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S E C T I O N  1 T E C H N I C A L  D E S C R I P T I O N  



CHAPTER 1 
INTRODUCTIO~ 

1.1 GENERAL D E S C R I P T I O N  
The  RL01/RL02 D i s k  D r i v e  is a random a c c e s s  mass s t o r a g e  d e v i c e .  
Both  d r i v e s  u t i l i z e  a r e m o v a b l e ,  s i n g l e  p l a t t e r  t o p - l o a d i n g  d i s k  
c a r t r i d g e .  T h e  RL01.K c a r t r i d g e  p r o v i d e s  f i v e  m i l l i o n  b y t e s  o f  
s t o r a g e ,  and t h e  RL02K c a r t r i d g e  w i l l  h o l d  t e n  m i l l i o n  b y t e s .  Up 
t o  f o u r  RL01 o r  RL02 D i s k  D r i v e s  may b e  u s e d  p e r  c o n t r o l l e r  t o  
p r o v i d e  up t o  40  m i l l i s o n  b y t e s  o f  s t o r a g e  f o r  POP-8, P D P - 1 1 ,  a n d  
L S I - 1 1  c o m p u t e r  s y s t e m  a p p l i c a t i o n s .  

The RL01/RL02 Disk D r i v e  ( F i g u r e  1-1) is mounted on  s l i d e s  and i s  
26 .6  c m  ( 1 0 . 5  i n )  h i g h ,  6 3 . 5  cm ( 2 5  i n )  d e e p  ( c o m p a t i b l e  i n  w i d t h  
t o  a 1 9  i n c h  RETMA r a c k )  and w e i g h s  3 4  k g  ( 7 5  l b s )  . 
O p e r a t i n g  c o n t r o l s  and i n d i c a t o r s  p l u s  a r e m o v a b l e  a i r  f i l t e r  a r e  
l o c a t e d  a t  t h e  f r o n t  of t h e  d r i v e .  Access t o  t h e  c a r t r i d g e  i s  
p r o v i d e d  by a l i f t - u p  c o v e r  i n c o r p o r a t i n g  a s a f e t y  i n t e r l o c k .  M l  
s e r v i c i n g  c a n  be  a c h i e v e d  f rom t h e  t o p  o f  t h e  d r i v e  o r  f r o n t  o r  
r e a r  o f  t h e  c o r p o r a t e  c a b i n e t .  

RL01/RL02 D i s k  D r i v e s  a r e  s h i p p e d  f rom t h e  f a c t o r y  a s  115  Vac/60 
H e r t z  u n i t s .  F i e l d  c h a n g e  t o  2 3 0  V a c / 5 0  o r  6 0  H e r t z  i s  
a c c o m p l i s h e d  by r e v e r s i n g  e i t h e r  o f  two t e r m i n a l  b l o c k  c o v e r s  
l o c a t e d  e x t e r n a l l y  at. t h e  r e a r  o f  t h e  d r i v e .  T h e  l i n e  c o r d  p l u g  
may be  c u t  and r e p l a c e d  w i t h  a n  a p p l i c a b l e  230  Vac l i n e  p l u g .  T h e  
RL01/RL02 D i s k  D r i v e  is U L  l i s t e d  and CSA c e r t i f i e d .  

I n t e r l o c k s  a r e  p r o v i d e d  w h e r e  t h e  p o t e n t i a l  e x i s t s  f o r  damage t o  
t h e  d r i v e ,  m e d i a ,  o p e r a t o r s ,  o r  s e r v i c e  p e r s o n n e l .  

T h e  RL01/RL02 D i s k  D r i v e  p r o v i d e s  h i g h  f i e l d  p e r f o r m a n c e  and 
m a i n t a i n a b i l i t y .  The d r i v e  is  d e s i g n e d  f o r  e a s y  r e m o v a l  a n d  
r e p l a c e m e n t  o f  l o g  i c  and e l e c t r o m e c h a n i c a l  s u b a s s e m b l i e s  t o  r e s u l t  
i n  a n  a v e r a g e  r e p l a c e m e n t  t i m e  o f  n o t  more t h a n  1 5  m i - n u t e s .  
S p e c i a l  t o o l s  and a l i g n m e n t  p a c k s  o r  f i x t u r e s  a r e  n o t  r e q u i r e d  f o r  
o n - s i t e  m a i n t e n a n c e .  Only  two a d j u s t m e n t s  a r e  r e q u i r e d  u n d e r  
n o r m a l  s e r v i c e  c o n d i t . i o n s .  A l l  l o g i c  m o d u l e s  a r e  p l a c e d  s o  t h a t  
t h e y  may b e  a c c e s s e d  w i t h o u t  t h e  u s e  o f  e x t e n d e r s .  

1.1.1 S e r v o - I n - D a t a  C o n c e p t  
Key t o  t h e  p e r f o r m a n c e  o f  t h e  RL01/RL02 i s  t h e  s e r v o - i n - d a t a  
c o n c e p t .  The c o n c e p t  a l l o w s  t h e  d e r i v a t i o n  o f  head  p o s i t i o n i n g  
a n d  t r a c k  c o u n t i n g  i n f o r m a t i o n  f rom p u l s e s  imbedded w i t h i n  t h e  
d a t a  t r a c k .  Each r e a d / w r i t e  head s e e k i n g  t o  a d e s i r e d  t r a c k  
becomes i ts own s e r v o  t r a n s d u c e r .  D a t a  t r a c k s  c o u l d  c o n c e i v a b l y  
be l o c a t e d  w i t h i n  a band a n y w h e r e  on  t h e  r e c o r d a b l e  d i s k  s u r f a c e  
a s  l o n g  a s t h e  p o s i t i o n e r  d o e s  n o t  r u n  o u t  o f  t r a v e l  l i m i t s .  S i n c e  
t h e  h e a d s  s e e k  and c e n t e r  on  d a t a  t r a c k s ,  e n v i r o n m e n t a l  p r o b l e m s  
r e l a t e d  t o  m e c h a n i c a l  d r i f t  and  t o l e r a n c e s  become p r a c t i c a l l y  
n o n e x i s t e n t .  P r e c i s e  h e a d  a 1  ignment  r e q u i r i n g  t h e  u s e  o f  s p e c i a l  
f i x t u r e s  is u n n e c e s s a r y .  



F i g u r e  1-1 Typical Disk Drive 
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1.1 .2  S t o r a g e  Medium 
T h e  R L 0 l K  o r  RL02K Disk C a r t e r i d g e  i s  a  m o d i f i e d  5 4 4 0  t y p e  
removable ,  t o p - l o a d i n g ,  s i n g l e  p l a t t e r  c a r t r i d g e  w i t h  256 d i s c r e t e  
d a t a  t r a c k s  on each  of  t h e  two r e c o r d i n g  s u r f a c e s .  The c a r t r i d g e  
a r m a t u r e  p l a t e  c o n t e a i n s  4 0  s e c t o r  s l o t s ,  d e f i n i n g  4 0  s e c t o r s  p e r  
t r a c k .  S e r v o  i n f o r m a t i o n  ( s e r v o - i n - d a t a )  from which s e c t o r  and 
t r a c k  d e t e r m i n a t i o n s  a r e  made i s  p r e r e c o r d e d  on t h e  c a r t r i d g e  a t  
t h e  f a c t o r y  and c a n n o t  be r e f o r m a t t e d  i n  t h e  f i e l d .  . Bad s e c t o r  
i n f o r m a t i o n  is c o n t a i n e d  on t h e  l a s t  d a t a  t r a c k .  

RL0lK and R L 0 2 K  c a r t r i d g e s  a r e  i n t e n d e d  a s  a means of d a t a  
i n t e r c h a n g e  between computer  s y s t e m s .  Data w r i t t e n  on one RL01 
D i s k  D r i v e  w i l l  be r e a d a b l e  on any o t h e r  RL01 d r i v e ,  and t h e  same 
is  t r u e  f o r  any two R L 0 2  d r i v e s ,  p r o v i d e d  t h a t  b o t h  d r i v e s  h a v e  
b e e n  p r o p e r l y  m a i n t a i n e d  and  t h a t  the c o m p u t e r  s y s t e m s  a n d  
c o n t r o l l e r s  a r e  c o m p a t i b l e  w i t h  r e s p e c t  t o  word l e n g t h  . Note, 
however ,  t h a t  an R L 0 1 K  c a r t r i d g e  c a n n o t  be used on an R L 0 2  d r i v e ,  
nor  can  an R L 0 2 K  c a r t r i d g e  be used on an R L 0 1  d r i v e .  While  e i t h e r  
c a r t r i d g e  w i l l  physic:all .y f i t  i n t o  e i t h e r  d r i v e ,  t h e  r e s u l t s  o f  
u s i n g  t h e  wrong c a r t r i d g e  a r e  u n p r e d i c t a b l e .  The c a r t r i d g e  a r e  
c o l o r  keyed and l a b e l e d  t o  h e l p  p r e v e n t  i n c o r r e c t  u s e .  

1 .1 .3  Mechan ica l  P a r t i t i o n i n g  
F i g u r e  1-2 shows l o c a t i o n  of  t h e  major  d r i v e  s u b a s s e m b l i e s  a n d  a i r  
f low t h r o u g h  t h e  d r i v e  c h a s s i s .  

1.1.3.1 A i r  Flow Sys tem - T h e  R L H l / R L 0 2  Disk D r i v e  is  d e s i g n e d  
to a c h i e v e  maximum p r o t e c t i o n  of t h e  h e a d / d i s k  i n t e r f a c e  even i n  a 
c o n t a m i n a t e d  env i ronmen t .  The a i r  f l ow sys tem ( F i g u r e  1 - 2 )  i s  
s e p a r a t e d  i n t o  a r e c i . r c u l a t i n q  c l e a n  a i r  s u p p l y  and a c o o l i n g  a i r  
s u p p l y .  The c o o l i n g  a i r  is drawn i n  t h r o u g h  t h e  b e z e l  and i s  
e x h a u s t e d  o u t  t h e  r e a r  of  t h e  d r i v e  by a m u f f i n  f a n .  T h e  
r e c i r c u l a t i n g  c l e a n  a i r  is  moved t h r o u g h  t h e  d u c t  system by  an 
i m p e l l e r  a t t a c h e d  t:o t h e  s p i n d l e  d r i v e  motor .  B e f o r e  t h e  c l e a n  
a i r  is r e c i r c u l a t e d  t o  t h e  d i s k  c a r t r i d g e ,  t h e  d u c t  sy s t em r o u t e s  
i t  t h r o u g h  a h i g h  e f f i c i e n c y  f i l t e r  and a  h e a t  e x c h a n g e r .  The 
h e a t  exchange r  is c o o l e d  by t h e  c o o l i n g  a i r  s u p p l y .  

1 .1 .3 .2  A i r  F i l t e r  - The a b s o l u t e  a i r  f i l t e r  is  a s e l f - c o n t a i n e d  
throwaway u n i t .  Because  of  t h e  two a i r  s y s t e m s ,  r e p l a c e m e n t  of  
t h e  a b s o l u t e  f i l t e r  is o n l y  r e q u i r e d  on a y e a r l y  b a s i s .  

1.1.3.3 P o s i t i o n e r  Assembly - The p o s i t i o n e r  a s sembly  c o n s i s t s  
of a  c a r r i a g e ,  s e r v o  motor w i t h  c a p s t a n  and t e n s i o n  c a b l e ,  l i n e a r  
t a c h o m e t e r  , h e a d  l o a d  cam, a n d  home s w i t c h .  T h e  m a g n e t i c  
r e a d / w r i t e  h e a d s  a r e  moun ted  o n  t h e  c a r r i a g e .  F i g u r e  1 - 3  
i l l u s t r a t e s  t h e  p r i n c ! i p l e  components  of  t h e  p o s i t i o n e r  a s sembly .  
The p o s i t i o n e r  s u b p l a t e  can  be moved l a t e r a l l y  t o  a l i g n  head 
a c c e s s  r a d i a l l y  t o  t h e  d i s k .  



F i g u r e  1-2 M a j o r  Subassemblies and A i r  Flow 



THESE 2 SCREWS ARE 
NEAREST THE MOTOR 
SHAFT AND ARE THE 1-ONGEST 

Figlure 1 -3  Posi t i o n e r  Assembly 
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1.1.3.4 S p i n d l e  Assembly - T h e  S p i n d l e  A s s e m b l y  compri.ses a 
h o u s i n g ,  t h e  r o t a t i n g  c a r t r i d g e  i n t e r f a c e  h u b t  t h e  s p i n d l e  g r o u n d  
b u t t o n ,  a n d  t h e  d r i v e  b e l t .  F i g u r e  1 - 4  shows t h e  S p i n d l e  
Assembl  y. 

T h e  s e c t o r  t r a n s d u c e r  m o u n t s  a n d  a l i g n s  i t s e l f  o n  t h e  s p i n d l e  
h o u s i n g  . 
T h e  d i s k  c a r t r i d g e  i n t e r f a c e s  t h e  s p i n d l e  v i a  a c o n e  10cat:ed i n  
t h e  c e n t e r  o f  t h e  s p i n d l e ,  a  1 4 . 0  cm ( 5 3  i n )  d i a m e t e r  s t a b i l i z i n g  
h u b t  and  a  hold-down m a g n e t .  

1 .1 .3 .5  B r u s h  D r i v e  Assembly - The  RL0l/RL02 D i s k  D r i v e  h a s  
m o t o r - d r  i v e n  c l e a n i n g  b r u s h e s  ( r e f e r  t o  F i g u r e  1 - 5 )  w h i c h  
a u t o m a t i c a l l y  s w e e p  a c r o s s  t h e  d i s k  s u r f a c e s  e a c h  t i m e  t h e  s p i n d l e  
d r i v e  m o t o r  is s t a r t e d *  The  b r u s h  c y c l e  m u s t  b e  c o m p l e t e d  a n d  t h e  
b r u s h e s  r e t r a c t e d  b e f o r e  t h e  h e a d s  w i l l  l o a d *  I n  o r d e r  t o  p r e v e n t  
damage t o  t h e  r e a d / w r  i t e  h e a d s  and  c a r t r  i d q e  t h e  c a r  t r  i d q e  a c c e s s  
c o v e r  r e m a i n s  i n t e r l o c k e d  s o  t h a t  t h e  c a r t r i d g e  c a n n o t  b e  removed 
i n  t h e  e v e n t  t h a t  t h e  b r u s h e s  f a i l  t o  r e t u r n  t o  t h e i r  home 
p o s i t i o n e  The  b r u s h  h o l d e r  a s s e m b l y  is  a  f i e l d  r e p l a c e a b l e  u n i t .  

1.1.3.6 R e a d I W r i t e  H e a d s  - Each h e a d  ( F i g u r e  1 - 6 )  is made up o f  
a m a g n e t i c  c o r e  s t r u c t u r e  moun ted  i n  a  c e r a m i c  s l i d e r  pad and  is  
s u p p o r t e d  o n  a n  arm.  Each h e a d  is a l s o  p r o v i d e d  w i t h  a  i l l e x i b l e  
c a b l e  t h a t  t e r m i n a t e s  w i t h  a  c o n n e c t o r .  When b o t h  h e a d s  a r e  
l o a d e d  and  p o s i t i o n e d  w i t h  t h e  d i s k  r o t a t i n g  a t  2 4 0 0  1 2 %  rpm,  
e a c h  h e a d  is  s u p p o r t e d  by a b o u n d a r y  l a y e r  o f  a i r  a p p r o x i m a t e l y  50  
m i c r o i n c h e s  t h i c k *  The  "up"  h e a d  is u s e d  f o r  r e a d i n g  and  w r i t i n g  
d a t a  on  t h e  b o t t o m  s u r f a c e  ( s u r f a c e  1) of  t h e  d i s k  and  t h e  "down" 
h e a d  i s  u s e d  f o r  r e a d i n g  and w r i t i n g  d a t a  o n  t h e  t o p  s l u r f a c e  
( s u r f a c e  a )  o f  t h e  d i s k .  Each  h e a d  is l o a d e d  and  un loadec l  f r o m  
t h e  r o t a t i n g  d i s k  b y  t h e  f o r c e  o f  a cam a g a i n s t  t h e  3 0  d e g r e e  ramp 
i n  t h e  h e a d  arm.  

T h e  h e a d s  o p e r a t e  a t  4 . 1  m e g a f l u x - r e v e r s a l s  p e r  s e c o n d  m,ax imum 
u s i n g  t h e  M o d i f i e d  F r e q u e n c y  M o d u l a t i o n  (MFM) me thod  f o r  e n c o d i n g  
o r  d e c o d i n g  d a t a .  T h i s  c o r r e s p o n d s  t o  a maximum d e n s i t y  o f  3 7 2 5  
b i t s  p e r  i n c h  on  t h e  i n n e r  t r a c k  ( t r a c k  2 5 5 ,  d e c i m a l ) .  

1 - 1 . 3 - 7  R e a d I W r i t e  B o a r d  - The  r e a d l w r i t e  b o a r d  is c o n t a i n e d  i n  
a  s u b c h a s s i s  t o  p r o v i d e  s h i e l d i n g  f o r  t h e  l o q i c .  

1.1.3.8 Power  EBanel  - T h e  r e m o v a b l e  r e a r  p a n e l  o f  t h e  d r i v e  
c o n t a i n s  a m u f f i n  t y p e  f a n t  110 c o n n e c t o r s ,  a n  a c  c i r c u i t  b r e a k e r ,  
a n  RFI f i l t e r t  t h e  s p i n d l e  m o t o r  c a p a c i t o r ,  t h e  a c  t e r m i n a l  
a s s e m b l y  b l o c k  and t h e  a c  s e r v o  modu le  c h a s s i s .  R e f e r  t o  F i g u r e  
1-9. T h e  a c  c i r c u i t  b r e a k e r  p r o v i d e s  power ON/OFF c o n t r o l  f o r  t h e  
d r i v e  and  is n o r m a l l y  l e f t  i n  t h e  ON p o s i t i o n *  
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1.1.3.9 C o n t r o l  P a n e l  - The o p e r a t o r ' s  c o n t r o l  p a n e l  is  l o c a t e d  
a t  t h e  f r o n t  of t h e  d r i v e *  . T h e  f o l l o w i n g  p u s h  o n / p u s h  o f f  
a l t e r n a t i n g  a c t i o n  s w i t c h e s  and i n d i c a t o r s  a r e  l o c a t e d  o n  t h e  
d r i v e  c o n t r o l  p a n e l  ( F i g u r e  1 - 8 ) :  

Run/Load s w i t c h  w i t h  LOAD i n d i c a t o r  

a U n i t  S e l e c t  s w i t c h  w i t h  READY i n d i c a t o r  

a FAULT i n d i c a t o r  

0 W r i t e  P r o t e c t  s w i t c h  with WRITE PROTect i n d i c a t o r  

Run/Load  S w i t c h  w i t h  LOAD I n d i c a t o r  

 his p u s h  o n / p u s h  off a l t e r n a t i n g  a c t i o n  s w i t c h ,  when 
d e p r e s s e d ,  e n e r g i z e s  the s p i n d l e  motor  p r o v i d i n g  t h e  f o l l o w i n g  
c o n d i t i o n s  h a v e  b e e n  met: 

a The d i s k  c a r t r i d g e  h a s  been  i n s t a l l e d  

a The c a r t r i d g e  p r o t e c t i o n  c o v e r  is  i n  p l a c e  and t h e  
c a r t r i d g e  a c c e s s  c o v e r  is c l o s e d  and l a t c h e d  

a A l l  ac and d c  v o l t a g e s  a r e  w i t h i n  s p e c i f i c a t i o n s  

a The r e a d , / w r i t e  h e a d s  a r e  home , 

a The b r u s h e s  a r e  home 

When t h i s  s w i t c h  is  r e l e a s e d  ( d e p r e s s e d  a  s e c o n d  time), t h e  
s p i n d l e  d r i v e  motor  is d e e n e r g i z e d  i f  t h e  r e a d / w r i t e  h e a d s  a r e  
n o t  l o a d e d .  I f  t h e  h e a d s  a r e  l o a d e d ,  t h e y  a r e  r e t r a c t e d  
b e f o r e  t h e  s p i n d l e  d r i v e  motor  is d e e n e r g i z e d .  I n  t h e  e v e n t  
o f  a main power i n t e r r u p t  and s u b s e q u e n t  power r e s t o r a t i o n ,  
the d r i v e  w i l l  c y c l e  up a g a i n  i f  t h e  s w i t c h  is  d e p r e s s e d  since 
i t  c o n t a i n s  m e c h a n i c a l  memory. 

The LOAD e n a b l e  i n d i c a t o r  is i l l u m i n a t e d  w h e n e v e r :  

a The s p i n d l e  is s t o p p e d  

a The r e a d l w r i t e  h e a d s  a r e  home 

a The brushes a r e  home 

e T h e  s p i n d l e !  d r i v e  motor is a t  r e s t  



UNIT SELECT PLUG 
AND READY INDICATOR 

FAULT 
INDICATOR \ 

WRITE PROTECT SWITCH 
AND INDICATOR 

F i q u r e  1-8 Control Panel 
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U n i t  S e l e c t  ( 0 ,  I ,  2 ,  3 )  S w i t c h  w i t h  READY I n d i c a t o r  

The u n i t  s e l e c t  switch is a cam o p e r a t e d  s w i t c h  w h i c h  is 
a c t u a t e d  by i n s e r t i n g  a  n u m b e r e d ,  s e l e c t i v e l y  carnmed b u t t o n .  
T h e  s w i t c h  c o n t a c t s  a r e  b i n a r y  e n c o d e d  so  t h e  d r i v e  i n t e r f a c e  
l o g i c  r e c o g n i z e s  t h e  m a t c h i n g  c o n t r o l l e r  g e n e r a t e d  d r i v e  
a d d r e s s  c o d e  a n d  t h e  c o r r e s p o n d i n g  u n i t  s e l e c t  number ( 0 ,  1 ,  7. 
o r  3 ) .  

The numbered  i n d i c a t o r ,  when l i t ,  i n d i c a t e s  a d r i v e  R E A D Y  
c o n d i t i o n .  T h i s  c o n d i t i o n  e x i s t s  when: 

o The  s p i n d l ' e  is up t o  speed 

e The b r u s h e s  a r e  home 

e The  r e a d / w r i t e  h e a d s  a r e  l o a d e d  

a T h e  h e a d s  are  d e t e n t e d  on  a s p e c i f i c  t r a c k  

FAULT I n d i c a t o r  

T h e  FAULT i n d i c a t o r  is l i t  w h e n e v e r  t h e  f o ~ l o w i n g  f a u l t  o r  
e r r o r  c o n d i t i o n s  d e v e l o p  in the disk d r i v e ;  

D r i v e  Select E r r o r  

0 S e e k  Time Out E r r o r  

e Write  C u r r e n t  i n  Heads D u r i n g  S e c t o r  T i m e  E r r o r  

0 Loss o f  System C l o c k  

a W r i t e  P r o t e c t  E r r o r  

e Write Dat'a E r r o r  

W R I T E  P R O T e c t  S w i t c h  and I n d i c a t o r  

T h i s  a l t e r n a t i n g  a c t i o n  p u s h  o n / p u s h  o f f  s w i t c h ,  w h e n  dp -  
p r e s s e d ,  s e t s  the d r i v e  i n  w r i t e  p r o t e c t  mode w h e t h e r  o r  n o t  
t h e  Write G a t e  l i n e  is a s s e r t e d  ( r e f e r  t o  i n t e r f a c e  l i n e  
d e s c r i p t i o n s ) ,  I f  the W r i t e  Gate  l i n e  is a s s e r t e d  when W R I T E  
PROTect  i s  o n ,  t h e  d r i v e  w i l l  g e n e r a t e  a W r i t e  G a t e  e r r o r  
( w h i c h  w i l l  l i g h t  FAULT).  T h e  w r i t e  p r o t e c t  mode w i l l  b e  
i m m e d i a t e l y  removed upon  r e l e a s e  o f  t h e  s w i  t q h .  



1 . 1 . 4  D r i v e  E l e c ! t r o n i c s  P a r t i t i o n i n g  
A l a r g e  p e r c e n t a g e  of t h e  d r i v e  e l e c t r o n i c s  is c o n t a i n e d  on t h e  
d r i v e  l o g i c  module.  A d d i t i o n a l  e l e c t r o n i c s  a r e  on t h e s e  modules :  

The d c  s e r v o  module 

a The a c  s e r v o  module 

The r e a d l w r i t e  module 

T h i s  d e s i g n  c o n c e p t  e n h a n c e s  t h e  m o d u l e - s w a p  m a i n t e n a n c e  
p h i l o s o p h y .  

The d r i v e  l o g i c  module ,  mounted i n s i d e  t h e  r e a r  c o v e r  a t  t h e  t o p  
of  t h e  d r i v e ,  is a s i n g l e  h e x - s i z e d  b o a r d .  The r e a r  c o v e r  can  be 
d e t a c h e d  and p o s i t i o n e d  v e r t i c a l l y  on t h e  r e a r  edge  of  t h e  b a s e  
p l a t e .  R e f e r  t o  F i g u r e  1 -9 .  

Opening t h e  r e a r  c o v e r  e x p o s e s  t h e  r e a d / w r i t e  module and t h e  dc 
s e r v o  module .  B o t h  t h e  r e a d / w r i t e  module and  d c  s e r v o  m o d u l e  c a n  
be p l a c e d  on t h e i r  s i d e s  t o  a l l o w  e a s y  a c c e s s  t o  t h e  p o s i t i o n e r  
a s s e m b l y ,  module c h i p s  and t e s t  p o i n t s .  R e f e r  t o  F i g u r e  1-9 .  The 
a c  s e r v o  module is l o c a t e d  on  t h e  removable  power p a n e l .  R e f e r  t o  
F i g u r e  1 -9 .  

1 .1 .4 .1  D r i v e  L o g i c  Module - The d r i v e  l o g i c  module p r o v i d e s  t h e  
d r i v e  w i t h  t h e  f o l l o w i n g  f u n c t i o n s :  

a I n t e r f a c e  t o  t h e  c o n t r o l l e r  v i a  a 4 0  p i n  PC-mounted 
c o n n e c t o r  and f l a t  r i b b o n  c a b l e  

a I n t e r f a c e  e n a b l i n g  and c o n t r o l  c i r c u i t s  

0 S t a t e  c o n t r o l  l o g i c  ( l o a d / r u n  s e q u e n c i n g )  

a Seek c o n t r o l  and t r a c k  c o u n t i n g  l o g i c  

Dev ice  command/s ta tus  r e g i s t e r  

a P o s i  t i o n e r  v e l o c i t y  command g e n e r a t i o n  

Disk  d r i v e  motor speed  c o n t r o l  

a E r r o r  d e t e c t i o n  and s t a t u s  d a t a  g e n e r a t i o n  

a S e r v o  d a t a  d e t e c t i o n  l o g i c  

1.1.4.2 DC ~ e r b o  Module - The d c  s e r v o  module c o n t a i n s  t h e  
p o s i t i o n e r  s e r v o  a m p l i f i e r  and d c  v o l t a g e  r e g u l a t o r s .  The v o l t a g e  
r e g u l a t o r s  a r e  mounted on a U-shaped h e a t  s i n k  which f a c e s  down 
i n t o  t h e  c o o l  i n q  a i  r  c h a m b e r .  T h i s  m o d u l e  a l s o  s e r v e s  a 
m e c h a n i c a l  f u n c t i o n  i n  t h a t  i t  s e a l s  a p o r t i o n  of  t h e  c o o l i n g  a i r  
s y s t e m  from t h e  c l e a n  a i r  s y s t e m .  



D.C.SERVO MODULE 
AND TEMPLATE 

F i g u r e  1-9 Logic Modules 



1.1.4.3. AC Servo Module - The ac servo module provides the 
following functions: 

a Control circuits for the brush notor 

0 Control circuits for the spindle drive motor 

e Cover solenoid drive circuit 

1.1.4.4 Read/Write Module - The functions p r o v i d e d  by the 
read/wri te module are: 

a Servo and read data prearnplif ier, filters, differentiator 
and limiter 

e Head selection 

a Write drivers and write current sensing 

a Write error sensing 

1.1.5 Documentation 
Table 1-1 lists t h e  documents that will be available to describe 
the RL01/RL02 Subsystem. 

Hard copy user documentation consisting of the R L 0 1 / R L 0 2  Disk 
Subsystem User's Guide (which contains operation and installation 
information) will ship with each subsystem. 

Table 1-1 RL01/RL02 Subsystem Documentation 

Title 

R L V 1 1  Controller Technical 
Description Manual 

RL11 Controller Technical 
Description Manual 

Microfiche Hard Copy 
Number Number 

R L 8 A  Omnibus Controller 
Technical Manual E P - 0 R L ? A - T Y  

RL01/RL02 Preventive Maintenance 
Procedures EP-03038-PM 

RL01 Illustrated Parts Breakdown EP-00016-IP 

RL02 Illustrated Parts Breakdown EP-00316-IP 

RL01/RL02 
Guide 

Disk Subsystem User's 
N/A 

Pocket Service Guide N/A 
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1,2 SUBSYSTEM SPECIFICATIONS 
This section provides the following specificataion for the RL01 
and RL02 D i s k  Subsystem: 

a T a b l e  1 - 2 :  R L 0 1 / R L 0 2  D i s k  D r i v e  P h y s i c a l  a n d  
Environmental Specifications 

a T a b l e  1 - 3 :  RL01/RL02 D i s k  D r i v e  O p e r a t i o n a l  
Specifications 

T a b l e  1-4: RL01K/RL02K Disk C a r t r i d g e  O p e r a t i o n a l  
Specifications 



W i d t h  

Depth 

H e i g h t  

Table 1-2 RLO1 Disk Drive Physical and Environmental 
Specifications 

W e  i g  ht. 

