H179 performs a 
second order or higher look-ahead. Figure 2 shows a 16-bit 
look-ahead carry arithmetic unit Second order carry is valuable 
for longer binary words. As an example, addition of two 32-bit 
words is improved from 30 nanoseconds with ripple-carry 
techniques. A block diagram of a 32-bit AlU is shown in Figure 1. 
The MC1 OH179 may also be used in many other applications. It 
can, for example, reduce system package count when used to 
generate functions of several variables. 
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MC10H179 

Figure 1. 32-811 ALU with Carry Look-Ahead 

Cln<>--....,..------:S-3""S2-S-1-S0-M---------, 

,-r+i-t-t-----1 p 

~P 

0-- G MC10H179 Plt----++t-t-t----IP 

LOOC:':~~AD G1 t----++t-t-t----IG 
P2-

G2;---

'---;-+-+-++---"1 G 

~--------~G 

1 
Figure 2. 16-81t Full Look-Ahead Carry Arithmetic Logic Unit 
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MC10H179 

Absolute Maximum Ratings 
Supply voltage VEE (VCC = 0) ................................................ ;......................... -8.0 V to 0 Vdc 
Input voltage VI (VCC = 0) .........................................•..................................•... 0 Vdc to VEE 
Output Current: . 

Continuous ...........................•....................... ,............................................. 50 mA 
Surge ............•....•......................•....••.........•............••...................•.......... 100 mA 

Operating Conditions 

SYMBOL PARAMETER 
COMMERCIAL 

UNIT MIN TYP MAX 

VEE Supply voltage -5.46 -5.2 -4.94 V 

TA Operating temperature range 0 75 ·C 

I Plastic -55 150 
TSTG Storage temperature range 

I 
·C 

Ceramic -55 165 

Electrical Characteristics vEE = -S.2 V ±S% (See Note) 

o· 2S· 7S· 
SYMBOL PARAMETER UNIT 

MIN MAX MIN MAX MIN MAX 

IE Power supply current - 79 - 72 - 79 mA 

Pins 5 and 9 - 465 - 275 - 275 

Pins 4. 7 and 11 - 545 - 320 - 320 

linH Input current HIGH Pin 14 - 705 - 415 - 415 p.A 

Pin 12 - 790 - 465 - 465 

Pins 10 and 13 - 870 - 510 - 510 

linL Input current LOW 0.5 - 0.5 - 0.3 - p.A 

VOH HIGH output voltage -1.02 -0.84 -0.98 -0.81 -0.92 -0.735 Vdc 

VOL LOW output voltage -1.95 -1.63 -1.95 -1.63 -1.95 -1.60 Vdc 

VIH HIGH input voltage -1.17 -0.84 -1.13 -0.81 -1.07 -0.735 Vdc 

VIL LOW input voltage -1.95 -1.48 -1.95 -1.48 -1.95 -1.45 Vdc 

Switching Characteristics VEE = -S.2V ±S% (See Note) 

0° 2So 7So 
SYMBOL PARAMETER UNIT 

MIN MAX MIN MAX MIN MAX 

I PtoPG 
.. 

0.40 1.40 0.40 1.50 0.50 1.70 
tpd Propagation delay I G. p. en to en or GG 

ns 
0.60 2.30 0.70 2.40 0.80 2.60 

tp t+ Rise time 0.5 1.7 0.5 1.8 0.5 1.9 ns 

If. t- Fall time 0.5 1.7 0.5 1.8 0.5 1.9 ns 

Note: Each Eel 10KH series circuit has been designed to meet the de specifications shown in the test table, after thermal equilibrium has been established. 
The circuit is in a test socket or mounted on a printed circuit board and transverse air flow greater than 500 linearfpm is maintained. Outputs are terminated 
through a 50 n resistor to -2.0 V. 
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ECL 10KH High Speed 
EmiHer Coupled Logic Family 
MC10H209 
Dual 4·5 Input OR/NOR Gate 

Features/Benefits . Ordering Information 
• Propagation delay, 0.75 ns typical 

• 125 mW typical (no load) 

• Noise margin 150 mV 

• Voltage compensated 

• ECl 10K~mpatlble 

Description 
The MC10H209 is a member of the Monolithic Memories' ECl 
10KH Family. This ECldevice is a dual 4-5 input ORINOR gate. 
This device is a functional/pinout duplication of the standard 
ECl 10K family part, with 100% improvement in propagation 
delay and no increase in power supply current. 

Pin Configuration 

MC10H209 
Dual 4-5 Input OR/NOR Gate 

VCC2 

BOUI 

Bout 

Bin 

Bin 

Bin 

VEE Bin 

PART NUMBER PACKAGE TEMPERATURE 

MC10H209 J,N,Nl Com 

Logic Diagram 

MC10H209 
Dual 4-5 Input OR/NOR Gate 

VCC1 f Pin 1 
VCC2 = Pin 16 
VEE = 1'1/18 

MC10H209 

ECl10KH 
DUAL 

4-5 INPUT 
ORINOR 
, GATE' 

Portions of this data sheet, reproduced with the courtesy of Motorola Inc. 

TWX: 910-338-2376 
2175l\fisslonCollegeBlvd.Sanla ClaraLCA 95054-1592ifTel: (408) 970-9700 ·TW:X: 9tO-338-2374 

MonolIthIc. 111111 
Memories uun.u 

14-75 



MC10H209 

Absolute Maximum Ratings 
Supply voltage VEE (Vee = 0) ..•......•.....•.•...•........•.•.•. ;: •...•. , . . . .. . .. ..•. .. . •• . .• •.• . . .•. .•. -~,o V to.o Vdc 
Input voltage VI (Vee = 0) ..................•.................. ; ......• ; ........ , .........• ; .............. b V dc to VEE 
Output current: 

CQntinuous .............. '.' ...................... ; ..... ,... •.• .... .. . .. .. . . . • .. .... .. ... • .. . . . .•. . . . . .... .... .. . .. 50 mA 
Surge ............................................................................. : . .. . .. . .. . .. . .. . .. • .. • .. 100 mA 

Operating Conditions 

SYMBOL PARAMETER 
COMMERCIAL 

UNIT 
MIN TYP MAX 

VEE Supply voltage ",' -5.46 -5.20 -4.94 V 

TA Operating temperature range 0 75 ·e 

I Plastic -55 150 
TSTG Storage temperature range 

I 
·e 

Ceramic -55 165 

Electrical Characteristics VEe = -5.2 Y ±SOfa (See Note) 

0° 25° 75· 
SYMBOL PARAMETER UNIT 

MIN MAX MIN MAX MIN MAX 

IE Power supply c(Jrr~nt - - - 30 - - mA 

linH Input current HIGH - 640 - 400 - 400 J1.A 

linL Input current LOW 0.5 - 0.5 - 0.3 - J1.A 

VOH HIGH output voltage -1.02 -0.84 -0.98 -0.81 -0.92 -0.735 Vdc 

VOL LOW output voltage -1.95 -1.63 -1.95 -1.63 -1.95 -1.60 Vdc 

VIH HIGH input voltage -1.17 -0.84 -1.13 -0.81 -1.07 -0.735 Vdc 

VIL LOW input voltag.e -1.95 -1.48 -1.95 -1.48 -1.95 -1.45 Vdc 

Swltching'Characteristics Y'" 5 2 Y ±SO" (See Note) EE=- • ° • 

r, , 
00 i 25· 75· 

SYMBOL PARAMET,ER UNIT 
MIN MAX . MIN MAX MIN ,MAX 

" 

tpd Propagation delay 0.4 US 0.4 1.15 0.7 1.15 ns 

tr Rise time 0.4 1.5 0.4 1.5 0.4 1.6 ns 

tf Fall time 0.4 1.5 0.4 1.5 0.4 1.6 ns 

Note:Each ECL 10KH series circuit has been designed to meet the de specifications shown in the test table. after thermal equilibrium has been established. 
The circuit is in a test socket or mounted on a printed circuit board and transverse air flow greater than 500 linea~ fpm is maintained. Outputs are terminated 
through a 5O-11 resistor to~2.0 V. 
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ECL 10 KH High-Speed 
Emitter-Coupled Logic Family 
MC10H210/MC10H211 
3-lnput, 3-0utput OR/NOR Gates 

Features/Benefits Ordering Information 
• Propagation delay, 1.0 ns typical 

• Power dIssipation, 160 mW typical 

• Noise margin 150 mV (over operating voltage 
and temperature range) 

• Voltage compensated 

• ECl 10K-compatible 

Description 
The MC10H210 and MC10H211 are members of Monolithic 
Memories' ECl family, These devices are dual3-input, 3-output 
"OR" and "NOR" gates respectively, These ECl 10KH parts are 
functional/pinout duplications of the standard ECl 1 OKH family 
parts, with 100% improvement in propagation delay and no in
crease in power supply current. 

Pin Configurations 
MC10H210 

3-INPUT 3-0UTPUT OR GATE 

MC10H211 
3-INPUT 3-0UTPUT NOR GATE 

VCC2 

VCC1' 

Bou13 

BOUl2 

Bout1 

* pins 1 and 15 internall,Yconnected 

PART NUMBER 

MC10H210 
MC10H211 

PACKAGE TEMPERATURE 

", 

J,N,Nl,(20) Com 

AOUT3 

MC1OH211 
2 ~ 

A 5,~30Ull 
A~n1~,' 4 ~ 

In2 ~_ ' Aouta 
Ain3 ' " 12 ' __ B a3~ Binl~ 14 ~ 

1"2 =tt=:1 _ Bout3 Bin3 ....J.1'-O ............ 

MC10H210 

ECl10KH 

V,CCl = PIN 1, 15' 

VCC2" PIN 16 

VEE = PIN 8 

NC 3-INPUT 

AINl 3-0UTPUT BOUTl 
OR GATE 

MC10H211 
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MC10H210/211 

Absolute Maximum Ratings 
Supply voltage, VEE (VCC = 0) ............................................................................ -8.0 V to 0 Vdc 
Input voltage, VI (VCC = 0) ................................................................................. 0 Vdc to VEE 
Output Current: 

Continuous .....................................................•............................................ 50 mA 
Surge .......................................................................................... 0' ............ 100 mA 

Operating Conditions 

SYMBOL PARAMETER 
COMMERCIAL UNIT MIN TYP MAX 

VEE Supply voltage -5.46 -5.2 -4.94 V 

TA Operating free-air temperature 0 75 °c 

I Plastic -55 150 
TSTG Storage temperature range 

I °c 
Ceramic -55 165 

Electrical Characteristics VEE = -5.2 V ±5% (See Note) 

0° 25° 75° 
SYMBOL PARAMETER UNIT 

MIN MAX MIN MAX MIN MAX 

IE Power supply current - 42 - 38 - 42 mA 

linH Input current HIGH - 720 - 450 - 450 p.A 

linL Input current LOW 0.5 - 0.5 - 0.3 - p.A 

VOH HIGH output voltage -1.02 -0.84 -0.98 -0.81 -0.92 -0.735 Vdc 

VOL LOW output voltage -1.95 -1.63 -1.95 -1.63 -1.95 -1.60 Vdc 

VIH HIGH input voltage -1.17 -0.84 -1.13 -0.81 -1.07 -0.735 Vdc 

VIL LOW input voltage -1.95 -1.48 -1.95 -1.48 -1.95 -1.45 Vdc 

Switching ~haracteristics VEE = -5.2V ±5% (See Nole) -, 
0° 25° 75° 

SYMBOL PARAMETER UNIT 
MIN MAX MIN MAX MIN MAX 

MC10H210 0.5 1.55 0.55 1.55 0.6 1.7 
tpd Propagation delay ns 

MC10H211 0.7 1.6 0.7 1.6 0.7 1.7 

MC10H210 0.75 1.8 0.75 1.9 0.8 2.0 
tp t+ Rise time ns 

MC10H211 0.9 2.0 0.9 2.2 0.9 2.4 

MC10H210 0.75 1.8 0.75 1.9 0.8 2.0 
tf' t- Fall time ns 

MC10H211 0.9 2.0 0.9 2.2 0.9 2.4 

Note: Each Eel 10KH series circuit has been designed to meet the de specifications shown in the test table, after thermal equilibrium has been established. 
The circuit is in a test-socket ormounted on a printed circuit board and transverse airflow greater than 500 linear fpm is maintained. Outputs are terminated 
through a 50 n resistor to -.2.0 V. 
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Logic Cell ArrayTM 
Introduction 
The Logic Cell Array (LCA)'" is a CMOS integrated circuit with a 
flexible, uncommitted architecture and VLSl-level density. The 
LCA is manufactured on Monolithic Memories' 1.6 micron 
CMOS process. The device architecture as is shown in Figure 1, 
similar to that of a gate array, with an interior matrix of pro
grammable logic blocks, a surrounding ring of 110 interface 
blocks and programmable interconnect used to define the over-

.1 all device structure. 
Unlike gate arrays, Logic Cell Array functionality is defined by 
the user Simply by loading the internal writable storage cells with 
the configuration data. An additional benefit, reprogrammability 
in system, allows in-circuit-emulation to be used for design 
verification. 

The M2064 family of Logic Cell Arrays has been developed to 
allow Monolithic ME!mories to offer a device and technology that 
offer both the density benefits of gate arrays and the program
mability benefits of user-configurabledevices. These parts have 
been designed for maximum flexibility in system applications 
and are easy to use. 

Using the XACr" software development system, the designer 
can define and interconnect logic blocks to build larger-scale, 
multi-level logic functions. These are then connected to external 
circuitry. Interconnections throughout the Array are defined 
automatically by the development. system,. unless otherwise 
specified by the designer. ~ecause the Logic Cell Array's logic 
functions and interconneqtionsare established with memory 
cells, the array is never physically altered; instead it is simply 
reprogrammed. 

XACT Evaluation Kit (LCA-MEK01 ) 
Monolithic Memories offers evaluation software and documen
tation that will allow a designer to determine if his or her logic 
design fits and assess its performance as a Logic Cell Array. All 
that is needed is an IBM PC-XT, AT, or.compatible, a three-'button 
Mouse System or compatible mouse. 

XACT Development System 
(LCA-MDS21 ) 
The. XACT Development System is the "power' behind the 
machine." It will allow a designer to sitdown with a concept and 

I walk away with a completely tested, completely finished part. 

The reason is that XACT functions as both a CAE and .CAM 
system. The CAE part of the system allows the designer to' 
simply draw out the design using a sophisticated graphic:s
based design editor. The CAM part then converts the drawing to 
code, similar to a PAlASM-generated JEDEC file, that allows
programming with conventional programming hardware of an 
EPSOM containing the configuration data for system photo
typing. 

The XACT Development System currently has 113 macros 
and, in addition, allows the user to define hisorherown macro. 
To insure that internal timing constraints are satisfied, a Timing 
Analyzer is included to calculate propagation delays along any 
path with in the Array. 

As the. desi'gn is being entered, the Automatic DeSign Checker 
insures that no design rules are violated, and when the design is 
completed, a final design rule check is performed. 

The XACT Development System 
Contents: 

• Editor 

• Macro Library 

• Design Checker 

• Timing Analyzer 

• Simulator 

• Configuration File Generator 

• Configuration File Formatter 

In-Circuit-Emulator 
(LCA-MDS24 ) 
The In-Circuit-Emulator is a software/hardware package that 
enables a designer to connect his or her target system to the work
station where a design has just been completed. The emulator 
package allows: 

• User control and monitoring of device function 

• Interactive or file-driven setup and configuration 

• Daisy-chain configuration capabilities for up to seven LCAs in 
a chain 

• Simultaneous in-circuit emulation of up to four devices 

• Single step capability for device clocks 

• Readback display of device internal register states 

• Dynamic reconfiguration capability. 

The In~Circuit-Emulator comes with a Single "pod". Up to three 
additional pods (LCA-MDS25) may be ordered for each 
emulator. 

P·SILOS Simulation Package 
(LCA-MDS22) 
After a design is completed, the next step is to simulate. 
Monolithic Memories offers an integrated simulation package 
manufactured by Simucad, called P-SILOS. 

PART NUMBER DESCRIPTION 

LCA-MEK01 LCA Evaluation Kit 

LCA-MDS21 LCA Development system 

LCA-MDS22 LCA Simulator - P-SILOS 

LCA-MDS24 LCA In-Circuit-Emulator 

LCA-MDS25 LCA In-Circuit-Emulator Pod 

LCA-MTB01 ". LCA Demonstration Board 

Table 1 

The introduction of the Logic Cell Array will allow customers to 
reduce inventories of discrete components, reduce the time to 
market anddevelopmen! cost for new products, save money in 
manufacturing and spare parts inventory management, reduce 
test costs and improve system reliability. 

LCA'·, Logic Cell Array'· and XACT" are trademarks of Xilinx Inc, . . ~·~n 
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Configurable Logic Block Interconnect 
The core ofthe Logic Cell Array is an 8x8 matrix of Configurable 
Logic Blocks. Each CLB provides four logic inputs, a clock 
input, a combinatorial logic section, two logic outputs, and a 
programmable storage element. 

The Array's extraordinary flexibility is also the result of a two
layer metal network of lines that run horizontally and vertically 
between the logic and 1/0 blocks, and a variety of user-definable 
interconnection elements. 

The inputs drive a combinatorial logic section that can perform 
any logic function from a Simple gate to a three-out-of-four 
majority decoder. 

Definable interconnection pOints connect the inputs and outputs 
of logic and 1/0 blocks to nearby metal lines. 

Crosspoint switches and interchanges are clustered at the 
intersection of every row and column of logic blocks. They link 
horizontal and vertical paths and allow signals to be switched 
from one path to another. 

The combinatorial portion accepts and generates both positive
and negative-true logic, eliminating the need for inverters or the 
routing of complementary signals. . 

The storage element can serve as a flip-flop (D-type) and can be 
programmed to have clock enable, synchronous set and reset, 
and various gated inputs. In addition, since all these options can 
be specified independently for each logic block, designers can 
mix asynchronous and synchronous logic in any combination. 

Finally, "long lines" run the length and breadth of the chip, 
bypassing interchanges but tying into logic blocks and other 
lines and distributing clocks and other critical signals with a 
minimum of propagation delay. 

Interchanges and interconnection point assignments, as well as 
all routing are handled automatically by the XACT Development 
System Software. In addition, special graphics-based design 
tools are included to facilitate any necessary designer 
interaction. 
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Configurable 1/0 Block 
External Signals enter and leave the chip through general
purpose, user-definable 1/0 blocks positioned around the 
periphery of the array. Each block can be programmed inde
pendently to be an input, output or bidirectional pin with a 
tristate control on the output. When configured as an input,the 
designer can select TTL or CMOS thresholds. In addition, each 
1/0 bloc contains an input register option whose clock line is 
common to all the other 1/0 blocks afong the same edge of the 
die. 

110 blocks can also handle more than inp\Jt and output func
tions. For example, the Input registers of unused 110 blocks can 
be used for readlwrite storage registers or as stages of a shift 
register. . 

Figure 1 
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Logic Cell ArrayTM 
.M2064 

Features/Benefits 
• CMOS programmable Logic Cell Array (LCA'·) for replace

ment of standard logic 

• Completely reconflgurable by the user In the final system 

• High performance 
-20 MHz flip-flop toggle rate (-20 speed grade) 
-33 MHz flip-flop toggle rate (-33 speed grade) 
-50 MHz flip-flOp. toggle rate (-50 speed grade) 

• User-configurable logic functions, Interconnect and 1/0 for 
maximum flexibility 

• 64 user-Conflgurable logiC Blocks (CLBs) providing usable 
gate equivalency of up to 1500 gates 

• 58 Indlvldually-conflgurable I/O pins allowing any mix of 
inputs, outputs orbidlrecllonal signals (68.pln package) 

• User-selectable TTL or HCMOS input threshold levels 

• Multiple configuration modes for greatest flexibility and 
ease of use . • 

• Verification feature allows user to check configuration data 

• User-selec.table security feature prevents read-back of 
conflgun!tI~ndata . 

• Read-back of Internal register states for system debug 

• On-chip clock oscillator and clOck buffer circuits provide 
flexible internal andexlemal clocking functions 

• Master reset of all internal register elements in IIddition to 
user-confiqurable Reset and/or Set control of individual 
CLB storage elements 

General Description 
The M2064 is the first member of a family ofconfiguraiJle 
Logic Cell Arrays (LCAs) available from Monolithic Memories. 
These geneJt purpose CMOS integrated circuit devices allow 
the user to rapidly implement complex digital logic functions 
directly without the requirement for masking or other. vendor 
performed programming steps. Unique configuration circuitry 
allows complete reconfiguration within a user's final system to 
allow system changes "on-the-fly." 

User configuration is controlled by internal storage elements. 
These are loaded with data bits which control definition of logic 
functions. configuration of I/O blocks, routing.of internal 
signals, and other options. Configuration data can be loaded in 
one of several methods to minimize impact on overall system 
design. 

CMOS technology optimized for system level performance 
provides LS-TIL compatible speeds with power consumption 
less than 10% of equivalent TIL systems. The use of innovative 
I/O buffers providing either TIL or CMOS input switching levels 
insures lowest possible power consumption in totally CMOS 
systems without any compromise in performance. 

XACT'". XACTOR~. LCA'" and Logic Cell Array are trademarks of XI.L1NX lIie. 

Ordering Information 

M2064-20 CNL --=rTr ~,-NUMBER . NL= 68 Pin Molded Ch.IPCarrier 
P = 68 Pin Grid Array 

SPEED GRADE. N = 48 Pin Molded Dip 
.·20 = 20 MHz toggle rate . ' 
-33 = 33 MHz toggle rate . TEMPERATURE RANGE 
-50 = 50 MHz toggle rale C = COmmercial 

PART NUMBER DESCRIPTION 

LCA-MDS21 XACT Development System 

LCA-MDS22 P-SILOS Simulation Package 

LCA-MDS24 LCA In-Circuit Emulator 

LCA-MDS25 In-Circuit Emulator POd 

LCA-MEK01 XACT Evaluation Kit 

g g g g g g 

D1--WS-1I0 

-ACLK-VO 

DO-DIN-IIO 

DOUT-1I0 

eeL. 

MO-"RT 

Y1·"AO 

vo 
VO 

vo 

I/O 

I/O 

PWRDN 

Portions of this Data Sheet reproduced-with the permission of XILINX Inc. 

P-SILOS'" is a trademark of SimuCad. TWX: 910-338-2376 
2175 Misslbn CottegeBlvd. Santa Clara, CA95D54-15'92 Tel: (408) 970-9700'rW)(:910-338~:i374 

Wlonollthlc I!t!ft 
Wlemorle. U1JlW 
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M2064 

Pin Description 
I/O 
User-configurable Input/Output pins. 

-PWRDN 
Input forces device into low power mode; operation is 
suspended. 

MO--RT 
Dual function input. During initial power up, the state of MO and 
M1 determines the configuration mode. After configuration, a 
rising edge on -RT initiates a configuration read operation. 

M1--RD 
Dual function input/output. During initial power up, the state of 
M1 and MO determines the configuration mode. Afterconfigura
tion is complete, -RD outputs configuration data during a 
configuration read back operation synchronously with the 
toggling of the CCLK input. 

-RESET 
Input. A low level on this input after configuration causes all 
register elements internal to the LCA to be forced to O. If asserted 
prior to the start of configuration, causes the LCA to remain in 
the initialization state (configuration is not started). If asserted 
during configuration the LCA returns to the initialization state. 

DONE--PG 
Dual function output/input. During configuration the LCA pulls 
DONE low and releases it when configuration is complete 
(output is open drain). After configuration is complete, a falling 
edge on -PG initiates an LCA programming cycle (if enabled in 
the current configuration). This pin has an internal user-enabled 
pull-up resistor. 

XTAL1-1/0 
Dual function input and 110. This pin may be configured by the 
user to be a normal 110 pin equivalent to any of the general 
purpose 110 pins. Alternatively, this pin and XTAL2 may be used 
to connect a crystal for use with the internal crystal oscillator 
configuration. 

XTAL2-1/0 
Dual function output and 1/0. This pin may be configured by the 
user to be a normal 110 pin equivalent to any of the general 
purpose 110 pins. Alternatively, this pin and XTAL 1 may be used 
to connect a crystal for use with the internal crystal oscillator 
configuration. 

CCLK 
Configuration mode dependent input/output. CCLK is the 
master configuration clock used to configure the LCA. In slave 
mode it is an input; in all other modes it is an output designed to 
provide the input clocking of additional slave mode daisy chain 
connected LCA devices. During a configuration read back 
operation, CCLK serves as the clock input used to read the 
internal configuration data. 

DOUT-I/O 
Dual function output and 110. General purpose user-configur
able 110 pin during normal operation. During configuration, the 
serial data stream supplied from the first LCA to LCAs down the 
serial daisy chain is output on DOUT 

-RCLK-I/O 
Dual function output and 110. General purpose user-configur
able I/O pin during normal operation. During master mode 
configuration, a low level output on -RCLK indicates that the 
external memory device is being accessed. 

DO-DIN-I/O 
Multi-function input and I/O. General purpose user-configur
able I/O pin during normal operation. During master mode 
configuration, this pin is bit 0 of the 8-bit parallel input data bus 
(DO). During slave mode or peripheral mode configuration, this 
pin is the serial input data pin (DIN). 

D1--WS-1/0 
Multi-function input and I/O. General purpose user-configur
able I/O pin during normal operation. During master mode 
configuration, this pin is bit 1 of the 8-bit parallel input data bus 
(D1). During peripheral mode configuration, a low level on -WS 
indicates that a write operation is being performed by the 
controlling processor. See note. 

