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INTRODUCTION 

THE PURPOSES OF THIS COURSE : 

1. TO EXPLAIN : 

. WHAT BIT - SU CE DEVICES DO 

WHY BIT - SU CE DEVICES EXIST 

2. TO DEMONSTRATE IN DETAIL THE PROCEDURE FOR 

DESIGNING WITH BIT - SLICE DEVICES 

3. TO SURVEY THE BIT - SLICE DEVICES ON THE MARKET 

4. TO SURVEY THE RANGE OF APPLICATIONS OF BIT - SLICE 

DEVICES. 
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BASIC CONCEPTS 

THIS COURSE EXPLORES TOPICS IN THESE AREAS : 

1. CENTRAL PROCESSOR ARCHITECTURES 

2. PROGRAMMING AND MICROPROGRAMMING 

3. LARGE SCALE INTEGRATION <LSI> 

4. BIT - SLICE ARCHITECTURE 

5. PROGRAMMED LOGIC ARRAYS CPLA'S) 

6. COMPUTER ARITHMETIC 

7. EMULATION 

8. SPECIAL FUNCTION PROCESSOR ARCHITECTURES 
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DEFINITIONS 

CENTRAL PROCESSOR : THE PART OF A COMPUTER THAT TRANSFORMS DATA, 
MAKES DECISIONS. 

PROGRAM 

MICROPROGRAM 

- USUALLY COMPRISES REGISTERS, ARITHMETIC - LOGICAL 
UNIT, AND CONTROL LOGIC 

THE DATA WHICH ULTIMATELY CONTROLS THE ACTIONS 
OF THE CENTRAL · PROCESSOR 

- USUALLY COMPRISES SEQUENCE OF INSTRUCTION 
WORDS IN MEMORY 

A FIXED SEQUENCE OF INSTRUCTION WORDS WHICH 
CONTROL THE GATES OF A PROCESSOR. A MICROPROGRAM 
SEQUENCE IS INVOKED BY A SINGLE INSTRUCTION 
OF THE <MACRO)PROGRAM. 

SYBEX 
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RELATIONSHIP OF PROGRAM, MICROPROGRAM, AND CPU 
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DEFINITIONS (CONTINUED) 

LARGE SCALE INTEGRATION 

BIT - SLICE ARCHITECTURE 

PROGRAMMED LOGIC ARRAY 

COMPUTER ARITHMETIC 

THE TECHNOLOGY OF ASSEMBLING CIRCUITS OF 
ONE THOUSAND OR MORE GATES ON A SINGLE 
CHIP CE.G., MICROCOMPUTERS. ROMS & RAMS. 
BIT - SLICE DEVICES> 

THE INTERCONNECTIONS OF LOGICAL ELEMENTS 
WITHIN THE BIT - SLICE CHIP 

AN LSI DEVICE FOR REPLACING DISCRETE 
LOGIC NETWORKS BY PERFORMING THEIR 
LOGICAL EQUIVALENTS THROUGH MATRIX MAPPING 

THE ALGORITHMS <PROGRAM STEPS) BY WHICH 
COMPUTERS PERFORM NUMERICAL CALCULATIONS 
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DEFINITIONS (CONTINUED) 

THE PROGRAMMING OF A COMPUTER TO ~AK[ 

IT INTERPREl TJI[ INSTRUCTION ~;[T rir 

ANOTHlR COMPUlER 

- MOST OF H.N : MI CHOPROG RAMMED EMU LAT I IJtl -

A MAJOR APPLICATION OF BIT -SLICL 
DEVICES 

SPECIAL FUNCTION PROCESSES : COMPUTERS DESIGNED EXCLUSIVELY FOR SPECIFIC 
APPLICATIONS CE I GI, I I 0 DEVI CE CONTRI lLLERS # 

TEXT HANDLERS> 

SYBEX 
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C.PU DESIGN EVOLUTION 

BIT - SLICE TECHNOLOGY 

A STEP IN CPU DESIGN EVOLUTION ? 

OR 

A SEMICONDUCTOR INDUSTRY BY - PRODUCT ? 
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EVOLUTION 

D E F I N I T I 0 ~ S -
H 0 R I Z 0 N T A L S T R U C T U R E S A R E C I R C U I T S 

F 0 R M I N G 
T H E D A T A W 0 R D 

C 0 N T ·R 0 L L I N G 
REGISTERS 
ADDERS 
COMPAR/\TORS 
MEMORY REGISTERS 

V E R T I C A L S T R U C T U R E S A R E C I R C U I T S 

F 0 R M I N G T H E D A T A P A T H 
C 0 N T R 0 L L I N G 

BLISSES 

ADDRESS SELECTION 
MULTIPLEXING 
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EVOLUTION 

c p u D E S I G N H A S E V 0 L V E D F R 0 M 

H 0 R I Z 0 N T A L D E V E L 0 P M E N T 

T 0 

V E R T I C A L D E V E L 0 P M E N T 
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HORIZONTAL MACHINE ORGANIZATION 

ME~RY 

ACCUMULATOR MEMORY DATA REG. 

AR I THMETI C UN IT 
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EVOLUTION . 

CPU DESIGN FOR f1ATHEMATICAL APPLICATIONS 
EMPHASIZED HORIZONTAL ENHANCEMENTS 

1. WIDER DATA WORDS 
2. POWERFUL ARITHftlETIC FUNCTIONS 
3. FASTER ALU PROPAGATE TIMES 

TO COMPENSATE FOR WIDER DATA 

VERTICAL ORGANIZATION IS THE SAME IN MOST MACHINES 
FROM PDP - 1 TO CDC 7600 
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EVOLUTION 

NEW APPLICATIONS BROUGHT NEW CPU DESIGN PHILOSOPHY 

DATA STRUCTURE APPLICATIONS 

FILE SYSTEMS 
ASSEMBLERS 
COMPILERS 
TEXT EDITORS 
COMMUNICAT10N SYSTEMS 
NON-ARITHMETIC LANGUAGES: LISP 
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EVOLUTION 

DATA STRUCTURE PROBLEMS ARE 

WORD ORDER TRANSFORMATIONS ••• 

WORD ORDER TRANSFORMATIONS ARE ACCOMPLISHED BY 

DATA PATH MANIPULATIONS. • • 

THEY ARE A FUNCTION OF THE VERTICAL STRUCTURE OF THE CPU 

SYBEX 

1-7 



EVOLUTION 

EXAMPLES OF DATA STRUCTURING PROBLEMS : 

PARSING 
FILE MOVEMENT 
FILE EDITING 
LINK - LIST BUILDING 
STACK MANIPULATION 
STRING EDI TI NG 
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EVOLUTION 

FUNCTIONAL DEMANDS CHANGED__.. 

CPU STRUCTURAL DESIGN EVOLVED 

HORIZONTAL __.,. VERTICAL 

EXAMPLE: FORTRAN __... LISP 

IBM 7090 _.. DEC PDP - 6 
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DEC PDP - 6 ROUGHLY 

rfo ...... 
O\JT Ms .... 
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EVOLUTION - PDP - 6 

PDP - 6 FEATURES 

DOUBLE ADDRESSING 
<REGISTER TO REGISTER OPERATIONS) 

208 ACCUMULATORS 

AUTOMATED STRING MOVES 

<VARIABLE LENGTH BYTE OPERATIONS> 

PDP - 6 ARCHITECTURE IS PRECURSOR OF BIT SLICE ARCHITECTURE 
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EVOLUTION - MACHINE POPULATION 

·- -SAfHRATI ON OF,,NUMBER ___ CRUNCHER" MARKET 
GROWTH OF MINI-COMPUTER MARKET 
RAPID ENHANCEMENT OF MINI-COMPUTERS 

1. AUGMENTED REGISTER ADDRESSING <REG-TO-REG OPS> 
2. AUGMENTED BYTE AND VECTOR HANDLING CBLTR) 
3. CONTEXT SWITCHING 
4. FASTER CYCLE TIMES FOR NON ARTHMETIC T~ANSFER 

BUI LITTLE OR NO ARITHMETIC AUGMENTATION 
STANDARDIZED LENGTH 12 OR 16 BITS 
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VERTICAL 

EVOLUTION: SUMMARY 

THE COf1PUTER MARKET NOW DEMANDS 
VERTICAL POWER AND FLEXIBILITY 

AT THE EXPENSE OF 
HORIZONTAL POWER· 

HORIZONTAL 

REGISTER SPACE 
COMPREHENSIVE BUSSING 
ITERATIVE DATA TRANSFERS 
TRANSFER CYCLE TIME 

WORD WIDTH 
ARITHMETIC FUNCTIONS 
FAST PROPAGATE TIMES 
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2. BIT-SLICE PRINCIPLES 

SY BEX 



BIT SLICE PRINCIPLES 

LARGE SCALE INTEGRATION BROUGHT TWO DEVELOPMENTS 

1. TOTALLY INTEGRATED MICRO COMPUTERS 
2. INTEGRATED BLOCKS OF ARCHITECTURE 

FOR LARGER COMPUTERS 

LIMITATIONS OF CURRENT LSI 

1. LOWER DENSITY FOR HIGH SPEED LOGIC 
2. HIGHER DISSIPATION FOR HIGH SPEED LOGIC 
3. PIN COUNT LIMITS 

SYBEX 
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WHY THE BIT SLICE? 

LSI DESIGNERS HAD TWO CHOICES 

HORIZONTAL PARTITIONING 

WIDE REGISTERS 

WIDE MULTIPLEXERS 

WIDE ALUs 

SYBEX 

VERTICAL PARTITIONING 

BIT WIDE SLICES OF THE 
ENTIRE DATA PATH OF CPU 



WHY THE BIT SLICE? 

HORIZONTAL LSI COMPONENTS <HYPOTHETICAL> 
1. 16 BIT DUAL PORT REGISTER 

_,100 GATES 
48 DATA PINS 
3 CONTROL PINS 
2 POWER PINS 

53 PINS 

SYB·EX 
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I 2 GATES PER PIN 
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WHY THE BIT SLICE? 

OTHER HYPOTHETICAL HORIZONTAL LSI COMPONENTS 

2. 16 BIT FAST ALU ~00 GATES I 53 PINS: -8 GATES I PIN 
3. 16 BIT 3 :1 MULTIPLEXER < 100 GATES I 68 PINS: lYz GATES I PINS 

THESE ARE NOT TECHNICALLY LSI 

HORIZONTAL STRUCTURES ARE PIN LIMITED TO MSI 
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HYPOTHETICAL ONE-BIT-WIDE SLICE 

\••a."-
..... OP·ESS!~,._ _ __. 

1 

~ ...... ~--------------------~~-------~'------­
g.'41~M~--------------+---------------_,.. coNTRo 

A·\o&1Rc.£ 
.,._. ___ ._.... C..Ot.IT1'0'- . • , [ , . • 

""'-" CQt'l"DIL .. 

utVV .... ---------------~~-------------------4W A~U C~ff" 
\.•flt 4---------.__-----------~ ~"OFT ..,__ ___ ,. Ll/ftO . '-----~) _r--r> 

1 .•• , . . . 

wk---o-
~ --t> SYBEX 



WHY THE BIT SLICE? 

ASSUME 16 REGISTERS: 

MULTIPLYING SLICES ADDS 2 PINS PER SLICE: 

300 GATES I 23 PINS 
OR 

13 GATES PER PIN 

EXTERNAL INPUT, EXTERNAL OUTPUT 

MULTIPLYING SLICES ADDS 200 GATES PER SLICE 

EXAMPLE 8 BIT SLICE 1700 GATES 
39 PINS 

q3 GATES I PIN 

. SYBEX 
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OTHER FACTORS FAVORING VERTICAL INTEGRATION 

SPEED: 

DISSIPATION: 

BIT SLICE STRATEGY: 

EXTERNAL CONNECTIONS INCREASE 
CAPAC I TAN CE __,. DECREASE SPEED 

T 2 L COMPATIBLE DRIVE REQUIRED EXTERNAL 
TO CHIP -- lOMW CSV 2MA) 
INTERNAL DISSIPATiON PER GATE TrPiCALLY 
1.2 - l.4MW: LOW POWER SHOTTKY 
100 MICROWATTS: 12 L CTI SBPOQOO) 

MAXIMIZE INTERNAL VERTICAL INTERCONNECTIONS 
AT THE EXPENSE OF EXTERNAL HORIZONTAL INTERCONNECTIONS 
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BIT-SLICE DEVICES 

1 ~; 7 4 : T H E C 0 M M E R C I A L B I R T H Y E A R 0 F B I T - S L I C E 

NATIONAL SEMICONDUCTOR 

I N T E L 

SINCE fHEN 

I M P S E R I E S 
3000 SERIES 

MONOLITHIC MEMORIES 5700/6700 SERIES 

ADVANCED MICRO DEVICES 2900 SERIES 

MOTOROLA 10800 

TEXAS SBP0400 

A N D S E C 0 N D S 0 U R C E S I N U. S. A N D E U R 0 P E 
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BIT SLICE APPLICATIONS 

B I T S L I C E D E V I C E S A R E T 0 D E S I G N E R S I N 1 9 7 6 
W H A T M S I W A S T 0 D E S I G N E R S I N 1 9 7 3 

R I T S L I C E D E V I C E S A R E F 0 U N D I N P R 0 D U C T I 0 N 
M 0 D E L S 0 F P R 0 T 0 T Y P E S 0 F 

POPULAR MINI COMPUTERS 

FLOATING POINT ADD-ONS 

HIGH SPEED 1/0 ADAPTERS: DISK & COMMUNICATIONS 

SPECIAL FUNCTION BOXES: FFT, NAVIGATION 

SPECIAL ARCHITECTURES: DISTRIBUTED PROCESSOR DESIGNS 

SY BEX 
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A BIT SLICE DEVICE IS NOT A MICROPROCESSOR 

Bll:.sLLCf LSLll.Wm io~M~-~ 
ALU x x 
SHIFT x x 
REGISTERS x x 
REGISTER SELECTION x x 
INTPlIT TO BUS x x 
OUTPUT FROM BUS x x 
MICRO INSTRUCTION SEQUENCING x x 
MEMORY ADDRESSING x x 
ALU + SHIFT CONTROL x x 
1/0 CONTROL x x 
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BIT SLICE PRINCIPLES: SUMMARY 

B I T - S L I C E D E V I C E S 

A R E · V E R T I C A L S T R U C T U R E S: 
2 OR 4/NTHS OF THE DATA PATH. 
CiRCUiiRY OF AN N-BIT PROCESSOR 

H A V E N 0 C 0 N T R 0 l L 0 G I C -
CONTROL SIGNALS ARE SUPPLIED FROM EXTERNAL CONTROLLER CHIPS 

A R E I N T E N D E D F 0 R F A S T A P P L I C A T I 0 N S 
CYCLE SPEEDS BETTER THAN SHOTTKY MSI EQUIVALENTS 

A R E N 0 T I N T E N D E D F 0 R M I N I M U M C 0 S T 
A P P L I C A T I 0 N S 

MUCH EXTERNAL LOGIC REQUIRED 

SYBEX 
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BIT-SLICE SYSTEM 

DATA 
<IN> ADDRESS 

DATA 
<OUT> 

N-BIT N-BIT N-BIT 

SLICE SLICE • • • SLICE 

(1) (2) <P> 

De CODER 

CONTROL 
CONTROL 

UNIT ............ 
~ 

_,,,,,, 
A 
D N x P BIT-ALU 
D 
R 
E 
s 
s MICROPRcx;!W1 SYBEX 



3. BIT-SLICE IN DETAIL: 

BUILDING WITH BIT-SLICE DEVICES 
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A BIT SLICE DEVICE IN DETAIL 

A D V A N C E D M I C R 0 D E V I C E S 2 9 0 1 

F E A T U R E S 

4 B I T S L I C E 

16 W 0 R D T W 0 P 0 R T R A M 

8 F U N C T I 0 N A L U 

I N D E P E N D E N T S H I F T 

F 0 U R S T A T U S F L A G S 

9 - B I T C 0 N T R 0 L M I C R 0 - I N S T R U C T I 0 N 

3-1 

B I P 0 L A R: L 0 W P 0 W E R S H 0 T T K Y I M P L E M E N T A T I 0 N 

M I N 1 0 5 N S C L 0 C K F 0 R C 0 M M E ~ C I A L V E R S I 0 N 
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AMD 2901 BLOCK DIAGRAM 

.. .. SYBEX 
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AMO 2901 - BUS STRUCTURE 

A L U I N P U T S 0 U R C E S 

R BUS ABR s BUS ABR 

1. RAM A-LATCH A 1. RAM A-LATCH A 

C 1 OF 16 REGISTERS ) C 1 OF 16 REGISTERS > 

2. DIRECT DATA INPUTS D 2. RAM B-LATCH B 
C 1 OF 16 REGISTERS ) 

AND INHIBIT 3. Q - REGISTER 

C FOR ON BUS ) AND INHIBIT 

C FOR ON BUS ) ~ 
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3-4 

AMO 2901 - BUS STRUCTURE 

A L U 0 U T P U T - F B U S D E S T I N A T I 0 N S 

1. C H I P 0 U T P U T C Y B U S ) M U L T I P L E X E R 

2. Q R E G I S T E R M U L T 1 P L E· X E R 

3. S H I F T E R I R A M M U L T I P L E X E R 

0 i H E R P A T H S 

1. A - L A T C H T 0 Y - M U L T I P L E X E R 

2. Q - R E G I S T E R 0 U T P U T T 0 Q R E G I S T E R M U L T I P L E X E R 

! 
SHIFT LEFT 

INPUTS 
S H I F T R I G H T 
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AMD 2901 - FLAGS AND STATUS OUTPUT 

0 T H E R D A T A 0 U T P U T 

1. C A R R Y· G E N E R A T E G 
2. C A R R Y P R 0 P A G A T E P 
3. C A R R Y 0 U T C 
4, 0 V E R F L 0 W ( Cn+3= -, C n+ 4 . ) 0 V R 

5. F - B U S = ~ F = 0 
6. F - B U S M S B C S I G N B I T > F3 
7. RAM SH I FT LE FT 0 UT ( S HA RED ) 
8. R A M S H I F T R I G H T 0 U T C S H A R E D ) 
9. Q - R E G S H I F T L E F T 0 U T C S H A R E D > 

10. Q - R E G S H I F T R I G H T 0 U T ( S H A R E D ) 
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AMD 2901 - FLAGS AND STATUS INPUT 

0 T H E R D A T A I N P U T 

1. CARRY IN CN 

2. RAM SHIFT LEFT IN C SHARES WITH RAM SHIFT RIGHT OUT ) 

3. RAM SHIFT RIGHT IN C SHARES WITH RAM SHIFT LEFT OUT ) 

4. Q REG SHIFT LEFT IN ( SHARES Q SHIFT RIGHT OUT > 

5. Q REG SHIFT RIGHT IN C SHARES Q SHIFT LEFT OUT ) 
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AMD 2901 - CHIP CONTROL 

A R E A S 0 F C 0 N T R 0 L 

1. A L U I N P U T S R A N D S 

2. A L U F U N C T I 0 N S 

3. Y B U S M U X, Y B U S 0 U T P U T E N A B l E 

4. R A M S H I F T M U L T I P L E X E R 

5. R A M A A D D R E S S 

6. R A M B A D D R E S S 

7. Q - RE G I STE R MU l T I P LEX E R 

P L U S C L 0 C K 

. SYBEX 
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.AMO 2901 - CONTROL WORD 

C 0 N T R 0 L W 0 R D F 0 R M A T 9 B I T 

8 7 6 5 4 3 2 1 0 

DESTIN. F<A L u) SOURCE 

1. A L U S 0 U R C E C 0 N T R 0 L 

12 11 Io R s 

,... ...... 0 A Q 
6ti: l 

j i 2 
3 
4 

. 5 D A 
6 

E j 1' I 1 • 

SYBEX 
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AMD 2901 - CONTROL WORD 

2. A L U F U N C T I 0 N C 0 N T R 0 L 

I 5 14 13 A L U F U N C T I 0 N S Y M B 0 L 
----

Q B eLUS s R + S 

1 s Ml HUS B S - R 

2 B Ml HUS s R - S 

3 R QB s B V S 
~ B AND s B A s 
5 B AHD s B A s 
6 R x OR s R .Y. S 

z R x iiQR s rn ¥- S> - -
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AMO 2901 - CONTROL WORD 

3. DESTINATION CONTROL 

RAM RAM Q Q y 

In.7.1 
SHIFT LOAD SHIFT - LOAD OUTPUT 

0 rm· F1-J F 
l F 
2 NO F'1 ... , A 
3 NO F,,~ F 
11 LEFT F, .. ,. RLI LEFT Q, ... 3., QLI 

CF; ... RLO) CQ_. -+QLO> F 
5 LEFT F,_,, RU 

CFfi _. RLO> F 
6 RIGHT F~-z., RRI RIGHT Q ,. ... i_, QRI 

CFs _. RRO) CQ, ... QRO) F 
7 RIGHT Fc1-~, RRI 

CF3 ...... RRO> F 

SYBEX 
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AMO 2901 - ALU FUNCTIONS 
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AMO 2901 - ALU FUNCTIONS CONTINUED 

f5_3, I2-o CN _CN = 1 

2 2 ONES COMPL. - Q - 1 TWOS COMP. -Q 

2 3 - B - 1 CNEGATD -B 
2 4 - A - 1 -A 
1 7 - D - 1 -D 
1 0 SUBTRACT Q - A - 1 Q - A 
1 1 ONES COMPL. B - A - 1 B - A 
1 5 A - D - 1 A - D 
1 6 Q - D - 1 Q - D 
2 0 A - Q - 1 A - Q 

