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HDA I 
H A R D  DISK ADAPTER 

T h e  I t h a c a  I n t e r S y s t e m s  HDA I c i r c u i t  b o a r d  s e r v e s  a s  a n  
i n t e r f a c e  b e t w e e n  t h e  S -100  Bus a n d  a  h a r d  d i s k  c o n t r o l l e r .  
T h e  h a r d  d i s k  c o n t r o l l e r  u s e d  w i t h  I n t e r S y s t e m s  d i s k  m o d u l e s  
c a n  c o n t r o l  f o u r  d i s k  d r i v e  u n i t s ,  p r o v i d i n g  a l l  t h e  s p e c i a l  
t i m i n g  t h e  d r i v e s  r e q u i r e .  

T h i s  m a n u a l  p r o v i d e s  i n f o r m a t i o n  a b o u t  t h e  g e n e r a l  d e s i g n  a n d  
f e a t u r e s  o f  t h e  Hard  D i s k  A d a p t e r  b o a r d ,  i n s t r u c t i o n s  f o r  
c o n £  i g u r  i n g  t h e  b o a r d  f o r  s p e c i f i c  i n s t a l l a t i o n s  a n d  t h e  p a r t s  
l i s t  f o r  t h e  b o a r d .  

1.1 PHYSICAL DESCRIPTION 

T h e  HDA I i s  a  s t a n d a r d  5 b y  1 0  i n c h  ( 1 2 . 7  b y  25 .4  c m ) ,  S-100 
b u s ,  p l u g - i n  c i r c u i t  b o a r d .  T h e  c i r c u i t  c a r d  i s  c o n n e c t e d  t o  a 
s y s t e m  h a r d  d i s k  c o n t r o l l e r  b o a r d  t h r o u g h  t h e  HDA I 5 0 - p i n  t o p  
e d g e  c o n n e c t o r .  

1 . 2  FEATURES 

* DMA d a t a  t r a n s f e r s  a v a i l a b l e  f o r  maximum d a t a  
t r a n s f e r  r a t e  w i t h  minimum p r o c e s s o r  o v e r h e a d .  

* P a r i t y  c h e c k  o f  d a t a  t r a n s f e r s  o n  b o t h  t h e  S-100 Bus  
a n d  t h e  h a r d  d i s k  c o n t r o l l e r  b u s .  

* O p t i o n a l  DMA ( o n e )  w a i t  s t a t e  g e n e r a t i o n .  

* V e c t o r e d  i n t e r r u p t  g e n e r a t i o n .  

* 8 - b i t  o r  1 6 - b i t  I / O  a d d r e s s i n g  s e l e c t .  
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1. BASIC FUNCTION 

Tilt-. b a s i c  f u n c t i o n  o f  t h e  HDA I c i r c u i t  c a r d  i s  t o  t r a n s f e r  
i n f o r m a t i o n  b e t w e e n  t h e  S-100 b u s  a n d  a s y s t e m  h a r d  d i s k  
cor- troller. Two k i n d s  o f  i n f o r m a t i o n  a r e  t r a n s f e r r e d :  s t a t u s  
arid command i n f o r m a t i o n ,  a n d  t h e  d a t a  b e i n g  s t o r e d .  

8 - ! ) i t  d a t a  i s  t r a n s f e r r e d  b e t w e e n  t h e  S -100  b u s  a n d  t h e  h a r d  
di : - ;k  c o n t r o l l e r  b o a r d  i n  two w a y s :  p o l l e d  d a t a  t r a n s f e r  a n d  DMA 
d a t a  t r a n s f e r .  P o l l e d  d a t a  t r a n s f e r  i s  u s e d  t o  t r a n s f e r  
colnnlands t o  t h e  HDA I ,  a n d  some c o n t r o l l e r / h a r d  d i s k  s t a t u s e s .  
V; l r ious  s t a t u s  b i t s  a r e  a v a i l a b l e  a t  a  p o r t  o n  t h e  HDA I t h a t  
t CPU c h e c k s  u n t i l  t h e  H D A  I i n d i c a t e s  i t  i s  r e a d y  f o r  a  
t r , n s f e r .  T h e  CPU t h e n  w r i t e s  a  b y t e  t o  o r  r e a d s  a  b y t e  f r o m  
a n o t h e r  p o r t  o n  t h e  HDA I .  Commands t o  t h e  H D A  I a r e  a l w a y s  
acco rnp l  i s h e d  t h i s  way.  Some c o n t r ~ l  l e r / h a r d  d i s k  s t a t u s e s  a r e  
r e t u r n e d  t h i s  way.  