D2-CS-1/0 
Multi-function input and I/O. General purpose user-configur
able I/O pin during normal operation. During master mode 
configuration, this pin is bit 2 of the 8-bit parallel input data bus 
(D2). During peripheral mode configuration, a high level on CS 
indicates that a write operation is being performed by the 
controlling processor. See note. 

D3--CEO-1/0 
Multi-function input and I/O. General purpose user-configur
able I/O pin during normal operation. During master mode 
configuration, this pin is.bit 3 of the 8-bit parallel input data bus 
(D3). During peripheral mode configuration, a low level on -CEO 
indicates that a write operation is being performed by the 
controlling processor. See note. 

04--CEH/0 
Multi-function input and I/O. General purpose user-configur
able I/O pin during normal operation. During master mode 
configuration, this pin is bit 4 of the 8-bit parallel input data bus 
(04). During peripheral mode configuration, a low level on -CE1 
indicates that a write operation is being performed by the 
controlling processor. See note. 

05-1/0 to 07-1/0 
Input and I/O. General purpose user-configurable I/O pins 
during normal operation. During master mode configuration, 
these pins are bits 5 through 7 of the 8-bit parallel input data bus 
(D5-D7). 

AO-I/O to A1S-1/0 
Output and I/O. General purpose user-configurablel/O pins 
during normal operation. During master mode configuration 
these pins are address output pins (AO-A15) used to address 
the external storage element used for configuration data. 

Note: to perform a peripheral mode write, the following logical 
combination is necessary: -WS· CS· -CEO· -CE1. 
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M2064 

Functional Description 
The M2064 is a high-performance CMOS Logic Cell Array 
providing superior system performance with greatest user 
flexibility. Complete user-configurability provides an optimized 
solution to logic implementation problems. 

The M2064 utilizes a unique Configurable Logic Block (CLB) 
structure as the basic functional building block of the device. 
Each CLB is a combination of a programmable logic function 
and a storage element. The CLB has the capability of performing 
any function of its inputs with the option of the output of the 
storage element included in the input field. User-defined logic is 
implemented in a matrix of sixty-four CLBs which are intercon
nected with user-configurable interconnect resources. 

Fifty-eight independently configurable I/O Blocks; each of 
which can be a direct or latched input, a direct or open drain 
output, or a bidirectional 110 buffer; provide the interface to 
external circuits. Input voltage levels are user definable and may 
be either standard TTL or CMOS for all I/O Blocks, depending 
on the user's configuration choice. 

User-definable path selector or multiplexers are utilized to select 
configuration options for the CLBs and 110 Blocks. These 
selectors are set in the desired state by the configuration data 
loaded into the device upon power up. 

I Logic 
User logic is implemented in one or more CLBs which are 
general purpose 4-input, 2coutput elements. Figure 1 shows a 
block diagram ofa single CLB. Eachelement is composed of a 
4-input combinational logic module with two outputs, a general 
purpose storage element, and routing selection logic. The 
module can generate any combinational logic function of the 
four inputs, or it can generate any two independent functions of 
any three of the four inputs. If a function of four inputs is 
selected, that same function will be available on both of the 
outputs ofthecombinational module.The inputs to the.combin
ational module are three of the four inputs to the CLB (A, Band 
C) and either the D input to the CLB,or the Q output of the 
storage element. 

The general purpose storage element has a data input, a clock 
input, asetdirect input, a reset direct inplltand an output, Q. The 
storage characteristic may be defined as either a transparent 
latch or as an edge-triggered flip-flop. The data input is ;con
nected to one of the outputs of the combinational logic module. 
The set direct and reset direct inputs may be individually 
enabled or disabled. . 

The reset direct input, if enabled, may come from either the D 
inputtothe CLB, or from theG output of the combinational logic 
module. Set direct control, if enabled, can come from either the 
A input to the CLB or from the F output of the combinational 
logic module. 

Clock for the storage element may be individually enabled or 
disabled and can be driven by the clock input; K, tothe CLB,the 
C input to the ClB, or theGoutput of the combinational logic 
module. Final outputs, X and Y, from the CLB can beselected to 
be either of the two outputs, F and G, of the combinational logic 
module,orthe Q output from the storage element. 

A-----"--/ 

B------/ 
c-----r-l 

D 

D .. = us .. ER DEFIN. ABLE 
PATH SELECTOR 

Figure 1.· Block Diagram of a Single OlB 

I/O Elements 

x 

y 

The M2064 contains fifty-eight user-configurable I/O blocksf9r 
connection to external circuits .. Each block is a general purpose 
device containing a three-state output buffer, an input buffer, 
and an input flip-flop as shown in Figure 2. The inplJt buffer 
always reflects the status of the I/O pin or the contents of the 
input flip-flop. If the flipcflop is selected, data present on the I/O 
pin will be clocked to the input buffer by the I/O block clock 
signaLAlIlIO blocks on a particular edge of the device share a 
common I/O clock signal. The output buffer may be enabled, 
disabled: or under the control of the three-state connection. 

I--------TS 

~~~------------~o 

D. = USER DEFINABLE 
PATH SELECTOR 

110 CLOCK 

Figure 2. Block Diagram of an 110 Element 
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M2064 

Interconnect 
There are nine rows and nine columns of metal interconnect 
resou rces with one row or column located between each row or 
column of CLBs or I/O blocks. Each row or column of 
interconnect resources contains local use lines, long lines and 
programmable interconneqt pOints between I/O blocks, CLBs 
and interconnect resources. Local lines run either vertically from 
one row of resources to the adjacentrow or horizontally from 
one column to the adjacent column. Long lines run the full 
height or width of the device. At the intersection of every row and 
column of interconnect resources are user configurable inter
connect elements which allow multiple combinations of con
nections between local lines in adjacent rows and columns. In 
addition, selected intersections of local and long lines can be 
connected by user programmable interconnect pOints. 

Inputs and outputs from each CLB or I/O block have program
mable connections to the interconnect resources in the adjacent 
rows and columns. These connections allow CLBs or I/O block 
connections to be made for proper signal routing to or from the 
I/O blocks or CLBs. In addition to the programmable connec
tions to adjacent interconnect resources, there are direct 
connection paths which do not utilize the general interconnect 
resources. These paths allow selected connection between 
some 110 blocks and CLBs and between adjacent CLBs. For 
example, the outputs of a CLB in the interior of the matrix of 
CLBs may be connected to adjacent CLBs without using any 
interconnect resources. 
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Figure 3. Overview Functional Layout of the M2064 

Clock Generation and Buffering 
The M2064 contains two speCial purpose clock buffers for gen
erating and driving clock signals to multiple CLBs or I/O blocks 

with negligible skew. The Global Clock Buffer, is dedicated to 
driving a matrix of long lines which have configurable connec
tions to the K input of each CLB register. This clock buffer may 
be driven from an internally generated register source, or con
figured with a connection directly to an I/O block for driving it 
with an external clock Signal. The output from the Global Clock 
Buffer may be configured to directly drive an I/O block for 
driving clock signals off the device. 

The alternate clock buffer can be configured either as a simple 
buffer or as a buffer for the crystal oscillator. In the crystal 
oscillator mode, an externally connected crystal and optional 
passive components form a clock generator for use on the chip 
or for driving other external circuits (see Figure 4). When 
configured in the buffer mode, the alternate clock buffer can 
have either one or both of its input and output configured to 
directly drive, or be driven by, an I/O block. The output of the 
alternate clock buffer can drive long lines in any column of CLBs 
as well as local interconnect. 

LOGIC CELL 
ARRAY 

46 
XTAL2I----, 

XTAL1 

43 
R1 

Suggested component values: 

R1 1 - 4 Mfl 
R2 0-1Kfl 

C1,C2 
Y1 

(may be required for low frequency, phase 
shift and/or compensate level for crystal 0) 

5 - 20 pF 
1 - 10 MHz AT cut 

Figure 4. Crystal Oscillator 

Each CLB has a special clock input (K) which can be selected as 
the clock input of the storage element. Clock inputs to user 
selected CLBs can be configured to be driven from either the 
Global Clock Buffer, the oscillator/buffer or from other local 
interconnect. Clocks to the I/O blocks can be configured from 
either of the clock buffers or the local interconnect. 

Programming 
Configuration of the device may be performed in anyone of 
three modes. The desired configuration mode is set by the state 
of the mode pins MO and M1 at power up (see Table 1). All 
configuration data relating to CLB function definition, inter
connect resource utilization, and I/O block programming must 
be loaded into the device prior to use. In the peripheral and slave 
modes the data is supplied in a serial stream in conjunction with 
the configuration clock signal, CCLK. In master mode, the 
device automatically loads data from an external memory device 
by supplying addresses and reading bytes of data. In all modes 
the data patterns required to create a specific configuration are 
the same. 
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M2064 

MODE SELECT PINS MO M1 

Master LOW mode 0 0 

Master HIGH mode 0 1 

Peripheral mode 1 0 

Slave mode 1 1 

Note: During configuration, Pin 27 on the BS-pin package or Pin 7 on the 
48-pin package must be held HIGH. 

Table 1. Modes 

Configuration Data Read-back 
A mechanism is provided in the M2064 to provide verification of 
stored configuration data. The configuration read-back is initi
ated by toggling the -RT pin and clocking the CCLK pin. Each 
clock applied to CCLK will read out a configuration data bit on 
the -RD pin. When all configuration data has been read out, the 
-RD pin will return to its inactive state. The configuration data 
may be read at any time with no effect on the operation of the 
device. Once a configuration read-back has been initiated, all 
data must be read out of the device to insure that subsequent 
read-back operations will begin at the start of the configuration 
data. 

Master Reset 

I Data patterns for a specific user-configuration are created with 
the Monolithic Memories XACT LCA Development System and 
can be output to a standard EPROM programmer or saved on 
disk for inclusion with other software. Users who are using the 
Monolithic Memories XACT debugging system can directly 
access the configuration data and load the device directly during 
a debug session. Because of the complexity ofthe data patterns 
and difficulty in generating them without a thorough knowledge 

After device configuration, the -RESET pin becomes a master 
reset for all CLB and lOB storage elements in the device. 
Asserting this control Signal will asynchronously reset all of the 
internal storage registers regardless of the operating condition 
of the circuit. 

I of the device, users are discouraged from attempting to generate 
, data patterns on their own. Data pattern files for M2064 devices 

contain 1536 bytes. 

Special Features 
The M2064 contains several special features which enhance its 

I capacity for use in a wide variety of applications. Among these 
are the following: 

Data Security 
The M2064 configuration data contains special control bits 
which enable or disable configuration data security contro/. If 

, enabled. the security control will prevent the read-back of 
! configuration data after the initial configuration. There are two 

possible modes of operation under security control. One mode 
I allows a single read-back after configuration to allow verification 
, of the data. In the second mode, all access to the configuration 

data is prevented. 

Reprogrammability 
Configuration data changes are controlled by reprogramming 
control bits in the configuration data supplied to the device. If 
reprogramming is enabled, the user may supply new configura
tion data at any time by asserting the correct control sequence 
on the DONE--PG and MO and M1 mode control pins. Alterna
tively, the user may elect to prevent reconfiguration of the 

I device. Whenoperating in this mode, the only method to remove 
the configuration is to remove all power from the device. 

Inactive Power-down 
In a system which is to remain in its current configuration 
through power loss, the M2064 may be forced into a low power 

I inactive state by using the -PWRDN pin. When held low, the 
I LCA will retain all configuration data but will not operate. All 

clocks will bestopped and all outputs put into a high-impedance 
state. Power is reduced to a very low level, allowing a simple 
external battery arrangement to supply the required configura
tion data saving power (see electrical characteristics). 

Development System 
The Monolithic Memories Design System is an integrated 
package of design tools for developing configuration data for 
LCAs. All aspects of configuration are specified through inter
active graphics software. Facilities to verify functionality and 
timing ofthe designed configuration insure that designs operate 
as desired. 

XACT is a graphic design system used to specify LCA deSigns. It 
contains several standard and several optional software and 
hardware packages. The basiC package runs on an IBM PC/XT 
or AT compatible computer with 640K memory, a color monitor 
and a mouse. The tools accessible from the executive, including 
the optional packages, are: 

• LCA Editor and Macros 
• Timing Analyzer 
• Simulator (P-Silos, optional) 
• Configuration-File Generator 
• Configuration-File Formatter 
• XACTOR 2In-circuit-emulator (optional). 

XACTOR 2 consists of a software program plus a hardware 
attachment that allows control of up to four LCAs. The program 
contains commands for: 

• Loading configuration data 
• Activating the Master Reset input 
• Reconfiguring 
• Single stepping the device clock 
• Reading back configuraiton data and state of all 122 internal 

registers on any clock cycle. 
• Real time system debug. 

An evaluation kit is available which includes: 

• Complete documentation of the Development System 
• A sample LCA design 
• XACT software package. 

Contact your local Monolithic Memories Representative or 
Distributor for more information. 
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Absolute Maximum Ratings· 
.Supply voltage vcc ....... .' .. '" .•...•.••..••.. , .... , ........ , .;; ......................................... -0.5 V to 7V 
Power down. Vce ..................................... ~ ....................................................... 2 V to 7 V 
Input lioltage ............................... ; ........................ '.' . .. . .. • .. • .. . ... .. . .. . .. . .. • . .. -0.5 V to VCC 0.5 V 
Voltag!! applied to three-state Qutput ................................................................. -0.5 V to VCC 0.5 V 
Storage temperature range .. , .......................... ,................................................ _65· C to +1500 C 
Lead tert'!perature(~oldering, 10 ,Seconds) .... : ............................................................... , ...... 26O"C 

'Note: St~s bl.yond those listed under "Absolute Maximum Ratings" maycau .. pennanent damage to the device. Theseare stress ratings only and functional operation 
Of the device at these or any other conditions beyond those listed under "Recommended Operating Conditions" is not implied, Exposure to "Absolute Maximum 
Rstings"ccind~ions for-extended periOds Of time mey affect device reliabll~. 

Operating Conditions 

SYMBOL PARAMETER MIN TVP MAX UNIT 

VCC Supply voltage relative to GND 4.75 '" 5.25 V 

VIHT High level input yoltage-TTL configuration 2.0 V 

VIHC High level input voltage-CMOS configuration. 0.7 V 

VrLT Low level input voltage-TTL configuration 0 O.B V 

VILC Low level input voltage-CMOS configuration 0 0.2 V 

liT Input leakage current-TTL configuration ±1 p.A 

IIC Input leakage current-CMOS configuration ±1 p.A 

10Z Three-state output off current (V CC = 5,5V) ±10 p.A 

top Operating free-air'temperature 0 70 ·C 

Electrical Characteristics Over Operating Conditions 

SYMBOL PARAMEtER TEST CONDITION MIN TVP MAX UNIT 

VOH High lever output voltage VCC=4.75V 10H = -4.0mA 3.86 V 

VOL Low level outp~tvoltage . 
VCC = 4.75 V 10L =4.0 mA , 0.32 V 

Quiescent operating I CMOS inputs Vce= 5.0V '. 5 mA 
ICCO power supply current I TTLinputs VCC = 5.0V 10 mA 

ICCPD Power down supply current Vec = 2.0V ." Consu It factory V 

Power on Timing .' . . 
The M2064 contains on-chip reset timing logic forpow~r-up 
operation. To insure proper master mode system operation, VeC 
must rise from 2.0 V to minimum specification level in 10 ms or 

less. For other mOdes·, initiation of configuration must be 
delayeci'for 60ms after VCC reaches the minirnurn specified 
level. 
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Switching Characteristics-CLB 

ITEM DESCRIPTION 
M2064-50 M2064-33 M2064-20 

UNIT 
MIN TVP MAX MIN TVP MAX MIN TVP MAX 

t,lO Input through logic to X or V 15 20 35 ns 

t,TO Input through logic and latch to X or Y 20 25 45 ns 

tCKO Storage element clock from K to output 15 20 35 ns 

tcco Storage element clock from C to output 19 i 25 45 ns 

tCIO logic to storage element clock to output 27 37 65 ns 

tOLO Storage element a to logic to output 8 13 30 ns 

tiCK Input setup to K clock to storage element 8 12 22 ns 

tCKI Input hold to K clock to storage element 0 0 0 ns 

t,CC Input setup to C clock to storage element 9 12 18 ns 

tCCI Input hold to C clock to storage element 0 6 10 ns 

t,CI Input setup to input clock to storage element 4 6 10 ns 

tCIl Input hold to input clock to storage element 5 9 15 ns 

tRIO I nput to storage element Reset/Set to output 22 25 45 ns 

tRlO logic to storage element Reset/Set to output 28 37 65 ns 

tRPW Reset/Set pulse width 9 12 20 ns 

tRS Storage element control separation 9 17 30 ns 

tCH Storage element clock high time 9 12 20 ns 

tCl Storage element clock low time 9 12 20 ns 

fClK Storage element clock frequency 50 33 20 MHz 

tMRO Master reset to storage element a to output 25 35 60 ns 

Cross Reference Guide 

Cross Reference Guide 

XILINX MONOLITHIC VCC 
FMAX 

MEMORIES MIN MAX 

XC-2064-1 4.5 V 5.5 V 20 MHz 

M2064-20 4.75 V 5.25 V 20 MHz 

XC-2064-2 4.5 V 505 V 33 MHz 

XC-2064-33 M2064-33 4.75 V 5.25 V 33 MHz 

XC-2064-50 M2064-50 4.75 V 5.25 V 50 MHz 

*For commercial product only. 
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Switching Characteristics - CLB 

15-12 

OUT 
(LOGIC ONLY) 

OUT 
(TIolROUGH LATCH) 

KAS 
FF CLOCK 

CAS 
FFCLOCK 

INPUT (LOGIC) 
AS FFCLOCK 

OUT 
(FROM FF) 

V 
--tlcc1--tCCI-

VI I !-tICI _ i I 'cU_ 

V II-tcKo -
__ tcco_ 

• tCIO j--

------________________ -J 

(SET/RESE~ / 

f-ol .. o----tRIO---_·1 

IN (LOGIC TO / i SET/RESET) ---f 
11~.f---___ IRLO--------;. ____ _ 

OUT 
(FROM S.E.) 

(ANY SOURCE) . . . . CLOCK~ 

Note: 1. Input refers to CLB inputs A, B, C or D 

2. Output refers to CLB output X or Y 

0. Clock refers to the CLB storage element clock 

4. FF (Flip,Flop) orl (Latch) refers 10 the ClB storage element 

5. Set and Reset refer to CLB storage element controls 

Monolithic IFJ1] Memories 
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Switching Characteristics-lOB 

ITEM DESCRIPTION 
M2064-S0 M2064-33 M2064-20 

UNIT 

tplD 

tpL 

tLP 

fL 

tLW 

tLi 

top 

tTHZ 

tmN 

tRI 

MINTYP MAX 

Pad to input direct 

Pad input setup to 1/0 clock 8 

Pad input hold to 1/0 clock 0 

Frequency, 1/0 clock 

Pulse width input latch clock 9 

Input latch clock to input 

Output to pad output (three-state enabled) 

Three-state inactive to high impedance 

Three-state active to output on 

Master Reset to latched input reset 

PAO~ ______ ~~~ ______ J;I 

THREE-STATE 

tplD~' 
INPUT /;-----~'"'\ 

(DIRECT) _____ ! /-tIP-j L 
t".L.~tLW=1 

L~ 
I-tLl-[ 

INPUT r--
(LATCHED) 

-----' 

I 
I 
I 

top ---1--+\. 

8 

50 

15 

12 

20 

20 

25 

(OUT) 

MIN TYP MAX MIN TYP 

12 

12 20 

0 0 

33 

12 20 

20 

': 15 

25 

25 

30 " 

\L..-_ 

OUTPUT ______________________ --J~~----~----------------------~ 

MASTER 
RESET \,---. ---,---

Note: 1. OutP~t (0) refers to the output connection on the lOB 

2. Input (I) refers to the input connection on the lOB 

3. Three-state (Tl refers to the three-state control on the lOB 

4. Pild or Pin (P) refers to the device pin connected to the lOB 

5. Latch (1.:) refers to the input Flip-Flop clock connection 

,.onoIltIdt: W "emor/es 

MAX 

20 ns 

ns 

ns 

20 MHz 

ns 

30 ns 

25 ns 

35 ns 

40 ns 

:50 ns 
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Switching Characteristics-Programming - Slave Mode 

ITEM DESCRIPTION. 
M2064-50 M2064-33 M2064-20 

UNIT 
MIN TYP MAX MIN TYP MAX MIN TYP MAX 

tCCH CCLK high time 300 300 500 ns 

tCCL CCLK low time 200 200 300 ns 

tCCL CCLK low time 5000 5000 10000 ns 

tDCC DIN data setup to CCLK rising edge 25 25 50 ns 

tCCD DIN data hold from CCLK rising edge 40 40 75 ns 

tcco DOUT data delay from CCLK falling edge 65 65 100 ns 

fCC CCLK maximum frequency 2 2 1 MHz 

Switching Characteristics-Programming - Peripheral Mode 

ITEM DESCRIPTION 
M2064-50 M2064-33 M2064-20 

UNIT 
MIN TYP MAX MIN TYP MAX MIN TYP MAX 

teA Control input active period 200 200 300 ns 

teA Control input active period 5000 5000 10000 ns 

tCI Control input inactive period 150 150 250 ns 

tecc CCLK delay from cqntrol input edge 75 75 100 ns 

tDC DIN setup to control transition 35 35 50 ns 

teD DIN hold from control transition 5 5 10 ns 

Notes: 1. Peripheral mode timing determined from last control signal (-CEO, -CE1, -WS. CS) to transition to active or inactive state. 

2. CCLK timing minima and, maxima same as for slave mode. 

3. CCLK and DOUT timing same as for slave mode. 

Slave Mode Peripheral Mode 

-CE1 \ / \ 
-ws \ / \ 

CL / \ / 
CC!-K(2) 

tccc~ 
.' ... ~ / '-
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Switching Characteristics-Programming - Master Mode 

ITEM DESCRIPTION 
M2064-50 M2064-33 

MIN TYP MAX MIN TYP MAX 

tARC Address invalid prior to -RCLK edge 0 0 

tRCA Address valid from -RCLK edge 200 200 

tDRC Data bus setup to -RCLKedge 60 60 

tRCD Data bus hold from -RCLK edge 0 0 

tRCH -RCLK high 600 600 

tRCL -RCLK low 4000 4000 

Note: Timing for DOUT and CCLK out is same as for slave mode. 

AO-A15 

00-07 

-RCLK 

Switching Characteristics-Program Readback 

ITEM DESCRIPTION 
M2064-50 M2064-33 

MIN TYP MAX MIN TYP 

tRTH Read trigger (RT) high time 150 150 

tRTCC Delay from RT assertion to first CCLK 60 60 

tCCRD Delay from CCLK edge to RD data valid 60 

tDRT Wait period from DONE to RT assertion 75 175 

Notes: 1. Timing for CClK is s'ame as for slave programmi'ng mO,de. 

2. DONE/-PG output/iriput must be high (device programmed) prior to assertion of ~PG. 

-PG ~ ___________________ _ 

\~--RT~. ;1. 
tRTCC --+--1 

. Ii:---I~\,----CCLi«l) 

RO 
<C" j------,.-~-A-LI-O----

Monolithio WMemorieS 

MAX 

60 

M2064-20 
UNIT 

MIN TYP MAX 

0 ns 

300 ns 

100 ns 

0 ns 

600 ns 

4000 ns 

M2064-20 
UNIT 

MIN TYP MAX 

250 ns 

100 ns 

100 ns 

300 ns 
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Switching .CharacterlstiCS-:-General 

I M20.64-50 M2064-33 M20.64-20· 
ITeM D~~CfUPTION 

MIN TYP .MAX MIN ryp MAX MIN TYP MAX 
UNIT 

tVMR Master Reset delay from valid V CC 150 150 250 ns 

fMRW', Master R.eset pulse width 150 150 250 nS 

tMR Mooe control setup to Master Reset 60 ..... 60 tOO ns 

tAM Mooe control hold from Master Reset 7 7 10 ns 

tpGW Program Control pulse width 6000 6000 6000 ns 

tpGI Program control to I/O initialiZEi<l 7000 7000 7000 ns 

tCLH Clock buffer input high time 9 . 12 20 ' . ns 

teLL Clock buffer input low time 9 12 20 ns 

fCL Clock buffer input frequency 50 33 20 MHz 

DONE/-PG \~ _____ -'/ 

-IPoIIMMlIM,.....· INITIALIZATION STATE 

CLOCKS 

.. st ConcUtions:~ 
Outputs loaded with rated DC current and 5G-pF capacitance to 
GND. 

Design Aids 
XACT'" provides' complete design automation for users to 
specifY andimp!ement designs utiliZing Monolithic Memoriell: 
LCA products. Configuration of CLBs, internal routing,. 1/0 
block definitions and global routing are all handled in .• an .. 
integrated, easy~to-use system. 

Placement and routing of logic and I/O blooks is accomplished 
using interactive graphics. Final programming bit patterns are 
automatically proouced for debugging, transfer.lo ot/:ler sys •. 
tems, or downloading to standard EPROM programmers. 
Debugging with the XAC1DR2'" emulation systemaflows full 
device. emulation and operation analysis in the target system. 

The user inputs data via a graphics-oriEmted physical editing 
environment User functions are translated into CLB logic 
specifications and interconnections automatically. Standard. 

logic libraries and ather macro capabilities can be utilized for 
rapid design Elntry,. ." 

Physical pla~ementandhard .connectigns a~ perfQl'med with 
the graphics placement and . connection capabilities. Final 
device layout· and routing are visible and can be modified 
without disturbingihe logical arrangement. Logical connectivity 

. and physical layout rules checking are performed aUtomatically. 

Full timing analysis and. functional simulation of·user config
urations~lIows device performance and ·functional chec:;king 
Without external test hardware. In addition, point-to-point path 
timing. calculation capability is provided to simpiify general 
timing analysis andcritical path determination. 

The. debuggitig system provides full emulation in the user's 
. target'system. User configurations maybe transferred directly 

from the design phase intol/:le targetsystem and tested through 
the emUlation systElm. 

AdditiOnal capabilities include a tool for automatic hard copy 
generation of the user's logic design and phYSical implementa
tion .and a tool for transferring programming bit patterns to 
EPROM prOgramming systems. 

Mono~'b1c'UJJ Memories· 
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Recommended Sockets 
The following 68-pin PLCC sockets have been evaluated by 
Monolithic Memories and have been found to exhibit acceptable 
connectivity, device retention and device extraction charac
teristics: 

VENDOR 

AMP 

AMP 

Burndy 

Midland-
Ross 

DESCRIPTION PART NUMBER 

PCB solder tail, tin plate 821574-1 

Surface mount, tin plate 821542-1 

PCB solder tail, tin plate QILE68P-410T 

PCB solder tail., tin plate 709-2000-068-4-1-1 

M2064 
LOmC CELL ARRAY 

(48 PIN DIP) 

The following 68-pin PLCC sockets are also available: 

VENDOR DESCRIPTION PART NUMBER 

Methode PCB solder tail, tin plate 213-068-001 

Methode Surface mount, tin plate 213-068-002 .. 

Notes: 1. The standard device extraction tools suppHed with the XACT 
development system will work with all of the above sockets. 

2. All of the above PCB solder tail sockets have the same hQld pattern 
and pinout. 

~ g 
~ ~ g g g g g g g 

~ 0 
0 ~ "g g z g g g g 0 " 

@®®@@@@®@ 
DONE--PG -RESET ®®@@@@®@@@@ 1/0 MO/AT 

110 XTAl1·I/O ®® @@ 1/0 M1/RO 

110 0$-110 @@ @@ 1/0 1/0 

03--(:EO-(/0 D4·~CE1-I/O @@ M2064 @@ 1/0 1/0 
LOGIC CElL ARRAY 

1/0 vee @@ (68 PIN PGA) CD@) vee 1/0 

1/0 D2-CS-I/O @@ TOP VIEW 0® 1/0 1/0 

--;RCLK-\lO D1~~WS,"I/O @@ CD® 1/0 1/0 

OOUT·I/O Do-DIN~IfO @@ 000 110 1/0 

CCLK Ali-I/O ®®®®@@@@®0CD PWRON 110 

@®®®®®@@@ 
g 

~ 
g c 

~ ~ ~ 
z z i!i ~ ~ " li ~ 

~ ~ ~ 
g ~ ~ ~ ~ li " li li :;: ~ 
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Definition of Terms and Waveforms 

Clock Frequency 
Maximum clock frequency, fmax 

The highest rate at which the clock input of a bistable circuit can 
be driven through its required sequence while maintaining 
stable transitions of logic level atth!! outputwith inputconditions 
established. that should cause changes of output logic level in 
accordance with the specification. . 

Current 
High-level Input current, IIH 

The current into' an input when a high-level voltage is applied to 
that input. 

High-leVel output c,!rrent, iOH. 

The current into' an output with input conditions applied that 
according to the product specification will establish a high level 
at the output. 

High-level output current, ICEX 

The high-level leakage current of an open collector output. 

l~-level Input current, III 

The current into' an input when a low-level voltage is applied to 
that input. 

low-level output current, 10l 

The current into' an output with input conditions applied that 
according to the product specification will establish a low level 
at the output. 

Off-state (hlgh-Impedanc».-state) output current (of a three-
state output), 10Z . 

The current into' an output having three-state capability with 
input conditions applied that according to the product specifica
tion will establish the high-impedance state at the output. 

Short-circuit output current, lOS 

The qurrent into' an output When that output is short-circuited 
to ground (or other specified potential) with input conditions 
applied to establish the output logic level farthest from ground 
potential (or other specified 'potential). 

Supply current, ICC 

The current into' the Vee supply terminal of an integrated 
~~~ . 
~eurrentout of a terminal is given as a negative value. 