2 1 A - B - 1 A - B 
2 5 D - A - 1 D - A 
2 6 D - Q - 1 D - Q 

SYBEX 



AMD 2901 CONTROL 

9 BIT CONTROL WORD PROVIDES ALL CHIP CONTROL 
EXCEPT RAM ADDRESSING 

RAM ADDRESSING 

4 

WRITE CB> 

RAM 
ENABLE 

4 

B-BUS A-BUS} READ 

J-.J.J 
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AMD 2901 TIMING 

T I M i N G I S P R 0 V I D E D B Y A S I N G L E C l 0 C K 105Ns 
...._ _____ ~ 105 NS ----~__., 

I._~...__ __ >30 NS --~--...1~ ~30 NS~ 

CP 
1~ < 30 ~ 

P.AM OUT GOOD / \ ____ _/ 

h3bfiH OUTPUT j 
~ <40 

I 
I• 

~~~1~Uf E 

~~Br~ITE 

Q ~G WRITE EN LE ~ 

Ro~~G DATA 
.... is~ 
~ 

---...f 

../ 
50 - 85Ns 

..L_ * 

\ _____ ____,/ 

.. , 
/ * DEPENDS ON 

FUNCTION AND 
DATA 

~ 

I/ 



AMD 2901: TIMING CONTINUED 

E X T E R N A L S I G N A L T I M I N G R E Q U I R E M £ N T S 
105 

CP 

Ao-~ 
Bo-) 

lo-3 

Do-3 

CN 

I .. 

1 
1012 ,_ 

I 

85 

I (7Q) I css> 
<1345) ( I 678 > 

' -
f 

e RAM ADDRESSES AqE THE CRITICAL TIMING SIGNAL 

SYBEX 

.. >30 

\ 
~75 

55 

.. 
v j\->o 

~ 1-.->J 

\ 

- 1-.->a 

1 
1411->0 

\ 



AMD 2901· TIMING TABLES 
3-16 

CYCLE TIME AND CLOCK CHARACTERISTICS 

TIME A,.2901DC Am*'901DM 

M1n1mum Atld-Modtfy.Wr11t 
Cvclt lhmt from wltttion 

10Sns 120ns 
of A. 8 rt9111tr110 rnd of 
cycltl 

Mu1mum Clocli freQUfnCY to 
Shift 0 RtgiU~ (SM;. duty 9.5MHr l.3MHr 
cvci.J 

M1nomU!T! Cloclt LOW T1mt 30n1 JOni 

Minimum Cloclo. HIGH Time JOnc JOns 

Minimum Cloclc Period 105n1 170 "' 

GUARANTEED OPERATING CONDITIONS 
T•h'P' I. II, •nd Ill Mlnw rt•'•"i' lhf """"'!! rtqu1111mtnU ol 
th• Am]fl01 tn I 1yUPnt Th• Am7901 it gu111nlP•d lo 

tunn•on rounlly ~.!!._!.~~..!'~!''~"I~,,..,.,, U\f'd 111r•lh•n 
!hr Mlay and Ht up ltmf' cnnu111ntt of thtH l•bltl for !ht 
1ppropo11tt dntc. tv!Jt. Thf tabltt #t d1v1ct.cf into 11\rH 
IYPf'• ol ~·am•ttrl; cloclt charactl'ritta. combtn1tion1I chllY' 
from 1npuu 10 outpul1, Ind wl·up 1nd hotd lime r9QUirMWnt1. 
Thr '"trr tlbft dtrf1ntt 1ht lime prior to lht md of tht cycle 
1•.t . clod LOW·to·HIGH transitionl th11 each input must ht 
stabtr to ou•ranttt that tht eorrrct date i1 writltn into on• of 

rhr '"'''"•' ff'll'lt•rs 
Tht Pffformanct of th• Am7901 within lht limltt of thttl 
1ablfl i1 guarantftd by the '"'"'' chfined n "Group A, 
Su1>9roup 9" E'-ctricll Tnt•nv- For 1 copy of tht 111111 Ind 
hm111 uwd fOf tubgtoup t. cont1c1 Adv•~ Micro Devien' 
P1oduc1 Marlttrlt"f. 

TABLE fl 

MAXIMUM COMBINATIONAL PROPAGATION DELAYS ltll '" ns, CL< 15DFI 

Am2901DC Am2901DM 

~ F•O AO.LO F•O RO.LO 
v F3 Ct.+4 a',1 Al• OVA v F3 Ct.t-4 <t l> Al• OVR 

"""' 
""" 

•10 RAM Q •10 RAM a 

Clock -:r 115 85 100 100 110 95 10S ~ 125 95 110 110 120 10S 11!> 6!) --- r-1--
A,B 110 85 80 80 110 75 110 - 120 95 90 90 120 85 120 -
0 100 10 70 70 100 60 60 - 110 80 75 75 110 65 65 -
Cn 55 35 JO_ - 50 •o 55 - 80 •O JO - 55 •5 60 -- --+----i 
•012 85 65 _ _,_ 65 65 flO 65 flO - 90 70 10 70 

~+~~-~ -- ·--; ·-
1345 70 55 60 60 70 60 65 - 75 60 65 65 

1578 
-I - . -1 1--·· ~ --+--

55 - - - - - 45 •5 60 - - - - so so 
0£ Entblt/Dif.lhle 14'0125 

·-· ----- - - - - - - cons - - - - - -
A byp1Ksing 

- -
ALU (I• 2xxl 60 - - - - - - - 65 - - - - - -

SET·UP ANO HOLD TIMH fminimU11'1 cvrln from each 1nputl 

5-f.up 1nd hold times•• ct.fined "i.tivt 10 tht clock LOW· to· 
HIGH trdtt. Inputs mutt be ttHdy 1t 111 ttrrH!S from th!' Sf!t·ut) 

lilM pricw to tht dock until th• hold ltflM' ahf't' thf' clocS. fht­
M!l·up timn 1llow suthctfftt time to pPrform rtw corrttt 
l!Pf'fllion on tht correct dlta so that !ht- corrttt ALU ttat• 

can hr -"''" into - of thf' •f'fJISIPn 

TARLIE Ill 

---
fl'Olftl"l*l Not. 

Am2901DC Am2901DM 

S1t-UpfiM1 Hold Time Slt..UpT- HoldTilftl 

A,8 2,3,4 10S 0 
120 

0 
Source lpwl + 30 lpwL + 30 

8Dn1. 2,C tpwL + tS 0 lpwL + 15 0 

D 100 0 110 0 
c,, ··----~-

55 0 60 0 
1012 85 0 90 0 
1345 70 0 75 0 
1871 .. 1,.,,.L • 15 0 1pwl. 15 0 

Al, LI (RAM or OJ 30 0 JO 0 

.......,, '· ... , ...... ,,_.,_ :a."-·--"'-··-·--- .. -·--·····---· ... -·"h'"-""'· ... --··---- .... -............ ...,._ 
1 -· ·---- ..... - ....... -· ... _._ ........ I." lo - etnr• LOW,,...._ 



AMD 2901: OTHER DATA 

E L E C T R I C A L 

1. 5.0 V 0 L T S U P P L V 

2. 185 M A C U R R E N T T Y P 1 C A l - 280 M A X Cl.4 W AT T S ) 

T E M P E R A T U R E 

C 0 M M E R C I A l 0°C TO +70°C I 4.75V TO 5.25V I 105n9 

M I L I T A R Y -55°C TO + 125°C I 4.50 TO 5.SOV I 120ns 

P H Y S I C A L 

40 P I N D U A L IN - l I N E P A C K A G E C A L l P I N S U S E D > 

. 2.000 I N C H E S M Y .580 I N C H E S 

SYBEX 



3-18 

BIT SLICE APPLICATION: CASCADING 2901s 

S I M P L E C A S C A D I N G 

·RIPPLE CARRY 

SHIFT OFF ENDS OR END AROUND SHIFT 

t x A M p I J:'. 16 B I T CPU L.. II I '- .... 

00 - 3 m - 7 00 - 11 D12 - 15 
Rs '16 r51 

RS RS' RS RS' I I 
QS QS QS as' ~$ 116 I c '--' ABI ABI 
c 1. C04 CI4 

i----~RS RS I RS RS I 

i----~QS QS ,......_._ ..... QS QS' .._ __ _ 

ABI ABI 
CI 8 C C 112 Cn-.t:.i----

ABI 

Y0 - 3 Y4 - 7 Y8 - 11 Y12-15. 

R S s R A M L DIR I R S' = R A M R OIL I 
Q S = Q R E G L O/R I Q S' = 0 R E G R OIL I 
A B I =- A o-3 B o-3 I o-e 

.SY BEX 



SIMPLE CASCADE - TIMING IMPLICATIONS 

CLOCK RATE MUST ACCOMODATE WORST CASE TIMING 
FULL 16 BIT RIPPLE CARRY 

CRITICAL TIMES 
CLOCK 
A, B 
CN 

CN + 4 = 100NS 
. CN + 4 = 80NS 

CN + 4 = 30NS 
CN 

TO 

TO 

TO 

TO RAM RO/LO CLAST OUTPUT> = 55Ns 
CLK 

I/ v 

3-19 

i; -1.,_,.c, REGISTER DELAY -------
ABI 

c 4 

c 3 

c 12 

(E.G.) RAM RO 

SHIFT IN 
+ GATING 

J . 
- ro -

J 
... 30_ 

t..Jo .. 

SYBEX 

. 
I 

55--v --
...--30-t{l -----Ir-

J 



AMO. 2901 SIMPLE CASCADE TIMING 

SHIFT OF END - CLOCK RATE 

REGISTER SET UP + CARRY DELAYS + LAST OUTPUT DELAY 

20 + 140 + 55 = 215NS 

END AROUND SHIFT 

ADD SHIFT IN + GATING 

215 + 30 + 15 = 260NS 

MINIMUM CLOCK FOR A PRACTICAL 16-BIT RIPPLE CPU 

CP = 260NS 

SYBEX 
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AMD 2901: LOOK AHEAD CASCADE 

G E N E R A T E A N D P R 0 P A G A T E 0 U T P U T S 

D E S I G N E D F 0 R S T A N D A R D L 0 0 K A H E A D 
A M 2902/ 74S182 

S I M U L T A N E 0 U S W I T H CN+4 0 U T P U T 

C 0 N F I G U R A T I 0 N F 0 R 1 6 B I T C P U 

2901 2901 2901 
G. Gt 

2901 
G .. 

_...,._....,. Clo P.., CI.. P. CI,,_ P.. 

P. G. C, 
AM 2902 

P. G. C,. 

SYBEX 



AMD 2901: LOOK AHEAD CASCADE TIMING 

C R I T I C A L T i M E S 

CI TO AM2902 C, C;t Ca JONS 

ABI TO G,P = lOONs 
CLK TO G,P = 80NS 
CI TO RAM RO/LO = 55NS 
SHIFT IN SETUP = 30NS 

CLK 
ABI 

G,P 

CI 

RAM Ro/Lo 

SHIFT IN 
+ GATING 

II 

-J y 
-, 

100 80 -
if 

~ 10 ........ 
I/ 

-

SYBEX 

-. 
I 

I 

' I 
55 ~ 

v 

!---- 30 ~ 6 - v 

3-22 



AMD 2901 LOOK AHEAD CASCADE TIMING 

MINIMUM CLOCK WITH LOOK - AHEAD/ WITHOUT SHIFT AROUND 

CP = 165Ns 

MINIMUM CLOCK WITH LOOK - AHEAD AND SHIFT AROUND 

CP = 210NS 

LOOK AHEAD CIRCUITRY GAINS 50Ns PER CYCLE FOR 16 BIT CPU 

GAINS INCREASE AS WORD WIDTH INCREASES 

EXAMPLE: 48 BIT RIPPLE CP = 500NS 

48 BIT LOOK - AHEAD CP = 240Ns . 

SYBEX 
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AMO 2901 RIPPLE VERSUS LOOK-AHEAD 

16 - BIT SIMPLE SHIFT 

16 - BIT END AROUND 

48 - BIT SIMPLE SHIFT 

48 - BIT END AROUND 

RIPPLE 
215 

260 

455 

500 

LOOK - AHEAD 
165 

210 

195 

240 

F O R M U L A E F 0 R N B I T S I M P L E S H I F T 
RIPPLE: CP = 155 + 30 C CN/4) - 2) NS 

LOOK AHEAD: CP = 155 + 10 L NS 

WHERE L = LENGTH OF 74S182'S CASCADE 
ADD 30 PLUS GATING FOR mo AROUND SHIFT 

SYBEX 

3-24 
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BLANK 

SYBEX 



USING THE BIT-SLICE DEVICE 

AN ARRAY OF BIT SLICE DEVICES FORMS A PROCESSING UNIT. 

AN ALGORITHM IS A SEQUENCE OF STEPS PERFORMED BY THE PROCESSING UNIT. 

ALGORITHMS MAY ORIGINATE FROM 

MACRO-PROGRAMS 

MICRO-PROGRAMS 

LOGIC 

THE INSTRUCTION AND REGISTER ADDRESS LOGIC OF THE BIT SLICE ARRAY 

DETERMINE THE FINAL FORMAT OF CONTROL FOR A GIVEN ALGORITHM. 

SYBEX 

3-26 



A MULTIPLY ALGORITHM FOR A 16-BIT 2901 CPU 

CONFIGURATION - 16 BITS CWITH OR WITHOUT LOOKAHEAD> 

D D D D 

RS RS 

''\'L ri·" r 
l'.N,._"l.• 

"MUL 
TEST 
ENABLE 

QS 2901 2901 2901 2901 ~~i.---------' 
F 

0 MULTIPLIER - J 

RAM l MULTI PLI CANO - D ,. ,. QLO ML TPLI ER PROO• L • 0 • 

START 2 
3 PRODUCT - PARTIAL 

0 MULTIPLIER - J PRODUCT L,O, 

RAM 1 MULTIPLIER - K 

FINISH 2 PRODUCT L.O. 

3 PRODUCT H,Q, 

3-27 



MULTIPLY ALGORITHM 
3-28 

EXI SQUBCE EUNCIIOH DESIINAIIOH A 11 
J .-.n D, tJ D V fJ B fJ LOAD MULTIPLIER R fJ 
K_..D n, 0 D V 0 B 1 LOAD MULTIPLICAND R 1 

8, A 8 VA Q e· MOVE J TO Q-REG 
0, B 8 I\ B B 3 CLEAR R 3 

~~k~I 0, B 0/A + B, B 1 3 ADD MULTIPLICAND TO R 3 
OR"' SHIFT A, B LEFT lE LSB OF Q IS ONE. THEN 

SHIFT LEFT COMBINED PRODUCT 
R 3 <NOTE TIMING QLO> 

REPEAT 15 TIMES 

~~klEI 0, B B - 0/A, B 1 3 TRIAL SUBTRACT AND GATING 
OR II SHIFT 

OF SIGN INTO MSB OF R 3 A, B LEFT 

~~k115b 0, Q 0 v Q B 2 STORE PRODUCT L.O FROM 
Q TO R 2 

.. 
I z.,•,J6 I Iv ( "'"'-~T~ " f¥.D) I 1. • ¢ , R. tJ 61 / ,,11 

SYBEX 



BIT-SLICE ARRAY: SEQUENCING 

MULTIPLY ALGORITHM: 21 INSTRUCTION STEPS 
Cl6 BIT RIPPLE 260 NS 16 BIT LOOK AHEAD 210 NS> 

0 .... 0 0 0 0 c> I 2~ A~RAY I 

' _r 
SEQUENCE DATA IS CALLED 

MICRO SEQUENCE 
MIC.RO PROGRAM 
MACRO PROGRAM 

FOR THE MULTIPLY CONFIGURATION 21 x 18 BITS 

SYBEX 
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BIT SLICE ARRAY SEQUENCING TECHNIQUES 
3-30 

VARIOUS METHODS OF APPLYING SEQUENCE DATA TO DEVICE INPUTS 

LOGIC 

5 LOGIC BIT SLICE ARRAY 
BIT 
c NETWORK 
T 

(PLA) R 

CLK J. 
ROM 

A 
D 
D ROM BIT SLICE ARRAY R 

CLK J 

SYBEX 



BIT SLICE ARRAY SEQUENCING TECHNIQUES 

M E M 0 R Y A N D L 0 G I C 

CLK 

R/W 
MEMORY 

LOGIC 

ME M 0 RY, L. 0 G I C A ND R 0 M 

R/W 
MEMORY 

--- LOGIC 

ADDRESS .....___,i 

CU< 

SYBEX 

BIT SLICE ARRAY 

BIT SLICE ARRAY 
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BIT SLICE ARRAY SEQUENCING TECHNIQUES 

LOGIC ONLY <HARDWARE PROCESSOR> 

FAST, EXPENSIVE, INFLEXIBLE, FROZEN 

ROM ONLY CMICROSEQUENCED PROCESSOR> 

FAST, INEXPENSIVE, FLEXiBLE, FROZEN 

f'EMORY AND LOGIC <PROGRAMMED PROCESSOR) 

SLOW, EXPENSIVE, FLEXIBLE, PROGRAMABLE 

MEMORY, LOGIC, AND ROM <MICROPROGRAMMED PROCESSOR> 

FAST, INEXPENSIVE C?), FLEXIBLE, PROGRAMABLE 
--THE LAST CATEGORY COVERS ALMOST EVERY MACHINE MARKETED SINCE ROMS AND 

MSI BECAME COMMERCIAL 

SYBEX 
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. BIT SLICE MICROPROGRAM SEQUENCERS 

CONTROL ROM INSTRUCTION SOURCE 

MAY CONTROL BIT SLICE STATUS AND SHIFT LINES 

MAY CONTROL ANCILLARY LOGIC 
SiMPLESi FORM 

CONTROL MICRO 

SEQUENCER 

A 
D 
D 
R 

ROM BIT SLICE ARRAY 
DATA 

------- CLK -------

LOADS ADDRESS REGISTER FROM EXTERNAL DATA 

INCREMENTS ADDRESS REGISTER 

SYBEX 
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AMD 2909 MICRO SEQUENCER 

4 BIT SLICE CASCADABLE TO ANY WIDTif 

ADDRESS REGISTER 
FOUR DEEP PUSH DOWN STACK WITH PUSH/POP CONTROL 
MICRO PROGRAM COUNTER REGISTER 
ADDRESS INCREMENTER 

DIRECT ADDRESS REGISTER INPUT 
MULTIPLEXER DATA INPUT 
OR'ED DATA INPUT 
28 PIN PACK 

AMD 2911 SAME EXCEPT NO OR'ED INPUTS, DATA AND ADDRESS INPUTS SHARED 
20 PIN PACK 

SYBEX 
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3-35 
. AMO 2909 MICROPROGRAM SEQUENCER 

...... 1••'"" 
··.~:~~;-o--+.......--+--+--H ...-..-+--+-+ 

.. . . ··~ .. I I I 

--'--+--+ -
r I I 

1---L..; .... ,!..-~ ··w· 1-+-+-+-
' ::..·.I I 

'· 
., " ., ., 

·SYBEX 



AMO 2909 MICROPROGRAM SEQUENCER CONTROL 

r!JJ.' ~.;~ 1JllE;'KER ALSO COfffROLS THE MICROPROGRAM TO ITSELF. 

H I C R n S E Q U E N C E R C 0 N T R 0 L I N P U T S 

SJ So A D D R E S S S 0 lJ R C E S E l E C T I 0 N 
0 µPC 

1 

2 

3 

Ft PUP 

1 -

0 1 
0 0 

A R 
S T K 0 

Dt 

S T ~ C K C 0 N T R 0 L 
NO CHANGE 

INCRrnENT STKPTR, PUSH p PC~ STK~ 

DECRBENT STKPTR <POP> 

1\1_ E N A B L E A D D R E S S R E G I S T E ~ 

SYBEX 
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AMD 2901, 2909 MICROPROGRAM INSTRUCTION 

E V E R Y M I C R 0 1 N S T R U C T I 0 N ri U S T C 0 N T A I N : 

1 I 

2 I 

B I T S L I C E A R R A Y 
A R R A Y A N C I L L A R Y 

SHIFT END AROUND 
tlUL TI PLY TEST ENABLE 

M I C R 0 S E Q U E N C E ~ 

CONTROL _,_. 

L 0 G I C C 0 N T R 0 L 

C 0 N T R 0 L 
A D D R E S S I N G 

3-37 

3. 
4. 
5. 

M I C R 0 P R 0 G R A M B R A N C H 
S E Q U E N C E R A N C I L L A R Y 

CONDITIONAL TESTS 
L 0 G I C C 0 N T R 0 L 

MICRO LOOP COUNTER 
6. P R 0 C E S S 0 R B U S C 0 N T R 0 L 

MEMORY 
1/0 

INSTRUCTION DECODE 

SYBEX 



MICROPROGRAMMED 16-BIT PROCESSOR.WITH AMD 2901/2909 
I 

DATA 
f/J- \G 

INT. 1 VECTOR 
INT 0 VECTOR 

c ROM 
(/') 

256 I as 

I WORDS 
x 

I 2909 48 
~ BITS 

BRANCH LITERAL 

S1 ,s.,FE, PUP 

ADDRESS --·s 

X-BUS ADDRESS 

DATA ~UT BUS - Y 

DATA IN BUS - D 

2901 x 4 

COND 
LOGIC 

Ml SC. 
CONTROL 

._______,. LOOPCTR 

3· 
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BLANK 

SYBEX 



SELECTING MICROPROGRAM STORAGE - ROM 

TWO CRITERIA 

1. SIZE 
2. SPEED 

OTHER CRITERIA 

l. PROM AVAILABLE 
2. SECOND SOURCE 

SIZE : . EXAMPLE 

IF TOTAL ROM SPACE REQUIRED 256 WORDS x 48 BITS 
CHOICE 256 x 4 TWELVE REQUIRED 

256 x 8 SIX REQUIRED <HALF BOARD SPACE> 
BUT SLIGHT TIME PENALTY 

SYBEX 
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ROM SELECTION AND USE 

SPEED OF CHIP 
ROMS/ SIGNETICS 825229 256x4 TA = 50Ns 

SIGNETICS 825214 256x8 TA = 60Ns 
PROMS/ SIGNETICS 825129 256x4 TA = 50Ns 

SIGNETICS 825114 256x8 TA = 60Ns 
SPEED IN SYSTEM <SERIAL) 

I ADDR I 
SEQUENCER 

ROMS ~-----1A,B, I 
2901 ARRAY 

CLK 

± FROM COMPLETION OF CYCLE 

CHANGE ADDRESS 
DELAY ROM 2901 ARRAY CYCLE (-20Ns) 
ORST CA~E ACCESS TO ABI 
1 hON~~~E 60NS (50Nsl..l ...... ----190Ns----_.. =290NS/ 

_J (280NS) J 
SYBEX 

3-IH 
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BUFFERED OPERATION (PIPELINING) 

INSTEAD OF SERIAL OPERATION OF THE SEQ~OM-+ARRAY 

BUFFERED OPERATION 

ARRAY AND SEQ/ROM CONTROL IN PARALLEL 
ARRAY LAGS ONE STEP BEHIND SEQ/ROM 

- ROMS ARRAY 

.__ ________________ _._ ______________ CLK..f 

SYBEX 



3-43 
BUFFERED SYSTEM TIMING 

· . SEQ ROM l•• SEQ ROM (tl 
OELIVERS ACCESSES AT BUFFER DELIVERS ACCESSES AT BUFFER 
(+-I i.+ I ADDR l+1 I c:.,.l. 
40---1----6Q~ ....... ~--~~~~~~~~-------~~--..,.....~~-~-1 '10 .. 

Q A,B,I 
ARRAY S1 ,So ARRAY 

I 
ZXECUTES I NS I rt I PUP ~~~CUTES I 

* 190NS •· * ~----190Ns------I 
~ ~ ~ 

* THROUGH BUFFER DELAY ""15Ns CAM 2918> I ALLOW 20Ns 

ADVANTAGES 
210Ns VERSUS 290Ns 
NON-CRITICAL SEQUENCER AND ROM TIMINGS 

ALLOWS MORE LOGIC IN CONTROL CIRCUITS 
ALLOWS SLOWER ROMS 

DISADVANTAGES 
REQUIRES BUFFER 
"INITIATE/EXECUTE OFFSET# 

SYBEX 



INITIATE/EXECUTE OFFSET PROBLEMS 

THE BUFFERED ARCHITECTURE REQUIRES 
SEQUENCER/ROM TO INITIATE i+ 1 Wli1.l.E ARRAY IS EXECUTING 

CNOTE: THE MICRO· INSTRUCTION t IN THE BUFFER IS CONDITIONING THE SEQUENCER 
DURING THE INITIATION OF i. + 1.) 

CONSEQUENCES: 
1. IF THE OUTCOME OF INSTRUCTION l MUST CONOITlON \. + 1 ADDRESS 

IHEtf t + 1 MUST BE DELAYED ONE CYCLE 
2. . IF A BRANCH IS TO BE EXECUTED IN CYCLE AFTER INSTRUCTION t 

IliE1i THE NEW ADDRESS MUST BE AVAILABLE TO SEQUENCER AT BEGINNING OF t 
3. IF I~STRUCTION t IS LAST IN A LOOP 

IliErt LOOP COUNTER MUST BE DECREMENTED DURING t - l 

SY BEX 
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3-45 
CONDITION TESTS - FOR 2901/2909 CPU 

CONDITIONS TO BE TESTED TIME AVAi LABLE 

FROM ARRAY: CARRY END CYCLE t 
OVR END CYCLE .t 

SIGN END CYCLE l 

F=O END CYCLE t 

FROM LOOP CTR: CTR=0 BEGIN I CYCLE t 

OTHERS: BUS ACCESS ASYNCHRONOUS 
INTERRUPT ASYNCHRONOUS 

SYBEX 



CONDITION MICROINSTRUCTION SEQUENCING 

A N II A B 0 R T II F A C I L I T Y 

CYCLE i. _ 2_ 

EXECUTE L ABORTED 

FETCH t+l L<sR) 

CONDITION Ti 
(-+BR) 

~~ORT YES (NO) 
XT f YCLE EXECU E? I 

NOTE: 

CONDITIONS AVAILABLE END CYCLE l/f 

ABORT DECISION MADE EARLY IN CYCLE 2/2 1 

I S 

_3 _ 

L(BR) 

L(BR)+I 

(NO) 

EXECUTION OF L+l IN PROGRESS DURING CYCLE 2 

SYBEX 

R E Q U I R E D 

i 
l i + 1 

l + 1 i +2 

OR Fl 
-,t~BR} 

(No) (NO) 

5-% 



EXECUTION ABORT 

DEFIIHTION 

AN INSTRUCTION IS ABORTED IF PREVENTED 
FROM ALTERING REGISTER OR CONDITION STATES. 

NOTE: ALL 2901/2909 REGISTERS AND FLAGS ENABLES 
ON CLOCK _r 

CRAM LATCHES MAY BE DISREGARDED> 

ABORT IS ACCOMPLISHED BY PREVENTING _,­

FOR GIVEN INSTRUCTION 
IMPLEMENTATION 

CLOCK 

SYBEX 
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EXECUTION ABORT TIMING 

A B 0 R T S I G N A L M U S T S T A B I L I Z E B E F 0 R E C L K H L 

CYCLE 2 CYCLE 3 

ABORT 

TEST CONDITION 
LATCHED/FLAGS 

{ + .z 
----EXECUTE 

ABORTED 

ABORT HOLD 

-iH F~TCH-__._ ........ ____ ((BR'------..~~--- l (BR)+l--__...,. 
FETCH I FETCH 

ADDRESS !IB. 
MUST BE AT 
2909 MUX 

HERE 

CHANGE i. + 1 TO iCBR) AT 
INSTRUCTION BUFFER OUTPUTS 
MUST OCCUR HERE 

SYBEX 
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CONDITIONAL TEST IMPLEMENTATION USING 2909 

. T E S T A N D B R A N C H I N I N S T R U C T I 0 N l ( E X A M P L [ P.63 ) 

BRANCH ADDRESS AND TEST MUST BE LATCHED 

DURING t + 1. CUSE ADR REG IN 2909s FOR BR> 

ROM 

2909s 

COND 

LOGIC 

...__ __ I.A,B 

.....__ __ TEST FIELD 

BRANCH 
FIELD 

TEST 
LATCH 

LOOP CTR 

FLAG 

LATCH 

CARRY 
OVR 
F=Q 
SIGN 



CONDITIONAL TEST IMPLEMENTATIONS USING 2909 

A L T E R N A T I V E 
T E S T A N D B R A N C H I N I N S T R U C T I 0 N l + 1 

FLAGS OF INSTRUCTION i ARE LATCHED 
TEST FIELD AND BRANCH ADDRESS GATED FROM 
BUFFER DURING l + 1 CUSE 2909 D 0-1 INPUTS> 

----~ l,A,B 
ROM TEST FIELD 

BRANCH 
FIELD 

FLAG 

COND, 
LOOP CTR 

LOGIC 

LATCH 

SYBEX 

CARRY 
OVR 
F=o 
SIGN 
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COMPARISON OF BRANCH/TEST IMPLEMENTATIONS· 

F A R - R E A C H I N G I M P L I C A T I 0 N S 

• 
BRANCH/TEST IN L 

ADVANTAGES 
CLEANER, MORE COMPACT PROGRAM 

GREATER PARALLELISM (OVERLAP 
OF TEST AND EXECUTION OF l+ 1 
IF TEST FAILS) 

. CLEANER TIMING (BUFFERED 
ADDRESS LOOP 

DI SAD VANT AGES · 
WIDER ROM WORD 

EXTRA CHIP FOR TEST 
LATCH 

BRANCH/TEST IN L + 1 

ADVANTAGES 

ENCODED MICROINSTRUCTION 
SAVES ROM WIDTH 

LEAVES 2909 ADR. REGISTER 
FREE FOR LOOP IMPLEMENTATION 

LESS HARDWARE (NO TEST 
LATCHES - ONE CHIP) 

DISADVANTAGES 
LESS COMPACT MICROPROGRAM 

LESS PARALLELISM 

1. NO OVERLAP OF TEST 

2. EXTRA INSTRUCTION FOR 
BRANCHES AND RETURNS 

3. EXTRA STEP FOR INITIALIZING 
LOOP RETURNS 

SY BEX 
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3-52 
COMPARISON OF MICRO INSTRUCTION FORMATS 

BRANC.H IN L 

' 
~----------- .+eBiT.5-----------~ 

BRANCH I TES.T \N \..+ 1. 

j~ x,_8 l~l A--s l~(is,.~ l o,y 1Su~ IF3..-l~J - j EXECCITc 
I A/ l 1 I 1 S '1.2.I& 

l~tl#*i COND I 
I I l. 'to • 

I ~c.H -aac.. I BR..t.NCH 

• I ~/6 SIT iJ~(..,..L•.t)__..pf 

SY BEX 



COMPARISON: SUMMARY 

1. BRANCH/TEST IN ~ 

FASTER BUT MORE EXPENSIVE 
FEWER ROM WORDS/WIDER FIELD 

HOW TO DEC IDE 

2, BRANCWTEST IN L + 1 

CHEAPER BUT SLOWER 
f'llRE WORDS/NARROWER FIELD 

IF SPEED IS CRUCIAL -- CHOOSE 1 
IF COST IS CRUCIAL: PROBABLY BIT SLICES AREN'T THE RIGHT TECHNOLOGY 
IF SPACE IS CRUCIAL THEN CHOOSE 2 

.IE THE LACK OF MICROPROGRAM COMPACTNESS DOESN'T 
FORCE THE ADDITION OF ANOTHER BANK OF ROMS 

THE APPLICATION MUST DECIDE 

SYBEX 
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CONDITIONAL LOGIC TIMING REQUIREMENTS 

T I M I N G: ASSUME 210 NS CLOCK WITH TL • 50 
ASSUME 20 NS CLK. ABORT _.. CLK I 

C 0 N D I T I 0 N A L L 0 G I C M U S T 

1. GENERATE ABORT SIGNAL BEFORE CLK ~ 
210 NS - TL - DELAY• 140 NS 

2. GENERATE S S
0 

TO SELECT BRANCH ADDRESS 
IN TIME FOR: ROM OUT ---=-- BUFFER AT _,--
210 NS - <SEQUENCER DELAY + ROM DELAY> 

( S
1 

S
0 
~ Yi.) 

210 NS - ( 20 NS + 60 NS ) • 130 NS 

ASSUME 20 NS LATCH/BUFFER DELAY AT START OF CYCLE 
MAX CONDITIONAL LOGIC DELAY • 110 NS 

SY BEX 
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CONDITIONAL TESTS 
3-55 

M I C R 0 I N S T R U C T I 0 N F I E L D 

COND I I I IT/Fl 
COND 

0 T R U E C U N C 0 N D I T I 0 N A L ) 
1 C A R R Y = 1 

2 0 V R = 1 

3 F 1 5 = 1 

4 F 0 - 15 = 0 

5 F 0 - 7 = 0 C L 0 W E R B Y T E ) 
6 F 8 - 15 = 0 C U P P E R B Y T E > 

7 B U S 

_IL.£_ 
0 : BRANCH IF CONDITION TRUE 

1 : BRANCH IF CONDITION FALSE 

SY BEX 



BRANCHING OPERATIONS DEFINITION 3-56 

ASSUME BRANCH/TEST IN INSTRUCTION (48 BIT IMPLEMENTATION) 
I - FIELD BIL = 0 <BRANCH) 

hR: C=:J 
2909 2~09 PINS ABORT 

SYMBOL ACTION s1 So FE PUP 
0 µ.PC TO ROM ADR 0 0 1 x NO 
1 BR AR TO ROM ADR 0 1 1 x YES ~ 

2 PUSH BR AR TO ROM ADR 
µ.PC TO STK 

0 1 0 1 YES 

3 POPRET STK0 TO ROM ADR 1 0 0 0 YES 

PLUS LOOP RETURN <SPECIFIED IN LP FIELD> 
LPRET . BRANCH/DQ-7 TO ROM ADR 

FIELD 1 1 1 x NO! 

AND INTERRUPT <AUTOMATED) 
- ltJTERRUPT INT. ADR1n0_7 ro ROM AoR 

1 1 0 1 NO 
µ.PC TO STK 

PRIORITY LOOP RETURN ) LITERAL/ -;> INTERRUPTS BRO PS 

SYBEX 



LOOP RETURN MICRO COMMANDS 

LR ILD JTD I LD: LOAD LOOP COUNTER Q a NOP /l • LOAD 

TIMING: 

TD: TEST AND DECREMENT 0 = NOP/! = TEST LPCTR4 st> ? 

BRANCH IF TRUE 
DECREMENT IF TRUE 
NOP IF FALSE 

UNLIKE ALU TESTS, LOOP CTR ~ ~ IS AVAILABLE AT START OF CYCLE 
BRANCH ADDRESS IN INSTRUCTION BUFFER DURING 

l. GATED INTO 2909 D INPUT IF COUNTER; ~ 
2. IGNORED OTHERWISE 

NO ABORT IS REQUIRED 
A CYCLE IS SAVED IN EACH ITERATION 

SY BEX 
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LOOP RETURN TIMING 

ASSUME A MICROPROGRAM LOOP 

EXECUTE 

BUFFER } 
ADDRESS 
'FIELD 

TD 

LOOP CTR 
FETCH 
uPC 

LJp /FIRST INSTRUCTION . . . 
t,t / ••• TD • l, BR. ADDR• LJ.p /END OF LOOP 
Ltt- l. I NEXT INSTRUCT I ON 

Lt-:L .:lo Lt lip 

L.tt 

¢ ~t~ 9 

(J 

c-Lt f/J 

I> LJp ---e> 
. l<t-- Ltp•ll 

4~1 t l.J..p 1.1 

TEST/DECR 
OCCURS HERE 

CTR; 8 -.BR 

SYBEX 

• • • 
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lt l.t+-1 

l~ 

1 • • • 

¢ 

~it ... 1 

lt~l 

TEST, NO DECR 
OCCURS HERE 

CTR • 8 -. Lt+ 1 



s 

So 

FE 

PUP 

ABORT 

SEQ 
D-JNPUT 
CNTL 

LITERAL TO BU 

BRANCH/TEST CONTROL LOGIC 

DISCRETE 
LOGIC 

OR 
PLA 

OR 

ROMS 

1 

OF 

8 

MUX 

+ 

....,__ C1s-

-- OVR 
.,..___ F\s ·l FROM 

r: t1t 2901s rl)-1 ·YJ 

~-- Fe-is·</> 
.,.___ BUS 

CO ND qt 
----COND1 

----CONDz. 

..__ _____ CONOT/F 

-------BRt 
i...--

------BR, 
........... ~ TD (LOOPCTL) 

"6------- BIL (BRANCH/LITERAL) 
_.,_ ______ JNTRQfi (SYSTEM) 

_.,_ ______ I NTRQ1 ( l/Q) 

"----It-------- I NTRQ Z. (OP. AVAIL) 
...___ _____ LOOP CTR 

SYBEX 

INSTR 
BUFFER 



BRANCH LOGIC IMPLEMENTATION 

METHOD SPEED 
8 CHI PS L.CS. 40 NS 

l ROM 512 x 8 60 NS 
l PLA C48) SO NS 

THE LOGIC IN THE BOX CAN BE PERFORMED BY 

8 CHIPS DISCRETE LOGIC 
OR l ROM 512 x 8 
OR 1 PLA 14(16) x 48 x 8 

COMPARISON 
~ DI SS IeAII ON CDSI 
8 x 16 • 128 8 x so MW • 400 MW $8 
24 700 MW $15 . 

24/28 600 MW pi~a1U33> 

•RELIABILITY AND BOARD COMPLEXITY 
••HIGHLY UNPREDICTABLE 

SYBEX 

SfACE 
4 IN 2 

1 IN2 

1 IN1 

3-60 

INPUT 
EXPANSION 
NO 
NO 
YES 
CS SIGNALS> 



3-61 
P.L.A. REVIEW 

P.L.A. IS A THREE STAGE ARRAY 

FUNCTION STAGE 1: PRODUCTS OF INPUT TERMS 

Pn = Kn,; ·L; f\ Kn,t · l.1 A K --',2-· i...z." •••• 

WHERE Kh t"'f\ = L % I -l SUCH THAT 1· L= \... 
I 

t/>·L= VNO~t=1NiE't) (t.E. NOTE:~) 

n = 0, L 2, 

K IS A MATRIX L_ __ :_~_.y _ ___. 
1'R00\l(.T 

WHICH MAPS ONTO L MATRI)( 

SYBEX 



CIRCUIT OF PRODUCT (STAGE 1) MATRIX 

Po P, 
AT EACH INTERSECTION AT LEAST ONE FUSE MUST BE BLOWN 
STANDARD INPUTS Ly :14 oR16 

PRODUCTS Px:48 OR 96 

SY BEX 
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PLA STAGE 2: SUMMATION 

FUNCTION STAGE 2 : SUMMATION OF PRODUCT TERMS 

S
1
r = Jr,p · P; v Jr,i · P.1. v Jr,t · Pi. V ••••• 

WHERE J~s = l, 0 SUCH THAT l·P = p 

J IS A MATRIX 

WHICH MAPS ONTO 
'fl 

s.JM 
MATRI)(. 

l' 

0·P =UNDEFINED (J.E. NO TERM) 

NOTE: STAGE 3 FUNCTION -- NEGATION OF SUM TERMS 
I 

S~ = L _. S,. WHERE Lr = l, -1 SUCH THAT 1 S' = S' 
-1 S' = S' 

SYS EX 
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c·IRCUIT OF SUMMATION (STAGE 2) MATRIX 3-64 

p, • . • 

STAGE 3 
Vee Vee (NEGATION) OF 

SUM TERMS 

Vee Vee 
))--So 

Vee 
))--s, 

))--s,. 
--

- STANDARD SJ: s 8 
-:- CPJC=48 OR 96) 

SY BEX 



PLA CHARACTERISTICS 

THREE STANDARD CONFIGURATION 

14 INPUTS 48 PRODUCTS 8 OUTPUTS CPLA, FPLA> 
16 INPUTS 48 PRODUCTS 8 OUTPUTS CPLA, FPLA> 
14 INPUTS 96 PRODUCTS 8 OUTPUTS CPLA ONLY> 

AVAILABLE QC OR TRI-STATE OUTPUT, OUT ENABLE 
RANGE OF SPEED 50 NS - 100 NS 
.DISSIPATION: EXAMPLE CSIGNETICS 82Sl01 16 x 48 x 8 FPLA 50 NS> 

600 MW· 

24 o~ 28·PIN PACKS 

PROGRAMMING: SPECIFY J,K,L MATRICES BY PAPERTAPE OR CARDS 
PLA: FACTORY MASKED 
FPLA: FIELD PROGRAMMABLE WITH FUSE BLOWER 

SYBEX 

. 3-65 



PLA MASK CODING: CARDS OR TAPE 3-66 

I 

Cl) ~ 

INPUT VARIABLE 
I,. -.... DON'T CARE 

H - ldeshl 
NOT£ 

l,..., 1-1 for """••d •"IMll• °' "'" 
P-1erm1 

PROGRAM TABLE OF SAMPLE DEVICE 
PROGRAM TABLE ENTRIES 

OUTPUT FUNCTION OUTPUT ACTIVE LEVEL 
PROO. TERM PROO. TERM ACTIVE ACTIVE 

LOW_ PRESENT INF. NOT PRESENT INF. HIGH 

e(periodl 

NOTES 
II fnt•- "'~of-""' poi.rily 
11 fnt .. IAI lo< unu111d ou1pu11 ol ... .., p.,.,,.,, 

H l 

NOTES 
II Pollrrty P'Dg•ammed once o..iy 
11 E ..... IHI for an .,,,., •• d ""'""'' 

<..>Cl ;--. 
~ ~ .... PRODUCT TERM• 1--"T-r~C~VE!f,Y~-i-· 
<:: ~ () __ ~,_,.-~"!_PUT VARIABLE ._!.!.!:.!...!:.Lij_H..!~Ltj_l_H_ 
~' ;::; N0.1-1· 1 1 1 1 1 T il OUTr4'T FU~p10~ 
Cl)~ ~ a: s 4 3 2 1 o 9r-9r-1rsi-siif1TI11 o - -5rti4Ti_L2ru<>-
~ct:: ~~ 0-----l-H-------H •••A•••A 

TWX TAPE CODING FORMAT 

2 9 ::::> ~ 1 - - - - - l l H - - -I H -J-1-1- • • • Al .-f • l • 1 A 

...... ~ ~ 8 2 - - - - - l - 1-f I 14• :'"l MAHI I a I IUI I 1' IP"OGUMlAllLl :-;:-~-;-;--r:c:"-.:,:.~~:;---,;.---;,-,7 
~ ' <:: l4J 3 - - - - - L l :uAD«11' ~ 'HtAOtNO' oc"" ' HlAD•NG I "~Tl ', o•tA 111 ', ~::· ' Mf•oo1G ' llUIOuTS ' D"''"' "" ' !!: ' ..... ,u• ' 
'.I C:: ~ (I) C#llf I • I I MtN I tu I _j t lflll I MIN I I r I -c:·•• I", 

"'{ C) 4 .L - 11 ' _iu _._ ...i i _ _i ..J. __ .i_ ____ L. ____ -~.!'-'-------"'--':.. 