DM/\ ( d i r e c t  memory a c c e s s )  d a t a  t r a n s f e r  i s  a v a i l a b l e  t o  
t r a n s f e r  s t o r e d  d a t a  a n d  some s t a t u s  i n f o r m a t i o n .  DMA d a t a  
t r ; ; i n s f e r s  o f f e r  a n  a d v a n t a g e  i n  s p e e d  a n d  i s  p a r t i c u l a r l y  
u c e f  ul i n  m u l t i - t a s k i n g ,  m u l t i - u s e r  s y s t e m s .  

D s t a  t r a n s f e r s  t h a t  a r e  n o r m a l l y  c a r r i e d  o n  v i a  DMA c a n  a l s o  b e  
d o n c  b y  p o l l i n g ,  i f  d e s i r e d .  

Tf!c? H D k  I c a r d  s u p p o r t s  t h e  I t h a c a  I n t e r s y s t e m s  p a r i t y  s c h e m e .  
l t l  t t ~ i s  a r r a n g e m e n t  5 -100  l i n e s  6 5  a n d  66 a r e  a s s i g n e d  t o  
Pb.IilfI'Y a n d  PAREN* r e s p e c t i v e l y .  T h e s e  l i n e s  a r e  d e f i n e d  i n  t h e  
I k : E E  S - 1 0 0  s t a n d a r d  a s  NDEF ( n o t  t o  b e  d e f i n e d ) .  The  PARITY 
1 i r ~ c  c o n t a i n s  o d d  p a r i t y  when t h e  d e v i c e  d r i v i n g  t h e  S-100 d a t a  
~ I I : ;  r l r i v e s  PAREN* a c t i v e .  The  HDA I d r i v e s  PAHEN* a c t i v e  a s  
r t . q u i r t . d  a n d  g e n e r a t e s  p a r i t y  o n  t h e  PARITY l i n e .  

J ~ . : n p e r  J 5  i s  s e t  t o  e n a b l e  ( B - C )  o r  d i s a b l e  ( A - B )  p a r i t y .  
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1 . 4  CONTROLLER B U S  

T h e  HDA 1 c i r c u i t  b o a r d  i s  c o n n e c t e d  t o  t h e  h a r d  d i s k  
c o n t r o l l e r  by  t h e  c o n t r o l l e r  b u s ,  a  5 0 - c o n d u c t o r  r i b b o n  c a b l e .  
F i g u r e  1 i s  a p i n  a s s i g n m e n t  c h a r t  f o r  t h e  b u s .  On 
I n t e r s y s t e m s  e q u i p m e n t ,  t h e  h a r d  d i s k  c o n t r o l l e r  b o a r d  i s  
l o c a t e d  i n  t h e  d i s k  d r i v e  m o d u l e .  The c a b l e  i s  a t t a c h e d  
b e t w e e n  t h e  H D A  I 5 0 - p i n  t o p  e d g e  c o n n e c t o r  ( F i g u r e  2 ) ,  on  t h e  
b o a r d  and t h e  a p p r o p r i a t e  h a r d  d i s k  d r i v e  module .  T h e  s i g n a l s  
on t h e  c o n t r o l l e r  b u s  a r e  l i s t e d  b e l o w .  

Pln No. Slgnal Notes 

All odd Ground 
2 DATA 0' C/ A 
4 DATA 1 ' C/A 
6 DATA 2' C/A 
8 DATA 3' C/ A 
10 DATA 4'  C/A 
12 DATA 5' C/A 
14 DATA 6' C/A 
16 DATA 7'  C/A 
18 ODDPARITY C/A 

20-34 No1 Used 1 
36 BUSY' C 
38 ACKNOWLEDGE' A 
40 RESET' A 
42 MESSAGE' C 
44 SELECT' A 
46 DATA / CONTROL' C 
48 REQUEST' C 
50 WRITE / READ' C 

Notes: 
1 Even no. pins only 
A Llne drlven by HDA I 
C Llne drlven by hard d ~ s k  

conlroller board. 

