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ABSTRACT 

Recent  p r o g r e s s  in metal-oxide semiconduc tor  (MOS) 
l a r g e - s c a l e  in tegrat ion (LSI) technology has yie lded a 
new type of component ,  the mic rocompu te r ,  or  
" c o m p u t e r - o n - a - c h i p " .  I ts  impact  is a l ready  proving 
to be spec tacu la r .  

The term of microprocessor has been heretofore re- 

served for microprogrammable processors. A new 
meaning has  been introduced,  and is  now widely ac -  
cepted: the word " m i c r o p r o c e s s o r "  des igna tes  h e r e  an 
MOS-LSI p r o c e s s o r  equipped with CPU- l ike  functions.  
"Mic ro"  is then a r e f e r e n c e  to the s ize .  This does  not 
r e f e r  to the control  philosophy used in the p r o c e s s o r  
design: a m i c r o p r o c e s s o r  is not n e c e s s a r i l y  m i c r o -  
p rog rammed .  Other LSI p r o c e s s o r s ,  equipped with 
only minimal  a r i thmet i c  functions (4 to 8 functions) a r e  
des ignated  as ca lcu la to r s .  

The main c h a r a c t e r i s t i c  of an LSI MOS "chip" (si l icon 
semiconduc tor  die) is to achieve  very  high in te rconnect  
and logic densi ty  in a minute volume.  Recent  m e m o r i e s  
implement  a 4K bit RAM in a single chip. The resu l t ing  
advantages a r e  economy and pe r fo rmance :  low cost ,  
s ize ,  weight ,and power consumption,  high re l iabi l i ty ,  
logic complexity,  and speed.  The pr inc ipa l  l imi ta t ion is  
in speed which is cu r r en t ly  lower  than bipolar .  

M i c r o p r o c e s s o r s  r e p r e s e n t  a natural  evolution f rom 
calcula tor  chips ,  and were  f i r s t  introduced by Intel in 
1971. Most ma jor  companies  a r e  now in the p r o c e s s  of 
producing m i c r o p r o c e s s o r  s y s t e m s .  

Af te r  an overview of MOS LSI technology, poss ib l e  
m i c r o p r o c e s s o r  organiza t ions  a r e  analyzed.  The main 
m i c r o p r o c e s s o r s  cu r r en t l y  avai lable,  or due to be 
introduced,  a r e  p r e s e n t e d .  Finally,  appl ica t ions  of 
m i c r o c o m p u t e r  s y s t e m s  a r e  surveyed,  and the i r  impact  
is evaluated.  

MOS LSI TECHNOLOGY 

HISTORICAL EVOLUTION 

The concept  of the MOS field-effect  t r a n s i s t o r  (FET) can 
be t r a ced  as  ea r ly  as  the 1930's, p r io r  to the bipolar  
t r a n s i s t o r .  The diff icul t ies  of the manufactur ing p r o c e s s  
h a m p e r e d  development  e f for t s .  Development of the 
s i l icon planar  p r o c e s s  in the ear ly  1960's made it p o s s i -  
ble to s t a r t  developing MOS F E T ' s .  The f i r s t  s imple  
in tegra ted  c i r cu i t s  (IC's) were  only produced in 1964, 
ten y e a r s  a f te r  product ion of the conventional s i l icon 
t r a n s i s t o r s .  It was until 1967 when MOS IC 's  s t a r t ed  
being produced by a sufficiently well control led  p r o c e s s  
to produce  r easonab le  y ie lds .  

SEVERAL TECHNOLOGIES 

MOS manufactur ing technologies  can be br ief ly  
s u m m a r i z e d  as follows: 
i .  p -channe l  : holes  a r e  the vehicle  of cu r r en t  flow. 

It is inexpensive,  easy to manufac ture .  
ttigh yield, high th resho ld  voltage,  r e l a -  
t ively slow, re l iab le ,  l imi ted LSI packing 
densi ty .  Typical  a c c e s s  t ime  for a p-  
channel memo ry  is 300 ns. 