M o u n t i n g  

Power S o u r c e s  

I n p u t  Power  

Power  F a c t o r  

S t a r t i n g  C u r r e n t  

Power Cord  and  C o n n e c t o r :  

S a f e t y  

I n t e r l o c k s  

C o m p a t i b l e  w i t h  1 9  i n c h  RETMA r a c k  

63 .5  cm ( 2 5  i n )  b e h i n d  bezel 

2 6 . 5  cm ( 1 0 . 5  i n )  

3 4  kg (75 l b s )  

The  d r i v e  m o u n t s  o n  c h a s s i s  s l i d e s .  

90-127 Vac (47 .5-63  Hz) 

1 8 0 - 2 5 4  Vac (47 .5 -63  Hz) 
( M a n u a l l y  s e l e c t a b l e )  

200  watts maximum a t  1 1 5  Vac ,  6 0  Hz 

G r e a t e r  t h a n  0 . 8 5  

3 . 5  amps RMS m a x i m u m  
@ 90 Vac/47 .5-63  Ã̂-I 

5 . 0  amps R M S  maximum 
@ 1 2 7  Vac/47.5-63 Hz 

1 . 7 5  amps R M S  maximum 
@ 180 Vac/47 .5-63  Hz 

2 . 5  amps RMS maximum 
@ 254 Vac/47 .5-63  Hz 

A molded  l i n e  c o r d  c o m p a t i b l e  w i t h  t h e  
d r i v e  o p e r a t i n g  v o l t a g e  and  t h e  8 6 1  
Power C o n t r o l  f o r  1 2 0  Vac is  a t t a c h e d  
t o  t h e  d r i v e .  

T h e  power c o r d  is 2 . 7 4  m ( 9  ft) l o n g  
and  t h e  p l u g  is NEMA 5-15P.  

T h e  2 3 0  Vac p l u g  t o  be a t t a c h e d  t o  h i g h  
v o l t a g e  d r i v e s  is NEMA 6-15P.  

T h e  RL01/RL02 Disk D r i v e  i s  UL l i s t e d  
and  CSA c e r t i f i e d .  

I n t e r l o c k s  a r e  u s e d  w h e r e  p o t e n t i a l  
e x i s t s  f o r  d a m a g e  t o  d r i v e ,  m e d i a ,  
o p e r a t o r s  o r  s e r v i c e  p e r s o n n e l .  



A l t i t u d e  

Shock 

V i b r a t i o n  

O p e r a t i n g :  

T e m p e r a t u r e :  10' C (50'  F) to 4 0 O  C 
(104  F) 0 

Dera te  T e m p e r a t u r e  5.9' C / 1 0 0 H  n (1.8' 
C/1000 f t )  

R e l a t i v e  H u m i d i t y :  1 0 %  t o  9 0 %  w i t h  
m a x i m  wet  1 0 0(82  F)  a n d  
minimum dew p o i n t  2 C ( 3 6  F). 

N o n - O p e r a t i n g :  

T e m p e r a t u r e :  -40' C (-40' F) t o  66' C 
(151' F) 

R e l a t i v e  Humidity: 1 0 %  t o  9 5 %  

O p e r a t i n g ;  2440 m ( 8 , 0 0 0  f) maximum. 

N o n - O p e r a t i n g :  9 . 1  km ( 3 0 , 0 0 0  f )  
maximum. 

Operating: Half s i n e  shock p u l s e  o f  1 0  
Gpk a n d  1 0  +3 msec d u r a t i o n  a p p l i e d  
once in e i t h e r  d i r e c t i o n  o f  t h r e e  
o r t h a g o n a l  axes  ( 3  p u l s e s  t o t a l ) .  

N o n - O p e r a t i n g :  H a l f  s i n e  s h o c k  pulses 
o f  4 0  Gpk a n d  3 0  + 1 0  m s  d u r a t i o n  
p e r p e n d i c u l a r  t o  e a c h  of  s i x  p a c k a g e  
s u r f  aces;. 

O p e r a t i n g :  

S i n u s o i d a l  v i b r a t i o n  ( s w e e p  r a t e  1 
o c t a v e / m i  n) 

5-50 Hz 0 . 0 0 2 "  D A  
50-500 Hz 0.25  G p k  
500-50 Hz 0 .25  Gpk 
50-5 Hz 0 . 0 0 2 "  DA 

N o n - O p e r a t i n g :  

V e r t i c a l  A x i s  E x c i t a t i o n  - 1 . 4 0  G r m s  
o v e r a l l  from 1 0  t o  300 Hz. Power 
s p e c t r a l  d e n s i t y  0 .029  g/Hz f r o m  1 0  t o  
50 Hz with 8 d B / o c t a v e  r o l l o f f  from 
50-300 Hz. 



D u s t  

A t t i t u d e  

Heat D i s s i p a t i o n  

L o n g i t u d i n a l  a nd L a t e r a l  A x i s  
E x c i t a t i o n  - 0 . 6 8  G r m s  O v e r a l l  f r o m  1 0  
t o  200  HZ. Power  s p e c t r a l  d e n s i t y  
0 .007  g/Hz f r o m  1 0  - 50 Hz w i t h  8 
d B / o c t a v e  r o l l o f f  f r o m  50 t o  2 3 0  Hz. 

T h e  d r i v e  w i l l  o p e r a t e  i n  a n  a m b i e n t  
a t m o s p h e r e  o f  l e s s  t h a n  5 m i l l i o n  
p a r t i c l e s  0 .5  m i c r o n s  o r  l a r g e r  p e r  
c u b i c  foot o f  a i r .  T h e  d r i v e  i s  
i n t e n d e d  t o  r u n  i n  a l i g h t  i n d u s t r y  ( o r  
c l e a n e r )  e n v i r o n m e n t .  

Maximum p i t c h :  - +5 d e g r e e s  

Maximum r o l l :  +5 d e g r e e s  - 
546 BTU/hour maximum 



Table 1-3 RL0l/RL02 D i s k  D r i v e  Operational S p e c i f i c a t i o n s  

General  L i n e a r  b i t  d e n s i t y :  1 4 7  bits/mm ( 3 7 2 5  
b i t s / i n )  a t  i n n e r m o s t  t r a c k  

1 6  b i t  words p e r  s e c t o r :  128 

Number of s e c t o r s :  4 0 / t r a c k  

T r a c k  d e n s i t y :  4.9/mm ( 1 2 5 / i n )  f o r  
R L 0 1 K ,  9.8/mm ( 2 5 0 / i n )  f o r  R L 0 2 K  

Number of  r e c o r d i n g  t r a c k s :  2 5 6 / s u r f a c e  
f o r  R L 0 1 K ,  5 1 2 / s u r f a c e  f o r  R L 0 2 K  

Number o f  s u r f a c e s :  2 

Fo rma t t ed  c a p a c i t y  ( m e g a b y t e s ) :  5 . 2  f o r  
RL01K, 1 0 . 4  f o r  R L 0 2 K  

Encoding method:  MFM 

T r a n s f e r  R a t e  B i t  Ra t e :  4 . 1  m e g a b i t s / s e c  + 1 %  - 
( u n b u f f e r e d  v a l u e s )  

B i t  C e l l  Width:  244 n s e c  - +1% 

L a t e n c y  

Seek T i m e  

S t a r t / S t o p  T i m e  

Data  Format 

Words (16 b i t ) :  256 k i l o w o r d s / s e c  - +1% 

R o t a t i o n a l  F requency :  2400 rpm +0.25% - 
Average  l a t e n c y :  1 2 . 5  msec - +0.25% 

Maximum l a t e n c y  25 .0  msec +0 .25% - 
Average  seek t i m e  5 5  msec max ( 8 5  

t r a c k s  f o r  R L 0 1 ,  
120  t r a c k s  f o r  
RL02 ) 

One c y l i n d e r  t r a c k  5  msec m a x  
s e e k  time 

Maximum seek t i m e  100 msec max 
( 2 5 6  t r a c k s  f o r  
RL01, 5 1 2  t r a c k s  
f o r  RL02) 

Head s w i t c h  time 8 msec 

S t a r t  t i m e :  4 5  s e c o n d s  

S t o p  time: 3 0  s e c o n d s  

R e f e r  t o  F i g u r e  1-10 
1/1-21 



- SECTOR N ( 6 2 5 ~ s )  - + - -  SECTOR N + 1 (625 (is) 
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SYNC 1 BIT 7 

47 "0" BITS s 
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1 2 8  DATA WORDS 

PR 1 3 WORDS 
HDR 3 
Po1 1 
PR2 3 
DATA 129 
Po2 1 

140 WORDS 

F i g u r e  1-10 Data Format 



Table 1-4 RL01K/RL02K Disk C a r t r i d g e  ~ p e c i f i c a t i o n s  

O p e r a t i n g  
Envi  ronment  

S t o r a g e  

D i m e n s i o n s  
( C a r t r i d g e )  

Maximum Speed  

Track Geomet ry  

T h e  c a r t r i d g e  w i l l  o p e r a t e  i n  a i r  w h o s e  tem- 
p e r a t u r e  l i e s  b e t w e e n  4 0  C t o  48 C ( 4 0  F 
t o  1 2 0  F) a t  a  r e l a t i v e  h u m i d i t y  o f  8  t o  
8 .  T h e w e t  b u l b  r e a d i n g  s h a l l  n o t  e x c e e d  
25 C ( 7 8  F ) .  B e f o r e  a c a r t r i d g e  is p l a c e d  
i n t o  o p e r a t i o n ,  i t  s h a l l  b e  c o n d i t i o n e d  
w i t h i n  i ts  c o v e r  f o r  a minimum of two h o u r s  
i n  t h e  same e n v i r o n m e n t  a s  t h a t  i n  which  t h e  
d i s k  d r i v e  is o p e r a t i n g .  The a b o v e  s p e c i -  
f i e d  r a n g e  d o e s  n o t  n e c e s s a r i l y  a p p l y  t o  t h e  
d i s k  d r i v e .  

The  c a r t r i d g e  must  b e  s t . o r e d  at a ternpera-  
t u r e E n v i r o n r n e n t  b e t w e e n  - 4 0  C t o  65' C 
(-40 F t o  1 5 0  F ) .  The  we t  b u l b  r e a d i n g  
n o t  e x c e e d i n g  2 9 O  C ( 8 5  ^ F ) .  For w e t  b u l b  
t e m p e r a t u r e s  b e t w e e n  0 . 5 6  C and 2 9  C ( 3 3  
F  and  85' F) t h e  d i s k  c a r t r i d g e  s h a l l  be 
a b l e  t o  w i t h s t a n d  a r e l a t i v e  h u m i d i t y  (non-  
c o n d e n s i n g )  o f  8  t o  1 0 % .  The s t r a y  m a g n e t i c  
f i e l d  i n t e n s i t y  s h a l l  n o t  e x c e e d  5 0  
o e r s t e d s .  

E x t e r n a l  D i a m e t e r  

T h e  e x t e r n a l  d i a m e t e r  o f  t h e  t o p  c o v e r  is 
3 8 * 3 5  cm ( 1 5 . 1  i n ) .  

T h e  e x t e r n a l  d i a m e t e r  o f  t h e  p r o t e c t i o n  
c o v e r  is  3 7 . 0 3  cm (14 .58  i n )  . 
The e x t e r n a l  h e i g h t  o f  t h e  c a r t r i d g e  when  
r e s t i n g  on  i t s  b o t t o m  s u r f a c e  i s  6 .19 crn 
( 2 . 4 4  i n ) .  

T h e  r o t a t i n g  p a r t s  of  the d i s k  c a r t r i d g e  a r e  
c a p a b l e  o f  w i t h s t a n d i n g  t h e  e f f e c t  o f  s t r e s s  
a t  t h e  s p e e d  of 2 , 5 0 0  r e v / m i n .  

Number o f  ' T r a c k s  - T h e r e  a r e  256 d i s c r e t e  
c o n c e n t r i c  t r a c k s  p e r  d a t a  s u r f a c e  f o r  t h e  
R L 0 1 K ,  512 t r a c k s  p e r  d a t a  s u r f a c e  f o r  t h e  
R L 0 2 K .  



I d e n t i f i c a t i o n  
of  D a t a  T r a c k s  

D a t a  T r a c k  I d e n t i f i c a t i o n  - D a t a  t r a c k  i d e n -  
t i f i c a t i o n  is a t h r e e  d i g i t  d e c i m a l  number 
(000  - 255 ,  R L 0 1 K ,  000 - 511, RL02K) that 
n u m b e r s  d a t a  t r a c k s  c o n s e c u t i v e l y  s t a r t i n g  
a t  t h e  o u t e r m o s t  d a t a  t r a c k  of  each  d a t a  
s u r f  a c e .  

D a t a  S u r f a c e  I d e n t i f i x a t i o n  - The  d a t a  s u r -  
f a c e s  a r e  numbered  0 a n d  1 s t a r t i n g  w i t h  the 
u p p e r m o s t  s u r f a c e  and  c o r r e s p o n d i n g  w i t h  t h e  
h e a d  n u m b e r s .  

C y l i n d e r  A d d r e s s  - A c y l i n d e r  is d e f i n e d  a s  
t h e  d a t a  t r a c k s  o n  t h e  d a t a  s u r f a c e  w i t h  a 
common d a t a  t r a c k  i d e n t i f i c a t i o n .  

D a t a  T r a c k  A d d r e s s  - A 1 6 - b i t  w o r d ,  where 
b i t s  0 - 5 d e f i n e  a b i n a r y  s e c t o r  n u m b e r ,  
b i t  6 d e f i n e s  s u r f a c e ,  and  b i t s  7 - 1 5  
d e f i n e  a b i n a r y  c y l  i n d e r  a d d r e s s .  T h i s  
i n f o r m a t i o n  i s  i n  word  1 o f  e a c h  s e c t o r ' s  
h e a d e r .  



CHAPTER 2 
SYSTEM-LEVEL DESCRIPTION 

2.1 RL01RL02 MASS STORAGE SUBSYSTEM 
The  RL01/RL02 Mass S t o r a g e  S u b s y s t e m  c o n s i s t s  o f  up t o  f o u r  d r i v e s  
i n  a d a i s y - c h a i n  c o n f i g u r a t i o n ,  and a  c o n t r o l l e r  ( R L 1 1 ,  R L V 1 1  o r  
RL8A) . A d d i t i o n a l  d l r i v e s ,  i f  r e q u i r e d ,  n e c e s s i t a t e  a  s e c o n d  
c o n t r o l l e r .  F i g u , r e  2 -1  i l l u s t r a t e s  a t y p i c a l  s u b s y s t e m .  

2 .2  DISK CARTRIDGE FORMAT 
F i g u r e  2-2 shows  s e r v o ,  h e a d e r ,  s e c t o r  and d a t a  f o r m a t t i n g  f o r  t h e  
RL01K/RL02K D i s k  c a r t r i d g e .  

S e r v o  and h e a d e r  i n f o r m a t i o n  f o r  e a c h  s e c t o r  is  p r e r e c o r d e d  a t  t h e  
f a c t o r y  a n d  c a n n o t  b e  m o d i f i e d  o r  r e w r i t t e n  i n  t h e  f i e l d .  
A c c i d e n t a l  o v e r w r i t i n g  o r  d e s t r u c t i o n  of  t h e  s e r v o  i n f o r m a t i o n  is  
p r e v e n t e d  by l o g i c  w i t h i n  t h e  d r i v e *  

Each RL01K d i s k  r e c o r d i n g  s u r f a c e  h a s  a t o t a l  of 256 d a t a  t r a c k s  
(numbered  0 t o  25!S) and e a c h  R L 0 2 K  s u r f a c e  h a s  5 1 2  t r a c k s  
(numbered  0  t o  5 1 1 ) .  Thus, t h e r e  a r e  256 c y l i n d e r s  on a n  R L 0 1 K  
c a r t r i d g e  a n d  512 c l i n d e r s  on a n  RL02K. 

2 .2 .1  Data Format 
E a c h  t r a c k  o n  t h e  r e c o r d i n g  s u r f a c e  i s  d i v i d e d  i n t o  4 0  
e q u a l - l e n g t h  s e c t o r s  which  a r e  f u r t h e r  s u b d i v i d e d  i n t o  f i e l d s .  
The  s i x  f i e l d s  i n  each s e c t o r  c o n t a i n  a  t o t a l  o f  1 4 0  w o r d s  of  1 6  
b i t s  e a c h .  One h u n d r e d  t w e n t y  e i g h t  of  t h e  1 4 0  w o r d s  c o n t a i n  
d a t a  . 
H e a d e r  P r e a m b l e  (PFI1) - T h e s e  t h r e e  w o r d s  p r e c e d e  t h e  h e a d e r  
i n f o r m a t i o n  and c o n t a i n  47 "0 "  b i t s  f o l l o w e d  by a m a r k e r  "1" (Sync  
B i t )  to i n d i c a t e  the s t a r t  o f  v a l i d  i n f o r m a t i o n .  

Header - T h i s  f i e l d  c o n t a i n s  t h r e e  words  o f  1 6  b i t s  e a c h .  The 
f i r s t  word i d e n t i f i e s  t h e  d i s k  s u r f a c e  ( u p p e r  o r  l o w e r ) ,  t h e  
c y l i n d e r  a d d r e s s  (1 o f  256 ,  RL01; 1 o f  5 1 2 ,  RL02), and t h e  s e c t o r  
a d d r e s s  (1 o f  4 0 ) .  

T h e  s e c o n d  h e a d e r  word is a l l  0 s .  T h e  t h i r d  word is t h e  h e a d e r  
CRC word.  T h i s  c h e c k  word is p r e r e c o r d e d  on t h e  t r a c k ,  a s  a r e  t h e  
o t h e r  two h e a d e r  w o r d s .  D u r i n g  a read o p e r a t i o n ,  t h e  h e a d e r  is 
c h e c k e d  f o r  e r r o r s .  I f  o n e i s  d e t e c t e d ,  a n  e r r o r  f l a g  is  r a i s e d .  

H e a d e r  Postamble ( P o l )  - T h i s  f i e l d  c o n t a i n s  16  " 0 "  b i t s .  I t  
s e p a r a t e s  t h e  h e a d e r  and d a t a  f i e l d s  t o  a l l o w  f o r  m e c h a n i c a l  
t o l e r a n c e s  b e t w e e n  d r i v e s .  

Data P r e a m b l e  (PR2) - T h i s  f i e l d  c o n t a i n s  47 " 0 "  b i t s  f o l l o w e d  by 
a m a r k e r  "1" (Sync  B i t )  t o  i n d i c a t e  t h e  s t a r t  o f  t h e  d a t a  f i e l d  
and  is w r i t t e n  i n  c o n j u n c t i o n  w i t h  t h e  d a t a .  
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Data  - T h i s  f i e l d  a c c o m m o d a t e s  a b l o c k  of 128 1 6 - b i t  d a t a  w o r d s  
( 2 0 4 8  b i t s )  f o l l o w e d  by  a 1 6 - b i t  d a t a  CRC word .  When w r i t i n g  
d a t a ,  a  d a t a  CRC word is g e n e r a t e d  by  t h e  c o n t r o l l e r  a n d  a p p e n d e d  
t o  t h e  128-word  d a t a  b l o c k .  The c o n t e n t s  o f  t h e  CRC word v a r y  
w i t h  t h e  c o n t e n t s  o f  t h e  d a t a  b l o c k .  When r e a d i n g  t h e  d a t a  f r o m  
t h e  d r i v e ,  t h e  d a t a  b l o c k  and  CRC word a r e  c h e c k e d  i n  t h e  
c o n t r o l l e r .  D e t e c t i o n  o f  a  d a t a  r e a d i n g  e r r o r  r e s u l t s  i n  a d a t a  
CRC f l a g .  

Data P o s t a m b l e  (P02) - T h i s  f i e l d  c o n s i s t s  o f  1 6  " 0 "  b i t s .  W r i t e  
c u r r e n t  is t u r n e d  o f f  a t  t h e  end  o f  t h i s  f i e l d  s o  t h a t  d a t a  CRC 
i n f o r m a t i o n  w i l l  n o t  b e  d e s t r o y e d .  

2.2.2 S e r v o  D a t a  

2 .2 .2 .1  I n t r o d u c t i o n  - One o f  t h e  f e a t u r e s  o f  t h e  s e r v o - i n - d a t a  
d e s i g n  a p p r o a c h  f o r  t r a c k  c o u n t i n g  a n d  c a r r i a g e  p o s i t i o n i n g  i s  t h e  
f a c t  t h a t  i t  s h a r e s  r e a d / w r i t e  h e a d s  and  c i r c u i t r y .  T h i s  i s  
d i f f e r e n t  f r o m  IBM 3 3 3 0  t e c h n o l o g y  w h i c h ,  i n  g e n e r a l ,  r e q u i r e s  a 
d e d i c a t e d  s e r v o  h e a d  and  s e r v o  t r a c k .  W h i l e  3 3 3 0 - t y p e  s e r v o  
i n f o r m a t i o n  is m o n i t o r e d  c o n t i n u o u s l y  a s  t h e  d i s k  is  s p i n n i n g ,  t h e  
RL0L o r  RL02 o n l y  t a k e s  s e r v o  s a m p l e s  (much l i k e  s n a p s h o t s )  d u r i n g  
e a c h  s e c t o r  p u l s e .  

T h e  s e r v o  d a t a  b u r s t s  a r e  p r e r e c o r d e d  on  t h e  d i s k  s u r f a c e  d u r i n g  a  
c e r t a i n  time p e r i o d  w i t h i n  t h e  s e c t o r  p u l s e .  The  s e c t o r  p u l s e  i s  
g e n e r a t e d  b y  a s e p a r a t e  m a g n e t i c  t r a n s d u c e r  moun ted  o n  t h e  s p i n d l e  
w h i c h  s e n s e s  e a c h  of t h e  4 0  s e c t o r  s l o t s  i n  t h e  c a r t r i d g e  a r m a t u r e  
p l a t e .  

S i n c e  t h e  c a r t r i d g e  d i s k  s p i n s  a t  2 4 0 0  rpm and  t h e r e  a r e  4 3  s e c t o r  
s l o t s ,  t h e  d r i v e  t a k e s  s e r v o  s a m p l e s  f o r  p o s i t i o n i n g  and  t r a c k  
c o u n t i n g  e v e r y  625 m i c r o s e c o n d s .  

2 . 2 2 . 2  Modes of O p e r a t i o n  - W h i l e  t h e  h e a d s  a r e  f l y i n g ,  t h e  
d r i v e  o p e r a t e s  i n  e i t h e r  o f  two modes: 

e V e l o c i t y  ( s e e k  and t r a c k  c o u n t i n g )  mode, o r  

P o s i t i o n  ( t r a c k  f o l l o w i n g )  mode 

I n  v e l o c i t y  mode, t h e  d r i v e  l o g i c  c o u n t s  t r a c k  c r o s s i n g s  b y  u s i n g  
s e r v o  i n f o r m a t i o n  r e c o r d e d  on  t h e  d i s k  s u r f a c e  a n d  c o n v e r t i n g  t h i s  
i n f o r m a t i o n  i n t o  b i n a r y  f o r m a t .  T h i s  i n f o r m a t i o n  is u s e a d  i n  
c o n j u n c t  i o n  w i t h  c a r r j  a g e  v e l o c i t y  ( s e n s e d  by t h e  t a c h o m e t e r )  t o  
d e c r e m e n t  a  t r a c k  d i f f e r e n c e  c o u n t e r  and  u l t i m a t e l y  t o  c o n t r o l  t h e  
v e l o c i t y  o f  t h e  p o s i t i o n e r .  T h i s  p r o c e s s  is d e s c r i b e d  i n  P a r a g r a p h  
2 . 2 " 2 . 4 .  

T h e  d r i v e  d o e s  n o t  e n t e r  p o s i t i o n  mode u n t i l  t h e  t r a c k  d i f f e r e n c e  
c o u n t e r  h a s  b e e n  d e c r e m e n t e d  ( w h i l e  t h e  d r i v e  i s  i n  v e l o c i t y  mode) 
t o  z e r o .  I n  p o s i t i o n i n g  mode,  t h e  d r i v e  l o c k s  on t o  the r e q u i r e d  
t r a c k .  P o s i t i o n  mode o p e r a t i o n  is d e s c r i b e d  i n  P a r a g r a p h  2 . 2 . 2 . 5 .  



2.2.2.3 G e n e r a t i o n  of Servo Signals - T h e r e  a r e  two b u r s t s  o f  
s e r v o  d a t a  t h a t  a r e  p r e r e c o r d e d  on t h e  d i s k  s u r f a c e  d u r i n g  a 
s e c t o r  p u l s e .  They a r e  I d e n t i f i e d  a s  s e r v o  s a m p l e s  Sl and S 2  and  
a r e  a p p r o x i m a t e l y  15  m i c r o s e c o n d s  i n  l e n g t h .  Each s e r v o  s a m p l e  i s  
made u p  o f  two s q u a r e  wave c o m p o n e n t s ,  S and 5 - ( i . e . ,  S 1  a n d  
S l ;  S 2  and  ?5). T h e s e  c o m p o n e n t s  a r e  o f f s e t  r a d i a l l y  b y  . 0 0 4  
i n c h e s  o r  h a l f  a  d a t a  t r a c k .  They a r e  a l s o  180  d e g r e e s  o u t  o f  
p h a s e  ( s e e  F i g u r e  2 - 3 ) .  

I f  t h e  r e a d / w r i t e  head  is c e n t e r e d  d i r e c t l y  o v e r  t h e  c e n t e r l i n e  of  
t h e  S and componen ts  a  p u r e  s i n e  wave ( 5 0 %  d u t y  c y c l e )  i s  o u t p u t  
f r o m  t h e  h e a d .  See F i g u r e  2-4A. I f  t h e  h e a d  is moved s l i g h t l y  o f f  
c e n t e r ,  a wave s h a p e  w i t h  g r e a t e r  t h a n  a  50% d u t y  c y c l e  r e s u l t s  
i . e . ,  more S  t h a n  ? is s e n s e d  o r  v i c e - v e r s a )  . T h i s  is  shown i n  
F i g u r e  2-4B. 

b e c a u s e  t h e  S 2  s a m p l e s  a r e  1 8 0  d e g r e e s  o u t  of  p h a s e  f rom t h e  Sl 
samples ,  a p e r f e c t  s i n e  wave (from S l )  w i l l  a l t e r n a t e  w i t h  a n  
i m p e r f e c t  wave ( f r o m  S 2 )  a s  t h e  head  d e t e c t s  a l t e r n a t i n g  S l  a n d  S 2  
s a m p l e s .  S e e  F i g u r e  2 - 4 A .  

2 .2 .2 .4  V e l o c i t y  Mode Operation - A s  s t a t e d  b e f o r e ,  t h e  s e r v o  
i n f o r m a t i o n  is c o n v e r t e d  t o  b i n a r y  f o r m a t  a s  p a r t  o f  t h e  c o n t r o l  
p r o c e s s  f o r  t h e  p o s i t i o n e r  v e l o c i t y .  The  f i r s t  p a r t  of  t h i s  p r o -  
c e s s  i s  t h e  i n t e g r a t i o n  o f  t h e  c o m p o s i t e  S and S s i g n a l .  The 
i n t e g r a t i o n  is shown g r a p h i c a l l y  i n  F i  u r e  2-5.  When t h e  h e a d  is 
on a d a t a  t r a c k  c e n t e r l i n e ,  t h e  !3l - 3 s i g n a l  w i l l  be a p e r f e c t  
s i n e  wave.  The  i n t e g r a l  o f  t h i s ,  a s i g n a l  c a l l e d  E l ,  i s  t h e  
s a w t o o t h e d  wave shown b e l o w  - i t .  Wi th  t h e  h e a d  s t i l l  on t h e  d a t a  
t r a c k  c e n t e r l i n e ,  t h e  S2 - S2 s i g n a l  i s  not a p e r f e c t  s i n e  wave ,  
and i t s  i n t e g r a l  t h e r e f o r e ,  w i l l  n o t  be a  p e r f e c t  s a w t o o t h  wave. 
R a t h e r ,  i t  w i l l  be t h e  j a g g e d  l i n e  shown i n  F i g u r e  2-5. T h i s  
s i g n a l  is c a l l e d  E2. 

The  c o n v e r s i o n  of  E l  and  E2 t o  b i n a r y  f o r m a t  i s  s i m p l e .  I f  E l  o r  
E 2  is a  p e r f e c t  s a w t o o t h ,  i t  is c o n v e r t e d  t o  a  d i g i t a l  0 ;  i f  i t  i s  
n o t  a p e r f e c t  s a w t o o t h ,  i t  becomes a d i g i t a l  1. T h e  l o g i c  f i r s t  
s a m p l e s  E l  and a f l i p - - f l o p  s e t s  o r  r e s e t s  d e p e n d i n g  on w h e t h e r  E l  
i s  0 o r  1. The same t h i n g  h a p p e n s  t o  E2. These two v a l u e s  become 
t h e  s i g n a l s  E l  Held a n d  E 2  Held a s  a new E l  and a  new E 2  a r e  
d e t e r m i n e d .  