F~gure 1 HDA I top connector pin assignments 

Figure 2 Top edge connector prn locat~ons 
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DATAO* t h r o u g h  DATA7*: e i g h t  b i - d i r e c t i o n a l  d a t a  
b i t s ,  d r i v e n  b y  e i t h e r  t h e  c o n t r o l l e r  b o a r d  o r  t h e  
HDA I .  The b u s  c a r r i e s  i n v e r t e d  d a t a .  

ODDPARITY: ( d r i v e n  by e i t h e r  t h e  c o n t r o l l e r  b o a r d  o r  
t h e  HDA I )  c a r r i e s  t h e  t h e  odd p a r i t y  b i t  d u r i n g  
d a t a  t r a n s f e r s .  

BUSY*: ( d r i v e n  by c o n t r o l l e r )  when i n a c t i v e ,  
i n d i c a t e s  t h e  c o n t r o l l e r  is w a i t i n g ;  when a c t i v e ,  
t h e  c o n t r o l l e r  is b u s y .  

MESSAGE*: ( d r i v e n  by c o n t r o l l e r )  i n d i c a t e s  t h e  end 
o f  a  command. When a c t i v e ,  a  b y t e  c a l l e d  t h e  
" c o m p l e t i o n  b y t e " ,  i s  p l a c e d  o n  t h e  c o n t r o l l e r  d a t a  
b u s .  

DATA/CONTROL*: ( d r i v e n  b y  c o n t r o l l e r )  when l o w ,  
i n d i c a t e s  t h a t  d a t a  o n  t h e  c o n t r o l l e r  b u s  is  s t a t u s  
o r  command i n f o r m a t i o n ;  when h i g h ,  i n d i c a t e s  t h a t  
d a t a  o n  t h e  c o n t r o l l e r  b u s  is a c t u a l  d i s k  d a t a .  

REQUEST*: ( d r i v e n  b y  c o n t r o l l e r )  t h e  c o n t r o l l e r  
d r i v e s  t h i s  s i g n a l  a c t i v e  w h e n e v e r  a  d a t a  t r a n s f e r  
is t o  t a k e  p l a c e .  

WRITE/READ*: ( d r i v e n  by c o n t r o l l e r )  i n d i c a t e s  w h i c h  
way d a t a  i s  g o i n g  o n  t h e  d a t a  b u s .  A l s o  known a s  
INPUT/OUTPUT. 

ACKNOWLEDGE*: ( d r i v e n  b y  t h e  HDA I )  when l o w ,  
i n d i c a t e s  t h e  HDA I i s  f i n i s h e d  w i t h  a  d a t a  
t r a n s f e r .  

RESET*: ( d r i v e n  b y  t h e  HDA I )  when a s s e r t e d ,  r e t u r n s  
t h e  c o n t r o l l e r  t o  a  p r e - d e f i n e d  s t a t e .  The s i g n a l  
is  c o n n e c t e d  t o  t h e  S-100 RESET* l i n e .  

SELECT*: ( d r i v e n  b y  t h e  HDA I )  a s s e r t e d  a t  t h e  
b e g i n n i n g  o f  a  command s e q u e n c e  t o  p o l l  , t h e  
c o n t r o l l e r .  
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C o n t r o l l e r  B u s  Timiny 

The h a r d  d i s k  c o n t r o l l e r  b o a r d  i s  t h e  m a s t e r  o n  t h e  c o n t r o l l e r  
b u s .  When t h e  c o n t r o l l e r  i s  r e a d y  t o  r e a d  o r  t o  w r l t e  a  b y t e ,  
i t  a s s e r t s  REQUEST* and t h e n  w a i t s  f o r  t h e  HDA I  t c  a s s e r t  
ACKNOWLEDGE*. 