~~~ 5-----L L H-H------ •A••• A•• 
o~~-- I ... -----L--H----H--- A•••A 
...... ct.._, - ~- ~ 
Cl~CI) :::::., ---LLHH------- A•••A 
~ l4J ~ l4J 31 - l - - l L L - - - H - - - H • 

~ ~ l "'"-3-2--+---~!-l-~!----+---'4---+--1- I r- ST AAT OF DA TA TEXT r- STAAT OF DA TA FIELD 
::S <;: 1--3,,....3-+----l!-l--1"---+---+---+-H-+-l-t ICOHTROL AOR II PRODUCT TERM DATA IDENTIFIER 

~ 1 I j ~ I ::~3::6 :==-=:-_-=:=_=:==L==-~==~H=:=:~l STARTOF [t's;~~~~~~~v~MBER [stARTOFDATAFIHD ~ ~DATA FIELD 1
2 

DECIMAL DIGITS! OUTPUT FUNCT~ DATA IDENTIFIER 

37 - - - l - H L :.v:~~'t..V:1~IER u:::~'v':R~l
1

L: ~;~~IDENTIFIER I r·:-... ~~~~~~~~r;:='~:~su:::w ~ 1--J,,,_-8,,...+--f---i!-l:-+--+--+...,.H.,......,l-4 OUTPUT FUNCTION DATA 
lit: lit: ;"." ""- - - - - ACTIVEUVf:lDATA INl'UTVARIABU.DATA llDIGITS.At•I ENDOfDATATEXl 

- ..., 39 l II DIGITS. HILi IHI DIGITS. HILi-i ICONTlllOL Cl 

~ ~ ~ 0 l4J - - L - - H --..L....--------- ------- ----
< Cl - ct ...... ~4_0-'_-__ ._-_____ -'---'---+-H-+_L~ STX•A f7F1F5f.F3f2f1Fo•P OO•l l15t,.113112l11l10•9•1•1•5l5l4l3l1l1lo•f I 7F5f5f.f3F2F1fo•POI. •F. ., foETX 
~ct1.y~ctl 4 
c;;. o Cl ct! ~ ~-' _._-__ ._-__ ._--'---'---+-H-+-L~ Entries for the 3 Data Fields are determined in accordance with the following Table: 
~ ~ tJ ~ ~ 42 - - - - - H l 

~~~~~ :!-----Hl 
§ ~ ~ § ~ :~ 

• • • 
• • • 

• A • A • • • 

INPUT VARIABLE OUTPUT FUNCTION OUTPUT ACTIVE LEVEL 

Ir. Pnoo. TiRM 1 PAOi:i.-TERM-Nor· 
ACTIVE HIGH ·1 ACTIVE LOW 1 ... DON'T CARE ___ PRE5_~~!~-~_F~ ____ !'.R~-~~NT INF. ---·-·---H l l - (dash) _ ----·· ~-----· ___ •I period! H L --NOT( NOUS 11101£$ 

lfll• Hlat1,,•<11ed....,...ol-Pa..- 11 fn11 ... 1 or•d•pe,,119n1 of oulpur rolerlfy 11 ,_ ... p•og•8fhm9d -·....., 
7t fnl~ t•J fo, U'11J•t'd n.ytputt ot 111rd P·l•me 1t l:nl., ft-1110' •" U"tutiat1 ou,outl 

47 

"Input and Outpul fields of unused P-lerms can be tefl 



FPLA: FUSIBLE LINK 3-G7 

FUSE Fl 

F2 

-
SIGNAL----t :;o------~----~-+-------------s 

EITHER FUSE Fl oq F2 IS BLOWN 

SY BEX 



A TYPICAL FPLA TRUTH TABLE 

STX *A LLLLLLLL •p 24 • 1 LL---L-----HLL *F -----A -AA-
•p 25 . , LLLHLH--------- 'F A- -A--AAA 

•p 00 ., Ll---L-------H "F -----AA- •p 26 • 1 HLLHLH--- ------ - 'F AA-A-AA-
•p 01 ., LLLLLH-------- *F A----AAA •p 27 ·1 HHL HL H------------ 'F -A-A-A--
•p 02 .. , HLLLLH-------- •F AA----AA - •p 28 ·1 LHLHLH - -H. -- "F --AA-AA -
•p 03 . , HHLLLH-------- 'F -A---A-- •p 29 • 1 LHLHLH-· --HL - -- "F --AAA-
•p 04 *i LHLLLH------H- •F --A--AA- •p 30 .. , LHLHLH ---Hl L--- 'F --A-AAA-
"P 05 .. , LHLLLH-----HL- "F ---A-AA- •p 31 . , LHLHLH-Hlll--- 'F ---AAAA-
•p 00 ., LHLLLH----Hll- "F --AA-AA- •p 32 .. , LHLHLHHLLLL--- "F --AAAAA-
•p 07 ., LHLLLH---HLLL- "F ----AAA- •p 33 *I LHLHLHLLLLL--H *F -----AA-
•p 08 ., LHLLLH--HLLLL- "F -A-AAA- •p 34 .. , LHLHLHLLLLL -HL "F ---A---AA-
•p 09 ., LHLLLH-HLLLLL- "F ---AAAA- *P 35 *I LHLHLHLLLLL-LL *F -~---- ----
•p 10 ., LHLLLHHLLLLLL- "F --AAAAA- •p 36 •I LL---L----HLLL *F --AA-AA-
•p 11 ., LHLLLHLLLLLLL- "F -------- •p 37 "I LLHHLH-------- "F A-AA-AAA 
•p 12 ., LL---L------HL *F --A--AA- •p 38 *I HLHHLH----- ---- *F AAAA-AA-
•p 13 .. , LLHLLH-------:- "F A-A--AAA *P 39 ., HHHHLH------- - - - "F -AAA -A----
•p 14 ., HLHL LH--------- *F AAA--AA- •p 40 • 1 LHHHLH---H---- *F ----AAA-
•p 15 ., HHHLLH-------- *F -AA--A-- •p 41 . , LHHHLH--HL---- "F --A-AAA-
•p 16 *I LHHLLH-----H-- *F ---A-AA- •p 42 ., LHHHLH-HLL---- *F ---AAAA-
•p 17 *I LHHLLH----HL-- *F --AA-AA- •p 43- ., LHHHLHHLLL---- "F --AAAAA-
*P 18 .. , LHHLLH---HLL-- *F ----AAA- •p 44 . , LHHHLHLLLL----H "F ------AA-
•p 19 ., LHHLLH--Hlll-- *F --A-AAA- •p 45 ., LHHHLHLLLL--HL "F ---A ---AA-
•p 20 ., LHHLLH-HLLLL-- *F ---AAAA- •p 46 . , LHHHLHLLLL--- LL "F ----A-AA--
•p 21 ., LHHLLHHLLLLL-- *F --AAAAA- •p 47 . , LHHHLHLLLL-lll 'F -· ·- - -- . -- . -
•p 22 .. , LHHLLHLLLLLL-H *F -----AA-
•p 23 ., LHHLLHLLLLLL-l *F -------- ETX 

SYBEX 



3-69 
FPLA'S 

INPUTS PRODUCT OUTPUTS PINS 
TERMS 

A M D 16 48 8 28 
INTERS IL . 14 48 8 24 
MMI . 14 48 8 28 
SIGNETICS 16 48 8 24 

SYBEX 



CURRENT PLA'S 
3-70 

- HUGHES 

- INTERSIL 

- MMI 

- NATIONAL SEMICONDUCTOR 

- SIGNETICS 

SY BEX 



PLA APPLICATIONS ~-71 
~ I . 

- SEQUENCING 

- ALU CONTROL = MICROINSTRUCTION DECODING 

- CODE CONVERSION 

- ASC II STANDARD INTERFACE BUS <IEEE 488-1975) 

- FAST DECODING <50-100 NS> 

- ROM PATCHES 

SY BEX 



BRANCH CONTROL PLA PRODUCT TERMS 

BRANCH & 
LITERAL PRIOR-

'1-_ -,, 

/, 
~ 

I 

' ~"-V• 7 

:;:~ 
71' 

II 

s. 
7" 

' ,.,. 
'~ ~ 

-z 
---1 
::0 
0 
N 

_... 

_ ... 
7 

-.:: .. 
7 

I 

I 

~ ,,.. 
__ili'_ 
7 

-z 
---1 
::0 
0 

IH 
-'" 
::.!:~ ....... 
./ 

I 
:3J.... -..,..-

...i.. 
-~ 

..... 

...3.. 
_..L_=,IJ' 

~ 
;> 3"L 

IL 
!' 

J 

_'llL 
.IL -. 

~~ 
71" 'I' 

"tJ .z 

_ ... 
:;-?!" ..,,.. 

"' 7 j,_ ~ 
71'<"" 

""<'.}"~~ -;;i "71 
,J, --.: ~ 

(~( 
---.1 .. _ ~ 

z:r'"' 1 3 

I 
i 

I -.IL ' .Lt._ 
f;"7 i;- '!': . -.1'- 71-

.... - .. ,,, ' 1 ~"T' -~ -- /f'- --7!' 

I 
I 
l 

I 

I 

_l 

z °' z 
1 

"tJ "tJ z 
c: °' ::0 °' 0 °' (/) - "tJ 
:I: ,, ::0 

°' - m 
:::0 -t - -"Tl :rl ~t ~ 

~ -
PRODUCT TERMS 

--" \. ., 
-~ 

_, 
__.., ( -, 
~ .,. ~ 

~IL 
_"]' 

:<:>" 
_.J,~ -; •r-

z_"T' ,. 1 

.i., 1' . 
__"'1.t_ "' ;. ' .,... 71' 

~...:.. 
I 

... ~ Lt_ 

I\""[' 7!'--1'" 

i 

I 
I 

I I 
I 
I 

l 
'"T 
-T 

"tJ z °' z c: °' ::0 °' (/) -:I: ---1 

°' :::0 --t -
<18) 

-"" :-'1' ,.; 
IL. • 

I 

l _'IU_ 

1 
71"' 

I 

z r 
0 0 
0 0 
"tJ "tJ 

::0 
m 
-t 

_r_ 

'" ~ 
..._ :J• 
_.., J 

.... 

----

IC 

J 

~ J 

:J 

CONDOUT(Mux) 
CONT/F 

1BR ~=NOP ¢ =BR 
=pusH BR 
=POPPET 

BL 
(BL :_0 BRANCH 

1 LITERAL/NB) 

TD 

t~o=l f\ LC.. :P ¢) 
L. R I PR I OR I TY 

INTRQ~,HIGHEST PRIORITY 

INTRQ '-

1 NTRQ (op, AVAIL) 

-;.'l 

'.i 
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3-73 
BRANCH CONTROL: PLA SUM TERMS 

P R 0 D U C T T E R M S ~ 

- - - -
sf 

u. u. ... ... ... ...I - - - -< N .... "Q ... 0:: ... 0:: UJ 
0:: a a a UJ i:t.l - UJ i:t.l - 0:: 
UJ 0:: 0:: 0:: ex: :c LL. 0:: :c ... a. a. ... I- I- I- a. en - a. (/) - 0 0 

z z z om ::::> al 0:::: al 0 al ::::>al 0:: al 0 0 
-1 a. z a. z i:t.lZ Ci. z il.. z ca z z -1 

.. !Lo ~ ~ ..... ,.. ·~ 7f\ 

So ·-00 - FE 

- ~ .. 1 ... ~ ..i,, \j, ~ ~ ..!.~ -..,.- 7fl. ""- """'- 71\ 71' "!\ 71" 

_\Lt. ..... .... ,1 -~ ~ ~ l __ ,,;L _.\.IL ~ 
"711"" .,.,.- -.,. "f',,. ~ "1'· 7)\ "71, 71 ~ 

(/) PUP 
:E: 
ex: 

- ' ... ' ... ,, ... \!... \!,_ 

"'" -,,. -"""" 
,. 

"} 

I 
LJ..J 

t-

ABORT 
:E: 

I I 
I 

' ... ~. ,i, .ilL ~L -*-~ 
,.,... ,.,. 

'""' 
.... , /1'-

=> 
(I') I 

D 

;{ CTRL 
_'ILL _\U -- ~ ...,,... 

- _U., ,,. 
7t- 7"f' 

ho~ .. _..i...._ 

"I" 



CONTROL AND DATA TO 2909 SEQUENCER 

INSTRUCTION BUFFER CAM 2918) 

~'--_._--~-----.'-;..+--
~-iws ------
f>-•5' 

OPCODE 

ROM/PLA 

INTERRUPTS 
INT0: SYSTEM 
INTl: 110 

SY BEX 

CLK 

AR 

ROM 
ADDR 

Vee 

2909s 

STK."PTR. 

STACK 

p 

+l 

3-7t: 



. I Lt"\ 

MICROPROGRAMMED 16 BIT PROCESSOR WITH AMO 2901/2909 ~ 

--------- ADDRESS o-•I' 
DATA 
(l-'6 

INT. 1 VECTOR 
I NT 0 VECTOR ---

2909 
~ 

ROM 
256 

WORDS 
x 

48 
BITS 

BRANCH LITERAL 

S1 ,s.,FE, PUP 

DATA 0 

DATA IN BUS - D 

2901 x 4 

COND 
LOGIC 

Ml SC. 
CONTROL 

..._____. LOO PC IR 



· D BUS SOURCES 

LITERAL_.., D 

X BUS DATA-+ D 

D BUS DESTINATIONS 
D _... OP DECODE 

D __. A/B REG. REGS 
D __. 290ls 

D _....LOOP CTR 

Y BUS DESTlffaTIQNS 
Y _. X BUS DATA 

Y __.. X BUS ADDR/RD 

Y _.. X BUS ADDR/WR 

Y _. X BUS ADDR/OPR • 

BUS CONTROL 

CONTROL I ED BY 

BIL• 1 

D BUS-• 1 

ALWAYS ENABLED 

D BUS, • 1 

I o,•.i 

v sus .. - 1 
Y BUS 1,z • 01 
Y BUS,,?.• 10 

R BUS,,i. • 11 

tt NOTE: CAUSES PAUSE ~ INT3 WITH OP 

SYBEX 
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D TO X - BUS LOGIC: DATA TRANSCEIVER 

AM 2907 QUAD BUS TRANSCEIVER 
TRI STATE RECEIVED OUTPUTS 
LATCHED.OPERATION 
PARITY CHECK I GENERATE 

~~~~II DllCP 

LS 400 MW I 35 NS 
20 PIN PACK 

:~ ... u n -----~>--' 
lllCflYfll 

.____---o<.1--<>llTf lATCM 
f .. "8LI 

SY BEX 
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INT 1: 1/0 INTERRUPT GENERATION 

INTl IS GENERATED BY.1/0 REQUESTS 

WHEN INTI IS ACKNOWLEDGED THE INT0 VECTOR IS GATED 
TO SEQUENCER D INPUTS I µ. PC Is STACKED 

THE INTERRUPT VECTOR IS THE ADDRESS OF THE MICROPROGRAM 
SEQUENCE TO SERVICE THE INTERRUPT 

SINGLE LEVEL INTERRUPT SIMPLY FORCES FIXED ADDRESS 

PRIORITIZED INTERRUPTS MUST BE SORTED 
VECTORS MUST BE GENERATED 

INT 1 
VECTOR 

ROM 
32x8 
(Ts) 

PRJORITY LEVEL 

~~lEcT 1~~g~~!1csj 
SYBEX 
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.. 
llifSllllUCT1()tlt 

.-.•u1s 

VECTORED PRIORITY INTERRUPT ENCODER AM 2914 

8 LEVELS VECTOR OUTPUT 
MASKING REGISTER 
STATUS FOR LOWEST PERMISSABLE LEVEL 

CASCADABLE FOR 8 LEVELS 
70 NS DELAY 

Y(CtO• 
tl[aa I •••ll 

11"'1100 

v, 
t--'1~--..- ·.-------"-ii ~---+---.,,_--4! !1 ') YECT()tl 

INtU•"V'T 
Dt~l~l 

Gr 

""~ ,,,,.,,, 

0.Jl~U1 

Cl,i:--- l_) ·-
'°""'\' t."0Uo' t•u1'LIO 

f I IP •tOI' 

GOOUo&OllANCf 
OlCllV( 

SYBEX 

l 
J 
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SUMMARY 

16 BIT PROCESSOR EXPLOITS MAXIMUM CAPABILITIES OF THE AMD 2900 BIT SLICE SERIES 

MINIMUM CYCLE TIME 
POWERFUL MICROINSTRUCTION 
HIGH DEGREE OF PARALLELISM 

LOOK AHEAD 
FETCH PI PELI NE 
BRANCH PREPARATION <SINGLE INSTRUCTION INTERRUPT SERVICE> 
CONDITION TESTING 
LOOP COUNTING <SINGLE INSTRUCTION LOOPS> 

POWERFUL.DATA PATHS 
SIGNIFICANT AUTOMATISM 

OP CODE VECTORING 

~~:R~~:~:OL { SYSTEM 
1/0 

- 50 CHIPS 

SYBEX 

3-2C 



NEW AMD CHIPS 

- AM 2901A SCHEDULED C76Q4) 

IMPROVED SWITCHING SPEED 

- NEW CONTROL CIRCUITS: C76Q4) 

- 29811 FOR SELECT LiNES AND STACK CONTROL OF 2911 
CONTAINS LOOP COUNTER 

- 29803 CONTROLS OR INPUTS ON 2909 = MULTI-WAY BRANCHING 
CUP TO 4 TEST LINES> 

- NEW 2-PORT 16 x 4 RAMS 29704, 29705 <76Q4) 