T h e s e  f o u r  s i g n a l s  ( E l ,  E l  H e l d ,  E 2  and E 2  H e l d )  a r e  p a r t  o f  a n  
a d d r e s s  t o  t h e  Count  ROM. A n o t h e r  b i t  o f  t h e  ROW a d d r e s s  comes 
f r o m  a  s i g n a l  i n d i c a t i n g  t h e  d i r e c t i o n  o f  h e a d  m o t i o n  ( s i g n  
f o r w a r d )  and t h e  r e m a i n i n g  t h r e e  b i t s  come f rom t h e  v e l o c i t y  
s i g n a l  f rom t h e  t r a n s d u c e r  ( a f t e r  c o n v e r s i o n  t o  d i g i t a l  f o r m )  . 
The o u t p u t  o f  t h i s  ROM g o e s  t o  the Count  ROM D e c o d e r ,  which  i s  
u s e d  t o  d e c r e m e n t  t h e  t r a c k  d i f f e r e n c e  c o u n t e r .  
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2 . 2 . 2 . 5  Position Mode - The  d r i v e  e n t e r s  t h i s  mode of o p e r a t i o n  
when t h e  c o u n t  i n  the t r a c k  d i f f e r e n c e  c o u n t e r  is z e r o ,  i n d i c a t i n g  
t h a t  t h e  head  is o v e r  t h e  c e n t e r l i n e  o f  t h e  d e s i r e d  d a t a  t r a c k .  
A t  t h i s  p o i n t ,  t h e  S l  - c o m p o s i t e  s i g n a l  w i l l  b e  a p e r f e c t  s i n e  
wave ,  and i t s  i n t e g r a l ,  E l ,  w i l l  be t h e  s a w t o o t h  wave shown i n  
F i g u r e  2-5.  The a v e r a g e  o f  t h e  E l  s i g n a l  w i l l  b e  z e r o ,  and t h e  
l o g i c  w i l l  s e n d  a  z e r o  s i g n a l  ( p o s i t i o n e r  s i g n a l )  t o  t h e  
p o s i t i o n e r ,  i n d i c a t i n g  t h a t  t h e  p o s i t i o n e r  s h o u l d  n o t  move. I f  
t h e  h e a d  d r i f t s  o f f  t h e  c e n t e r l i n e ,  t h e  s i g n a l  E l  w i l l  no l o n g e r  
be a  s a w t o o t h  wave and w i l l  no l o n g e r  a v e r a g e  o u t  t o  z e r o .  T h u s ,  
p o s i t i o n e r  s i g n a l  w i l l  be a n  a n a l o g  v a l u e  t h a t  r e p r e s e n t s  t h e  
e r r o r  ( t h e  amount t h e  head is away f rom t h e  d a t a  t r a c k  c e n t e r l i n e )  
i n  t h e  p o s i t i o n e r ,  and t h i s  s i g n a l  w i l l  move t h e  p o s i t i o n e r  s o  t h e  
h e a d  r e t u r n s  t o  t h e  c e n t e r l i n e .  

When p o s i t i o n e r  s i g n a l  is n o m i n a l l y  z e r o  f o r  6 . 5  m i l l i s e c o n d s  
1 2 0 % ) ,  i n d i c a t i n g  t h e  head  h a s  l o c k e d  on t h e  c e n t e r l i n e ,  t h e  
s i g n a l  READY TO R/w w i l l  be a s s e r t e d ,  s o  t h a t  t h e  d r i v e  c a n  r e a d  
o r  w r i t e .  

2 .2.2.6 G u a r d  Band - The S e r v o  b u r s t s  a r e  n o t  o n l y  u s e d  f o r  
l o c a t i n g  d a t a  t r a c k s .  A s p e c i a l  f o r m a t  a t  t h e  f a r  o u t e r  and f a r  
i n n e r  f o r m a t t e r  t r a c k s  i s  u s e d  t o  i d e n t i f y  " i n n e r "  a n d  " o u t e r "  
g u a r d b a n d s .  An a b s e n c e  o f  S-, b u r s t s  and  t h e  r e c o r d i n g  o f  
c o n t i g u o u s  t r a c k s  o f  Sl b u r s t s  i d e n t i f i e s  t h e  " o u t e r  g u a r d  band"  
o r  t h e  p o r t i o n  of t h e  r e c o r d i n g  s u r f a c e  c l o s e s t  t o  t h e  e d g e  o f  t h e  
d i s k .  An a b s e n c e  o f  S l  b u r s t s  and  t h e  r e c o r d i n g  o f  c o n t i g u o u s  
t r a c k s  o f  S b u r s t s  i d e n t i f i e s  t h e  " i n n e r  g u a r d  band"  o r  t h e  
p o r t i o n  o f  t h e  r e c o r d i n g  s u r f a c e  c l o s e s t  t o  t h e  s p i n d l e .  S e e  
F i g u r e  2-6.  

2.2.3 M F M  E n c o d i n g  and  P r e c o m p e n s a t i o n  
The d i s k  d r i v e  u t i l i z e s  a  M o d i f i e d  F r e q u e n c y  M o d u l a t i o n  (MFM) 
e n c o d i n g  t e c h n i q u e  t o  m a g n e t i c a l l y  r e c o r d  d i g i t a l  d a t a  on t h e  d i s k  
s u r f a c e s  ( F i g u r e  2-7). With  t h i s  t e c h n i q u e ,  e a c h  l o g i c a l  o n e  
p r o d u c e s  a f l u x  r e v e r s a l  i n  t h e  c e n t e r  o f  i t s  bit c e l l .  Two 
s u c c e s s i v e  l o g i c a l  z e r o s  p r o d u c e  a f l u x  r e v e r s a l  i n  a  b i t  c e l l  
c o n t a i n i n g  a  l o g i c a l  z e r o  f o l l o w i n g  a  l o g i c a l  o n e .  T h i s  method o f  
r e c o r d i n g  h a s  t h e  a d v a n t a g e  of p u t t i n g  a t  l e a s t  o n e  f l u x  r e v e r s a l  
o n  t h e  d i s k  f o r  e v e r y  two b i t  c e l l s ,  t h e r e b y  making i t  f e a s i b l e  t o  
u s e  p h a s e - l o c k e d  l o o p  t e c h n i q u e s  t o  fo rm a  s e l  f - c l o c k i n g  d a t a  
r e c o v e r y  s y s t e m .  P h a s e - l o c k e d  l o o p  c i r c u i t r y  m a i n t a i n s  a  c o n s t a n t  
bit d e n s i t y  d e s p i t e  m i n o r  v a r i a t i o n s  i n  d i s k  s p e e d .  

One of t h e  p r o b l e m s  a s s o c i a t e d  w i t h  m a g n e t i c  r e c o r d i n g  is a 
phenomenon c a l l e d  peak  s h i f t ,  w h e r e i n  flux r e v e r s a l s  w r i t t e n  o n  
t h e  d i s k  t e n d  t o  r e p e l  one  a n o t h e r .  B e c a u s e  o f  t h i s ,  t h e  f l u x  
r e v e r s a l s  a p p e a r  d i s p l a c e d  f rom where  t h e y  were  w r i t t e n .  T h i s  c a n  
c a u s e  p a t t e r n - s e n s i t i v e  d a t a  r e c o v e r y  p r o b l e m s .  
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To  o f f s e t  t h e  d e l e t e r i o u s  e f f e c t  o f  peak s h i f t ,  p r e c o m p e n s a t i o n  
l o g i c  is i n c l u d e d  i n  t h e  c o n t r o l l e r .  T h i s  l o g i c  d i s p l a c e s  c e r t a i n  
e n c o d e d  d a t a  p u l s e s  b y  1 5  n s  i n  o n e  d i r e c t i o n  o r  t h e  o t h e r  b e f o r e  
t h e y  a r e  w r i t t e n  o n  t h e  d i s k  s o  t h a t  t h e  p e a k  s h i f t  phenomenon 
d i s p l a c e s  t h e  Â £ 1 ~ 1  r e v e r s a l s  w r i t t e n  o n  t h e  d i s k  t o  t h e  d e s i r e d  
p o s i t i o n s .  

To d e t e r m i n e  i f  a n  e n c o d e d  d a t a  p u l s e  is t o  b e  d i s p l a c e d  f r o m  i t s  
n o m i n a l  p o s i t i o n ,  t h e  f o l l o w i n g  r u l e  may b e  u s e d :  A p u l s e  w i l l  b e  
p r e s h i f t e d  o n l y  i f :  

l a  I t  is bounded  on o n e  s i d e  by a p u l s e  t h a t  is n o t  more 
t h a n  1 b i t  c e l l  away;  a n d  

2. I t  is bounded  o n  t h e  o t h e r  s i d e  by  a p u l s e  that i s  
g r e a t e r  t h a n  1 b i t  c e l l  away ( f o r  e x a m p l e ,  1 . 5  o r  2 b i t  
c e l l s  awi3y) . 

T h e  d i r e c t i o n  o f  t h e  p r e s h i f t  d e p e n d s  on t h e  c o m b i n a t i o n  o f  o n e s  
and  z e r o s  t h a t  p r e c e d e  a n d / o r  f o l l o w  t h e  b i t  t o  b e  p r e s h i f t e d .  

T h e  c o n t r o l l e r  p ~ : e c o m p e n s a t  i o n  a l g o r i t h m  is  o n l y  c o n c e r n e c i  w i  t t ~  
t h e  f o u r  c o n d i t i o n s  i l l u s t r a t e d  i n  F i g u r e  2 - 8 .  Any o t h e r  
c o m b i n a t i o n  o f  s e r i a l  d a t a  b i t s  d o e s  n o t  r e q u i r e  p r e s h i f t i n g *  T h e  
a l g o r  i thm c o n s i s t s  o f  c o n t i n u o u s l y  e x a m i n i n g  a 4 - b i  t p a t t e r n  ( t h e  
b i t  t o  b e  w r i t t e n  i n  t h e  c u r r e n t  i n t e r v a l ;  t h e  b i t  t o  be w r i t t e n  
n e x t ;  and  t h e  two i m m e d i a t e l y  p r e c e d i n g  b i t s )  a n d ,  b a s e d  o n  t h a t  
p a , t t e r n ,  e i t h e r  l e a v i n g  t h e  p u l s e  t o  be w r i t t e n  i n  i t s  r m m i n a l  
p o s i t i o n  o r  a d v a n c i n g  o r  d e l a y i n g  t h e  p u l s e  by  1 5  n a n o s e c o n d s *  

T h u s ,  ' f o r  t h e  b i t  p a t t e r n  10g0 shown i n  F i g u r e  2-8,  t h e  t h i r d  b i t  
m u s t  b e  p r e s h i f t e d  1 5  n a n o s e c o n d s  t o  t h e  r i g h t  ( d e l a y e d )  t o  
c o m p e n s a t e  f o r  a  p e a k  s h i f t  t o  t h e  l e f t .  F o r  t h e  b i t  p a t t e r n  
00tJ1, t h e  t h i r d  b i t  m u s t  b e  p r e s h i f t e d  1 5  n a n o s e c o n d s  t o  t h e  l e f t  
( a d v a n c e d )  t o  c o m p e n s a t e  f o r  a  p e a k  s h i f t  t o  t h e  r i g h t ,  and  s o  
f o r t h .  

2 .2 .4  Bad S e c t o r  F i l e  
T h e  Bad S e c t o r  Fi1.e is a  l is t  o f  a l l  bad  s e c t o r s  f o u n d  on a n  RL0lU 
o r  R L 0 2 K  D i s k  C a r t r i d g e *  The  f i l e  a l s o  s t o r e s  t h e  c a r t r i d g e  
s e r i a l  number,.  T h i s  i n f o r m a t i o n  is u s e d  b y  t h e  o p e r a t i n g  s y s t e m  
t o  a v o i d  a l l o c a t i n g  u s e r  d a t a  t o  a bad s e c t o r .  

T h e  c r i t e r i a  f o r  d e t e r m i n i n g  t h a t  a  s e c t o r  is bad a r e  a s  f01:Lows: 

I n a b i l i t y  t o  r e a d  a s e c t o r  h e a d e r  

0 1 6  c o n s e c : u t i v e  r e a d i w r i t e  e r r o r s  w i t h i n  o n e  s e c t o r .  

T h i s  f i l e  is r e c o r d e d  o n  s u r f a c e  "1" o f  t h e  l a s t  ( i n n e i r m o s t )  
c y l i n d e r .  T h i s  t r a c k  c o n t a i n s  4C! s e c t o r s  o f  1 2 8  w o r d s  e a c h *  T h e  
c o n t e n t s  o f  t h e  f i l e  a r e  shown i n  F i g u r e  2-9.  



DISPLACEMENT BY 
PRECOMPENSATIONl 

DELAY 
(WRITE LATE) 

ADVANCE 
(WRITE EARLY) 

ADVANCE 
(WRITE  EARL?^ 

DELAY 
(WRITE LATE) 

NOTES: 

TIME - 

PRECEDING BITS BIT TO 
BE 

WRITTEN 
1 0 0 

PRE 
I 

(I) PS DIRECTION OF PEAK SHIFT. 
PRE DlREC:TION OF PRESHIFT TO COMPENSATE FOR PEAK SHIFT. 

NEXT 
BIT 

0 

(2) SHADEDAREA - DON'TCARE 

F i g u r e  :2-8 MFM Precompensation 

1 / 2 - 1 3  



BAD SECTOR FILE 

LAST 
CYLINDER 

IAST 
SURFACE 

DUPLICATE OF SECTORS 0, 1 

ALL ONES 

DUPLICATE OF SECTORS 0. '1 

SEC 
TOR 

CONTENTS 

iy ' ALL ONES 

;; , DUPLICATE OF SECTORS 0. 1 

MSB 16 BIT WORD LSB 

1 
- 

14 
ALL ONES 

i! DUPLKATE OF SECTORS 0 , l  

FACTORY WRITEN BAD SECTOR INFO B15114 13 1 2 \ 1 1  10 9 8 7 1 6  5 1 4  1 3  ~ 2 ~ 1 ~ 0  

7 4 

DUPLICATE OF SECTORS 20,21 

26 ALL ONES 

:: DUPLICATE OF SECTORS 20. 21 

1 1 ALL ONES 1 , 1 :: [ DUPLICATE OF SECTORS 20. 21 1 

1 z: 1 ALL QNES 1 

1 3 1  ZEROES 1 

0 

1 

2 

2 2 O R  { 
ENTRY 

ZERO 

ZERO 

W S T  BAD ZEROES 
SECTOR 
ENTRY ZEROES 

SAME FORMAT AS FIRST BAD SECTOR ENTRY 

5 MOST SIGNIFICANT OCTAL DIGITS OF CARTRIDGE SERIAL NLMBER 

5 LEAST SIGNIFICANT OCTAL DIGITS SF CARTRIDGE SERIAL NUMBER 

: 25th BAD 
SECTOR 
ENTRY 

ZEROES 

SECOND 

CYLINDER ADDRESS 

252 - SAME FORMAT AS FIRST BAD SECTOR ENTRY 
253 

254 ALL ONES 

HEAD 

255 ALL ONES 1 
NOTE: UNUSED BAD SECTOR ENTRIES ARE ALL ONES 

ZEROES 

F i g u r e  2-9 Bad Sector  File Format 

SECTOR ADORESS 



CHAPTER 3 
INTERFACE-LEVEL D E S C R I P T I O ~ ~  

3.1 C o n t r o l l e r / D r i v e  I n t e r f a c e  L i n e  D e s c r i p t i o n s  
The C o n t r o l  U n i t / D r i v e  I n t e r f a c e  B u s  c o m p r i s e s  t w e l v e  d i f f e r e n t i a l  
s i g n a l  l i n e s  and one! s i n g l e  ended  power f a i l  line- Figure 3-1 
shows t h e  C o n t r o l  Un. i t , /Dr ive  I n t e r f a c e  L i n e s -  A maximum of f o u r  
R L f l l  a n d / o r  R L g 2  I l i s k  D r i v e s  m a y  b e  d a i s y - c h a i n e d  t o  t h e  
c o n t r o l l e r  v i a  t h i s  b u s .  

D r i v e s  a r e  s e l e c t e d  by means o f  two b i n a r y  e n c o d e d  s e l e c t  l i n e s -  
The s e l e c t e d  d r i v e  i11d : i ca tes  t h a t  i t  is  r e a d y  t o  r e c e i v e  commands 
b y  a s s e r t i n g  t h e  D r i v e  Ready l i n e .  

When the d r i v e  is  ready,  S e e k ,  Head S e l e c t  and Read Status 
commands c a n  be t r a n s m i t t e d  s e r i a l l y ,  D r i v e  s t a t u s  is t r a n s m i t t e d  
t o  the c o n t r o l l e r  as a s e r i a l  word when r e q u e s t e d  by t h e  G e t  
S t a t u s  Command. 

Read o r  wr i t e  d a t a  is e n c o d e d  i n  s e r i a l  MFM f ~ r m a t -  

D u r i n g  t h e  a b s e n c e  of any  command and whenever  t h e  d i s k  d r i v e  i s  
s e l e c t e d  and r e a d y ,  i t  is t r a n s m i t t i n g  s e r i a l  r e a d  d a t a  t o  t h e  
c o n t r o l l e r .  

T a b l e  3-1 d e s c r i b e s  t 'he  D r i v e  B u s  I n t e r f a c e  L i n e s  i n  d e t a i l -  



DRIVE SELECT 0 (DR SEL 0) 
fri 

DRIVE SELECT 1 (DR SEL 1) 1 

WRITE GATE (WR GATE) 
m 

WRITE DATA (WR DATA) * 
SYSTEM CLOCK (SYS CLK) 

Â¥ 

DRIVE COMMAND (DR CMD) 1 

POWER FAIL (PWR FAIL) * 
DRIVE READY (OR RDY) 

fr 

STATUS CLOCK (STATUS CLK) 
Ã 

SECTOR PULSE (SEC PLS) 
r 

READ DATA (RD DATA) 
Â 

DRIVE ERROR (DR ERR) 
Â I 

STATUS (STATUS) 
Â 

DRIVE 

Figure 3-1 Control Unit/Drive Interface Lines 



Table 3-1 Drive Bus Interface Lines 

Signal Name Function 

D r i v e  S e l e c t  0 ,  T h e s e  two l i n e s  s e l e c t  o n e  o f  f o u r  d i s k  
D r i v e  S e l e c t  1 d r i v e s .  The  d r i v e  m u s t  b e  s e l e c t e d  5 0 0  
( D R  SEL 0 ,  DR S E L  1) n s  + 1 0 %  b e f o r e  a  Write Gate o r  S e r i a l  

 rive command word is s e n t  t o  t h e  d r i v e .  
One d r i v e  is a l w a y s  s e l e c t e d  e v e n  t h o u g h  
t h e  c o n t r o l l e r  i s  i d l e .  O n l y  t h e  
s e l e c t e d  d r i v e  a s s e r t s  t h e  
d r i v e - t o - - c o n t r o l l e r  i n t e r f a c e  l i n e s ,  a n d  
t h e s e  l i n e s  a r e  v a l i d  5 0 0  n a n o s e c o n d s  
a f t e r  t h e  d r i v e  has b e e n  s e l e c t e d .  A 
d r i v e  w i l l  i n h i b i t  t r a n s m i s s i o n  o f  a  
p a r t i a l  s e c t o r  p u l s e  i f  i t  i s  s e l e c t e d  
w h i l e  i t s  s e c t o r  p u l s e  is a s s e r t e d .  

Write G a t e  
( W R  GATE) 

Write Data 
( R W  DATA)  

S y s t e m  C l o c k  
(SYS C L K )  

D r i v e  Command 
(DR CMD) 

T h i s  l i n e  e n a b l e s  t h e  w r i t e  c i r c u i t s  i n  
t h e  s e l e c t e d  d r i v e .  I t  m u s t  b e  a s s e r t e d  
a t  t h e  s t a r t  o f  P r e a m b l e  PR2, a n d  m u s t  
p r e c e d e  the f i r s t  b i t  o f  w r i t e  d a t a  b y  0 
t o  250 n a n o s e c o n d s .  Write G a t e  must n o t  
b e  a s s e r t e d  d u r i n g  a s e c t o r  p u l s e ;  o t h e r -  
wise, a Write G a t e  E r r o r  w i l l  be a s s e r t e d  
by  the d r i v e  ( b i t  1 0  o f  s t a t u s  w o r d )  and 
o p e r a t i o n  t e r m i n a t e d .  W r i t e  G a t e  i s  
removed  a t  t h e  end  o f  P o s t a m b l e  PO2 ( 0  t o  
250 n a n o s e c o n d s )  . 
T h i s  l i n , e  c o n t a i n s  t h e  s e r i a l  d a t a ,  en-  
c o d e d  i n  M o d i f i e d  F r equency  ~ o d u l a t i o n  
(MFM) p u l s e  f o r m ,  t h a t  i s  t o  b e  w r i t t e n  
on  t h e  d i s k .  

T h i s  c l o c k  s h i f t s  t h e  D r i v e  Command word 
t o  t h e  d r i v e  a n d  a l s o  o p e r a t e s  t h e  d i s k  
m o t o r  s e r v o *  C l o c k  f r e q u e n c y  is  4 . 1  
~ e g a b i t s / s e c o n d  - +0.1%. 

T h i s  l i n e  i s  u s e d  t o  t r a n s f e r  c o n t r o l  a n d  
c y l i n d e r  a d d r e s s  d i f f e r e n c e  i n f o r m a t i o n  
s e r i a l l y  t o  t h e  d r i v e .  I t  is e n a b l e d  
d u r i n g  Seek ,  G e t  S t a t u s  o r  commands.  



Power F a i l  
(PWR FAIL) 

D r i v e  Ready 

S t a t u s  C l o c k  
(STATUS C L K )  

S e c t o r  P u l s e  

T h i s  s i g n a l  i s  r e c e i v e d  by a l l  d r i v e s  a t  
a l l  t imes ,  r e g a r d l e s s  o f  w h i c h  d r i v e  is  
s e l e c t e d .  When t h e  subsystem is  f i r s t  
powered  u p ,  Power F a i l  i s  n e g a t e d  h i g h .  
I f  A C  p o w e r  i n  t h e  c o n t r o l l e r  i s  
s u b s e q u e n t l y  l o s t  o r  o u t  o f  t o l e r a n c e ,  
Power F a i l  is  a s s e r t e d  l o w ,  i n  w h i c h  c a s e  
t h e  d r i v e s  u n l o a d  h e a d s  and  c y c l e  down. 
R e t u r n  o f  power c a u s e s  t h e  d r i v e s  t o  
c y c l e  u p  and  l o a d  h e a d s  o v e r  t r a c k  0 .  

When a s s e r t e d  h i g h ,  t h i s  s i g n a l  i n d i c a t e s  
t h a t  t h e  s e l e c t e d  h e a d  is c e n t e r e d  on  t h e  
t r a c k ,  and  t h e  d r i v e  i s  r e a d y  t o  r e c e i v e  
a command. T h e  s i g n a l  g o e s  l o w :  (1 ) 
a f t e r  t h e  l a s t  b i t  o f  a c y l i n d e r  a d d r e s s  
d i f f e r e n c e  word h a s  b e e n  s h i f t e d  t o  t h e  
s e l e c t e d  d r i v e ;  ( 2 )  when a new h e a d  
s e l e c t  i s  t r a n s f e r e d  t o  t h e  d r i v e ,  e v e n  
t h o u g h  the a d d r e s s  d i f f e r e n c e  i s  z e r o ;  
a n d  ( 3 )  when t h e r e  i s  a n  a d d r e s s  
d i f f e r e n c e  o f  z e r o  and  n o  h e a d  s e l e c t  
c h a n g e  is s h i f t e d  t o  t h e  d r i v e .  

D r i v e  r e a d y  w i l l  g o  low when a  d r i v e  
e r r o r  o c c u r s .  T h e r e  a r e  two e x c e p t i o n s  
t o  t h i s .  The f i r s t  is  when a n  a t t e m p t  
h a s  b e e n  made  t o  w r i t e  o n  a w r i t e  
p r o t e c t e d  d r i v e  I n  t h a t  c a s e ,  o n l y  
d r i v e  e r r o r  w i l l  b e  a s s e r t e d  h i g h .  The  
s e c o n d  e x c e p t  i o n  i s  t h a t  w h e n e v e r  t h e  
h e a d s  a r e  l o a d e d ,  f o r  w h a t e v e r  r e a s o n ,  
t h e  vo lume  c h e c k  b i t  w i l l  b e  s e t  a n d  
d r i v e  e r r o r  w i l l  be a s s e r t e d  h i g h .  

T h i s  c l o c k  i s  the S y s t e m  C l o c k  d e l a y e d  
t h r o u g h  d r i v e  loqic and  r e t u r n e d  t o  t h e  
c o n t r o l l e r  w h e n  a  s t a t u s  w o r d  i s  
r e q u e s t e d .  The clock is  t u r n e d  o n  i n  
s y n c  w i t h  the f i r s t  b i t  o f  t h e  s t a t u s  
word and  r e m a i n s  i n  s y n c  u n t i l :  ( 1 )  a  
new D r i v e  Command m a r k e r  i s  r e c e i v e d  a t  
t h e  i n p u t  t o  t h e  d r i v e  command s h i f t  
r e g i s t e r ,  o r  ( 2 )  t h e  d r i v e  i s  
d e - s e l e c t e d .  

T h i s  625  m i c r o s e c o n d  p u l s e  i s  a s s e r t e d  
h i g h  (SEC P L S )  a n d  o c c u r s  e v e r y  6 2 5  
m i c r o s e c o n d  +I%, 4 0  t i m e s  p e r  d i s k  - 
r e v o l u t i o n .  When a d r i v e  is i n i t i a l l y  
s e l e c t e d ,  i t  m u s t  w a i t  u n t i l  t h e  n e x t  
f u l l  s e c t o r  p u l s e  i s  d e t e c t e d  b e f o r e  
s e n d i n g  t h e  s e c t o r  p u l s e  t o  t h e  
c o n t r o l l e r .  



Read Data  
( R D  DATA)  

Dr ive  E r r o r  
(DR ERR) 

T h e  s e c t o r  p u l s e  r e c e i v e d  b y  t h e  
c o n t r o l l e r  i s  g e n e r a t e d  by a  m a g n e t i c  
r e l u c t a n c e  s e n s o r .  The l e a d i n g  edge  o f  
t h e  s e c t o r  p u l s e  h a s  a t o l e r a n c e  o f  + 1 3  
m i c r o s e c o n d  r e l a t i v e  t o  t h e  r e c o r d e d  
d a t a  . T h i s  t o l e r a n c e  i s  r e q u i r e d  f o r  
h e a d  g a p  and  p o s i t i o n e r  a l i g n m e n t  
r e l a t i v e  t o  t h e  s e c t o r  p u l s e .  

This l i n e  t r a n s f e r s  MFM encoded d a t a  from 
t h e  d r i v e  r e a d  c i r c u i t s  t o  t h e  c o n -  
t r o l l e r .  D u r i n g  t h e  a b s e n c e  o f  a n y  
command and whenever a  d r i v e  is s e l e c t e d  
and D r i v e  R e a d y  is a s s e r t e d ,  Read Data  
a p p e a r s  on t h i s  l i n e .  

The d r i v e  s e n s e s  t h e  a m p l i t u d e  o f  t h e  
h e a d e r  preamble  and s e n d s  Read Data o v e r  
t h e  Read Data  l i n e  2 . 5  +0.5 microsecond 
d o w n s t r e a m  f r o m  w h e r e  t h e  p r e a m b l e  
a c t u a l l y  s t a r t s  . 
For r e a d i n g  h e a d e r s ,  t h e  VFO l o o p  is  
p h a s e l o c k e d  wi th  t h e  a r r i v a l  of Read Data 
a f t e r  t h e  end of t h e  s e c t o r  p u l s e .  

For t h e  d a t a  p reamble ,  t h e  VFO l o c k s  3 2  
r ead  p u l s e s  a f t e r  t h e  heade r  CRC t o  a v o i d  
t r a n s m i t t i n g  e r r o n e o u s  s y n c  p u l s e s  t o  t h e  
c l o c k  a t  t h e  t r a n s i t i o n  b e t w e e n  t h e  
p r e - r e c o r d e d  h e a d e r  a n d  t h e  d a t a  
p r e a m b l e .  D e t e c t i o n  o f  t h e  p r e a m b l e  
marker  commences a f t e r  t h e  VFG h a s  had 
t i m e  t o  phase  l o c k .  

T h i s  s i g n a l  is  a s s e r t e d  h i g h  on c e r t a i n  
d r i v e  e r r o r s .  Any a t t e m p t  t o  w r i t e  on a 
w r i t e  p r o t e c t e d  d r i v e  a l s o  c a u s e s  t h i s  
s i g n a l  t o  be a s s e r t e d  h i g h .  A s s e r t i n g  
Dr ive  E r r o r  c a u s e s  b i t s  1 4  and 1 5  of  t h e  
CS r e g i s t e r  t o  be set. The p a r t i c u l a r  
e r r o r  i n v o l v e d  can  t h e n  be  d e t e r m i n e d  by  
i n i t i a t i n g  a G e t  S t a t u s  command and  
r e a d i n g  b i t s  1 0 ,  11, 1 2 ,  1 4 ,  and 1 5  o f  
t h e  s t a t u s  word. 



T h e  D r i v e  E r r o r  l a t c h  c a n  b e  r e s e t  by :  

1. Manual  d i s k  power  down/power u p  

2. S e t t i n g  b i t  3 o f  t h e  s e r i a l  D r i v e  
Command ( b i t  3 o f  t h e  D i s k  A d d r e s s  
r e g i s t e r  d u r i n g  a G e t  S t a t u s  command) 

3 .  Removing t h e  Write l o c k  c o n d i t i o n  v i a  
t h e  d r i v e  f r o n t  p a n e l .  