2. n -channe l  : e l ec t rons  provide  the vehicle  for cu r r en t  
flow. Complex control  of manufactur ing 
p r o c e s s  makes  this  ve ry  r ecen t  technolo-  
gy a difficult one. Low threshold  and 
opera t ing  voltage.  Due to higher e lec t ron  
mobil i ty,  n-channel  is typical ly two to 
t h r e e  t imes  f a s t e r  than p-channel ,  t t igher  
packing dens i t i e s  have led to the r ecen t  
introduct ion of 4K RAMs and to severa l  
announcements  of m i c r o p r o c e s s o r s ,  to be 
introduced soon. 

3 .  C M O S  : f rom a manufactur ing standpoint,  it c o m -  
bines  the n-  and p-channe l  p r o c e s s e s :  
expensive,  low capaci ty  But f a s t e r  than 
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4. SOS 

5. Special  

p - c h a n n e l  and c h e a p e r  than  b ipo la r .  Ve ry  
high no i se  immuni ty  and in sens i t i v i t y  to 
power  supply vol tage .  However ,  l e s s  dense  
than  n-MOS and diff icul t  manufac tu r ing .  
S i l i con -on -Sapph i r e  (SOS): th i s  new techno-  
logy p r o v i d e s  bes t  speed p r o s p e c t s  with 
r e l a t i v e l y  high packing densi ty .  
Special  P r o c e s s  F a c t o r s :  Ion Implan ta t ion  
p rov ides  p r e c i s e  impur i t y  and doping con-  
t ro l .  Re la t ive ly  expens ive ,  but  r e d u c e s  
t h r e s h o l d  and e l i m i n a t e s  ove r l ap  capac i -  
t ance .  
M e t a l - G a t e  (Aluminum):  i n t roduces  over lap  
capac i t ance ,  r e s u l t i n g  in lower  speed.  
S i l i con-Gate :  r e d u c e s  t h r e sho ld  and capac i -  
t ance .  

THE ADVANTAGES OF LSI 

LSI dev ices  offer  two bas i c  advantages :  economy and 
s y s t e m  p e r f o r m a n c e .  In p a r t i c u l a r ,  LSI r e q u i r e s  
fewer  packages ,  lower  power  supply, lower  cool ing 
r e q u i r e m e n t s .  A s  a r e s u l t ,  fewer  PC c a r d s  and con-  
n e c t o r s  a r e  needed,  h igher  p e r f o r m a n c e  is obta ined at  
the  s a m e  cos t ,  b e t t e r  r e l i ab i l i t y  and ma in t a inab i l i t y  a r e  
ach ieved .  

The  m a j o r  l imi t a t ions  of LSI a r e  e s s e n t i a l l y  t h r e e :  
1. economic:  deve lopment  cost ,  and cos t  of 

modifying a chip.  
2. t echnologica l :  s lower  speed than  b ipo la r .  
3. managemen t :  long l e a d - t i m e  and s t anda rd  

v e r s u s  cus tom logic.  

The  m a j o r  impac t  of MOS LSI is  in r educ ing  the  cos t  
per - log ic - func t ion  so d r a s t i c a l l y  tha t  it is  no longer  a 
s ign i f ican t  p a r a m e t e r .  Comput ing and logic funct ions  
b e c o m e  e s sen t i a l l y  f r ee  c o m p a r e d  to o the r  cos t s .  The  
cos t  of the  whole m i c r o p r o c e s s o r  i t s e l f  is  typ ica l ly  a 
sma l l  f r ac t ion  of the to ta l  s y s t e m  cos t .  

THE LSI MICROPROCESSOR 

MOS b e c a m e  a r e a l i t y  in 1967/1968.  The  gate  count 
p e r  chip s t a r t e d  to i n c r e a s e  s teadi ly:  s m a l l - s c a l e  
i n t eg ra t i on  (SSI), m e d i u m - s c a l e  in t eg ra t ion  (MSI) 
(over  2000 t r a n s i s t o r s  p e r  chip),  LSI {over 5000). 