D u r i n g  a R E A D  ( f r o m  t h e  c o n t r o l l e r  t o  t h e  HDA I )  c y c l e  t h e  
c o n t r o l l e r  p l a c e s  d a t a  on  t h e  b u s  b e f o r e  REQUEST* g o e s  a c t i v e .  
The HDA I d r i v e s  ACKNOWLEDGE* a c t i v e  when f i n i s h e d  w i t h  t h e  
d a t a .  T h i s  o c c u r s  a t  t h e  end o f  t h e  S-100 b u s  c y c l e  when t h e  
CPU a c t u a l l y  r e a d s  t h e  d a t a ,  o r  a t  t h e  end  o f  t h e  DMA c y c l e .  
A f t e r  t h e  c o n t r o l l e r  s e e s  ACKNOWLEDGE* a c t i v e ,  i t  d e a s s e r t s  
REQUEST*. 

D u r i n g  a  WRITE ( t o  t h e  c o n t r o l l e r ,  f rom t h e  HDA I )  c y c l e ,  t h e  
c o n t r o l l e r  a s s e r t s  REQUEST* when i t  i s  r e a d y  t o  r e c e i v e  d a t a .  
The HDA I d r i v e s  ACKNOWLEDGE* a c t i v e  when i t  h a s  l a t c h e d  t h e  
d a t a  i n t o  i t s  c o n t r o l l e r  d a t a  b u s  d r i v e r s .  T h i s  o c c u r s  a t  t h e  
end o f  t h e  S-100 b u s  c y c l e  when t h e  CPU i s  w r i t i n g  d a t a ,  o r  i n  
a  DMA c y c l e ,  a t  t h e  e n d  o f  pDBIN. The d a t a  m u s t  r e m a i n  s t a b l e  
u n t i l  t h e  c o n t r o l l e r  d e a s s e r t s  REQUEST*. 

The REQUEST*/ACKNOWLEDGE* t i m i n g  i s  f u n d a m e n t a l  t o  a l l  d a t a  
t r a n s f e r s  b e t w e e n  t h e  HDA I  a n d  t h e  c o n t r o l l e r .  The 
WRITE/READ*, DATA/COMMAND*, and MESSAGE* s t a t u s  a r e  v a l i d  
b e f o r e  REQUEST* g o e s  h i g h ,  and  r e m a i n  s o  u n t i l  ACKNOWLEDGE* 
g o e s  i n a c t i v e .  WHITE/READ* and DATA/COMMAND* d e s c r i b e  t h e  
t y p e  o f  d a t a  t r a n s f e r ,  a n d  MESSAGE* i n d i c a t e s  i f  t h e  d a t a  
t r a n s f e r  i s  t o  b e  t h e  l a s t  i n  t h e  command c y c l e .  

When t h e  HDA I i n i t i a t e s  a  command t o  t h e  c o n t r o l l e r  t h e  
f o l l o w i n g  h a n d s h a k e  p r o c e d u r e  t a k e s  p l a c e .  The s y s t e m  c h e c k s  
t h e  BUSY* s t a t u s  o n  t h e  c o n t r o l l e r  b u s  by  r e a d i n g  a p o r t  o n  t h e  
HDA I c a r d .  BUSY* m u s t  b e  i n a c t i v e  b e f o r e  t h e  HDA I  b e y i n s  i t s  
command. (The  BUSY* s t a t u s  i s  a c t i v e  i f  t h e  c o n t r o l l e r  h a s  n o t  
f i n i s h e d  a  p r e v i o u s  command o r  i f  t h e r e  i s  a n  e r r o r . )  The tlDA 
I t h e n  a s s e r t s  DATAO and SELECT*. The c o n t r o l l e r  r e s p o n d s  
( a f t e r  a t  l e a s t  690 n a n o s e c o n d s )  by  a s s e r t i n g  BUSY*. When 
BUSY* g o e s  a c t i v e ,  t h e  fIDA I  d e a s s e r t s  SELECT* and  DATAO. 
F u r t h e r  a c t i v i t y  f o l l o w s  t h e  REQUEST*/ACKNOWLEDGE* p r o t o c o l .  
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1 . 5  HDA I REGISTER MAP 

T h e  HDA I r e g i s t e r s  a r e  1 /0  mapped a s  d e s c r i b e d  below: 