3.2 D R I V E  COMMAND WORD 
F i g u r e  3-2 s h o w s  t h e  D r i v e  Command Word c o n f i g u r a t i o n .  

The  d r i v e  command word is s e n t  t o  t h e  d r i v e  s e r i a l l y  o v e r  t h e  
d r i v e  command l i n e .  A f t e r  t h e  d r i v e  h a s  r e c e i v e d  a  command word 
(16  b i t s )  w i t h o u t  t h e  Get S t a t u s  b i t  s e t ,  t h e  c y l i n d e r  d i f f e r e n c e  
a d d r e s s  is l o a d e d  i n t o  a  c y l i n d e r  d i f f e r e n c e  c o u n t e r  and  t h e  h e a d  
s e l e c t  b i t  i s  l a t c h e d  i n  a  s e p a r a t e  r e g i s t e r .  T h e  d r i v e  
i m m e d i a t e l y  d r o p s  D r i v e  Ready  f o r  a  minimum o f  6 . 5  m i l l i s e c o n d s .  
T h i s  d e l a y  a l l o w s  t h e  s e l e c t e d  h e a d  t o  r e p o s i t i o n  i n  c a se  t h e  
c y l i n d e r  d i f f e r e n c e  a d d r e s s  was z e r o  a n d  o n l y  a new h e a d  s e l e c t  
b i t  was s e n t .  Any c y l i n d e r  d i f f e r e n c e  c o u n t  o t h e r  t h a n  z e r o  
c a u s e s  t h e  h e a d  t o  move t o  a d i f f e r e n t  t r a c k  l o c a t i o n  i n d i c a t e d  by 
t h e  c o u n t  and  t h e  s i g n  b i t  ( b i t  2 )  . As s o o n  a s  the s e l e c t e d  h e a d  
r e a c h e s  t h e  new c y l i n d e r  l o c a t i o n ,  t h e  6 . 5  m i l l i s e c o n d s  t i m e o u t  i s  
a g a i n  i n i t i a t e d .  The s e l e c t e d  h e a d  m u s t  s t a y  p o s i t i o n e d  w i t h i n  a 
t o l e r a n c e  band d u r i n g  t h e  t i m e o u t .  O n l y  t h e n ,  and  a t  t h e  end  o f  
t h e  6.5 m i l l i s e c o n d s  p e r i o d ,  w i l l  D r i v e  Ready a g a i n  b e  a s s e r t e d  
h i g h .  A S e e k  T i m e o u t  e r r o r  ( b i t  1 2  o f  s t a t u s  w o r d )  w i l l  o c c u r  i f  
t h e  s e l e c t e d  h e a d  f a i l s  t o  l o c k  b a c k  o n  a  t r a c k  w i t h i n  1.5 
s e c o n d s .  T h i s  is t h e  method b y  w h i c h  t h e  d r i v e  is  commanded t o  d o  
a s e e k .  

M a r k e r  ( S y n c )  - When r e c e i v e d  a t  t h e  d r i v e ,  t h e  Marker b i t  e n a b l e s  
t h e  d r i v e  command s h i f t  r e g i s t e r  t o  r e c e i v e  t h e  d r i v e  command. 
When t h e  Marke r  b i t  h a s  s h i f t e d  t o  t h e  end  o f  t h e  d r i v e  command 
s h i f t  r e g i s t e r ,  i t  i n d i c a t e s  t h a t  t h e  d r i v e  h a s  r e c e i v e d  t h e  f u l l  
command word .  

G e t  S t a t u s  - when t h e  d r i v e  r e c e i v e s  t h e  Get S t a t u s  b i t ,  i t  knows 
t h a t  t h e  c o n t r o l l e r  is r e q u e s t i n g  t h e  d r i v e  t o  s e n d  i t s  s t a t u s .  
I t  w i l l  t h e n  s h i f t  t h e  d r i v e  s t a t u s  word t o  t h e  c o n t r o l l e r .  B i t s  
1 5 : 0 4  o f  t h e  command a r e  i g n o r e d  d u r i n g  t h i s  o p e r a t i o n .  

S i g n  - T h e  S i g n  b i t  i n d i c a t e s  t h e  d i r e c t i o n  i n  w h i c h  t h e  h e a d s  
w i l l  move. A o n e  i n  t h e  s i g n  p o s i t i o n  moves t h e  h e a d s  t o w a r d  t h e  
s p i n d l e  ( i . e . ,  t o  a h i g h e r  c y l i n d e r  a d d r e s s ) ;  a  z e r o  moves  t h e  
h e a d s  away f r o m  t h e  s p i n d l e .  



Reset - When a s s e r t e b d ,  t h e  Reset b i t  c l e a r s  a l l  e r r o r  s e n s e  b i t s  
i n  t h e  d r i v e .  I f  t h e  e r r o r  c o n d i t i o n  t h a t  s e t  t h e  e r r o r  sense 
bits has b e e n  r e m o v e d ,  t h e  e r r o r  s e n s e  b i t s  w i l l  r e m a i n  c l e a r e d .  
However ,  if t h e  e r r o r  c o n d i t i o n  p e r s i s t s ,  t h e  e r r o r  s e n s e  b i t s  
will r e m a i n  set a f t e r  t h e  a p p r o p r i a t e  t i m e o u t .  

Head S e l e c t  - When t h ~ i s  b i t  is  c l e a r e d ,  t h e  h e a d  o n  t h e  u p p e r  
s u r f a c e  o f  t h e  d i s k  is  s e l e c t e d  ( h e a d  0 ) .  When t h i s  b i t  i s  s e t ,  
t h e  head on  t h e  lower s u r f a c e  o f  t h e  d i s k  is s e l e c t e d  ( h e a d  1 ) .  

C y l i n d e r  A d d r e s s  D i f f e r e n c e  - The c y l i n d e r  a d d r e s s  d i f f e r e n c e  i s  
t h e  m a g n i t u d e  o f  t h e  programmed s e e k  ( i . e . ,  t h e  number o f  t r a c k s  
t h e  h e a d s  a r e  t o  move). T r a n s m i s s i o n  o f  z e r o  d i f f e r e n c e  and  n o  
c h a n g e  i n  h e a d  s e l e c t . i o n  s h o u l d  be a v o i d e d ,  s i n c e  a 6 . 5  msec 
t i m e o u t  w i l l  o c c u r  b e f o r e  t h e  d r i v e  a g a i n  becomes  r e a d y .  T h e  
r e l a t i o n s h i p  b e t w e e n  t h e  S y s t e m  C l o c k  and  t h e  D r i v e  Command b i t s  
is shown i n  F i g u r e  3 - 3 .  I f  t h e  Reset b i t  ( b i t  3 )  is  a s s e r t e d  
t o g e t h e r  w i t h  t h e  Get S t a t u s  b i t ,  ( b i t  1) t h e  d r i v e  w i l l  f i r s t  
r e s e t  a l l  d r i v e  e r r o r  l a t c h e s  and t h e n  s e n d  s t a t u s  back t o  t h e  
c o n t r o l l e r *  

3 . 3  GET STATUS COMMAND AND RESPONSE 
I n  r e s p o n s e  t o  a Get S t a t u s  command, t h e  d r i v e  e n a b l e s  S t a t u s  
C l o c k  and  s e n d s  t h e  s t a t u s  word ( F i g u r e  3 - 4 )  t o  t h e  c o n t r o l l e r  v i a  
t h e  S t a t u s  l i n e .  T h i s  f u n c t i o n  c a n  be p e r f o r m e d  even  t h o u g h  D r i v e  
R e a d y  is  n o t  p r e s e n t  ( L e o ,  d u r i n g .  power up o r  a s e e k ) .  C o n t e n t s  
o f  t h e  s t a t u s  word a r e  as l i s t e d  i n  T a b l e  3-2  and  p l a c e d  i n t o  t h e  
M u l t i - P u r p o s e  Register ( M P R )  o f  t h e  c o n t r o l l e r .  



^ 
CYLINDER ADDRESS 
DIFFERENCE (28 = 256) 

HEAD SELECT 
(0 = UPPER, 1 = LOWER) 

RESET 

SIGN 1 
( 1  = MOVE HEADS TOWARD SPINDLE 
0 == MOVE HEADS AWAY FROM SPINDLE) 

GET STATUS 

MARKER 

Figure  3-2 Drive Command Word Configuration 
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IF DRIVE COMMAND IS NOT 
"GET STATUS", THIS TIME MUST BE 0 TO 4 pSEC 

SECTOR A--l 
PULSE I I 

1 I 
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DRIVE 
I ' B I T 0  1 BIT 1 1 BIT 2 1 - 1 I 

COMMAND I 

CLOCK 

Figure 3-3 Relationship Between System Clock 
and Drive Command Word B i t s  

1 /3 -9 



' s KTO 
\ J /-' 

DRIVE ERRORS DRIVE STATUS DRIVE STATE 

r 1 

STATUS CLOCK K K  

WDECHE 

F i g u r e  3-4 Drive S t a t u s  Word 

1/3-1a 

J I 

BIT 
0 

WLS 

STATUS WORD - 
BIT 

1 

SPE HS CO HO 

BIT 
2 

WGE 

BIT 
3 

BH VC STC DSE 0 ST0 STA 



Table  3-2 Drive Sta tus  Word 

B i t  (s) Function 

B i t s  0-2 T h e s e  b i t s  d e f i n e  t h e  s t a t e  o f  t h e  d r i v e :  

STC ST13 STA 

0 0 0 Load C a r t r i d g e  S t a t e  

0 0 1 S p i n  Up 

0 1 0 B r u s h  C y c l e  

0 1 1 Load Heads 

1 0 0 S e e k - T r a c k  C o u n t i n g  

1 0 1 S e e k - L i n e a r  Mode (Lock On) 

1 1 0 Unload  H e a d s  

1 1 1 S p i n  Down 

B i t  3 B r u s h  Home (BH) A s s e r t e d  h i g h  when t h e  b r u s h e s  a r e  
n o t  o v e r  the d i s k .  

B i t  4 Heads Out ( H O )  A s s e r t e d  h i g h  when t h e  h e a d s  a r e  over 
t h e  d i s k ,  and law when p o s i t i o n e r  i s  r e t r a c t e d  t o  home 
p o s i t i o n *  

B i t  5 C o v e r  Open (CO) A s s e r t e d  h i g h  when t h e  c a v e r  is o p e n  
o r  t h e  d u s t  c o v e r  is n o t  i n  p l a c e .  

B i t  6 Head Selected (HS) I d e n t i f i e s  t h e  c u r r e n t 1  y  selected 
head  . T h i s  b i t  is z e r o  t o  i n d i c a t e  t h e  u p p e r  h e a d  
( h e a d  0 ) .  

B i t  7 R e s e r v e d , ,  Must be a ze ro .  

B i t  8 D r i v e  Select  E r r o r  ( D S E )  A s s e r t e d  h i g h  by d r i v e  t h a t  
f i r s t  s e r l s e s  a mu1t ip I . e  s e l ec t  

B i t  9 Volume Check (VC). When h i g h  i t  i n d i c a t e s  t h e  h e a d s  
h a v e  beer) u n l o a d e d  s i n c e  t h e  l a s t  d r i v e  d i a l o g u e m  



Bit Write G a t e  E r r o r  ( W G E ) .  I n d i c a t e s  t h a t  t h e  d r i v e  
s e n s e d  a Write G a t e  when t h e  S e c t o r  Pulse was a s s e r t e d .  
A s s e r t e d  h i g h  i f  t h e  Write G a t e  r e m a i n s  a s s e r t e d  a t  t h e  
a r r i v a l  of t h e  n e x t  s e c t o r  p u l s e ,  o r  a f t e r  6 2 5  m i c r o -  
s e c o n d s  have  e l a p s e d  s i n c e  t h e  p r e v i o u s  s e c t o r  p u l . s e .  
I f  Write G a t e  is a s s e r t e d  d u r i n g  t h e  S e c t o r  P u l s e l  t h e  
d r i v e  w i l l  n e g a t e  t h e  W r i t e  G a t e ,  and  s e t  a n  e r r o r  
f l a g  . 

B i t  11 S p i n  E r r o r  (SPE). I n d i c a t e s  t h e  s p i n d l e  d i d  n o t  r e a c h  
s p e e d  i n  4 0  s e c o n d s  o r  i s  o v e r s p e e d i n g  by - +15 1~1icro-  
s e c o n d s  p e r  6 2 5  m i c r o s e c o n d s  s e c t o r  . 

Bit 12 Seek  Time Out  (SKTO). I n d i c a t e s  t h e  h e a d s  d i d  n o t  come 
o n  t r a c k  i n  t h e  r e q u i r e d  t i m e  d u r i n g  a S e e k  Command ( 1 5  
s e c o n d s )  o r  h a v e  g o n e  o f f  t r a c k  ( n o  seek)  f o r  1 . 5  
s e c o n d s .  

B i t  13 D r i v e  Write L o c k e d .  T h i s  is i n t e r p r e t e d  i n  two ways: + 

1. S t a t u s  b i t .  I n d i c a t e s  t o  t h e  s y s t e m  u s e r  t h a t  t h e  
s e l e c t e d  d r i v e  is i n  W r i t e  Lock S t a t u s  (WLS). 

2. An a t t e m p t  t o  w r i t e  on a w r i t e  p r o t e c t e d  d r i v e  
( p r o t e c t e d  v i a  f r o n t  p a n e l  s w i t c h )  c a u s e s  t h e  
D r i v e  E r r o r  l i n e  t o  g e t  a s s e r t e d  h i g h .  S i n c e  
D r i v e  Ready  w i l l  n o t  d r o p  f o r  t h i s  p a r t i c u l a r  
e r r o r ,  t h e  c o n t r o l l e r  may r e p o r t  a W r i t e  Lock 
E r r o r  a t  t h a t  i n s t a n t .  From a  s u b s e q u e n t  Get 
S t a t u s  command, t h e  d i a g n o s t i c  may v e r i f y  t h a t l  i n  
f a c t ,  t h e  d r i v e  was W r i t e  L o c k e d *  

B i t  1 4  Head C u r r e n t  E r r o r  ( H C E ) .  I n d i c a t e s  w r i t e  c u r r e n t  was 
d e t e c t e d  i n  t h e  h e a d s  e v e n  t h o u g h  W r i t e  G a t e  was n o t  
a s s e r t e d  . 

B i t  1 5  Write D a t a  E r r o r  ( W D E ) *  I n d i c a t e s  W r i t e  G a t e  was 
a s s e r t e d  b u t  no t r a n s i t i o n s  w e r e  d e t e c t e d  on  t h e  W r i t e  
D a t a  l i n e .  



CHAPTER 4 
FUNCTIONAL DESCRIPTION 

4 .1  D E V I C E  OPERATIOINS; 
The RL0l/RL02 D i s k  D r i v e  c a n  be  f u n c t i o n a l l y  d i v i d e d  i n t o  two 
d i f f e r e n t  a r e a s :  i n t e r n a l  f u n c t i o n s  ( o r  i n t e r n a l  m a c h i n e  c y c l e s )  
and e x t e r n a l  f u n c t i o r ~ s  ( o r  r e s p o n s e s  t o  c o n t r o l l e r  commands) . The  
i n t e r n a l  m a c h i n e  c y c l e s  a r e  l i s t e d  be low.  

Load C a r t r i d g e !  
S p i n  Up 
B r u s h  
Load Heads  
S e e k  
Lock On 
Unload Heads; 
S p i n  Down 

The f o u r  e x t e r n a l  f u r ~ c t i o n s  o r  c o n t r o l l e r  commands t h a t  t h e  d r i v e  
f u n c t i o n a l l y  r e a c t s  t o  a r e  G e t  S t a t u s t  S e e k ,  Read Data  and W r i t e  
D a t a *  The o t h e r  c o i 7 t , r o l l e r  commands a r e  i n v i s i b l e  t o  t h e  D i s k  
D r i v e  and a r e  f u n c t i o n a ~ l l y  h a n d l e d  i n  t h e  c o n t r o l l e r *  

4.2 INTERNAL MACHINE CYCLES 
The  RL0l/RL02 D i s k  D r i v e t  o n c e  power is a p p l i e d t  w i l l  b e  i n  o n e  
and o n l y  o n e  o f  t h e  e i g h t  m a c h i n e s  s t a t e s  l i s t e d  a b o v e  a t  a n y  
t i m e *  T h i s  is  a c ~ ~ o m p l i s h e d  b y  t h e  S t a t e  C o n t r o l  L o g i c t  and 
p r i m a r i l y  b y  t h e  s t a t e  R O M *  T h i s  d e v i c e  m o n i t o r s  i n t e r n a l  
c o n d i t i o n s  and e x t e r n a l .  i n p u t s  t o  c o n t r o l  t h e  s t a t e  o f  t h e  d r i v e .  
The s t a t e  ROM c o n t r o l s  t h e  s e q u e n , c i n g  t h r o u g h  t h e  s t a t e s  a s  well  
a s  p r o t e c t i n g  the d r i v e  d u r i n g  e r r o r  c o n d i t i o n s e  The r e s p o n s e s  t o  
e r r o r  c o n d i t i o n s  a n d  d r i v e  f a i l u r e s  a r e  e x p l a i n e d  i n  t h e  
d e s c r i p t i o n  of e a c h  c y c l e "  

F u n c t i o n a l  b l o c k  d i a g r a m s  and t i m i n g  d i a g r a m s  a r e  p r e s e n t e d  t o  
show what  h a p p e n s  i n  e a c h  c y c l e  and d u r i n g  t h e  t r a n s i t i o n  i n t o  and  
o u t  of e a c h  c y c l e .  Each f u n c t i o n  b l o c k  is t r e a t e d  a s  a  " b l a c k  
box".  C o n t r o l  s i g n a l s  and d a t a  p a t h s  a r e  e m p h a s i z e d  t o  show t h e i r  
r e l a t i o n s h i p  t o  t h e  d e v i c e  o p e r a t . i o n s .  D e t a i  1 s  o f  t h e  " b l a c k  
boxes1'  a r e  found  i n  C h a p t e r  5. The f u n c t i o n a l  b l o c k  d i a g r a m s  a n d  
t i m i n g  d i a g r a m s  u s e  s i g n a l  mnemonics and F i e l d  M a i n t e n a n c e  P r i n t  
S e t  r e f e r e n c e s .  

F i g u r e  4-1 i s  a  b l o c k  d i a g r a m  of t h e  RL0l/RL02 D i s k  D r i v e *  The 
d e t a i l e d  l o g i c  h a s  bc;erl b r o k e n  down i n t o  f u n c t i o n a l  b l o c k s  and i s  
keyed  t o  t h e  s t r u c t u r e  of t h e  RL0l and  RL02 P r i n t  S e t s .  The D r i v e  
L o g i c  Module,  which  r e p r e s e n t s  rnost o f  t h e  d r i v e  e l e c t r o n i c s  
c o m p r i s e s  t h e  a r e a s  i n  t h e  b l o c k  d i a g r a m  t h a t  a r e  l i s t e d  be low.  

a S t a t e  C o n t r o l  L o g i c  ( D L l )  
V e l o c i t y  Command S t a t u s  Da ta  C o n t r o l  L o g i c  (DL2) 

e Count  L o g i c  (DL3) 
0 D i s k  Speed  C o n t r o l  L o g i c  (DL4) 

E r r o r  L o g i c  (DL5) 



i~ Interface 1,oqic (DL6 and DL81 
t~ Integrator Log ic  ( D L 7 )  

The remaining drive electronics are contained on the separate 
modules listed below. 

DC Servo and Power S u p p l y  Module 
Q AC Servo Module 

ReadIWrite Board 
(D F r o n t  Pane l  Board 



WRfTE 
DATA 

WP'TE 
G A T t  

SYSTEM 
CLOCK 

READ 
DATA 

STATUS 
IN 

STATUS 
CLOCK 

u n 1 e  
COMMANC 

DRIVE 
READY 

M I V E  
ERROR 

DUNE 
SECTOR 
PULSE 

AC-LO 

DRIVE 
SELECT 
0 

DRIVE 
SELECT 
1 

WRITE DATA PULSE (U 

Â£f 'WRITE GATE 1L.H) 

READWRITE POR ILI 
WRITE GATE ILH1 

CLOCK I D  
WRITE DATA ERROR 

CURRENT IN HEADS 

WRITE DATA EBKOR PULSE ID 

SECTOR PULSE I D  

I" -1 * 
SECTOR PULSE IL-MI 

I I 
1 HOSELOIU 
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SPIN ERROR (Hi 
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RESET ERROR LATCH 1 U  
E-ROR 

DRIVE SEL ERROR IL) 

1625 ps LATCh'SECT TIME IH l  

VOL CHECK IHI 

WRITE LOCK (HI 

OP'VE EH-OP 'Mi SECT 'LJ 
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'DL41 

SECT CLK PLS !H. 

R/W 
LOGIC 

VELOCITY SIGNAL 
ENABLE 
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COUNT PLSIH 

IDL41 

CONTROL 
VELOCITY VEL CMD 

SIGN FORWARD IHI 

TRACK COUNT 0 IH1 
LOGIC 
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WRITE M O T E T  

INTERFACE '' 
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SECT DET IL) SPIN DOWN (!.I START DRIVE MOTOR i ~ l  

LOGIC FOR IL) POWLOAD CARTRIDGE (U BniJSM CYCLE ILI 
1 

BPiJSH HOME SWI-Cti L,  CONT SPEED UP ILI 10L,, 
DISK MOTOR OFF (Li SECT TIME (LI f (DL71 
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SEL BIT 0 IL) LGAO CARTRIDGE ENABLE I M ~  
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I 

Figure 4-1 Disk Drive Detailed Block Diagram 



The e l e c t r o m e c h a n i c a l  a s s e m b l i e s  and s u b a s s e m b l i e s  l i s t e d  be low 
a r e  r e p r e s e n t e d  b y  t h e  d e t a i l e d  b l o c k  d i a g r a m .  

e P o s i t  i o n e r  Assembly  

a T a c h o m e t e r  S i g n a l  

R e a d / W r i t e  Heads  

0 P o s i t i o n e r  D r i v e  Motor 

S p i n d l e  Assembly 

0 S p i n d l e  D r i v e  Motor 

a D r i v e  Motor C a p a c i t o r  

e S e c t o r  T r a n s d u c e r  

e B r u s h  Motor 

C a r t r i d g e  A c c e s s  Cover  L o c k i n g  S o l e n o i d  

A l l  d r i v e  c o n t r o l  s i g n a l s ,  d a t a  p a t h s  and c o n n e c t o r  p i n  n u m b e r s  
a r e  d e f i n e d  by t h e  d e t a i l e d  b l o c k  d i a g r a m .  

4 .2 .1  Power Up 
Power Up is n o t  c o n s i d e r e d  h e r e  a s  a mach ine  s t a t e ,  b u t  is t r e a t e d  
a s  a  s p e c i a l  s i t u a t i o n ,  a s  w e l l  a s  a c o n v e n i e n t  e n t r y  i n t o  the 
m a c h i n e  cycle d e s c r i p t i o n s .  When power is a p p l i e d  t o  t h e  d r i v e  
t h e  s i g n a l  Power On Reset i s  g e n e r a t e d .  This s i g n a l  r e s e t s  
i n t e r n a l  f u n c t i o n s  and t h e r e f o r e  goes t o  much o f  the c i r c u i t r y .  
A t  t h i s  t i m e  t h e  m a c h i n e  is  f o r c e d  t o  a s p e c i a l  case of t h e  " S p i n  
Down" s t a t e .  ( S e e  F i g u r e  4-16 o f  S p i n  Down.) W h i l e  i n  t h i s  s t a t e  
t h e  s p i n d l e  is e n e r g i z e d  b u t  i n  b r a k e  mode ( t u r n i n g  s l o w l y )  a n d  
w a i t i n g  f o r  t h e  d i s k  s t o p p e d  t i m e r  t o  t i m e  o u t .  N o t i c e  t h e  LOAD 
l i g h t  is  n o t  y e t  e n e r g i z e d  ( b y  LOAD CART E N  ( H )  ) . When t h e  t i m e r  
t i m e s  o u t  ( a f t e r  a p p r o x i m a t e l y  15 s e c o n d s ) ,  t r a n s i t i o n  i n t o  t h e  
Load C a r t r i d g e  c y c l e  s h o u l d  h a p p e n .  A d e t a i l e d  e x p l a i n a t  i o n  o f  
Load C a r t r i d g e  is Eound i n  P a r a g r a p h  4.2.2.  

4.2.2 Load C a r t r i d g e  Cycle - F i g u r e  4 -2  is a  f u n c t i o n a l  d i a g r a m  
s h o w i n g  c o n t r o l  s i g n a l s  and d a t a  p a t h s  which  a r e  e n a b l e d  d u r i n g  
t h e  Load C a r t r i d g e  c y c l e  o f  D e v i c e  S t a r t u p .  F i g u r e  4 - 3  i s  a 
t i m i n g  d i a g r a m  which  s h o w s  t h e  s e q u e n c e  of e v e n t s  which  s t a r t  and 
end t h i s  c y c l e .  



CONDITIONS CAUSING LOAD CARTMDCt: NEXT STATE: 

ERROR STATE COMMAND 
SPIN UP 

GATED BY. 

I WEN RUN ILI 

SYSTEM 
CLOCK 

INTEGRATOR 1 LOGIC (DL71 

d 

ORIVI  STATE 8ITSA.B.C 

BRUSH HOME (HI - 
HOME SWITCH IU 

COVEB OPEN IHI 
r 

ERROR LOGIC 
101.51 

VELOCITY 
LOGIC 

- 
TIME OUT ILi 

ERROR STATE ! i t  

DISK STOPPED !L 

STATE CONTROL 

i t - L l l  

DISK SPEED 
CONTROL 

SQUSh +OM5 SWITCH ,L) 

COdER OPEN -.-I! 

LOAD CARTRIDGE EhABLE IMI 

I 

CONTROL PANEL - 1 
RUN !Ll I -- 

LOAD LAMP (Hi -- 
LOAD UBTRIOGE C'T.E - STATE 000 

F i g u r e  4-2 Device S t a r t u p  - Load Cartridge Cycle 



(000) (am) 
SIGNAL 

SPIN DOWN CYC.(L) 

LOAD CART. CYC (L) 

SPIN UPCYC (L) 

BRUSH HM SW (L) 

HOME SWITCH (L) 

RUN (Ll 

COVER OPEN (H) 

ERR STATE CMD IL) 

DISK ON SPEED (L) 

DISK STOPPED (L) 

TRK CNT 0 (HI 

SPIN DOWN I LOAD CARTRIDGE I SPIN UP 

1 ,  I 

'DON'T CARE ABOUT" INPUT TO STATE ROM (TILL SEEK CYCLE) ' 
1 i / J  ! \ /  

BRUSH CYC. LATCH 

BRAKE (Ll 

SECT DET (L) D L6 

LOAD CART EN (HI DL1 
I 

DISK MOTOR OFF (L) J5-4 I 1 
I 

F i g u r e  4-3 Device Startup - Load Cartridge Timing 



T h e s e  a r e  t h e  p r e c o n d i t i o n s  f o r  t h e  Load C a r t r i d g e  c y c l e .  

a The C a r t r i d g e  A c c e s s  Cover  S o l e n o i d  h a s  se 'nsed  t h a t  t h e  
c o v e r  is  o p e n  and t h e  R U N  s w i t c h  h a s  n o t  b e e n  d e p r e s s e d  

a The b r u s h e s  a r e  i n  t h e  home p o s i t i o n  

The R e a d / W r i t e  h e a d s  a r e  home 

a No s e c t o r s  a r e  b e i n g  d e t e c t e d  ( i . e . ,  t h e  s p i n d l e  is  
s t o p p e d )  

I f  t h e s e  c o n d i t i o n s  h a v e  b e e n  m e t ,  t h e  LOAD i n d i c a t o r  o n  t h e  
C o n t r o l  P a n e l  w i l l  be i l l u m i n a t e d .  

When t h e  c a r t r i d g e  is l o a d e d  and t h e  c o v e r  is c l o s e d ,  t h e  n e x t  
c y c l e  f o r  D e v i c e  S t a r t  up  i s  " s p i n - u p " .  T h i s  c y c l e  is s t a r t e d  b y  
d e p r e s s i n g  t h e  RUN p u s h ~ b u t t o n .  

I t  is p o s s i b l e  t h a t  t h e  c o n t r o l l e r  may b e  r e q u e s t i n g  s t a t u s  d u r i n g  
t h i s  c y c l e .  I n  t h i s  c a s e ,  the d r i v e  s t a t e  b i t s  ( A ,  B ,  and C )  
would s i g n i f y  O n  o r  " lo ' ad  c a r t r i d g e " .  

4.2.3 S p i n u p  Cycle - F i g u r e  4-4 is a f u n c t i o n a l  d i a g r a m  s h o w i n g  
c o n t r o l  s i g n a l s  and  d a t a  p a t h s  which  a r e  e n a b l e d  d u r i n g  t h e  S p i n u p  
cycle o f  Device S t a r t u p .  F i g u r e  4 - 5  is a t i m i n g  d i a g r a m  w h i c h  
shows t h e  sequence of e v e n t s  which  start and end t h i s  c y c l e .  

T h e s e  a r e  t h e  p r e c o n d i t i o n s  f o r  t h e  s p i n - u p  c y c l e .  