The  b a s i c  p r o b l e m  in LSI technology was to des ign  
s t anda rd  p roduc t s .  In fact ,  s t anda r d i za t i on  s t a r t e d  
only two y e a r s  ago. F i r s t  with r e c e i v e r - t r a n s m i t t e r s  
(UART's) ,  then  ca l cu l a to r  ch ips  (in mid*72), l a r g e  
a r r a y s ,  and now m i c r o p r o c e s s o r s .  At the  s a m e  t ime ,  
a l a r g e  n u m b e r  of g e n e r a l i z e d  a r r a y s  a r e  be ing  i n t r o -  
duced: m e m o r i e s ,  sync g e n e r a t o r s ,  d igi ta l  v o l t m e t e r s .  

The  m a j o r i t y  of such m i c r o p r o c e s s o r s  is  p robab ly  
s t i l l  c u s t o m - d e s i g n e d .  The i n c r e a s i n g  ava i l ab i l i t y  of 
s t anda rd  m i c r o p r o c e s s o r s  may  r e v e r s e  th i s  t r e n d  in 
the  domain  of p r o c e s s o r  ch ips .  

MICROCOMPUTER ARCHITECTURES 

MICROPROGRAMMED OR HARDWIRED 

It has  been  explained above that  a m i c r o p r o c e s s o r  need 
not be  m i e r o p r o g r a m m e d .  The  con t ro l  sec t ion  of a 
m i c r o p r o c e s s o r  may  be  e i t h e r  h a r d w i r e d  (low cost) or  
m i c r o p r o g r a m m e d  (flexibil i ty).  Both o rgan iza t ions  have 
m e r i t s  which make  t h e m  va luable  for specif ic  appl ica t ions .  

Hi s to r i ca l ly ,  m i c r o p r o c e s s o r s  we re  in t roduced as  mod-  
ified ca l cu l a to r  des igns ,  i . e . ,  we re  4 bi t  wide and had a 
h a r d w i r e d  ins t ruc t ion  se t .  

A compet ing  phi losophy appea red  with 2-chip  p r o c e s s o r s :  
they use  a RALU and a CROM. The RALU is  a r e g i s t e r -  
equipped a r i t h m e t i c  logical  unit  (ALU). The CROM is a 
r e a d  only m e m o r y  (ROM) for  RALU cont ro l .  The chip 
count may be i n c r e a s e d  as  one CROM con t ro l s  s eve ra l  
R A L U ' s  or  s e v e r a l  CROM's  con t ro l  one RALU. The 
f lexibi l i ty  gained with a p r o g r a m m a b l e  cont ro l  chip is 
benef ic ia l  for  expanded or  va ry ing  ins t ruc t ion  se t s  as  
well  a s  mic rocoded  con t ro l  a l go r i t hms .  

Th i s  m i e r o p r o g r a m m i n g  faci l i ty  may  p r e s e n t  d i sad-  
van tages :  i n c r e a s e d  eng ineer ing ,  deve lopment  t ime  for 
i n s t ruc t ion  set ,  cos t  penal ty .  

THE BIT WIDTH 

The  f i r s t  m i c r o p r o c e s s o r s ,  de r ived  f rom the  ca l cu l a -  
t o r s ,  were  4-b i t  wide. With improv ing  technology,  4, 8 
and 12-bi t  m i c r o p r o c e s s o r s  have  been  r ea l i z ed .  The 
quas i -un ive r s a l  width is now 8 bi ts ,  an  opt imum in view 
of c u r r e n t  p in  count l imi t a t ions  (40 pins)  and of compo-  
nent  s t anda rd iza t ion .  Often, ALU chips  may  be  used in 
p a r a l l e l ,  l ike m e m o r y  chips ,  r e su l t i ng  in modula r  12, 
16 or  24-b i t  s y s t e m s  based  on 4 b i t  or  8 bi t  chips .  