Hold Time 
Hold tl~e th . 

The interval during' which a signal is retained at a specified .Input 
terminal. after an active' transition occurs at anothe~ specified 
input t~rrtiinal. ' . 

NOTES: 1. The hold time is theactual time. between two events 
and may·b.E! insufficient to accomplish the intended' 
resuttAl. minimum value is specified that is the 
shortest interval for which correct operation of the 
logiC element is guaf,anteed. 

2. The hold'tirne rhliy have a negative Value in which 
case the minimum limit defines the longest interval 
(between the release of data and the active transi
tion) for which correct operation of the logic 
element is guaranteed. 

Output Enable and Disable Time 
Output enable time (of a three-state output) to high level, tpZH 
(or low level, tpzu 

The prppagation delay time between the specified reference 
points on the input and output voltage waveforms with the 
three-state output changing from a high~impedance (off) state 
to the defined high (or low) level. 

Output enable time (of athree-state output) to high or low level, 
tpzx 

The propagation delay time between the specified reference 
pOints on the input and output voltage waveforms with the 
three-state output changing from a high-impedance (off) state 
to either of the defined active levels (high or low). 

Output disable time (of a three-state output) from high level, 
tpHZ (or low level, tpLZ) 

The propagation delay time between the specified reference 
pOints on the input and output voltage waveforms with the 
three-state output changing from the defined high (or low) level 
to a high-impedance (off) state. 

Output disable time (of a three-state output) from high or low 
level,tpxz 

The propagation delay time between the specified reference 
pOints on the input and output voltage waveforms with the 
three-state output changing from either of the defined active 
levels (high or low) to a high-impedance (off) state. 

tEA Is the output enable access time of memory devices. 
tER is the output disable (enable recovery) time of memory 
devices. 

Propagation Time 
Propagation delay time, tpo 

The time between the specified reference points on the input 
and output voltage waveforms with the output changing from 
one defined level (high or low) to the other defined level. 

Propagation delay time, low-to-hlgh-Ievel output, tplH 

The time between the specified reference points on the input 
anrj output voltage waveforms with the output changing from 
the defined low leveUo the defined high level. 

Propagation delay time, high-to-Iow-level output, tpHl 

The time between the specified reference points on the input 
and output voltage waveforms with the output changing from 
the defined high level to the defined low level. 

tAA Is the address (to output) access time of memory devices. 

Pulse Width 
Pulse width, Iw 
The time'interval between specified reference pOints on the 

..•.. leading and trailing edges of the pulse waveform. 
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Definition of Terms.nd Waveforms 

Setup Time 
Setuptlme·lsu 

The time interval between the application of a signal that is 
maintained at one specified input terminal and a consecutive 
active transition at another specified input terminal 

NOTES: 1. The setup time il the actual time . between two 
events and may be insufficient to accomplish the 
setup. A minimum value is specified that is the 
shortest interval for which correct operation of the 
device is guaranteed. 

2. The setup time may have a negative value in which 
case the minimum limit defines the lo"gest interval 
(between the active transitionand the application of 
the other signal) for which correct operation of the 
devioe is guaranteed. 

Voltage 
High-level input voltage, VIH 

An input voltage within the more positive (less negative) of the 
two ranges of values assumable by a binary variable. 

NOTE: Aminimum is specified that is the least positive value 
of high~level voltage for whioh operation of the.logio 
element within specifioation limits is guaranteed. 

High-level output voltage, VOH 

The voltage at an output terminal with input oonditions applied 
that will establish a high level at the output. The actual input 
conditions needed are determined by the individual produot 
specification. 

Input clampvottage, VIC' 

An input voltage in a region of relatively tow differential 
resistanoe that llerves to limit the input voltage swing. 

Low-tevellnput voltage. VIL 

An input voltage level within the less pOSitive (more negative) of 
the two ranges of values assumable by a binllry variatlle. 

NOTE: A maximum is specified that is the most positive villue 
of low-level input voltage for whioh operation of the 
1000i~ element within specification limits is guaranteed. 

Low-Ieyeloutput voltage,VOL 

The voltage at an output terminal with input conditions applied 
that will establish a low level at the output. The aotual input 
oot)ditions needed are determined by the individual produot 
specifioation. 

Negatlve-going threshold voltage VT_ 

The voltage level at an inp!.!t that causes a transition as the input 
voltage faUs from a level above the positive-goingthreShold 
voltage, VT +. 

PoIitive-going threshold Yoltage, VT+ 

The voltage level at an input that OIIuses a transition as the input 
voltage rilles from a level below the negative-going threshold. 
voltage, VT_. 

Truth'Table Explanations 
H = high level (steady-state) 

L = low level (steady-state) 

= transition from low-ta-high level 

= transition from high-to-Iow level 

X ;: don't care (any input, inoluding transitions) 

Z = off (high-impedanoe) state of a three-state output 

a"h = the level of steady-state inputs at inputs A through H 
respectively 

00 = level of 0 before the indicated steady-state input 
oonditions were established 

00 = oomplement of 00 or level of 0 before the indicated 
steady-state input oonditions were established 

On = level of Q before the most recent aotive transition 
indioated by I or t 

If, in the input oolumns, a row oontains only the symbols H, L, 
and/or X, this means the indicated output is valid whenever the 
input oonfiguralion is aohieved and regardless of the sequenoe 
in whioh it Is aohieved. The o!.!tput persists as long as the input 
oonfiguration is maintained. 

If, in the input oolumns, a row contains H, L, and/or X together 
with t and/or I, this means the output is villid whenever the input 
oonfiguratlon is aohieved and the indioated transition has 
ocoured (the transition(s) must ooourfollowing the aohievement 
of the steady-state levels). If the output is shown as a level (H, L, 
00, 0(00), it persists as long as the steady-state input levers 
and the levels that terminate indidatedtransitions 'are main
tained. Unless otherwise indioated, input transitions in .the 
oppOSite direction to thQse shown have no·effect at the output. 
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Monolithic m Memories PAL® Devices 20D Series 

1/1 I I I II I I I I I I I IIIIIIIIIIIII/i/////////////IIADVANCE INFORMATION 

Features/Benefits 
• 10 ns maximum propagation delay 

• 8 ns maximum delay from clock input to data output 

• fMAX = 55.5 MHz 

• Advanced oxide-isolated technology 

• Programmable replacement for TTL logic 

• Reduces chip count by greater than 4:1 

• Instant prototyping and easier board layout 

• Programmable on standard programmers 

• Programmable three-state outputs 

• Security fuse prevents duplication 

• 20-pin DIP and PLCC packages 

Description 
The PAL20D Series provides the highest speed available for TTL 
PAL devices. The 10 ns maximum propagation delay is a 33% 
speed improvement6ver the 20B Series from Monolithic 
Memories, at no increase in power consumption. The20D Series 
is functionally compatible with the earlier 20, 20A and 20B Series. 

The PAL20D Series utilizes Monolithic Memories' advanced 
oxide-isolated process and proven TiW fuse link technology. 

Pin Configurations 

PAL16L8D PAL16R8D 

Areas of Application 
• Control logic for mainframe and super-minicomputers 

• Computer-aided graphics 

• High-performance communication equipment 

• High-speed test instruments 

Features 
The PAL20D Series includes the four standard 20-pin PAL 
device architectures. All four devices have sixteen array inputs 
and eight outputs, with varying numbers of registers: zero (16L8), 
four (16R4), six (16R6), and eight (16R8). The combinatorial 
outputs on the registered devices, and six of the outputs on the 
16L8, are 110 pins that can be individually programmed as inputs 
or outputs. Each output register, a D-type flip-flop, also feeds 
back into the array, for implementation of synchronous state 
machine designs. Registered outputs are enabled by an external. 
input, while the combinatorial outputs use. a product term to 
control the enable function. 

These features allow a great deal of flexibility for the design 
engineer when using the devices. The four clifferent devices offer 
an optimized number of registers, while the number of inputs 
and combinatorial outputs can be balanced for the particular 
application. All. of these features are automatically handled by 
the CADsoftware used to describe the design. Monolithic 
Memories' PALASM®2 software and third-party CAD tools all 
offer full support for these products. 

PAL16R6D PAL16R4D 

This document contains information on a product under development at Monolithic Memories Inc. The information is intended to helpyoulO evaluate this product. 
Monolithic Memories reserves the right to change or discontinue work on this proposed product without notice. 

PAL:@) and PALASM@ are registered trademarks of Monolithic Memories. 

TWX: ~.10,338-23.76 
2115 Mission College Blvd. Santa Clara, CA 95054-1592 Tel: (408) 970-9700 TWX: 910-338-2374 

Monolithio mmll 
Memories In.In.U 

17-3 



PAL® Devices 20D Series 

Ordering Information 

PAL 16 R 8DeN STD 

PROGRAMMA~2JET LPROCESSING ARRAY LOGIC STD "Standard 
FAMILY XXXX "HI-Rei 

NUMBER OF PACKAGE 
ARRAY INPUTS N= Plastic DIP 

J "Ceramic DIP 
OUTPUT TYPE . NL = Molded chip carrier 

R " Registered 
L ::: Active Low 

NUMBER OF OUTPUTS 

SPEED----------' 
0= 10 ns 

fMAX Parameters 

TEMPERATURE RANGE 
C" O'C to +75'C 
M" -55'C to +125'C 

The parameter fMAX is the maximum speed at which the PAL 
device is guaranteed to operate. Because flexibility inherent to 
PAL devices allows a choiCe of clocked flip-flop designs, for the 
convenience of the user, fMAX is specified to address two major 
classes of synchronous designs. 

The simplest type of synchronous design can be described as a 
data path application. In this case, data is presented to the data 
terminal of the flip-flop and clocked through: no feedback is 
employed (Figure 1). Under these conditions, the frequency of 

Programming 
The PAl20D Series is programmable on the same standard 
programmers as the rest of the 20-pin PAL device products. 
No upgrades are necessary. The configuration required is the 
same as that for the standard 20, 20A, and 20B Series. 

Logic Development Software 
The following logic development software. packages can be used 
for configuring the PAl20D Series: 

PALASM®, from Monolithic Memories 

ABEL'·, from Data I/O Corporation 

CUPl'·, from Assisted Technology, Inc. 

operation is limited by the greater of the data setup time (tsu) or 
the minimum clock period (tw high + tw low). This parameter is 
designated fMAX (no feedback). 

For synchronous sequential designs, i.e., state machines, where 
logical feedback is required, inputs to flip-flop data terminals 
originate from the device input pins or flip-flop outputs via the 
internal feedback paths (Figure 2). Under these conditions, fMAX 
is defined as the reciprocal of (tsu + tClK) and is designated 
fMAX (feedback). For the PAL20D Series, this value calculates 
as 1/(10+8) = 55.5 MHz. 

1IIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIw ~ tQ r-
Figure 1_. Data Path Register Configuration Without Feedback 

-..... 

Figure 2. State Machine Configuration With Feedback 

ABELT .. is a trademark of Data' liD Corporation. 
CUPLTII is'a trademark o~ .4_ssisted Techn'ology. Inc. 
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' .• onoIlth;Cm.emor;e~· 
ZHAL™24A Series 
Zero-Power Hard Array Logic 

~- ,.... 

'I I / 1/ II II II/ I I I I I I IIIII//ii/ii/I/IIIIII)///IADVANCE INFORMATION 

Features/Benefits 
-CMOS tedmology ~I'OY~$ zero standby poWer 

- .25n8 maXlmLllnprCIpagaiion delay" 
.. ' (20L8,20~4, 2O~6811d 20~) 

• Low'~r ma~~programmed alternative for m08t'24-pln 
PAL~ devices' . , . 
. . . 

• Space .... Vlng 24-p~SKINNYDIP@ Qr28-pin pLCC andLCC . pecka"eI: . '::. ' .. .. ' .' 
.'. AIIailablt in Commercial, Industrial and MII.taty .~,..ting· 
.. ~nges ., . ..' .' 

Description . 
The ZHAU!4A Series iSli:mask-Programmed, zero-power option 
to mostQfthe,24-pln PAL devices, The ZHAL24ASefies offers 
npt only higher density.·than theJ?:HAL20 Series,. b~t"also' 
improved speed, matching the biP9lal'.sp6'eds of file small 24 
and Me:i;liurh24A, 24XA and;24RSPALdeilice serIes. 

c·:; .' '. ""Z 

~in~unHI 
ZHAl devic:e protptyping can bedqne using standard PAL 
device~ P\lfcire·conver:tlng to illeZf:!ALdevice for prodllction;' 
ZHAl devi~s ilrefa~icated by MonoUtfilc t¥leinories wltha. 
cUBtom!l\8S/tdefine(i by a tiser-suJ)pii8dHAl~ device Design 
Speclfjcafi~if; The·Zf:lJ\L24A series. utjllzes a unique ar:ehitec- .. 
ture tl)atca", irhplem~nf 9(J%of;the 24Zpin. PAL device pattern!!; ..• ·· 
Toc;l!rtermi~wh8the( a given pattern Will fit, rU.A'the ZHA~4: 
optiOn. intbePALASM~2 software package. Pattems that'could 
~a~ fit in .tWeZHAl2q.Series, will fit Ii) ~~e20-Pirr, option of the 
ZHAL24A Series. J' " , ,'" <', 

\'., 
~'.' ",:; . ' .~<' ~.' • ,~-

ZlfAU4A Deviqe.Qptlons .. 
(Continued'on Jlaek) 

.20L8 

AreaS of .AIJPlication 
• P0rlllble computei's 

•. Battery-operated Instrumentallon 

• . L.O~-power Industrial or mlR~ry eqUlpn:l8r\t 

• Standard CMOSITTL lOgic replacement 

.' '. CMOS gate array alternative 

Preliminary Data 
(Cornmercialoperating conditions, 2QL8, 20~4, 20R6 and 2OREl) 
(other families may differ)' 
tPD = 25ns tCU< =15 ns 

.tsu =.25ns fMAX = 28.5 MHz. , 
VaH = 3.76 V at IOH = -6 mA (HCT compatible) 
VOL= OAV.at IOl = El mA 
ICC (standby) =100 /.IA. '. ..' .... 
ICC (operating) '= 5 rnA at 1 MHz (+3mA per additional 1 MHZ) 

Orcleringlnformation. <, 

. ~:~RR.w.·.:.~! .. J".TACt.S. StD.' PO.c.1;!.'o:.E::S~.U.GMIJ ... , .. ER· 
NU~ER Of AR!lAY. ' .' .. " 61'0·.· Slandai'd 
IN!'lJTS, • .. .' ,", . .XXXX· HI-Rei . 

o~~~~., . . .....• '~~~t~,: .... 
~. ~ ::::~:'tarY: JS'~:::n~IP 
X.= XOR Registered! ' .' SktNNYDIP 
S * Sh!ll'8d llIrms • ..rilL = PlasU.L_ 
RS • R~red ChIP Carrier 

Shared T."..- . L '. =- Leadlea 

NUMBER OF OUTPUTS ChIP earn., 
'------'-~-. TEMPeRATURE !lANGE' 

SPEEI)·."--~-",,,,----' 
Blank • Sland!!rd. 
A ,~ High Speed . 

20~6 

C :i Commercial 
: ' (O°C to 75°C) 

I = In~ustria( '. ' 
. (-40°C to asoCj 

M=Milita!}, .. , .' 
(-55°C to 125°C) 
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lIIonolithlo mlllemOrles PAL10H20P8 

II I I I I I I I I I I IIIIIIIIIIIIIIIIIIIIIIIIIIIII//IIADVANCE INFORMATION 

Features/Benefits 
• 20 logic inputs; 12 external, 8 feedback 

• 8 outputs 

• Programmable output polarity 

• ECl technology for ultra-high speed 

• 32 product terms with term sharing 

• 10KHECLcompatibie 

• 50 n termlnatipndrlve 

• Input pull-down resistors 

• VoHage compensated 

• 24-pin SKINNYDIP® package 

• . Programmable using stendard TTL programmers 

Deac::ription 
The PAL 10H20PS is a 10KH compatible ECl PAl® device having 
twelve dedicated inputs and eigl;tt outputs with feedback. 
A programmable AND array and a fixed OR array make possible 
a wide variety of logic functions. 

Device functionality can be specified using standard sum-of
products expressions. logic developmentsoflwareis then uSed 
to transform the Boolean equations into a fuse. map !oruse in 
programming the device. 

Features 
E;ach output has a polarity fuse. Programmable polarity allows 
the user to optimize his design equations without using 
DeMorgan'S theorem to give the correct output polarity. This can 
simplify the design and save product terms. 

The programmable AND array contains. a total of tnirty-two 
product terms. Product terms are arranged in groups of eight. 
The terms in eaen group can be shared. mutually exclusively 
between two output cells. 

Device Programmer SuPPort 
The PAL10H20P8 can be programmed using the following 
systems: 

Data 1/0 LogicPak'· V04,PITAdapter303AcECl 
Family Pinout Code 22-42 
Kontron EPP..aO, Family Pinout Code 22-42 

Logic Development Software Support 
The following logic development software packages can be 

. used for configuring the PAL 10H20P8: 

PAlASM® 2, Ver. 2.19, from Monolithic Memories, Inc. 

ABEL'·, Ver. 2.0, from Data 1/0 Corp. 

Preliminary Data 
6.0 ns propagation delay 

210 mA maximum lEE current 

Areas of Application 
High-performance communication eqUipment 

Glue logic joining ECl gate arrays 

High-speed test instruments. 

Control logic formainframe and super-mini computers 

Computer-aided graphics 

Pin Configuration 

This document contains information,on a prod~ct under deve'lopment at MonO,lithic,M,emOriesJnc. The informatk,lnis intended'to help you to evaluate this product. 
Monolithic Memories,reserves t~ right to change,or discontinue work on this propo:;ed product without notice. 

PAL@.SKINNYOIP<!1andPALASM"are registeredfrademarks.of Monolitllic Memories. 

LogicPak~andABEL"aretrademarksof Data 110 Corp, . .. .. . TwX: 910·338·2376 
2175 Mission College BlVd. SanlaClara, CA 95054-1592 Tel: (408) 970~9700 TWX: 910-338'2374· 

ltfollollthlc .. I!1!ft 
Itfemorles In.UUJ 
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PAL10H20P8 

Logic Diagram 
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Monolithic m Memories CMOS ZPALTM 24 Series 

/ / / / / / / / / / / / / / / / / / / / / / / //////////////////IIIIADVANCE INFORMATION 

Features/Benefits 
• CMOS technology provides zero standby power 

• Lowest power 24-pin PAL® device family; consumes 
only 3 mA/MHz 

• 35 ns maximum propagation delay 

• Programmable replacement for CMOSITTL logic 

• Reduces chip count by greater than six to one 

• Instant prototyplng and easier board layout 

• HC/HCT compatible for use in CMOS or TTL systems 

• Offered over both the Commercial and Industrial 
temperature ranges 

• Low-cosl, one-time programmable SKINNYOIP® and 
PLCC packages save board space 

Description 
The CMOS ZPAL24 Series offers the first family of PAL devices 
with true CMOS power consumption. Under standby conditions 
(inputs and clock not changing), the devices consume a maxi
mum cu rrent of 100 /lA, less than 1 % that of the quarter-power 
PAL devices. This low power consumption alloWs the devices to 
be powered by a battery almost indefinitely. 

While operating, the devices consume additional power only 
when the inputs or clock change. Power consumption is directly 
proportional to the frequency of changes to the inputs. ICC is 
therefore specified as 3 mA per 1 MHz of operating frequency, 
starting from 5 inA at 1 MHz. Thus, the maximum cummt at 8 MHz 
would be 5 mA + 7x3 mA, or 26 mAo 

The devices have HC and HCT compatible inputs and outputs 
for use in CMOS and TTL systems.This feature allows the ZPAL 

Pin Configurations 
ZPAL20L8 ZPAL20R8 

circuits to be used for direct replacement of discrete CMOS as 
well as TTL logic. 

Areas of Application 
• Portable computers 

• Battery-operated instrumentation 

• Low-power industrial equipment 

• Standard CMOSITTL logic replacement 

Features 
The CMOS ZPAL24 Series, includes the four standard 24-pin 
PAL device architectures. All four devices have twenty array 
inputs and eight outputs, with varying numbers of registers: zero 
(20L8), four (20R4), six (20R6) , and eight (20R8). The combina
torial outputs on the registered devices, and six of the outputs on 
the 20L8, are 110 pins that can be individually programmed as 
inputs or outputs. Each output register, a D-type flip-flop, also 
feeds back into the array, for implementation of synchronous 
state machine deSigns. Registered outputs are enabled by an 
external input, while the combinatorial outputs use a product 
term to control the enable function. 

The basic PAL device architecture is a programmable AND array 
feeding a fixed OR array. The programmable AND array consists 
of a set of cellssimilarto those used in EPROMs. Erasable by UV 
light, the cells can be programmed and erased in the factory to 
ensure 100% programming and functional yields. 

Windowed packages will be made available in the future, altow
ing erasure in the field. Windowed packages allow easy proto
type testing andreconfiguration. 

ZPAL20R6 ZPAL20R4 

PAL"'. PALASM'" and SKINNYDIP® are registered trademarks of Monolithic Memories. 
ZPAL no is a trademark of MonolithiC Memories. ABEL hi is a trademark 01 Data I/O Corporation. CUPL"" is a trademark of Assisted TechnoloQy. 

