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RAM 2 1 USER MANUAL 

ABOUT RAM 21" 

The RAM 21 f rom CompuPro r e p r e s e n t s  one o f  t h e  most  advanced  RAM 
boards ever  produced f o r  t he  I E E E  6961s-100 Bus. Combining s t a t e  
o f  t h e  a r t  s t a t i c  MOS RAM t e c h n o l o g y  w i t h  CompuPro's d e s i g n  
e x c e l l e n c e  makes t h e  RAM 21 t h e  most v e r s a t i l e ,  e f f i c i e n t  and 
r e l i a b l e  RAM a v a i l a b l e  t oday .  The RAM 21 works  a s  a  "byte-wide" 
memory i n  8  b i t  systems and au toma t i ca l l y  swi t ches  t o  "word-wide" 
mode f o r  t o d a y ' s  newer  16 b i t  s y s t e m s .  The RAM 21 i s  t h e  c h o i c e  
of p r o f e s s i o n a l s  f o r  s c i e n t i f i c ,  i n d u s t r i a l  and commercial  appl ica-  
t i o n s  where t h e  e m p h a s i s  i s  on f u l l  speed  o p e r a t i o n  w i t h  t h e  
advanced  CPUs o f  t o d a y  and tomorrow w h i l e  m a i n t a i n i n g  downward 
c o m p a t i b i l i t y  wi th  8  b i t  CPUs. 

T E m C B I .  OVERVIEW 

The RAM 21 uses  s ix ty- four  h igh  performance 16K X 1 MOS RAM ch ips  
t o  provide a  t o t a l  of 128K by te s  or  64K words of s to rage .  The RAM 
21 i s  a d d r e s s a b l e  on any  128K b y t e  bounda ry  i n  t h e  16 megaby te  
address  space s p e c i f i e d  by t h e  IEEE  696 s tandard.  

The R A M  21 a l s o  dynamical ly  swi t ches  between "byte-wide" o r  "word- 
wide" modes p e r  t h e  s t a t e  o f  t h e  sXTRQ* s i g n a l  on t h e  S-100 Bus 
( see  t he  Theory of Operat ion s e c t i o n  f o r  a  complete d i s c u s s i o n  of 
how t h i s  p ro toco l  works). 

The RAM 21 was d e s i g n e d  t o  work w i t h  8086 /88  t y p e  p r o c e s s o r s  a t  
speeds exceeding 10 MHz. It a l s o  handles  DMA f l a w l e s s l y ,  a  f e a t u r e  
few boards can boas t .  

To r e d u c e  t h e  number o f  s u p p o r t  I C s  r e q u i r e d  t o  pack  a l l  t h i s  
f u n c t i o n  and c a p a c i t y  o n t o  a  s t a n d a r d  h e i g h t  S-100 b o a r d ,  a  PAL 
( p r o g r a m m a b l e - a r r a y - l o g i c )  e l e m e n t  i s  used. The PAL s e l e c t s  t he  
proper  memory ch ips  and c o n t r o l s  the  complicated d a t a  bus swi t ch ing  
scheme requi red  t o  mix 8  and 16 b i t  opera t ions .  

IMPORTANT NOTES: 

NOTE 1. Due t o  the  c r i t i c a l  t im ing  requi rements  of the  6 MHz CPU-Z 
and the  i n t e r n a l  a r c h i t e c t u r e  of  t he  R A M  21 being opt imized  f o r  16 
b i t  CPUs, a  memory reques t  wai t  s t a t e  (Sl-3) may be requi red  when 
r u n n i n g  t h i s  boa rd  a t  6  MHz w i t h  CPU-Z. T h i s  boa rd  w i l l  r u n  f i n e  
w i th  6  MHz 8085 and 8  MHz 8088 o r  10 MHz 8086 type CPU wi thout  wa i t  
s t a t e s .  

