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NMOS-LSI PROCESSOR FOR 8- AND 16-BIT 
APPLICATIONS 

Zvl Soha and William Poh Iman 

Western Digital Corp., Newport Beach, Ca • 
. ~, , . 

. ~ • The Western Dig I to I Microprocessor Set U~PS) cons I sts of three NMOS-LS I 

e •• ch 1 pS wh i ch are oonnected together by the Micro Instruct i on Bus eM I B) • Tho 

MIB is an 18-bit bl-dlrectlonal bus designed to provide a communication 

path between the Data chip, the Control chip, and up to four Microprogram 

ROM (MICROM) chiits. Communication between the MPS and other units In the 

system (memory, [/0 controller) is executed via the Data Access port (see 

Figure 1). The primary features of the processor. are: 

• 

• 

• 

8-b it I nterna I organ ization 
8/16-bit iTL compatible Data Access port 
DMA capab1j r ity 
26X8-b it ,reg i ster f i Ie 
Extensive microinstruction set with decimal operations included 
Maximum m1croprogram length of"2048 instructions 
Fast, efficient macroinstruction decode mapping arrays 
300 nsec rnicrocycle time; 22-bit microinstruction 
Single an& double byte operations 
Microprogram subroutine capability 
Four external and three internal interrupts; programmable priorities 

SYSTEM OPERATIO~: 

uuring normal operation, a sequence of microinstruction addresses is gen-

erated by the Control chip. The addresses are transferred via the MIB to 

the Microm where the microinstructions are accessed and placed on the MIS. 

The microlnstru~tion is read off the MIB by the Data and Control chips and 

stored in the Microinstruction Register MIR of both chips. At this poInt 

the microinstruction is ready for execution. The Data chip performs most 

of the execut i an, and on I y the port i on re I ated to add ress sequence genera-

tion and Data Access port control is executed by the Control chip. 

The microprocessor operates in a pipeline fashion in which the execution 
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of one microinstruction is overlapped with the fetching of the next micro­

instruction. Figure 2 shows the pipeline timing. 

CONTROL CH I P: 

The Control chip provides the microinstruction address sequence for the 

Microm and control for the Data Access port. It consists of a Programmable 
,. 

Translation Array (PTA), location Counter (LC), Return Register (RR), Data 

Access Control, and Interrupt flags (INT) as shown by Figure 3~ 

The l1-bit Location Counter is incremented by one after each access of 

the Microm, unless a new address is loaded Into it by the MIR (Jump instruc­

tion), the RR (Return From Subroutine)~ or the PTA (Translation Branch). 

The l1-bit Return Register is used to hold a subroutine return address. 

The RR stores the incremented contents of the LC when Bit"16 (LRR) of the 

microinstruction being accessed is a one. The contents of the RR is trans-

ferred to the LC under control of the PTA or Return From Subroutine in-

struction. 

The Programmable Translatioo Array provides a decoding mechanism for 

generating microinstruction addresses. 'The generated Jump address is a 

function of the current LC contents, the target macroinstruction stored 

in the Translation Register <TR), the contents of the Translation State 

Register (TSR), the Read Next Instruction (RNI) control signal, and the 

stage of the Interrupt flags. 

The RNI signal (MIBt7) is activated at the end of every macroinstruc-

tion execution sequence. It is used to invoke a translation as a function 

of the state of the Interrupt flags and to generate a Jump address to an 

Interrupt service subroutine. The absence of an Interrupt wil I cause a 

Jump address to an RNI sequence which wi I I in turn load the TR with tho 

next macroinstruction to be emulated. 

12 



consists of a set of AND gates and a set of OR gates in a ROM-type layout. 

The implementation of the PTA in two AND-OR logic levels reduces apprecia-

bly the size of the PTA when compared with a straig-ht-fon/ard ROM (one 

AND-OR level) • 
. 

The Control chip recognizes seven Interrupt signals three of which are 

Internal to the chip and can be set by firmware. The other four Interrupts 

are used by external units in the system for service requests. The Inter­

rupts can be programmed in the PTA fo any desired priority. Anyone of 

the Internal Interrupts can be programmed to act as an Interrupt Enable 

flag. 

The Data Access control section provides control and timing signals for 

the Data Access port. The minimum WRITE cycle time is 600 nsec and the 

minimum READ cycle time is 900 nsec for bytes and 1200 nsec for words. 

A Wait signal is provided by the C6ntrol chip to delay microinstruction 

execution until certain conditions are met. Normally, the Wait signal is 

used during asynchronous Data Access operations. 

DATA CHIP: 

The Data chip incorporates the paths, registers, and logic to execute 

microinstructions. It consists of a Register File, 8-bit ALU, 8 Condition 

flags, and a Data/Address port. 

The Register File contains 26 8-bit dual-port file registers for storage 

of frequently required data. In particular the file provides storage for 

the target machine registers and working storage for the microprogram. 
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, for -the purposes of aJc:'"cssing, the file registers are divided Into 

'~0' tI:f~ sect Ions. The first sect i on cons I sts of Hi f II e reg i sters wh I ch are 
' .•... 

~, ,directly addressed by the "a" and "b" fields of the microinstruction. The 

second section consists of four file registers which are either directly' 
. 

3ddressed by the "a" and "b" fields or Indirectly addressed via a 3-bit 

"G" reg r ster. The th i rd sect i on cons i sts of twe I ve f i.I e reg i sters wh i ch 

Ci:2n on I y be add re~sed i nd i rect I y v i a the "G" reg i ster • 

The G Register holds an indirect register designator and is used by the 

File Address Decoder whenever the "a" or "b" fields of the microinstruction 

contain a ~ or a 1. The G Register can be loaded directly from the regls-

ter designator fields of the macroinstructlon during instruction fetch time. 