TWX: 910,338·2376, 
2175 Mission College Blvd. Santa Clara, CA 95054-1592 Tel: (408) 970-970b TWX: 910'338-2374 

Monolithic mT!,n " 
Memories InJI'UI 
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CMOS ZPALTM 24 Series 

Ordering Information 

ZPAL20L8 I NS STD 

ZPAL =--==r-~ Zero-power 
Programmable 
Array logic 

T L~" STD ::: Standard 
XXXX = HI-Rei 

PACKAGE 
NUMBER OF INPUTS 

OUTPUT TYPE 
L = Active Low 
R = Registered 

NS = Plastic SKINNYDIP 
JS = Ceramic SKINNYDIP 
as = Windowed SKINNYDIP 
NL ::: Plastic Leaded Chip Carrier 
L = Leadle .. Chip Corrier 

NUMBER OF OUTPUTS '----OPERATING CONDITIONS 
C = DOC to 75°C 

Programming 
The ZPAL24 Series is programmable using the same standard 
programmers used for other PAL devices. The CMOS program
ming algorithm is different from that for the bipolar PAL devices, 
and requires a different family code. 

PLCC Logic Symbols 

ZPAL20L8CNL 

INPUT 
AND 
OR 

LOGIC 
ARRAY 

OUTPUT 1/0 
CELLS 

ZPAL20R6CNL 

I = _40°C to 85°C 
M = -55°C to 125°C 

Logic Development Software 
The following logic development software packages can be used 
for configuring the ZPAL24 Series: 

PALASM®2, from Monolithic Memories 

ABEL'·, from Data 1/0 Corporation 

CUPL'·, from Assisted Technology 

ZPAL20R8CN.L 

INPUT 
AND 
OR 

LOGIC 
ARRAY 

REG 

OUTPUT REG 
CELLS 

REG 

ZPAL20R4CNL 

INPUT 
AND 
OR 

LOGIC 
ARRAY 

REG 

OUTpUT REG 
CELLS 

REG 

1/0 

This document contains information on a product under tlevelopment at Monolithic Memories Inc. The information is intended to help you to evaluate this product. 
Monolithic-Memories reserve,s the right,t_? change or discontinue work on this proposed product without notice. 
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Monolithic W Memories 

PMS14R21/A 
Programmable Sequencer 
PROSETM Family 
Patent Pending 

j I I II I I I I II IIIIIIIIIIIIIIIIIIIIIIIIIIIIII//IIADVANCE INFORMATION 

Features/Benefits 
• User-programmable synchronous stale machine 

• 25 MHz maximum frequency for compatibility with 
12.5 MHzproceuors 

• 14 inpuls (8 external), 8 outputs, 128 states 

• PAL ® array optimizes product terms and states 

• Inlernal feedback adds versatility and control 

• Optimized for four-way branching 

• User-selectable asynchronous initialize or asynchronous 
enable function 

• Power-up reset for start-up in known state 

• Diagnostics-On-Chip'· shadow register eases chip and 
board-Ievellestlng 

• PROSE device software makes it easy 10 "write your 
sequencer in PROSE" 

• Programmed on standard logic programmers 

• Security fuse prevents pattern duplication 

• Space-saving 24-pin 300-mil SKINNYDJP® and 28-pin 
PLCC and LCC packages 

Block Diagram 

10 

11 

12 

13 

14 

15 

16 

17 

Definition of Signals 
10-17 
00-07 
TiE 

Primary inputs to the PAL array 
Outputs from the register 
Programmable asynchronous initi<llize iii 
or asynchronous enable (E) 

ABELT .. is a trademark of Data l/~ Corporation. 

PROM 
ARRAY 

(128x21) 

Description 
The PMS 14R21 prog rammable sequencer is the first member of 
the PROSE (PROgrammable SEquencer) family. The PMS14R21 
is a high-speed, 14-input, 8-output state machine. It consistsof a 
128x21 PROM array preceded by a 14H2 PAL array. The PAL 
array is efficient for a large numberof input conditions, while the 
PROM array is optimal for a large number of product terms.and 
states. The combination allows a very efficient state machine 
with a large numberof inputs and state bits. The PAL array, with 
eight product terms per output, operates on the eight conditional 
and six state inputs to select two control bits to thePROM. Two 
Exclusive-OR gates between the two arrays help to minirTiize 
product terms and redundant states. Five lines feed back from 
the PROM to form the primary address for the next state. The 
PROM stores up to 128 states of eight outputs and thirteen 
feedback control Signals. 

Applications 
• High speed sequential logic 

• Peripheral controller 

• Cache contro, sequencer 

• Signal processing sequencer 

• Industrial control 

DClK SOl ClK 

00 

01 

02 

03 

Q4 

21 05 

06 

.07 

MODE SDO liE 

ClK 
DClK 
MODE 
SDI 
SDO 

Clock for output register 
Clock for diagnostic register 
Selects diagnostic functions 
Serial data input to shadow register 
Serial data output from shadow register 

pAL@, SKINNYDtP@and PALASM®·are registered trademarks of Monolithic Memories, Monolithic l!T!n. PROSE''', Diagnostics-On-Chip'" and DOC'" are trademarks of MonolithiC Mem'6ries. TWX: 910-338-2376 

217& Mi$sion College Blvd. $anla Clara, CA 95.054'1592 Tal: (4.0$)97.0.97.00 rWX:910,33$-2374 MemorIes Il1Jn.U 
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PMS14R21/A 

PROSE Part Numbering System 

PMS14R21 A C NS STD 

PREFIX~ LPROCESSING 
PM~ ::: Programmable - STD ::: Standard 

, Memory-based XXXX = Hi-Rei 
Sequencer 

PACKAGE 
NUMBE!! OF 
ARRAY INPUTS 

NS = Plastic SKINNYDIP 
JS = Ceramic SKINNYDIP 
NL ;:: Plastic Leaded 

OUTPUT TYPE---..J 
R = Registered 

Chip Carrier 
L ::: Leadless Chip Carrier 

NUMBER OF REGISTERS 

PERFORMANCE------' 
Blank = standard 

'-----OPERATING CONDITIONS 
C = Q'C to 75'C 
M = -55'C to 125'C 

A ::: enhanced 

Diagnostics-On-Chip Feature 
The PMS14R21 is the newest member of the Diagnostics-On
Chip family. These devices incorporate a serial shadow register 
on-chip which facilitates board-level testing. The shadow regis
ter has a Serial Data Input (SDI), Serial Data Output (SDO) and 
its own clock (DCLK). The MODE control configures the 
shadow register either in parallel with the output register or in 
serial shift mode (see function table). Other devices with this 
feature are listed below. 

Diagnostics Family Members 

PART NUMBER DESCRIPTION 

53/63DA441 1Kx4 PROM (async. enables) 

53/63DA442 1 Kx4 PROM (async./sync. enables) 

53/63DA841 2Kx4 PROM 

53/63D1641 4Kx4 PROM (async.enable) 

53/63DA1643 4Kx4 PROM (async. initialization) 

54174S818 8-bit register 

Diagnostic Function Table 

INPUTS OUTPUTS 

MODE SDI CLK DCLK °20-°0 S20-50 

L X I * an - PROM HOLD 

L X * I HOLD 
Sn - Sn-1 

SO- SDI 

L X I I an- PROM 
Sn - Sn-1 

So- SDI 

H X I * a n - Sn HOLD 

H L * I HOLD Sn- an 

H H * I HOLD HOLD 

* Clock must be steady or falli'n9. 
t Reserved operation for 54/748818 8-Bit Diagnostic Register. 

Software Support 
PROSE device software from Monolithic Memories provides full 
support for the PMS14R21. Based on PALASM® 2 syntax, the 
software automatically converts a state machine description 
directly into the PAL and PROM array fuse maps, for download
ing to a programmer. The syntax supports both Mealy and 
Moore state machine models, and makes optimal use of the 
features of the PROSE device. Simulation support is also pro
vided, both for design checking and for generation of test vec
tors for device testing. Additional support is available from third
party software vendors, including the ABEL'· package from 
Data 1/0. 

Programming 
Both the PAL and PROM arrays are programmed on standard 
logic programmers using the JEDEC programming format. The 
TiW fuses program from the low to the high state. Programming 
also sets the architectural fuse which selects between asynch
ronous initialize or asynchronous output enable; the unpro
grammed state is initialize. If asynchronous initialize is selected, 
asserting the pin low will set all outputs and feedback bits high. 

Power-up Reset 
Power-up reset is provided for system start-up in a known state. 
It has the same effect as initialization; all output register bits 
go high. 

OPERATION 
SOO 

S20 Load output register from PROM array 

S20 Shift shadow register data 

S20 
Load output register from PROM array 
while shifting shadow register data 

SDI Load output register from shadow register 

SDI 
Load shadow register from output bus 
and feedback 

SOl t No operation 

this"document contains information 0," a product under development at Monolithic Memories Inc:;. The information is intended to help you to evaluate this product. 
Monolithic Memories reserves the right to change or discontinue work on this proposed product without notice. 
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lIIIonolithic W lIIIemories 
High Speed Programmable Array Logic 

PAL32VX10 PAL32VX10A 
U.S. Patent 4124899 

IIIIIIIIIIIIIIIIIIIIIIIIII///////////////IIIIADVANCE INFORMATION 
! 

Features/Benefits 
• 10 Inpull output macrocells 

• Programmable registered or combinatorial outputs 

• Dual independent feedback paths allow I/O with 
combinatorial or feedback register outputs 

• Programmable fllp-nops allow J-K, S-R, T or D types 

• Programmable output polarity 

• Register set and register reset can be asynchronous or 
synchronous 

• Automatic register preset on power up 

• Varied product term distribution 

• Up to 16 product terms per output 

• Pin compatible functional superset of 22V10 

• Maximum propagation delay 
• 25 nsuA" 
• 35 ns"STD" 

• 24-pln 300-mll-wlde SKINNYDIP® package or 28-pln chip 
carriers save space 

General Description 
The PAL32VX10 is a high-density Programmable Array Logic 
device which implements the familiar sum of products transfer 
function via a user-programmable AND array and a fixed OR 
array. Featured are len highly flexible input/output macrocells 
which are user configurable for combinatorial or registered 
operation. Each flip-flop is also programmable 10 be either J-K, 
S-R, T, or D-Iypes for optimal design of state machines and other 
synchronous logic. In addition, a unique dual feedback architec
ture allows 1/0 capability for each macrocell in both combina
torial or registered configurations, even when register feedback 
is present, and allows implementation of buried registers while 
preserving the macro input function. Supplied in space-saving 
300-mil-wide dual in-line packages or 28-pin chip carriers, the 
PAL32VX10 offers a powerful, space-saving alternative to 
SSI/MSIIogic devices, while providing the advantage of instant 
prototyping over other semicustom approaches. 

The PAL32VX10 is fabricated in Monolithic Memories' 
advanced, oxide isolated bipolar process for high speed and low 
power. TiW fuse links provide high reliability and programming 
yields. Special on-chip test circuits allow full AC, DC, and 
functional testing before programming. Preloadable output 
registers facilitate functional testing. 

The PAL32VX10 can be programmed on standard PAL® device 
programmers, fitted with appropriate programming modules 
and configuration software. Design development is supported 
by Monolithic Memories' PALASM®2 software as well as by 
other programmable logic CAD lools available from third-party 
vendors. 

Logic Symbol 

PALI!!l. PALASM@and SKINNYDIP® are registered trademarks of Monolithic Memories. 

TWX: 910-338-237$ 
2175 Mission College Blvd. Simla Clara, CA 95054-1592 Tel: (408} 970-9700 TWX: 910-338-2374 

Monolithic m'l!n 
Memories Il1Jl1.LI 
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PAL32VX10 

The PAL32VX10 is a pin-compatible functional superset of the 
22V10 architecture, with an improved macrocell. Details of the 
PAL32VX10. macrocell are shown in the diagram below. 
Significant features of the macrocell are: 

Dual Feedback Paths. Each macrocell has two completely 
independent feedback paths associated with each macrocell. 
One feeds back into the array from the macrocell output pin. 
The second feeds back into the array from the flip-flop outpui. 
This architecture provides 1/0 capability for both combinatorial 
and registered outputs, even when register feedback is needed. 
In addition, it allows registers to be loaded directly from outputs, 
and provides the capability for buried registers, while permitting 
use of the macrocell pin as an input. 

Programmab", flip-Flops. Each macro has an XOR gate which 
provides the capability of emulating the operation of J-K, S-R, T, 
or D flip-flops. When J-K or S-R flip-flops are implemented, the 

PAL32VX10A 

available prOduct term resources for each macrocell are shared 
between J(S) and K(R) functions, according to the expression: 

where (m+n) is the total number of product terms found in each 
macrocell. 

',' , 

Varied Product Term Distribution. The PAL32VX10 has a 
different number of product terms for each pair of macrocells .. 
There are two macros each with 8, 10,12, 14,or16productterms: 
to allow optimal use of the available prodllct term resources. 

Other Featuras: 

• Macrocells programmable as registered or combinatorial 

• Programmable output polarity 

• Preset and reset can be synchronous or asynchronous 

PAL32VX10 MACROCELL 

PAL32VX10 MACROCELL CONFIGURATION OPTIONS 

The PAL32VX10 ca~ implement any of the architecture options shown 

COMBINATORIAL 1/0 

ACTIV.ELOW ACTIVE HIGH 

17-14 1tIIonoI;,~/C m Memories 



PAL32VX10 PAL32VX10A 

BURIED REGISTER WITH DEDICATED INPUT 

----S3 ----,--S3 

D REGISTER WITH I/O 

ACTIVE LOW ACTIVE HIGH 

J-K REGISTER WITH 1/0 TREGISTER WITH 1/0 

This document contains information on a product under development at Monoli~l1ie Memories Inc:The information is intended to help you to evaluate thi~ product. 
Monolithic Memories reserves the right to-cnange or discQnUnue-work on.-this proposed 'product without notice.<.- ' 
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PAL32VX10 PAL32VX10A 

Logic Diagram 
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Monolithic m Memories 
PLE5P16 REVISED PLE6P16 . " .. ' .. 

Prog.ra,-"mable Logic Element Family 

I /1 III I I I II 1/ Ii/ii/ii/////////////////////IIIADVANCEINFORMATION 

Features/ Benefits 
• Programmable replacement for convenllonalTTL logic 

• Reduces IC inventories and simplifies their control 

• Expedites and simplifies prototyplng and board layout 

• Saves space with 24-pin 0 •. 3 inchSKINN'(DIP@ package. 
and 28-pin Plastic Leaded Chip Carriers (PLCCf) 

• Programmed on standard PROM progi'amrnenl 

• Reliable TIW fu ... guarantee >99'\'. programming yields 

• TeSt and.aimulation made simple with PLEASM'· software 

• Proposed JEDEC standard pinout 

• Revised pinout with center VCC and GND for higher 
noise immunity 

Description 
ThePLE5P16 and PLE6P16 are.the two newest membe.rs of the 
Programmable LogicElement (PLE~) Family. A PLE devicehas 
a programniable()R-arraY.preced~~y .a fix~c;lAND-a~ray. 
This providE!s unlimited product term!! and programmable 
polarity for ~achoutPut.wbile maintSiA1ng the high speeds"" 
necessary for logic aRPlications. ThePLE Family complements; 
the PAL@(Programrnabl~:Array'Logjc) Family. which has 
programmability in the OPPOSite array; 

The PLE5P16 has five inputs. sixteen outputs. and thirty-two 
product termS per output. The PLE6P16 has six inputs. sixteen 

L .. lc$ymbola 
PLE5P11 

Typical Applieations 
.; Address deCoding 

• Random logic replacement 

• COde converters 
• Look-up tables fbOth trigonOmetric and arithmetic) 

• Data scaling 

Prellmln.~ Data , 
PLESP16 PLE6P16 

PARAMETER. .~TM,lID~RD ST~NDARD 

tpD(ns) 15 15 

ICC (mA) 180 190 
.... 

'outJl,UIS. ana :Si~tY:lo.\lproduct temis per o~t~ut. 
;th~ deviqes feature low:.current PNP inputs and full sl;hottky 
clamping; the PLESP16 has three-state outputs with an outP\Jt 
enablE!. The fUs6sstore a logical low arid Ilre prOgremmed tothe 
high .state. Specialon-chip.circuitryalid extra fuses provide 
pra.programming testing which assllres' high programming 
yields and high reliability.' . 



Ordering. Information PLESP16A C NS SHRP 
PLEFamUy 

PROG. RAMM.A .. ElLE. ] J.. J'T .. , _ .. ' Lo. PTIO. NA.L PROCESSING 
. 'LOGIC .'. . • . SHRP" Rellabllily 
ELEMENT· Enhanced 

'XXXX " Hi-Rei 
NUMBER OF INPUTS 

,'. PACKAGE 
OUTPUT TYPE N "Plastic dip 

P "Non registered NS "SKINNYDIP plastic 
R "Registered J "Ceremlc dip 
RA " Registered JS ".SKINNYDIP ceramic 

asynchronous NL " Plasllc leaded chip 
enable canler 

RS ".Reglstered L "Leadl ... chip carrier 
synchronous F " Flat pack 
enable W "Cerpack 

NUMBER OF OUTPUTS 

PERFORMANCE-----" 
Blank" Standard 
A "Enhanced 

L----TEMPERATURE RANGE 
C = DOC to +75°C 
M " _550 C to +1250 C 

Block Diagrams (DIP Pinout) 
PLE5P16 

10 
11 
12 
13 
14 

10 
11 
J2 
13 
14 
15 

1 
2 
3 
4 
5 
S 

10F32 
DECODER 

1 OF 14 
DECODER 

13 14 15 1. 

01 02 03 04 

32.16 
PROGRAMMABLE ARRAY 

17 1. 20 ·21 222324 2 

QI5 QI5 07 08 08 010 011 012 013 

PLE8P18 

17 19 

14.18 
PROGRAMMABLE ARRAY 

4 

014 015 01. 

4 

~ ~ ~ 04 QI5 08 ~ 08 08 ~. 012 013 014 015 016 

Pin Configurations 
PLE5P18· PLE8P18 

1 28 

ThiS document contain. information on a product under development at Monolithic Mempri •• lnc. The intOrmation is intended to help you to eveluMethis product 
M.onolithic Memori.s:resa ... " ttle right toch_ng. or discontinue wo!l! on.lhil propoaedproduct without notice. . 
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1.6·Bit 

Barrel Shifter Slice 
677530 

I I I I II I I II I IIIIIIIIIIIIIIIIIIIIIIIIIIIIII//IADVANCE INFORMATION 

Features/Benefits 
• Left/Right shift and rotate to any position within 1. cycle 

• Expandable to any multiples of 16-bit paths 

• Works on sign magnitude and two's complement shift count 
inputs 

• High speed operation: 
Data 10 output: 25 ns (max) 
Shift count 10 output: 30 ns (max) 

I • Sticky bit available for floating point rounding operation 

• Bit insert and bypass operations 

Applications 
• Mantissa adjustment fOffloating point a.dditlonl 

subtraction and fixed point scaling in minicomputers, 
mainframes, array processors and digital signal 
processors 

• Posilioning.nol1-numerie patterns In image processing, 
wordproceSSing~nd. symbol processing systems 

• Implementafunnel shifter for the Bit Block Trahsfer 
operation in grapt,lies . .. 

• JR1l)1elnel1tac~lnp~SSIOncexpaosion .e~gine using the 
. mo(jJli4!!d Huffman cqdil1g method 

• Bil insertion for EDAC applications 

S3·S0 

12-10 ---~'7"'---t 

Va Y15-YO 

16-Bil Barrel Shifter Slice 

Packaging Information 
PART NUMBER· PACKAGE TEMPE.RATURE 

677530 048 Commercial 

Pin Configuration 

6n5~ 

l.'v,.. ...........• ........•.. ". ,c'. .,".. •...• ." . " . .......,-wx: ~~!l1~8~.~376 
2175 Mission Coll~ge Blvd. Santa Clara, CA 95054-1592 Tel: (408)970~97QP TWX:' 910-338-2314 

MonolIthIc f!1!n. 
Memorle. LrUn.U 
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VCC-

53-SO ----r-'-l 

12-10 -7'-'+-""" 
LID-+--+-""" 

OUTPUT 
ENABLE 

CIRCUITRY 

16 

16.16 ' 
BARREL SHIFTER ' 

ARRAY 

r------Pi 

16 

Y15= YO Yo 

Figure 1_ Internal Organization of the '7530 Barrel Shifter Slice 

Description 
The '7530 16-,Bit Barrel Shifter Slice is designed to be used as a 
general-purpose one-cycle shifter in numerical processing and 
symbol processing systems. The basic sl ice can handle data in 
16-bit packets, shift and rotate to any desired number of 
positions within one cycle. They can also be cascaded together 
to form abarrel shifter function module with longer word length. 
Cascading shifter slicesto form a functional module will not put 
additional delays into the datapath. 

The '7530 can perform nine different operations. A 3-bit opcode 
(12-10) and the Pi (Polarity Insertion) input determines which 
function is to be performed. The shift count for the device is 
determined by the 4-bit input (83-S0). The entire shifter is 
combinatorial with no internal states. 

All data outputs (Y1~YO) can be tristated. This output designis 
crUCial to the cascading architecture because' outputs .from 
different barrel shifter slices will be tied together in an expanded 
array. l'he OER,OEL (Output Enable Right/Left) and the LID 
(Location I Dentifier) input signals together determine the enab'le 
states of each individual output. 

The F (Fill) input bit provides the signal to be inserted into the 
outputs. 

The Ys output (Sticky Bit) is provided as an, open cQllector' 
output. It is the negation of the logical OR ()f all the bits shifted 
out during the shift left or shift right operation. 

The Pi (Polarity/Insertion) input is used to complement the 
outputs for all the opcodes except when 1= 010 when it is used to 
distinguish between Bit InserT and BYPass opert;ltion. 

Monolithic m Memories 
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Architecture 
As shown in Figure 1, the architecture of the '7530 Barrel Shifter 
Slice is centered around the internal barrel shifter array and the 
shift count decoder. Theoutputs ofthe array are fed into a mask 
generator which determines the enable states of each individual 
data outputs. These enable states are primarily determined by 
the LID (Location IDentifier) input signal that represents the 
location of each shifter slice when they are cascaded. The 
Location IDentifier will transform the actual operation of every 
shifter to make cascading possible. Please refer to the section 
Cascadi~g Architecture for the Barrel Shifter Slice for a detailed, 
description. . , 

The output control circuitry consists of the polarity control, Fill 
bit insertion and Sticky Bit generation. 

Two enable inputs, OEI- and OER. provide the tristate control to 
the two portions of the output data separated by the left margin 
(D15) of the original input data. 

Signal Description 
015-00: Inputs. Input data to the Barrel Shifter Slice. 

Y15-YO: Out~ts. Output data from the Barrel Shifter Sliqe. 

12-10: Inputs. A 3-bit opcode to selet:tone of nine' possible 
operations for the device. Please seeTable 1 for further detail. 

S3-SO: Inputs. Shift count input. For opeooes OOX or 11X (Le., 
121110 :0, 1, 6 or 7), S3-S0 represent the magnitude of bit 
positions shifted or rotated. Foropcodes 10X (l.e.,121110 = 4 or5), 
the number of bits to be shifted or rotated is given by the tWo's 
complement of the five-digit number: 1283S2S1 SO. Since 12 = 1 
in both cases, only sixteen different bit positions (ranging from 
+1 to +16}areallowedwithin one cycle. FortheopcodesXO~(i.e •• 
121110= 1 or 5), the shift count inputs can be considered in two 
ways: either as a rotate right tWo's complement 12S382S1SO 
operation or as a rotate ,left 83S2S1 SO operation when 12 = O. 

Pi: Input. Polarity/Insertion signal input. This signal serveS 
two purposes. When theopcode is010 (i.e., 121110= 2). it is used 
to resolve betWeen Bit InserT operation (Pi = 0) and BYPass 
pperation (Pi = 1). When the opcode is in some ot/wr states. Pi . 
.determines .t.he output data polarity (Pi = 0 forccimplemented 
data, Pi = 1 for tJncomplemented (true) data). 

F: Input, Fill bit input. The value of this input is used to insert 
into poSitions left empty from shift oparati.ons,or insert into the 
designated bit ppsitioris for the Bit InserTand FILL operations. 

Vii: Ou~l The inverse of the sticky bit. This is an open 
collector output signal. Functionally this signal is the negatidn of 
the logical OR of the bits shifted out in the shift left/right 
operations. In the Bit Insertion operation, YS is the negation of 
the input bitthat is replaced by the Fill bit. ' , 

LID: Input. .LocationIDentifier. Theiriput to, this pin can 
either be VGG. ground, or IElft open, In the case when the Input is ' 
open, there is an internal reSistor netWork to divide this signal to 
2.5 V (VGG/2). The LID signal is used in the expansion scheme 
of the, barrel shifter slices. Different barrel shifter slices can ~ 
cascaded in a ,twcKlimimsionalarray to form a barrel shiftElr 
module of wider path width. The LID inputsignalrs required to 

'be one of th'eaboye three states according to its position inside, 
. the atra'y. ' 

OEL; OER:'. lr:lpuls;Output enable lett arid output enable 
right. These two signals will separately enable the left anli the 
right h!llves ofthe output data separated by the left margin (Q15) 
oflhe input word. ' 

GNDE,GNDT:Power supply grounds. GNDE is the internal 
EGL circuit ground and GNDT Isthe internal TTL cricuitground. 
These two ground signals should be routed 'separately in the' 

.,systelT,l. The EGL ground is more sensitive tonaise problems 
arid should be bypassed with capacitive components to VGG. 