NOTE 2. Active t e rmina t ion  of the  IEEE/696 S-100 s tandard  s t a t e s :  
11 A l l  bus l i n e s  except  t he  power and ground l i n e s  may be te rmina ted  



t o  r e d u c e  b u s  n o i s e  ...If We s u g g e s t  t h a t  f o r  mos t  r e l i a b l e  o p e r a -  
t i o n  o f  CompuPro p r o d u c t s  t h e  u s e r  e n s u r e  t h e  u s e  o f  an  a c t i v e l y  
t e r m i n a t e d  m o t h e r b o a r d .  T h i s  w i l l  b o t h  c r e a t e  a n  o p t i m a l  b u s  
environment and p rov ide  pul l -up f o r  t h e  PHANTOM l i n e .  A l l  CompuPro 
motherboards  and e n c l o s u r e s  comply w i t h  t h i s  recommendation. 

HOW TO CONFIGURE 
THE RAM 21 FOR YOUR SYSTEM 

The R A M  21 r e q u i r e s  on ly  t h a t  t h e  s t a r t i n g  a d d r e s s  o f  t h e  board be 
s e t  u s i n g  s w i t c h  S1. A l l  o t h e r  f e a t u r e s  s u c h  a s  PHANTOM and b y t e  
( 8  b i t ) / w o r d  ( 1 6  b i t )  t r a n s f e r s  a r e  h a n d l e d  a u t o m a t i c a l l y  by on- 
b o a r d  l o g i c .  T h i s  b o a r d  r e s p o n d s  t o  t h e  u p p e r  e i g h t  a d d r e s s  l i n e s  
(A16-23) a s  provided f o r  by t h e  IEEE 696/S-100 s tandard .  

The s t a r t i n g  a d d r e s s  of t h e  board i s  s e l e c t e d  by s e t t i n g  t h e  f i r s t  
s e v e n  p a d d l e s  o f  d i p - s w i t c h  S1. S1 i s  l o c a t e d  n e a r  t h e  b o t t o m  
l e f t - h a n d  c o r n e r  o f  t h e  b o a r d .  The a d d r e s s  i s  s e t  i n  a  b i n a r y  
f a s h i o n  w i t h  e a c h  p a d d l e  o f  S1 r e p r e s e n t i n g  an  a d d r e s s  b i t .  An 
"ON" p a d d l e  r e p r e s e n t s  a  b i n a r y  " z e r o "  and a n  "OFF" p a d d l e  
r e p r e s e n t s  a  b i n a r y  "one". The paddle  t o  a d d r e s s  b i t  r e l a t i o n s h i p  
i s  shown i n  t h e  f o l l o w i n g  t a b l e :  

SWITCH SETTINGS FOR S1 - ADDRESS SELECTION 

ADDRESS BIT PADDLE NUMBER 

A23 . . . . . . . .  1 
A22 . . . . . . . .  2  
A23 . . . . . . . .  3  ON = 0  
A20 . . . . . . . .  4 OFF = 1 
A19 . . . . . . . .  5 8  = NC 
A18 . . . . . . . .  6  
A17 . . . . . . . .  7  

EXAMPLE: I f  t h i s  i s  t h e  f i r s t  RAM board i n  your sys tem and you want 
128K s t a r t i n g  a t  a d d r e s s  OOOOOOH, s e t  padd les  1 through 7  o f  S1 - ON. 

EXAMPLE: I f  t h i s  i s  t h e  s e c o n d  128K b o a r d  i n  t h e  a b o v e  s y s t e m  and 
you w a n t  i t  a d d r e s s e d  a t  020000H s e t  p a d d l e s  1 t h r o u g h  6  - O N  and 
p a d d l e  7  OFF. - 
EXAMPLE: I f  you  want  t h i s  b o a r d  t o  r e s i d e  a t  t h e  t o p  o f  t h e  f i r s i  
m e g a b y t e  o f  a d d r e s s  s p a c e  ( i . e . ,  s t a r t i n g  a d d r e s s  OEOOOOH), s e t  
padd les  1 through 4 ON and padd les  5 through 7  - OFF. I n c i d e n t a l l y ,  
t h i s  would put t h e  board a t  t h e  h i g h e s t  128K a d d r e s s  which an 8086 
o r  an 8088 can d i r e c t l y  address .  