THE CHIP COUNT 

Although a m i c r o p r o c e s s o r  r e s i d e s  on a s m a l l  n u m b e r  
of ch ips  (one to th ree ) ,  the  comple te  m i c r o c o m p u t e r  
s y s t e m  r e q u i r e s  many m o r e .  Typical ly ,  a comple te  
s y s t e m  will  r e q u i r e  14 to 50 IC 's ,  with c locks  and 
t iming ,  cont ro l  logic,  p lus  p e r i p h e r a l  i n t e r f ace  IC ' s  
(5 to 30 IC 's ) .  The  to ta l  n u m b e r  of IC ' s  is 19 to 80. New 
a r c h i t e c t u r e s  seek  to m i n i m i z e  the chip count by i n c o r -  
pora t ing  m o r e  funct ions  within a chip: cont ro l ,  t iming,  
buf fer ing .  

THE INTERNAL REGISTERS 

As packing  dens i t i e s  have  i n c r e a s e d ,  it h a s  become  
p o s s i b l e  to supply an i n c r e a s i n g  n u m b e r  of i n t e rna l  
r e g i s t e r s .  F r o m  the u s e r ' s  s tandpoint  the two e s sen t i a l  
funct ions  a r e  working r e g i s t e r s  and subrou t ine  a d d r e s s  
s tack .  Typical ly ,  a m i c r o p r o c e s s o r  will now include 8 
to 16 in t e rna l  working r e g i s t e r s  (8 bit) .  The  cos t  of 
p rov id ing  m o r e  r e g i s t e r s  is  not so much  a h a r d w a r e  



cos t  as  a l o s s  of a d d r e s s  b i t s  in ternal ly ,  for  r e g i s t e r  
se lec t ion .  

It will a l so  include a faci l i ty  for  subrout ine nest ing,  the 
stack.  Two phi losophies  compete:  an in ternal  se t  of 
ha rdware  r e g i s t e r s ,  or  a po in te r  to m e m o r y .  

An in ternal  set  of 8 to 16 r e g i s t e r s  of fers  a speed ad-  
vantage in s tacking opera t ions  (fast in te r rup t  r e sponse ) .  
The d isadvantages  a r e  a l o s s  of f lexibi l i ty (the number  
of l eve l s  is  l imi ted  to the  number  of r e g i s t e r s )  and a 
s ignif icant  i n c r e a s e  in complexi ty .  

The second approach u s e s  a p r o g r a m  counter  and a 
s tack  poin ter  (plus pe rhaps  a s tack  base) .  It al lows an 
unl imited number  of r e t u r n  a d d r e s s  nes t ings ,  but is  
s lower  than the in ternal  r e g i s t e r  approach.  The gain in 
f lexibi l i ty tends  to favor ize  th is  des ign  philosophy in the 
mos t  recen t  m i c r o p r o c e s s o r s .  

EXISTING MICROPROCESSORS 

INTEL : MCS 8008 

In addit ion to i ts  four -b i t  MCS-4 m i c r o p r o c e s s o r ,  
Intel o f fe rs  an e ight-bi t  p r o c e s s o r ,  the MCS-8. I ts  
complexi ty  is  equivalent to 125 TTL packs .  

The m i c r o p r o c e s s o r  chip incorpora tes :  
1. an e ight -b i t  pa ra l l e l  a r i thmet i c  unit 
2. seven e ight -b i t  data r e g i s t e r s  
3. eight fo r t een -b i t  r e g i s t e r s  (stack) for 

subrout ine nest ing.  
4. ins t ruc t ion  decoding and control  logic (this 

is  a ha rdwi red  p r o c e s s o r ) .  
In te r rup t  capabi l i ty .  48 ins t ruc t ions .  