The c a r t r i d g e  must  be l o a d e d  w i t h  d u s t  c o v e r  i n  p l a c e  and 
t h e  c o v e r  c l o s e d  

a The b r u s h e s  m u , s t  be  i n  t h e  home p o s i t i o n  

a The h e a d s  m u s t  be i n  t h e  home p o s i t i o n  

The d i s k  must  be s t o p p e d  

a The d r i v e  m u s t  be s e l e c t e d  

I f  t h e s e  c o n d i t i o n s  h a v e  b e e n  m e t ,  t h e  s p i n u p  c y c l e  w i l l  b e g i n  
when t h e  R U N  s w i t c h  is d e p r e s s e d .  A t  t h i s  t i m e ,  S t a r t  D r i v e  Motor  
( L )  w i l l  be a s s e r t e d .  Power w i l l  be a p p l i e d  t o  t h e  S p i n d l e  D r i v e  
Motor and i t  w i l l  begs in  t o  r o t a t e  t h e  s p i n d l e .  A s  t h e  d i s k  t u r n s ,  
t h e  s e c t o r  s l o t s  l o c a t e d  on t h e  c a r t r i d g e  a r m a t u r e  p l a t e  w i l l  b e  
s e n s e d  by t h e  s e c t o r  t r a n s d u c e r .  A s  e a c h  s e c t o r  s l o t  is s e n s e d ,  
t h e  S e c t o r  D e t e c t e d  (L) s i g n a l  w i l l  b e  a s s e r t e d .  As s o o n  a s  t h e  
time b e t w e e n  s e c t o r  p u l s e s  i s  b e t w e e n  594 a n d  624 m i c r o s e c o n d s ,  
t h e  d i s k  s p e e d  c o n t r o l  l o g i c  (DL4) w i l l  s e n d  Disk  On Speed ( L )  t o  
t h e  S t a t e  C o n t r o l  L o g i c  ( D L 1 ) .  T h i s  s i g n a l  b e g i n s  Brush  C y c l e .  



NTERFACE 
.OCIC 10LB) 

HEOUWED WtCONOmONS FOH SPIN W STATE. NEXT STATE - COVER CLOSCO BRUSH CYCLE . BRUSMiS MOMt GATED BY.  

*HEADSHOME DISK OH SPEED 
ON SPEED 

a ERBOfl STATE COMMAND 
RUN 

DISK MOTOR OFF I i ,  

BRUSH HOME SWITCh ILI 

1 AC HOT 

RAW SECTOfl PULSE I 
snu UP CYCLE SVTE 10011 

Figure  4-4 Device Startup - Spin-up Cycle 



SIGNAL 

LOAD CART. CYC. (L) 

SPIN UP CYC. (L) 

BRUSH CYC. (L) 

BRUSH H M  SW (L) 

HOME SW !U 

RUN (L) 

COVER OPEN CMD (L) 

ERR STATE CMD (L) 

DISK ON SPEED (IJ 

DISK STOPPED (L) 

TRK CNT 0 (H) 

(000) I ("D I 

I I 
0 

LOAD CARTRIDGE 1 SPIN UP I BRUSH CYCLE 

DL1 I 

D L.l 

DL  1 

J5-17Il\ * 
J4-9 

J11-7 

--- 
\ 

J5-2 -- 1 
D L ~  THIS STATE ROM INPUT CAN FORCE AUTOMATIC STATE CHANGES: ALSO DRIVES FAULT LIGHT. 

BRUSH CYC. LATCH (H) J5-5  

SECT DET (L) D L6 

v I 
LOAD CART EN (H) DL  1 I / 

I 

DISK MOTOR OFF (L) J5-4 1 I 

BRUSH CYCLE (L) I I 
BRUSH MOTOR DRIVE] J5-3 I I 

F i g u r e  4-5 Device Startup - Spin-up Cycle Timing 



4.2.4 B r u s h  Cycle - F i g u r e  4-6 is a  f u n c t i o n a l  d i a g r a m  s h o w i n g  
c o n t r o l  s i g n a l s  and d a t a  p a t h s  w h i c h  a r e  e n a b l e d  d u r i n g  t h e  B r u s h  
C y c l e  o f  D e v i c e  S t a r t u p .  F i g u r e  4-7 is  a t i m i n g  d i a g r a m  w h i c h  
s h o w s  t h e  s e q u e n c e  o f  e v e n t s  w h i c h  s t a r t  and  end  t h i s  c y c l e .  

The  b r u s h  c y c l e  i s  e n t e r e d  when t h e  d i s k  s p e e d  c o n t r o l  (DL4) 
d e t e c t s  t h e  s p i n d l e  is up t o  s p e e d .  When t h e  d r i v e  is i n  t h e  
B r u s h  c y c l e ,  t h e  f o l l o w i n g  c o n d i t i o n s  e x i s t .  

a T h i s  d i s k  i s  s p i n n i n g  up  t o  s p e e d  ( C o n t r o l  C i r c u i t  
a c t i v e )  

=a The b r u s h  d r i v e  is e n e r g i z e d  ( b r u s h e s  s w e e p i n g  out o v e r  
t h e  d i s k )  . 

T h e  c y c l e  is p r o v i d e d  t o  a l l o w  t h e  b r u s h e s  t o  c l e a n  a n y  d e b r i s  
t h a t  may b e  o u t  on  t h e  d i s k  s u r f a c e  p r i o r  t o '  l o a d i n g  h e a d s .  The  
n e x t  c y c l e  a f t e r  B r u s h  C y c l e  is Load H e a d s  and  t h e  t r a n s i t i o n  
o c c u r s  when t h e  b r u s h e s  r e t u r n  t o  t h e  home p o s i t i o n .  T h e  s i g n a l  
B r u s h  Home SW (L) r e s e t s  t h e  B r u s h  l a t c h  f o r c i n g  t h e  s t a t e  ROM 
change. 

4.2 .5  Load H e a d s  C y c l e  - F i g u r e  4-8 is  a  f u n c t i o n a l  d i a g r a m  
s h o w i n g  c o n t r o l  s i g , n a l s  and  d a t a  p a t h s  w h i c h  a r e  a c t i v e  d u r i n g  t h e  
Load H e a d s  C y c l e  o f  d e v i c e  s t a r t u p .  F i g u r e  4-9 i s  a t i m i n g  
d i a g r a m  s h o w i n g  t h e  s e q u e n c e  o f  events w h i c h  s t a r t  and  e n d  t h i s  
c y c l e .  

T h e s e  a r e  t h e  p r e c o n d i t i o n s  f o r  t h e  Load H e a d s  c y c l e .  

e The c o v e r  m u s t  be c l o s e d  
Ã The h e a d s  m u s t  be home 
dl The b r u s h e s  m u s t  b e  home and  h a v e  c o m p l e t e d  a b r u s h  c y c l e  
e No d r i v e  e r r o r s  a r e  s e n s e d  
Ã The d i s k  m u s t  be on  s p e e d  

As s o o n  a s  t h e  b r u s h  c y c l e  is  c o m p l e t e d ,  t h e  d r i v e  b e g i n s  t h e  Load 
H e a d s  C y c l e .  The  S t a t e  C o n t r o l  L o g i c  (DL1) s e n d s  a b i n a r y  
v e l o c i t y  command ( 1 0 )  t o  t h e  DC S e r v o  L o g i c  w h i c h ,  i n  t u r n ,  
i n i t i a t e s  a s i x  i p s  v e l o c i t y  command t o  t h e  p o s i t i o n e r  d r i v e  
moto r - .  



REQUIRED PRECONDITIONS FOB BRUSH CYCLE: NEXT STATE 
COVER CLOSED LOAD HEADS 

*MUSHESHOME 
HEADS HOME 
DISK STOWED 
ON SPEED 

GATED BY. 
BRUSH CYCLE LATCH ,P 

LOGIC (DL81 

DISK SPEED 
CONTROL 
IDL41 DISK ON SPEED (LI 

1 CONTROL PANEL 1 
HUSH CYCU - STATE 010 

DC SEW 
LOGIC 

I 

SECTOR 
XOUCER 

F i g u r e  4-6 Device Start-up - Brush Cycle 



SIGNAL I (00?> 
I 
I 

@ I 
I 

(on) 

I SPIN UP 1 I LOAD HEADS BRUSH CYCLE 
- 

SPIN UP CYC. (L) I 
I 

BRUSH CYC. (L) DL1 
, 

LOAD HEADS CYC. (L) DL1 

BRUSH HOME SW (L) J5-17., 

HOMESWL!  . J4-9 , 

RUN (L) J11-7 , 

COVER OPEN (L) J5-2 . 
ERR STATE CMD (L) DL5 THIS STATE ROM 

I 

DISK ON SPEED (L) D L4 

DISK STOPPED (L) DL5 , I 
I 

TRK CNT 0 (HI "DON'T CARE ABOUT" INPUT TO STATE ROM (TILL SEEK CYCLE). 

BRUSH CYC. LATCH (HI J5-5 

SECT D ET (L) D L6 

t 
BRUSH CYCLE (LI J5-3 I 

(BRUSH MOTOR DRIVE) , -  ̂
DIRECTION J4- 17 I 1 

VEL 1 CMD (HI DL1 , I 
I 

TIMEOUT CMD ( L )  D L ~  1 
I 

1_________ 
1 

CZ- 1026 

Fiuure  4-7 Device s tar t -11r~  - Brush Cvcle Timinq 



INTERFACE 
LOGIC IOLBI 

REQUIRED PRfXOfitXTK)NS FOR LOAD HEADS NEXT STATE: 
COVER CLOSED GUARD BAND SEEK 

-BAUSHESHOME GATED BY: 
HEADS HOME HEADS HOME 
ON SPEED 
BBUSH CYCLE 
GUARD BAND 

DRIVE STATE Â¥IT IA.B.Cl 
4 

LOADS HDS IU L 
VELOCITY MODE ID - 1 1  
HOME SWITCH ID 4' I 

J 1 J3 

* BRUSH HOME SWITCH IL! 17 I 
- 

AC SERVO 
J2 

LOG. 0 - 
ACHOT - 

XI AC NEUT --- 
AC GMD 

CONTHOL PANEL 

LOAD HEADS CYCLI - 01 1 

' la 

F i g u r e  4-8 Device Start-up - Load Heads Cycle 



SIGNAL I (E) 
BRUSH CYCLE 1 LOAD HEADS 

I 

I SEEK 

BRUSH CYC. (L) DL1 8 

LOAD HEADS CYC. (L) DL1 

SEEK CYC. (L) DL1 

BRUSH HOME SW (L) J5-17 

HOME SW (L) 

RUN (L) 

COVER OPEN (L) 

ERR STATE CMD (L) 
DL5 I THIS STATE ROM INPUT CAN FORCE STATE CHANGES; ALSO DRIVES FAULT LIGHT 

\ \ I I I 1 I 

DISKON SPEED [L) DL4  4\\ 11 1 [ 
DISK STOPPED (L) DL5 

TRK CNT 0 (HI DL2 1 "DON'T CARE ABOUT" INPUTTO STATE ROM (TILL SEEK CYCLE). ' 
I 

BRUSH CYC. LATCH (H) DL1 1 
I 

SECT. DET. (L) D L6 

BRUSH CYCLE (L) J 5-3 I 
(BRUSH MOTOR DRIVE) 1 
DIRECTIONFWD(L) J4-17 I 

VEL 1 CMD (H) DL1 .. 
I 

VEL 2 CMD (H) DL I 1 
TIMEOUT CMD {L) D L5 \ 

i 8 

CZ-1028 



The S t a t e  C o n t r o l  L o g i c  a l s o  p r o d u c e s  t h e  c o n t r o l  s i g n a l s  1 i s t e d  
below.  

D i r e c t i o n  Forward ( L )  w h i c h  i n s t r u c t s  t h e  p o s i t i o n e r  t o  
move t h e  h e a d s  t o w a r d  t h e  s p i n d l e  

a V e l o c i t y  Mode (L) w h i c h  i n s t r u c t s  t h e  DC S e r v o  L o g i c  t o  
a c c e p t  a  vel .oc; i  t y  command 

R e s e t  T r a c k  C o u n t  ( L )  which  c l e a r s  t h e  t r a c k  c o u n t e r  

0 Load Heads  ( L )  i s  s e n t .  t o  t h e  E r r o r  ~ o g i c  (DL5) t o  
p r o d u c e  V o l u m e  Check ( H )  w h i c h  s i g n i f i e s  t h a t  t h e  
c a r t r i d g e  may h a v e  b e e n  c h a n g e d  

The r e a d / w r i t e  h e a d s  a r e  d r i v e n  olff t h e  head l o a d i n g  ramp a t  s i x  
i p s  and o u t  o v e r  t h e  head  l o a d i n g  p o r t i o n  o'f t h e  d i s k  s u r f a c e .  
The d r i v e  e n t e r s  t h e  s e e k  c y c l e  a s  s o o n  a s  t h e  h e a d s  l e a v e  t h e i r  
home p o s i t  i o n .  

4.2.6  Guard Band Seek Cycle - F i g u r e  4-10 i s  a  f u n c t i o n a l  
d i a g r a m  s h o w i n g  c o n t r o l l  s i g n a l s  and data p a t h s  which  a r e  a c t i v e  
d u r i n g  t h e  Guard Bank Seek  c y c l e  o f  d e v i c e  s t a r t u p .  F i g u r e  4-11 
is a  t i m i n g  d i a g r a m  showing  t h e  s e q u e n c e  o f  e v e n t s  which  s t a r t  a n d  
end  this c y c l e .  

T h e s e  a r e  t h e  p r e c o n d i t i o n s  f o r  t h e  Guard Band S e e k  c y c l e .  

e The c o v e r  m u s t  hp c l o s e d  
e The b r u s h e s  must  b e  home 

The h e a d s  must b e  l o a d e d  and moving 
No d r i v e  e r r o r s  a r e  b e i n g  s e n s e d  

0 The d i s k  m u s t  be u p  t o  s p e e d  

As s o o n  a s  t h e  h e a d s  l e a v e  t h e i r  home p o s i t i o n ,  t h e  d r i v e  e n t e r s  
seek mode. However,  i t  m u s t  d e t e r m i n e  i f  i t  is p e r f o r m i n g  a 
n o r m a l  o r  a g u a r d  band s e e k .  

A s  t h e  r e a d / w r i t e  h e a d s  move a c r o s s  t h e  head  l o a d i n g  zone  o f  t h e  
d i s k  and i n t o  t h e  o u t e r  g u a r d  b a n d ,  t h e  p r e f o r m a t t e d  s e r v o  d a t a  i s  
s e n s e d .  T h i s  p r o d u c e s  t h e  signal A m p l i t u d e  S e n s o r  ( H )  wh ich  
s i m p l y  a c k n o w l e d g e s  t h a t  some form o f  d a t a  is  b e i n g  r e a d .  S e r v o  
Da ta  1, S e r v o  Da ta  2 a n d  A m p l i t u d e  S e n s o r  ( H )  a r e  s e n t  t o  t h e  
I n t e g r a t o r  L o g i c  (DL7) where  t h e y  a r e  p r o c e s s e d  and d e c o d e d  i n t o  
s e r v o  s a m p l e  s i g n a l s  . E l  and  E 2 .  

The I n t e g r a t o r  L o g i c  d e t e r m i n e s  t h a t  o n l y  o n e  o f  t h e  two g u a r d  
band z o n e s  is  b e i n g  c r o s s e d  d u e  t o  t h e  s p e c i a l  p r e r e c o r d e d  s e r v o  
b u r s t  f o r m a t  ( r e f e r  t o  P a r a g r a p h  2.2.3) and p r o d u c e s  Guard Band 
(HI 



REQUIRED PBECONOITIOÃˆt FOB GUARD BAND SEEK NEXT STATE 
M U S H E S  HOME 
RUN 

LOCK ON 
GATED BY.  

EBHOfl STATE THACK COUNT = 0 
ON SEED 
TRACK COUNT = 0 

HEADSHOME 
GUARD BAND 

DRIVE STATUS 

INTERFACE 

STATUS LOGIC 

1 
DISK SPEED 
CONrnOL 
lDL4b 

R d S H  HOME SWITCH (LI . 

Â¥ 

L CONTÃ‡O PANEL 1 
GUARD B a h D  SEEK CYCLE 300 

AC HOT 

Big 

Picture 4-10 Device Start-un - S e e k  Cvcle 



SIGNAL (on) 1 Qoo) 1 QEÃ 
LOAD HEADS 1 SEEK I LOCK ON 

LOAD HEADS CYC. (L) DL1 1 

SEEK CYC. (U 

LOCK ON CYC. (L) 

BRUSH HOME SW (L) 

HOME SW (L) 

RUN (L) 

COVER OPEN (L) 

ERR STATE CMD (L) 

DISK ON SPEED (L) 

GUARD BAND (H) 

TRK CNT 0 (H) 

SECT. DET. (L) 

RESET TRK CNT (L) 
(FROM GUARD BAND) 

VEL 1 CMD (H) 

VEL 2 CMD (H) 

VEL MODE (L) 
(VELOCITY) 
POS MODE {L) 
(POSITION) 
TIMEOUT CMD (L) 

cz- 1 030 

F i g u r e  4-11 Device Start-up - Seek Timing 



A g a i n ,  d u e  t o  t h e  s p e c i a l  s e r v o  f o r m a t ,  t h e  s i g n a l  E l  Held i s  
p r o d u c e d .  T h i s  s i g n a l ,  i n  c o n j u n c t i o n  w i t h  Guard Band (H) , a l l o w s  
t h e  S t a t e  C o n t r o l  L o g i c  t o  d e t e r m i n e  t h a t  t h e  p o s i t i o n e r  i s  
c r o s s i n g  t h e  o u t e r  Guard Band. 

A t  t h i s  t i m e ,  t h e  V e l o c i t y  Command c h a n g e s  t o  a  b i n a r y  01 .  The 
V e l o c i t y  C o n t r o l  L o g i c  (DL2) r e d u c e s  t h e  p r e v i o u s  Load Heads  
v e l o c i t y  command of  s i x  i p s  t o  t h r e e  i p s .  

4.2.7 Lock o n  ( D e v i c e  Ready)  - F i g u r e  4 - 1 2  is  a  f u n c t i o n a l  
d i a g r a m  showing  t h e  c o n t r o l  s i g n a l s  and d a t a  p a t h s  which  a r e  
a c t i v e  d u r i n g  t h e  Lock On T r a c k  0 c y c l e  of D e v i c e  S t a r t u p .  F i g u r e  
4-13 i s  a  t i m i n g  d i a g r a m  showing t h e  s e q u e n c e  o f  e v e n t s  which  
s t a r t  and end t h i s  c y c l e .  

T h e s e  a r e  t h e  p r e c o n d i t i o n s  f o r  t h e  Lock On T r a c k  0 c y c l e .  

e The c o v e r  m u s t  be  c l o s e d  

e The b r u s h e s  must  be  home 

a The h e a d s  must  be  l o a d e d  and t r a v e l i n g  a c r o s s  t h e  o u t e r  
g u a r d  band 

e N o  d r i v e  e r r o r s  a r e  b e i n g  s e n s e d  

e The d i s k  m u s t  be on s p e e d  

W h i l e  t h e  p o s i t i o n e r  is t r a v e l i n g  a c r o s s  t h e  o u t e r  Guardband  z o n e ,  
t h e  r e a d / w r i t e  h e a d s  a r e  o n l y  d e t e c t i n g  S s e r v o  b u r s t s ,  d u e  t o  
t h e  g u a r d  band s e r v o  f o r m a t .  A s  s o o n  a s  2 b u r s t s  a r e  d e t e c t e d ,  
t h e  i n t e r g r a t o r  l o g i c  (DL7) d e t e r m i n e s  t h a t  t h e  p o s i t i o n e r  i s  no 
l o n g e r  w i t h i n  t h e  g u a r d b a n d  and c a u s e s  t h e  s i g n a l  Guardband  (H) t o  
g o  low. T h i s ,  i n  t u r n ,  c a u s e s  Track  C o u n t  = 0 ( H )  t o  be  e n a b l e d  
which  a l l o w s  t h e  S t a t e  C o n t r o l  L o g i c  ( D L 1 )  t o  c h a n g e  f rom V e l o c i t y  
Mode t o  P o s i t i o n  Mode. 

The s i g n a l  P o s i t i o n  Mode ( L )  i n s t r u c t s  t h e  DC S e r v o  L o g i c  t o  b e g i n  
a c c e p t i n g  i n c r e m e n t a l  p o s i t i o n i n g  s i g n a l s  f rorn t h e  I n t e g r a t o r  
L o g i c  and t o  l o c k  on t o  t h e  n e g a t i v e  s l o p e  of t h e  p o s i t i o n e r  
s i g n a l .  

A t  t h e  same t i m e ,  a r e a d y  t o  r e a d / w r i t e  t i m e o u t  i s  s e t  which  
a l l o w s  6.5 m i l l i s e c o n d s  f o r  t h e  p o s i t i o n e r  t o  s e t t l e  i n t o  p l a c e  o n  
d a t a  t r a c k  0. A f t e r  . the 6 . 5  m i l l i s e c o n d  t i m e o u t ,  t h e  s i g n a l  Ready 
t o  R e a d / W r i t e  ( L )  is  e n a b l e d .  T h i s  s i g n a l  i l l u m i n a t e s  t h e  Ready 
Lamp on t h e  C o n t r o l  P a n e l  and s e n d s  D r i v e  Ready and Read Da ta  t o  
t h e  c o n t r o l l e r .  

The d r i v e  is now r e a d y  t o  r e c e i v e  c o n t r o l l e r  w r i t e  and s e e k  
commands. 



OHIVI 
MEAD' 

ERROW LOGIC 
$DL51 

TIME OUT IU 

ERR STATE iLÃ 

CONTROL PANEL 1 

AC HOT 

AC MEUT 

AC GNO 

SECTOR 
XOUCER 

F i g u r e  4-12 Device Startup - L o c k  on Track 0 



SIGNAL Cno) 
LOCK ON 1 

I UNLOAD HEADS 

SEEK CYC. (L) D L1 I 

LOCK ON CYC (L) 

UNLOAD HEADS CYC. (L) DL1 

BRUSH HOME SW (L) 

HOME SW (L) 

RUN (L) 

COVER OPEN (L) 

ERR STATE CMD (L) 

DISK ON SPEED (L) 

GUARD BAND (HI 

TRK CNT 0 (H) 

RESET TRK CNT (L) 

DIRECTION FWD (L) 

VEL 1 CMD (H) 

VEL 2 CMD (HI 

VEL MODE (L) 
(VELOCITY) 
POS MODE (L) 
(POSITION) 
TIMEOUT CMD (L) 

r 

I 

THIS STATE ROM INP 

. 
(DOESN'T CARE) 

L 

h 

I 

I 

t 

I I I 

F i g u r e  4-13 Device Startup - Lock on Track 0 Timing 



4.2.8 Unload  Heads 
F i g u r e  4 - 1 4  i s  a  f u n c t i o n a l  d i a g r a m  showing  c o n t r o l  s i g n a l s  and 
d a t a  p a t h s  w h i c h  a r e  a c t i v e  d u r i n g  t h e  Unload H e a d s  c y c l e  and t h e  
e m e r g e n c y  r e t r a c t  f u n c t i o n .  

F i g u r e  4-15 is  a  t i m i n g  d i a g r a m  which  shows t h e  s e q u e n c e  o f  e v e n t s  
which  o c c u r  d u r  i n g  t h e s e  d e v i c e  o p e r a t  i o n s .  

T h e s e  a r e  t h e  p r e c o n d i t i o n s  f o r  t h e  Unload Heads  c y c l e .  

e The c o v e r  must: be c l o s e d  

e The b r u s h e s  must  be home 

The d i s k  m u s t  b e  on  s p e e d  

e The p o s i t i o n e r  is t o  t r a v e l  t o w a r d  t h e  home p o s i t i o n .  

The Unload Heads c y c l e  is i n i t i a t e d  b y  d e p r e s s i n g  t h e  R U N  s w i t c h  
o n  a d r i v e  t h a t  was r e a d y  ( u p  t o  s p e e d ,  on  t r a c k ,  no e r r o r s  e t c . )  . 
D e p r e s s i n g  t h e  R U N  s w i t c h  i m m e d i a t e l y  forces a s t a t e  ROM c h a n g e .  
T h e  S t a t e  C o n t r o l  L o g i c  s e n d s  a  b i n a r y  v e l o c i t y  command of  11 t o  
t h e  DC S e r v o  L o g i c  which  i n i t i a t e s  a 1 5  i p s  v e l o c i t y  command t o  
d r i v e  t h e  p o s i t i o n e r  t o w a r d s  t h e  home p o s i t i o n  and t e l l  i t  is  
c o m p l e t e l y  o f f  t h e  d i s k  s u r f a c e .  When t h e  p o s i  t i o n e r  r e a c h e s  t h e  
home p o s i t i o n ,  t r a n s i t i s o n  i n t o  S p i n  Down c y c l e  o c c u r s .  

The e r r o r  c o n d i t i o n s  be low w i l l  c a u s e  t h e  p o s i t i o n e r  t o  u n l o a d  t h e  
r e a d / w r i t e  h e a d s  u n d e r  c o n t r o l  o f  t h e  S t a t e  C o n t r o l  L o g i c  ( D L l )  a s  
d e s c r i b e d  a b o v e .  

T h e  d r i v e  s e n s e s  W r i t e  G a t e  and S e c t o r  Pulse 
s i m u l t a n e o u s 1  y ( S t a t u s  Wolrd, B i t  1 0 )  

T h e  d r i v e  s e m s e s  W r i t e  C u r r e n t  w i t h o u t  W r i t e  G a t e  
a s s e r t e d  ( S t a t u s  Word, Bit 1 4 ) ,  o r  p o s i t i o n  t h r e s h o l d  
d u r i n g  w r i t e  g a t e  

No t r a n s i t i o n s  a r e  d e t e c t e d  on t h e  Write Da ta  L i n e  b u t  
W r i t e  G a t e  is a s s e r t e d  ( S t a t u s  Word, B i t  1 5 ) .  

I n  t h e  e v e n t  o f  a n  ac  p o w e r  f a i l u r e ,  t h e  p o s i t i o n e r  w i l l  
i m m e d i a t e l y  u n l o a d  t h e  r e a d / w r  i t e  h e a d s  by d i s c h a r g i n g  a c a p a c i t o r  
i n t o  t h e  DC S e r v o  Motor c o n t r o l  c i r c u i t r y .  

4.2.9 S p i n  Down 
F i g u r e  4-16  is  a  f u n c t i o n a l  d i a g r a m  showing  c o n t r o l  s i g n a l s  and 
d a t a  p a t h s  w h i c h  a r e  e n a b l e d  d u r i n g  t h e  S p i n  Down C y c l e .  F i g u r e  
4-17 is a  t i m i n g  d i a g r a m  which  shows t h e  s e q u e n c e  o f  e v e n t s  w h i c h  
s t a r t  and end t h i s  c y c l e .  
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F i g u r e  4 - 1 4  Device S t a r t u p  - Unload Heads 



SIGNAL 

LOCK ON CYC. (L) DL 

JNLOAD HEADS CYC. (L) DL1 

(no) 
LOCK ON 1 UNLOAD HEADS I SPIN DOWN 

SPIN DOWN CYC. (L) 

BRUSH HOME SW (L) 

HOME SW (L) 

RUN !L! 

COVER OPEN (L) 

ERR STATE CMD (L) 

DISK ON SPEED (L) 

DISK ON SPEED (U 

SECT DET (L) 

RESET TRK CNT (L) 

TRK CNT 0 (HI 

DIRECTION FWD (L) 

VEL 1 CMD (HI 

VEL 2 CMD (HI 

VEL MODE 'L) 
(VELOCITY) 

POS MODE (L) 
(POSITION) 

BRAKE (L) 

THIS STATE ROM INPUT CAN FORCE STATE CHANGES. ALSO DRIVES FAULT LIGHT. 

I 

F iqure  4-15 Device S t a r t u p  - Unload Heads Timing 



INTEGRATOR 
LOGIC (DL71 

DHIVE STATUS - DRIVE STATE BITS 4 # C c m 

COUNT LOGIC 
1DL31 

STATUS LOGIC 
IDL21 

ERROR LOGIC 
(DL51 

INTERFACE 
LOGIC IOL61 

VELOCITY 
CONTROL 

LOGIC 
I D U i  
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LOGIC (DL11 - 
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ACHGT -1 
AC NUET -. 
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F i g u r e  4-16 Device Startup - S p i n  Down 



SIGNAL 
1 (m) I 
I I GE9 

UNLOAD HEADS I SPIN DOWN 1 LOAD CARTRIDGE 

JNLOAD HEADS CYC. (L) DL1 I 

I 

SPIN DOWN CYC. (L) DL1jh -0AD CARTRIDGE CYC.(L) DL1 

BRUSH HOME SW (U 

^UME SW iL) 

RUN (L) 

:OVER OPEN (L) 

ERR STATE CMD (L) 

DISK ON SPEED (L) 

DISK STOPPED (L) 

SECT. DET. (L) 

DIRECTION FWD (L) 

VEL 1 CMD (H) 

VEL 2 CMD (HI 

BRAKE (L) 

LOAD CART EN (H) 

DISK MOTOR OFF (L) 

Figure 4-17 Device Startup - Spin Down Timing 



T h e s e  a r e  t h e  p r e c o n d i t i o n s  f o r  t h e  S p i n  Down c y c l e .  

a B r u s h e s  m u s t  b e  home 

Ã C o v e r  m u s t  b e  c l o s e d  

41 Run s w i t c h  m u s t  n o t  b e  d e p r e s s e d  

Ã H e a d s  m u s t  b e  home. 

The  t r a n s i t i o n  i n t o  S p i n  Down c y c l e  is made when t h e  p o s i t i o n e r  
r e a c h e s  home p o s i t i o n .  The S t a t e  C o n t r o l  L o g i c  t h e n  d i s a b l e s  t h e  
v e l o c i t y  command t o  t h e  DC S e r v o  L o g i c  and  e n a b l e s  t h e  b r a k e  
s i g n a l  t o  t h e  AC S e r v o  L o g i c .  The  s p e e d  d e t e c t i o n  c i r c u i t s  o f  t h e  
D i s k  S p e e d  C o n t r o l  L o g i c  d e t e c t  t h e  s p i n d l e  h a s  s t o p p e d  and  
i n i t i a t e s  a 1 5  s e c o n d  t i m e o u t .  When t h e  t imer times o u t  t h e  
t r a n s i t i o n  i n  Load C a r t r i d g e  s t a t e  o c c u r s  and  d i s a b l e s  t h e  b r a k e  
s i g n a l  . 
4 .3  EXTERNAL DRIVE FUNCTIONS 
To c o m p l e t e l y  u n d e r s t a n d  t h e  f u n c t i o n a l i t y  o f  t h e  d r i v e  r e q u i r e s  a 
k n o w l e d g e  o f  t h e  r e s p o n s e s  t o  t h e  commands f rom t h e  c o n t r o l l e r .  
The  f o u r  r e s p o n s e s  o r  f u n c t i o n s  t h e  d r i v e  p e r f o r m  a r e  G e t  S t a t u s ,  
Seek,, Read D a t a  and W r i t e  D a t a .  The t h r e e  commands NO-OP, Read 
D a t a  W i t h o u t  H e a d e r  Check and  W r i t e  Check d o  n o t h i n g  more  t h a n  
r e a d  d a t a .  The  f u n c t i o n a l  d i f f e r e n c e s  a r e  p e r f o r m e d  i n  t h e  
c o n t r o l l e r .  