THEORY OF OPERATION 

The RAM 21 i s  d e s i g n e d  t o  work i n  8  and 16 b i t  s y s t e m s  p e r  t h e  
p r o t o c o l  e s t a b l i s h e d  by t h e  IEEE 6961s-100 s t a n d a r d .  The DATA I N  
and DATA OUT b u s s e s  o p e r a t e  a s  a  b i d i r e c t i o n a l  16 b i t  d a t a  p a t h  
when word t r a n s f e r s  a r e  pe r fo rmed .  The two b u s s e s  r e m a i n  u n i -  
d i r e c t i o n a l  dur ing  byte  opera t ions .  

Here ' s  how t h e  p r o t o c o l  works :  The b u s  m a s t e r  r e q u e s t s  a  16 b i t  
t r a n s f e r  by a s s e r t i n g  sXTRQ* ( l i n e  58 low). I f  t h e  s l a v e  ( i n  t h i s  
c a s e  t h e  RAM 21) i s  c a p a b l e  o f  p e r f o r m i n g  word t r a n s f e r s ,  i t  
acknowledges t h i s  f a c t  t o  t he  mas te r  by a s s e r t i n g  SIXTN* ( l i n e  60 
low).  Some t imes ,  e v e n  a  16 b i t  m a s t e r  may o n l y  want  t o  t r a n s f e r  
one  b y t e  r a t h e r  t h a n  a  whole  word. I n  t h i s  c a s e ,  t h e  m a s t e r  d o e s  . 

n o t  a s s e r t  sXTRQ* b u t  i n s t e a d  u s e s  t h e  d a t a  b u s s e s  a s  an  8  b i t  
mas te r  would, t h a t  is: d a t a  from the  mas te r  would be t r a n s f e r r e d  on 
t h e  DO b u s  and d a t a  t o  t h e  m a s t e r  would be  t r a n s f e r r e d  on t h e  D I  
bus.  

The RAM 2 1  h a n d l e s  t h i s  m u l t i p l e x i n g  o f  t h e  d a t a  b u s s e s  w i t h  t w o  
b i - d i r e c t i o n a l  b u s  b u f f e r s  (U14 and U15) and t h r e e  i n t e r m e d i a t e  
b u f f e r s  (U5, U12 and U13). Both U14 and U15 a r e  e n a b l e d  f o r  a l l  
word t r a n s f e r s .  Both  U5 and U12 a r e  e n a b l e d  f o r  word r e a d  
opera t ions .  When byte  w r i t e s  occur  w i th  AO=O, U14 only  i s  enabled. 
When b y t e  w r i t e s  o c c u r  w i t h  A0=1, U14 and U13 a r e  e n a b l e d .  When 
b y t e  r e a d s  o c c u r  w i t h  AO=O,  U12, U13 and U15 a r e  e n a b l e d .  When 
by te  reads  occur w i t h  AO=l ,  U5 and U15 a r e  enabled. 

This  complicated a lgo r i t hm i s  executed by PAL (programmable a r r a y  
l o g i c )  e l e m e n t  GI91 ( ~ 7 ) .  The PAL a l s o  s e l e c t s  t h e  p r o p e r  a r r a y  
d e c o d e r ( s ) ,  U9, f o r  8 o r  16 b i t  t r a n s f e r s .  The RAM i s  c o n f i g u r e d  
a s  two a r r a y s  o f  64K by 8  b i t s ,  A and B. The b i t  / a d d r e s s  decode  
scheme is covered i n  t h e  next  s ec t i on .  The PAL a l s o  gene ra t e s  t h e  
s i g n a l  ENM*, which  e n a b l e s  t h e  d e c o d e r  ( ~ 9 )  o n l y  d u r i n g  memory 
r e f e r e n c e  o p e r a t i o n s .  T h i s  f e a t u r e ,  c o u p l e d  w i t h  t h e  u s e  o f  RAM 
ch ips  which power down when not s e l e c t e d  makes t h e  R A M  21 consume 
l e s s  power than  most dynamic R A M  des igns  whi le  provid ing  t h e  speed 
of ope ra t i on  and r e l i a b i l i t y  t h a t  only s t a t i c  RAM d e l i v e r s .  