Typical  m a c r o - i n s t r u c t i o n  t ime is 20 us  for  the 8008, 
12,5 us for the 8008-1. Memory  is  ROM, PROM, RAM 
or  shift  r e g i s t e r s ,  up to 16 K by 8-bi t  words .  A d d r e s s i n g  
is  implici t :  a, r e g i s t e r  must  be loaded.  This  m i c r o -  
p r o c e s s o r  u ses  an 18-pin package.  It o f fe r s  extens ive  
sof tware  and prototyping support .  

INTEL 8080 

This  is  an n-channe l  s i l icon-gate,  40-pin m i c r o p r o c e s s o r ,  
due to be introduced shor t ly .  I ts  des ign  is  analogous to 
the 8008. The CPU contains:  
1. 8-bi t  pa ra l l e l  b inary  ALU 
2. seven  8-bi t  data r e g i s t e r s  

four t e s t ab le  flag bi ts  
3. ha rdwi red  control .  Exte rna l ly  TTL 

compat ib le  
4. one 16-bit  s tack pointer  and a 16-bit  

p r o g r a m  counter .  

Non m e m o r y  r e f e r e n c i n g  ins t ruc t ions  a r c  executed in 
2 m i c r o s e c o n d s  (2MHz clock).  

In this  p r o c e s s o r ,  the a d d r e s s  is 16-bit wide, and the 
s tack is in ex te rna l  m e m o r y  (unlimited). The m i c r o -  
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p r o c e s s o r  only contains  a s tack poin ter .  Upon in t e r -  
rupt ion,  the  p rog ram-coun te r  plus the data r e g i s t e r s ,  
the accumulator ,  and the f lags ,  can be s tacked.  

Another  d i f fe rence  l i e s  in the bussing:  the 8080 does  not 
t i m e - m u l t i p l e x  data and a d d r e s s  over  a s ingle  bus any- 
m o r e .  The 16 b i t - a d d r e s s  p rov ides  a 64 K-8 bit  m e m -  
ory  add re s s ing  capabil i ty without an external  m e m o r y  
r e g i s t e r .  

The 74 ins t ruc t ions  include the 48 ins t ruc t ions  of the 
8008 (compatibil i ty).  The packaging is  40-pin DIP. 

NATIONAL SEMICONDUCTOR : IMP 16 C 

National Semiconductor  (NS) u s e s  a building block 
approach  for i ts  s y s t e m s ,  the IMP 16 'C ~(~16 hi t s )  and 
the IMP 8 C (8 bi ts ) .  They a r e  built  around m:icro- 
p r o g r a m m a b l e  four -b i t  p r o c e s s o r  modules .  The 
IMP 16 C uses  four RALU's  and a CROM to fo rm a 
16-bit  sy s t em.  

Each RALU has:  
1. seven  in ternal  r e g i s t e r s :  four genera l  

p u r p o s e ,  including one as  index plus 
t h r e e  for  the mic rocode  (PC, MAR, 
MDR) 

2. 16-word s tack (4 bits) 
3. 4 status flags 
4. 4-bi t  wide ALU (ADD, AND, OR, EOR 

and shift).  

The CROM prov ides  the control  logic for up to eight 
RALU's .  It s t o r e s  the m i c r o p r o g r a m  and of fe rs  a 
s tandard  ins t ruc t ion  set  of 43 ins t ruc t ions .  The ROM 
s t o r e s  i00 23-bit  m ic ro ins t ruc t i ons .  

A typical  mac ro ins t ruc t i on  r e q u i r e s  7 us .  

The clock cycle  of 1.5 us is divided in four phases .  
The commands  speci f ied  between the RALU and the 
CROM are :  
1. A - s o u r c e  r e g i s t e r  
2. B - s o u r c e  r e g i s t e r  
3. ALU opera t ion  se lec t  
4. R - a d d r e s s  r e g i s t e r .  