VCC: PoWer supply. A +5 V power supply to the internal 
circuit of the Barrel Shifter Slice. ' 
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Function Tables 

i OpCODE" PoWITVI OPERATION PERFORMED OUTPUT ALTERNATE OPERATION 
INSERT ' IF LID PIN IS "OPEN" , POLARITV' 

LID = LID = 
12, 11 10 Pi MN; NAME Vee GND 

6 0 0, .' 0 LSH Left SHift Complemen,t~ LRT FIL 
1 True 

.: 

0 0 1 0 LRT ' Left RoTate Complemented LRT LRT 
1 True 

0 1 0 .0 BIT .Bit InserT True HighZ HighZ 
1 BYP BYPass True HighZ HignZ 

'0 1 1 0 FIL FILL Complemented HighZ HighZ 
1 True HighZ HighZ 

1 0 0 0 RSC Right Shift with two's- Complemented FIL RRC 
1 Complement shift count True . ' 

" ., 

1 0 1 0 RRC Right Rot/ite with two's- Complemented RRC RRC 
1 Complement rotate count True 

1 1 ,0 0 RSH Right SHift Complemented FIL RRT 
1 True 

f 1 1 0 RRT . Right RoTate Complemented RRT RRT 
1 True 

Figure 1,' Shifter Instruction Set 

This document contains information on a product under development at Monolithic Memories Inc. The information is intended to help you to evaluate this product. 
Monolithic Memo~~es the right to change or discontinue work on this proposed product without notice. 
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16x16 Bit CMOS Multipli.r 
67C7016-3S/-4S/-SS 
67C7017-3S/-4S/-SS 

/ / / / / / / / / / / ////////////////////////////////IIADVANCE INFORMATION 

Featur.sl B.n.fits 
• 16x16 parallel multiplier 

• High speed multiply 
-- 35 ns Max '7016-35/'7017-35 
-- 45 ns Max '7016-45/'7017-45 
-- 55 ns Max '7016-55/'7017-55 

• low power CMOS technology 
-- Zero standby power 
-- 7 mA per MHz active ICC (lYpical) 

• Mixed mode 2's complement, unsigned or mixed operand 

• '7017 is optimized for microprocessor systems, 
single clock with register enables 

• Plug-incompatible with. TRW MPY016H/K,AMD29516/A, 
29517/A 

• Single 5 V supply 

• Available in DIP or PlCC 

Fun~tional Blo~k Diagrams 

67C7016 

RND 

CLKX-4---+--1""'" 

CLKy--~~4------~~~--~·· 

~----~----~I 

FT--_~---~I 

CLKM --------'---' 
CLKL--~---'----'--t--:-c' 

~--------~ 

OEP------~----~ 

Pa~kaging Information 

PART SPEED 
PACKAGE 

NUMBER (TMC) 

67C7016-35 35 ns J,N,NL(68) 

67C7017-35 35ns J,N,NL(68) 

67C7016-45 45 ns J,N,NL(68) 

67C7017-45 45 ns J,N,NL(68) 

67C7016-55 55 ns J,N,NL(68) 

67C7017-55 55n5 J,N,NL(68) 

67C7017 

CLK-+--~+---r-~--+----~ 

ENX--r-t--~--1~>+_~ 

~ -+--"""-FO-R-M-AT..J.A-D-J-US-T--O 

FT--+----'---,-I 

TEMP 

Com 

Com 

Com 

Com 

Com 

Com 

~----~-~---r~--t~----~-~ 

MSPSEL--~----~ 

OEP-----------~ 

This document contains information .on a product under development at Monolithic Memories Inc. The information is intended to help you to evaluate this product. 
Monolithic Memories reServes the right to cha,nge or discontinue work on this proposed product without notice. 

TWX: 910-338-2376 
2175 Mission College Blvd. Santa Clara, CA 9S1lS4-1592 Tel: (408) 970-97.00 TYlX: 910-338-2374 
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67C7016·35/·45/·55 67C7017·35/·45/·55 

Pin Configurations 

~ ;: ~ ~ ;!: ~ 

~ It 0: ~ C[ Ie 

17·24 

67C7016 
68 Pin PLCC 

~ s: ~ ~ 

if Ii: If 
" ;: 

Monolithlo miD Memories 

67C7016 
64 Pin DIP 



67C7016· 35/·<45/,;;. 55 

Pin Configurations 

I 

'I 

67C7017 
68 Pin DIP 

~ ;: ~ ~ : ~ !I! ~ = ~ " N '" .. ., 
;: ;: ;: ;: ;: 

\1 Ii! 0: ~ ~ l 1£ If ~ If 8! " N '" [ [ z 0: 0: 0: 

ClK 

OEL 

X1 

X2 

X3 

X4 

X5 

X6 

X6 

X11 

X12 

HlC 

'" .. c c 
;C ;C z z 

C> C> 

67C7017. 351'· 45/0055 

67C701,7 
64 Pin DIP 
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67C7016-35/-45/-55 

Descriptions 
The '7016/7017 are CMOS 16x16 high speed parallel multipliers. 
Designedwith state-of-the-art CMOS technology and a multi
plication scheme based on modified Booth's algorithm, these 
devices can achieve bipolar TTL speed at a significantly reduced 
power leveL In addition, the prodwct is designed to be pin-for-pin 
replacement for the TRW MPY016H/K and the AMD 29516/A, 
29517/A. 

The architecture of the '701617017 family generates a 32-bit 
product of two 16-bit input operands. Two 16-bit registers are 
provided for the X and Y operands. These operands can be 
specified as either 2's cornpleme"t or unsigned numllers through 
the XM and the YM control inputs. These two signals are regis
tered simultaneously at their respective operand clocks. 

At the output of the multiplier array a format adjust control (FA) 
allows the user to select either a full 32-bit product or a left 
shifted 31-bit product. Two 16-bit output registers are provided 
to hold the most and least significant halves of the result (MSP 
and LSP) as defined by FA. For asynchronous output these 
registers may be made transparent by taking the feed through 
control (FT) high. A round control (RND) allows the rounding of 
the MSP This control is registered, and is entered at the rising 
edge olthe logical OR of both CLKX and CLKY for the '7016 and 
is enabled by a LOW Signal in either ENX or ENY in the '7017. the 
two halves of the product may be routed to a 16-bit three-state 
output port (P) via a multiplexer. In addition the LSP is con
nected to the V-input port through a separate three-state buffer 
so that a 32-bit product can be available simultaneously. 

In the '7016, the X, Y, MSP and LSP registers have independent 
clocks (CLKX, CCLKY, CLKM, CLKL). The output multiplexer 
control (MSPSEL) uses a pin which is a supply ground in the 
TRW MPY16H. When this control is LOW the function is that of 
the MPY16H, thus allowing full compatibility. 

The '701.7 differs in tha.!J!.!1~s~ clock input (CLK) and 
three register enables (ENX, ENY, ENP) for the two input regis
ters and the entire product. This facilitates the use of the part in 
microprocessor systems. In both parts data is entered into the 
registers on. the positive edge of the clock. 

The '7016/7017 family has a wide variety of applications in high 
performance computers and digital signal processing. In com
puter applications this multiplier can be used to construct 
numerical processing functional units. (e.g., array processors, 
matrix processors, floating point multiplier/dividersetc.). In digital 
signal processing the multiplier can be used to construct special 
algorithm engines for applications like digital filtering, FFT, 
speech recognition and synthesis, adaptive controls and image 
processing. 

Signal Description 
Input/Output data 
X15-XO: 16 bit data inputs. 
Y15-YO: 16 bit data inputs. These inputs are multiplexed with 

the least significant product (LSP) outputs. 
P15-PO: The least significant product (LSP) outputs. These 

signals are multiplexed with the Y data inputs. The' 
product term is available when OEL is low. Alterna
tively, these outputs can be accessed from the MSP 
output port when MSPSEL is high. 

67C7017-35/-45/-55 

P31-P16: The most significant product (MSP) outputs. 

Input Clocks (67C7016 only) 
CLKX: The rising edge of this clock loads the input data 

(X15-XO) and the associated mode control signal XM 
into the input register. 

CLKY: The riiing edge of this clock loads the input data 
(Y15-YO) and the associatsd mode control signal YM 
into the input register. 

CLKM: The rising edge of this clock loads the most signifi
cant product (MSP) output register. 

CI-"l: The rising ElOlje of this clock loads t"'e Ii/ait lOigl'lifi
cant produet (LSPl output register. 

Input Clocks (67C7017 only) 
ClK: The rising edge of this clock loads all input/output 

registers. 
EiiiX: Clock enable for the X15-XO input register, XMinput 

register and the round register. 
00: Clock enable for the Y15-YO input register, YM input 

register and the round register. 
EN'P: Clock enable for the most sign ificant product (MSP) 

and least significant product (LSP) register. 

Control Signals 
XM, YM: Mode control signals for the input data word. A low 

input indicates unsigned data format and a high 
input represents 2's complement data format 

FA: Format Adjust When this input is high, a full 32-bit 
product is produced in MSP and LSP registers. When 
this input is low, the sign bit will appear in the most 
significant bit of both the MSP and the LSP In such 
cases only a 31-bit product is provided. The FA input 
is required to be a high when either integer unsignElO 
magnitude or mixed mode formats are used. (See the 
DATA FORMATS section for further detail.) 

FT: Flow-through. When this input is high, both the MSP 
register and the LSP register are transparent. 

0'E'l: Three-state enable signal for routing LSP to the 
Y ILSP 1/0 ports. 

OEP: Three-state enable signal for the product output 
port. 

RND: Round control signal for the most significant product 
(MSP). When this input is high, aonewill be added to 
the most significant bit of the least significant pro
duct (LSP). This rounding operation is done before 
the output is sent to the format adjust clock. As a 
result, the location of this round bit in the final pro
duct depends on the FA input. When FA ~ 0, the 
round bit is added to location P14; when FA ~ 1, the 
round bit is added to location P15. The RND input is 
registered at the riSing edge olthe logical OR of both 
the CLKX and CLKY. !n the single clock architecture; 
the RND register is enabled when either the X regis
ter or the Y register is enablElO. 

MS'P'SEi:': When the MSPSEL input is low, the MSP is available 
forthe output port. When this input is high. the LSP is 
available at the output port. 

17-26 MonolithicW Memories 
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i6-BitCMOS 
Multiplier Slice 

67C7555 67C7556 

1/ / // / / / / / / / / ///////////////////////////////IADVANCE INFORMATION 

Features/ Benefits 
• Twos-complement, unsigned, or mixed operands 

I • Full 32-bit product immediately available on each cycle 

• High-speed 16x16 parallel multiplier 

I • Latched or registered inputs/outputs 

• Three-state output controls, independent for each half of 
the product 

• Single +5 V supply (via multiple pins) 

, • Zero standby power CMOS technology 

• Available in 84-terminal Leadless-Chip Carrier alld 
88-Pin-Grid-Array packages 

Description 
The 'C7555 and 'C7556 ate high-speed 16x16 combinatorial 
multipliers which can multiply two 16-bit unsigned or signed 

i twos-complement numbers on every cycle. Each operand X 
and Y has an associated mode-control line, XM and YM 

I respectively. Whena mode-c.ontrolline is at a LOW logiC level, 
the operand is treated as an unsigned 16-bit number; when the 

I mode-control line is at a HIGH logic level, the operand is 
treated as a 16-bit signed twos-complement number. Addi
tional inputs R8 and RU allow the addition of a bit into the 

i multiplier array at the appropriate bit positions for rounding. 

Block Diagram 
'C7555 (Register) 
'C7556 (Latch) 

16-BIT { YO • 
Y INPUT Y15 

YM 

LATCH 
ENABLE! GM!CM 
CLOCK 

S31 S31 

16-BIT 
MSP 

S16 

Ordering Information 

PART NUMBER PACKAGE TEMPERATURE 

67C7555 .' P88, L84 Com 

67C7556 P88,L84 . Com 

The entire 32-bit double-length product is available at the 
outputs at one time. 

The most-significant product bit, 831, is available in both true 
and complemented form to simplifY longer-word length multi
plications. The product outputs are three-state, controlled by 
assertive-low enablesc The M8P outputs are controlled by the 
TRIM (OEM) control input, while the L8P outputs are con
trolled by the TRIL (OEL) control input. This allows one or 
more multipliers to be connected to a parallel bus or to be used 
in a pipelined system. 

All inputs and outputs have transparent latches. in the 'C7556. 
The latches become transparent when the input to the corres
ponding gate control line GX, GY, GM, GL is HIGH. If latches 
are not required,these control inpuls may be tied HIGH, leav
ing the multiplier fully transparent for combinatorial cascad
ing. The device uses a single +5 V power supply, and is availa
ble both in an 84-terminalleadless chip c!lrrier (LCG) pac~age 
and in an 88-pin-grid-array package. . 

LATCH 
GX/CX ENABLE! 

CLOCK 

LATCH 
ENABLE/CLOCK 

• so }16-BIT 
• LSP 

• 515 
~'---1.----' 

TWX: 910-33S.-2376 
2175 Mission College Blvd. San1a Clara, CA95054-1592·Tel: (40S) 970:9700 TWX: 910-33S-2374 
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67C7555, 67C7556 

Roundil'lglnputs 
SUMMARY OF SIGNALS/PINS 

INPUTS ADDS USUALLY USED WITH 

X15-0 MiJltiplicand 1&-bit.data inputs 

Y15-0 Multiplier 16-bit data inputs 

ModEK:ontrol ioputsfop~ach data word; 
XM,YM LOW for unsigned data and HIGH for twos-

complement(jata 

531..Q ProduCt 32-bit' output . 
831 Inver:ted MS product bit (for expansion) 

RS,RU 
Rounding inputs for signed and unsigned 

".~ ;} data, respectivelY" 

GXlCX Gate contra/clock for Xi; RS, RU 

GY/CY Gate control/clock for Yi 

GLlCL 
' Gatecontrol/clock for least~5ignificant half 
o/product· 

'GM/CM 
Gate control/clock for most-significant half 
pf pro(jugt '. 

TRIL Three-state control for least-significant half 
.OEL; ,.of product 

. TRIM Three-state control for most-significant half 
OEM of product 

RU RS 215 214 XM 

L L No No X 

L H No Yes Ht 
H L Yes No L 

H H Yes Yes * 
t In mixed mode, one of these could be low but not both, 

* Usually a nonsense opera ion. 

Mode-Control Inputs 

OPERATING INPUT DATA 

MODE 

X15-0 Y15-0 

Unsigned Unsigned Unsigned 

Mixed 
Unsigned' Twos-Camp. 

Twos-Comp. Unsigned 

. Signed TWos-Comp . Twos-Comp. 

84· 'ntrminal'Leadlees Chip Carrier Pinout 

Y12 
Y13 
Y14 
Y1S 
YM 

GY/CY 

'2"0 9 8 7 6 5 4 3 2 1 84 838281807978n 76774 GND 

U ~ 
~ ~ 

52 
53 
S4 
S5 
S6 
S7 
VCC2 
VCC1 
sa 
59 
S10 
S11 

S12 
S13 
S14 
515 
GLlCL 
TRIL(OEL) 

Veet = Output buffer Vee. 
Vee2 = Logic Vee. 

. AU Vee andGf>!D.I?in.smu~t I>E! cOQnecled to. the ",.peqtive\lCCan~J'ND • 
• cqnnectlons on the' board and .hould not be used for ,faisychaining through 
·th~le. 

i' 

YM 

X 

Ht 
L 

* 

MODE-
.CONTROL 

INPUTS 

XM YM 

L. L 

L H 

H. L 

H H 
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67C755567C7556 

88 Pin-Grid-Array 
Pin Location 
Bottom View 

@@@@@@@@@@@@@ 
®@@@@@@@@@@@@ 
@@ @@ 
00 @@ 

PIN NO.1 CD CD 12 33 @ ® 
IDENTIFIER~. 11 34 

3 2 @@ 
CD @ 1 67C7555 @ @ 

88 67C7556 
@@ @@ 
@@ 78 55 @@ 

77 56 

@@ ®® 
@@ ®® 
@@@@@@@@@@@@@ 
@®®@@@@@@@@@@ 

Pin-Guide for Pin Grid Array 

PIN NUMBER PIN NAME PIN NUMBER PIN.NAME PIN NUMBER PIN NAME 

1 X9 23 NlC' 45 825 

2 X10 24 Y8 46 824 

3 X11 25 Y9 47 823 

4 X12 26 Y10 48 822 

5 X13 27 Y11 49 821 

6 X14 28 Y12 50 820 

7 X15 29 Y13 51 819 

8 XM 30 Y14 52 818 

9 GXlCX 31 Y15 53 817 

10 R8 32 YM 54 816 

11 RU 33 GY/CY 55 GND 

12 GND 34 N/C' 56 TRIL (OEL) 

13 YO 35 GND 57 GUCL 

14 Yl 36 TRIM (OEM) 58 815 

15 Y2 37 GM/CM 59 814 

16 Y3 38 831 60 813 

17 Y4 39 831 61 812 

18 Y5 40 830 62 811 

19 Y6 41 829 63 810 

20 . Y7 42 828 64 89 

21 VCC2t 43 827 65 88 

22 VCC2t 44 826 66 VCCltt 

* Not connected. t VeC2 = Logic Vee· tt vce1 = Output bufferVCe· 

PIN NUMBER PIN NAME 

67 VCC2t 

68 N/C' 

69 87 

70 86 

71 85 

72 84 

73 83 

74 82 

75 81 

76 80 

77 GND 

78 NlC' 

79 GND 

80 XO 

81 Xl 

82 X2 

83 X3 

84 X4 

85 X5 

86 X6 . 
87 X7 .... 

88 X8 ' ... 

.. ' 

This document contains,information on a prodlict under development at Monolithic Memories Inc. Th-e information is-j:ntended to help you to evatuatethis product. 
Monolithic MemOries reSl!rves the right to change. Or discontinue work-.on this proposed product without notice. 

NlonollthloWNlemorle$ 17-29 
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Package Drawings 

Package Drawing 

Side Brazed Package 

• 

PACKAGE BODY LID LEAD MATERIAL 

Alumina Gold Plated Kovar With AlIo)i42 
(Stand!'lrd Dark) Nickel Underplating, 

BONDING WIRE CAVITY/SEAL RING· lEAD FINISHES 
i-' 

1.25 Mil Aluminum Gold Over Nickel Gold Plate (Standard) 
Over Tungsten Solder Dip Over Gold Plate 



Package Drawings 

48D Side Brazed Ceramic DIP 
(1/2"x2 7116") 

PIN#l 
IDENTIFY 

48 

• 
l' 

,::~+ ±~~7 sa 

Package Drawings 

:;! t:::I CI c::I C::II c 

D 
25 

24 

.147±.-015 
3.734 ±.-381 

.050 ± .012 " 2.400 + .030 "' 1.270 ± ·305l 60.960 ± .762 ~MIN-I_ 

;~~~t 
I 1.050 I I .100 II .018 ± .002 .045 .,.., I-1.270 I-t-2.540 .,..,1- .457 ± .OS1 1.143 

18·4 

UNLESS OTHERWISE SPECIFIED: 
ALL DIMENSIONS MIN.-MAX. IN INCHES 
ALL DIMENSIONS MIN.-MAX.'IN MILLIMETERS 
ALL TOLERANCES ARE ± .007 INCHES 

MonoIithlo W Memories 

.152 ± .015 
3.861 ±.381 

1_ .590 + .010 -I 
14.986±.254 

i I L-, .011±.003 ~,I I ... 
. .270±.0761 

:605 + .015 _ 

15.387±.381 



I 

I 

'I 
I Package Drawing 

PACKAGE BODY 

Alumina 

BONDING WIRE 

1.25 Mil Aluminum 

Package Drawings 

Flat Pack 

LID LEAD MATERIAL 

Gold Plated Kovar With Alloy 42 
Nickel Underplating 

CAVITY/SEAL RING LEAD FINISHES 

Gold Over Nickel Gold Plate (Standard) 
Over Tungsten Solder Dip Over Gold Plate 

Monolithio WMemories 18·5 



Package Drawing 

20F Flat Pack 
MiI-M-38510, 

Appendix C, F-9 

.017 ± .002 

.432±.OSt l 
-t 

~BSC 
1.270 .~ 

.005 MIN I 

.127 1 t -t 

~M~J 
1.143 

18.;6 

Package Drawings 

PIN NO.1 

IDENTIFY~ 

20 

1_ .300 ± .020 I 
7.620 ± .508 --J 

10 11 

.... 275±.010 .... 
6.985 ±.254 

I .265 I 
-6.731-

(LID) 

UNLESS OTHERWISE SPECIFIED: 
ALL DIMENSIONS MIN.-MAX. IN INCHES 
ALL DIMENSIONS MIN.-MAX. IN MILLIMETERS 
ALL TOLERANCES ARE ± .007 INCHES 

Monolithic WMemories 

i 
(LID) 
.395 lor 

1 
.510 + .010 



Package Drawings 

Package Drawing 

CAVITY BONDING WIRE 

DIE (DEVICES) 

LEAD FRAME 

Alloy 42 

GLASS 

Vitreous 
Solder Glass 

BONDING WIRE 

1.25 Mil Aluminum 

CAVITY 

Gold Over Alumina 
For Eutectic Die Attach 

Monolithic W Memories 

CAP 

GLASS 

LEAD FRAME 

CAPANO BASE 

Pressed Alumina 

LEAD FINISHES 

Solder DIP Over 
Matte Tin Plate 

18-7 



Package Drawings 

Package Drawings 
14J Ceramic DIP 

(S/16"x3/4") 
MiI-M-38S10, 

Appendix C, 0-1 

11-- .018 ± .004 
1 .457±.102 

1..-.020 MIN 
.508 

i?!: MAXl I- 1:':~; ~~~2 -I [ ~ _ 
.381 MIN, I" .,' 5.080 

I ,MfIflFiAIFte I .~~': 
~MINJ J-r ~'020 4.064 ~ _ _~ 3.683 ±. .508 

2.540 1.016 

16J Ceramic DIP 
(S/16"x3/4") 
MiI-M-38510, 

Appendix C, 0-2 

2~183~ REF 

BSC 

--'11 __ .018 ± .004 
.457±.102 

... 1 ___ .005 MIN 
.127 

i~:4 MAX ~ I_ .768 + .020 I 
~MIN 19.507 ± .508 
.381 ~MAX r-______________ -;~5.080 

.:.~':.lllffffffiNll -t ,,~I I --r .145+.020 

4.064 MIN 1+ 2.:0 BSC J L 3.683 ± .508 

_1 ..... * MAX .040±.010 
1.651 1.016 ±.254 

Notes: 

1 ..... 7.~~~--1 
.158 + .016 .263±.022" 

4.013 ± .406 L I--r ~ 
_t ~~ 

~........ ....... REF (2) II ~
20_13" 

.279 ±.076 

.375 ± .025. 
9.525 ± .635 

UNLESS OTHERWISE SPECIFIED: 
ALL DIMENSIONS MIN.-MAX. IN INCHES 
ALL DIMENSIONS MIN.-MAX. IN MILLIMETERS 
ALL TOLERANCES ARE ± .007 INCHES 

7.899 --~--I 
.158 + .016 6.934 ± .813 I-r .273 + .032 

4.013 ± .406 ""J.......-. LA 
III 11\ 2" "3" 

.011 ± .003 -it --I ~~~~.'(2; 

.279±.076 

-'.375 ± .025 .. 
9.525 ± .635 

1. Specified body dimensions allow for differences between 551, MSI and 
LSI packages. 

18·8 

2. Lead material tolerances are for tin plate finish only. Solder dip finish adds 
2-10 mils thickness to all lead tip dimensions. 

Monolithic W Memories 



Package Drawings 

Package Drawings 

18J Ceramic DIP 
(5/16"x3/4") 
Mil-M-38510, 

Appendix C, 0-6 

.457 ± .102 
..... 11-4- .018 ± .004 

t::::::] 
.058 + .004 __ I 1_ I _ .020 MIN 

1A73 ± .102 --l .508 

~::~ 1_ .898 + .020 ~ , t,~~ .293 + .012 

~, -I ~;:;;:;22.;809;;~±;·508;:;~;:;;~i :: ~ I~ II ,-, ~ 

a::~J~=i f1~rrt~ =r-nrrliTm~ Ii' ~013±.406 

~ ~ V ~MIN ~ BSC ..... _ .040 3.683 ±.508 ~ \ 2' _13' 
~084 2.540 1.016 .279 ± .076 \' REF. (2) 

__ ~ MAX .375 + .025 
2.413 9.525 ± .635 

20J Ceramic DIP 
(5116"x1") 

MII-M-38510, 
Appendix C, 0-8 

.457±.102 ...... II--~ 
UNLESS OTHERWISE SPECIFIED: 

ALL DIMENSIONS MIN.-MAX. IN INCHES c::::::] ALL DIMENSIONS MIN.-MAX. IN MILLIMETERS 
ALL TOLERANCES ARE ± .007 INCHES 

.060 + .004 If I I II .005. 
1.524±.102 --l -- - -- .127 MIN 

i;::~:i ,,, 2~5±~~:S ~li~MAX 
.381 5.080 

.':,f':. t t~----Y 

.~ ~ L .145+.020 
~064 . ~ BSC ........- .040 3.683 ± .508 

2.540 1.016 

...... __ ~MAX 
1.905 

Notes: 

~..,.m1 7.899 

.285 + .022 

.158 ± .016 I-It-
j 

7.239 ± .559 

4.013±.406L I II 

-IA 
~_j~_ _~I\ 2~EF. ;:)' 
.279 ± .076 r-

.375 ± .025 
9:525±.635 

1. Specified body dimensions allow for differences between SSI, MSI and 
LSI packages. 

2. Lead material tolerances are for tin plate finish only. Solder dip finish adds 
2-10 mils thickness to all lead tip dimensions. 