The b a s e  a d d r e s s  o f  t h e  b o a r d  i s  s e t  w i t h  d i p - s w i t c h  S1. O c t a l  
comparator (U8) gene ra t e s  s i g n a l  BSEL* when the  address  p re sen t  on 
bus  l i n e s  A17 t h r o u g h  A23 m a t c h e s  t h a t  s e t  i n  S1-1 t h r o u g h  S1-7. 
P o s i t i o n  8  o f  S1 i s  n o t  used.  

ESXT* i s  t h e  s i g n a l  generated i n  t he  PAL which causes  t h e  RAM 21 t o  
acknowledge r eques t s  f o r  word t r a n s f e r s  when the  board i s  s e l ec t ed .  
T r a n s i s t o r  Q 1  provides  t he  open c o l l e c t o r  ou tput  r equ i r ed  t o  d r i v e  
bus s i g n a l  SXTN* ( l i n e  60). 



LOCATING RAM ICs BY ADDRESS AND BIT 

The COMPONENT LAYOUT on  t h e  n e x t  page  may be  u s e d  a s  a  map t o  
l o c a t e  RAM I C s  by a d d r e s s  and b i t .  B i t  n u m b e r s  a r e  shown a t  t h e  
t o p  o f  each column o f  RAM I C ' s  w i t h  b i t  0  a t  t h e  r i g h t  through b i t  
7 on t h e  l e f t .  Row n u m b e r s  A0 t h r o u g h  B3 a r e  a r r a n g e d  v e r t i c a l l y  
i n  t h e  c e n t e r  o f  t h e  RAM a r r a y .  Note  t h e  d u a l  b i t  n u m b e r s  i n  r o w  
A3; t h e  r i g h t  hand  number  i s  t h e  b i t  number  when t h e  RAM 21 i s  
o p e r a t i n g  i n  t h e  word o r  16 b i t  mode. I n  t h e  word mode two rows of 
R A M s  a r e  s e l e c t e d .  The low o r d e r  b y t e  i s  i n  a r r a y  B and t h e  h i g h  
o r d e r  b y t e  i s  i n  a r r a y  A. Row s e l e c t i o n  i s  t h e  b i n a r y  d e c o d e  o f  
s y s t e m  b u s  l i n e s  A15 and A16. F o r  e x a m p l e ,  t o  s e l e c t  r o w s  A0 and  
BO b o t h  A15 and A16 would have t o  be i n  t h e  z e r o  s t a t e .  

I n  t h e  b y t e  o r  8 b i t  mode one row o f  RAMs i s  s e l e c t e d .  A l l  e v e n  
b y t e s ,  A0 i n  t h e  z e r o  s t a t e ,  a r e  i n  a r r a y  A. A l l  odd b y t e s ,  A0 i n  
t h e  one s t a t e ,  a r e  i n  a r r a y  B. Row number s e l e c t i o n  i s  t h e  b i n a r y  
decode o f  l i n e s  A15 and A16 a s  above w i t h  t h e  a d d i t i o n  o f  t h e  s t a t e  
o f  A0 d e t e r m i n i n g  whether  t h a t  row i s  i n  a r r a y  A o r  a r r a y  B. 

PARTS LIST 

SEMICONDUCTORS 

Q 1 MPS 3646 

CAPACITORS 

C1-8 10V/higher d ipped t a n t .  
C9 68 pF dipped mica 
(38)  bypass c a p a c i t o r s  

RESISTORS 

R 1  1 .5  K Ohm 
S 1 8 p o s i t i o n  DIP s w i t c h  
SR1,2 5.1K Ohm SIP - 10 p i n  
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