- 2910 MICROPROGRAM CONTROLLER 

SYBEX 



USING A CONTROLLER 

MAPP I Ml 

START 
ADI:RESS 

L911 x 2 

SEW:NCER 

TEST CONDIT!~ 

8 
FINAL 

ADmESS 

2 

RCJ-1 

(MICRO 

PROGfW-V 

COl.NfER 

3 CONDITION SELECT 

SYBEX 

lJ - 50 PIPE­
LINE 

REG 

DIRECT 
CONTROL 
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AM 29811 SEQUENCE CONTROLLER 

JUMPS 
TO ZERO 
TO ADDRESS 
REPEAT IF COUNTER 1 0 
TO SUBROUTINE (1 OF 2> 
TO EXTERNAL ADDRESS 
TO MAP ADDRESS 

COUNTER OPERATIONS 
LOAD 
TEST AND JUMP 

STACK OPERATIONS 
PUSH PC 
RETURN 
JUMP AND POP 

SYBEX 
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29803 

4 

29803 

,_ _ ___.. 0 

1---IM 1 
.,._ _ __.... 2 2909 
___ _.... 3 

MICROPROGRAM 
MEMORY 

_____ ____. MICROREGISTER 

SYBEX 



2930 PROGRAM CONTROL UNIT · 3-rs 
IE TEST D CLOCK 

4 

REG I STER Cp ...,.____,..-+-_..,_. 
...._ _ _,...~Q ..-----

16-LEVEL 

PUSH-POP 
STACK 

Q 

"---"~,.. CP fEGISTER CPO 

FULL 

EMPTY 



2910 CHARACTERISTICS 

- 12-BIT MICROPROGRAM ADDRESS GENERATOR 

- 4 LEVEL STACK 

- 12-BIT LOOP COUNTER <TEST/DECREMENT> 

- 16 PAIRS OF INSTRUCTIONS: 

- 4. BIT PAIR SELECT 

- CONDITION CODE CC + LOOP COUNTER SELECTS ONE OF PAIR 

- 40-PIN DIP 

SY BEX 



AMD 2910 MICROPROGRAM CONTROL UNIT 

CLOCK 

TEST 
y 

2922 
FUNCTIONS 

4 4 

OE M1P Itfl RCJt1 

SEN 
cc 
I AM 2910 
REN 

ADDRESS 

MICROPROGRAM 

MEMORY 

4 

OE MICROREGISTER 

REST OF SYSTEM 
SYBEX 

12 

CLOCK 

0 

4K 

CLOCK 



4. OTHER BIT-SLICE DEVICES 

SYBEX 



1966 

1973 

1975 

1976 

1977 

THE BIT-SLICE FAMILY TREE 

7l(X) 
u 

I 3JJ MMI 6701 

AMD 2901 

S IGNETI CS 
3000 6701-1 

~7ll0 

SYBEX 

SESC 
MOTO 

M 

OSEM 
ROLA 
Ml 

RAVT HEON 
ET I CS SIGN 

2901 A 

11-0 



OTHER BIT-SLICE SERIES- MM 5700/6700 SERIES 

M 0 N 0 L I T H I C M E.M 0 R I E S 5701/6701 

I M M E D I A T E P R E D E C E S S 0 R 0 F AMD 2901 
A L M 0 S T I D E N T I C A L A R C H I T E C T U R E 

llilSTllUCTION 
181 ~:Tl ll11 CQlllTllOL Ct! C1I 

?ID 
1 .. TIH .. Tlll Ill > 

f~ 
~ 

ALU 

0 
1110 

c:w .. 
n110 

m =-~~~:ow 

ootPO! colmi&. -... 
mnr ~, .. , .. , ,., 

' DAU.OUT Nol• Tl'le numbert 1n P•••ntheMI ••• 1h• numbera of aignel line1 
------~----' 

SYBEX 

4-1 



MM 6701 VERSUS AMO 2901 
4-2 

6l.Q1 l9fil. 
CYCLE 185 NS CSPEC 175 NS) 105 NS A, B CLK 

<6701 - 1: 90 NS> 
ADDRESS HOLD -10 NS/CLK J 0 NS/CLKF 
16 BIT COMPARISON 185 NS <175> 145 NS 
CW/O SHIFT AROUND) 
FLAGS OUT C, OVR, F = 0, C, OVR, N, F = 0 

F = 1111 
<6701 - 1 HAS N> 

BUSSING . A OR B ORF A OR F 
TO DATA OUT TO DATA OUT 
B Ci) D-+B A<i>D-B 
ALWAYS LOAD B AND/OR Q LOAD B AND/OR Q OR NO LOAD 

<MISCELLANEOUS ALU DIFFERENCES) 

SYBEX 



MM 6701 DETAILED DIAGRAM 

SHIFT lllG141 OUT ISllOI 
SH1fT LUT Ill ISLll 

'9 SlllCT i. 
IJ S10 SllfCT 01 '0 .. 

511 TllUf'1:0WL. 
S!J SflfCT I 

11 111 I 513 HUCT 0 
ROM 114 l"Ul 'CCIMPL 

1• S11 ALU IAOOITllANSfllll 
IJ 519 AlU ILOQIC INlr(llTI 

511 ALU ll(IL~ CAllllYI 

SW•ft LUT 
NO Sl<lfT 
SH•fT lllGl41 
LOAO lllAM 
lOAOO 
OVT•UT II LATCM 
OUTPUT I LUCH 
OUTPUT I 

,_, Q l!M .. 1SQl.•1 

f•AUMl(IN 

~,_ __ .;....,.....~;J-P;::c~~'rn'iiAl' low 

AND, 011, UCLUSIYI 011, 
IOllC(, INll!llT, •oo. 
SUITllACT, IMClllMfNT, 
DfCRIMUil, TllANSllll. 
FOllM 2 S COWl!MINT 

SY BEX 

c,, •• 

~~-oi.--..;--.,_,~--.t-t.--~ 

4-3 



4-4 
MM 6701 TIMING 

·••• -••·""- ..... ...,... •• ,.... .• , .... ••••' ,_t•t•ia-.i ,._,,,..,. • .._......,. ............ _,.,.,.,.., ... .._....,......., .. "Cr:~ 
-·~ ~ ...... ·- ,., •' ... '••" ... , .......... , 
I, ..................................... ,,.,r 



MM 6701 'MICRO INSTRUCTIONS 

INSTRUCllON:; IN Tt't J'.' •~,~OM· 1'0~1111/E LOG1r: II• H > J VI If!"' Rrr>(lATION 

IY"C:Al. .... 

I 
... - I 

--·-·--.... ·;:-;::;.--~ I 
....--------··~~ ...• •.__ 

------'~: ~'f-
_ •. •. .:-i· .. -
~~ .. ,~. 

__ 11 .ft. o.•• 
- ~·--''-. M .. Vo, 

INSTRUCTION MOOIFIEnS IN THE 8 • I ROM -
'°5tTIVE LOGIC II• H J 11· INTfRPRfTATION 

11 1 I) 01&•1 

- .. ,,..,,!~~'·•;---" -D!••~.;,!.~:::-- HllCOlll'IGUllHIOlll . 

SYBEX 

I 

4-5 



4-6 

MM 5710/6710 MICROPROGRAM CONTROL UNIT 

C 0 M P L E T E C 0 N T R 0 L I N 0 N E C H I P 

C 0 N D I T I 0 N A L B R A N C H I N G 
S H I F T C 0 N T R 0 L 
1-L E V E L S U B R 0 U T I N E R E G I S T E R 
L 0 0 P C 0 U N T E R 

40 P I N P A C K 
100 NS C L 0 C K M I N 
C30-L a w, 10-H 1 G H > 

A D D R E S S 512 W 0 R D S M I C R 0 C 0 N T R 0 L 
C • V I 

SY BEX 



6701/6710 INTERCONNECTIONS 

---------·-----·-

0!4 Dt:t DIJ Dl1 

A31 
•2 ., 
Ao 

~ ., 
570111701 8o 

4 llT '7 
CPU It 

SLICE ~ 

IOLOI 
SORI 

SlOi 
Siii 

P•H 
f•L 

----a0\19' 

,, 
•2 ., 
lo 

SORO/ 
SOLi 

lllOI 
ILi 

____ _.c... c,, 

" • 

SYBEX 

CRAR 

I :t • I I 1 I 

ADORE SI 

l1JWORO 
llOM/PROM 

OUTPUT I 

MfllllORY 1/0 
CONTllOL 

, f 

CLOCll 



4-8 

6710 MICRO CONTROL SET 

Table I - MCU Control Option• 

Control Code Addreu Field De1tinatlon Control Action 

•2 1, to 

0 0 0 None Continue to next µinstruction 

0 0 1 Control Counter Continue to next µinstruction 

0 1 0 None/CRAR (Cond. Jump) Jump to next µinstruction If Control 
Count tr .. o. Decrement Control 
Counter 

0 1 1 None/CRAA ICond. Subr. Jump} Subroutine Jump to next µinstruction 
if Control Counter :I- 0, Decrement 
Control Counter 

1 0 0 • 'None Return from Subroutine 

1 0 1 .. CRAR (Jump Subroutine} Jump to next µinstruction 
Return from Subroutine when Control 
Counter Subroutine latch = CRAR04 

1 1 0 CRAR (Jumpl Jump to next µinstruction 

1 1 1 CRAA (Jump Subroutine) Subroutine Jump to next µinstruction 

Table Ill - Shih Control 

L . l Bidirectional Shift Lines Acting 1s Outputs 

~e01 Shifting·-~~~-n __ L ~~~;t~A~ _J_ l~:~~~l __ -L(~Q·~~~-~~1-.. I ~~~~II 
lg '• r--- ------,-· l l?-G-0 0 Arithmetic Shift Left 03 Flag ISCI 

0 1 Arithmetic Shilt R1yhr ! NEDV -
0 Aotale Shilt Left . F3 Flag ~SCI 

. Aotare Shift A1gh~ I Fu ! 
- . - ----- .. - - . - ---- - --

H1qh lmpP.dance State 
SC Content~ of Carry Flip Flop 

SYBEX 



6710 MICRO CONTROL CONTINUED 

Control Code 

-~r 0 0 

0 0 

0 0 

0 
I -

0 

0 1 

0 , 
0 

0 

0 

0 

1, 

0 

0 

0 

0 

0 

0 

1 

0 

13 

0 

0 

0 

1 

0 

1 

0 

1 

0 

1 

0 

0 1 

1 0 

Table II ·- Flag Status Control Options 

-·1· --- --- -··-··- ------······-------·------
... ~-------· ----------- ~c~i_on _________________ _ 

None 

Store C 

Store N, V, Z 

Store C. N. V. Z 

Shift Flag Rrgist'r into Clo 
Shih Flag Register out of Clo 
Instantaneous value of 03 to CRAAo 

lmt.111ta11ro11~ valuf' of Clo to CRAAo 

Stored value of C to CRARo 

Stored value of N to CRAAo 

Stored value of V to CRAAo 

Stored value of Z to CRARo 

lnstantan1•ous value of C to CRAAo 

Instantaneous value of N to CRAAo 

17 to CRARo 

17 to CRARo 

17 to CRARo 

17 to CRAR0 

17 to CRARo 

17 to CAARo 

J -~J. ~ _J_ 
Instantaneous value of V to CRAAo 

Instantaneous value of Z to CRARo 
--···--------- -------------

Unconditional Branch 

Unconditional Branch 

Unconditional Branch 

Unconditional Branch 

Unconditional Branch 

Unconditional Branch 

Conditional Branch 

Conditional Branch 

Conditional Branch 

Conditional Branch 

Conditional Branch 

Conditional Branch 

Conditional Branch 

Conditional Branch 

Conditional Branch 

Conditional Branch 

Code bit 17 inverts the status of output line so that the condition is dependent upan C. etc. For the first six entries in 
the table if 17 ~ 0 there is an unconditional branch to X,0. If 17 =- 1 an unconditional branch to X, 1. 

SYBEX 

4-9 



4-10 

COMPARISON 6710 VERSUS 2909 

6710 2909 

FUNCTIONS ADDRESS GATING ADDRESS GATING 
LOOP COUNTING STACK CONTROL 
FLAG TESTING 
SHIFT CONTROL 

ARCHITECTURE COMPLETE CONTROL SLICE OF CONTROL 
UNIT FOR SMALL UNIT FOR LARGE 
SYSTEM SYSTEM 

SPEED: CYCLE 100 NS MIN 60 NS MIN 

SPEED: CLOCK 
TO ADDROUT 

25 NS 40 NS CFILE POP MODE> 

SIZE 40 PIN 28/20 PIN 

SYBEX 



OTHER MM 5700/6700 SERIES DEVICES 

5702/6702 

5716/6716 

5717/6717 

5718/6718 

4 BIT CPU SLICE WITH ADDITIONAL 
BIDIRECTIONAL 1/0.PORT <NO Q REGISTER> 

PRIORITY INTERRUPT CONTROLLER 

OMA CONTROLLER 

1/0 INTERFACE CONTROLLER 

SYBEX 

4-11 



3002 

INTEL 3000 SERIES 

C E N T R A L P R 0 C E S S I N G E L E M E N T 

2 BIT WIDE SLICE 3 INPUT CHANNELS 
11 GENERAL REGISTERS 2 OUTPUT CHANNELS 
ACCUMULATOR 100 NS CYCLE 
MEMORY ADDRESS REGISTER 28 PIN PACK 

lll(WOIY 
ADDRESS IA 
UfAIL( 

MlMOIY AODllSS IUS OUTPVJS IUMOIY OA1A IUS -- ---.a, Ae D, II,, 

L __ _ 
•, .. ____. 

MlllOl!YOAU 
IUS t"l'UTS 

...-------~ID ~~:~l~y DATA 
-....-....... -

~-----­l• Tl AUl MA~• IUS 
IUS 111,UIS tldUIS 

lt-12 



INTEL 3002 CPE 

16 BIT CYCLE TIME WITH LOOK AHEAD <NO SHIFT AROUND>: 155 NS 
<INTEL 3003> 

ADVANTAGES: 
SPEED 

MULTIPLE BUS INPUTS AND OUTPUTS 
BUFFERED OUTPUTS 

DISADVANTAGES: 
2 BITS PER CHIP 
LIMITED GENERAL REGISTER ACCESS - ALU A - MUX ONLY 
COMPLICATED MICROINSTRUCTION SET 
LIMITED FLAG OUT CCARRY AND LOOK AHEAD> 

SY BEX 

4-13 



'" • o•c eo 1o•c. Vee • 1v t&'ll. 

;:!; 
I SYMBOL 'AAAMETER MIN TV,111 MAX UNIT - . tcv Clock Cycl• Trm&' m 100 70 ,. 

llM' Cloclr PulM Wrdth 33 20 ,. 

IFS Function lnpi't S.t·Up Time fFo thrOUfh F1I IO 40 ,. 

D•t• S.1-Up ,,,,. 

•os •o. 1,. Mo. M,, Ko. Kt fiO 30 ,. 
tss LI. Cl 27 13 ,. 

Oat• •nd Funnrnft Hold T-: 
'"H Fo lhrough Fa 5 -2 ,. 
•oH lo. 1,. Mo. M,, Ko. K, 5 -4 .. 
''" LI. Cl 15 2 1111 

Pr~tron Oalo1y 10 X, V, AO tram: 
txF My Func:t1on Input 37 52 ,. 
tico Any Do1tt 'Input 29 412 ,. 
txT Trarlil"ll Edge of CLK 40 IO ,. 
fJCL luding Edlfl of CLK 20 n1 

Propo11111oon 0.t.v to CO from: 
tc:L L.eadint1 Edge of CLK 20 "' 
tcT Tro1ihnt Edge of CLK .. 70 ,. I'" I tc:F Any FlinC'tlOl'I ,,... •3 15 .. '1J tco Arty-Oo1to1 t1r1p.1t 30 65 ,. z tee Cl fAtpple tC.rryl 141 25 ,. 

- PrOpilfllttOl'I 0.lolY 10 AQ. At, Do. D1 from: 
to&. Uold1ng l!dfor of CLK 15 32 liO na 

~ to1 ENble Input: ED, EA 12 25 ,. 

-
I- I I I I I I I I )( 
~ . L I I I I J ... 
u :t J~ I I I m 
N r JI ,,,, ).. 
o 1 1 ( Tr _,, 
0 J I I I I 

~ I 

1

ttftJ--~~ m w I l j1 1 I 
!z I 1 

1 nflfr~· 1 1 1 

- .. I I I I I ~ II I I " ' I I I I l 

I I 1 I 
I l l 
I l I 
I I I 
I I I 
I I I 

ii!l :.; .. u i 8 s 0 
iw r~ i ... ,,; "' ' 
; I - :? • • -
8 ~ ~ i. = c 

~ i ~ I E ' • a 



INTEL 3002 CPE MICRO FUNCTIONS 

APPEN00t A MICRo-FUNCTlON SUMMARY 

f GIOUP 

0 

!» 

R·GROUI' 

II 

Ill 

II 

Ill 

II 

Ill 

II 

Ill 

II 

Ill 

fl 

Ill 

MtCAO·FUNCTION 

A11 • tAC " KJ + Cl .. A11 , AC 

M + CAC I\ Kl• Cl .. AT 

ATL"llL"KLl .. AO Ll·vlllH"KHl"ATHl-ATH 
IATL" llL" K1..ll v IATH vOH" Kt.II .. ATL 

K v R., -MAR A,.• K •Cl .. A,. 

K vM-.MAA M • K +Cl .. AT 

IAT v Kl. tAT I\ Kl+ Cl .. AT 

IAC " Kl -1 •Cl - Rn 

I IAC " Kl -1 + Cl .. AT lweN0111I 

II "Kl -1 +Cl .. AT 

A,. + IAC ·' Kl +Cl .. A,. 

M • IAC "Kl• Ct •AT 

AT• II "Kl •Cl - AT 

Cl vCA,." AC" Kl .. CO R,. " IAC "Kl - R., 

Cl v IM" AC" Kl .. CO M,.. IAC "Kl .. AT 

ClvtATAll\Kl-CO AT" II" Kl-AT 

Cl v IA,. " Kl .. CO I( AR,. .. Rn 

Cl v IM "Kl-CO K /\lol-AT 

Ct v IA T " Kl .. CO I( AAT-AT 

--------------------

6 

"'or(s 

II 

Ill 

II 

ill 

Cl ~ IAC " Kl .. CO 

Cl' !AC 'Kl •CO 

Cl v II" Kl •CO 

Cl' IA." AC 111(1-co 

Cl v IM" AC t. Kl - CO 

Ci" tAT 11. i " Ki .. CO 

R1 ·• tAC ~ l(J .. R~ 

M' IAC '1(1 • A.T 

AT ·di" Kl •AT 

R., - tAC 'Kl • R,. 

M IACrKl•AT 

A f 11 · Kl •AT 

I 2 1 ,..,_,...,.nt .,,,,._,,. - 111 1110 perlorm "'btrOCI•"" al 000 01 

2 A"' 1n<l\1Ck1TolftdAC•10Witc• Wld OffltnM•on r ... uer11n A fPOMIP I l'ft•cro lu"'Cl·on1 

J S1•rod_4rC11•·1~1~~! ~-·-~-·~~!~~~~~~·~~-~J-~nd J ~S~-t':~~10~I 
SYMBOL 

I. K. M 
Ct. ll 

CO. RO 

"~ 
AC 
AT 

MAR 
l. H 

MEANING 

O.i• on !ht I. K. •nd M bo.nm. rtlJMCllvtly 

D••• on lhe curv 1nPul i<ld left 1npu1. rr\~C.,•tly 
D••• on th• urry output ..,d r1ghl ou1pu1. ••'l>"Cl .. rl; 
(<lnlrnll of 11r9•\lrr n 1nclud•"9 l and AC IR G'''"P 1 • 
CtJntrnu of lhf' •• (umul.tlOI 

Contrnu ol AC or l. " \Pf'C•'••d 
Con1rn11 of 10\e mrmory ..idrH\ rrg1strr 
A, \ubKllpll. cH\19'"1.it low ¥lCI "•9" o•drr b·I rr\prc1°.rlv 
2·1 complemrn1 •dd•l•on 
:h complrmrnt •ubrr.oc11on 

l09•UI A.NO 
L09.c•I OR 

f••'"',. NflR 
( ', I Jo '~ l, • r' t ~I 

SYBEX 



APPENDIX B ALL·ZERO AND All-ONE K-BUS MICRO-FUNCTIONS 

F·GROUP R·GROUP K·BUS • 00 MICRO-FUNCTION MNEMONIC K-llUS • 11 MICRO-FUNCTION MNEMONIC 

R,, + Cl - R,,, AC ILR AC + A,, + Cl - R,,, AC ALA 

0 II M +Cl -AT ACM M +AC +Cl -AT AMA 

Ill ATL - RO AT14 -ATL l! -AT11 SRA IS.. Appendix Al 

A,,-+MAR A,. +Cl-A., Lllll 11-+,MAR R,, - 1 +Cl - R,, DSM 

II M-+MAR M +Cl ... AT LMM 11-MAR M-1 +~I-AT LDM 

Ill AT+ Cl-AT CIA AT-l +Cl-AT DCA 

C1-1-A,. SttNota 1 CSR AC-l+Cl-R,. See Not• l SOR 

II Cl-1-AT See Notes 1,4 CSA AC-1 +Cl -AT S..Nota 1.4 SOA 

Ill ISttt CSA above I I- H·Cl-AT LOI 

.I A,. +Cl_-R,. INR AC + R,. +Cl .... R., ADA-

3 II IS.a ACM •bOv•I ISft AMA •bovel 

Ill AT+Ct-AT INA I. AT+ Cl -AT AIA 

c1-co 0-R,. CLR Cl ·: IA,, ·. ACI - CO R,." AC-R,. ANR 

II Cl-CO 0-AT CLA Cl .. IM. ACl-CO M ··AC-AT ANM 

Ill ISM CLA abov~I Cl : IA T • II - CO AT.-1-AT ANI 

ISff CLR above! c1. R,,-co A,, - R,, TZR 

II !SH CLA 1bovel c1. M-co M-AT LTM 

Ill IS..CLAatio-..1 Cl: AT-CO AT •AT TZA 

c1-co R,, -R,. NOP Cl: AC-CO R., v AC- R,, ORR 

II c1-co M-AT LMF Cl I AC-CO M -1 AC-AT ORM 

Ill IS.. NOP •bowel c1. 1-co Iv AT-AT ORI 

c1-co ~-A,, CMR Cl" IR., ACl-CO A., To AC-R,, XNR 

II c1-co M-AT LCM Clv (M ACJ-CO M·I- AC-AT XNM 
Ill Cl-CO AT ... AT CMA Cl I IAT 11-co p: AT-AT XNI 

' T ... mou-11-"-·CSA1f'lt SOR, ...... .., be llt9d ;,. plKe of Ifie CSA - SOA-••-•. ·-11..iv. 



512 I N S T R U C T. I 0 N ·A D D R E S S I N G 
C 0 N D I T I 0 N A L T E S T S 
BRANCH CONTROL 

r--------
ITllClel -----------------llUAI 

.c.-+------­
~------------ua ac..--------­_,.- ~-+---­

PUllC'T10l9 ac,------.ac,_.._ __ _ 

14--'"---­
Ull\D LD 

lllA .. --- ..... 

... !'Ce !'Ce,., -- .... 
~ PLM _., 

CIUnVT LOlllC ..-r~ 

a.TllOL -

..,.. __ ... 

r"'--~...._ .... -
Pitt LATCM 

L...---r..- ... Olm'\ITI 



11"9 I .... ._.""''-"'""',,,...,. ..... ...,.._••••••••• ••,. • -· -- ._. .. -· --- - -

ClOCK 

"" 

COlllllOt 10 
MEllOlllY 110 

M!llOh 
AOOAiSS IUS 

OAIA IUS 
10 MfUOllY 

SYBEX 

JllO•lll!llllAl DAJA .. IJllO• 
1 0 OIVttlS llt•Qll1 



FUNCTION NEXT ROW NEXT COL 
MNEMONIC DESCRIPTION 

ACg s 4 J 2 . ' 0 MAi 1 ' 5 .. MA3 2 0 
·-----

JCC Jump in current column 0 0 d4 d3 d2 d, do d_. dJ d2 d, do ml m2 11\1 mo 
JZR Jump 10 lUO row 0 0 d3 d2 d1 do 0 0 0 0 0 d) d2 d, do 
JCR Jump m cuir~t row 0 d3 ~ d, do ma m1. "16 ms ""' d3 d2 di do 
JCE . Jump in column/enable 0 d1 d, do ma m1 d1 d1 do ml m2 m, mo 
JFL Jump/test F :latch 0 0 d) d2 d, do me d) d2 d, do m:1 0 . f 

JCF Jump/test C·flag 0 1 ' 0 d2 d, do ma m1 ~ d, do "'3 0 c 

JZF Jump/test Z flag 0 1 d1 d, do ""& m1 ~ d1 do m3 0 

JPR Jump/test PR-latches 0 0 d2 d, do ma m1 d2 d, do' P3 P2 P1 Po 

Jll Jump/test left PR bits 0 ~ d, do me m1 "2 dt de 0 PJ P2 

JRL Jump/test right PR bits d, do ma m1 d, do P1 Po 

JPX Jump/test PX-bus 0 d1 do ma m7 "16 d, do x7 X6 xs lC4 

SYMBOL MEANING 

dn Data on addrns control lineo n 

mn Data in microprogram address register bit n 

Pn Data in PR latch bit n 

Xn Data on PX-bus linen (active LOWI 

f, c, l Contents of F-latch, C-flag. or Z·flag, respectively 

SYBEX 



II ... I -- ~~ ....... • ....,..- __ ......... 

TM following ten diagrams illum1te 
the jump set for eKh of the eleven 
jump and jump/test function& of the 
MCU. Location 341, indicated by th• 
bl1dt SQu:are, represents one currirnt 
rO'# (row21 J 1nd current column (cols} 
lddress. The .,:ey boKH indicate the 
micropr09":tm location1 that may be 
•lected by the particular function 11 

the ne11t addrt1u. 
---~ . . 

AL 
~-Left~ 

SY BEX 

--I ::='a l 

JCF,IZ.F 
......,.wtC·"'-11 
......,._Z·F!at ---
I ::='e 1 



3212 MU LT IM 0 DE 8 ·B IT LATCH C 2 REQUIRED FOR BI-DIRECTIONAL> 
3214 I N T E R R U P T C 0 N T R 0 L U N I T 
3216 4 B I T B I - D I R E C T I 0 N B U S D R I V E R S I R E C E I V E R S 

IUI 
ITL• 

., _ _.__-a 

M-.TM:TMTY 

., _ _.__-a i--------4-+----;;~,_.---t-- .. ., -

., ~ "--+-----++----P----t--,.---•1 

.. -:.TY 

... -· ~+------++--~~--,.---"t ' .. _ _.__-a 

., _ _.__-a ----

.. _ _.._-<II 

., _ _.._-<II 

9t-..&.......-q __ _.._.,...a 

--..,__. 

Fi ..... 1. 321-C Block Oi1Q1'1m. 