When executing two-cycle instructions, the low-order bit of the "a" and 

"btl fields of the microinstruction are complemented for the second cycle. 

This allows a single instruction to operate on a pair ~f filo registers 

containing word operands. Normally this requires that both "a" and "b" 

fields be even during the first cycle. An odd "b" field during the first ,----' 

cycle of an arithmetic operation wi I I cause the most significant byte of 

the B operand to be the extended sign of the least significant byte of 8. 

The ALU section performs the arithmetic and logic operations necessary 

for Instruction execution. The two inputs to the ALU are read simulta-

neously from the fi Ie and the result is stored back into the file. The 

status of the result is monitored by the Condition flags. 

IoIICRO!-1 CHIP: 

The Microprogram ROM (MICROM) is a 512X22-bit word, high-speed ROM 

wIth maximum addressing capabi Ilty of 2048 words. 
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The 22-bit instruction format Is as fol lows: 
2.1 18171615 0 

I I I MICROINSTRUCTION 

I. I I : LRR-Load Return RegIster 
RNI-Read Next Instruction 
TTL OUTPUTS-Extension To The Micro­

instruction 

MICROINSTRUCTION FORMAT: 

16 

There are four basic microinstruction formats: 

JUMP --
15 121110 o 

This format provides ll-bit Jump address or a Return From Subroutine 

control (R). 
15 1211 8 7 0 

COND I T I ONAL JUMP -- ,.----,-------r------
OP C Address I 

-'------1---'-__ 

This format provides a Jump address within a 256-word page and 16 

Jump conditions. 
15 1211 4 3 0 

LITERAL FORMAT -- . 
OP Litera I a I 

This format provides 8-bit literal data. The "a" field usually specl-

fies a file register. 
15 

REGISTER FORMAT --
OP 

8 7 

b 

4-3 o 

a 

The "a" and "b" .fields of this format specify file registers. Every 

operation can either by a byte or a word operation. A word operation 

is executed in two processor cycles in which case the "a" and "b" SPO-

cify file register pairs. Bit 8 of the microinstruction causes four 

condition flags to be updated. The microinstruction set is sufficient 

to emulate macroinstruction sets in the order of magnitude of the 

PDP-ll/40 efficiently. 

Ii 



" 
-"",--_..-.. , ___ ,.~,_" .... ___ ~ •. ~ ... _~._.-.......~ .... ~'r. ..... .l~~~,..;.;'~'.!,-... ~:~ .. : ... .11.J..i..;,.:.;,~ .. ~~ ... ~;.:..~~:..t~t" .. .J .. ..:..;.~':;·.t'·;,.:;.J;·::;,,~':.l.:~·;~~:.~··l~~~;~'f&:~1..~;.;.""A:~~~.'k'.J~'.t.;,I,!"I."'.:~ 

PDP-l1 EMULATION: 

The MPS has been microprogrammed by Digital Equipment C9rp., Maynard, 

Massachusetts, to emulate the.PDP-l1 minicomputer. The complete basic 

PDP-l1 macroinstruction set has been programmed in two Microms. Fixed 

point multiply and divide and the floating point instructions have been 

programmed in a third Microm. The emulator runs on the average only ten 

percent slower than the PDP-l1/o5. 

The PDP-l1 ·macroinstruction set posed some interesting emulation prob-

lems. The machine has eight general purpose registers, two of which are 

dedicated to program counter and stack pointer functions. It has both 

single and double operand instructions with eight different addressing 

modes for each operand: Of course, there are many more areas of interest, 

but these two can be descr"i bed bri ef I y here. 

." In the PDP-ll macroinstruction formats the general purpose registers, 

are specified by one or two three-bit fields for single or double operand 

operations, respectively. In the MPS system, the register fl Ie was de-

signed to be addressable either directly via the "a" and "b" fields of 

the microinstruction or indirectly by the "G" register as described pre-

viously. The program counter and stack pointer registers were designed 

to be both directly addressable at the microprogram" level and indirectly 

addressable with the "G" register since they need to be directly control­

able at the microlevelbut, however, can be treated as GP registers at 

the macrolevel. This technique permitted the number of registers in the 

dua I-port f i I e to be Increased from 16 to 26 wei thout i ncreas I ng the width 

of the microinstruction which was limited by pinout considerations. 

To optimize the speed of instruction decoding in a microprogrammed 

machine it is necessary-to use fast PlA mapping techniques rather than 
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firmware decoding. Furthermore, It Is desirable to do mapping functions 

in paral lei with microinstruction fetching and execution so that useful 

":" operations can occur simultaneously with decoding operations wherever 

::,;~ possible. The Programmable Translation Arrays (PTA) implemented on the 
.;'.' 

Control chip permitted efficient mapping on the many addressing modes 

provided in the PDP-II instruction format. The fundamental Instruction 

decoding process using the mapper is shown in Figure No.4. The mapper 

permits the microprogrammer to do multi-way conditional branches from any 

address to any other address. This mapping process is completed within 

one microcycle and does not require any interruption of microinstruction 

flow in the pipel ine as would a Jump microinstruction. (When a Jump Is 

executed the next instruction undergoing Fetch must be discarded.> 
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Q2t~LUS ION: 
. .\~'.~\ 

;'Jrl: Is feas i b I e to rep I ace tod,ay' s min i computers with NMOS-LS I m i cropro-
~'.' 

cossors and achieve comparable performance. But, In order to achieve per-

formance In LSI emulation of target TTL machines special purpose hardware 

~nd mapping techniques are required to accommodate the idiosyncrasies of 

their macro languages. MaS-LSI microprocessors wll I permit the addition 

of features without large cost increases through microprogramming. 
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