Monoilihic W Memories 18·9 



Package Drawings 
24JS Ceramic SKINNYDIP 

(5/1S"x1-1/4") 
MiI-M-38510, 

Appendix C, 0-9 

24J Ceramic DIP 
MiI-M-38510, 

Appendix C, 0-3 

.018 ± .004 --11_ 

.457±.102 

.075 MAX 
1.905 

.015 MIN 

.381 

~MIN 
4.084 

Notes: 

Package Drawings 

....1_ .020 MIN 
.508 

L-.o .508 

UNLESS OTHERWISE SPECIFIED: 
ALL DIMENSIONS MIN.-MAX. IN INCHES 
ALL DIMENSIONS MIN.-MAX. IN MILLIMETERS 
ALL TOLERANCES ARE ± .007 INCHES 

1. Specified body dimensions allow for differences between MSI and LSI packages. 

18·10 

2. Lead.material tolerances are for tin plate finish only. Solder dip finish adds 
2-10 mils th ickness to all lead tip dimensions. 

MonollthlcWMemories 



Package Drawing 
28J Ceramic DIP 

(1/2"x11/2") 

Package Drawings 

14 

.056 ± .004 u I 4-- _ .020 MIN 

1.422 ± .102 -I .508 

.381 37.033 ± .635 5.715 14.834 ± .381-j I i~~~:::ll' 1.458+.025 '1-f~MAX E-'~::~':1~1 
t n r"H'H" D n I I' t 

.330±.025 t==r=H H H H I-' H H H I- H H H H J-l.. I ~~ 
8.382('635 .-Tt--, ~, i· ~ J. ~ L ~~1~ ~.~~ 

J ~ L~ ~I 2°_11° 
160 MIN .100 • 040 3.683 ±.508 I- .011 ±.003 \ / REF. (2) 

4.084 2.540 BSC - -i.016 .279 ±.076 r-
.i:9 MAX - -1;~:9+~~~~-

UNLESS OTHERWISE SPECIFIED: 
ALL DIMENSIONS MIN.-MAX. IN INCHES 
ALL DIMENSIONS MIN.-MAX. IN MILLIMETERS 
ALL TOLERANCES ARE ± .0071NCHES 

NIOnolithle m lIIIemorles 18-11 



PaCQge Drawings 

Package Drawing 

40J Ceramic DIP 
(9/16"x2-1/16") 

MII-M-38510, 
Appendix C, 0-5 

.336 ± .025 
8.534 ±.635 

..:.!!!!..MIN 
4.064 

':"-~MIN 
.508 

2.058 ±.o25 
52237±.635 

I ..:!l!l!..BSC I-2.540 

.145 ±.020 
3.683 ±.508 

15.519 

, _ .554±.044 
__ ..:ill... 3 

i ': " I 14.072± 1.118 -I 
4.013±.406 

i-r::s MAX 

III· I 
.158 +,.016 TJ, ' j \ 

,011 ±.003 _11_ ~F. :; ~ 
.279 ±.076 

Notes: 

UNLESS OTHERWISE SPECIFIED: 
ALL DIMENSIONS MIN •• MAlt IN INCHES 

...-- .670 + .040 ---+-
17,018 ± 1.016 

ALL DIMENSIONS MIN.·MAlt IN MILLIMETERS 
ALL TOLERAIICES ARE ± .007 INCHES 

1, Specified body dimensions allow for differences between MSI and 
LSI packages. 

2. Lead material tolerances are for tin plate finish only. Solder dip finish adds 
2-10 mils thickness to all lead tip dimensions. 



PACKAGE BODY 

,Alumina 
(Standard Dark) 

BONDING WIRE 

1.25 Mil Aluminum 

Package Drawings 

Leadless Chip Carrier 

PACKAGE BODY 

TERMINALS 

LID 

Gold Plated Kovar With 
Nickel Underplating 

CAVITY/SEAL RING 

GOld Over Nickel 
Over Tungsten 

Monolithio W Memories 

TERMINALS 

Gold Plating Over Tungsten 

18·13 



Package Drawings 

Package Drawings 

20L Leadless Chip Carrier 
MII-M-38510, 

Appendix C, Co2 

1 
~ 
8.360 
REF 

t 

i:6 X45'(3) 

REF 
_ .360 +.008. so 

8.890 ±.203 . 

TOP VIEW 

.072 ±.008 .060 ± .006 

fj~ iii i i'i'i3: 
28L Leadless Chip Carrier 

Mil-M-38510, 
Appendix C, c-4 

~f~~~i~X~45'~~~~~~~~ f:: 
.330 
8.38 
MAX 

I I _~X45'(3) -l 1.016 

1..-- .450 +.oos SQ- REF 
11.430 ± .203 

TOP VIEW 

[~ ::. ~'::. ] 
LI I ii iiii ii ii ii ii r I 

.CI35 +.003 

:::;~TY·(20)1·· 20~· -,~ r='G" 
.015 MIN :'-~-"'z-,""",,--L..:.=-lr-
.381 ( --r .085 ± .ooe 

I 2.ISS±.203 

BSC 

BOTTOM VIEW 

UNLESS OTHERWISE SPECIFIED: 
ALL DIMENSIONS MIN.-MAX. IN INCHES 
ALL DIMENSIONS MIN.-MAXIN MILUMETERS 
ALL TOLERANCES ARE ± .0!I7 INCHES 

TYP 

BOTTOM VIEW 

Notes: 

1. Solder fillets on lid edges not shown. 

IIIIonoIIthIc W Memo""'. 
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I 
I 

I 

I 
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Package Drawing 

44L Leadless Chip Carrier 
Mil-M-38S10, 

Appendix C, C-S 

~ 

Package Drawings 

.015 

-.f.OO3 
." t 

1 
..,§!!!!.... 
14.224 
MAX 

1 

~X450(3)_[I_,,·.· J. ,'.' 
1.016 
REF 

.650 + .010 sa 
16.510 ± .254 

TOP VIEW 

.060 ± .006 .072 ± .008 

[1.524±Ts2 [ 1.829 ± .203 

'1Iiiiiiiiiiiill---.i 

UNLESS OTHERWISE SPECIFIED: 
ALL DIMENSIONS MIN.-MAX. IN INCHES 
ALL DIMENSIONS MIN.-MAX. IN MILLIMETERS 
ALL TOLERANCES ARE ± .007 INCHES 

Monolithic m lIIIotnor/o$ 

BOTTOM VIEW 

t ~ 
~J 
2.159±.203 

-+ 
_t 

IL .050 BSC 
1.270 

_.050+.005 
1.270, ± .127 

18·15 



Package Drawing 
52L Leadless Chip Carrier 

(.750"x.750") 

.040 ><45" 
1.016 TYP(3} 

Package Dr,wlngs 

~ 
.092 + .009 .080 + .008 

2.337 ± .229l---- ....... r 2.032 ± .203 

LI]] iii iii iii iii I [I 

18-16 

BOTTOM VIEW 

UNLESS OTHERWISE SPECIFIED: 
ALL DIMENSIONS MIN.-MAX. IN INCHES 
ALL DIMENSIONS MIN.-MAX. IN MILLIMETERS 
ALL TOLERANCES ARE ± .007 INCHES 

Notes: 

1. Solder fillets on lid edges not shown. 



Package Drawings 
68L Leadless Chip Carrier 

(.950"x.950") 

.:ll!!. .45" 

.608 

.950 ± .012 SO 
U130±.3tJ6 

.040 .45" 
1.016 

PIN NO.1 
IDENTIFIER 

P.-ckage Drawings 

Illimiimmlml~1 
~ t~ 
2.032 ±.203 2.337 ±.229 

UNLESS OTHERWISE SPECIFIED: 
ALL DIMENSIONS MIN.-MAX. IN INCHES 
ALL DIMENSIONS MIN..f'IAX. IN MILUMETERS 
ALL TOLEI'IANCE~,ARE ± .007INc;",ES 



Package Drawing 
84L LeadieBB Chip Carrier 

MII-M-38510 
Appendix C, C-8 

1.150 ± .015 
29.210 ± .381 

SO 

Pac.kage··.Drawings 

1.050 REF 
26.670 

~ 
.127±.061 

035 + .003 
. -.002 

889 + .076 
. -.051 

.015 MIN 

.381 

.040 x 450(3) 
1.016 
REF 

L 

.680 MAX 
1Wi 

J .1~JUOUU""'JUlLJU~IUI.JU'-"'_JUOI..JIV t .050 BSC 
.050 ± .005 1.270 
1.270 ± .127 

.075 REF _ 
1.905 

I~.I----- ~:, BSC---...;"~I 

1.8-18 

TOP VIEW 

:092 + .009 .oso + .006 r 2.337 ± .229 2.032 ± .2031 
til iii iii iii iii iii iii iii lit 

UNLESS OTHERWISE SPECIFIED: 
ALL DIMENSIONS MIN.-MAX. IN INCHES 
ALL DIMENSIONS MIN.-MAX. IN MILUMETERS 
ALL TOLERANCleu.RE ± .0071!,!CHES 

Notes:" 

1. Solder fillets on lid edgesndt shown. 

BOTTOM VIEW 



Package Drawings 

'I Package Drawing 

I 84L-2 Leadless Ch· C . 
(1 38'0~' 1amer (Cavity Down) 

. x .380") 

,.D 
3Il.0S2 ±.254 

PIN#1 
IDENTIFY 

D 11m 1,.-----1 

HEAT SINK TOP 

.063 ±.007 

! r',,;'" 

PIN # 1 
IDENTIFY 

rh···r;::::·· .. =·_84---=-::.:~--

~l',U D ~:-~ 
12. 700 BSC 

L CIllJ ........ "... t 
-, -'1'1(84) _J 

....... 030±.005 
.762±.127 

... 670±.003 I 
17.018 ± .078 SO .. 

__ 1.150+.010 
29.210 ± .254 SO_ 

BOTTOM VIEW 

~t± '.0~06- D"'~~~!IIII!Iii~~;::J+~t~' J.2~45 ± .020 

'._uu L 'i "~t ,-~ 
uo ::::;:: ':'~1-::.j~1I===iri===iI====:J~~~ 

l SOCKET 
(SEE NOTE 4) 

UNLESS OTHER 
ALL DIMENSIOV::SE SPECIFIED: 
ALL DIMENSION: :'N.-MAX. IN INCHES 
ALL TOLERANCES ;;.-MAX. IN MILLIMETERS 

E ± .007 INCHES 

Notes: 

1, Solder fillets on lid ed ges not shown. 

MonoRthlo W.' -almorla. 18-19 



84L-2 Socket 

.260±.012 

~L 
• + 

.009 

.220 

III) 

D 

Package Drawings 

~ 

380+.012 1. 
36. 000±.300 

SO 

c 
~ 0 0 

I 

D ~ 
~ 

o 0 

~ ; 
; 
I 
i 

'unUIIILllDununLinunununum 
~ 

TOP VIEW ,~ .:!!!!.DIA 
1.000 

PIN MOUNT 

.400 ± .002 -t._-.-J 

PIN MOUNT 

.020 
.600 --~~ -~~tl .. 058~~ 1.270 1.600 + 000 

-.100 
1--_-;i1::::.000=,±7"'006=::::: -f--l~ .148 DIA 

i7iii (2) 

+000 
.063-.004 
~ 

SURFACE MOUNT 
-.100 

UNLESS QTHERWISE SPECIFIED: 
ALL DIMENSIONS MIN.-MAX. IN INCHES 

:!!!! 
.600 

ALL DIMENSIONS MIN.-MAX. IN MILLIMETERS 
ALL TOLERANCES ARE ± .007 INCHES 

SURFACE MOUNT 

Socket Specifications (all values from Yamalchl/Nepenthe data sheet): 

~ 

~ 
2.000±.6OO 

1. Insulation Resistance ............................... ;.; .................... ;........... 1.000 M n minimum at 500 V DC 
2. Dielectric Withstanding Voltage •.•.•.. , •... , ..•••.•••.•••• ;'. ••• ; .• ;: •• ';; . • • • •• • • • •• •• 700 V AC RMS for one (1) minute 
3. Contact Resistance .................................................... " ............... 20 Mfl. maximum at 10 mAo 20 mV 
4. Rated Current Per Contact ........................................................... '.;.. ........... .• 1 A maximum 
5. Operating Temperature ••••••••••.•••••••••••••..•••••••••••.••••.•••• : .•... ;.. •. .. •. .•••.•••. .••.••• •• -55 to +1OO·C 
6. Contact Force ...................................................... , ...... ' . . . • • . • . . . .• 85 grams min for each contact 

18-20 



Package Drawings 

Cerpack 

BONDING WIRE 

\ 
DIE (DEVICE) LEAD FRAME 

I 
8ASE 'K ..... 

LEAD FRAME BONDING WIRE CAP AND BASE 

Alloy 42 1.25 Mil Aluminum Pressed Alumina 

GLASS CAVITY LEAD FINISHES 

Vitreous Gold Over Alumina Tin Plate 
Solder Glas.s For Eutectic Die Attach Sl>Jder Dip 

MonolIthic IRilJ Memories 



Package Drawings 

Package Drawings 
16W Cerpack 
Mil-M-38510, 

Appendix C, F-5 

18W Cerpack 

1.8-22 

.012~:= 
-+.07111 ·--.102 

t 1-
. 017 
.432 

±.OO2J 
+.051 

~ 

PIN #1 
[IDENTIFY 

1 16 

8 9 

.lI4O MAX 
fl.016 

t 1 
.387±. • 018 

457 9.830L 

---.L ! 
~BSCJ 
1.270 1 

__ .305 + .015 ·1 
7.747 ± .381---1 

l.oos MIN .127 

005 + .001 6.426 ±.203 .073 ± .012 \" "1.253. ±:006 

:u7::El ~ _______ ~~;;;;~~====::=--:trl.~±.305 
~ I I ! 

l:::.::: ~~ __ -I-I----'-
.012~.= 
_+.0711 
.- -.102 ] 

t ~ 
±.OO2J . 017 
~ ±.051 

~ 

.050 BscJl ~ 
1.270 ~ 

7.747 ±.3Bl 

1 

9 

(GLASS FLOW) 

PIN#1 
IDENTIFY 

18 

10 

-, 
1 

.464~· • 016 
017 
.406 
.432 

11.7116 + 

---.l 1 
t .005 MIN .127 

005 + .001 ,.358 +.006 -I _ .075 ± .015 
• - .002 9.093 ±.203 I t 1.906 ± ,381 

.127~:=~.:=:::..=-=-11 ~~~~fl ======-::.=-=-11 .... 
[ .D33 ±.D1J71 I 

.8:t8±.I711 I-~MAX--I 
9.779 

(GLASS FLOW) 

UNLESS OTHERWISE SPECIFIED: 
ALL DI.MENSIONS MI .... MAX. IN INCHES 
ALL DIMENSIONS MIN.-MAX. IN M/LUMETERS 
ALL TOLERANCES ARE ±.OO7INCHES 



Package Drawings 

Package Drawings 
20W Cerpack 
MiI-M-38510, 

Appendix C, F-9 

24WCerpack 
Mil-M-38510, 

Appendix C, F-6 

012 +.003 
~ 

.305~:~;: 

.017 

.432 

] 
t L 

±.002J 
±.051 

L 

'05OBSCJ~ ~ 1.270 
.305 ± .015 

7.747 ± .381 

1 

10 

PIN # 1 
IDENTIFY 

20 I 

11 

1.143 r~ MAX 

:f 1 
.513 ~. 017 

018 
.432 
.457 

13.030 + 

J j 
l.005 MIN 

.127 

oo5 +~ 8 ~+~ I'" .271 ± .
009 1 . -.002 6.83±.229. I f - L 1.930 ±.406 

.127~::; Lt_ -
t=;====-==--==JE~~I ~~:-t 

[.033±.007 ~ ~ 
.838 ± .178 . .300 MAX 

7.620 

+ 003 .012 -.004 r 305+.076 
• .102 

t 
~ 

±.OO2J .017 
~ ±.051 

-±-

..&!l!BscJI ~ 
1.270 ~ .265 ± .015 

6.731 ± .381 

(GLASS FLOW) 

PIN#l 
IDENTIFY 

1 24 

12 13 

.Il45 MAX r 1.143 

---, 

.613 + 

15.570 ~ 

.017 
018 
.432 
.457 

41." --*-
.127 

.005 ~.-:~ 

.127~:::Lt __ 
1 .412 + •006 4 10.465 ± .203 .075 ± .015 

r~ 

t 
[.033±.007 

&38±.17B 

E I_~---L( 

~1~6MAX~ 
UNLESS OTHERWISE SPECIFIED: (GLASS FLOW) 

ALL DIMENSIONS MIN.-MAX. IN INCHES 

MonoIlthleW.amorlas 

ALL DIMENSIONS MIN.-MAX. IN MILLIMETERS 
ALL TOLERANCES ARE ± .007 INCHES 
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Package Drawings 

Package Drawing 

Pin Grid' Array 

DIE (DEVICE) SEAL RING 

PACKAGEBODY~L~ ____ \ _____ ..J 
LID 

1"'24 

PACKAGE BODY 

Alumina 
(Standard Oark) 

BONDING WIRE 

1.25 Mil Aluminum 

LID 

Gold Plated Kovar With 
Nickel Underplating 

CAVITY/SEAL RING 

Gold Over Tungsten 

I . I 

nliITITrrlITIT~ITlilin 

"~ 

PIN MATERIAL 

Gold Plated Kovar 



Package Drawings 
68P Ceramic Pin Grid Array (Cavity Up) 

(1.100x1.100) 

.080 ±.008 r 2.032 ± .203 

PIN NO. 1 

~_ID_E_NT_IF_IE_R ________ ~ 

~ 

PIN NO.1 
IDENTIFIER "-

11 10 9 8 7 '\6 5 4 3 2 1 

®®®®0®®®® A 

®@»®®®®®®®@»®B 
®® • ®®C 
®® ®®D 
®® ®®E 

-

®® ®®F -Y8® ®®G 
-0® ®®H 

100 J t®® ®®J 
2.540 TYP ®@»®®00000@»0 K 

'®0000000® L 

-1:'!~OSO- • 2~:O BSC-----I 

1.100 ± .020 SO • 27.940 ±.508 

II t 
~ V [---1tf--6~_::a-L.(~ 
~J 
4.572 ±.254 

:~~!::DIA-- __ 

UNLESS OTHERWISE SPECIFIED: 
ALL DIMENSIONS MIN.-MAX. IN INCHES 
ALL DIMENSIONS MIN.-MAX. IN MILLIMETERS 
ALL TOLERANCES ARE ± .007 INCHES 
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Package Drawing 

88P-1 Pin Grid Array (Cavity Up) 
(1.300"x1.300") 

PIN#l 

.;IDENTIFY 

Package Drawings 

.018 ± .002 DIA (88) 
457 ± .051 

o II 
~--I----'l 

18;'26 

17.018 ± .076 
sa 

.07 
1.8 

I~.o---- 1.300 + .013 sa---
33.020 ± .330 

UNLESS OTHERWISE SPECIFIED: 
ALL DIMENSIONS MIN.-MAX. IN INCHES 
ALL DIMENSIONS MIN.-MAX. IN MILLIMETERS 
ALL TOLERANCES ARE ± .007 INCHES 

Monolithic m Memories 

BOTTOM VIEW 



Package Drawing 

88P-2 Pin Grid Array (Cavity Down) 
(1.300"x1.300") 

1 
1.300 + .013 

33.020 ± .330 

1 
HEAt SINK 

o 

PIN # 1 

/IDENTIFY 

Package Drawings 

PIN#l 
IDENTIFY 

79 88 12 1 
77808~838587 1 3 4 6 8 ~11-L 

[@ e 0 0 0 @ 80 0 000@h-
.605 ± .003 so 7875J@'e 0 0 0 0 0 0 0 0 0 ' ~114L 050 + 003 

15.367±.Ot~ ~ n:~:;;'~r· "r:~~~: ;~-;.n 
70 0071 180 019 

.840 + .008 69 0 068 200 0 21 
16.256 ± .203 67 0 066 220 0 23 .018 + .002 DIA 

SO 65 0 084 240 25 .457 ± .051 

! 63 0 0 62 III I 270 0 26 
61 2059 11 .290028 

6010 0 5J4 51 4946 44 42 40 37 32001301 

565~ 0000000 0 ~~~iF 
~1000000000@"'r l 55· 5352 50 48 47 4543 41 39 3836"-.. 33 100 

35 34 .. 2.540 TYP 

• 3~~O:O esc • 

.134 ± .015 

If __ ~~_~==~=;::::~t:==P=RE=F~ORM __ • __ r~4~;.~1 
t 1- .329 + .025 

eOTTOMvlEW 

LID 

~ 
8.357 ± .635 

- •. + 
.195 ±.020 

4.953 ±.508 

UNLESS OTHERWISE SPECIFIED: 
ALL DIMENSIONS MIN.-MAX. IN INCHES 
ALL DIMENSIONS MIN.-MAX. IN MILLIMETERS 
ALL TOLERANCES ARE ± .007 INCHES 
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LEAD FRAME 

LEAD FRAME 

Copper Alloy 194. 
Copper Alloy Tamac 5. 

LEAD FINISH 

Solder Dip. 

Package Drawings 

Molded DIP 

BONDING WIRE 

1 ~O Mil Gold Wire. 
1.25 Mil Gold Wire. 
1.30 Mil Gold Wire. 

DIE PAD 

Spot Silver Plating 
(150 Micro-Inches) 

PACKAGE BODY 

PACKAGE BODY 

Thermoset Plastic. 

DIE BOND 

Silver Filled Epoxy. 



Package Drawings 

Package Drawings 
l6N Molded DIP 

(1/4"x3/4") 

l8N Molded DIP 
(1/4"x7/8") 

PIN NO. 1 
IDENTIFIER 

.035 .... 

.889 
.070 DIA 
1.778 PIN NO.1 

IDENTIFIER 

VERSION 2 

.065 .306 ± .010 

I ~ r;~~~ffl i ~f~;~ 
:::"I~ J ~=r t- ~~~.~~; 

.150 ~ .011±.OO2_1\1 ~_ 
--REF .279±.051 r-- --. 
3.810 .100 _ .060 ±.004 •• .360 ± .025 

254ii 1.524 ± .102 9.144 ± .635 

.040±.010 _ 

1.016 ±.254 - ~.018±.004 
.457 ±.102 

PIN NO.1 
IDENTIFIER 

.035 
.889 

.150 I .908 + .015 I 
~810REFt~4a~!~.~: 
~ 

7.112±.254 ~ 

I ~±I _-!,.::::: 
~ ~ -- 1.524±.102 

~ 

.,ElL .. "1.306 ± .010 

.~~ i302ll~[-:~~.;~ LL. fI Ii 10' TYP 

t~ 
! 1\ 5'_12' 

~ __ I~__ ~REF.(2) 
.279±.051 --. 

~ 
9.144 ±.635 

UNLESS OTHERWISE SPECIFIED: 
ALL DIMENSIONS MIN.-MAX. IN INCHES 
ALL DIMENSIONS MIN.-MAX. IN MILLIMETERS 
ALL TOLERANCES ARE ± .007 INCHES 

NOTES: 

1. Lead material tolerances are for tin plate finish only. Solder dip finish adds 
2-10 mils thickness to all lead tip dimensions. 