. SYBEX 



' 

4 BIT CPU SLICE IN 12L 
10 REGISTERS 
FACTORY PROGRAMMABLE PLA ON CHIP 
1000 NS CLOCK: TYPICAL ALU PROPAGATE•SOO NS 
FUNCTIONs ON .85 V a 150 MA 128 MW MAX 
FULL ·MILITARY TEMPERATURE RANGE AVAILABLE 

CAN OPERATE OVER SEVERAL ORDERS OF MAGNITUDE OF CURRENT/PROPAGATE 
SBPOCOO 

NORMAtllEO PROPAGATION OH•Y TIME 

" INJECTOR CURRENT 

0.001 0.01 0.1 1 10 
Ice -lnjKtor Cuttent - mA SYBEX 



........ 
------ .... ________ ,.. ..... _ -- ....... - -

--

- ··­-
SY BEX 

.. 

_, .. -. m- · ; 
-------T----.----------__ l 



R E G I S T E R - A L U S L I C E I M 0 S - P C H A .N N E L 

MULTIPLEXED COMMAND BUS - FOUR PHASE EXECUTION 
7 GENERAL REGISTER 
16 WORD STACK 
BIPOLAR COMPATIBLE OUTPUTS 

330 NS MIN PER PHASE I 1.3 uS PER INSTRUCTION 

... -C!>-­

..... -CE>­
.. [!>-­

.. {!>­

. -E>-
.. C!>--

-~ 
-·ID--
-G>--
-CE>-

--ID-· 

MIMlt • m • 



TIME 
INTERVAl 

1.1 

13 

i!J 

T7 

1.A Command lnput1 

U)f.~MAfllll Rll ~. 1 

NCBIJI ~C8121 1 
51A(K -
COMP -

I---- CTL 
1 

~, 

IU -r 

NC8111 

A 81)!; 

Hl:IU!, 

R YUS 

1.8 Command~ 

1 NCBIOI 

--
ALU---

ALU~UlllCTIONS ClL FUNCT10"9S 

NC8111. CO!(;! TS FUNCTION NC8131. 121 ~TS FUNCTION 
-

11 AND 11 NONE 

to XOR 10 R BUS CONTROL 

Qt OR 01 SHIFT LEFT 

00 ADO 00 SHIFT RIGHT 

A. B a. R BUS ADDRESSES A BUS CONTROL 

NCBt21.111. IOl ADORE SS 1/0 BYTE 

111 ZEROES. FLAGS. STACK' INCBIJI (ii T71 ISININ (ii TSI 

t10 Al 1 0 

lOt R2 1 1 

100 • RJ 0 0 

Ott RC 0 1 

010 RS 

001 R6 

000 R7 

Ne•• 1: Co-••• complr,,,..n1.cl ,,..,... 
Mote :1 5tt IUI a"I! loblH II aftd Ill lot lddrHS!t•f ll"Ol Ind llack 8 bid Oftl't' ..tdt-Nr­
Not• 3. lOf't valun thown .,~ vAlun wturh mus1 bf' apphrd 10 NCB 1nouft 10 9l'1 1ndtca1m rnutt' 

SYBEX 

R BUS VALUE 

OUTPUT OF SHIFTER 

OUTPUT OF SHIFTER 

OUTPUT OF 1/0 MUX 

VALUE OF SIGN INPUT 

ON Sll"IN@T7 



N::S IMt' Nl\LU I llVlll·~\:J u1Munr\lv1 

'$.IG'11ALl1 LOGIC - '"' LlVllS " T1 ti fU!tCTIOfl .., •. 
{.\()(•..:", 

us:t. .. ~·~ 

°" MU!. ... 1l .. uos .... n 

c;or.o~~'!P 
.. CllOI .as .GS ·-o-· la . ,. .. At:UO .,... AO ·-o- ... 21 

ltCBll! MOS ri . ,;. Ii ·11·· li:UT ·11- Ii . ..,.. ... It 

M:Blll MOS ~ 11· n -o·· cm -o·· .KS -er "' 
,. 

ltCllll lllOS ~ v· cpw ·-o·· ffi"j ·11· iiO .,... 
"' 20 

DATA 
l)ATA -1--- Oi.TAtOf m.f?UJI "l II IUStOUTI A 11\JSIOUTt ··1•·1t)Ut1> 
_,..JT tOUT! ''° 11.1.C.7 

c;~ 
Don'• c ... 1oc1 ==-:1 SEUCT t=: SHE CT TTI. - Ill tJ 

SVllST TTL DC SVRST "' 
cvov Ttl CAl!llV 011 OVE llFlOW ··r OUT l!I 

Fl AC Ttl FLAG ··r OUT 
,. 

STfl TTI. STACK FUll - ·11·~ OUT 

NAEOO Tll R-0 .. , .. •I "o·· r.o OUT 
~ llllOST5 

I SHUN 
Ttl T7 0on·1c ... 1oc1 IVT( DC SIGN oc .. It 

CSHli lllOS 
-1-

HIGH 1MPEOANCE 2 CAllRV -r Siiin110 ''° ,. 
IOuT! UNI IOIJTI 

CSHJ MOl l5Ymf HIGH .,,.. CAllllV -r IHin 1.0 "° " llNI -0ANCE2 IOUTI IOUTI "'°'JTI 

...... , ACIC"l .... 1•1111'..-CC ............... 4 ......... torl'tl•t 
., .. ,,,.,..OMo-1 ....... , • 0 ·~·......,i--qp-1 

....................... '\ ..... II! ..... ~ ... ....-. 

...... 1 CSOOIQ .... CSwJ ~ ~ ..... •• .....,.... t1 ~ T_, o1..,. TllU STA.Tl __.., ,_ ._,....,. ...... -· • ou'l1 ....... •.1.1.u ......... ,..... ..,. ...... ~ 1 -.,Cw.eot .... 1~ .................. , .... ..,161Wll0 

1,..,..,.,,...°'"'""''···-•·..cll• ._,.. - 9111t"" 

SYBEX 



C 0 H T R 0 L U N I T A N D · R 0 M 

PROVIDES MULTIPLEXED INSTRUCTIONS FOR RALU 
BRANCH CONTROL 
SHIFT AND CARRY CONTROL 
SUBROUTINING 
MICROPROGRArt1MABLE : 100 INSTRUCTIONS 23 BITS 

STANDARD 8 AND 16 BIT EMULATIONS AVAILABLE 
DRIVES UP TO 8 RALLIS 

CONTROLLERS ARE ARRAYABLE 

TABLE I. IMP Microinstruction Word Formeti 

U.tf-TIC MSTllllUC't .... 

l
tll 1

1
1 e I I 1 I I II 11,1' 1J If W,11 '1 II W II ti nl 

- ' - m - j·- _ d JCtW I t .. ,_ -

., na•n . '-...,. 



... l~VI [!!>--­

Yu ic•1 CT::>--

i 
i5 

-l6C -·· 
SYBEX 

! 



110-.&ll LOGIC TIM£ lffTl•YAll "" ..... 
""-" UVlLS n T2 TJ Te Tl " I T1 Tl FUNCTION ftO. .. MOS INPUT 11 

w:rtU L...I ~ MOS 

~ 
INl'UT '" .. MOS 

'---' 
INPUT ,. .. MOS r--4 INl'UT 1J 

SiOll!MAtQ 
NClllOI uos ~ .,, .. Ill v lttlll .,,.: v OUTPUT 20 

NCll111 MOS Ai "'Ir' fi .,,.. .inn v lfl .,,- OUTPUT ,, 
NClll21 ..as " "O"' ., ..,,.. m1I "'Cl'" 112 .,,- OUTPUT •• 
NC8131 MOS m;& .,,.. ~ "'Cl"' em ,,.. l1!S .,,.. OUTl'l.IT 17 

WA 
A':Ol!I ~ DON'T CAllE '""'1T ll'lCI =-:1 DATA I D•flll.m.m.m TIL t>C llO a.1.10.1 
touTJ llNPUTI 

Dll•l,ISl,111.111 TTL OQf>l'T CAii( . DAT A DC lfllPUT l.•.:U 
£l!fi!S2I. 

~I t: JfETCH ilttiOIJTi --!.-- llNlil'ECtFiEO Ol.ITNT ---iNCTi. MOS liO 11 

NF LEN TTL 'T" ml: ..____ -1- ___...,.f ll'm: ~ -1- ---1 OUTPUT 23 

!!!E 
I-- JCOND NJOC) TTL . , .. DOH'T CAM IDCl ---t DATA I DC ~ 1 

~1·N~!.l'I -r ~ Htow21 4 ·i- I HOCSH MOS 
10VTI IOUTI UNI 

HIGH 
IOI.Ill Siiin'lllOI llO 22 IWEDANCt · 

LOCSH MOS DC J-"1"(1Nl-+L.O~~flY ~ -1- I §:111T11101 llO 21 
fOUTI 

-l:A __ .... _,._..., ... ......., ___ s...i-.__ ...... N-~ 
........ 
-J:HOCSMetU-Tl""'"'"TAl-STATf....,.__.. __ elCROM--

-3' ·.,-· tOUTI - CROii • ·---,..,. ._ ··.---...... -- I'• llO'-tMlelO: ....... .,...; •""aft"" er ... °"' M lftDU• • ..,.,, "°*'.,. dwltftlld Ofttv • ··1·· or -0."" 

SY BEX 



MOTOROLA 10800 RALU 4 BIT CMS!) 

50 NS ECL IMPLEMENTATION 
1 ACCUMULATOR, 1 INPUT LATCH 

. BCD FUNCTIONS 

FAIRCHILD MACRO LOGIC SERIES 

9405 RALU 4 BIT. CMSI> 
· 8 REGISiERS . 
· ONE ALU INPUT "BARE" 

9404 DATA PATH 4 ·BIT · 
SHIFTING, MULTIPLEXING, MASKING 

9407 DATA ACCESS 4 BIT 
ADDITION, MULTIPLEXING 
HOLDING REGISTERS 

SYBEX 



CONTROL _ ... REGISTER - h 
ROM SLICE 

I 1 
MICROCONTROL .. ALU SLICE --- ~ MC10801 - MC10800 .... 

·., ·-
1 

TIMING MCMt"IOV 
rl'-1 IVI'\ I 

INTERFACE 
~ MC10802 .. MC10803 ·r-

H v J~ 
ADDRESS DATA 

SYBEX 



MEf10RY 

ADDRESS 

CLOCK 

MOTOROLA BIT SLICE ORGANIZATION 

MEMORY 

INTERF.ll.CE 

MC10803's 

P-INPUTS 
f'IEM Tl MI NG 

P1Cl0802 

TIMWG 

REGISTER 
FILE 

cmrna... 

INPUT BUS· 

MC10179 

A-BUS 

CONTROL 
ROM 

OUTPUT BUS 

SYBEX 

{(NfROl 

CMA 

NEXT ADDRESS 

P COOTROL 

i-tlO ~l's 



INPUT/OUTPUT DIAGRAM - MC10800 

o ....... ' 
IAI ~ 

ASt 

AS7 

ASJ 

... ~ 
AS!. 

AS6 

S-t AS7 -..... 
AS10 

ASJt 

AS12 

AS13 

ASt• 
AS15 

L-1\Cloc• AS16 
,a.CC.Cloe• -CM< 

Cerrv '"-Ct,.. 

"'G-P•- \ 
GG - G.,,,eut• ( ALU 

Cou, - C•ry Owt J S1~tu1 
Of: - O..,..rllow O"lO"'"' 
ZO - Zero O•t•U 

=~ J "•'."" 

vcco1G .... 1 

VTT 1·2 0 VdCI 

vee 1.5 2 v0<1 

4-BIT SLICE BLOCK DIAGRAM - MC10800 

AS151LCI 

AS12 

CouT 
f'G 

GG~ 
PAii! 
CAR 

o• 

--------------< "'aus 
---~----------------<>--_.•eeus 

AOO(fl1• 

I BUS 

,__,____-!--_ AS5 

;-..--+-- ASl5 . 

"-----=C1""'1, 

·-··- -ASB 

SY BEX 



MC 10801 MlliHUvUI~ 1 nVL.L.t:n 

CS3 

Xa 0 '"r---------------------t 

I I I I 
CSO •1 C!I Cl) •• CH ar cu •• ,,,.,_, .. 

SY BEX 



- ASSOCIATED TO SMS 360 IV BYTE 

- AVAILABLE IN CARD AND MODULE FORM FROM SMS. 
MODIFIED CHIPS AVAILABLE FROM SIGNETICS 

- 'BIPOLAR DESIGN, 48-PIN DIP 
300 TO 600 NS/INSTRUCTION. 

- 8 REGISTERS CACCUMULATORS), NO STACK POINTER. 

- . 13-BlT PROGRAM COUNTER = 8 K ADDRESSING 

- ORIENTED TOWARDS FAST SIGNAL PROCESSING WITH SMALL RAM 

- NON-STANDARD INSTRUCTION SET 

SYBEX 



- 300 NS INSTRUCTION CYCLE 

- 16-BIT MICROINSTRUCTIONS 

13-BIT ADDRESS 

8-BIT DATA 

- 8 REGISTERS 

ON-CHIP OSCILLATOR 

BIPOLAR SCHOTTKY 

·SYBEX 



. Q 

.--K2N5337 

PROGRAM STORAGE 
.....ii..... .......... ., IVB0- IVBl t.._.._._l -....,_.~ 
- A. -~ ...... ....-.--v 

K I 

i-r------., A. A0-Al2 
I. ( 

Jri.. 
_) 

ROM/PROM/RAM 

TIL COMPATIBLE 

UP TO SK X 16 BITS 

(825115) 

. ,. 

-

10-115 

_c 
CJ 

X1 

~ 
) 8X300 ,.. 

..... INTERPRETER -

x . 
2 l -

HALT ___ -J • + 
RESET----

,.. 

SC 
WC 

MCLK 
. LB 

r--- RB 
r--

SY BEX 

.. ...... -...... -.... -- ~ 

-· t-H 
,..L 

r-

- -
I 

l -

.. 
...... 

t 

• USER • 
•coNNECTI ON • 
8 

7 

3 

2 

8 

7 

3 

3 

• • 

-

-t 

A. .... 
K. > ... 

. BIC --
BOC 

BIC -
-

BOC 



SHIFT 

OVF 
.7 

R 1 
· R 2 

R 3 
R 4 

R 5 INTERNAL CONTROL SIGNALS 
R 6 

RB 
Rll DECODE - LB 
AUX WC 

AND SC 

MCLK 

CONTROL HALT 

RESET 

LOGIC 

+S ..... 0 

GND ... 0 

10-115 
. INSTRUCTION DATA A0-Al2 

I liSTRUCT I ON ADDRESS 



- LOW-POWER SCHOTTKY 

- 50 NS CYCLE TI ME 

- 10-BIT ADDRESS = lK MICROINSTRUCTION ADDRESSABILITY 

- N-WAY BRANCH 

4-LEVEL STACK 

TEST AND SKIP ON INPUT LINE 

- 3-BIT COMMAND CODE 

AUTO-RESET TO ADDRESS-0 DURING POWER-UP 

SY BEX 



SYBEX 



. 5. BIT-SLICE. APPLICATIONS 

. SYBEX 



IMP - 16 
MM 300/600 CNOVA EMULATION) 
INTE~ DESIGN PROJECT 16 BIT CPU 
INTEL DISK CONTROLLER 
SPECIAL ARCHITECTURES· 

FLOATING POINT PROCESSOR 
LARGE SCALE COMPUTERS <CHIP REDUCTION/COST REDUCTION> 
HIGH LEVEL LANGUAGE INTERPRETERS 
CHARACTER STRING PROCESSORS 

MICRO APPLICATIONS 
MULTI CHANNEL SERIAL I/O ADAPTOR . 
SERIAL NIBBLE PROCESSOR 
LSI ·MICROCOMPUTER EMULATIO~S 



MEMORY - UP TO 65K 16 BIT WORDS 

. PAGE ADDRESSING (256 WORDS) I INDEXING our OF PAGE 
l.q us MICROCYCLE 

COi'lPR£HENSIYE 110 BUSSING I CONDITIONAL JUMP ON 110 



IMP 16P INSTRUCTION FORMATS 

Instruction Type 

Register to Register 

Register to Memory 

Memory Reference (Class 11 

Memory Reference (Class 21 

t/O and Miscellaneous 

Branch 

Control Flags 

Memory Reference 

tDouble Word) 

Mllchine Form.t 

I ' I I I I '.!.I I I I I I 'I 

Explanation of Symbols 

Op - Instruction Mnemonic 

OP - Operation Code 

... - Source Register Value 

dr - Destination Register Value 

xr - Index Register Value (2 or 3J 

disp - Displacement Value 

cc - Condition Code Value 

r - Register Value 

ctl - CoOtrof Bits Value 



Instruction 
Memory Memory 

Mnemonic Execution Cycles Read Write 
Cycles Cycles 

'erence )~ructions 

LO s 2 -
irect1 lD s 3 -

ST 6 1 I 
irect 1 ST 8 2 l 

ADD s 2 -
SUB s 2 -
JMP 3 I -

irect1 JMP s 2 -
)ubroutine JSR 4 I -
)ubroutine Jndirect1 JSR 6 2 -
l and Skip if Zero ISZ 7,8 if SK.IP 2 I n .... A-J. "''"""£'!1.">dnl~~r&.ftWW~•O:Olfnl 
1t and Skip if Zero DSZ 8,9 if SK.IP 2 .l 
"1Dis Zero SKAZ 6,7 if SKIP 2 T T 

....._. I 
.. _ 

I Sif G like Signs: 8,9 if SKIP 
........ M...- E:a-CJd8 ... . .. ,. 

·eater 2 Cj'dti C;-LIR 

erence Instructions Noftlplf ..,.,. IDl.IOIJ2 J -
DMle DIV 12S •I" J -

o Stack RegiSter PUSH 3 J ·w.e ........ -.. DAJIO 12 • -
Stack PULL .3 1 D:MIWrr..dliolls..t-•aw:t DS\11 12 • -
ediate, Skip ifZero AISZ 4,S if SK.IP I ..... .,.. Ula JO(kft) 
11Cdiate u 3 1 I 

12(~) • -
ent and Add Immediate CAI 3 I S-lrto m 2'(1oAJ 

~opy RCPY 6 I 17(rWl1J • I 

Register and Top of Stack XCHRS s 1 ... ,_ ... S£TST l'h13' I -
Registers RXCH 8 1 OarSl.t.lf1ac (IJtST' .,.,. I -

lnd RAND 6 J Skip If SUI• Fiie T- KSTf lt•Jt I 

· 1 
-

~elusive Or RXOR 6 1 Sol .. st1111T .,.,.. I -
\dd RADO 3 1 a.. .. CUIR .,.,.. I -

SHL 4+3K I ~ .. CMnrT ., taJol 

l 
i 

l 
-

tt SHR H3K 1 SllpW .. T- lltltr .... ,, I -
!ft ROL 4+3K I ......,.,_ l9CAM ••• I -
ight ROR 4+3K I ........... IOl.-IZ.. ..._.. JINT ' 2 -.... ~ ...... ,.. 