W r i t e  P o r t s  

P o r t  F u n c t i o n  

W r i t e  Command t o  C o n t r o l l e r .  Data  i s  w r i t t e n  t o  
t h i s  p o r t  when t r a n s f e r r i n g  d a t a  v i a  p o l l e d  
o p e r a t i o n  i n s t e a d  o f  DMA t r a n s f e r .  
A s s e r t  SELECT*. SELECT* i s  a s s e r t e d  whenever d a t a  
i s  w r i t t e n  t o  t h i s  p o r t .  SELECT* r e m a i n s  a s s e r t e d  
u n t i l  t h e  c o n t r o l l e r  a s s e r t s  BUSY*. 
E n a b l e  L a t c h .  DO e q u a l  t o  l o g i c  O N E  = DMA e n a b l e .  
D l  e q u a l  t o  l o g i c  ONE = I n t e r r u p t  e n a b l e .  
Not Used 
A d d r e s s  C o u n t e r .  A0 t h r o u g h  A7 
Address  C o u n t e r .  A8 t h r o u g h  A15 
A d d r e s s  C o u n t e r .  A16 t h r o u g h  A23 
P a r i t y  E r r o r  Reset. W r i t i n g  t o  t h i s  p o r t  r e s e t s  t h e  
s t a t u s  p o r t  p a r i t y  e r r o r  r e p o r t  b i t  t o  ZERO.  

Read P o r t s  

P o r t  F u n c t i o n  

0 0  Read C o n t r o l l e r  Data  ( C o n t r o l l e r  S t a t u s ) .  Dur ing  
p o l l e d  d a t a  t r a n s f e r s ,  d a t a  i s  r e a d  from t h i s  p o r t .  

0 1  Read C o n t r o l l e r  S t a t u s .  S t a t u s  r e q i s t e r  d e s c r i b e d  
below: 

REQUEST* 
DATA/COMMAND* 
WRITE/READ* 
BUSY * 
MESSAGE* 
PARITY ERROR* 
ACKNOWLEDGE 
Not Used 

02 R e s e t  C o n t r o l l e r  
03  U n r e s e t  C o n t r o l l e r  
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2.0 B O A R D  SETUP 

T h i s  s e c t i o n  o f  t h e  m a n u a l  d e s c r i b e s  how t o  p r e p a r e  t h e  HDA I  
b o a r d  f o r  o p e r a t i o n  and  i n s t a l l  i t  i n  a  s y s t e m .  

2 . 1  SW1 A N D  SW2 

DIP s w i t c h e s  Sh'l and  SW2 a r e  s e t  t o  
s e l e c t  t h e  H D A  I c i r c u i t  b o a r d  1 / 0  p o r t  
a d d r e s s  s p a c e .  S e e  F i g u r e  3 .  The HDA 
I  is s e t  t o  o c c u p y  a n y  e i g h t  p o r t  1/0 
s p a c e  w i t h  a n  8H b o u n d a r y  b a s e  a d d r e s s ;  
i . e . ,  O O H ,  08H t o  F8H f o r  e i g h t  b i t  1 / 0  
a d d r e s s i n g ,  o r  O O O U H ,  0008H, 0018H, f o r  
s i x t e e n  b i t  1 / 0  a d d r e s s i n g  ( s e l e c t e d  b y  
J6). S w i t c h e s  SW1-4 t h r o u g h  SW1-8 
s e l e c t  a d d r e s s  l i n e s  A 3  t h r o u g h  A7 
r e s p e c t i v e l y  f o r  8 - b i t  a n d  1 6 - b i t  1/0 
a d d r e s s  s e l e c t  i o n .  S w i t c h e s  SW2-1 
t h r o u g h  SW2-8 s e l e c t  a d d r e s s  l i n e s  A8 
t h r o u g h  A15 r e s p e c t i v e l y  1 6 - b i  t 
a d d r e s s i n g .  An o p e n  s w i t c h  c o r r e s p o n d s  F~gure 3 SWI and sw2 
t o  a n  a d d r e s s  b i t  = 1. 