The pin count is 24 for RALU and CROM. 

FAIRCHILD : PPS 25 

This  is  a four -b i t  p r o c e s s o r  intended for sc ient i f ic  
ca lcula t ions .  It be longs  to the family of p r o c e s s o r s  
d i r ec t ly  der ived  f rom c a l c u l a t o r c h i p s .  It u s e s  a mul t i -  
chip approach:  a 3805 a r i thmet i c  unit, a 3806 p r o -  
g-rammed function and t iming unit, a 3810 ROM for 
m i c r o p r o g r a m s ,  a 3808 for  memo ry .  

I ts  organiza t ion  is  25-digit  se r ia l ,  4-bi t  para l le l ,  with 
a 62.5 us word t ime ,  2.5 us bit t ime (addition of two 
25 digit  n u mb e r s  in 62.5 us,  mult ipl icat ion in 50 ms) .  
Each ROM s t o r e s  256 mi c ro i n s t ru c t i o n s .  Up to 26 ROM 
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chips  may be used  in one sys t em.  The m e m o r y  chip 
s t o r e s  digi ts ,  each 4 b i t s  b ina ry -coded  (BCD). The re  
a r e  3 25-digit  r e g i s t e r s  pe r  chip. 

I ts  c h a r a c t e r i s t i c s  a r e  : 
one 25-digit  r e g i s t e r  
4 b i t s  pe r  digit 
BCD s e r i a l / p a r a l l e l :  25 digit s e r i a l ,  
4 bit pa ra l l e l  
95 ins t ruc t ions  
bit t ime  is 2.5 us, word t ime is 
62.5 us (25 digi ts  + 25 digits) 
4 level subrout ine s tack 
external  in te r rup t  
1 to 7 25-digit  m e m o r y  r e g i s t e r s  
1 to 26 ROMS : 256 x 1 2  bi ts .  

TOSHIBA TLCS 12 

Tosh iba ' s  m i c r o p r o c e s s o r  is 12-bit wide and incorpo-  
r a t e s  the contro l  ROM within the m i c r o p r o c e s s o r  
chip. 

I ts  main c h a r a c t e r i s t i c s  a r e  : 
12 bit ALU with f a s t - c a r r y  logic 
5 working r e g i s t e r s  

• 8 12-bit genera l -purpose  r e g i s t e r s  (7 avai lable  
to the u se r ,  plus p r o g r a m  s ta tus  word).  

A minimum system configuration necessitates the 
microprocessor, three memories, and one memory 
control unit. 

Micro ins t ruc t ions  a r e  29 b i t s  wide. The sy s t em ac -  
comoda tes  up to 128 mic ro in s t ruc t i ons .  

The packaging is 42-pin DIP, logic densi ty  is c la imed  
to be equivalent to 11000 p-channe l  MOS t r a n s i s t o r s  
( s i l i con-ga te  technology).  

ROCKWELL MICROELECTRONICS : 10660 

This  is a fas t  four-b i t  pa ra l l e l  p r o c e s s o r  (5 us) with 
50 wi red  ins t ruc t ions .  It u s e s  ROMs, RAMs, and 10 
chips .  They a r e  42- lead flat packs .  

Subroutine nest ing is  p e r f o r m e d  in RAM. The a d d r e s s  
bus is 12-bit  wide. Two dec imal  digi ts  a r e  added in 
30 us.  

COMPUTER AUTOMATION : NAKED MINI 

Computer  Automation developed a seven-ch ip  
MOS/LSI p r o c e s s o r  to build a bas ic  16 b i t - s y s t e m .  It 
u s e s  four RALU's  and th ree  con t ro l - ch ips  with P r o -  
g r a m m a b l e  Logic A r r a y s  (PLA's)  r a t h e r  than ROMs. 
All buss ing  is 16-bit  wide. 

The newly developed LSI-2 p r o c e s s o r  r e p l a c e s  the 
LSI-1,  is  faster,  and compat ib le .  