' 
, -

...... s..-. ... """""' ...... JSllP • , -



I IYI I IVI I • • .._..... -......--- --- - -



~CT:>ll -~ NCICn;_-;;;, ;----- ---..::;-OOIO'--::: -- ----,. --.. I ,,_ C<WDl1!0Ne 

~~~J----------.+·~----+--------+-------------- -------------1-------M~l'UGI 
r ~ 

II r tF~-~--~-~-+_J_' ___ _.. ~ ..... -N-.... -s-,~-.-CT;.o.lO~~::::::::_sr-_-.. _rus .. _-_,-L:A_M-_-_-.... =TR'Ull9t ;..;!'*'..;;LAS;;.;:_;;_ __ r~-L>- ~-::>--. 
- ttCT ... UCTtQM 1111 ,__ ___ _. I '""'" 

I I 1 rt I I 

,:~~-::" ~'-IMNG---llCloA.-•s--l-+-'~,-~-:::=------------6-+--------. .-t----t--TilllllC----.....a----.,.....t-------.1~:"\...>: 
_L'.'::__j .----~ : 

-u.:;.;; 
,,~ ...... , ... " 
.,..,n 

N(,T(, 

-~ D 11_...,.. ...... IOll ... -Df,,...ONTNl--llCCAAOEDGET-

SYBEX 

I 

....J 

TO ., ....... ,. ..... 
Uhtt:·r..1t 
O:o:;..:;oo 
lll...:;ll'W 



IMP 16P DETAIL OF.PROCESSOR CIRCUIT: RALUS AND CROM 

SYBEX 



..,...,. ....... ., ... .. 
NS M I C R 0 C Y C L E 

· NS C Y C L E f1 0 S M E M 0 R Y . 

MMl&Z3 
APL 

M!\11624 
R'rC 

MM 600 P R 0 C E S S 0 R C A R D 

-5050'0 
.._::..:::_=-i~~;..;:_.,orf--= ~ ~,ii-.i/DIV 

-1629EAC 

SYBEX 



MM 600: MACRO INSTRUCTION TIMING 

Instruction ·Enwtioft Instruction £11cution 
Mnemonic Time(µtl Mnemonic Time (µsl 

ISZ 3.0 JMPl& 2.3 
DSZ 3.0 . NIOSCPU (INTENI 3.5 
JMP 1.0 NIOCCPU (INTOSI 3.5 
JSR . t:9 DIACPU (READS) 3.S 
LOA• 2.0 OOBCPU (MASKO) 3.S 
STA 2.0 DIBCPU (INTAI 3.5 
NIO 3.5. OICCPU 110 RSTI 3.5 
SKPBN 3.2* DOCCPU !HALT) 3.5 
SKPBZ 3.2• SKPBNCPU 3.2· 
SK PON 3.2• OKPSZCPU 3.2• 
SKPOZ 3.2*· SKPDNCPU 3.2• 
OIA,8,C 3.5 SKPOZCPU 3.2• 
OOA,B,C 3.S OMA IN 2.4 
COM 1.3 OMA OUT 1.1 
NEG 1.3 DMAINC 3.6 
MOV 1.3 OMA ADD 4.7 
INC 1.3 MULT 9.2 
ADC 1.3 DIV 10.1 
SUB 1.3 LOAO 3.0 
ADO 1.3 STA.@I 3.0 
AND l.3 JMP@@I 3.3 

• Add O.J "' 11 skip occurs. 

SYBEX 



j 

i 

I 

-II 
l' 

.i 

ii 
ii 
I 
I 

I 
I 

OUT 

llE"10JIY 
... o 

...... ;T'Olftl'llT 
"EGISTERS 
~~ 

LOCATIONS 
• 11 ltTS 

om•ol--1'--+-_.._. 

MM 600 CPU IS SIMILAR 

11 It? "'f"'l)llV !WI 111"'1 SM&lllt! Ii 0"'fCTIOOliL I 

SYBEX 



INTEL DESIGN PROJECT CPU USING 3000 SERIES 

16 BIT PROCESSOR 

PI PELI NED MICRO CONTROL 
LOOK AHEAD CARRY 
-200 NS CYCLE 
-30 CHIPS 
COMPREHENSIVE MACRO INSTRUCTION SET 
IMPLEMENTED IN 256 MICRO INSTRUCTIONS 

SYBEX 



flTCN fltCN flTCM flfCM fltCM H1CM fUOI Jt'IOI fl10I 

Jump Group Flowchart 

SYBEX 



l::XAMt-'LC ur 1v11vnv1 I l"""' """"'I ,, 'I,, I ... --. ..... ~ ... 

Olt. l If 2M Jll 411 •11 •11 lit IM tll Ill ltl CM Dtl tM r11 
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• Jee JrL • Jt• • Jt11 • Jfl. • .lf'L • Jt• • JrL • Jee •· JlllL • JCF • JCC • J:c • Jee • Jee Jee • 
• 00'<-014 oon11 • OQOfM • \JUOfM • oo•>H • 0U02H • OOOtll • 004lH • OOltH • OOlCM • oo ..... 004111 • oorcH • 001011 • 001[" OlllFM • 

00011 
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JLL JCC I J:I' I JLL I JCF • .ICM • .JCll • JCtl • JC• • JCF • JCll • JCll • JCll • Jill • JCC • JCC 
• uul41t UOUM o u0(011 o uol24H o OOUll • ODUM • OllllH • 0011>!1 • 0019H • OOUH • OOICK o OOlOH o OOlult • OOOfM • Ov9t.I< • 009tH 

uUIM hi " : JbO : Ho : sos : $04 • !Ill • SID : SU : !>lJ : Sll : !>U : sa .... SlS ••• 104 
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UUlrt . . . ll • • • 
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• dulu11 • 0044K •. \1011214 • uourr1 • oor•K ..... SN • OlllS9H • 004'1M • GOOCH • oo•~K • 00t9H • 00'11111 • OO)::H • 004011 • U04C" • UOllEI< • 
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• U1htOH 

""," 210 
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• QUJ& ... OHa~ • OODfH • U~Ofll • OOOFH • OOOFlt • OOf .. H • 011011 • OOt"IM • oo•CK • OOOtH • 007CK • OHOll • OO•FK • 00·0011 • 00.lfM • 
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INTEL DISK CONTROLLER USING. 3000 SERIES 

CONTROLS UP Tb FOUR DISKS (2310/5440) 

DRIVE RATE 2.5 MHz 
PERFORMS ALL DATA CHANNEL FUNCTIONS 

STATUS CHECKING · 
COMMAND EXECUTION 

16 BIT CPE ARRAY 
400 NS CLOCK CNO PIPELINE, NO LOOK AHEAD> 
SPECIAL NIBBLE TO WORD TO NIBBLE ARC.HITECTURE 

230 MICROINSTRUCTION IMPLEMENTATION C32 BIT> 
67 CHIP ON 8 IN. "J.. 15 IN. CARD 

. ~, ~, SYBEX L. •f"ll 



._I-DATA 
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-.rovr 
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II " • 

COMMAlllD 
LAT CM 
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DISK CONTROLLER SPECIAL LOGIC DIAGRAM 

llPOlAR LS• 
MICROl'ROCESSOll 

IXTBUSRO I 
tuS SUSfl'fAllE 

COf\ITR04. • MEM REO 
OATAOVERAUl'f ACKl 

OfTECT AEAO:WAITE 

--------+-...------__,,__ ___ ~ MEM OATA IUS 
11. tlUS INTER, ACE 

- - - - + Ots•t'OAm '"Tf"fM:E 

t CYlll'fOfRAOD 

• I ""-ATfUl­
HlAOSEL(CT 
UNtT SfUCT 

WR GATE 

J I ;~T ~~':.NOE .. 

OFOAfA 

outrutl'ORTS OISllDATA ~ 
FOR CONTROlLlllC . ll TOI' INIMll l'IASI 
(XTERNAl LOGIC IOTfOMINOEll . 
INP\.IT l'OlllT r\JUE 
FOR TUTING r-:-::-1 r::::-i--l TOI' SECTOR l'UlSI 
OlllSYl'fCHfllOfollZllllG ~ IOTTOMSlCTOll 
TO lllTlRNAl LOGIC Dltnfl CQNDtTIONS l'UlSl 

L...~~~~~~~~~~~~---,':-~~~~~~~-.. 
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. . 

APPLICATION OF BIT-SLICE DEVICES TO "NUMBER CRUNCHINGu 

ARITHMETIC OPERATIONS ON FLOATING POINT DATA 

HIGH LEVEL FUNCTIONS 
LOGARITHMIC VECTOR 

TRIGONOMETRIC MATRIX 

HIGH LEVEL LANGUAGES: PL- L ALGOL APL FORTRAN 

FLOATING POINT DATA <BINARY SCIENTIFIC NOTATION> 

MANTISSA x 2 EXPONENT 

EXAMPLE 
tct------ 36 BI TS l>f ,.....__12 ---i>f 

MANTI ssA Is· ll EXP. ls I 
.__---L.ll~~...__------~4~g~B-l-TS--~ ------

. >10 DECIMAL DIGITS ACCURACY 

RANGE 2 '2048 TO 2 +2048 APPROX 10 -600 TO 10 +600 

·SYBEX 



. . 
·FLOATING POINT OPERATIONS 

ADDITION 
REQUIRES SCALING 

E E' 
M x 2 + M' x 2 . = 

IF E = Et . THEN 
E 

M + W x 2 

NOTE : MANTI SSA IS CONS IDEREO F RAC TI OrJAL 

<I.E. M l ) 

ELSE EQUALIZE THE EXPONENTS BY RAiSING THE SMALLERlSCALING ITS FRACTlON 
LET E = E' + N . 

E' N E 
THEN M' x 2 = C M' I 2 > x 2 · 

N 
NOTE: M' I 2 IS M' SHIFTED DOWN N BITS 

IN GENERAL, FLOATING POINT ADDITION: 
LET E E' SUCH THAT E = E' + N . 

E E' N E 
M x 2 + M' + 2 · = M + C M' I 2 > x 2 

THE SCALING OPERATION IS THE CRUX OF FLOATING ADD AND SUBTRACT 

SY BEX 



SUBTRACTION . CAS JN ADDITION> 

MUL Tl PU CA TI ON 

DOES NOT REQUIRE SCALI NG 

ONLY HIGH ORDER PRODUCT IS USED 

. E EI . E+E I 

. ( M x 2 ) x CM' ·x 2 ) ~ ( M x M' )H.o, x 2 

DIVISION 

E . E' E-E' 
CM x 2 · ) I CM' x 2 ) = C M I M' > ~ 2 

SYBEX 



FLOATING. POINT NORMALIZATION 

ALL FLOATING POINT OPERATIONS USE NORMALIZED DATA 
AND RETURN NORMALIZED DATA 

NORMALIZED = HIGH ORDER JUST·IFIED 

I.E. THE BIT TO THE LEFT OF TH~ SIGN :!=- SIGN 

TH.E LASr STEP OF ANY FLOATING POINT OPER~TION 

IS NORMALIZATION 
I.E. SHIFTING MANTISSA UP UNTIL MSB *SIGN 

. ADJUSTING EXPONENT DOWN TO COMPENSATE 

i1ULTIPLY AND DIVIDE REQUIRE AT MOST 1 SHIFT TO NORMALIZE 

ADD AND SUBTRACT MAY REQUIRE UP TO 34 SHIFTS 

CAND MUST DETECT ZERO SUM OR D IFFEREtKE> 

SY BEX 



FOR A 36 BIT MANTISSA i. 

. .·' 

MULTIPLY AND DIVIDE TAKE 36 INTERATIONS: . 
ADD AND SUBTRACT MAY REQUIRE UP TO 34 BIT SHIFTS 

EXAMPLE MULTIPLY 

USING OPTIMAL 2901 CONFIGURATION FOR 36 BITS. CHLO. DBL LENGTH) 
uCYCLE • 220 NS Cl75·NS> 

36 ITERATIONS FOR MULTIPLY • 7 .92 uSEC. (6·.30 uSEC> 
<MANTISSA ADDITION CONCURRENT> 
PLUS SET UP AND RESTORE 5 CYCLES • 1.10 uSEC C.88 uSEC> 

FLOA TI"NG MUL: . 9. 02 uSEC C OR 7.18 FOR FLOATING ONLY CPU > 

. SYBEX 



REDUQT.10.N FOR FLOATING MULTIPLY 

FOUR STAGE MULTIPLICATION OF MANTISSAS 

. '" M. 111-1 x 2 + ,.,L 
M' • M~ x 2• + M ~ 
M x M'• M ·M.1·2~ + CM • M' + M'·M>-2'a + M • M'. H n ... L. .. M'.~ L t.. 

CNOTE:· FOR CLOSE APPROXIMATION ONE CAN IGNORE LOWER 18 BITS OF 2~ PRODUCT 
ALL 36 BITS OF 2°-PRODUCT> 

TOTAL TIME REQUIRED 
4 COR 3) PARALLEL 18 BIT MULTIPLIES·· 18 ·x 220 NS• ~iA6xuj75 NS. 3,15 uSEC> 
PLUS THREE 36 BIT ADDITIONS • 660 NS C525 NS> 

FOUR STAGE FLOATING MUL: 4•62 uSEC C3.68 uSEC> 

SYBEX 



TRAIGHT FLOATING MULTIPLY 

I CONIROL I· 

* AS IN CHAPTER 2 

OUR STAGE FLOATING MULTIPLY 

D t 
I 

: 2901 x 5 : 2901 x s·, 
: H X L' :· L X L 

i--1sT . l -· lY 
ADD Q ADD Q 

TWICE THE COST FOR TWICE THE SPEED 
NOTE: 23 x 2901 

MANTISSA EXPONENT 

2901 x 9 I +lxf I 

2902 NOTE: 12 x 2901 

D· - _{ D 
I 2901,x 5 I 2901 x 5 I I 
I I H X H' I . H X L I 

J I 

y tY EXPO 
ADD Q (M X M1

) 

SYBEX 

NENT. 

Kl 2901 X 31 



~..---.. 
4~ -.,,j 

- z.:1 - MOX ... -· 

COST_ OF SCALING IN FLOATING ADD 

ADDITION 

THE TIME OF ADDITION IN FLOATING ADD IS NEGLlplBLE 
1 CYCLE - 220 NS 

WITHOUT SPECIAL DATA PATHS SCALING MAY TAKE 
34 x 220 NS• 7•48 uSEC 

. ·EXPONENTIAL SHIFTS CAN REDUCE TO 

6 MAXIMUM x 220 • 1.32 uSEC C31.POSITIONS R.IGHT, 5 POSITIONS LEFT> 

o-3 4-7 ·-•l 12-15' "_,, Za-Z$ Zlll-~7 U..t!il ,&-St 

~ 
':' I 

~ ~ :: r A 'i d •·A . ;i,__ 
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·~ 

I • roi 

~ 
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~1 t'l.•11 -, 

~· ··-·· 14 
~•-1.1 "T 

.I .. Lllt•'.1-"1' ..... l _.... 

z.t.--s• ......... 

'Sa.-~ 
1' ---, 



SINGLE CfCLE SHIFT RIGHT L 4, 8, 16 
SINGLE CYCLE SHIFT LEFT BY ROTATING RIGHT AND DISABLING MUX ABOVE SIGNIFICANT NIBBLE 

PLA DECODES EXPONENT DIFFERENCES FOR SCALING SEQUENCE 

PLA DECODES LEADING ZERO NIBBLES FOR NORMALIZE SEQUENCE 

.HARDWARE .REQUIRED 

18 DUAL 4 LINE TO 1 LINE MUX <74S253) 

1 Q.UAD 2 LINE TO 1 LINE MUX C74S257> 

1 PLA 

PLA INPUTS DRIVEN FROM EXPONENT ELEMENTS 

IOIAL.fLOATING ADD. .<2. u..S.EC. · 

SY BEX 



·FLOATING POINT.SUMMARY - BIJ" SLICE APPLICATION 

STRAIGHT FORWARD BH SLICE F. P. IMPLEMENTATION FOR .36/12 DATA 

MUL/D IV .7. 2 TO 9 u~EC 
ADD/SUB 6.4 TO 8 uSEC MAX 

SPE~IAL IMPLEMENTATION WITH BIT SLICES 

MUL 3. 7 TO 4,6 USEC · 

ADD/SUB 2 uSEC MAX 

THESE FIGURES· AVAILABLE WITH CHIP COUNT.UNDER 50 FOR DATA PATH ELEMENTS! 

. COi~CLUSION: BIT SLICE DEVICES WILL CERTAINLY FIND THEIR WAY mm LARGE SC.~LE CO~PUTERS 

SY BEX 



CHIP REDUCTION 

SPEED 

COST 

A 48 BIT FL01U ING POI NT . CPU 

i!ITH FAST FUNCTION ARCHITECTURES 

WITH MAXIMUM SPEED, MAXIMUM PARALLEL CONTROLLER 

<AS m SECTIOH 2> WITH 1024 MICROHJST~UCTION ROM 

WITH 48 BIT MEMORY I IO BUS 

APPROXIMATELY l2Q Clil£S 
(WITHOUI BIT SLICE LSI: APPROXIMATELY 720 CHIPS) 

INHERENT CHIP SPEED 

ARCHITECTURE ENHANCEMENTS 

DISSIPATION REDUCTIOU 

UUMBER CRUNCHERS REDUCED TO MINI COMPUTER PRICES 

SY BEX 



....,"'. v1uL.;. 1 ns:: LJ-\CUHA I UHY 

PRESENTLY THE POPULATION OF COMPUTERS WITH FLOATING POINTS 
100,000 WORLD WIDE 

. IS THERE ANY USE FOR A MINI PRICED F.P. MACHINE? 

NAVIGATION REDUCTION FOR SHIPS AND SMALL .PLANES 
TRAINING SIMULATORS 
COMPLEX FUNCTION MOH ITORS - INDUSTRIAL CONTROL A IR . CONTROL 

PATTERN RECoGNITION APPLICATIONS 
VOICE RECOGNITION · 

SCENE ANALYSIS 
DISPLAY SYSTEMS INVOLVING 

ROTATION 
PERSPECTIVE 
DISAPPEARANCE 

MILITARY 

SYS EX 



BIT SLICE MACHINE CHARAqERISTICS 
FAST CYCLE 
POWERFUL MICROINSTRUCTION 
LAR&E REGISTER COMPLEMENT 

. ~A! 

MAKE POSSIBLE MICRO LEVEL INTERPRETERS FOR 
APL 
ALGOL 
PL-1 
FORTRAN 

. EXAMPLE: 2000 CONTROL WORD VERSION OF pffAPTER 3 MACHINE COULD. IMPLEMENT COMPLETE 
APL - SPEAKING MACHINE.· . 

"POWER TO BURN" IMPLIES REDUCTION OF SOFTWARE DEVELOPMENT 
TIME 
COST 

CRUCIAL IN LARGE SYSTEMS WHERE SOFTWARE/HARDWARE COST IS VERY HIGH 

SYBEX 



SPECIAL ARCH:ITECTURES - CHARACTER PROCESSORS 

CHARACTER STRING PROCESSING -
. ' . ~ 

NARROW DATA: 8 BITS. 

SIMPLE FUNCTIONS 
STRING SEARCH 

STRtNG DELETE 
STRING MODIFY . 

· STRING INSERT 

SPECIAL ·FUNCTIONS 

CYCLIC REDUNDANCY CHECK 
PARITY 

OPTIMAL HARDWARE ALLOCATION 
CHEAP PROCESSOR AND EXPENSIVE MEMORY 

SY BEX 



DESIRABLE CHARACTERISTICS· 

ASYNCHRONOUS MEMORY ACCESS 
MANY REGISTERS, ITERATIVE.ACCESS 
AUTOMATED LOOPS - . LOW OVE~HEAD' . 

MASK FUNCTION 

MULTI . - BYTE PARALLEL MEMORY ACCESS 
SUCH THAT CBYT.ES/FETCHJ x CFETCH/SECONDJ = µ.CYCLE/SECOND 

MINIMUM µ. CYClE CEFFECTIVE> 

ALSO 
POSSIBILITY OF MULTIPROCESSORS 

SY BEX 



ROM 
256 

x 
20 

-· ., ,.. II n"" I a...n ~I nll"\:I t"'MUvt:.:::>~ING ARCHITECTURE 5-35 

SEQUENCER 

MM6710 

4 - PORT 
MEMORY 

. ~~~m~oR 
PROCESSOR INCLUDING BUFFERS APPROX 26 CHIPS 

8 . ~ 



A 

B ! 
cc 

4 
~---,.r;----1"""4,'1 en ..... -rs;..+--'--.'----i .... A" .. 3 To 2901 . 

I} _r 

L__J-

I 01 
3 ,.. 

c •. ' ;, 

EN 

C.TR. 

I 

A ~ ADDRESS FUNCTIONS 
0: .. A FIELD D~RECT. ro A~-3, 
1: . LOAD COUNTER WI TH A - FI ELD 

CCA 2 :- COUNTER TO 2901 A ;~3 
3: COUNTER TO A --3 & I NCR. CNTR I 

I !1. (rs) 

CCAt&, I TS 

BRANCH¢-6 

SYBEX 



PROCESSOR CYCLE = 150 NS 
<NO END AROUND SHIFTS> : 

· ITERATIVE-ONE INSTRUCTION LOOPS UP TO 16 AT 150 NS/INSTR. 
. . 

EI G I COMPARE CONTENTS OF 15 REGS TO ONE BYTE . 

SET LOOP COUNTER = 15 
LOAD A COUNTER = 0 

LOOP: I CTR AC+ 1) I ADR B = 15. I A XOR B I BRP.NtH. IF F=0 I 

MAX 2.25 uSEC + .3 uSEC = 2.55 uSEC 

· SEARCH B CHARACTER s·EGMENT FOR 1 OF 8 CHA~ACTERS 
.3 + 8<.3 + 8(150)) = 12.3 uSEC 

SYBEX 



MULTIPLE SERIAL 1/0 ADAPTOij <UP TO 16 CHANNELS)· 

SERIAL OUT 

CHANNEL 

SELECT 

ONE REG I STER PER. CHANNEL · 

4 

120 i~S CYCLE mo ARITHMETIC> 

ASSUME: I SERIAL IN PHASE 
1 PARALLEL -OUT PHASE 
1 PARALLEL IN PHASE 

1 SERIAL OUT PHASE 
RATE = 2 MHz/NO. OF· CHANNELS 

PARALLEL IN 

SERIAL IN . 

PARALLEL OUT 

PER OPERATION CYCLE = 480 NS 

SYBEX 



1v11vnu /"\llLlvf\ I IUN~: ~t:HIAL PROCESSOR !>-.5~ 

S E R I A L P R 0 C E S S 0 R l C H I P 
EXAMPLE: 16 REGISTER NIBBLE C4 BIT> MACHINE 

SL SR 

SEQ. . ~g~ ' 9 B.S. 
MM x 

6710 
16 

B 

~ 16 BITS 

~ 

32x8 
ROM 

2 

APPROX 13 CHIPS 
200 NS CYCLE 



BIT SLICE EMULATIONS OF POPULAR MOS MICROPROCESSORS 

EXAMPLE 

BIPOLAR SPEED 
PROGRAM COMPATIBILITY . 
1/0 COMPATIBILITY 

SIGNETICS 80E EMULATION OF 8080A 

~SES SIGNETC·s Cl~TEU. 3000 SERIES 

6~oAP~Ll~~HaNTIMES FASTER D~PENDING . 

SYBEX. 
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·a. DEVEL:OPMENT AIDS 

SYBEX 
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1. ROM SIMULATOR 
VARIABLE CONF.IGURATION 

PLUG IN SIMULATION OF ROMS 

100 NS .PERFORMANCE MAY REQUIRE SLOW.CLOCK· 
PAPER TAPE LOADING i-- TTY DUMPING 

- - --'-'~...._,,IV 

.. FRONT PANEL· INSTRUCTION MODIFICATION A:ID .VERIFIC.~TON · 

·. 

-~°"'" -- ,,.,..,_ .. ___ 
~-~ t---------1 #lllA•Wli"if~ 

, I 



u t: v I:. Lu I'""' IVI C. I~ I I"'\ I '-' v - '"' "' I ~. • • • - - -

2. PROMS, EROMS, FPLAS 

3: PORTABLE PROM AND PLA PROGRAMMERS 

14. USER DEFINED ASSEMBLERS <E.G. RAP~D> 

SPEEDS DEFINITION OF MICROPROGRAM 

. CONVERTS SYMBOLIC PROGRAM TO: ROM BiT PATTERNS 
ACCEPTS USER DEFINITION OF 

WORD LENGTH 
FIELDS' IN WORD.; MULTIPLE FORMATS IF NECESSARY 
VALID SYMBOLS 

BINARY EQUJVALENT OF SYMBOLS 

GENERATES ROM <TAPE OR CARD> IMAGE 
RUNS ON IBM OR OTHER HOST SYSTEMS 
VERY USEFUL IN CONJUNCTION WITH ROM SIMULATOR 

SYBEX 
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5. DEVICE SIMULATORS . CE.Gi ICE - 30) 

FOR DEBUGGING LOGICAL DESIGN OF SYSTEM 

EMULATES DEVICE .CEiG •. 3001 INTEL> IN CIRCUIT 
ALLOWS CONTROL.AND.MONITORING OF SIGNALS 

SYBEX 



- FROM DATA 1/0 

- PROGRAMS INTERSIL AND SIGNETICS 

- INPUT: 

- KEYBOARJ;l 

- MARK SENSE CARDS 

.- ASC II TAPE 

·sYBEX 



- - -- -·., uv11v1&...n 

DATA 1/0 MODEL X ALLOWS UP TO 63 PRODUCT TERMS 
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BIT SLICES ARE A POWERFUL BUT FLEXIBLE UNIT OF iNTEGRATION. '· 

- WIDE RANGE OF AP,PUCATION . COMPLEXITY 

- WIDE RANGE OF PERFORMANCE 

- SIGNIFICANT REDUCTIONS IN COST, CHIP COUNT AND 
. . 

DI SS I PA Tl ON MADE POSS IBLE . FOR GIVEN ARCHITECTURE 

- . SIGNIFICANT EKHANCEMENT IN _.COMPUTATIONAL POWER, SPEED, 

.RELIABILITY. FOR GIVEN COST l SPACE I COOLING 

S.YBEX 



BIT - SLICE DEVICES . WILL· BECOME A STANDARD DESIGN ELEMENT . 

.1. · ARCHITECTURES OF DEVICES ARE . CONVERGING 

2. SECOND SOURCES ARE PROLIFERATING 

3. USERS ARE PROLIFERATING 

4.. .CUSTOMER DEMANDS · FOR .J >MICROCOMPUTER HARDWARE 

ARE PROLIFERATING 

5. . BIT - SLICE DEVICES MERGE VERY WELL WITH OTHER 

LSI CPLA'S, ROM'S, RAM'S, I I 0 DRIVERS, 

INTERRUPT HANDLERS, ETC.) 
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~UMMAHY 

THIS COURSE HAS EXAMINED THE . BIT - SLICE TECHNOLOGY 

IN RELATION TO : 

THE EVOLUTION OF CPU DESIGN. 

LSI CRITERIA. 

THE DESIGN PROCESS OF A MODERN CPU. 

OTHER APPL! CATIONS FROM THE MICRO ·LEVEL TO 

THE NUMBER CRUNCHER LEVEL. 

ITS INTEGRATION WITH OTHER LSI- DEVICES 

AND IT HAS PRESENTED A SURVEY OF THE EXISTING BIT - SU CE 

DEVICES AND SOME OF THE PRODUCTS IN WHICH THEY ARE USED. 

SY BEX 



8. APPENDICES 
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SSI GATES FLIP-FLOPS MSIALU 

FAMILY CHARACTERISTICS Propagation Toggle 4-811 
Deley Rate Add Time 

STANDARD TTL 

54/7 400 Series SSI and MSl-112 types 
8200 Series MS1-6Q types 
8T Series lnterface-36 types 

Standard "gold doped" TTL is the industry's longest selling digital logic family still in 10ns at 10mW 25 MHz 28 ns 
high volume production. New system designs generally favor the Low Power Schottky 
TTL equivalent functions. 

LOW POWER SCHOTTKY TTL 

54/74LSOO Series SSI and MSl-79 types 
3000 Series Microprocessor Set 

Low power Schottky provides the same speed as standard TTL at 1/5 the power. The 10ns at 2mW 30 MHz 21 ns 
power savings and LSI potential are encouraging the use of 74LS in most new system 
designs. · 

HIGH SPEED TTL 

54/74HOO Series SSl-30 type.s 
8200 Series MSl-18 types 

Higher speed versions of standard TTL SSI devices. Generally being replaced by 6ns at 22mW 45 MHz no MSI 
Schottky TTL in new designs. 

SCHOTTKY TTL 

54174500 Series SSI and MSl-55 types 

Schottky TTL uses a diode clamp design to insure the highest speed possible at TTL logic 3ns at 30mW 90 MHz 1 Ins 
levels. 

ECL 

10.00 Series SSI and MSl-69 types 
ECL de11ices use a narrow logic swing to provide the highest speed standard logic family 
for use in lar~ mainlrame computers and lest equipment. 

SY BEX 



TTL EQUIVALENT 

The S701 /6701 is similar in function to th' 25 TTL MSI packages listed below. It saves 375 1/0 pins, 5.6 wans ind 30 sQuare inches of 
board area. 

TABLE 1 

"14 Pin 
or Advertised Gate Typic1I To11I 

~16 Pin ;:24 Pin G1te Complexity Complexity Power Pow• 
Function TTL# Pkgs. Pkgs. lhchPkg.1 Tot11I Each (Watul IW1ttsl 

32 x 9 & 8 x 8 ROMs 7488 3 70 210 .so 1.SO 
16 x 4 Multiport RAM 74172 4 110• 440 .56 2.24 
Arithmetic Logic Unit 74181 ,_ 

75 75 .55 .SS 
Storage Latches 7475 2 28 S6 .16 .32 
J·K Flip Flop 10 Reg) 74107 2 22 44 .10 .20 
4to1 MUX 74153 6 16 96 .20 1.20 
0/1 True Complement 74H87 2 18 36 .27 .S4 
Duel 4 81t Select 74157 2 15 30 .. 15 .30 
Ouad 2 to 1 MUK with 

745257 2 15 30 .30 .60 3 State Outputs 
3 State Buffer OM8094 5 5 .18 .18 

To111s 20 5 1022 6.63 

"The 74172 is advertised It 201 11at• complexitY but we •r• using only 2 of th• 3 •ddress c•P•bility, hence we have counted it as 110 
gatH. 
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APPENDIX C: CARRY LOOK-AHEAD LOGIC 

ALU FUNCTIONS CAM 2901) 

LOGIC FUNCTIONS FOR G. P. Cn+4. ANO OVR 

The four s1gn1h G. P. Cn•4· 1na OVA are de~1gned 10 ind1cue 
arry 1nd o•erflow cond111ons when the Am2901 is in the add 
or subtr1ct mode. The t;ible ~low ind1C1te5 the logic equ11ions 
lor these lour signals lex each ol th~ e11jht ALU functions. The 
R ind S inpuu ire the two inpuu wilected 1ccord1ng 10 
Figurt 2. 

l1u Funaion G 

O.l1mllon1 (+•ORI 

Po • Ag. So 

P1 • R1 + 51 

P2 • R2 • Si 

Pa• R3 + S3 

Cn+4 

Go a RoSo 
G, • A1S1 

Gi • R2S2 

G3 • R3S3 

11 + S PJP2P1Po G3 + P3G2 + P3P2G1 • P3P2P1Go C4 

S- R ~ s.mc u R + S equ1lions, but wbs111u11 R; for R1 in d•lin1r•ons 

R -S Same •IR+ S 1qu1r1ons. but Jubstiturt S. for 51 1n definH•ORJ 

RVS LOW P3P2P1Po PJP2P1 Po + Cn 

OVfl 

C3"1'C• 

P3P2P I Po + Cn 

RAS LOW G3 + G1 •·G1 •Go G3 • G1 + G, +Go• Cn G3 • G2 + G1 +Go+ c;; 

~AS LOW 

R"l'S ~ 

••OR 

S.me IS RI\ S eQU.111ons.. bur subsuture A. for A, in C11f1n111ons 

Same as R ~ S. bvt s.ubs.uturt· R1 for R, 1n def1n1t1on1 

P3GJ + P3P2G2 • P3P2P1G1 

+ P3P2P1Po !Go. c;., 

SY BEX 
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CAMS 

6220 8-b1I CAM 
10155 16-bit CAM 

1--
SAMS 

82512 32-bit SAM 
A?S112 32-bit SAM 

RAMS 

82521 64-bit RAM 
82525 64-bit RAM 
54/74569 64-bit RAM 
54/74S169 64-bit RAM 
3101A 64-bit RAM 
62516 256-bil RAM 
82517 256-bit RAM 
625116 256-bit RAM 
625117 256-bil RAM 
54/745200 256-bil RAM 
54/745201 256-bit RAM 
54/745301 256-bit RAM 
10144 256-bit RAM 
62510 1024-bil RAM 
62511 1024-bit RAM 
93415A 1024-bit RAM 
93425A 1024-bit RAM 

ROMS 

625226 1024-bil ROM 
625229 • 1024-bit ROM 
82S230 2046-bit ROM 
625231 2046-bit ROM 
625214 • 2046-bit ROM 
6228 4096-bit ROM 
62S215 4096-bit ROM 

PROMS 

62523 256-bit PROM 
825123 256-bit PROM 
10139 256-bil PROM 
62527 1024-bit PROM 
825126 1024-bit PROM 
625129 1024-bit PROM 
10149 1024-bit PROM 
825114 2046-bit PROM 
825130 2048-bit PROM 
825131 2046-bit PROM 
825115 4096-bit PROM 
825136 4096-bit PROM 
625137 4096-bit PROM 

FPLA 

825100 FPLA 
825101 FPLA 

'TEMPEAATIJAE RANGE 
C • r:orrHnerc•ll IO"C lo • 75"CI 
M · M•l•l•ry 1 ~5 c 10 • 12s·c1 
All ECL 10 000 I 30'C 10 • es·q 

·· ourPur 
rs . r,. 51111 

OC · Open C11111c10' 

OE • Open E ,,,,u., 

4 )( 2 oc 40 c 
8x2 OE 13 M,C 

8x4 QC 35 c 
6 )( 4 TS 35 c 

32 x 2 QC 50 c 
16 x 4 QC 50 M,C 
16 )( 4 oc 50 M,C 
16 )( 4 TS 35 M,C 
16 JC 4 oc 35 M,C 

256 I( 1 TS 50 M,C 
256 >C 1 QC 50 M,C 
256 I( 1 TS 40 c 
256 )( 1 QC 40, c 
256 )( 1 'TS 50 M,C 
256 )( 1 TS so M,C 

256 I( ,1 OC so M,C 

256 )( 1 OE 30 M,C 
1024 JC 1 QC 45 M,C 
1024 JC 1 TS 45 M,C 
1024 )( 1 oc 45 M,C 
1024 x 1 TS 45 M,C 

-
256 )( 4 QC so M,C 
256 )( 4 . TS so M.C 
512 JC 4 oc so M,C 
512 x 4 TS 50 M,C 
256 )( 6 TS 60 M.C 
1024 )( 4 TIL 75 c 
512 )( 8 TS 60 M,C 

-
32 )( 8 QC so M,C 
32 )( 8 TS 50 M.C 
32 )( 8 OE 20 M,C 

256 )( 4 oc 40 c 
256 )( 4 QC so M,C 

256 JC 4 TS so M,C 
256 )( 4 OE 17 M,C 

256 )( 8 TS 60 M,C 
512 )( 4 oc so M,C 
512 )( 4 TS so M,C 

512 )( 8 TS 60 M.C 
1024 )( 4 OC 60 M,C 
1024 x 4 TS 60 M,C 

16 x 48 x 8 TS 50 M.C 
16 )( 48 JC 8 QC 50 M,C 



MOS MEMORIES 

Signetics offers a broad line of MOS memories 
and memory-related products with many different· 
access modes, architectures and speeds. Sizes range 
from 100 bits to 8192 bits on a single chip. 

The memory products listed on the following 
pages can be categorized by both technology and 
product type. Basically, two technologies are used 
in the manufacture of Signetics MOS memory prod­
ucts. These are: 

P-Channel, Silicon Gate 
N-Channel, Ion-Implanted Silicon Gate 

The P-Channel process is used in Signetics' 2500 
series and the N-Channel is used in both the 2100 
and 2600 series. 

The 2500 series consists of shift registers-both 
static and dynamic, character generators and cus· 
tom programmable ROMS, 256-bit static RAMs and 
1103 type dynamic RAM. 

The 2100 series is a family of 1024-bit static RAMs. 
This family consists of standard devices (2102). low 
power devices (21 L02), high speed types (21F02), 

SIGNETICS PART 
ORGANIZATION NUMBER 

256 x 1 1101/2501 
. 256 )( 1 25LOI 

256 )( 4 2606 
256 )( 4 2602-1 

1024 )( 1 2102/2602 
1024 )( 1 2102·112602·1 
'1024 )( 1 2102·2/2602·2 

STATIC '1024 x 1. 21F02 

(/) RAM 1024 )( 1 21F02·4 
w 1024 x 1 21L02 