O w  
A l l  
A12 0 vl 

O m  

SW I 

AN OPEN SWITCH CORRESFONDS 
TO ADORESS B I T  ; I - 

2 . 2  JUMPER CONFIGURATION 

T h e r e  a r e  f i v e  jumper  a r e a s  o n  t h e  HDA I b o a r d ,  u s e d  t o  s e t  up 
t h e  b o a r d  f o r  d i f f e r e n t  i n s t a l l a t i o n s .  Each jumper  a r e a  box 
c o n t a i n s  a  g r o u p  o f  p l a t e d - t h r o u g h  h o l e s  s p a c e d  0 . 1 "  a p a r t .  To 
c o n f i g u r e  a  jumper  a r e a ,  o n e  c o n n e c t i o n  p e r  box i s  made 
b e t w e e n  a d j a c e n t  p l a t e d - t h r o u g h  h o l e s ,  e i t h e r  b y  a  c i r c u i t  
s o l d e r  t r a c e  o n  t h e  s o l d e r  s i d e  o f  t h e  b o a r d ,  o r  b y  a s h u n t  
t h a t  s l i d e s  o n t o  s q u a r e  p o s t s  t h a t  a r e  s o l d e r e d  i n  t h e  h o l e s .  
To c h a n g e  a  c o n n e c t i o n  made by a  s o l d e r  t r a c e ,  t h e  t r a c e  m u s t  
b e  c u t  b e t w e e n  jumper  h o l e s .  P o s s i b l e  c o n n e c t i o n s  w i t h i n  
jumper  a r e a s  a r e  d e s i g n a t e d  b y  l e t t e r  names.  The l e t t e r  names 
r u n  A ,  B ,  C ,  ... f r o m  r i g h t  t o  l e f t ,  o r  f rom t o p  t o  b o t t o m .  
F i g u r e  3 shows  t h e  l o c a t i o n  o f  j u m p e r s  o n  t h e  b o a r d .  
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2 . 3  BOARD I N S T A L L A T I O N  

Use t h e  f o l l o w i n g  p r o c e d u r e  when i n s t a l l i n g  t h e  HDA I b o a r d :  

* Check t h a t  SW1 and  SW2 a r e  c o r r e c t l y  s e t .  

* Check t h a t  t h e  b o a r d  is c o r r e c t l y  j u m p e r e d .  

* Check t h a t  I C ' s  a r e  f i r m l y  s e a t e d  i n  s o c k e t s .  

* I n s e r t  t h e  b o a r d  w i t h  t h e  c a r d  c o n n e c t o r  f i n g e r s  
c o r r e c t l y  a l i g n e d  w i t h  t h e  b r u s h e s  o f  t h e  b u s  
s o c k e t .  

* F i r m l y  c o n n e c t  t h e  c o n t r o l l e r  b u s  c a b l e  t o  t h e  c a r d  
t o p  c o n n e c t o r .  
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3 .0  P A R T S  L I S T  
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4.0  MANUAL APPLICABILITY A N D  B O A R D  REVISION 

E d i t i o n  1.1 o f  t h e  HDA I m a n u a l  a p p l i e s  s p e c i f i c a l l y  t o  b o a r d s  
i d e n t i f i e d  a s  BD 1120-03.  E d i t i o n  1.1 o f  t h e  manua l  is  
e s s e n t i a l l y  t h e  same a s  E d i t i o n  1 e x c e p t  t h a t  1 . 1  d e s c r i b e s  
jumper  5 5 .  

E d i t i o n  1 o f  t h e  HDA I m a n u a l  a p p l i e s  s p e c i f i c a l l y  t o  HDA I  
b o a r d s  i d e n t i f i e d  a s  BD 1120-02.  

For  b o a r d s  i d e n t i f i e d  a s  B D  1120-01,  t h e  f o l l o w i n g  p r o v i s i o n  
a p p l i e s  

Jumper  R e f e r e n c e  

5 4  5 4  s e l e c t s  t h e  n o i s e  l o c k o u t  s i g r i 2 1  f o r  t h e  
i n t e r r u p t  a r b i t r a t i o n  c i r c u i t .  P o s i t i o n  A-B i s  t h e  
I n t e r S y s t e m s  s t a n d a r d .  

J 5  5 5  s e l e c t s  t h e  s o u r c e  o f  pSTVAL*. 
5 5  A - B :  pSl'VAL* = NOT(pSYNC A N D  NOT PHI)  
J 5  B-C:  pSTVAL* = d e l a y e d  pSYNC ( I n t e r S y s t e m s  
s t a n d a r d )  

J 6  5 6  c o n f i g u r e s  t h e  b o a r d  f o r  e i t h e r  8 - b i t  o r  1 6 - b i t  
a d d r e s s i n g .  5 6  A-B:  8 - b i t ,  J 6  B-C: 1 6 - b i t .  
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