F u n c t i o n a l  b l o c k  d i a g r a m s  a n d  f l o w  c h a r t s  a r e  u s e d  t o  show t h e  
r e l a t i o n s h i p  o f  c o n t r o l  s i g n a l s  and  d a t a  p a t h s  t o  t h e  d e v i c e  
o p e r a t i o n s .  T h e y  u t i l i z e  s i g n a l  mnemonics  and  F i e l d  M a i n t e n a n c e  
P r i n t  Set  R e f e r e n c e s  . 
4.3 .1  Get S t a t u s  
F i g u r e  4-18 is a f u n c t i o n a l  d i a g r a m  s h o w i n g  c o n t r o l  s i g n a l s  and  
d a t a  p a t h s  w h i c h  a r e  a c t i v e  when t h e  d r i v e  r e c e i v e s  a G e t  S t a t u s  
Command f r o m  t h e  C o n t r o l l e r  and  r e t u r n s  a  D r i v e  S t a t u s  Word. 

The  d r i v e  r e c e i v e s  t h e  command word f rom t h e  c o n t r o l l e r  a s  shown 
i n  F i g u r e  4-19.  

To p e r f o r m  a Get S t a t u s  b o t h  t h e  Marke r  and  G e t  S t a t u s  b i t s  m u s t  
b e  set i n  t h e  D r i v e  Command Word. The Reset b i t  i s  o p t i o n a l .  
When s e t  i t  c a u s e s  a l l  d r i v e  e r r o r  l a t c h e s  t o  b e  r e s e t  o n c e ,  
b e f o r e  l o a d i n g  t h e  d r i v e  s t a t u s  r e g i s t e r .  The  s i g n a l  Reset E r r o r  
L a t c h e s  (L) f r o m  DL2 p e r f o r m s  t h i s  f u n c t i o n .  When r e s e t ,  i t  d o e s  
n o t  r e se t  t h e  d r i v e  e r r o r  l a t c h e s .  When t h e  Get S t a t u s  and  M a r k e r  
b i t s  a r e  d e c o d e d  t h e  r e m a i n i n g  b i t s  1 5 : 0 4  a r e  i g n o r e d .  



SYSTEM 
CLOCK 

STATUS 
m 

STATUS 
CLOCK 

DRIVE 

AC LI 

DMVf 
S E W  I 

DalVt 
SELECT 

INTERFACE 
LOGIC IDLBI 

F 

12 

DISK SPEED 
CONTROL 
ID141 

I J l l  

VELOCITY 
CONTROL 

LOGIC 

HOME SW IU 

J 1 J3 

17 
7- 

2 - -I- 

BRUSH Ã‘ MOTOR 

AC HOT - 
AC NEUT 

ACGND 
SOLENOID 

I 

I CONTROL M h E L  I 
GET STATUS 

SECTOR 
XOUCEB 

Figure 4-18 G e t  S t a t u s  - Functional Block Diagram 



CYLINDER ADDRESS 
DIFFERENCE ( &  = 256) 

HEAD SELECT 
(0 = UPPER, 1 = LOWER) 

RESET 

SIGN 1 
(1  = MOVE HEADS TOWARD SPINDLE 
0 = MOVE HEADS AWAY FROM SPINDLE) 

G ET STATUS 

MARKER 

F i g u r e  4-19 Drive Command Word 



T h e  Command Word and Sys tem c l o c k  a r e  f i r s t  r e c e i v e d  by t h e  
I n t e r f a c e  L o g i c  (DL6) and t h e n  s e n t  t o  t h e  S t a t u s  and C o n t r o l  
L o g i c  (DL2).  The command is t h e n  decoded, and s i n c e  i t  is  a Get 
S t a t u s  Command, t h e  s t a t u s  c l o c k  g a t e  is e n a b l e d .  Any d r i v e  
e r r o r s ,  i n c l u d i n g  s t a t u s  b i t s  A,  B, and  C f rom t h e  S t a t e  C o n t r o l  
L o g i c  (DLl), a r e  r e t u r n e d  t o  t h e  I n t e r f a c e  ~ o g i c  where  t h e y  a r e  
t r a n s m i t t e d  t o  t h e  c o n t r o l l e r  i n  s y n c  w i t h  t h e  Status C l o c k .  

Note  t h a t  this f u n c t i o n  can be p e r f o r m e d  e v e n  i f  the d r i v e  i s  n o t  
r e a d y .  

R e f e r  t o  Pa rag raph  3 . , 3  f o r  a  d e t a i l e d  d e f i n i t i o n  o f  t h e  Drive 
S t a t u s  Word c o n t e n t s .  

4.3.2 Seek 
F i g u r e  4-20 is  a f u n c t i o n a l  d i a g r a m  showing  c o n t r o l  s i g n a l s  and 
d a t a  p a t h s  w h i c h  a r e  a c t i v e  when t h e  d r i v e  r e c e i v e s  a Seek Command 
f rom t h e  c o n t r o l l e r .  

F i g u r e  4 -21  s h o w s  t h e  D r i v e  Command word d u r i n g  a  s e e k  a s  i t  is  
r e c e i v e d  by t h e  I n t e r f a c e  L o g i c  ( D L 6 ) .  Note  t h a t  t h e  a b s e n c e  o f  
t h e  G e t  S t a t u s  b i , t  d e n o t e s  t h a t  t h e  command is i n d e e d  a seek .  

The s e r i a l  command word is s e n t  t o  S t a t u s  and C o n t r o l  L o g i c  ( D L 2 ) .  
A s  s o o n  a s  t h e  Marker  bit is s e n s e d ,  t h i s  l o g i c  r e a l i z e s  t h a t  i t  
has t h e  e n t i r e  1 6  b i t  word. 

The f o l l o w i n g  p r e c o n d i t i o n s  must be met ' b e f o r e  t h e  seek i s  
i n i t i a t e d .  

The b r u s h e s  a x e  i n  t h e  Home p o s i t i o n  

a The h e a d s  a r e  l o a d e d  

The d r i v e  is i n  RUN mode,  i .e . ,  

a The d r i v e  is s e l e c t e d  

The i n t e r f a c e  is e n a b l e d  

a Power is OK 

0 N o  d r i v e  e r r o r s  a r e  b e i n g  d e t e c t e d  

a The d i s k  i s  .up t o  s p e e d  
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CYLINDER ADDRESS 
DIFFERENCE (2a = 256) 

HEAD SELECT - 
(0 = UPPER, 1 = LOWER) 

SIGN -- 
( 1  = MOVE HEADS TOWARD SPINDLE 
0 = MOVE HEADS AWAY FROM SPINDLE:) 

GET STATUS; i 
(NOT SET - SEEK) 

MARKER (SYNC) 

F i g u r e  4-21 Drive Command Word During Seek 



As s o o n  a s  t h e  M a r k e r ,  S i g n  ( d i r e c t i o n )  and  T r a c k  D i f f e r e n c e  b i t s  
h a v e  b e e n  d e c o d e d  by t h e  T r a c k  D i f f e r e n c e  C o u n t e r  ( D L 2 ) ,  a n  
i n i t i a l  v e l o c i t y  command is  s e n t  t o  t h e  DC S e r v o  L o g i c .  T h e  S t a t e  
C o n t r o l  L o g i c  is i n  S e e k  ( o r  P o s i t i o n )  Mode. S e r v o  s a m p l e s  f o r  
t h e  R e a d / W r i t e  L o g i c  and  v e l o c i t y  f e e d b a c k  f r o m  t h e  P o s i t i o n e r  
T a c h o m e t e r  a r e  u s e d  b y  t h e  C o u n t  L o g i c  (DL3) t o  d e c r e m e n t  t h e  
T r a c k  D i f f e r e n c e  C o u n t e r .  A s  t h e  d i s t a n c e  t o  t h e  t a r g e t  t r a c k  
d e c r e a s e s ,  t h e  v e l o c i t y  command a l s o  d e c r e a s e s .  As s o o n  a s  t h e  
t r a c k  d i f f e r e n c e  c o u n t e r  h a s  c o u n t e d  down t o  z e r o ,  t h e  s i g n a l  
T r a c k  C o u n t  = 0 (H) is e n a b l e d .  

The  s i g n a l  P o s i t i o n  Mode ( L )  i n s t r u c t s  t h e  DC S e r v o  L o g i c  t o  
a c c e p t  i n c r e m e n t a l  p o s i t i o n i n g  s i g n a l s  f r o m  t h e  I n t e g r a t o r  L o g i c  
(DL?) and t o  l o c k  o n  t h e  n e g a t i v e  o r  p o s i t i v e  s l o p e  ( d e p e n d i n g  
upon t h e  d i r e c t i o n  o f  t h e  s e e k )  o f  t h e  p o s i t i o n e r  s i g n a l .  

A t  t h e  same  t ime,  a  Ready t o  R e a d / W r i t e  t i m e o u t  is  s e t  w h i c h  
a l l o w s  6.5 m i l l i s e c o n d s  f o r  t h e  p o s i t i o n e r  t o  s e t t l e  i n t o  p l a c e  on  
t h e  d e s i g n a t e d  t r a c k .  A f t e r  t h e  6 . 5  m i l l i s e c o n d  t i m e o u t ,  t h e  
s i g n a l  R e a d y  t o  R e a d / W r i t e  ( L )  i s  e n a b l e d .  T h i s  s i g n a l  
i l l u m i n a t e s  t h e  READY l a m p  o n  t h e  C o n t r o l  P a n e l  and s e n d s  D r i v e  
Ready and  Read D a t a  t o  t h e  c o n t r o l l e r .  

4 .3 .3  Read D a t a  
F i g u r e  4 -22  i s  a f u n c t i o n a l  d i a g r a m  s h o w i n g  c o n t r o l  s i g n a l s  and  
d a t a  p a t h s  w h i c h  a r e  a c t i v e  d u r i n g  Read Da ta  . 
The p r e c o n d i t i o n s  f o r  r e a d i n g  v a l i d  d a t a  a r e l i s t e d  be low.  

0 The d r i v e  h a s  b e e n  s e l e c t e d  b y  t h e  c o n t r o l l e r  

e H e a d s  a r e  l o c k e d  o n  a d a t a  t r a c k  ( e i t h e r  t r a c k  0 
i m m e d i a t e l y  f o l l o w i n g  a  Guard  Band S e e k ,  o r  t h e  t r a c k  
number  s p e c i f i e d )  d u r i n g  a  p r e v i o u s  s e e k  

e No d r i v e  e r r o r s  a r e  b e i n g  s e n s e d  

a The s p i n d l e  is on  s p e e d  

a The 6 . 5  m i l l i s e c o n d  Ready  t o  R e a d / W r i t e  t i m e o u t  c y c l e  h a s  
b e e n  c ' o m p l e t e d ,  w h i c h  o c c u r s :  

0 A f t e r  t h e  l a s t  b i t  of  a  c y l i n d e r  a d d r e s s  d i f f e r e n c e  
word h a s  b e e n  s h i f t e d  t o  t h e  s e l e c t e d  d r i v e  

When a  new r e a d / w r i t e  h e a d  h a s  b e e n  s e l e c t e d ,  even 
t h o u g h  t h e  d i f f e r e n c e  a d d r e s s  f o r  a  s e e k  is z e r o  

When a s e e k  d i f f e r e n c e  a d d r e s s  i s  z e r o  and  no c h a n g e  
i n  h e a d  s e l e c t i o n  h a s  o c c u r r e d .  



When t h e s e  p r e c o n d i t i o n s  h a v e  b e e n  m e t ,  M o d i f i e d  F r e q u e n c y  
~ o d u l a t i o n  (MFM)  encoded  r e a d  d a t a  ( s e e  P a r a g r a p h  2 . 2 . 3 )  is 
t r a n s f e r r e d  from t h e  d r i v e  to the c o n t r o l l e r  v i a  t h e  Read Data  
i n t e r f a c e  l i n e .  N o t e  t h a t  whenever  a d r i v e  is s e l e c t e d  t h e r e  is 
some fo rm o f  i n f o r m a t i o n  on t h i s  l i n e .  Only  when t h e  a b o v e  
c o n d i t i o n s  a r e  met will l e g i t i m a t e  d a t a  b e  t r a n s f e r r e d  t o  t h e  
c o n t r o l l e r .  

The S e c t o r  P u l s e  is t r a n s m i t t e d  t o  t h e  c o n t r o l l e r  by  t h e  d r i v e  t o  
s i g n i f y  t h e  b e g i n n i n g  o f  a s e c t o r .  The b e g i n n i n g  o f  t h e  s e c t o r  
p u l s e  c o r r e s p o n d s  w i t h  t h e  s e n s i n g  o f  t h e  s e c t o r  s l o t  o n  t h e  
c a r t r i d g e  a r m a t u r e  b y  t h e  s e c t o r  t r a n s d u c e r .  The end o f  s e c t o r  
p u l s e  s i g n i f i e s  the end of s e r v o  d a t a .  

A f t e r  d e t e c t i o n  of  t h e  s e r v o  i n f o r m a t i o n  and t h e  h e a d e r  p r e a m b l e ,  
r e a d  d a t a  g o e s  t o  t h e  c o n t r o l l e r .  

I n  o r d e r  t o  r e a d  h e a d e r s ,  t h e  c o n t r o l l e r  VFO l o o p  i s  p h a s e - l o c k e d  
w i t h  r e a d  d a t a  a f t e r  t h e  end o f  the d r i v e  s e c t o r  p u l s e .  
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4.3.4 Write Data 
F i g u r e  4 - 2 3  i s  a f u n c t i o n a l  d i ag ram showing c o n t r o l  s i g n a l s  and 
d a t a  p a t h s  which a r e  a c t i v e  d u r i n g  W r i t e  Data .  

These a r e  t h e  p r e c o n ( i i t i o n s  r e q u i r e d  f o r  W r i t e  Data .  

0 The d r i v e  hias been s e l e c t e d  by t h e  c o n t r o l l e r  

Heads a r e  locked  on t o  a d a t a  t r a c k  ( e i t h e r  t r a c k  0 
immedia t e ly  f o l l o w i n g  a Guard Band Seek ,  o r  t h e  t r a c k  
number s p e c i f i e d )  d u r i n g  a p r e v i o u s  Seek 

a No d r i v e  e r r o r s  a r e  be ing  s e n s e d  

The 6 . 5  m i l l i s e c o n d  Read t o  Read/Write t imeou t  c y c l e  h a s  
been comple t ed ,  which o c c u r s  

0 A f t e r  t h e  l a s t  b i t  of  a c y l i n d e r  a d d r e s s  d i f f e r e n c e  
word h a s  been s h i f t e d  t o  t h e  s e l e c t e d  d r i v e  

a When a  new Read/Write head h a s  been s e l e c t e d  e v e n  
though t h e  d i f f e r e n c e  a d d r e s s  f o r  a Seek  is  z e r o  

0 When a ,  seek d i f f e r e n c e  a d d r e s s  is  z e r o  and no change  
i n  head s e l e c t i o n  has o c c u r r e d  

The end of t h e  d r i v e  S e c t o r  P u l s e  h a s  been d e t e c t e d  

A Header Compare h a s  been d e t e c t e d  by t h e  c o n t r o l l e r  

The Header CRC c h e c k s  

When t h e s e  c o n d i t i o n s  have  been me t ,  and t h e  Wr i t e  Gate  l i n e  h a s  
been a s s e r t e d ,  Modif ied  Frequency Modula t ion  ( M F M )  encoded W r i t e  
Data ( s e e  Paragra,ph 2.2.3) is t r a n s f e r r e d  from t h e  c o n t r o l l e r  t o  
t h e  d r i v e  v i a  t h e  W r i t e  Data i n t e r f a c e  l i n e .  

The w r i t e  d a t a  s t r e a m  c o n t a i n s  t h e  t h r e e  d a t a  preamble  words ( 4 7  
b i t s  of z e r o s  and t h e  Marker Bit), 1 2 8  d a t a  words ,  t h e  d a t a  CRC 
word, and t h e  d a t a  pos t amble  word ( 1 6  b i t s  o f  z e r o s )  . 
The W r i t e  Gate  enab1,es w r i t e  c i r c u i t s  i n  t h e  d r i v e .  I t  m u s t  be 
a s s e r t e d  a t  t h e  s t a r t  o f  t h e  Data Preamble ( P R 2 ) .  The a c t u a l  d a t a  
t o  be w r i t t e n  w i , l l  o c c u r  1 6  b i t ;  p e r i o d s  after t h e  Header CRC;  
i . e . ,  a f t e r  t h e  Heade.r Pos t amble .  

The c o n t r o l  u n i t  t r a n s m i t s  w r i t e  p u l s e s  which a r e  compensated t o  
r educe  p e a k - s h i f t  i n t r o d u c e d  by t h e  r e c o r d i n g  p r o c e s s  ( r e f e r  t o  
Pa rag raph  2 . 2 . 3  on M F M  Encoding and P recompensa t ion )  . 
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CHAPTER 5 
UNIT-LEVEL DESCRIPTION" 

5.1 DRIVE LOGIC MODULE THEORY OF OPERATION 
T h i s  s e c t i o n  d e s c r i b e s  i n  d e t a i l  t h e  o p e r a t i o n  of t h e  D r i v e  Logic  
Module. 

For s i m p l i c i t y ,  t h e  D r i v e  Module Logic  has  been broken down i n t o  
t h e  f u n c t i o n a l  a r e a s  l i s t e d  below. 

S t a t e  C o n t r o l  Logic  ( S h e e t  D L 1  of t h e  F i e l d  Maintenance 
P r i n t  S e t )  

V e l o c i t y  Command and S t a t u s  Data C o n t r o l  Logic  (DL2) 

Count Logic  (DL31 

0 D i s k  Speed C o n t r o l  Logic  ( D L 4 )  

a E r r o r  Logic  ( D L 5 )  

0 I n t e r f a c e  Logic  (DL6, D L 8 )  

e I n t e g r a t o r  Logic  (DL7) . 
5.1.1 S t a t e  Control Logic ( D L 1 1  ' 

The  S t a t e  C o n t r o l  Logic ( shown on S h e e t  D L 1  o f  t h e  F i e l d  
Main tenance  P r i n t  Set:) is t h e  p o r t i o n  of  t h e  Dr ive  Logic  Module 
which b o t h  m o n i t o r s  and c o n t r o l s  d r i v e  S t a r t  Up f u n c t i o n s  s u c h  a s  
Spinup,  Brush Cyc le ,  Load Heads,  e t c .  I t  c o m p r i s e s  two Read-only 
Memories ( R O M s ) ,  t h e  S t a t e  ROM and t h e  Seek C o n t r o l  ROM, a  S t a t e  
C o u n t e r ,  t h e  Brush Cycle  L a t c h ,  and t h e  c o n t r o l  p a n e l  LO AD lamp 
d r i v e r .  

5.1.1.1 S t a t e  ROM - The S t a t e  ROM is a  256 X 4 B i t  Programmable 
Read-only Memory. Its purpose  is  t o  g e n e r a t e  a  f o u r  b i t  b i n a r y  
encoded (BCD) word which d e n o t e s  d r i v e  s t a t u s  and p r o v i d e s  c o n t r o l  
f o r  o t h e r  dec i s ion -mak ing  l o g i c  w i t h i n  t h e  d r i v e .  I ts  o u t p u t s  a r e  
1 i s t e d  below. 

e S t a t u s  B i t  A 

S t a t u s  B i t  B 

0 S t a t u s  Bit C 

Time Out Command 

The s t a t u s  b i t s  A ,  8, and C a r e  s e n t  to t h e  S t a t u s  C o n t r o l  Logic  
(DL2) where t h e y  a r e  used t o  make up t h e  Dr ive  S t a t u s  Word 
r e s u l t i n g  from a c o n t r o l l e r  Get  S t a t u s  Command. They a r e  a l s o  
used a s  i n p u t s  t o  t h e  Seek C o n t r o l  ROM and t h e  S t a t e  ROM Decoder .  



e Time Out Command s i g n a l  is s e n t  t o  t h e  E r r o r  L o g i c  (DLS) w h e r e  
is u s e d  t o  s t a r t  t h e  Seek  E r r o r  Timer f o r  moving p o s i t i o n e r  

n c t i o n s  ( i  * e r n ,  Load Heads ,  S e e k ,  and Unload Heads )  

The a d d r e s s  i n p u t s  t o  t h e  S t a t e  ROM a r e  d e r i v e d  from e i g h t  s i g n a l s  
which s e n s e  d r i v e  c o n d i t i o n s  a t  a n y  g i v e n  t i m e m  T h e s e  a d d r e s s  
b i t s  c o m p r i s e  t h e  f o l l o w i n g :  

a Brush  Home S w i t c h  

e Heads  Home G a t e  

@ Run 

e E r r o r  S t a t e  Command 

a Disk On Speed  

e Disk S t o p p e d  

e T r a c k  Count = 0 

63 Brush  C y c l e  L a t c h *  

The S t a t e  C o n t r o l  ROM is preprogrammed ( b u r n e d - i n )  a t  t h e  f a c t o r y  
s o  t h a t  s p e c i f i c  a d d r e s s  c o m b i n a t i o n s  y i e l d  s p e c i f i c  o u t p u t  w a r d s .  
F i g u r e  5-1 shows  t h e  a d d r e s s i n g  scheme f o r  t h e  S t a t e  C o n t r o l  ROM. 
The v a l u e  "1" d e n o t e s  a  " t r u e "  i n p u t  o r  o u t p u t .  The v a l u e  "0" 
d e n o t e s  a " f a l s e "  i n p u t  o r  o ~ t p ~ t m  The v a l u e  " X "  d e n o t e s  a  " d o n ' t  
c a r e "  s i t u a t i o n *  

5.L1.2 S t a t e  ROM Decoder  - T h e  S t a t e  ROM Decoder  is a n  S N 7 4 4 2  
BCD-to-Decimal Decoder  I t  d e c o d e s  t h e  S t a t e  ROM o u t p u t  ( s t a t u s  
b i t s  A ,  B ,  and C) and p r o v i d e s  a n  o u t p u t  c o r r e s p o n d i n g  t o  t h e  
d r i v e  s t a t e e  F i g u r e  5-2 shows t h e  d e c o d i n g  s c h e m e *  

5 m l m I * 3  Seek C o n t r o l  ROM - The Seek C o n t r o l  ROM is  a 256 X 4 B i t  
P rogrammable  Read-only  Memory* Its p u r p o s e  i s  t o  p r o v i d e  t h e  
V e l o c i t y  Command C o n t r o l  L o g i c  (DL2) w i t h  i n f o r m a t i o n  p e r t a i n i n g  
to p o s i t i o n e r  l o c a t i o n  and d r i v e  s t a t u s e  I ts  o u t p u t s  a r e  l i s t e d  
b e l o w *  

e D i r e c t i o n  Forward 

a V e l o c i t y  Commands 1 a n d  2 

a R e s e t  T r a c k  C o u n t *  

V e l o c t i y  Commands 1 and  2 a r e  s e n t  t o  t h e  V e l o c i t y  Command and 
C o n t r o l  L o g i c  (DL2) where  t h e y  used  a d d r e s s  b i t s  f o r  t h e  V e l o c i t y  
ROMe T h e s e  commands a p p l y  o n l y  when t h e  P o s i t i o n e r  is i n  V e l o c i t y  
Mode* F i g u r e  5-3 shows t h e  d e c o d i n g  f o r  V e l o c i t y  Commands 1 and  
2  
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The a d d r e s s  i n p u t  t o  t h e  Seek C o n t r o l  ROM a r e  d e r i v e d  f rom e i g h t  
s i g n a l s  w h i c h  s e n s e  d r i v e  and p o s i t i o n e r  c o n d i t i o n s  a t  a n y  q i v e n  
t i m e -  T h e s e  a d d r e s s  b i t s  c o n s i s t s  o f  t h e  s i g n a l s  be low.  

e S t a t u s  B i t s  A t  B r  and C 

Guard Band 

Q E l  H e l d  ( P r e v i o u s  E l  S e r v o  Da ta  Sample )  

t~ E 2  Held  ( P r e v i o u s  E 2  S e r v o  Data  Sample )  

a S i g n  Forward ( D i r e c t i o n )  

a Seek T imeout  E r r o r  ( D i s a b l e s  a S e e k )  

The Seek C o n t r o l  ROM is preprogrammed a t  t h e  f a c t o r y  s o  t h a t  
s p e c i f i c  a d d r e s s  c o m b i n a t i o n s  y i e l d  s p e c i f i c  o u t p u t  words .  F i g u r e  
5-4 shows  t h e  a d d r e s s i n g  scheme f o r  t h e  Seek  C o n t r o l  ROM. The 
v a l u e  "1" d e n o t e s  a " t r u e 1 '  i n p u t  o r  o u t p u t .  The v a l u e  "0" d e n o t e s  
a " f a l s e "  i n p u t  o r  o u t p u t *  The v a l u e  " X "  d e n o t e s  a  " d o n ' t  c a r e "  
s i t u a t i o n .  

5.1.1.4 Brush Cycle Latch - The Brush C y c l e  L a t c h  m o n i t o r s  and  
c o n t r o l s  t h e  Brush  D r i v e  Assembly.  I t  a l s o  p r o v i d e s  a n  a d d r e s s  
i n p u t  t o  t h e  S t a t e  C o n t r o l  ROM. 

I n p u t  : 

S e t  = Power On R e s e t  ( L )  o r  

Load C a r t r i d g e  S t a t e  ( L )  f rom 

t h e  S t a t e  C o n t r o l  ROM 

R e s e t  = Brush  Home S w i t c h  (L) . 
o u t p u t :  

B r u s h  C y c l e  L a t c h  (H). 

When t h e  Brush  C y c l e  L a t c h  is  s e t I  t h e  S t a t e  C o n t r o l  ROM s t a r t s  
t h e  Brush  Cycle. T h i s  p r o d u c e s  t h e  S i g n a l  Brush  C y c l e  ( L )  which  
e n e r g i z e s  t h e  b r u s h  d r i v e  m o t o r *  A s  t h e  b r u s h e s  move o u t  o v e r  t h e  
d i s k I  t h e  S i g n a l  Brush  Home S w i t c h  ( L )  g o e s  h i g h ,  r e s e t t i n g  t h e  
l a t c h .  The S t a t e  C o n t r o l  ROM r e m a i n s  i n  t h e  Brush  C y c l e  S t a t e  
u n t i l  t h e  b r u s h e s ,  d r i v e n  by a cam, r e t u r n  t o  t h e i r  home p o s i t i o n .  
The c o m b i n a t i o n  o f  t h e  s i g n a l s  Brush Home S w i t c h  ( L )  and Brush 
C y c l e  L a t c h  r e s e t  c a u s e s  t h e  s t a t e  ROM t o  a d v a n c e  t o  t h e  Load 
Heads  S t a t e *  
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5.1.2 Velocity Command and S t a t u s  D a t a  Control Log ic  (DL2) 
The  V e l o c i t y  Command and S t a t u s  Data  C o n t r o l  L o g i c  is t h e  p o r t i o n  
o f  t h e  D r i v e  L o g i c  Module which  r e c e i v e s  t h e  D r i v e  Command Word 
from t h e  c o n t r o l l e r ,  d e c o d e s  t h e  T r a c k  D i f f e r e n c e  Count  and 
D i r e c t i o n  f o r  s e e k  p u r p o s e s ,  and d e v e l o p s  t h e  n e c e s s a r y  v e l o c i t y  
command t o  d r i v e  t h e  p o s i t i o n e r .  , 

I f  t h e  Command Word is d e c o d e d  a s  a G e t  S t a t u s  Command, t h i s  l o g i c  
c o l l e c t s  d r i v e  s t a t u s  and e r r o r  i n f o r m a t i o n  t o  make up t h e  D r i v e  
S t a t u s  Word, which  is t r a n s m i t t e d  t o  t h e  c o n t r o l l e r  i n  s y n c  w i t h  
t h e  S t a t u s  C l o c k .  

T h i s  l o g i c  c o m p r i s e s  t h e  c i r c u i t r y  l i s t e d  be low,  

4) D e v i c e  Command/Status R e g i s t e r ,  S h i f  t / L o a d ,  and C l e a r  
G a t e s  

Ã Marker  F l i p - F l o p  and L a t c h  

Ã Track  D i f f e r e n c e  C o u n t e r  and  Load L a t c h  

o Head S e l e c t / S i g n  B i t  H o l d i n g  R e g i s t e r  

Ã Load R e g i s t e r s  G a t e  

a G e t  S t a t u s  L a t c h  

o R e s e t  E r r o r  L a t c h e s  G a t e  

0 T r a c k  Count  = 0 G a t e  

6 E n a b l e  T imeout  G a t e  

a V e l o c i t y  ROM 

5 . 1 . 2 . 1  D e v i c e  C o m m a n d / S t a t u s  R e g i s t e r  - T h e  D e v i c e  
Command/Status R e g i s t e r  is a s i x t e e n  b i t  r e g i s t e r  t h a t  may be 
o p e r a t e d  i n  two modes,  s h i f t  o r  l o a d .  T h i s  r e g i s t e r  o p e r a t e s  i n  
l o a d  mode o n l y  a f t e r  i t  h a s  decoded  a Ge t  S t a t u s  Command from t h e  
c o n t r o l l e r .  O t h e r w i s e ,  i t  o p e r a t e s  i n  S h i f t  Mode, a l l o w i n g  t h e  
d r i v e  command t o  r i p p l e  t h r o u g h  u n d e r  c o n t r o l  o f  t h e  s y s t e m  c l o c k  
and the Marker  f l i p - f l o p .  