a: 1024 )( 1 21L02·1 
0 1024 )( 1 21L02·2 
:e 1024 )( 1 21L02·3 
w 1024 x 1 M2102-4 :e 1024 x 1 M2102-6 

1024 )( 1 1103 

DYNAMIC 1024 )( 1 1103·1 
RAM 4096 )( 1 2680 

4096 )( 1 2660 

STATIC 
512 )( 8 2530 

ROM 
1024 )( 8 2608 
2048 )( 4 2580 

CliARACTER 64 )( 8 )( 5 :"113 

Gl.Nt HA runs fo'1 • Ii ~ II :'!dti 
64 x 9 )( 9 :?t>L6 

--·----

and military products (M2102). This series give 
designer the choice of access times from 2501 
1.0us and power supply currents from 40m 
70MA. 

The 2600 series consists of a 256 x 4 static F 
the 4096 x 1 dynamic RAMs, and a 1024 x 8 m 
programmable ROM. All N-Channel devices ope 
with a single 5V power supply and are 
compatible. 

Most MOS memory products are available ur 
Signetics Upgraded Product Reliability (SU 
Program and both products and processes are< 
tinually monitored under Signetics' SURE Reliat: 
Program. Both programs are described elsewt 
in this catalog. 

A variety of packaging options are available 
most MOS memory products. They are: 

A= 14-pin Silicon DIP N = 24-pin Silicon D 
8=16-pin Silicon DIP TA =8-pin T0-99 
F = 16-pin CERDIP V = 8-pin Silicon DIF 
I =Ceramic DIP XA = 18-pin Silicon DI 

K = 10-pin T0-100 

ACCESS TIME 
(na) POWER SUPPLY PACKAGE 

1000 •5, -9, -9 e.1 
1000 +5, -12 B. I 

750 +5, 0 B. F 
500 +5, 0 B, F, I 

1000 +5, 0 B. F, 1 
500 +5, 0 B, F, I 
650 +5, 0 B. F, 1 
350 -I 5. 0 B, F, 1 
450 I 5. 0 B, F, I 

1000 -15, 0 B, F, I 
500 i 5. 0 B, F, I 
650 i 5, 0 B, F, 1 
400 • 5, 0 B, F, I 
450 •5.0 F, I 
650 I 5. 0 F, I 

310 I 16, 0, 119 XA, I 
180 + 19, 0, I 21 XA, I 

200 300 I 12, I 5, 0, 5 I. F 
200· 350 +12, •5,0. -5 I, F 

700 •5. 0. 12 N, I 
650 t 5. 0 I 
950 t 5, 0, 12 N, I 

WO I !o, 0, 17 N. I 
1,00 I~. 12 N, I 
100 I 5, Q, 12 N.1 

-· -·-- ·----- - ---------- .. ...J --- -------



STATIC 

DYNAMIC 

AMO 

AM1402A/2802 
AM1402APC 
AM1403A/2803 
AM1403A 
AM1404A/2804 
AM1404A 
AM 140SA/2805 
AM1506T 
AM150n 
AM2505K 
AM2806HC 
AM2807PC 
AM2808PC 
AM2809PC 
AM2833PC 

FAIRCHILD 

3343 
3344 
3347 
3349 
3533 

.:.:!""'---.. -· 

MOS MEMORIES 
----- < ------ ----·---- -- -~-

ORGANIZATION/ SIGNt TICS PART 
REGISTER LENGTH NUMBER SPEED(MHz) 

32 )( 6 2518 2.0 
40 )( 6 2519 2.0 
50 )( 2 2509 1.5 
80 )( 4 2532 1.5 

100 )( 2 2510 1.5 
128 )( 2 2521 1.5 
132 )( 2 2522 1.5 
200 )( 2 2511 1.5 
240 )( 2 25:19 1.5 
250 )( 2 25:18 1.5 
256 II 2 - 2527 1.5 

1024 )( 1 2533 1.5 

100 )( 2 25(16/7/17 3.0 
256 )( 4 2502/1402 8.0 
512 )( 1 25Cl5 2.5 
512 x 1 252'4 3.0 
512 x 2 250(1/1403 8.0 

1024 )( 1 2504/1404 8.0 
1024 )( 1 2525 3.0 
1024 x 1 2512 2.5 

MOS MEMORIES CROSS REFERENCE 

SIGNETICS 

14028 
25028 
1403TA 
25031TA 
1404V 
250HA 
14051( 
1506V 
2506T/2517T 
25051( 
25121( 
2524V 
2525V 
2521V 
2533V 

SIGNETICS 

2521V 
2522V 
25320 
25180 
2533V 

G.I. 

2509 
2510 
2511 
2533 

INTER SIL 

IM7712C 
IM7722C 
IM7780C 

INTEL 

C1402A 
C1403A 
M1404A 
M1405A 

MOSTEK 

MK1007P 

SIGNETICS 

'2509K 
2510A 
2511A 
2533V 

SIGNETICS 

2512K 
2525V 
3347 

SIGNETICS 

14028125028 
1403TA/2503TA 
2504TA 
1405K/2505K 

SIGNETICS 

25329 

POWER SUPPLY 

)~. [1/11/4 
+5, -12 

+5, ,-5. -12 
+5, o. -12 

+-5. ··5. -12 
+5, -12 
+5, -12 

+5. ··5. -12 
+5, -12 
+5, -t2 
·•5. -12 

+5, 0, -12 

+-5, -5 
+5, -5 
+5, -5 
+5, -5 
+-5, -5 
+5, -5 
+5, -s 
+5, -5 

M.1.1. 

MF1402A 
MF1403A 
MF1405A 
MF1408 
MF1407 

NATIONAL 

MM506H 
MM507H 
MM1402A 
MM1403A 
MM1404A 
MM2521 
MM2522 
MM5058 

T.I. 

TMS3112NC 
TMS3120NC 
TMS3128NC 
TMS3129NC 
TMS3133NC 

PACKAGE 

8.1 
8, I 
A, K 
8.1 
A.K 
v 
v 

A. K 
v 
v 
v 
v 

T. V 
8.1 
K 
v 

TA,V 
TA, V 

v 
K 

SIGNETICS 

25028 
2503TA 
25°"TA 
2506T 
251n 

SIGNETICS 

1506V/2506T 
1so7T12s1n 
14028/25028 
1403TA/2503TA 
1404V/2504TA 
252'1V 
2522V 
2533V 

SIGNETICS 

25188 
25328 
2521V 
2522V 
2533V 

00 
I 

co 

. 



MOS MEMORIES CROSS REFERENCE 

MOS N-CHANNEL RAMS MEMORIES MOS P-CHANNEL RAMS 

'MD SIGNETICS INTEL SIGNETICS AMO SIGNETICS 

;2102 2102F C2012 2102F AM1101A1 11018 
:2102-1 2102-1F C2102·1 2102·1F P1101A 25018 
:2102-2 2102-2F C2t02·2 2102·2F 
'2102 21028126028 C2102A 21F02F 
2102·1 2102-18/2602-18 C2102A·2 21F02·2F 
2102-2 2102-28/2602-28 C2102A-4 21F02·4F INTERSIL SIGNETICS 

M91020C 21F02-4F C2t07A 26041 
M9102PC 21F02·48 MC2102A·4 M2102-41 IM7501/11/12C 11018/25018 

M91L02ADC 21L02·1F MC2102A·6 M2102-81 
M91L02AOM M2102·41 P2102 21028/26028 
IA91L02APC 21L02·1B P2102·1 2102-1 8/2602· 18 
~91L0280C 21L02·3F P2102·2 2102-28/2602-28 INTEL SIGNETICS 

..t91L028PC 21L02-38 

..t91L020C 21L02·2F 
P2102A 21F02B 
P2102A·2 21F02·28 P1101A 25018 

'492L020M M2102·61 P2102A-4 21F02-48 P1101A1 11018 

"91L02PC 21L02·28 P1103 1103XA 

IRCHILD SIGNETICS 
MOSTEK SIGNETICS 

MOSTEK SIGNETICS 

12FDC 21F02F 
12FPC 21F028 

MK4102 21028/26028 
MK4102·1, 2102-1812602· 1 8 

MK4007 25018/25L018 
MK4007P 11018 

12DC 2102-2F 
2PC 2102·28 
2-1DC 21F02·4F 
2-1PC 21F02·48 

M.l.L.. SIGNETICS 
M.1.L SIGNETICS 

MF2102 21028/26028 
MF2102·1 2102-1 812602· 18 
MF2102·2 2102-28/2602-28 

MF1101A 11018/25018 
MF1103 1103XA 

ERSIL SIGNETICS 

i52C 21028/26029 
i52-.1C 2102-18/2602-18 

NATIONAL SIGNETICS NATIONAL SIGNETICS 
I---

i52·2C 2102-2812602-28 MM21020 21028/26028 
MM2102·1 2102-1 8/2602-1 8 

MM1101A 25018 
MM1101A1 11018 

MM2102·2 2102-28/2602-28 

T.I. SIGNE TICS 

TMS4033 2602-28 
TMS4033JL 21f02·4F 
fMS4033NL 21F02·48 MOS RAMS 

TMS4034 2602-18 

E TMS40334JL 2102-2F SIGNETICS 

fMS40:14NL 2102 2ll 
rMS4035 26028 2560N 

TMS4035.JL 2102F 

80 

fMS4Q:l5NL 21028 



TTL 
MEMORIES 

64 BITS 116 WOROS BY 4 lllTSI 
'Sl89, 'S2H 

ADA 1 

C£ 
RrW 
DI I 4 

001 5 

DI 2 6 

002 7 

GND 8 

14 

13 

12 

II 

10 

vcc 
ADB 

AOC 

ADO 

014 

004 
01 3 

003 

SERIES 54S/74S 
RANDOM-ACCESS READ/WRITE MEMORIES 

2!>6 lllTS 12!>6 WORDS llY I lllTI 
'5201, 'SJOI 

ADA Vee 
AD I AOC 

CEI 3( ADH 

EE2 41. 01 

CiJ 12 RlW 

60 6 " ADG 

ADD 1 10 AOF 

GNO 8 t ADE 

fHJL lC 11"4 .... 0 lll 5 1'.1'1]'.11 MAY l!H~ 

1024 lllTS 11024 WORDS llY 1 BITI 
SN74S209, SN7"5309 

EE I 11 vcc 
ADA 1!> 01 

AD 8 P.lW 

AOC 4 13 ,llOJ 

.-Do 12 ,llDI 

,llOE 11 ADH 

DO 1 10 .-oo 
9 ,110 F 

ft1n Ht•f"M9"U tor all of th•• .. tnemOf ... .,. the Mme tor ell PM.., ..... 

Schottky-Clamped for High Performance 

• Full On-Chip Decoding and Fast Chip-Enable Simplify System Decoding 

P·N·P Inputs Reduce Loading on System Buffen/Drivers . 

Choice of 3-State or Open-Ccillector Outputs 

TYPE N~IER IPACKAGESI TYl'E Of BIT SIZE TYPICAL ,llCCESS TIMES !!!_RITE CYCLE Tl-..£ 

-s!l•c to 11'S"c o•c 101o•c OUTPUT ISi IORG,llNIZATION~ CHIP-SELECT ADDRESS SN54S" SN74S' 

SN!'>4Sl89U. WI SN74S1891J. NI J Statt 64 Biii 
12nt 25 ns 25ns 15nt 

SN!'>457891J, WI SN74S7891J, NI ()pen.Coll•cto• 116¥'1 ..... , 

SN!'.45:101 IJ, WI SN74S7011J, NI J.51111 256 Boll 
IJns 42ns tOOns 65m 

SNS4SJOllJ, WI SN745JOllJ, NI 0pPn.CollrC10r 
t-·' 2~: ~.:1a1 ·-----

SN74S2091J, NI l·S111e 

SN7453091J, NI Open.Collector 111024W • 1 Bl 
20nt 70nt l!>Ont 

description 

Thewr monololhtC TTL memoroes fu1ure Scho11ky clamping for high performance. a fut chip select accen ·11me to 
enhance decoding at 1he ·svuem level, and the '5201 ;ind '5209 RAMs uhliie inverted·cell memory elements to ach1ew 
hogh densities. The memo11es le•ture p·n·p input transiuon that reduce !he low level input current requirement to a 
ma•1mum of ·-0.25 milli;imperes. only one-eighth that of a Seriel 5451745 Sl•ndard lo;id factor. 

A three·U•te-output venion and an open·collecl:or·output •enion are offered for uch of the three org;in1utions. A 
three-state output offers the convenience of an cipen·collector output with the ~ed of a totem·pole outPut; 1t can be 
bus-connected to other somilar outputs, vet.it reuins the fut rise time char;iclemtoc of the TTL totem pole outPut. An 
open collecto• output offer' the capability of direct interface with 1 dalil line having a passive pull·up. 

write cycle 

Information 10 br. stored in the memory is written into the selected address (ADI location when the chip enable ICEI 
and the read/w11te (RJWI inputs are low. While the rod/write input is low. the memory output(sl os(arel oft 
(three·st<ite • Hi-Z, open-collector= hoghl. When .1 number of outputs are bus·connected, this off state neither loads nor 
droves the data bin; however, it permits the bus line 10 be driven by other active outputs or a pan1ve pull·up. 

read cycle 

Information stored in the memory (see functiort table for input/output phase relationshipl is available at the outputhl 
when the rud/wtite input is high and the chip·e·nable inputlsl 1s(arel low. When one(or morel chip-enable input 1s(arel 
high, 1he outputhl will lie off. 

TEXAS INSTRUMENTS 
~-..c flNJ'OA At ( 0 

..,o•" OP'r1ct eo• ''°" • aau,a• ,.,.,.. '"''' 



TTL 
MEMORIES 

Titanium· Tungsten (Ti-W) Fuse Links for 
Fast, Low-Voltage, Reliable Programming 

SERIES 54/74, 54S/74S 
PROGRAMMABLE READ-ONLY MEMORIES 

llULLlTIN NO. Dl·~ Hl72~1. MAY 111'5 

f=ull Decoding and Chip Select Simplify 
System Design 

All Schottky-Clamped PROM's Offer: • Applications Include: 
Microprogramming/Firmware Loaders 
Code Converters/Character Generators 
Translators/Emulators 

Fast Chip Select to Simplify System Decode 
Choice of Three-State or Open-Collector Outputs 
P·N·P Inputs for Reduced Loading on 
System Buffers/Drivers Address Mapping/Look-Up Tables 

TV'E NUMBER IPACK.AGESI 
BIT SIZE OUTl'UT 

TYPICAL ACCESS TIME INI 

-55"C 10 125' C 0 C to 70' C IORGANIZATIONI CONFIGURATION 
FROM FROM 

ADDRESS CHll' SELECT 
- ----- --S-12 b•ll·--t-·------+------+-------i 

SN!>41861J, WI SN741861J, NI (&4 W •I Bl open-collec1or 

SN54188AIJ, WI SN74188AIJ,NI 

Sl2 BITS 
164 WOA OS a V I 81JSI ., .. 

.. , .......... _._,_ 
'o ............... ,....,......,_ 
......... " ,o ....... , .... 

'iption 

~lllTS 
132 WOADS B'f I lllTSI 

'IBIA. ·5111. 'S218 

UO'"·rJ."••cc 
DO I 11 lit Q 

"C)) >· :1• A.01 

l.iO • • 11) AOD 

00 t \.t 11 AU(; 

t"'111., •I• •Pl 

00 I It 110 &OA 

U#'IO t. ,. 00 I 

&O 

open-c:ollec1or 

1014 111'5 2Q41 81JS 
11!.6 WO ROS 8V 4 81TSI 12!>6 WOADS llV I 81fSI 

·sn1. ·s:ia1 ·s.410, s.111 ..... D .... ,,. A01 1l 'lt' AON 

AOI J, . ,.. en' 
•DO •1 )U 61 

AOA. \ I) QI:) I 

•UI I ''' OIJ 1 
•OC r· 'll·DIJ I 

<AU 1, 'II OQ • 

AOA>[]Mvtt A01 I t• All M 

AOC 1 11 AUC. 

ADO t 1r •D' 

•n• • '' <.11 

"°'' ,, (\t 

DO 1 r It llQI 

00 I I 1) DO J 

00 • e II DOI 

~"'D te - U 00\ 

E.5 

•D'K 81TS 
ISl2 WOAOS IY I llTSI 

'5412. ·s.113 

•0•·11'"•cc 
Al/I I( te A.01 

*DI'.: J tt AO"' 

ADD 4 ti AOL 

.. UI t II *Of 

VO I t( 11 lJ 
00 I ' 1' DOI 

uo l t 11 l>OI 

uO• I ti DOI 

< ... o 11 n OO• 

These monololh•c TTL programmable 1ud·only memories (PROM'1I tea1ure 111an1um·IUn'J'len IT •·WI ltne links with 
each lmk designed to program in one m1ll1second 01 less. The Schonky·cl•mped versiun1 ot 1hef>e PROM'1 offer 
cons1cte1able tlex1bili1y for up91<1d1ng •••ll•ng de11gn1 or improving new desigm as lhey tea1ure full Schollky cl4mping 
for 1111p1oved j1e1fo1mJnce, low currenl MOS·compi11.1ble p n·p 1npuu, .:hu1ce of '"" d11vmg lhree U•le or 
op.,n-culleclOI' ou1puu, Jnd 1mp1oved chip ~lecl acceu limes. 

The h1gh·complu11y 2048· ;md 4096-b11 PROM's can be used 10 sign1fican1ly improve 1y11em dr!ns11y for 11.ed 
mcmor1es al all ilfe offered m the 20 pin dual·m line package having pm-row '>J).te1ngs ot 0 JOO inch 



TTL 
MEMORIES 

SERIES 54/74, 54S/74S 
READ-ONLY MEMORIES 
•uull•"' .. o. Ol s 1e1na. . .... v 1111 

Mask-Programmed Memories That Can Repl~ PROM1 

• Full On-Chip Decoding and Fnt Chip SeltK:t(s) Simplify System 
Decoding 

All Schottky-Clamped ROM1 Off• 
-Choice Q1f 3-Statt or Op.I-Collector Ou1tput1 
-P-N-P Inputs for Reduc9d lolMling on Systllm Buffers/Driven 

Applications Include: 
-Microprogrammint Firmw•t/Firmw•D LCNlden 
-Coda Converters/Character Generaton 
- Translators/Emulaton • 
-Address Mappinwlook-Up Tables 

TY'! NUMaUI IP'ACKAOHI TYN Of' llT llZI TYP'ICAL ACCESS TIMll 
-~Cw1SC 0-c .. 1 .. c OUTP'UTlll 10-.0ANIZATIOH CHIP'.SELlCT AOOllEll 

SN!>4•AIJ,WI SN7491AIJ, NI Open..C:Olleetor 
256a111 

22 .. :Mnt 
131W •Ill 

SN!>41171J,WI SN741171J. NI Opon;Collfflor 
1024 .... 

1:151W 1:411 
20 .. 40n1 

SN!>4S270CJI SN74S2701J, NI ()pon.COlleaor :I04SD•t1 
111 .. 45,. 

SP1!>4SJ70UI 51'174SJ70IJ, NI 3-St- 1112W.:4al 
5Ns-t5211IJI SP174S2711J. Nl Open.Colloct0r 2048 R•ll 

15N 45N 
SN!>4S3711Jl SPl74S3711J, NI 3-S- 1256W11lll 

description 

Thne monolithic TTL cunom-pr09<ammed reitd·only memories (ROMsl •• 
part"=ularly at1rKtive for applications requiring medium to largit quantities of the 
SMTM bit pattern. Plug-in replacemenu can be obtained for most of the popul• TTL 
PROMs. 

The high-<:omp·leicitv 2048-bit ROMs un be used to signifiuntly improve system 
bit den1ity for fiud memory n •I are offered in C•:MT1Pact 16- or 20-pin dual-in-line 
packages h1Ying pin-row spaci'9 of 0.300-indl. 

The Schottky-<:lamped versions offe; considerlblt flexibility for UP11fadint1111i1tine 
dnigna or improvint1 new de1igns .. they ft1tur1 irnprovtd performance; plus, they 
offer low-o.ment MOS.compatible p-n-p inputs, di1oic1 of bus-driving thrN~at• or 
open-collector outputs, and improved chip-select M:ceu times. 

Data from 1 sequenced deck of dlt• cards punched KCordine to the ipecifitcl 
format are permanently programmed by the factory into the monolithic structvre 
tor all bit locations. Upon receipt of the order, Tu .. Instruments will anign 1 

spKial identifying number for uch pattern prorarnmed 11CCordint to the order. 
The completed dnioes will be markMI with the 11PPropriate Tl special device 
number. It is important thll the cull- 1PKifv no1 only the outpUt levels de1ired 
at all bit loutions, but also the other inform .. tion requentd undtf ordering 
in1truction1. 

The thre.·1t1te outputs offer the convenience of 11n open-<:ollec1or output with the 
speed of a tot11m·pole output: they can be bus-connected to other similar outputs 
yH they retain the fast rise lime characteristic of the TTL totem-pole output. The 

11>1alT5112 WOllOS av I llTll ..... 
,. Vee 
11 a 
14 AD.E 
13 AOO 

DOI 12 ADC ,, ADI 

10 ADA 

GHD I DOI 

1024 llTI In. WOllOS IV 4 llTSI 
'1"7 

AOG 11 Vee 
ADF 11 ADH 

14 ch 
13 Ci1 

ADA 11 001 

ADI 11 001 

ID 003 

GHD • 004 

2CMI llTS 111Z WOllDI IV 4 llTSI 
'5270. 'S379 

11 Vee 
15 ADH 

ADE 14 ADI ,, a 
ADA 11 DO, 

AOI ,, 002 

ADC 10 00:1 

• 004 

J041 llTI 11M WOllOS IV a llTSI 

ADA I 

AOI 2 

'U71, 'S311 

II 

11 

17 

II 

II 

14 

1:1 

vcc 
ADH 

ADG 

ADI' 

Ci1 
cs1 

DOI 

DO 1 

open-c:ollKtor outputs offer the capability of Clliiect interface with a d1ta liM DO 4 12 DOI 
h1Yin1 • pas1i'lt pull-up. 

Worchddressing is acc!:!!!'Plir.hed in straight positive-109!!: binary and the memory 
mav be read '°"""' all CS inputs.,, low. A hilt! au any CS input causes the outputs 

,, DD5 

tO be Off. ~in HU9"m_,ta for alt •f tl\e99 ,....,.._,._ 

•r• the urne for •U p.M.11. .... 

TEXAS INSTRUMENTS 
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INTEGRATED INJECTION LOGIC, I 2L 

t 2L is a highly efficient new bipolar· technology which reduces a basic gate 
function to a single current injected transistor switch. The logical simplicity 
of a single geometry gate. requiring no Isolation, no load resistors and no 
ground metallization, achieves gate component densities 10 times those of con­
ventional TTL or CMOS. 12L gates can be operated along a virtually constant 
speed/power product value ovef better than 5 magnitudes of injector current­
from picoamps to microamps - at speeds ranging from hundreds of microseconds 
to tens of nanoseconds (Figure 11). They can be powered up for maximum speed 
then powered down without toss of function or data. 

ln addition, 12L gates are static, requiring no multiphase clocks, and are 
capable of stable operation in severe temperature environments. 
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FIGURE 21. 12L GATE PERFORMANCE RANGE 
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! ba~ic r2L gate is a NPN grounded-emitter transistor switch d~ shown in figure 22. 
;itive NANO logic is implemented. and logicdl isolation is dcc.omplished by the use 
multiple collector outputs (Cl and C2). When the bdse (B) is open or high and an 

iector (Ep) current source (I) is applied, the J2L NPN transistor is normally 
1sed "on" (low-level output) by the current (I) supplied by a PNP current-injector 
1nsistor. Switching action is accomplished by the steering of this injector 
·rent. As shown on the inverter/buffer schematic. low input voltage to the base 
1 of less. than one VeE (750mV) starts pulling injector current out of the input 
·ough the "on" (low) output of the driving gate. When the driving gate reaches a 
:sat• the input is robbed of ~ts base drive, and the driven J2L transistor/gate 
1 turn off causing Its open-collector output to assume a high logir. level. As 

.h any open-collector logic, this output voltage level Is determined by the load 
· c u i t o r " p u 11 - up " u t 11 i z e d . t n t e r n a.11 y • fo r a t y p I ca 1 I 2 L c i r c u i t d e s i g n , t h i s 
simply the clamp level at the input of the next stage. one VB[ (750mV above 
und). A high input logic level is achieved by default whenever a low-impedance 
h of less than one VeE potential ts absent from the input. Deprived of a ground 
h of less than on~ VeE potential, the Injector current will forward bias the J2L 
nslstor/gate "on" and produce an output low logic level one VcEsat above ground. 
ically SOmV. A typical J2L internal logic swing of 700mV, from a VcEsat of 
•V to a VeE of +751mv, is thereby achieved by current steering of a NPN switch. 
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N·INPUT 12l GATE SCHEMATIC 

FIGURE 22. BASI! J2L GATE 

e th~t the base region of the NPN transistor-serves as an N-wide input. 
number of steering Inputs can be connected to the base. As all of these 

uts are common to the base, and each ts driven by a separate output source, 
teal ambiguity of the drivers can be avoided only if each driver exists as 
individual source. Hence, the mechanism used is individual collectors for 
h load. Of the two collectors illustrated, Cl may be connected as the base 
ut of another gate. Simultaneously, this same base may br driven by the 
lector of another NPN gate. 
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Figure ZJ displays the manner iri which 12L transistors/gdtes are interconnected to 
perform logic. The NANO gate logic diagrammed is that of a common 0-type flip 
flop. The schemdtic directly below it i~ the same 0-type flip flop in 12L logic 
at a component count of one transistor/gdte. 

CKo-~~~~~-­
CK.--~~~_.,.___.. 

FIGURE 23. 12L 0-TYPE FLIP FLOP LOGIC 

The lqgic diagram indicates that each gate input is a discrete entity; whereas, 
the IZL schematic shows that each base input has more than one driving source. 
The requirement for multiple isolated t2L collectors becomes quite evident as 
they identify the active and inactive driving sources; or, in other words, they 
Isolate each discrete logical decision. 

The common clock. input, to the two logic gates, drives two isolated inputs. 
Separate clock inputs, shown in the (ZL schematic, would be driven from isolated 
(individual) collectors of the same npn transistor. 
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i-section of two 12L gates is shown in Figure 24. The N+ circuit sub-
serves as both the mechanical base for fabrication and a common ground 

)r interconnection of all the grounded-emitter transistor/gates in a 
thic J2L structure. One reason for t2L high densities is apparent here; 
face met·a111zation is required for ground interconnections as the entire 
t substrate serves this purpose. N epitaxial, grown on top ot 
substrate. provides both the grounded-emitter region of the vertical 

Itch and the grounded-base region of the lateral PNP injector. The 
)f two diffusions serves as both the P base region of the vertical NPN 
collector of the lateraT PNP injector. The second diffusion then com-
the 12L component geometries by providing the multiple-collector N+ 

5 of the vertical NPN. M~t~llization ls then deposited and etched to 
e interconnection between JZL transistors/gates. Note that the lateral 
integrated tnto the vertical NPN and therefore does not exist as a 

te component. A symmetrical lateral PNP transistor can b~ utilized 
current injector for multiple NPN/gates. _Non-isolated I L density is 
enhanced by the fact that the sf~gle transistor gate requires no 

ent 1solat1on. 

.1 

INJECTOR VERTICAL NPN 

N+ SUBS TR A TE (GIROUNDI 

----~{·---------" 
EN 

FIGURE 24. MONOLITHIC 12L STRUCTURE 

SBP0400 ELECTRICAL CllAnACTERISTJCS 

00 input/output characteristics were selected 1~ith one objective in mind - full HL 
lity. The schematics and characteristics of the SBP0400 are shown in figure 25. 
circuit chosen is actually an RTL configuration modified for TTL compatibility. 

threshold of nominally +1.5 volts is achieved by use of two lOK ohm resistors 
ng as a voltage divider to boost the one VsE threshold of the i11put trc.1nsistor to 
e input electrical characteristics are plotted as input current versus input volt­
e both the lOK and 20K ohm load lines and thP threshold knee at +1.5 volts. The 
dance, high-threshold characteristics wcrt- chosen to rPduci> input lc.1diny .ind 



incred'>C the input noi'>e marqin over a st.rndard TTL input yet retain full capilb\lity with 
virtually all 5 volt logic fdmillec;. The (2L input also utilize<; an input-cl.1mpinq diode 
to limit negative excursions, "ringing", on the receiving end of a transmic;sion line. 

EOUIVAlfNJ Of EllC:ll INPUI TYPICAl 01 1\ll 

°'"Pu rs l'llllVAlfNI l)f IACll INPIH 'OllfPIJI 

1Nrlll1111lll'lll 

FIGURE 25. SCHEMATICS OF EQUlV,\LENT INPUTS, OUTPUTS, lNPUTS/OUTPUlS 

The output schem.itlc is identical with that etf an open-collector TIL circuit. The output 
characteristics are similar to that of the Tll output, but the I2L output demonstrates 
a considerably improved low-level output voltage, typically 0.06v, at rated load currents. 
Typical Vol versus loL 1s shown in Figure 26.. The output high logic level, as well as 
output rise times, and next stage input nois4! ilflllunity are a function of the load circuit 
used. The load can be: 

a. The input of the next stage If no source current Is required. 

b. A discrete pull-up resistor for greater noise llllllunity and improved rise times. 

Corrrnon input/output configurations are also utilized for improved functional performance 
and increased packing densities. The schematic is recognizable as a "joining" of the 
separate input/output schematics and electrical characteristics already described. 
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APPENDIX F: FIELD PROGRAMMABLE LOGIC ARRAYS 

SIGNETICS 82Sl00/82Sl01 DEVICE DESCRIPTION 

FPLA MANUAL FUSER CIRCUIT 



i!JDl!liCS BIPOLAR FIELD-l?ROGRAMMABLE LOGIC ARRA~Y 82Sl OO 
(16X48X8 FPL.A) 825101 (OPEN COLLECTOR) 

825100 (TRI-STATE) 82S101 
FEBRUARY 1976 . 

DIGl'TAL 8000 SERIES TTlJMEMORY 

iCRIPTION 
825100 (Tri-State Outputs) and the 825101 