GENERAL AUTOMATION : LSI-12/16 

The f o r m e r  SPC-12 p r o c e s s o r  board is r ep laced  by a 
single chip. It u se s  LSI, n-channel  SOS technology. It 
o f fe rs  h igh - speed  of n-channel  SOS and high densi ty 
(2000 ga tes  or 4000 to 5000 t r a n s i s t o r s ) .  The basic  
board  accomoda tes  the m i c r o p r o c e s s o r  sysLem with up 
to 2 K of memo ry ,  opera to r  console  and sys t em ope r -  
at ion fea tu res .  

It f ea tu res  complex m e m o r y  address ing  of up to 4 K 
words  (12 bit add res s ) .  

Fo r  m i c r o p r o g r a m m i n g  flexibil i ty,  th is  sys tem uses  a 
"ROM patch"  technique with two ROM boards•  One holds 
32 patch a d d r e s s e s ,  the other  holds the 32 pa tches .  The 
s y s t em is s t ruc tu red  in 12 b i t -pa ra l l e l  for a d d r e s s e s ,  
8-bi t  pa ra l l e l  for  data. Fi f ty- two bas ic  ins t ruc t ions  a r e  
offered.  Bas ic  ins t ruct ion  cycle  is 2.6 us.  

FORTHCOMING MICROPROCESSORS 

AMERICAN MICROSYSTEMS INC (AMI) : 7300 

The sys t em is de sc r ibed  for i ts  a rch i t ec tu ra l  i n t e res t .  
It has  been announced r ecen t ly  that it will not be 
implemented .  

This m i c r o p r o g r a m m e d  2-chip p r o c e s s o r  is para l le l ,  
8-bi t .  It u se s  a RALU plus CROM philosophy.  Both 
chips  a r e  p -channe l ,  s i l icon-gate,  ion-implanted.  The 
RALU contains  : 
1. ALU with A and B - s o u r c e  r e g i s t e r s ,  s tatus 

r e g i s t e r ,  r e su l t  r e g i s t e r  
2. th i r ty - two genera l  r e g i s t e r s  which can be used as  

e i ther  one or two s tacks  and or one or  two 
r e g i s t e r  se t s  

3. s even -add re s s  stack.  

The control  ROM is cal led Micro ins t ruc t ion  ROM or 
MIR. It is a 512-word by 22-bit mask p r o g r a m m a b l e  
ROM. The ins t ruct ion  cycle  is  4 us.  There  is a four-  
level in te r rup t  sys tem.  

SIGNETICS 

Signet ics  p lans  the introduct ion of an 8-bi t  fixed in- 
s t ruc t ion  p r o c e s s o r  with extens ive  address ing  capa-  
b i l i t ies :  d i rec t ,  indi rec t ,  r e la t ive ,  absolute,  immedia te .  
It will be an n-channel  silicon*gate p r o c e s s o r .  Ins t ruc -  
t ion t ime  is 5 to 10 us.  The ALU contains 4 genera l  
r e g i s t e r s ,  an e i g h t - r e g i s t e r  stack,  and implements  
75 ins t ruc t ions .  The a d d r e s s  bus is 15-bit  wide. in- 
s t ruc t ions  a r e  s t ruc tu red  in a 6-b i t  opcode and 2-bi t  
r e g i s t e r  poin ter .  It uses  a 40-pin package.  Introduction 
planned for 1974. 



OTHERS 

Monolithic M e m o r i e s  and Raytheon have announced a 
bipolar  m i c r o p r o c e s s o r .  Ray theon ' s  is a seven-ch ip  
sys t em,  with 3 CROMs and 4 RALUs to produce  a 16 
bit sy s t em .  Due to the bipolar  technology,  the expected 
speed is  200 ns.  