N o r m a l l y ,  t h e  Marker b i t  is n o t  f o l l o w e d  by a G e t  S t a t u s  b i t .  I f  
t h e r e  i s  no Ge t  S t a t u s  b i t ,  t h e  Command R e g i s t e r  i s  c l e a r e d  o n  t h e  
t h i r d  t r a n s i t i o n  o f  t h e  s y s t e m  c l o c k .  T h i s  is  d o n e  t o  e n s u r e  t h a t  
o t h e r  p u l s e s  i n  t h e  Dr ive  Command a r e  n o t  m i s t a k e n  a s  m a r k e r  b i t s  
a s  t h e  command is s h i f t e d  t h r o u g h .  

F i g u r e  5 - 5  shows D r i v e  Command and S t a t u s  C o n t r o l  T iming .  
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5.1,2.2 Marker  F l i p - F l o p  - The Marker  f l i p - f l o p  is  u s e d  t o  
d e t e c t  t h e  Marker  b i t ;  t h e  f i r s t  b i t  i n  a  d e v i c e  command word.  
When s e t ,  i t  s i g n i f i e s  t h a t  t h e  e n t i r e  16  b i t  command is  p r e s e n t  
i n  the D r i v e  Command/Status R e g i s t e r .  

I n p u t  : 

D a t a  = S e r i a l  Command Word from D r i v e  Cornmand/Status 
R e g i s t e r  

C l o c k  = S y s t e m  C l o c k  ( H ) ,  Load T r a c k  D i f f e r e n c e  C o u n t e r .  

O u t p u t  : 

Q = Marker  B i t  (H) t o  Marker L a t c h .  

5.12.3 Marker  L a t c h  - When s e t ,  t h e  Marker  L a t c h  s i g n i f i e s  t h a t  
t h e  Marker f l i p - f l o p  h a s  s e n s e d  t h e  m a r k e r  b i t  and t h a t  t h e  d e v i c e  
command word i s  a v a i l a b l e  f o r  d e c o d i n g .  

I n p u t :  
S e t  = Marker  F l i p - F l o p  ( H ) ,  C l o c k  ( n e g a t i v e - g o i n g  

e d g e )  

R e s e t  = N e x t  C l o c k  T r a n s i t i o n .  

O u t p u t  : 

I f  G e t  S t a t u s ,  s e t  C l e a r  F l i p - F l o p ,  l o a d  h o l d i n g  r e g i s t e r s  

9 I f  Ge t  S t a t u s ,  s e t  S h i f t / L o a d  G a t e .  

5 . 1 . 2 . 4  C l e a r  L a t c h  - T h e  pu rpose  o f  t h e  C l e a r  L a t c h  i s  t o  c l e a r  
a l l  b i t s  i n  t h e  D e v i c e  Command/Sta tus  r e g i s t e r  s o  t h a t  t h e y  w i l l  
n o t  a p p e a r  a s  Marker  B i t s .  

I n p u t  : 

Data = M a r k e r  L a t c h  (L) 

C l o c k  = 3 r d  h a l f  o f  System C l o c k  C y c l e  g o i n g  low. 

Output : 

Q = C l e a r  (L). 



5.1.2.5 Load Regis ters  G a t e  - D u r i n g  a normal  command ( i . e . ,  G e t  
S t a t u s )  , t h e  Load R e g i s t e r s  G a t e  a l l o w s  t h e  Head S e l e c t / S i q n  B i t  
H o l d i n g  r e g i s t e r  and t h e  T r a c k  D i f f e r e n c e  C o u n t e r  t o  be  l o a d e d  
w i t h  d a t a  from t h e  D e v i c e  Command/Status r e g i s t e r .  Da ta  is  l o a d e d  
when t h e  Marker  L a t c h  is  s e t .  

I n p u t :  

G e t  S t a t u s ,  Marker  L a t c h  (L). 

O u t p u t  : 

Load R e g i s t e r s  (H) . 
5.1.2.6 S h i f t / L o a d  G a t e  - D u r i n g  a  normal  command ( i . e . ,  G e t  
S t a t u s ) ,  t h e  o u t p u t  from t h e  S h i f t / L o a d  G a t e  is  h i g h ,  which  a l l o w s  
t h e  D r  i v e  Command Word t o  s h i  f t  t h r o u g h  t h e  D e v i c e  Command/Sta tus  
r e g i s t e r .  

I n p u t :  

G e t  S t a t u s  ( L ) ,  Q o u t p u t  o f  Command R e g i s t e r ,  Marker  
L a t c h  ( L )  . 

O u t p u t :  

S h i f t / L o a d  (L) t o  Command r e g i s t e r  and G e t  S t a t u s  L a t c h .  

5.1.2.7 G e t  S t a t u s  L a t c h  - T h e  Ge t  S t a t u s  l a t c h  i s  s e t  when a 
G e t  S t a t u s  Command is d e t e c t e d  and t h e  S h i f t / L o a d  G a t e  r e q u e s t s  
Load. I t  a l s o  e n a b l e s  t h e  S t a t u s  Clock G a t e .  

I n p u t :  

S e t  = S h i f t I L o a d  ( L )  

R e s e t  = Next 13r i v e  Command 

O u t p u t  : 

E n a b l e  S t a t u s  C l o c k  G a t e  (H) . 
5.1.2.8 S t a t u s  Clock G a t e  - The o u t p u t  o f  t h e  S t a t u s  Clock  G a t e  
is s e n t  t o  t h e  I n t e r f a c e  L o g i c  (DL6) t o  e n a b l e  t h e  S t a t u s  C l o c k  
f o r  t r a n s m i s s i o n  of t h e  D r i v e  S t a t u s  Word t o  t h e  c o n t r o l l e r .  

5.1.2.9 T r a c k  D i f f e r e n c e  C o u n t e r  - D u r i n g  a  d e v i c e  command 
( e . g . ,  Get  S t a t u s ) ,  t h e  T r a c k  D i f f e r e n c e  C o u n t e r  i s  l o a d e d  w i t h  
t h e  T r a c k  D i f f e r e n c e  v a l u e  d e s i g n a t e d  by t h e  c o n t r o l l e r .  

O u t p u t s  from t h e  c o u n t e r  a r e  u s e d  a s  a d d r e s s  i n p u t  t o  t h e  V e l o c i t y  
ROM w h i c h  d e t e r m i n e s  t h e  p o s i t i o n e r  v e l o c i t y .  



The c o u n t e r  is d e c r e m e n t e d  one  c o u n t  ( o r  t r a c k )  a t  a t i m e  b y  t h e  
Count  L o g i c  ( D L 3 )  . 
Load E n a b l e  is  p r o v i d e d  by t h e  T r a c k  D i f f e r e n c e  C o u n t e r  Load 
L a t c h  . 
5 . 2 1 0  T r a c k  D i f f e r e n c e  C o u n t e r  Load L a t c h  - T h i s  l a t c h  a l . l o w s  
t h e  T r a c k  D i f f e r e n c e  C o u n t e r  t o  be  l o a d e d  w i t h  t h e  d i f f e r e n c e  
a d d r e s s  d e r i v e d  from t h e  D e v i c e  Command Word. 

Load ing  o f  t h e  T r a c k  D i f f e r e n c e  C o u n t e r  i s  d i s a b l e d  i f  its 
c o n t e n t s  a r e  n o t  e q u a l  t o  z e r o .  T h i s  p r e v e n t s  l o a d i n g  new s e e k  
i n f o r m a t i o n  i n t o  t h e  C o u n t e r  w h i l e  a s e e k  i s  b e i n g  p e r f o r m e d .  

I n p u t :  

S e t  = Load R e g i s t e r  E n a b l e  ( H )  , Sys tem Clock g o i n g  
h  i g  h 

R e s e t  = Borrow (L). 

O u t p u t  : 
Load T r a c k  D i f f e r e n c e  C o u n t e r  ( L ) ,  E n a b l e  Time Out G a t e  

E n a b l e  D e v i c e  Command/Status R e g i s t e r  C l o c k .  

5.1.2.11 Head Select/Siqn Bit H o l d i n g  R e g i s t e r  - T h i s  r e g i s t e r  
h o l d s  Head S e l e c t  and P o s i t i o n e r  d i r e c t i o n  d a t a  f rom t h e  D e v i c e  
Command Word. Load ing  is e n a b l e d  by t h e  Load R e g i s t e r  Gate a t  t h e  
same t i m e  t h a t  t h e  T r a c k  D i f f e r e n c e  C o u n t e r  Load L a t c h  is  s e t .  I t  
i s  c l e a r e d  by Power On R e s e t  o r  when t h e  d r i v e  is i n  t h e  l o a d  
c a r t r i d g e  s t a t e .  

I n p u t :  

Da ta  = H e a d  0 ( L )  

S i g n  Forward (HI 

Clock = Load R e g i s t e r s  (HI. 

O u t p u t  : 

D a t a  = H e a d  S e l e c t  0 ( L )  

S i g n  Forward ( H ) .  

5 .1 -2 .12  Track Count = 0 G a t e  - The o u t p u t  f rom t h i s  g a t e  [ T r a c k  
C o u n t  = 0 (H)] i n d i c a t e s  t h a t  t h e  T r a c k  D i f f e r e n c e  C o u n t e r  h a s  
b e e n  d e c r e m e n t e d  t o  z e r o  and t h a t  t h e  p o s i t i o n e r  s h o u l d  be  o n  t h e  
t r a c k  s p e c i f i e d  by a p r e v i o u s  s e e k .  T h i s  p r e v e n t s  t h e  Count  L o g i c  
from a t t e m p t i n g  t o  d e c r e m e n t  t h e  D i f f e r e n c e  C o u n t e r  a n y  f u r t h e r .  



5.1.2.13 Reset E r r o r  L a t c h e s  G a t e  - When t h e  R e s e t  b i t  is  s e n s e d  
d u r i n g  a G e t  S t a t u s  d e c o d e  o f  t h e  D r i v e  Command Word o r  a Power On 
R e s e t  i s  r e c e i v e d  from t h e  c o n t r o l l e r ,  t h e  o u t p u t  f rom t h i s  g a t e  
is s e n t  t o  t h e  I n t e r f a c e  L o g i c  (DL8) and t h e  E r r o r  L o g i c  ( D L 5 )  t o  
r e s e t  D r i v e  E r r o r  L a t c h e s .  

I n p u t s  : 

Reset B i t  ( H )  o r  Marker  ( L )  and Power On R e s t  ( L )  ( D r i v e  
Command Word) . 

O u t p u t  : 
R e s e t  E r r o r  L a t c h e s  ( L ) *  

5.1.2.14 V e l o c i t y  ROM - The V e l o c i t y  ROM is  a 256 X 4 B i t  
P rogrammable  Read-only  Memory. I ts p u r p o s e  i.s t o  g e n e r a t e  b i n a r y  
e n c o d e d  c u r r e n t  l e v e l s  t o  d r i v e  t h e  p o s i  t i o n e r  s e r v o .  T h e  
c o m b i n a t i o n  o f  ROM o u t p u t  ( c u r r e n t  l e v e l s )  i s  a s q u a r e  r o o t  
f u n c t i o n  o f  t h e  t r a c k  d i f f e r e n c e  v a l u e  p r e s e n t e d  by t h e  t r a c k  
d i f f e r e n c e  c o u n t e r  a s  address b i t s  A t h r o u g h  F and M E 1  and ME2. 
I n  a d d i t i o n ,  t h e  b i n a r y  e q u i v a l e n t  o f  t h e  v e l o c i t y  commands f o r  
Load Heads ,  Unload,  Guardband and Off a s  g e n e r a t e d  b y  t h e  S t a t e  
ROM ( D L 1 )  a r e  e n t e r e d  a s  a d d r e s s  b i t s  G and H. 

F i g u r e  5-6 is  a  s i m p l i f i e d  l o g i c  d i a g r a m  showing  t h e  g e n e r a t i o n  o f  
t h e  s e r v o  v e l o c i t y  command. T a b l e  5-1 shows  t h e  ROM a d d r e s s i n g  
scheme and r e s u l t i n g  b i n a r y  encoded  o u t p u t s .  , 

Any ROM o u t p u t ,  when h i g h ,  a l l o w s  c u r r e n t  t o  f l o w  t h r o u g h  d i o d e  
D5. C o m b i n a t o r i a l  s e l e c t i o n  o f  the ROM o u t p u t s  i s  d e r i v e d  f rom 
t r a c k  d i f f e r e n c e  i n p u t s .  The b i n a r y  e n c o d e d  o u t p u t s  a r e  t h e n  
a d d e d ,  d e t e r m i n i n g  t o t a l  d r i v e  c u r r e n t  and t h e  c o r r e s p o n d i n g  
v e l o c i t y  command. The  s e r i e s  d i o d e s  r e d u c e  l e a k a g e  c u r r e n t ,  
a l l o w i n g  a c c u r a t e  low v e l o c i t y  command l e v e l s .  C u r r e n t  o u t p u t  
f rom D5 is  f e d  d i r e c t l y  t o  the i n p u t  o f  t h e  s e r v o  summing 
a m p l i f i e r  (DC S e r v o  Logic  Module)  . 
5.1.3 C o u n t  Logic (DL31 - The Count  L o g i c  c o m p r i s e s  t h e  E l  a n d  
E 2  S e r v o  Sample  H o l d i n g  f l i p - f l o p s .  T a c h o m e t e r  Feedback  V e l o c i t y  
L e v e l  D e t e c t o r s  and  the C o u n t  ROM and i ts a s s o c i a t e d  l o g i c .  

5.1.3.1 Count ROM - The Count  ROM is  a  256 X 4 Bit p r o g r a m m a b l e  
R e a d - o n l y  Memory.  Its p u r p o s e  i s  t o  d e c r e m e n t  t h e  T r a c k  
D i f f e r e n c e  C o u n t e r  (DL2) b y  v a l u e s  of  0 ,  1, 2 o r  3.  F i g u r e  5-7 is  
a  s i m p l i f i e d  l o g i c -  d i a g r a m  s h o w i n g  t h e  c o u n t  ROM a n d  i t s  
a s s o c i a t e d  l o g i c .  
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Figure  5-6 Velocity ROM and Velocity Command Generation 
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Table  5,-1 Velocity ROM Addressing 

Z e r o s  mean a low logic level, o n e s  mean high a n d  Xs mean " d o n ' t  care" 

VE L T R K  TR K TRK 
CMD 2 CNT 32 CNT 8 CNT 2 

V E L  TRK TRK TRK 6 3 12 12 
CMD 1  CNT 16 CNT 4 CNT 1  I P S  I P S  IPS I P S  

B I T  A7 A 6  A 5  A 4  A 3  A 2  A1 A0 04 03 02 01 
E43 PIN NO: 15 1 2 3 4 7 6 5  9, 1 0  11 12 

COMMAND 

0  IPS (TRK 0) 0 0 
3 IPS (TRK 1, 0 0 

2 AND GUARD 0 0 
BAND ) 0 1. 

6 IPS (TRK 3 ,  0 0 
4 AND LOAD 0 0 
HEADS ) 1 0 

9 IPS (TRK 5 0 0 
A N D  6 )  0 ,  0 

12 IPS (TRK 7, 0 0 
8 AND 9 )  0 0 

15 IPS (TRK 10, 0 0 
11, 12 AND 0 0 
UNLD HEADS) 1  1 

18 IPS (TRKS 0 0 
1 3  TO 17) 0 0 

0 0 
21 IPS (TRKS 0 0 
18 TO 22) 0 0 

0 0 
2 4  IPS (TRKS 0 0 
23 TO 27) 0 0 

27 I P S  (TRKS 0 0 
28 TO 34) 0 0 

0 0 
30 IPS (TRKS 0 0 

35 TO 41) 0 0 
0 0 

33 IPS (TRKS 0 0 
4 2  TO 2 5 5 )  0 . 0  

0 0 

0 0 0 0  
0 0 0 1  
0 0 1 0  
x x x x  
0 0 1 1  
0 1 0 0  
x x x x  
0 1 0 1  
0 1 1 0  
0 1 1 1  
1 0 0 X  
1 0 1 , X  
1 1 0 0  
x x x x  
1 1 0 1  
1 1 1 X  
0 0 0 X  
0 0 1 X  
0 1 0 X  
0 1 1 0  
0 1 1 1  
1 0 X X  
1 1 X X  
0 0 0 X  
0 0 1 0  
0 0 1 1  
0 1 X X  
1 0 0 X  
1 0 1 X  
1 1 X X  
x x x x  



PREVIOUS Et/Ez 
SAMPLE PAIR 

TO DIFFERENCE 
COUNTER 

PRESENT Ei/Ez 
SAMPLE PAIR 

VELOCITY SENSE 
LEVEL 

QD - 
SYSTEM CLOCK ( 1 M HZ1 

LOCK-ON (LJ \ 

ROM CNT. ALGORITHM 

Figure  5-7 Count ROM Logic 



The e i g h t  a d d r e s s  b i t s  ( A  t h r o u g h  A ^ )  p r o v i d e  a d d r e s s - w o r d  
i n f o r m a t i o n  which  d e t e r m i n e  B i n a r y  o u t p u t s  0 t h r o u g h  0 (0-3,0) . 
I n f o r m a t i o n  c o n t a i n e d  i n  t h e  b i t s  A~ t h r o u g h  A7 is a s  f o l l o w s :  

e V e l o c i t y  Range ( A n ,  A,,  A2) 

P r e v i o u s  and p r e s e n t  s e r v o  s a m p l e s  E l  and  E n  (A,, A ^ ,  A s ,  

D i r e c t i o n  ( A 7 )  

T h e  Count  ROM A d d r e s s  b i t s  and t h e  c o u n t  a l g o r i t h m  a r e  d e f i n e d  i n  
F i g u r e  5-7. Note  t h a t  t h e  Count  ROM m i c r o c o d i n g  is p e r m a n e n t l y  
b u r n e d  i n  a t  t h e  f a c t o r y  and is n o t  f i e l d  p rogrammable .  

The Count  ROM output:  word (0, t h r o u g h  0.1 is programmed s o  t h a t  
t h e  LS197 c h i p  c o u n t s  up u n t i l  o v e r f l o w  o c c u r s  (Qp g o e s  l o w ) .  The 
Q o u t p u t  ( l e a s t  s i g n i f : i c a n t  b i t )  p r o v i d e s  t h e  c o u n t  p u l s e s  w h i c h  
d e c r e m e n t  t h e  T r a c k  D i f f e r e n c e  C o u n t e r  (DL2). 

5.1.3.2 E l  Held F l i p - F l o p  - T h i s  f l i p - f l o p  s t o r e s  t h e  p r e v i o u s  
E l  s e r v o  s a m p l e .  When t h e  d r i v e  is i n  v e l o c i t y  mode, t h e  E l  H e l d  
f l i p - f l o p  is used  t o  d e t e r m i n e  w h e t h e r  t h e  p o s i t i o n e r  i s  c r o s s i n g  
t h e  i n n e r  o r  o u t e r  g u a r d  band .  

I n p u t  : 

Data  = E l  s a m p l e  from DL7 

C l o c k  = Sec tor  t i m e  ( L )  f rom D L 4 .  

O u t p u t  : 

Q = A d d r e s s  B i t  6 ( A g )  of t h e  Count  ROM 

0 A d d r e s s  B i t  2 ( A 2 )  of  t h e  Seek  C o n t r o l  ROM 

T a b l e  5-2 i s  a t r u t h  t a b l e  which  d e f i n e s  Count  ROM a d d r e s s  b i t s  A, 
t h r o u g h  , A g .  T h e s e  b i t  v a l u e s  a r e  d e r i v e d  f rom a l l  p o s s i b l e  
c o m b i n a t i o n s  o f  p resen t :  and p r e v i o u s  s e r v o  s a m p l e s  (El and E2). 

Table 5-3 i s  a  t r u t h  t a b l e  which  d e f i n e s  c o u n t  ROM a d d r e s s  b i t s  A 
t h r o u g h  A Ã §  T h e s e  b i t  v a l u e s  a r e  d e r i v e d  f rom d i s t a n c e  a n #  
t a c h o m e t e r  v e l o c i t y  t h r e s h o l d s  d u r i n g  6 2 5  m i c r o s e c o n d  s e r v o  s a m p l e  
p e r i o d s .  

T a b l e  5-4  i s  t h e  c o m p l e t e  Count  ROM map and a l g o r i t h m .  



DEC 

Table 5-2 Track  Count vs. Servo  S a m p l e s  and D i r e c t i o n ,  

PREVIOUS 
El E2 

PRESENT FORWARD 
El E2 MILS CNT MILS CNT 

BACKWARD 
MILS CNT MILS CNT 

T a b l e  5-3 D i s t a n c e  and V e l o c i t y  T h r e s h o l d s  

Index Distance Velocity Velocity Level Detectors 
i X (MILS) v ( i p s )  A2 A 1  A0 





5.1.3.3 E2 H e l d  Flip-Flop - T h i s  f l i p - f l o p  s t o r e s  t h e  p r e v i o u s  
E 2  s e r v o  s a m p l e .  When t h e  d r i v e  i s  i n  p o s i t i o n e r ,  o r  " L o c k  On" 
m o d e ,  t h e  E 2  H e l d  f l i p - f l o p  i s  u s e d  t o  d e t e r m i n e  t h e  s l o p e  o f  t h e  
Lock On b i t  ( A  o f  t h e  S e e k  C o n t r o l  ROM - DL1) . 
I n p u t :  

D a t a  = E 2  s ample  f r o m  D L 7  

C l o c k  = S e c t o r  t ime (L) ( f r o m  D L 4 )  o r  B o r r o w  ( M )  ( f r o m  
DL2, i n d i c a t i n g  a  new a d d r e s s  i n  t h e  track 
d i f f e r e n c e  c o u n t e r )  

S e t  = I n n e r  G u a r d  Band [ G u a r d  Band (L )  * E l  H e l d 1  

Rese t  = O u t e r  G u a r d  Band [ G u a r d  Band . ( H )  " E l  H e l d  ( H )  1 .  

O u t p u t  : 

Q = A d d r e s s  B i t  5 ( A c )  o f  t h e  C o u n t  ROM 
-- 
Q = A d d r e s s  B i t  0 ( A D )  o f  t h e  S e e k  C o n t r o l  ROM (DL1). 

5.1.3.4 V e l o c i t y  L e v e l  D e t e c t o r s  - T h e s e  t h r e e  c o m p a r a t o r s  a r e  
u s e d  t o  c o n v e r t  t h e  v e l o c i t y  f e e d b a c k  s i g n a l  f r o m  t h e  p o s i t i o n e r  
t a c h o m e t e r  t o  t h r e e  b i n a r y  e n c o d e d  a d d r e s s  i n p u t s  t o  t h e  C o u n t  
ROM . 
T h e  v e l o c i t y  i n p u t  s i g n a l  is f i r s t  r e c t i f i e d  b y  a  f u l l - w a v e  
r e c t i f i e r  and t h e n  d i s t r i b u t e d  t o  t h e  l e v e l  d e t e c t o r s .  

I n p u t :  R e f e r  t o  T a b l e  5 - 3 .  

O u t p u t :  R e f e r  t o  T a b l e  5 - 3 .  

5.1.3.5 D i s a b l e  C o u n t  2 L a t c h  - T h e  D i s a b l e  C o u n t  2 l a t c h  
p r e v e n t s  e x t r a n e o u s  n o i s e  a n d  g l i t c h e s  f r o m  c a u s i n g  t h e  LS197 
c o u n t e r  t o  c o u n t  " 2 "  b e f o r e  i t  h a s  c o u n t e d  "1.'' 

5.1.4 Disk Speed C o n t r o l  L o g i c  (DL41 
T h i s  p o r t i o n  o f  t h e  D r i v e  Logic M o d u l e  c o n t a i n s  t h e  f o l l o w i n g  
f u n c t i o n a l  e l e m e n t s  : 

Q S e c t o r  D e t e c t i o n  Timer 

a D i s k  On S p e e d  L a t c h  

0 Sector Time L a t c h  

D i s k  O v e r s p e e d  Latch 

0 C o n t r o l  S p i n u p  G a t e  

0 T i m e r  a n d  L a t c h  Reset F l i p - F l o p  
1 / 5 - 2 0  



F i g u r e  5-8 is a t i m i n g  d i a g r a m  f o r  s e c t o r  d e t e c t i o n  and s p i n d l e  
s p e e d  c o n t r o l .  

5.1.4.1 S e c t o r  D e t e c t i o n  T i m e r  - A f t e r  t h e  S e c t o r  P u l s e  h a s  b e e n  
d e t e c t e d ,  t h e  S e c t o r  D e t e c t i o n  T imer  c o u n t s  down S y s t e m  c l o c k  
p u l s e s  t o  p r o v i d e  t i m i n g  r e f e r e n c e  f o r  t h e  s p i n d l e  s p e e d  l a t c h e s .  
I t  i s  r e s e t  by  t h e  Timer  and L a t c h  R e s e t  One-Shot .  

5 .1 .4 .2  D i s k  On Speed L a t c h  - I f  t h e  t i m e  be tween  S e c t o r  P u l s e s  
i s  b e t w e e n  594 and  639 m i c r o s e c o n d s ,  t h i s  l a t c h  i s  s e t .  Its 
o u t p u t  is  s e n t  t o  t h e  S t a t e  C o n t r o l  L o g i c  ( D L l )  t o  i n d i c a t e  t h a t  
t h e  d i s k  i s  on s p e e d , ,  

5.1.4.3 S e c t o r  Time L a t c h  - T h i s  l a t c h  is  s e t  by t h e  S e c t o r  
P u l s e  and r e m a i n s  s e t  f o r  62 .5  m i c r o s e c o n d s .  I ts  o u t p u t ,  S e c t o r  
Time ( L )  is s e n t  t o  the Count  L o g i c  ( D L 3 ) ,  th .e  E r r o r  L o g i c  ( D L 5 ) ,  
an t h e  I n t e g r a t o r  L o g i c  (DL7) t o  i n d i c a t e  t h a t  a  s e c t o r  h a s  b e e n  
d e t e c t e d .  T h i s  l a t c h  is  r e s e t  by t h e  Timer  and L a t c h  R e s e t  
One-Shot.  

5.1.4.4 593 Mi .c rosecond  L a t c h  - When t h i s  l a t c h  o u t p u t s  t h e  
s i g n a l  593 m i c r o s e c o n d s  LT ( L )  a s  t r u e  d u r i n g  a  s e c t o r  p u l s e ,  a 
d i s k  o v e r - s p e e d  i n d i c a t i o n  is p r o d u c e d ,  i . e .  t h e  t i m e  b e t w e e n  
s e c t o r  p u l s e s  was less t h a n  o r  e q u a l  t o  593 m i c r o s e c o n d s .  T h i s  
c o n d i t i o n  s e t s  t h e  S p i n  E r r o r  f l i p - f l o p  ( o n  DL5) ,  a s  w e l l  a s  a b i t  
i n  t h e  D r i v e  S t a t u s  Word. 

5.1.4.5 C o n t r o l  Speed Up G a t e  - The s i g n a l  C o n t r o l  S p e e d u p  (L) 
is g e n e r a t e d  when t h e  t i m e  be tween  s e c t o r  p u l s e s  i s  l o n g e r  t h a n  
6 2 5  m i c r o s e c o n d s ,  i n d i c a t i n g  t h a t  t h e  s p e e d  of t h e  S p i n d l e  Dr i v e  
Motor i s  t o o  s l o w .  'Th i s  g a t e  is  d i s a b l e d  by D i s k  on  Speed  o r  t h e  
S p i n  Down command fr:orn t h e  S t a t e  C o n t r o l  L o g i c  ( D L 1 ) .  C o n t r o l  
Speed  u p  is s e n t  t o  t h e  AC S e r v o  Module where  i t  p r o v i d e s  more a c  
power t o  t h e  D r i v e  Motor a 

5.1.4.6 T i m e r  and  L a t c h  R e s e t  F l i p - F l o p  - T h i s  f l i p - f l o p  i s  
e s s e n t i a l l y  a o n e - s h o t  p r o d u c i n g  a o n e  c l o c k  c y c l e  p u l s e  which  
r e s e t s  t h e  S e c t o r  D e t e c t i o n  Timer  and Speed L a t c h e s .  I t  i s  s e t  
when t h e  z e r o  c r o s s i n g  o f  t h e  Raw S e c t o r  P u l s e  ( f r o m  t h e  
S e c t o r  T r a n s d u c e r )  is d e t e c t e d  a s  t h e  s i g n a l  S e c t o r  D e t e c t e d  (L) 
g o e s  h i g h .  