2. Both Version 1 and Version 2 configurations are manufactured interchangeably. 

3. Ejector pin marks on Version 1 are optional. 
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Package Drawings 

;;'D~:e:::::::: :1 
1.524 

.070 
1.778 

PIN NO.1 
IDENTIFIER 

PIN NO.1 
IDENTIFIER .035_ .889 -- Gt/~2~'~~ 

'" d£O:s :'~;:1 "' a~~ L ~t' ::5~~'~~ 
""'t..----- ua~:2~'~;! • 'R'~"''\ 

.280 ±.010 + 
7.112±.254 -+- " ~ -- - 50 _120 

• • t ~~ 

3.810 REF .279 ±.051 , 

.:.!Ql!.. ..... .060±.004 .. '. ~ 
2.540 1.524 ± .102 / _ , 9.144 ±.635 

.040_ ...... _~ ~ 1 

1.016 .457 ±.102 i\ Uill/ ' 
~~/ l.015 MIN r= (MINIMUM GAP, PACKAGE 

~.040 TO .042 REF LINE) 

.042 
REF 

DETAIL A 

24NS Molded SKINNYDIP 
(1/4"x13/16") 

.070 DIA 
1.778 

~~~:::::::::::L~~ -1':::::::::::1 
IDENTIFIER VERSION 2 

18-30 

Notes: 

_ .060±.004 
1.524 ±.102 

7.772 ±.254 
• ",.306, ± .010 

~~ 
.258±.012 

, I'\~, 6., 553 ±.305 
__ 1'00TYP 

~R .130 II-
3.302 ' '50 _ 120 

.011 ±.002 _111__ _ 1\....-REF.(2), 

.279 ±.051 

/ • .I--~ 
I 9.144 ±.635 

UNLESS OTHERWISE SPECIFIED: 
ALL DIMENSIONS MIN.-MAlt IN INCHES 
ALL DIMENSIONS MIN.-MAX. IN MILLIMETERS 
ALL TOLERANCES ARE ± .007 INCHES 

1. Lead material tolerances are for tin plate finish only. Solder dip finish adds 
2-10 mils thickness to all lead tip dimensions. 

2. Both version 1 and version 2 configurations are manufactured interchangeably. 

3. Ejector pin marks on version 1 are optional. 
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Package Drawings 
24N Molded DIP 
(9/1S"x1-1/4") 

.~ / 
2.14 DIA (2) 

(EJECTOR PIN) 
OPTIONAL 

PIN #1 IDENTIFY 

28N Molded DIP 
(9/1S"x11S/32") 

~DIA 
1.524 

NOTES: 

~ 
4.572 

Package Drawings 

VERSION 1 

_11_.018 
.457 

1.460 + .015 
37.084 ±.381 

2.540 1.016 

1. Lead material tolerances are for tin plate finish only. Solder dip finish adds 
2-10 mils thickness to all lead tip dimensions. 

2. Both Version 1 and Version 2 configurations are manufactured interchangeably. 

3. Ejector pin marks on Version 1 are optional. 

. Monolithio W Memories 

-- ---~ 1.524 

~DIA 
3.048 

______ .600 --. 
15.240 

-4-- .558 + .010 ~ 
14.173 ± .254 

_+ 1,-----0-----.;,1'\1 -r 
11~ .070 J 

1.778 

_~I_ .011 ± .002 '-.... ~ 3.810 

.279 ±.051 
4°·11° 

___ .660 + .025 __ REF. (2) 
16.764 ± 635 

UNLESS OTHERWISE SPECIFIED: 
ALL DIMENSIONS MIN.·MAX. IN INCHES 
ALL DIMENSIONS MIN.-MAX. IN MILLIMETERS 
ALL TOLERANCES ARE ± .007 INCHES 
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Package Drawings 

40N Molded DIP 
(9/16"x2-1/16") 

.086 REF(2)~ 
2.184 

PIN #1 IDENTIFY 

Flackage Drawings 

'

" " 2.056±.015 '" ., 
',' 52.222 ± .381 
", ~ 

""T"t -- : I- 3.302 ±.254 

=g~ 
H- 2.540 -.j 1-1.016 -II- .457±.I02 -l ~ 1.270±.102 

UNLESS OTHERWISE SPECIFIED: 
ALL DIMENSIONS MIN.-MAX. IN INCHES 
ALL DIMENSIONS MIN.-MAX. IN MILLIMETERS 
ALL TOLERANCES ARE ± .007 INCHES 

18",,3,2 

i:B DIA 



Package Drawings 
48N Molded DIP 
(9/16"x213/32") 

o 
.086 /i 

Package Drawings 

o 
2:1i4 DIA (2) ~ I 0 

(EJECTOR PIN) ~F;=Ti=rT=i=rT=i=r=rT=r=r=r=r=r=r=;==;=r=;==r=rTi=rT=i=rri=r=rT=r=r=r=r=r=r=;==;=r~ 
OPTIONAL 

PIN #1 IDENTIFY I 2.408 + .015 I 

~DIA 
3.048 

.011 ±.002 -III-

.279 ± .051 - I L .660 ±.025 

Notes: 

UNLESS OTHERWISE SPECIFIED: 
ALL DIMENSIONS MIN.-MAX. IN INCHES 
ALL DIMENSIONS MIN.·MAX. IN MILLIMETERS 
ALL TOLERANCES ARE ± .007 INCHES 

16.764 L835 

1. Lead material tolerances are for tin plate finish only. Solder dip finish aeJds 
2-10 mils thickness to all lead tip dimensions. 

2. Both version 1 and version 2 configurations are manufactured interchangeably. 

3. Ejector pin marks on version 1 are optional. 
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PaCkage DraWings 

Molded Chip Carrier 

DIE (DEVICE) 
BONDING WIRE 

LEAD FRAME 

DIE PAD 

PACKAGE BODY 

LEAD FRAME BONDING WIRE PACKAGE BODY 

Copper Alloy 195. 1.25 Mil Gold Wire Thermoset Plastic. 
CoppEjr Alloy Tamac 5. 

LEAD FINISH DIE PAD DIE BOND 

Tin Plating. Spot Silver Plating Silver Filled Epoxy. 
Solder Dip. (150 Microinches). 



Package Drawing 
20NL Molded Chip Carrier 

(.351"x.351") 

Package Drawings 

t t'------l--j-t 

.045 x 45Je I 
1.143 

.029 ±.003 

.737±.0761 
TYP 

.353± .003 
8.966±.076 

so 
.390 ±.005 

9.906 ±.127 

j 
.018 ± .003 TYP r .457±.076 

-1-'-

-t 

C),~~ ~-~DIA 
3.302 
(EJECTOR PIN) 

UNLESS OTHERWISE SPECIFIED: 
ALL DIMENSIONS MIN.·MAX. IN INCHES 
ALL DIM¥NS/ONS MIN.-MAX. ,IN MILLIMETERS 
ALL TOLERANCES ARE ± .007 INCHES 
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Package Drawing 

28NL Molded Chip 
(.451 "x.451 ") 

Package Drawings 

.030 DIA PIN NO.1 

~t -==-L.LL.l --L.L.L.F~ 1 

.028 ± .003 TYP 

.711±.076 L 

18·36 

.453 ± .003 
11.506 ± .076 

sa 
.490 ±.005 

12.446 ± .127 
sa 

1 

.018 ± .003 TYP 
~ .457±.076 

-t 

o------i~:l;-_-~DIA 3.302 
(EJECTOR PIN) 

UNLESS OTHERWISE.SPECIFIED: 
ALL DIMENSIONS MIN.·MAX. IN INCHES 
ALL DIMENSIONS MIN.·MAX. IN MILLIMETERS 
ALL TOLERANCES ARE ± .007 INCHES 

lIIIonollthlc.W.llllemOries 

-1 
.410 

T 
~~,~ 

.100 + .005 

.172 2.54() ± .127 

4.369 



.1 

Package Drawing 

44NL Molded Chip Carrier 
(.SSO"x.SSO") 

~TYn 
1.270 l 

-t 

.026 ±.003 

.660±.076L 

-t 

Package Drawings 

.030 PIN NO. 1 

..DI~ .762 IDENTIFY 

no·"~~~~·-' 1-
.653 ± .003 

~ 45"_1 1.143 x 

~ DIA (2) (EJECTOR PIN) 
2.362 

-1 
...olli.... 
15.494 

.762 jtl_ .030 

...... .100+.005 
. 2.540 ± .127 

.172 

t
;~:~8 

~ 4.369 

(EJECTOR PIN) 

UNLESS OTHERWISE SPECIFIED: 
ALL DIMENSIONS MIN.-MAX:TN INCHES 
ALL DIMENSIONS MIN.-MAX..IN MILLIMETERS 
ALL TOLERANCES .ARE ± .007 INCHES 
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Package Drawing 
68NL Molded Chip Carrier 

(.950"x.950") 

Package Drawings 

PIN NO.1 
IDENTIFIER 

.954±.OOI 
U232±.025 

SO .990 ± .003 
25. 146 ± .076 

1 
/ ..... -.,.--- .800 REF ----+-1 

20.320 

.028±.002 

.711±.OSll 

18-38 

;,': ~'~7 DIA (4) 

UNLEsS OTHERWISE SPEciFIED: 
All DIMENSioNS MiN.~MAX.II .. INCHES 
ALL DIMEN$/ONS MIN.~"W(. iN MILLIMETERS 
ALL TOLERANCES ARE ± .007 INCHES 

Monolithic IDlIllllemories 

1.143 .045 045°1 

.920 
23.368 



Package Drawings 
84 NL Molded Chip Carrier 

(1.154"x1.154") 

PIN NO.1 
.G45 45' IDENTIFIER 

I.I~· ~~U3Ll.CUDUlLLCU3Ll~SLlCLD~LlCU~lCC=~===;~--lI 

o 

o o 

~ 
29.312 ~ .102 
SO~ 

30.226 ~.127 
SO 

1.120 
28.448 

SO 

m···-··:: MIN 
~ .... 
2.032 

. .100 ~.oos 
2.840 ±.127 

.170±.D05 ~ 
~t ... 

UNLESS OTHERWISE SPECIFIED: 

::RMIN 

AU DIMENSIONS MIN.;MAX- IN INCHES 
ALL DIMENSIONS MIN.-MAX. INcMILUMETERS 
ALL TOLERANCES ARE ± .007 INCHES 
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Package Drawings 

Package Drawing 

Top Brazed 

PREFORM (HEAT SINK 

PACKAGE BODY LID LEAD MATERIAL HEAT SINK 

Alumina Gold Plated Kovar With Alloy 42 Blue Anodized 
Nickel Underplating Aluminum 

BONDING WIRE CAVITY/SEAL RING LEAD FINISHES PREFORM 

1.25 Mil Aluminum Gold Over Tungsten Gold Plate (Standard) Conductive Epoxy 
Solder Dip Over 

Gold Plate 
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Package Drawing 

24T Top Brazed Ceramic Dip 
(With Heat Sink) 

(1/2"x1 1/4") 

Package Drawings 

1 PREFORM 
...L-~~_= 

PIN # 1 
IDENTIFY 

_I ~.048 
.219 

.005 ± .001 J 

.127±.025 

_11_ .036 ± .008 
.914 ±.203 

1~· __________ ~1~.~~0~+~.~0~15~ _________ ~_~1 
30.988 ± .381 

.215+.020,_ I' 1.195+.015 -I PREFORM 

+-~ ~~mffimfirru4'l~~ 
.140±.010JJ I..:lli.. ~-II-- ~ 3.556 ± .254 -1 2.540 .432 ± .051 5.334 ± .381 

____ .060 + .008 

1.524 ±.203 

D -t 
.305 ± .010 

. 7.747t·254 

1
_ .500 + .010 . 1 

12. 700 ± .254 -I 

_ .500 + .010 _I 
12. 700 ± .254 

,HEATSINK 

"'-----;1 

O -t 
.385 + .003 

. . .. 9.77r·076 

.012 ± .002 . I .480 + .003 . 1 

.305 ± .051 L -- 12.192 ± .076 -I 

UNLESS OTHERWISE SPECIFIED: 
ALL DIMENSIONIlMIN.-MAX. IN INCHES 
ALL DIMENSIONS MIN.-MAX. IN MILLIMETERS 
ALL TOLERANCES ARE ± .007 INCHES 
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Power Dissipation Determination 

Introduction 
Thermal resistance for a packaged integrated circuit determines ' 
the operating temperature, and hence the performance and life
time of the semiconductor device. For this reason, it is of interest 
to know the thermal impedance of the package configurations 
commonly in use and the effect of external factors such as air 
circulation and board-mounting conditions on the device 
temperature. To accomplish this end, measurement techniques 
and standards have been,established providing certain conven
tions tor,data aquisition. Monolithic Memories has chosen to 
conform to these conventions in measurement and provides 
standard dllta ,for thermal impedance in the form of II JC, IICA, 
and a prOVision for obtaining IIJA (reSistance from junction to 
ambient) as a function of air movement over the package or 
package/board combination. 

Use of Monolithic Memories data 
In this publication data is presented for a variety of packages and 
ambient conditions. In order to simplify the data presentation, 
graphs of (JCA vs. airflow are provided for packages in common 
use.1bese ,include socket-mounted dual-in-line packages such as 
p-dip, cerdip, and side-brazed packages, board mounted cer
packs and flatpacks, and free-standing leadless-chip carriers. 
SinceliCA is a package geometry related function, the user need 
only look up tite package type for the air-flow used. With this 
number, and knowledge of the die attach type, the total thermal 
resistance maybe determined'from the semiconductor junction 

to the ambient. Since the IIJC is largely dependent on the 
package type and die attach type, a table has been constructed 
for easy use. (Although (JJC is a die-size dependent variable for 
eutectic die attach, the effect ofllJC onliJA is small enough that 
a constant may be used in most cases. For other die-attach 
methods, the thermal resistance was only slightly dependent on 
die size). After obtaining IIJC and IICA as described above, the 
total thermal resistance, IIJA' may be found by the addition of 
IIJC to IICA as:, 

Notes on the tabulated data 
1. All side-brazed, cerdip-'sealed,:' and molded dual-in-line 

packages were mounted in zero insertion force sockets and 
placed transverse to the airstream: Thermocouples were 
mounted directly to the bottom of hi! package. 

2. All cerpacks and flatpacks were board mounted in direct 
contact with a double-sided fiberglass-epoxy composite 
printed circuit board. The thermocouple was placed di
rectly between the package and the board and fastened to 
the package. 

3. All LCC packages except the 84 PIN LCC were freestanding, 
suspended, by 28 GA. tinned copper wire soldered to pads 
corresponding to VCC and GND. The 84 PIN tcc was 
mounted in a single insertion socket. Thermocouples were 
attached directly to the bottom of the parts. 

Thermal Impedance Measurement 
Procedure 

Deflnlti.n 
Thermal impedance of a device is defined as the rise in the junc
tion temperature against some reference point per unit of power 
dissipation or it may be described by the formula: 

a TW°C) Tj = temperature of junction 
Pd ( alts) Pd,," power dissipation 

Theory 
The principle of measuring the Thermal Impedance of a device is 
based on measuring the temperature of the hottest junction on 
the die under power dissipation. This is done by using the sub
strate diode to monitor the chip temperature. By reverse biasing· 
and forcing a small forward current (500 p,A) through the device 
under test (between + VCC and ground), a large number of sub
strate diodes become forward-biased. By dOing this, the hottest 
substrate diode junction is automatically detected. since~ithas 

,the lowest voltage drop during this forward-biaSed condition. The 
forward voltage drop across the substrate diode is quite linear 
over a range of 25°C to 100°C. The hottest substrate diode is 
used as a "thermometer" to, monitor the chip under power. 

Procedure 
A block diagram of the Thermal Impedance setup is shown in 
Figure 1. The substrate diode is forward biased by the Constant 
Current Source (-500 p,A). The VCC is supplied by the Power 
Supply, which is gated at 48.8 cycles/second, with a duty cycle 
of'" 99.5%. The VF of the substrate diode is 'sampled' by the 
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Sample/Hold circuit, which is gated synchronously with the VCC 
supply, sampling is done for 40 p,S, during each 100 ",S window 
when the V CC power supplY is OFF. In addition to the VF readings, 
the case temperature (closest to die attach point) and the 
Ambient temperature are monitored. The power dissipated (Pd) 
by the device is measured by DVM and calculated: 

Pd = ICC x VCC' 
The device is mounted in a socket within a Wind Tunnel. The air 
speed within the wind tunnel is monitored with an Air Velocity 
meter. The air speed is adjustable from 0 to 1000 feet/min. The 
use of a wind tunnel.allows us to graph the temperature of the 
die, in relation to the cooling air speed. The worst case II JA is at 
o air speed (STATIC). 

, ,Summary 
ThEl.Theritjalll1"lpedance measurement can be summarized,as 
followS: 

1). Calib,ration of the aVF/oC ofthe D.U.T. This is done by 
measuring the VF at two different temperatures with the V CC 
power supply OFF, and dividing the aVF by the aoc. 

2). Measurement of aVF under operating conditions, under 
different air, flow rates (0, 100, 500, 1000 ftlmin.), while 
measuring °Ccase, °C ambient, ICC and Vee. The readings 
are recorded when the change in the case (OC case) 
temperature is less than 2% (of a °c case - °c amb) over a 
time of 30 seconds. 



Package Drawings 

3). Calculation of Thermal,lmpedance 

Symbol of Definitions 

VF'= VF@lowtemp. cal. point (liCC OFF) 
,VF2 = VF @ ~igh temp. cal. point (VCCOFF) 
°c, = Case °C @ low temp. cal. point (VCC OFF) 
0c:! ~ Case °c @ high temp. cal. point (VCC OFF) 

" VP3'= Vf.under power, stablized 
°C3 = Case °C under power, ,stabilized 
0CA = Ambient °c c, 

Pd= ICCxVCC 

Block Diagram 

r 
I 
I 
I 
I 
I 
I 
L-,-,-,--, 

r------:-] 
I I 

, I I 
- ~-~~~~ ,I I 

~~....,..-----...J 
I 

b) 8CA= tC3 _ oCA) 

Pd 

Pd 

c) 8JA (Junction to ambient) 

8JA = 8CA + 8JC ';,_~ __ "CIW 

'). Digital Thermometer measures °c case andoC ambient 

2). ovM:' measures\iceand ICe . 

3). DVM2 measures VF of the substrate diode 

4). BINARY counter createsAo thru A,,; 
Ao = 100. kHz; A, = 50 kHz, 
A2 = 25 KHz etc. ,synchronious. 

5). Timing gate switches the pov,:er supply, aadress buffer$, 
'andsamplelhdldcircuits. ,,' . 

6). Constant current source provides -500 ~ to the VCC pin 
for the VF measurement. 

7j:The .airflow meter measures the air velocity for air
flow measurements. 

SlHGATE 
LF-'-...,......-:, 

F=48.8 Hz 
QI.JTY CYCLE =99.5% 

11----1' J vee oN ' 
Vec OFF (VF LEVEL) 

ON. (SAMPLE) 

1,;;..-';""--iJf OFF (HOUl) 
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Package Drawings 

Thermal Characterization of Packages 
Introduction 
Thermal reSistance for a packaged integrated circuit determines 
the operating temperature and hence the performance and life
time olthe semiconductor device. For this reason, it is of interest 
to know the thermal resistance of the package configurations 
commonly in use and the effect of external factors such as air 
circulation and board-mounting conditions on the device 
temperature. To accomplish this end, measurement techniques 
and standards have been established providing certain conven
tions for data acquisition. Monolithic Memories has chosen to 
conform to these conventions in measurement and provides 
standard data for thermal resistance in the form of RIiJC (resist
ance from junction to case) and RIiJA (resistance from junction 
to ambient) as a function of air movement over the package/
board combination. 

Use of Monolithic Memories Data 
In this publication, data is presented for a variety of packages 
and ambient conditions. In order to simplify the data presenta
tion, graphs of RIiJA vs. airflow are provided for packages in 

common use. These include socket-mounted pin grid arrays, 
dual-in-line p-dip, cerdip and side-brazed packages, board 
mounted cerpacks, flatpacks, leadless~hip carriers and plastic 
leaded chip carriers. 

Resistance from junction to ambient (RIiJA) is .. a package 
geometry and die size related function. The user need only look 
up the package type and die size for the air-flow used. Since the 
RIiJC is largely dependent on the package type and die size, a 
table has been constructed for easy use. 

Notes on the Tabulated Data 
1. All side-brazed, cerdip-sealed, mOlded dual-in-line and pin 

grid array packages were mounted in zero insertion force 
sockets and transverse to the airstream. 

2. All cerpacks, flat packs, LCC and PLCC packages were board 
mounted in direct contact with a double-sided fiberglass
epoxy composite printed circuit board. 

3. For measurement of RIiJC' all packages were immersed in a 
constant temperaturefluorinert bath. The thermocouple was 
mounted directly to the bottom of the package. 

Thermal Resistance Measurement Procedure 
Definition 
Thermal resistance of a semiconductor device isa measure of 
the ability of its mechanical structure (package) to provide for 
heat removal from the semiconductor element. It is defined as 
the rise in the junction temperature against some reference 
point per unit power of dissipation or it may be described by the 
formula: 

RIiJR = Thermal resistance, junc
tion to reference point, in 
°C/watt 

T J = Junction temperature in ° C 
TR = Reference point tempera

ture in °c 
P = Power dissipation 

Thermal Measurement Technique 
Thermal resistance is measured using the temperature sensitive 
parameter (TSP) method. Th is method takes advantage of the 
linear relation between temperature and voltage drop across a 
p-n junction to measlire the average die temperature. Thermal 
resistance measurement can be done either using an actual 
device or with thermal test chips. For the purpose of this study. 
thermal test chips are used. 

Each test chip consists of sensing elements and a heating ele
ment. Sensing elements are two sets of diode pairs. One diode 
pair is located at the center of each die and one pair is near a 
corner. The heating element is a polysilicon resistor which cov
ers 95 percent of the die surface area. The resistor extends 
underneath the bond pads but not the sel:]sing elements. 

Initially, diodes are forward biased to a low level current source 
(50 IlA) and the voltage drop is calibrated with respect to 
temperature. Then, the resistor is powered and the diode voltage 
drop is monitored until thermal equilibrium is reached. Steady 

state junction temperature is calculated from the calibration 
data. 

For the ROJA rneasurementthe device is. put in a wind tunnel. The 
air speed is adjustable from 0 to 1000 feeVmin. The use of a wind 
tunnel allows us to graph the ROJA vs. air flow velocity. Average 
junction to case therma,1 resistance (ROJC) is measured by 
immersing the package in a constant temperature fluorinert bath 
and· sensing steady state junction temperature with case 
temperature being measured at the bottom of the package. 

Summary 
The thermal resistance measurement can be summarized as 
follows: 

1. Calibration of the voltage drop across the sensing element 
with respectto temperature, This is done by measuring the 
voltage drop at several different temperatures with the heat
ing power off. 

2. Measurement of voltage drop across the sensing element 
under operating conditions, under various air flow rates 
(from 0 to 1000 linear fVmin.), while measuring °c ambient 
and power input for calculation of ROJA-

3. Measurement of voltage drop across the sensing element 
under operating conditions, package immersed in constant 
temperature fluorinert bath, while measuring the case temper
ature at the bottom of the package and power input for 
calculation of RIiJC' The readings are recorded when the 
package has reached thermal equilibrium. 

4. Calculation of thermal resistance 

a. ROJA = 
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I Cerdip (J) Packages 

Package Drawfngs 

110 

100 

10 

10 0 .100200 :!GO 400 500 800 700 800 .800 1000 
AIRFLOW (ItImln) 

PACKA(;E DIE SIZE (mlls)2 ROJC (" CIWATT) 

1/lJ. 22,500. . 6 

20J .,. 5,625 ·"f4 

24J;.g(1) 5.625 16 

24J-S(2) 11;250 9 

24.1 50;620 3 

4OJ{3) 221500. .4 

4OJ(2) 50,625. '2' 
.'" 

* These ar~ typical vah;e. forthe given.dle size ... 
Other die size values 10 b8. supplied·'n Ih~ ·future. 

Most Monolithic Memories.prodUcts will be slightly lower. ,. 
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Package Drawings 

Leadless Chip Carriers (L) Packages 

18·46 

100 

90 

10 

00 100 200 300 400 500 600 700 600 900 1000 
AIR FLOW (It/mln) 

PACKAGE DIE SIZE (mils)2 R~JC (OClWATT) 

20L 5,625 

2SL(1) 5,625 

2SU2) 22,500 

44L 22,500 

84Lt 50,625 

* These are typical values for the given die size. 
Other die size values to be supplied in the future. 

Most Monolithic Memories products will be slightly fower. 

t Cavity up. 
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Package Drawings 

Molded Dip (N) Packages 

110 

100 

20 

10 0 100 200 300 400 500 600 700 600 900 1000 
AIR FLOW (IVmln) 

PACKAGE DIE SIZE (mlls)2 ROJC (OCIWATT) 

l6N .5;625 29 

18N 5.625 30 

20N 5.625 23 

24N .50.625 10 

24N-S • 5.625 . 