S iemens  has  announced development  p lans  for an MOS 
n-channel  8 b i t - m i c r o p r o c e s s o r  analogous to the Intel 
8080. Texas  In s t rumen t s ,  A m e r i c a n  M i c r o s y s t e m s ,  and 
M i c r o s y s t e m s  Internat ional  a r e  said to be cons ide r ing  
l i cens ing  a g r e e m e n t s  for s econd- sou rc ing  the 808 0. 

Inselek has announced plans for a CMOS, SOS micro- 
processor with a 300 ns cycle time. 

RCA has announced a 2-chip  CMOS 8 bit m i c r o -  
p r o c e s s o r  using a 16 x 16 scra tchpad  for m e m o r y  
accesses. 

Wes te rn  Digital and other  manufac tu r e r s  a r e  an-  
nouncing plans  for new m i c r o p r o c e s s o r s .  In view of 
the long l e a d - t i m e  for development ,  it is l ikely that 
only a few more  will be effect ively introduced this  year .  

APPLICATIONS OF MICROCOMPUTERS 

GENERAL RULES 

Original ly  intended for desk -ca l cu l a to r  usage,  m i c r o -  
computer  s y s t e m s  a re  now being used in an inc reas ing  
range  of appl icat ions .  

The genera l  r u l e s  for using a m i c r o p r o c e s s o r  instead 
of a ha rdwi red  device  can be s u m m a r i z e d  as follows: 
1. sequent ia l  digital  appl icat ion requ i r ing  over  50 

ha rdwi red  IC ' s  
2. non- t r iv ia l  p r o g r a m  sequence 
3. logical  or a r i t hme t i c  r equ i r emen t  
4. no s u p e r - s p e e d ,  although mult iple  m i c r o -  

p r o c e s s o r s  may be used.  

APPLICATIONS 

M i c r o p r o c e s s o r s  a r e  used in the following applicat ions:  

Small  bus ine s s  mach ines ,  including ca lcu la to r s  
Point  of Sale T e r m i n a l s  (cash r e g i s t e r s ,  c redi t  
ca rd  ve r i f i e r s )  
Data Communicat ion  (communicat ions  p r e -  
p r o c e s s o r ,  s m a r t  t e rmina l ,  t e s t  equipment,  data 
concen t ra to r ,  m e s s a g e  switching, signal 
p r o c e s s o r )  
P e r i p h e r a l s  Con t ro l l e r s  {card r e a d e r ,  floppy disc ,  
c a s s e t t e  tape unit, l ine p r i n t e r s ,  CRT) 
Genera l  Control  (machine tool, p r o c e s s  control ,  
envi ronment  control  for building, t raff ic  control ,  
e levator  control ,  appl iances ,  automobiles)  
Data Acquis i t ion Sys t ems  
Ins t rumenta t ion  and device t e s t e r  

P r o g r a m m e d  games .  
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THE IMPACT OF MICROCOMPUTERS 

The impact  of the m i c r o p r o c e s s o r  can be expected to 
be m o r e  significant  than the mini  revolut ion a few y e a r s  
ago. The range  of m i c ro co mp u t e r  s y s t e m s  extends 
throughout a wide spec t rum of p e r f o r m a n c e  and cost ,  
f rom the ca lcula tor  at the low end, to the min icomputer  
at the high end. Typical  execution t imes  for m i c r o -  
compu te r s  a r e  st i l l  2 to 10 t i m e s  s lower  than those  for 
min is ,  but a r e  constant ly  shrinking.  M i c r o p r o c e s s o r s  
have evolved as  s tandard  OEM produc ts ,  and ca te r  ex-  
c lus ively  to the OEM u s e r s ,  while min icompute r s  usu-  
ally provide  extens ive  support  geared  to the end -use r .  
The i r  ma jor  impact  is felt on economical  and " s m a r t "  
OEM digital  p roduc t s .  As MOS LSI cos t s  keep dec reas ing ,  
the number  of m i c r o c o m p u t e r s  should exceed by far  the 
number  of any other  type of computer  being produced.  
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