en Collector Outputs) are Bipolar Programmablet 
ic Arrays, containing 48 Product terrns (AND 
ns), and 8 Sum terms (OR terms). Each OR term 
trots an output function which can be p~ogram­
d either true active-High (Fp), or true active-Low 
). The true state of each output function is acti­
ed by any logical combination of 16 input vari­
es, or their complements, up to 48 terms. Botlh 
1ices are field-programmable, which means that 
;tom patterns are immediately available by fol-
11ing the fusing procedure outlined in this data 
3'et. 
e 82$100 and 825101 are fully TTL compatibltl!, 
d include chip-enable control for expansion of 
>ut variables, and output inhibit. They feature 
her Open Collector or Tri-State outputs for ease 
expansion of product terms and application in 

is-organized systems. 

:A TURES 

FIELD PROGRAMMABLE (Ni-Cr LINK) 

INPUT VARIABLES-16 

OUTPUT FUNCTIONS-I 

PRODUCT TERMS-48 

ADDRESS ACCESS TIME-50 ns, MAXIMUM 

POWER DISSIPATION-600mW, TYPICAL 

INPUT LOADING-( -100µA), MAXIMUM 

OUTPUT OPTION: 

TRI-STATE OUTPUTS-825100 

OPEN COLLECTOR OUTPUTS-825101 

OUTPUT DISABLE FUNCTION: 

TRl-STATE-Hi-Z 

OPEN COLLECTOR-Hi 

I CERAMIC DIP 

l\PPLICA TIONS 
LARGE READ ONLY MEMORY 
RANDOM LOGIC 
CODE CONVERSION 
PERIPHERAL CONTROLLERS 
LOOK-UP AND DECISION TABLES 
MICROPROGRAMMING 
ADDRESS MAPPING 
CHARACTER GENERATORS 
SEQUENTIAL CONTROLLERS 

PIN CONFIGURATION 
..----------------------

I PACKAGE 

FPLA EQUIVALENT LOGIC PATH 
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.S BIPOLAR FIELD-PROGRAMMABLE LOGIC ARRAY • 82$100, 825101 
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SIGNUICS BIPOU\ll FlflD-PHOGRAMMABLE LOGIC AHRAV • 825100, 82S101 

ABSOLUTE MAXIMUM HATINGS 

T ... 

PARAMETER' 

Power Supply Voltage 

Input Voltage 

·High level Output Voltage (825101) 

Off-State Output Voltage (82S 100) 

Operating Temperature Range 

Storage Temperature Range 

RATING 

+7 

+5.5 

+5.5 

+5.5 

0° to +1s• 

-65° to + 150° 

ELECTRICAL CHARACTERISTICS 0°C~T,.~75°C; 4.75V ~Vee ~5.25V 

LIMITS 

UNIT 

Vdc 

Vdc 

Vdc 

Vdc 

"C 

"C 

PARAMETER' TEST CONDITIONS UNIT NOTES 
MIN TVP1 MAX 

V1H High-level Input Voltage Vee ,. 5.25V 2 v 1 

VIL Low-Level Input Voltage Vee = 4.75V 0.8 v 
V,c Input Clamp Voltage Vee = 4.75, I,,. = -18mA 0.8 1.2 v 1, 7 

··------------- --·-
Vo" High-Level Output Voltage (825100) Vee = 4.75V, 10 " "'· -2mA 2.4 v 1, 5 

V04. low-level Output Voltage Vee == 4.75V,10l = 9.6mA 0.35' 0.45 v 1, 8 

loui Output Leakage Current 
VouT = 5.25V 1 40 µA 6 

(825101) 
Vee = 5.25V 

VouT = 5.25V 1 40 µA 
IOIOl'f'I Hi-Z State Output Current 

VouT = 0.45V -1 -40 µA 6 (825100) 

I," High-Level Input Current v, .. = 5.5V <1 25 µA 

l1L Low-Level Input Current v,.~ = 0.45V --10 -100 µA 

los Short-Circuit Output Current Vc:c = 5.25V, Vour = ov -20 -70 mA 3, 7 
(825100) 

Ice Vee Supply Current Vc:c = 5.25V 120 170 mA 4 
(825100, 825101) 

, ----··- -------·---·-- - --·· - -· -----·- . -·-·------- ... - ... _____ .. ___ ------ -----
c, .. 11111111 C11p111:1111111:n v, .. 'J.OV !1 rir 

Vc:c - 5.0V --·-
Co Output Capacitance VouT = 2.0V 8 pF 

SWITCHING CHARACTERISTICS 0°C~TA ""'=+75°C, 4.75V~Vcc ~5.25V 

PARAMETER 

Propagation Delay 

T, .. lnpµt to Output 

Teo Chip Disable to Output 

Tei Chip Enable to Output 

NOTES: 
1. All voltage val1.1es are. with rr.~pccl lo nelwor~ ground terminal. 
2. All typical values are al V cc SV, T • , 2~"C. 
3. Duration of short r.ircuit should not e•r.eed one s1:cond. 
4. Ice is measured with the chip enable input g1ounded, 

ell other inputs 111 4.SV and the outputs open. 

LIMITS 
TEST CONDITIONS UNIT 

MIN TYP1 MAX 

CL = 30pF 35 50 

A, = 270 15 30 

A, -= 600 15 30 

S. Measured with V,. applied to C£ and a logic "1" stored. 
6 Mrasured with v,M applied lot£. 
7. Test each output one al the hme. 

ns 

ns 

ns 

8. Measured with 11 programmed logic condition for which the output 
under lcsl is at 1 "O" logic level. Output sink current is supplied thru 
1 resistor to Vee-

6 
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SIGNETICS BIPOLAR FIELD-PROGRAMMABLE LOGIC ARfiAV • 825100, 825101 

AM MING SPECIFICATIONS4 (Testing of these limits may cause programming of device.) TA = + 25°C 

LIMITS 
PARAMETER TES'T CONDITIONS UNIT 

MIN TYP MAX 

Vee Suppfy (Program "OR") Ices = 550 mA, min. 8.5 8.75 9.0 v 
(Transienl or steady state) 

Vee Supply 0 0.4 0.8 v 
(Program Output Polarity) 

Ice limit (Program "OR") Vccs = +8.75 :t.25V 550 1.000 mA 

Output Voltage loPH = 300 :t25mA 16.0 17.0 18.0 v 
(Prog(am Output Polarity) 

Output Voltage (Idle) 0 0.4 0.8 v 
Output Current Limit Vo,.H = +17 :t1V 275 300 325 mA 
(Program Output Polarity) 

Input Voltage (Logic "1") 2.4 5.5 v 
Input Voltage (logic "0") 0 0.4 0.8 v 
Input Current (Logic "1")· VIH = +5.5V 50 µ.A 

Input Current (Logic "O") v,t = ov -500 µ.A 

Forced Output (logic "1") 2.4 5.5 v 
Forced Output (Logic "O") 0 0.4 0.8 v 
Output Current (Logic "1") Vo"'·= +fi.5V 100 µ.A 

Output Current (logic "O") Vov = OV -1 mA 

CE Program Enable Level 9.5 10 10.5 v 
Input Variables Current v,. '" +lOV 2.5 mA 

CE Input Current v .. = +10V 5.0 mA 

FE Supply (Program) lfEH = 300 :<:25mA 16.0 17.0 18.0 v 
(Transient or steady state) 

FE Supply (Idle) 0 0.4 0.8 v 
FE Supply Current Limit VfEH "'+1'7 :t1V 275 300 325 mA 

Vee Supply (Program "AND") Ice,. = 550 mA, min. 4.75 5.0 5.25 v 
(Transient or steady state) 

Ice Limit (Program "AND") Vccl' = +5.0 :t.25V 550 1,000 mA 

Forced Output (Program) 9.5 10 10.5 v 
Output Current (Program) 10 mA 

Output Pulse Rise Time 10 50 µ.s 

CE Programming Pulse Width 1 1.5 ms 

Pulse Sequence Delay 10 µ.s 

Programming Time 2 ms 

Programming Duty Cycie 50 % 

Fusing Attempts per Unk 3 cycle 

Verify Threshold 0.9 1.0 1.1 v 
------- ------



GNETICS BIPOLAR FIELD-PROGRAMMABLE LOGIC AHRAY • 825100, 825101 

~TEST FIGURE AND WAVEFOHMS 
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FPLA MANUAL FUSER CIRCUIT 
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APPENDIX G: "RAP ID" ASSEMBLER 

MICROPROGRAM ASSEMBLER: SYNTAX DESCRIPTION 

CVR~Y 



Definitions 

The RAPID assembly language consists of six kinds of statements. In this 
section we will begin the definition of these statements by introducing the 
character set out of which the statements are forn~d, the notation in which 
we will define elements of statements, and the language primitives corrrnon 
to all the statements. 

The character set RAPID recognizes may be viewed as having three parts; 
alphabetic, numeric, and special symbols. The alphabetic part contains the 
twenty-six letters, A, 8, C, ... , Z. The ten digits 0, l, 2, ••• , 9 
comprise the numeric part. The special symbols are eleven characters used 
for punctuation and operator names~ ampersand (&),apostrophe ('),asterisk 
{*), corrrna (,),dollar sign($), equials (=),minus(-), parentheses ( () ), 
plus {+),and slash{/). The uses of the ~haracters are fully described in 
the definitions. 

Statement definitions will be given in the form of syntax equations. That 
is, ~tatements will be divided (parsed, really) into syntactic elements and 
each of the elements defined. These elements will often be further divided 
into more primitive syntactic elements and those elements d~fined. This 
process is repeated until the definitions finally resolve to the character 
set described above. 

The definitions accomplish three.things: 

1. They name the syntactic elements of each statement. 

2. They specify the order in which those elements occur in the 
statements. 

3. They indicate what characters are used to form each element. 

The syntax equations possess their own notation. These symbols are not part 
of the character set used to express statements, but merely give fbrm to the 
definitions. This notation is as follows: 

The left and right acute brackets enclose the names 
of syntactic elements. 

This symbol separates the name of an element from its 
definition; it means "is defined as". 

The vertical bar indicates an alternative definition; 
that is, the elements on either side of the bar are 
equally valid. 



The syntactic elements enclosed in braces may occur at 
this place in the statement zero or more times, up to 
n times maximum; if no subscript is given, either there 
is no limit to the repetitions, or it depends on other 
variables. 

The syntactic clement enclo'..cd in brackets begins in card 
column n. 

1n example, we can define the character set for statements: 

(alphabetic> : =IAIBlcl ... I xi viz 
<numeric) : =loj1j2j3141sl6171sl9 

(special symbol) =l=I &I 'l*l •1$1=1-1(1)1+1/ 

;e equations give a name to each of the 47 characters. Since we are in­
~sted only in what set of characters applies to each name, the elements 
given as alternatives; 2 is as valid a numeric as 9 or $ is as valid a 

:ial symbol as *. Whenever a character or sequence of characters occurs 
side the acute brackets, it is a literal (it represents itself) and should 
~ritten in a statement exactly as shown. 

name of a syntactic element may be used in a definition as well as literals. 
s is in fact how statement definitions are built from more primitive defini­
ns. For instance: 

(alphanumeric) : = (alphabetic;> I <:numeric') 

ines an alphanumeric character as any one of thirty-six alphabetics and 
erics. 

many definitions, we will be interested in the order of elements. To specify 
articular order, we merely write one element after the other without any 
.ervening vertical bar. Thus: 

(symbol):= (alphabetic) l (alphanumeric))
4 

!Cifies that the element known as a symbol always begins with an alphabetic 
1racter and may be followed by as many as four alphanumerics. Examples of 
1bols are A, PQ, BlOl, and ZOZl. SE and ABCOEF would not be valid. RAPID 
11 detect any violation of these syntax definitions and signal an error on 
! assembly listing. 
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he rest of the primitives deal with the definition of constants: 

(constant) : = (integer) J 

'A ~(alphabeti~,......s 
1

8 [ (binary)}....r- 128 I 
'H [ (Jiexadecimal)}..,...32 

• 0 [ (octa l)J ..,- 43 1 

(integer} : = (numeric) (<nume ri <}} _,.. 8 

(binary) : = 0 I 1 

(hexadecimal) = (numeri9 ~Is~ PIE IF 

(octal) : = 0!1 !21314151617 
constant, as will be seen later, has several very specific uses. Quite 
ten a constant is a decimal number, the integer defined above, of no more 
an nine digits. Alphabetic, binary, hexadecimal, and octal constants are 
ecified by prefixing an apostrophe and A, B, H, or 0 to the constant. Con­
ants must fit in whatever field they are designed for; the maximum lengths 
ecified here will rarely, if ever, be required. Examples of constants are: 
177, 1 HFF, 899, 1 Bl0l, and 1 AXY. Note that '8101 is the three-bit constant 
ual to 5~ and BlOl without the apostrophe is a symbol. The primitives of 
e RAPID ~ssembly language, then, are symbols and constants. 

this discussion of statements proceeds in the following chapters, each 
Jup of syntax equations is followed by an explanation and several examples 
clarify the definitions. This manner of defining statements, a modifica­

>n of the Backus Normal Form, is quite precise. Once a reader becomes 
lUai nted with it, he should find it eclsy and unambiguous to use as a re­
·ence. 

11T1a~y of Statements 

s section briefly introduces the six statement types. The definitions for 
:h type will be given completely at the beginning of their respective 
pters. 



(RAP lD input) (optJon statement)(parity statement) 
(format statements) (opcodes statement) 
(program section~ (end statement> 

e statements must appear in the specified order. 

(option statement) : = [$ROM] 1 (option specifications) 

1e option specifications describe the bit storage configurations of ROM, its 
1pping into words, and call for various assembly outputs. 

(parity statement) : = ~PARITY] 1 (Parity specifications) 

Lrity specifications describe how parHy bits, if any are desired, will be 
?nerated in each output word. For example, this permits the designer to in­
icate he wants bit 5 in every word to reflect odd parity. 

(forma~ statements) : = [$FORMATS] 1 (format specifications) · 

hese statements name and describe the various formats that output words can 
ake and set up the correspondence between input fields and output fields. 
or example, one statement might specify that the s.ymbol in the third input 
ield (in a program statement naming a given format} be translated into a code 
hich will appear in bits 12 through 15 in the output word. 

(opcodes statement) : = . ~OPCODES] 1 (opcode specifications) 

he opcodes specifications list the operation codes in symbolic form and the 
1achine language representations into which they should be translated. For 
~xample~ it could instruct RAPID to tr·anslate the opcode ADD into the binary 
:ode 1010. 

(program section) : : ~PROGRAM] 1 {program statements) 

rhe program section contains the symbolic program for ROM as a series of state­
~ents. Using the previous four kinds of statements, RAPID interprets program 
;tatements and translates them to machine language. 

<end statement) : = [$END J 1 

fhe end card terminates the input to RAPID. It contains no other information. 

Each of these six statements begins with $ in column one. The option, parity, 
and end statements must each be given on one card. The others may use as 
many cards as desired. At least one blank must follow the words ROM, PARITY, 
FORMATS, and OPCODES, and the names oif formats in format.and program statements. 
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OPTION STATEMENT 

ption statement provides RAPID with information about the configura~ion 
e ROM modules, the width of the program word, and the types of output 
ed from the assembler. 

(option specifications) : = (optio.n) ((option)) 5 

(option): =CHIP= <depth)* (width) I 
WORD = (word size) I 
LIST I 
MASK I 
MEMORY =(table type)! 
NULL = (binary) 

(depth) = (integer) 

<width) (integer) 

<word size) : = (integer) 

(table type>:= COMPACT I 
EXTENDED 

·e 8 shows a number of legitimate option statements. This statement may 
1ave continuation cards. One option is separated from the next by a 
1; between the word ROM and the first option is at least one blank. 

:HIP option describes to RAPID the configuration of the memory e'lement 
to implement the control store. For example. if a 256-bit semiconductor 

(Randcm Access Memory) is used and it is orqanized 128 bv 2 bits
1 

the 
ification would be CHIP = 128*2. In the case of a 4096 bit ROM \Read 
Memory) it might be CHIP = 4096*1, CHIP= 1024*4, CHIP= 512*8, etc. 
~idth may be no greater than 64 bits. 

~ord option specifies the number of bits of a word in ROM. The maximum 
size is 128 bits. RAPID will assume as many chips side-by-side as 

ssary to provide the specified word size. 

)Utput options, LIST and MASK control listing and punched card output, 
ectivcly. LIST causes all of the input to be listed. Any cards in 
h RAPID detects er~ors will be listed with a diagnostic message, whether 
is selected or not. 



PARITY STATEMENT 

I 
lutput words from a control store may contain one or more parity bits to 
ralidate the contents of the words. The parity statement describes to RAPID 
1hat parity bits, if any, to generate for each word. 

(parity specifications) : =.(parity declaratio~ ~·(parity declaratiorl)~ 4 I 
NONIE 

(parity declaration) : = {parity type) ((bit position) ) = (field)~+ (field~ 
(parity type) : = ODD ' EVEN 

(bit position) : = <integer) 

(field) : = ( (left bit) / (length) ) 

(! eft bit} : = (integer) 

(length} : = (integer) 

The parity specifications must occur on one card; hence, no more than five may 
be given. Each declaration is separated from the next by a colTITla, and the 
first from the word PARITY by at least one blank. If no parity bits are to 
be generated, the word NONE is written. 

For each' specified parity bit, its type, odd or even, is indicated as well as 
the fields over which parity is computed. A field is defined by giving the 
number of the left-most· bit position of the field and the total number of bits 
in the field. For instance, the thr~e fields shown in the word in Figure 10 
would be specified as (6/6), (13/ll)t and (12/l). Fields may overlap one 
another, but not the parity bit positions themselves. 

Figure' 11 shows several examples of parity statements for a 64-bit word. The 
last example defines six fields. Bits 1-16 contribute to even parity in bit 
O; bits 18-21, 26-35 and 55-63 contribute to odd parity in bit 54; and bits 
22-25 and 36-53 contribute to odd parity in bit 17. Notice that parity 
declarations may be given in any order in the statement. 
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FORMAT STATE~ENTS 

l ·.t.lll'llil'lll~ 1•.,t.1l1l 1~h tl1t~ r1111'1".p11111lt•11l1' l11•l1'11't'll llll'Ul 1 lt•ld-. .11111 

~lds. Uy c.n·eful use of these 5litte111t!11ts <H1l1 the oµcodes statt111ent 
ion on Opcodes Statements). the designer can define a convenient 
for expressing his control program. 

mat specifications) : = f (format id)] 1 (format definition) 

. {.(format definition)} 

mat id) : = (alphabetic)[(alp~abetic~ 4 ~ 

mat definition) : = <field) {(field type) ) 

:l d type) : = A I 0 I T 

ir of formats may be specified. Each format is a separate statement 
1ins in column one with the name of the format, up to five characters. 
~nt may have continuation cards, though a format definition may not 
l across cards. That is, a right parenthesis and conrna must complete 
definition before continuing the statement on the next card. The 
~ction of format statements is headed by the $FORMATS statement card. 
~ is an example of a format section. 

Jrarm1ed systems often use several control word or microinstruction 
Each format is independent of the others, though, of course. they 

y to words of the same length as defined in the option statement. 
e 12, the.three formats named CMD, TEST, and JUMP clearly identify 
truction type. 

definition describes one field. A field is specified as shown in 
ious section; field type must be ~ddress, Qpcode, or .!_runcated address. 
statement may contain any number of definitions in any order. How­

elds must not overlap one another or the parity bits, and they must 
in the ROM words. 

point, it is important to understand that each program statement 
er to a format. It is that named format which will guide the trans­
f the program statement. Information in the program staten~nt must 
1ed with the fields of its fonnat. This matching is accomplished in 
,. An opcode is matched against a list in the opcodes statement (see 
on Opcodes Statement); that list points to one of the fields of the 
ind the value associated with that opcode is placed in that field. 
:ively, an address expression in the program statement itself points 
>f the fields of the format; the result of the expression fills that 
fhe Program Statements Section describes fully this motchirHJ process 
L..: .... ....1..- -· .:-l°n-1u"t.fo;_nn in nV'"{\f1V".:Ull Ct.1tflll1Prltt;_ 



OPCODES STATEMENT 

pcodes are the mnemonic symbols the prograrrmer may use in program statements 
o direct that specific fields in the output word be given certain values. 
he opcodes statement lists all the valid symbols for each opcode field ~f 
ach fonnat and their associated values. 

<opcode specifications): = (opcode field) ~{opcode field)~ 
(opcode field) : • (format f d) (field numbei) = ( {opcode} f (opcode>) l 

(field number) : = (integer) 

~pcode) : = (symbol)~ 4:onstant) 

'he opcodes specification is one statement. As many continuation cards as 
lesired may be used. Cards may break the statement at three places: irrmediately 
~allowing a right parenthesis completing an opcode field specification; after 
t corrma between opcodes for one field; or after a hyphen within a numeric 
:onstant. In the latter case, the numeric constant is hyphenated on one card 
ind the rest of the constant continues (somewhere beyond column one) on the 
~allowing card. This is a useful facility mainly for long binary constants. 

rhe prograrrmer should define one opcode field for each opcode type in the 
Format statements. He may list as many opcodes for one field as he wishes. 
;igure 13 illustrates an opcode statement for the CMO, TEST and JUMP formats 
>f Figure 12. 

~ormat id and field number together point to a specific field in a fonnat state­
nent. Format id identifies the format statement. Fields in that statement 
are numbered, starting with l, in the order they are defined. It is this order 
of definition that is important, not the left-to-right order in the word. Thus, 
field. JUMPl of Figure 12 is the twelve-bit address field beginning in bit six. 

There are three kinds of errors in the opcodes statement. First, any field 
pointed to must be an opcode type. Second, the value associated with a symbol 
must fit into the designated field. And third, for one format, no opcode . 
symbol may be repeated. 

The reason for this last restriction will become clear in the next section. 
Briefly, for a given format, a particular opcode field is singled out in a 
program-statement by the appearance of one of the opcode symbols defined for 
it. Thus, all of the opcode fields of that format must share the same set of 
symbols; if one symbol is repeated, it is ambiguous in identifying a field. 
Of course, from format to format symbols may be repeated. 
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PROGRAM STATEMENTS 

.tatements represent the encoding of the customer's control logic. 
1logy, formats, and mapping he has designed previously are all used 
ate this symbolic program to a binary representation for ROM. The 

1lready established, is now used: 

>rogram statements) =<custom statement'Jf (predefined statement) 

:us tom statement) : [(format id)) 1 f label symbol)? 1 

"(separator) (program field) [<separator} 

(program field)) 

label symbol): =/<symbol) 

;eparator) : = , \<blank) 

program field) : =(opcode symbol)) (.address expression) 

:>pcode symbo 1) : = ( symbo 1) 

address expression) : = <field number) ( <expression) ) 

expression) : = {(operator>] i .. <tenn)foperator) (term)] 

operator) : = + \ -

term} : (label symbol) I 
(constant >I 
* 

predefined statement) : = [ *] 1 q1redefined type) 

:predefined type) : =(align statement)) 

(constant statement) J 

(equate statement) 



(align statement): = [(label symbol)] 1 . ALIGU (constant) 

(constant •ta tomen t) : • ~ 1abe1 symbo l)J CONSTANT (cons tan l) 

(equate statement) : (label symbol) EQUATE (expression) 

The program section begins with the $PROGRAM statement and ends with the $ENO 
statement. Each statement between these two is a program statement. Theoreti- · 
cally, there is no limit to the number of statements to a program. Program 
statements fall into two major classes: those whose symbology the customer 
has defined, the predefined statements. We will consider these two classes 
separately. 
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