22 

40N-1 22.500 16 

4ON-3 5.625 23 

* These are typical values for the given die size. 
Other die size values to be supplied in the future. 

Most Monolithic Memories products will be slightly lower. 
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Package Drawings 

Plastic Leaded Chip Carrier (NL) Packages 

110 

100 

80 

20 

10 0 100 200 300 <100 500 800 700 800 800 1000 
AIR FLOW (II/mln) 

PACKAGE DIE SIZE {mlls)2 , R8JC (" C/WATT) 

20NL 5,625 35 

28NL 22,500 16 

44NL 22,500 13 

68NL 50,625 8 

* These are typical values for the given die size. 
Oth~r die size values to be supplied In the future. 

Most Monolithic Memories products will be slightly lower. 
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Package Drawings 

Pin Grid Array (P) Packages 

100 

90 

80 

10 

00 100 200 300 400 500 600 700 800 900 1000 
AIR FLOW (IVmln) 

PACKAGE D.IE SIZE (mlls}2 I ROJC caC/WATT) 

88Pt 50,625 I 
68P 22,500 I 

* These are typical values for the given die size. 
Other die size values to be supplied in the future. 

Most Monolithic Memories products will be slightly lower. 

t Cavity up. 
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Package Drawings 

Top Brazed (T) Ceramic Package 

100 

80 

80 

w 70 0 

~~ 80 
-0 

~~ 50 
:il~ 
:Ii!. 
II: 40 w 
~ 

30 

84T 

10 

00 100 aoo 300 400 500 800 700 800 800 1000 
AIR FLOW (II/mln) 

PACKAGE DIE SIZE (mlls)2 R~JC (OCIWATT) 

64T 50,625 3 

* These are typical values for the given die size. 
Other die size values to be supplied In the future. 

Most Monolithic Memories products will be slightly lower. 
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Cerpack(VW)Packages 

Package Drawings 

130 

120 

30 0 100 200 300 400 500 800 700 800 100 1000 
AIR FLOW (It/mln) 

PACKAGE DIE SIZE (mlls)2· R)JC(OCIWATT) 

16W 5,625 21 

18W 5,625 17 

20W 5,625 15 

24W 22,500 4 

* These are typical vafues for the given die size. 
Other die size values to be supplied in the future. 

Most Monolithic Memories products will be slighUy IOWl'r. 
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Monolithic Memories Area and Regional Sales Managers 

Arizona Georgia New Jersey 
Phoenix Norcross Cherry Hili 
Ron Scarfo (602) 971-7997 Tom Lewis (404) 447-4119 Bruce Beriet (609)751-1288 

CaIHorriia' lliinoia Scott Dunlop (609) 751-1288 

siJirJiiSe Naperville Ken Toney (609)751-1288 

Ge,rimeArlderi . (408)249-7766 Dick Jones (312) 961-9200 Ohio 
. Mark LunsfOrd (408)249-7766 Massachusetts Dayton 
[oLl$Calzo (408)249-7766 Framingham Mike Wier (513)439-0470 
Santa Ana Jack Abbott (617) 875-7373 Oregon 
Bemle~rafman ~714)543~8864 , Russ French (617) 875-7373 Medford 

. Mike, Vogel (714) 543-8664 Daniel Kinsella (617) 875-7373 John Charles (503) 779-8945 
F\.Otida' Bob Norling (617) 875-7373 

Texas 
't.OngWOOd Minnesota Dallas 
JimMi::Grat~ (305)831-8210 Edina Ray Gouldsberry (214) 690-3812 

Alex Sherbanenko (612) 922-2260 Dennis Prestel (214) 690-3812 
Bob Rainwater (214) 690-3812 

, ' 
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Monolithic Memories Representatives 

U.S.A. Minnesota Tennessee 

Alabama Edina Jefferson City 

Huntsville Mel Foster Tech Sales (612) 941-9790 REP, Inc. (615) 475-9012 

REP, Inc. (205) 881-9270 Missouri Texas 

Arizona Ballwin Austin 

Scottsdale Rush and West (314) 394-7271 West Associates (512)454-3681 

Summit Sales (602) 998-4850 New Jersey Richardson 

California Haddonfield West Associates (214) 680-2800 

Canoga Park Tritek Sales, Inc. (609) 429-1551 Houston 

Sager Electronics (818) 712-0011 Teaneck West Associates (713) 777-4108 

Fountain Va:ley Technical Marketing Utah 

Sager Electronics (714) 957 -3367 Group (201) 692-0200 Salt Lake City 

San Diego New Mexico Waugaman Assoc. (801) 261-0802 

Littlefield & Smith (619) 455-0055 Albuquerque Washington 
Santa Clara BFA Corporation (505)292-1212 Bellevue 
Criterion (408) 988-6300 New York Northwest Marketing (206) 455-5846 

Colorado East Rochester Wisconsin 
Wheatridge Tri-Tech Electronics, Brookfield 
Waugaman Assoc. (303) 423-1020 Incorporated (716) 385-6500 Sumer (414) 784-6641 

Connecticut Endwell 

Wallingford . Tri-Tech Electronics, CANADA 

Comp Rep Associates (203) 269-1145 
Incorporated (607) 754-1094 British Columbia 

Florida 
Fayetteville Vancouver 
Tri-Tech Electronics, Davetek Marketing (604) 430-3680 

Deerfield Beach Incorporated (315) 446-2881 Ontario 
Sales Engineering 
Concepts Inc. (305) 426-4601 

Fishkill Brampton 

Fern Park 
Tri-Tech Electronics, Cantec (416) 791-5922 

Sales Engineering 
Incorporated (914) 897-5611 Ottawa 

Concepts Inc. (305) 331-3446 
Melville Cantec (613) 725-3704 

Georgia 
Technical Marketing 

Quebec Group (516) 351-8833 
Tucker North Carolina 

Dollard Des Ormeaux 

REP, Inc. (404) 938-4358 Cantec (514) 683-6131 
Charlotte 

Illinois REP, Inc. (704) 563-5554 
Rolling Meadows Raleigh 
Sumer (312) 991-8500 REP, Inc. (919) 851-3007 

Indiana Ohio 
Indianapolis Cincinnati 
DeVoe Co. (317) 842-3245 Makin Associates (513) 871 c2424 

I Iowa Columbus 
Cedar Rapids Makin Associates (614) 481-8898 
S&OSales (319) 393-1845 Solon 

Kansas Makin Associates (216) 248-7370 

Olathe Oklahoma 
Rush and West (913) 764-2700 Tulsa 

Maryland West Associates (918) 665-3465 

Baltimore Oregon 
Conroy Sales (301) 296-2444 Portland 

Massachusetts Northwest Marketing (503) 620-0441 

Westwood Puerto Rico 
Comp Rep Associates (617) 329-3454 Caguas 

Michigan Comp Rep Associates (809) 746-6550 

Grosse Point Park 
Greiner Associates (313) 499-0188 
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U.S.A. 
California 

Canoga Park 
Michael Sholklapper 
Granada Hills 
Mark Kovalik 

San Jose 
Shiri Kadambi 
Joe Kotas 
Masood Shakeel 
Santa Ana 
Scott Thomas 
Bill McNamara 

Georgia 
Norcross 
Mark Reynolds 

Illinois 
Naperville 
Chris Belanger 

Massachusetts 
Framingham 
Gary Smith 
Bob Norling 
Mike Gridley 
Dan Kinsella 

New Jersey 
Steven Traum 
Scott Dunlop 
PauiJ. Koep 

Ohio 
Dayton 
Bill Hollon 

Texas 
Barry Seidner 

Monolithic Memories World-Wide Applications Support 

(818) 710-0664 

(818)341-7257 

(408) 249-7766 
(408) 249-7766 
(408) 249" 7766 

(714) 543-8664 
(714) 543-8664 

(404) 447-4119 

(312) 961-9200 

(617) 875-7373 
(617) 875-7373 
(617) 875-7373 
(617) 875-7373 

(609)751-1288 
(609)751-1288 
(609)751-1288 

(513) 866-8928 

(214)690-3812 

EUROPE 
England 

Harry Hughes 44-252-517431 
SteveScard 44-252-517431 
Simon Moran-Smith 44-252-517431 
Ian White 44-252-517431 

France 
Michelle Rolland 46c8734-62 
Marc Guyonnet 46-8734-62 
Didier Radique 46-8734-62 
Jean Pierre Branchu 46-8734-62 

Germany 
Hans Laurer 49-89-984961 
RazSobhani 49-89-984961 
WillyVoldan 49-89-984961 

Mono/llhleW·Memo,.les 

JAPAN 
Tokyo 

Takao Yamashita 
Mitsunori Sugai 

Singapore 
Larry Ross 

81-3-207-3131 
81-3-207-3131 

65-225-7544 



Monolithic Memories Franchised Distributors 

U.S.A. Tustin Kansas 
Alabama Arrow Electronics (714) 669-4524 Lenexa 

Huntsville Image Electronics (714) 259-0900 Marshall Electronics 
Marshall Electronics Kierulff Electronics (714)731-5711 Group (913)492-3121 

Group (205) 881-9235 Colorado Maryland 
Arrow Electronics (205)837 -6955 Aurora Columbia 
Kierulff Electronics (205) 883-6070 Arrow Electronics (303) 696-1111 Arrow Electronics (301) 995-0003 

Arizona Englewood Lionex (301) 964-0040 

Phoenix Anthem Electronics (303) 790-4500 Gaithersburg 
Kierulff Electronics (602) 437 -0750 Kierulff Electronics (303) 790-4444 Marshall Electronics 
Tempe Thornton Group (301) 840-9450 

Anthem Electronics (602) 966-6600 Marshall Electronics Kierulff Electronics (301) 840-1155 

Arrow Electronics (602) 968-4800 Group (303) 451-8383 Linthicum 
Marshall Electronics Connecticut Kierulff Electronics (301) 636-5800 
Group (602) 968-6181 Meriden Massachusetts 

California Lionex Corporation (203) .237 -2282 Billerica 
Agoura Wallingford Kieruiff Electronics (617) 667 -8331 
Image Electronics (818) 707 -0911 Arrow Electronics (203) 265-7.741 BUrlington 
Canoga Park Kierulff Electronics (203)265-1115 Marshall Electronics 
Marshall Electronics Marshall Electronics Group (617) 272-8200 
Group (818) 509-0001 Group (203) 265-3822 Wilmington 
Chatsworth Florida Lionex Corporation (617) 657-5170 
Anthem Electronics (818) 700-1000 Clearwater Woburn 
Arrow Electronics (818) 701-7500 Arrow Electronics (813) 576-8995 Arrow Electronics (617) 933-8130 
Marshall Electronics 

Deerfield Beach Michigan Group (818)407-4100 
Arrow Electronics (305) 429-8200 Ann Arbor 

Cypress 
Fort Lauderdale Arrow Electronics (313) 971-8220 

Kierulff Electronics (714) 220-6566 
Kierulff Electronics (305)486-4004 Grand Rapids 

EI Monte Marshall Electronics Arrow Electronics (616)243-0912 
Marshall Electronics Group (305) 982"0661 Livonia Group (818) 442-7204 

Orlando Marshall Electronics 
Irvine Marshall Electronics Group (313) 525c5850 
Marshall Electronics Group (305) 841-1878 
Group (714) 458-5311 Palm Bay 

Minnesota 
Anthem (714) 768-4444 Arrow Electronics (305) 725-1480 

Edina 

Milpitas Arrow Electronics (612) 830-1800 

Marshall Electronics 
St. Petersburg Kierulff Electronics (612)941-7500 

Group (408) 943-4600 
Kierulff Electronics (813)576-1966 Plymouth 

Hayward Georgia Marshall Electronics 

Arrow Electronics (415)487-4600 Norcross Group (612) 559-2211 

Chatsworth Arrow Electronics (404) 449-8252 Missouri 
Kierulff Electronics (213) 725-0325 Kierulff Electronics (404) 447-5252 St. Louis 

Sacramento 
Marshall Electronics Arrow Electronics (314) 567-6888 

Arrow Electronics (916) 925-7456 
Group (404) 923-5750 Kierulff Electronics (314) 739-0855 

Anthem (916) 922-6800 Illinois New Hampshire 
Rancho Cordova Itasca Manchester 
Marshall Electronics Kierulff Electronics (312) 250-0500 Arrow Electronics (603) 668-6968 
Group (916) 635-9700 Schaumburg 

New Jersey 
San Diego Arrow Electronics (312) 397 -3440 

Clifton Marshall Electronics Anthem Electronics (619) 453-4871 
Group (312) 490-0155 Vantage Electronics (201) 7.77-4100 

Arrow Electronics (619) 565-4800 
Kierulff Electronics (619)278-2112 Indiana 

Fairfield 
Arrow Electronics (201) 575-5300 

San Jose Indianapolis Kierulff Electronics· (201) 575"6750 ImI Anthem Electronics (408) 295-4200 Arrow Electronics (317) 243-9353 Lionex (201) 227-7960 
Kierulff Electronics (408)971-2600 Marshall Electronics Marshall Electronics 
Sunnyvale Group (317) 297 -0483 Group (201) 882-0320 
Arrow Electronics (408) 745-6600 
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Monolithic Memories Franchised Distributors 

Mt. Laurel Oregon CANADA 
Kierulff Electronics (609) 235-1618 Beaverton Alberta 
Marshall Electronics Almac Electronics (503) 629-8090 Calgary Group (609) 234-9100 Marshall Electronics 
Marlton Group (503) 644-5050 

Zentronics Limited (403) 272-1021 

Arrow Electronics (609) 596-8000 Lake Oswego British Columbia 

New Mexico Anthem Electronics (503) 684-2661 Richmond 

Albuquerque Tigard Zentronics Limited (604) 273-5575 

Arrow Electronics (505) 243-4566 Arrow Electronics (503) 684-1690 Vancouver 
RAE Electronics (604) 291-8866 

New York Pennsylvania 

Buffalo Horsham Manitoba 

Summit Distributors (716) 884-3450 Lionex Corporation (215)443-5150 Winnipeg 

Johnson City Monroeville Zentronics Lim ited (204) 694-1957 

Marshall Electronics Arrow Electronics (412)856-7000 Ontario 

Group (607) 798-1611 Texas Brampton 

Hauppauge Addison Zentronics Limited (416) 451-9600 

Arrow Electronics (516) 231-1000 Quality Components (214) 733"4300 Nepean 

Current Components (516) 272-2600 Austin Zentronics Limited (613) 226-8840 
Lionex (516) 273-1660 Arrow Electronics (512)835-4180 Quebec 
Marshall Electronics Kierulff Electronics (512) 835-2090 Montreal 
Group (516) 273-2424 Qual ity Components (512) 835-0220 Arrow Electronics (514) 735-5511 
Liverpool Marshall Electronics (512) 837-1991 Prelco Electronics (514) 389"8051 
Arrow Electronics (315) 652-1000 Carrollton St. Laurent 
Melville Arrow Electronics (214) 380-6464 Zentronics Limited (514) 737 -9700 
Arrow Electronics (516) 694-6800 Marshall Electronics 

Rochester Group (214) 233-5200 

Arrow Electronics (716) 427-0300 Dallas 
Marshall Electronics Kierulff Electronics (214) 343-2400 
Group (116) 235-7620 Houston 
Summit Distributors (716) 334-8118 Arrow Electronics (713) 530-4700 

North Carolina Kierulff Electronics (713) 530-7030 

Raleigh Marshall Electronics (713) 895-9200 

Arrow Electronics (919) 876-3132 Sugarland 

Kierulff Electronics (919) 872-8410 Quality Components (713) 240-2255 

Marshall Electronics Utah 
Group (919) 878-9882 Salt Lake City 
Quality Components (919) 876-7767 Kierulff Electronics (801) 973-6913 

Ohio Arrow Electronics (801) 972-0404 

Centerville Anthem Electronics (801) 973-8555 

Arrow Electronics (513) 435-5563 Washington 
Cleveland Bellevue 
Kierulff Electronics (216) 587 -6558 Almac Electronics 

Dayton Corporation (206) 643-9992 

Marshall Electronics Arrow Electronics (206) 643-4800 

Group (513) 236-8088 Bellingham 
Kierulff Electronics (513) 439-0045 RAE Electronics (607) 291-8866 

Solon Redmond 
Arrow Electronics (216) 248-3990 Anthem Electronics (206)881-0850 
Marshall Electronics Kent 
Group (216) 248-1788 Kierulff Electronics (206) 575-4420 

Oklahoma Wisconsin 
Tulsa Brookfield 
Arrow Electronics (918) 665"7700 Arrow Electronics (414)792-0150 
Kierulff Electronics (918) 252-7537 Waukesha 
Quality Components (918) 664-8812 Kierulff Electronics (414) 784-8160 
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Monolithic Memories Overseas Representatives and Distributors 

ARGENTINA 
Electroquimica Delta 
Timoteo Gordillo 72 
1408 Buenos Aires 
Argentina 
Phone: 9-011-641-3193 or 641-0449 
Telex: 21212 AR EDELTA 

AUSTRALIA 
R&D Electronics Ply Ltd. 
4 Florence St. 
Burwood, Vic. 3125 
Phone: 61-3-288-8911 
Telex: AA33288 
Fax: 61-3-288-9168 

R&D ElectroniCS Pty Ltd. 
P.O. Box 57 
Crows Nest, NSW 2065 
Phone: 61-2-439-5488 
Telex: AA25468 

AUSTRIA 
Ing. Steiner 
Hummelgasse 14 
1130Wien 
Phone:.9-011-32"22-8274740 
Telex: 135026 

BELGIUM 
D & D Electronics 
7E Olympiadelaan 93 
2020 Antwerp 
Phone: 03-23-8277934 
Telex: 73121 

BRAZIL 
ltautec Componentes S.A. 
Largo de Arouche No. 24 
9th Andar 
01219 Sao Paulo 
Phone: 222-9200 
Telex: 13087 
Fax: 2783043 

DENMARK 
C-88 
Kokkedallndustripcuk 42A 
DKc2980 Kokkedal,Oenmark 
Phone: 2-244888 
Telex: 41198 CEIGTYDK 

ENGLAND 
Monolithic MemorieS Ltd. 
Monolithic House 
1 Queens Road 
Farnborough 
Hampshire 
GU146DJ 
Phone: (0252) 517431 
Telex: 858051 MONO UK G 
Fax: 44-252-.43724 

Analog Devices Ltd. 
Central Avenue 
East Molesey 
Surrey KT80SN 
Phone: 01-941-1066 
Telex: 929962 ANALOGG 

Analog Devices Ltd. 
Executive House 
South Road 
Harlow' 
Essex CM202BX 
Phone: 9-011-44-24-941-8611 
Telex: 817169 

Analog Devices Ltd. 
5th Floor Hagley House 
Hagley Road 
Edgbaston 
Birmingham B168QG 
Phone: 021~455-9395 
Telex: 339152 ANALOG G 

Macro Marketing Ltd. 
396 Bath Road 
Slough 
Berkshire 
Phone: 9-011-44-6286-63011 
Telex: 847083 

Microlog Ltd. 
The Cornerstone 
The Broadway 
Wokin9 Surrey GU21 5EZ 
Phone: (04862}29551 
Telex: 859219 ULOG G 
Rapid Recall Ltd. 
Rapid House 
Denmark Street 
High Wycombe 
Bucks HP11 2ER 
Phone 0494-26271 
Telex: 837931 RAPIDG 
Fax: 21680 

FINLAND 
Instrumentarium Elektronikka 
P.O. Box 64 Vitikka 1 
SF-02631 ESPOO 
Phone: 9-0-5281 
Telex: 124426 HAVULSF 

FRANCE 
Monolithic Memories France S.A;R.L. 
8, Rue De LEsterel 
SILlC463 
94613 RungisCedex 
France 
Phone: 46-87 -34-62 
Telex: 45-60-57 -25 
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Almex. 
Zone Industrielie-d'Antony 
48 rue de I'Aubepine 
B.P.102 92164 Antony Cedex 
Phone: 1-46-66-21-12 
Telex: 25OO67F 
FAX: 1-46-66-60-28 

Composants S.A. 
Avenue Gustave Eiffel 
B.P. 81-33605 Pessac Cedex 
Phone: (33) 56-36-40-40 
Telex: 201905 
FAX: (33) 56-07 -64-41 

Datadis S.A. 
10-12 Rue Emile Landrin 
92100 Boulogne 
Phone: 9-011-33-9-1-6056000 
Telex: 201905F 
Dimel 
Le Marino 
Ave. Claude Farrere 
B.P.1153 
83058 Toulon Cedex 
Phone: 94/414963 
Telex: 4900e3F 
Generim 
Zone d'ActivitiesdeCourtaboeuf 
Avenue de la Baltique 
P.O. Box 88 
91943 .Les Ulis Cedex 
Phone: 1-69-07~ 78-78 
Telex: 691700F 

Generim 
24.Avenue De La Houville Blanche 
B.P.1-38170Seyssinet 
Phone: 9-011-33-1-76-49-491449 
Telex: 320000 
JermynS.A. 
Immeubleorix 
16 Avenue Jean Jaures 
94600 ChOisy Le Roi 
Phone: 9-011-33·1-8531200 "ChancE 
Telex: 260967F 

GERMANY 
Monolithic Memories, GmbH 
Mauerkircherstrasse 4/11 
8000 Munich 80 
Phone: 0-89-984961 
Telex: 524S85 MONO D 
Fax: 89-983162 

Astronic GmbH 
Winzerstrasse 47D 
8000 Munich 80 
Phone: 089-304011 
Telex: 5216187 
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Monolithic Memories Overseas Representatives and Distributors 

Dr. Dohrenberg VertrieBs & GmbH 
Bayreuther Strasse 3 
1000 Berlin 30 
Phone: 0-30-2138043 
Telex: 184860 

Electronic 2000 VertrieBs GmbH 
Neumarkter Strasse 57 
8000 Munich 82 
Phone: 089-434061 
Telex: 522561 

Nordelektronik GmbH KG 
Harksheiderweg 238-240 
2085 Quickborn 
Phone: 04160-4031 
Telex: 214299 

Positron GmbH 
Benzstrasse 1 
Postfach 1140 
7016 Gerlingen-Stuttgart 
Phone: 07156-23051 
Telex: 7245266 

Mueller Wuppertal VertrieBs GmbH 
Vereinsstr. 17 
5600 Wuppertal 
Phone: 0202-426016 
Telex: 8591543 

HONG KONG 
CETLtd. 
10/F Hua HsiaBldg. 
64-66 Gloucester Rd. 
Hong Kong 
Phone: 852-5-200922 
Telex: 85148 CET HX 

INDIA 
Micro Aids India 
26/1 Venkata Krishna Road 
RAPuram 
Madras 600028 
Phone: 75757 
Telex: 416517 TRUEIN 

Micro Aids International 
501 D Vande II Way 
Campbell, CA 95008 
Phone: (408) 446-3868 
Telex: 499-3462 

IRELAND 
Micro Marketing Ltd. 
Glenageary Office Park 
Glenageary 
County Dublin 
Eire 
Phone: 856325 
Telex: 31584 (MMI EI) 

ISRAEL 
Aviv Electronics Ltd. 
12, Kehilat Venecia St. 
NeotAfeka 
Tel-Aviv 69010 
Phone: 03-494450 
Telex: 33572 MAVIV IL 
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ITALY 
Comprel S.P.A. 
Viale Fulvio Testi 115 
20092 Cinisello Ba,lsamo/Milano 
Milano, Italy 
Phone: 2-6120641 
Telex: 332484 

JAPAN 
Monolithic Memories Japan KK 
Shinju Nomura Shoken Bldg SF 
5-17-9 Shinjuku 
Shinjuku-Ku 
Tokyo 160 
Phone: 81-3-207-3131 
Telex: 232-3390 MMI KKJ 
Fax: 81-3-207-3130 

Ado Electronic Industrial Co., Ltd. 
Bldg. Sasage 7F 
4-6, Soto-Kanda, 2~chome 
Chiyoda-Ku, Tokyo, Japan 101 
Phone: 03-257-1025 
FAX: 03-257-1579 

Comtecs Co., Ltd. 
2-19-7 Higashi-Gotanda 
Shinagawa-Ku 
Tokyo 141 
Phone: (03) 441-7100 
Telex: 242-3509 CTSLEXJ 
Fax: (03) 441-718 

Internix Inc. 
Shinjuku Hamada Bldg. 
7-4-7 Nishi-Shinjuku 
Shinjuku-Ku 
Tokyo 160 
Phone: (03) 369-1101 
Telex: J26733 
Fax: (03) 366-8566 

K.Tokiwa & Co. 
Asahi-Seimei-Omori Bldg. 
1-1-100mori-Kita 
Shinagawa-Ku 
Tokyo 143 
Phone: (03) 766-6701 
Telex: 246-6821 
Fax: (03) 766-1300 

Nihon Denshikizai Co., Ltd. 
Sanyo Bldg. 
15-22 Hiroshiba-Cho 
SuitaCity 
Osaka 564 
Phone: (06) 385-6707 
Fax: (06) 330-6814 

Synderdyne Inc. 
Ishibashi Bldg. 
1-20-2 Dogenzaka 
Shibuya-Ku 
Tokyo 150 
Phone: (03) 461-9311 
Telex: J32457 
Fax: (03) 461-9854 
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Tokiwa & Co., Inc. of Osaka 
8-13, 3-Chome Ebisu Nishi 
Naniwa-Ku 
Osaka 556 
Phone: (06) 643-3521 
Fax: (06) 644-1400 

Tokyo Denshi Kagaku-Kizai Co., Ltd. ' 
Dempa Bldg. 3F 
2-4-4 Soto Kanda 
Chiyoda-Ku 
Tokyo 101 
Phone: (03) 257-1361 
Fax: (03) 255-1978 

KOREA 
Kortronics Enterprise 
Rm 307, 9-Dong, B-Block 
#604-1 Guro-Dong, Guro-GU 
Seoul 
Phone: 635-1043 
Telex: KORTRONK26759 

NETHERLANDS 
Alcorn Electronics B.V. 
Postbus 358, 2900 AJ 
Capelle A. D. Ijssel Holland 
Esse Baan 1 
Phone: 010-519533 
Telex: 26160 

NORWAY 
HenacoA/S 
P.O. Box 126 Kaldbakken 
Trondheimsveien 436 Ammerud 
Osl09 
Phone: 02-162110 
Telex: 76716 HENACO 

PORTUGAL 
Digicontrole 
Apartado 2-Sabugo 2715 
Pero Pinheiro 
Phone: 35-1-292-3924 
Telex: 62551 STUREP P. 

SINGAPORE 
MMllntegrated Circuits Pte. Ltd. 
19 Kepple Road 11-06 
Jit Poh Building 
Singapore 0208 
Phone: 65-2257544 
Telex: RS55650 MMI RS 
Fax: 65-2246113 

Dynamar International Ltd. 
Unit05=11, 
12 Lo Rong Bakar Batu 
Kolam Ayer Industrial Estate 
Singapore 1334 
Phone: 65-7476188 
Telex: RS26283 DYNAMA 
Fax: 65-747-2648 



Monolithic Memories Overseas Representatives and Distributors 

Dynamar International 
PO. Box5519 
Incline Village, NV 89450 
Contact: Bill Cohune 

Suzanne Willoughby 
Phone: 702-831-1333 
TWX: 510-100-0226 WESCOMM 
Fax: 702-831-1367 

SOUTH AFRICA 
Promilect Pty Ltd. 
PO. Box 1194 
Randburg 212S 
Phone: 9-011-27 -11-886-2410 
Telex: 424822 

SOUTH AMERICA 
Key Source 
637 East Arques Avenue 
Sunnyvale, CA 94086 
Phone: 408-730-0607 

SPAIN 
Amitron S.A. 
Avenida De Valladolid, 47 A 
28008 Madrid 
Phone: (34) 1-248-58-63 
Telex: 45550 AM IT-E 
Fax: (34) 1-248-79-58 

Sagitron 
Castello 25-2 
28001 Madrid 
Phone: 1-402-6085 
Telex: 43819 

SWEDEN 
Naxab 
Box4115 
S 17104Solna 
Phone: 08-985140 
Telex: 17912 
Fax: 08-7645451 
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SWITZERLAND 
Industrade AG 
Gemsenstrasse 2 
CH 8021 Zurich 
Phone: 01-3632230 
Telex: 56788 

TAIWAN 
Sertek International 
3FL, #135 Chien Kuo N. Road, Sec 2 
Taipei, Taiwan R.O.C. 10479 
Phone: 886-2-501-0055 
Telex: 23756 SERTEK 
Fax: 13579MSCGP 

Multitech Electronics Inc. 
1012 Stewart Drive 
Sunnyvale, CA 94086 
Phone: (408) 773-8400 
Telex: 352070 
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