5.1.5 E r r o r  L o g i c  (DL.5) - The e r r o r  l o g i c  p o r t i o n  o f  t h e  d r i v e  
l o g i c  m o d u l e  c o n t a i n s  t h e  l o g i c  e l e m e n t s  l i s t e d  b e l o w .  

a D i s k  S t o p p e d  T i m e r  

a Disk S p i n u p  Timer and  E r r o r  L a t c h  

a Write P r o t e c t  D e t e c t i o n  and  E r r o r  L a t c h  

C l o c k  E r r o r  D e t e c t o r  

* Write G a t e  E r r o r  F l i p - F l o p  

5.1.5.1 D i s k  Stopped Timer  - I f  t h e  d r i v e  is n o t  i n  s p i n u p  s t a t e  
( f r o m  t h e  S t a t e  C o n t r o l  R O M ) ,  t h e  D i s k  S t o p p e d  T i m e r  w i l l  t i m e o u t  
1 5  s e c o n d s  a f t e r  t h e  l . a s t  S e c t o r  P u l s e  is d e t e c t e d ,  g e n e r a t i n g  t h e  
s i g n a l  D i s k  S t o p p e d  ( L ) .  T h i s  s i g n a l  i s  s e n t  t o  t h e  AC S e r v o  
Modu le  t o  d i s a b l e  t h e  S p i n d l e  D r i v e  M o t o r .  

5.1.5.2 D i s k  S p i n u p  T i m e r  a n d  E r r o r  L a t c h  - The D i s k  S p i n u p  
T i m e r  is s t a r t e d  by t h e  S p i n u p  command f r o m  t h e  S t a t e  C o n t r o l  ROM 
(DLl). I f  t h e  S p i n u p  Command is  no ' t  r emoved  ( i . e . ,  d i s k  i s  n o t  up 
t o  speed) w i t h i n  3 9  seconds, t h e  S p i n u p  E r r o r  L a t c h  a n d  S p i n  E r r o r  
f l i p - f l o p  w i l l  be s e t .  

5.1.5.3 Write P r o t e c t  D e t e c t i o n  a n d  E r r o r  L a t c h  - A W r i t e  
P r o t e c t  c o n d i t i o n  is s e n s e d  when t.he Write P r o t e c t  s w i t c h  o n  t h e  
c o n t r o l  p a n e l  is d e p r e s s e d .  I f  t h i s  c o n d i t i o n  e x i s t s ,  o n e  l e g  of 
t h e  Wri te  P r o t e c t  E r r o r  L a t c h  i s  enabled. I f  Write  G a t e  f r o m  t h e  
C o n t r o l l e r  is d e t e c t e d ,  t h e  E r r o r  L a t c h  i s  s e t ,  p r o d u c i n g  t h e  
s i g n a l  Write P r o t e c t  E r r o r  ( L )  . 
5.1.5.4 C l o c k  E r r o r  D e t e c t o r  - C o n t i n u o u s  S y s t e m  Clock p u l s e s  
keep c a p a c i t o r s  CIÃ or  C of t h e  C l o c k  Error Detector d i s c h a r g e d .  
I f  t h e  C l o c k  p u l s e s  s h o z d  s t o p ,  one o r  b o t h  of  t h e s e  c a p a c i t o r s  
w i l l  c h a r g e  up and  cause a h i g h  level a t  t h e  i n v e r t e r .  T h i s  w i l l  
p r o d u c e  t h e  s i g n a l  C l o c k  E r r o r  ( L )  

5.1.5.5 Wri te  G a t e  E r r o r  F l i p - F l o p  - I f  Wri te  Gate f r o m  t h e  
c o n t r o l l e r  is e n a b l e d  d u r i n g  S e c t o r  T i m e ,  t h e  Write G a t e  E r r o r  
F l i p - F l o p  is s e t .  Thiis p r o d u c e s  the s i g n a l  Write G a t e  E r r o r  (L) , 
w h i c h  p r e v e n t s  o v e r w r i t i n g  o f  p r e r e c o r d e d  s e r v o  and  h e a d e r  d a t a .  



5.1.6 I n t e r f a c e  Logic (DL6 and  DL8) - T h e  I n t e r f a c e  L o g i c  
p o r t i o n  o f  t h e  D r i v e  L o g i c  Module c o n t a i n s  t h e  l o g i c  e l e m e n t s  
1 i s t e d  be low.  

9 I n t e r f a c e  L i n e  R e c e i v e r s  

41 I n t e r f a c e  LAne D r i v e r s  

Ã L i n e  R e c e i v e r  Power S u p p l y  

a M u l t i p l e  D r i v e  S e l e c t i o n  E r r o r  D e t e c t o r  

a D r i v e  S e l e c t  L o g i c  

<Ã I n t e r f a c e  E n a b l e / D i s a b l e  Logic 

Ã FAULT Lamp D r i v e r  

Ã READY Lamp Dr i v e r  

5.1.6.1 S e c t o r  P u l s e  D e t e c t o r  - T h e  r a w  s e c t o r  p u l s e ,  
o r i g i n a t i n g  from t h e  Sec tor  D e t e c t o r ,  i s  a n  a n a l o g  s i g n a l .  T h e  
S e c t o r  P u l s e  D e t e c t o r  s h a p e s  t h e  a n a l o g  s i g n a l  i n t o  a  s q u a r e  wave 
o r  l o g i c  p u l s e  p r o d u c i n g  t h e  s i g n a l  S e c t o r  D e t e c t e d  ( L ) .  Refer t o  
F i g u r e  5-8. T h i s  s i g n a l  is used t o  g e n e r a t e  t h e  6 2 5  m i c r o s e c o n d  
t i m e o u t  f o r  t h e  Speed C o n t r o l  L o q i c  (DL4). 

5.1.6.2 E n a b l e / D i s a b l e  I n t e r f a c e  C o n t r o l s  - Power On R e s e t  (L,) 
i s  a -8 v o l t  s i g n a l  from t h e  c o n t r o l l e r  which p e r f o r m s  t h e  
f u n c t i o n s  l i s t e d  below. 

t~ Keeps t h e  d r i v e  d e s e l e c t e d  from t h e  i n t e r f a c e  bus i f  DC 
power is n o t  w i t h i n  t o l e r a n c e s  

Ã When d c  power comes up t o  t o l e r a n c e ,  t h e  s i g n a l  e n s u r e s  
t h a t  a l l  d r i v e  l a t c h e s ,  f l i p - f l o p s ,  and c o u n t e r s  h a v e  
been c l e a r e d  p r i o r  t o  d e v i c e  s t a r t u p  

I f  t h e  s i g n a l  AC LO ( L )  f rom t h e  c o n t r o l l e r  i s  e n a b l e d ,  t h e  d r i v e  
i n t e r f a c e  b u s  i s  d i s a b l e d .  



5.1.7 I n t e g r a t o r  Log ic  ( D L 7 )  
The I n t e g r a t o r  Logic  p o r t i o n  o Â  t h e  D r i v e  Logic  Module p r o d u c e s  
t h e  E l  and E 2  Servo  Sample s i g n a l s ,  and P o s i t i o n e r  s i g n a l ,  and t h e  
Ready t o  Read/Write ' s i g n a l .  The l o g i c  e l e m e n t s  used t o  p roduce  
t h e s e  s i g n a l s  a r e  l i s t e d  below.* 

E l  and E 2  S e r v o  Sample G e n e r a t i o n  and I n t e g r a t i o n  Logic  

0 Servo  Datla La tch  

a I n t e g r a t e  C i r c u i t  E n a b l e / D i s a b l e  L a t c h e s  

a Se rvo  D'ata Cycle  Counter  

a I n t e g r a t e  Enable  Fl  i p -F lop  

El/E2 I n t e g r a t o r  S e l e c t o r  

a E l  and E 2  I n t e g r a t o r s  and P o l a r i t y  D e t e c t o r s  

0 Guard Band D e t e c t o r  

P o s i t i o n e r  S i g n a l  and Ready t o  Read/Write S i g n a l  Logic  

a Sample one - sho t  and D r i v e r  

a P o s i t i o n  S i g n a l  Sample and Hold C i r c u i t  

a P o s i t i o n  Nul l  D e t e c t o r  

a R e t r i g g e r  D i s a b l e  Latch  

0 Ready t o  R/W Timeout .  

5.1.7.1 E l  and E2 Servo Sample G e n e r a t i o n  and I n t e g r a t i o n  - 
Servo  Da ta ,  g e n e r a t e d  by t h e  Read/Write Logic a s  Servo  Data 1 and 
2 ,  is d i s t r i b u t e d  t o  t h e  I n t e g r a t o r  Logic by t h e  Se rvo  Data La tch .  

I n t e g r a t i o n  C i r c u i t  E n a b l e / D i s a b l e  L a t c h e s  - These two l a t c h e s  a r e  
used  t o  e n a b l e  t h e  i n t e g r a t i o n  l o g i c  d u r i n g  s e c t o r  t i m e  and t o  
d i s a b l e  t h e  i n t e g r a t h n  l o g i c  a f t e r  two i n t e g r a t i o n s  ( E l  and E2) 
have  been per formed.  

The second 1a tc .h  must be s e t  b e f o r e  t h e  f i r s t  l a t c h  is  s e t .  The 
f i r s t  l a t c h  must  be r e s e t  b e f o r e  the second l a t c h  is  s e t  a g a i n .  

The second l a t c h  is s e t  by S e c t o r  Time ( L )  and Ampli tude S e n s o r  
( H )  , which means no d a t a  h a s  been sensed  a s  y e t  by t h e  Read Logic .  

A s  soon  a s  d a t a  is s e n s e d ,  Ampli tude Senso r  ( L )  is e n a b l e d .  T h i s  
a l l o w s  i n t e g r a t i o n s  t o  be per formed.  The f i r s t  l a t c h  t h e n  c o u n t s  
two i n t e g r a t i o n s  and  r e s e t s .  The second l a t c h  w i l l  d i s a l l o w  any  
f u r t h e r  i n t e g r a t i o n s  u n t i l  t h e  n e x t  s e c t o r  t ime .  



Servo Data  Cycle S t a r t  F l i p - F l o p  - T h i s  f l i p - f l o p  is  s e t  when t h e  
I n t e g r a t i o n  C i r c u i t  is e n a b l e d  and a l l o w s  t h e  S e r v o  Data  C y c l e  
C o u n t e r  t o  b e  l o a d e d .  

S e r v o  D a t a  C y c l e  C o u n t e r  - T h i s  c o u n t e r  is used  t o  c o u n t  t h e  t e n  
S  and S 2  s e r v o  d a t a  p u l s e s  which a r e  t o  be  i n t e g r a t e d  by e i t h e r  
t h e  E l  o r  E2 I n t e g r a t o r s .  

I n t e g r a t e  E n a b l e  F l i p - F l o p  - As s o o n  a s  S e r v o  Data  p u l s e s  a r e  
s e n s e d  by t h e  S e r v o  Da ta  L a t c h  and t h e  S e r v o  Data C y c l e  C o u n t e r  
h a s  s t a r t e d  c o u n t i n g  t h e  p u l s e s ,  t h e  I n t e g r a t e  E n a b l e  Â£ i p - f  l o p  i s  
s e t .  T h i s  e n a b l e s  e i t h e r  t h e  E l  o r  E 2  I n t e g r a t o r s  , d e p e n d i n g  upor1 
w h i c h  h a s  b e e n  s e l e c t e d  b y  t h e  E 1 / E 2  I n t e g r a t o r  S e l e c t o r  
f l i p - f l o p .  

F i g u r e  5-9 is a s e t  o f  s c o p e  waveforms  showing  t h e  S e r v o  Da ta  a s  
s e n s e d  by  t h e  Read L o g i c ,  t h e  o u t p u t  from t h e  S e r v o  Data  L a t c h ,  
t h e  I n t e g r a t e  E n a b l e  f l i p - f l o p  and t h e  r e s u l t i n g  o u t p u t  o f  t h e  
i n t e g r a t o r .  

E l / ' E 2  I n t e g r a t o r  S e l e c t o r  - As S, o r  S, s e r v o  s a m p l e  b u r s t s  a r e  
d e t e c t e d ,  t h e  E 1 / E 2  I n t e g r a t o r  f l i p - f l o p  t o g g l e s ,  s e l e c t i n g  e i t h e r  
t h e  E l  o r  E 2  I n t e g r a t o r  c i r c u i t s .  T h i s  f l i p - f l o p  i s  h e l d  r e s e t  i f  
S e c t o r  Time is  n o t  being s e n s e d .  

E l  and E 2  I n t e g r a t o r s  - Ten s e r v o  d a t a  p u l s e s  a r e  i n t e g r a t e d  by 
t h i s  l o g i c  t o  p r o d u c e  e i t h e r  E l  o r  E 2  s a m p l e  s i g n a l s ,  d e p e n d i n g  
u p o n  w h i c h  i n t e g r a t o r  w a s  s e l e c t e d  b y  t h e  E1/E2 I n t e g r a t o r  
S e l e c t o r .  F i g u r e  5-10 shows i n t e g r a t i o n s  p e r f o r m e d  on  s e r v o  
p u l s e s  o f  5 0 %  and 7 5 %  d u t y  c y c l e s ,  r e s p e c t i v e l y .  

F i g u r e  5-11 shows an e n t i r e  o p e r a t i o n  c y c l e  o f  t h e  E l  and E 2  S e r v o  
Sample  G e n e r a t o r  and I n t e g r a t i o n  l o g i c .  

Guard Band D e t e c t o r  F l i p - F l o p  - I f  t h e  Guard Band f l i p - f l o p  
d e t e c t s  t h a t  o n l y  o n e  i n t e g r a t i o n  h a s  been  p e r f o r m e d  b e c a u s e  o n l y  
o n e  s e t  o f  s e r v o  s a m p l e s  was d e t e c t e d  t h i s  f l i p - f l o p  i s  s e t .  The 
s p e c i a l  s e r v o  f o r m a t  f o r  t h e  Guard band z o n e s  on t h e  d i s k  s u r f a c e  
c o m p r i s e s  c o n t i g u o u s  S, b u r s t s  and  an a b s e n c e  o f  S 2  b u r s t s  f o r  t h e  
o u t e r  Guardband o r  c o n t i g u o u s  S 2  b u r s t s  and an a b s e n c e  o f  Sl 
b u r s t s  f o r  t h e  I n n e r  Guardband .  

I f  o n l y  o n e  i n t e g r a t i o n  is p e r f o r m e d  d u r i n g  S e c t o r  Time ( i . e . ,  
o n l y  o n e  o f  t h e  S, o r  S s a m p l e  b u r s t s  i s  d e t e c t e d )  t h e  Guardband  
D e t e c t o r  f l i p - f l o p  is s e t .  I f  two i n t e g r a t i o n s  a r e  p e r f o r m e d ,  t h e  
f l i p - f l o p  i s  r e s e t ,  i n d i c a t i n g  G u a r d b a n d .  

5.1.7.2 P o s i t i o n e r  S i g n a l  and Ready  t o  R/W S i g n a l  L o g i c  - 
Sample One S h o t  and  D r i v e r  - The Sample One-Shot is  s e t  d u r i n , g  E l  
t i m e  by t h e  E l / E 2  I n t e g r a t o r  S e l e c t o r .  The Sample  D r i v e r  p r o v i d e d  
s a m p l e  t i m i n g  p u l s e s  t o  t h e  P o s i t i o n  S i g n a l  Sample  and Hold 
c i r c u i t .  
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P o s i t i o n  S i g n a l  Sample  and Hold  C i r c u i t  - The P o s i t i o n  S i g n a l  i s  
p r o d u c e d  by c o m b i n i n g  t h e  s a m p l e  s i g n a l  t i m i n g  p u l s e s  f rom t h e  
s a m p l e  o n e - s h o t  d r i v e r  and t h e  a m p l i t u d e  o f  t h e  I n t e g r a t e d  E l  
S e r v o  S i g n a l .  

P o s i t i o n  N u l l  D e t e c t o r  - The P o s i t i o n e r  N u l l  D e t e c t o r  s e n s e s  t h e  
a m p l i t u d e  o f  t h e  P o s i t i o n  S i g n a l .  When i t  r e a c h e s  a l e v e l  r a n g i n g  
f rom +0 .6  t o  - 0 . 6  v o l t s ,  an  e n a b l e  s i g n a l  is s e n t  t o  t h e  R e t r i g g e r  
D i s a b l e  L a t c h .  

Ready  t o  R e a d / W r i t e  Timer - When t h e  R e t r i g g e r  D i s a b l e  L a t c h  i s  
s e t ,  a 6.5 m i l l i s e c o n d  t i m e o u t  o c c u r s .  The l a t c h  is  s e t  b y  t h e  
e n a b l e  s i g n a l  from t h e  P o s i t i o n  N u l l  D e t e c t o r  and t h e  S i g n a l  
E n a b l e  T i m e o u t  ( L )  f rom t h e  V e l o c i t y  C o n t r o l  L o g i c  (DL2). F i g u r e  
5-12 i s  a  s e t  o f  s c o p e  waveforms  showing t h e  g e n e r a t i o n  o f  t h e  
Ready t o  Read/Wr i t e  s i g n a l .  

5.2 DC SERVO AND POWER MODULE . 

The DC S e r v o  and Power Module p r o v i d e s  r e g u l a t e d  d c  v o l t a g e s  f o r  
t h e  d r i v e  and s e r v o  a m p l i f i e r  c o n t r o l  f o r  the p o s i t i o n e r .  

The power p o r t i o n  o f  t h e  module  c o n t a i n s  t h e  f o l l o w i n g  e l e m e n t s :  

6 +8 v o l t ,  -8 v o l t ,  a n d  +5 v o l t  DC R e g u l a t o r s  

8 + 5  v o l t  R e f e r e n c e  S o u r c e  

a U n d e r v o l t a g e  D e t e c t o r  . +5 v o l t  d i s a b l e  and Emergency R e t r a c t  C o n t r o l  

e O v e r v o l  t a g e  Crowbar  

a I n v e r  t / N o n - I n v e r  t S e n s o r s  

The S e r v o  A m p l i f i e r  p o r t i o n  o f  t h e  Module c o n t a i n s  t h e  f o l l o w i n g  
elements: 

V e l o c i t y / P o s i  t i o n e r  Mode S e l e c t i o n  S w i t c h e s  

a I n v e r  t / N o n - I n v e r t  S e l e c t i o n  C o n t r o l  . Summing A m p l i f i e r  

a Power A m p l i f i e r  

D T a c h o m e t e r  Amp1 i f  i e r  

m Motor C u r r e n t  S e n s i n g  R e s i s t o r  
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5.2.1 V o l t a g e  R e g u l a t o r s  
I n p u t s  t o  t h e  +8 ,  -8, and +5 v o l t  r e g u l a t o r s  is  p r o v i d e d  by t h e  
+11.5  v o l t  power s u p p l y  which i s  l o c a t e d  on t h e  d r i v e  power p a n e l  . - 

The 5 amp p i c o  f u s e  p r o t e c t s  t h e  d r i v e  l o g i c  i n  t h e  e v e n t  o f  a 
s h o r t  w i t h i n  t h e  +5 v o l t  r e g u l a t o r .  

5 . 2 . 2  O v e r v o l t a g e  Crowbar  
I f  t h e  5 v o l t  r e g u l a t o r  f a i l s  ( 5  v o l t  l e v e l  i n c r e a s e s  t o  6 . 5  
v o l t s )  , t h e  O v e r v o l t a g e  C r o w b a r  p r o v i d e s  c u r r e n t  1 i m i  t i n g  
p r o t e c t i o n .  

5.2.,3 +5 V o l t  D i s a b l e  and Emergency R e t r a c t  
I f  t h e  r e a d / w r i t e  h e a d s  a r e  l o a d e d  and a  5 v o l t  u n d e r v d t a g e  
c o n d i t i o n  is d e t e c t e d ,  t h e  s i g n a l  Home D r i v e  is e n a b l e d .  T h i s  
s i g n a l  i s  f e d  d i r e c t l y  t o  t h e  DC S e r v o  Summing A m p l i f i e r  and 
r e s u l t s  i n  an  emergency  r e t r a c t i o n  o f  t h e  p o s i t i o n e r  a t  a v e l o c i t y  
o f  15 i p s .  

5 . 2 . . 4  U n d e r v o l t a g e  D e t e c t o r  
I f  t h i s  c i r c u i t  d e t e c t s  a  + 5  v o l t  u n d e r v o l t a g e  c o n d i t i o n ,  the 
s i g n a l s  Power On R e s e t  ( L )  and  DC Low (H )  a r e  g e n e r a t e d .  Power O n  
R e s e t  ( L )  is used  t o  c l e a r  a l l  d e v i c e  r e g i s t e r s  a n d  l o g i c  in, t h e  
e v e n t  of  a momentary power f a i l u r e  o r  d u r i n g  d e v i c e  s t a r t u p .  

5.2-5 I n v e r t / N o n - i n v e r t  S e l e c t i o n  C o n t r o l  
The D i r e c t i o n  s i g n a l  from t h e  S t a t e  C o n t r o l  L o g i c  (DL1) is  s e n s e d  
b y  t h e  I n v e r t / N o n - i n v e r t  d e t e c t o r s  ( S h e e t  1 ) .  The s i g n a l  Non 
I n v e r t  (L) a l l o w s  t h e  p o s i t i o n e r  t o  be  d r i v e n  f o r w a r d  ( t o w a r d  t h e  
s p i n d l e ) .  The s i g n a l  I n v e r t  (L) a l l o w s  t h e  p o s i t i o n e r  t o  b e  d r i v e  
backward (away from t h e  s p i n d l e ) .  

5 2  V e l o c i t y / P o s i t i o n e r  Mode S e l e c t i o n  S w i t c h e s  
The p o s i t i o n e r  i s  i n  V e l o c i t y  Mode e x c e p t  when i t  i s  l o c k e d  on a 
d a t a  t r a c k  ( P o s i t i o n e r  Mode).  T h e  s i g n a l  V e l o c i t y  Mode ( L )  f rom 
t h e  S t a t e  C o n t r o l  ROM ( D L 1 )  e n a b l e s  t h e  V e l o c i t y  Command from t h e  
V e l o c i t y  ROM 6(DL2)  t o  d r i v e  t h e  p o s i t i o n e r  d u r i n g  s e e k s ,  l o a d  
head  s t a t e ,  e t c .  The s i g n a l  P o s i t i o n e r  Mode ( L )  e n a b l e s  t h e  
P o s i t i o n e r  S i g n a l  t o  d r i v e  t h e  p o s i t i o n e r  i n  o n e - h a l f  t r a c k  
i n c r e m e n t s  when i t  is  l o c k e d  on a  p r e d e t e r m i n e d  d a t a  t r a c k .  

5 . 2 . 7  Tachometer A r n p l i f  i e r  
The Tachomete r  Arnplif i e r  p r o d u c e s  t h e  V e l o c i t y  S i g n a l  from t h e  
p o s i  t i o n e r  v e l o c i t y  f e e d b a c k  s i g n a l .  The T a c h o m e t e r  V e l o c i t y  
s i g n a l  is s e n t  t o  t h e  Count  L o g i c  (DL3) w h e r e  i t  is  d e c o d e d  i n t o  
t h r e e  v e l o c i t y  l e v e l s  f o r  a d d r e s s  i n p u t s  t o  t h e  Count  ROM. 



5.3 READ/WRITE MODULE 
The  Read/Wr i t e  Module c o n t a i n s  t h e  l o g  i c  e l e m e n t s  l i s t e d  below.  

a Head S e l e c t i o n  and S t e e r i n g  L o g i c  

a W r i t e  E n a b l e  f l i p - f l o p  

a W r i t e  Da ta  f l i p - f l o p  

e W r i t e  C u r r e n t  S o u r c e  and S w i t c h  

W r i t e  C u r r e n t  D r i v e r s  

a W r i t e  Da ta  E r r o r  D e t e c t o r  

C u r r e n t  i n  Heads D e t e c t o r  

e Read A m p l i f i e r  

e Zero  C r o s s i n g  D e t e c t o r s  

e S e r v o  and Read Data  P u l s e  D e t e c t o r s  

A m p l i t u d e  S e n s o r  L e v e l  D e t e c t o r s  

a F a l l - T i m e  D e t e c t o r  

e Pick-Time D e t e c t o r  

5.3.1 Head S e l e c t i o n  and S t e e r i n g  C i r c u i t  
The  s i g n a l  Head S e l e c t  Z e r o  ( L )  e n a b l e s  t h e  Head S e l e c t  0 G a t e  and  
d i s a b l e s  Head 1 by p u l l i n g  i ts  c e n t e r  t a p  t o  g r o u n d .  T h i s  a l l o w s  
Read Data  s e n s e d  by Head 0 t o  be s e n t  t o  t h e  Read P r e a m p l i f i e r  
( s h e e t  2 )  v i a  s t e e r i n g  d i o d e s  D H  and  D n .  

I f  Head S e l e c t  Zero  is h i g h ,  t h e  c e n t e r  t a p  o f  Head 0 i s  g r o u n d e d  
and  Read Da ta  f rom head 1 i s  s e n t  t o  t h e  Read P r e a m p l i f i e r  v i a  
s t e e r i n g  d i o d e s  D,,, and D14. 

D u r i n g  a w r i t e  o p e r a s t i o n ,  t h e  c o m b i n a t i o n  o f  Write G a t e  ( L )  and 
Head S e l e c t  Z e r o  is used  t o  e n a b l e  t h e  Write Head Z e r o  G a t e  o r  t h e  
W r i t e  Head 1 G a t e .  I f  head  0 i s  s e l e c t e d ,  t r a n s i s t o r s  Q a n d  Q g  
a r e  t u r n e d  on .  ~f h e a d  1 is  s e l e c t e d ,  t r a n s i s t o r s  Qr and Q-, a r e  
t u r n e d  on.  

The s t e e r i n g  n e t w o r k  f o r  head  0 c o m p r i s e s  d i o d e s  D 7 ,  D g ,  %, and 
D D u r i n g  a w r i t e  o p e r a t i o n ,  w r i t e  c u r r e n t  is f e d  t o  h e a d  0 
Â£43 t h e  C u r r e n t  D r i v e r s  (Q, and  Q.,) v i a  s t e e r i n g  d i o d e s  D7 and 

"8-  



The s t e e r i n g  n e t w o r k  f o r  h e a d  1 c o m p r i s e s  d i o d e s  Dg, D Dl -, , a n d  

D w  D u r i n g  a w r i t e  o p e r a t i o n ,  w r i t e  c u r r e n t  i s  f e d t o  h e a d  1 
f r o m  t h e  C u r r e n t  D r i v e r s  (Q,, a n d  Q-,) v i a  s t e e r i n g  d i o d e s  Dq a n d  

"10-  

5.3.2 Write C u r r e n t  Source and  D r i v e r s  
The w r i t e  c u r r e n t  s o u r c e  g e n e r a t e s  90 m i l l i a m p e r e s  o f  c u r r e n t  f o r  
t h e  Write C u r r e n t  D r i v e r s .  The  s i q n a l  W r i t e  G a t e  (14)  e n a b l e s  t h e  
W r i t e  C u r r e n t  S w i t c h .  W r i t e  d a t a  f rom t h e  W r i t e  Da ta  f l i p - f l o p  
s w i t c h e s  t h e  W r i t e  C u r r e n t  D r i v e r s  Q, a n d  Q,. 

5.3.3 Write D a t a  F l i p - F l o p  
T h e  W r i t e  D a t a  f l i p - f l o p  is  h e l d  r e s e t  b y  t h e  W r i t e  E n a b l e  
f l i p - f l o p  u n t i l  t h e  f i r s t  w r i t e  d a t a  p u l s e  f rom t h e  c o n t r o l l e r  i s  
s e n s e d  i n  c o n j u n c t i o n  w i t h  W r i t e  G a t e .  

5 . 3 . 4  Write E r r o r  D e t e c t o r  
T h e  s i g n a l  W r i t e  D a t a  E r r o r  P u l s e  (L) is g e n e r a t e d  when W r i t e  G a t e  
( L )  i s  e n a b l e d  and no W r i t e  D a t a  is  d e t e c t e d .  

5.3.5 C u r r e n t  i n  H e a d s  D e t e c t o r  
The  s i g n a l  C u r r e n t  i n  H e a d s  ( L )  is s e n t  b a c k  t o  t h e  E r r o r  L o g i c  
( D L 5 )  w h e r e  i t  i s  compared  w i t h  t h e  s i g n a l  W r i t e  G a t e .  I f  t . h e r e  
is w r i t e  c u r r e n t  f l o w i n g  i n  t h e  h e a d s  and  no W r i t e  G a t e  is 
d e t e c t e d ,  a  C u r r e n t  I n  Heads  E r r o r  i s  g e n e r a t e d .  

5.3.6 Read A m p l i f i e r  C i r c u i t s  
The  Read A m p l i f i e r  p o r t i o n  o f  t h e  R e a d / W r i t e  Module  c o m p r i s e s  t h e  
e l e m e n t s  l i s t e d  b e l o w .  

e A Read P r e a m p l i f i e r  w h i c h  a m p l i f i e s  t h e  raw o u t p u t  f r o m  
t h e  s e l e c t e d  h e a d  

e A d i f f e r e n t i a t o r  (L, a n d  C 8 )  w h i c h  c o n v e r t s  t h e  r aw 
a n a l o g  r e a d  s i g n a l s  t o  p u l s e d  w a v e f o r m s  

e A f i l t e r  n e t w o r k  (L,, 5, L4, C,,r, and  C,,-) w h i c h  r e m o v e s  
n o i s e  f rom t h e  r e a d  p u l s e s .  

5.3.7 Z e r o  C r o s s i n g  Detectors 
The Z e r o  C r o s s i n g  D e t e c t o r s  s e p a r a t e  t h e  f i l t e r e d  r e a d  p u l s e s  i n t o  
s e p a r a t e  p u l s e  t r a i n s  w h i c h  a r e  t h e n  s h a p e d  by R/C n e t w o r k s  C 1 7 ,  
R 5  and C 3 y  R 5 1 .  

5.3.8 A m p l i t u d e  S e n s o r  
T h e  Amp1 i t u d e  S e n s o r  L e v e l  D e t e c t o r s ,  t h e  P i c k - t i m e  D e t e c t o r ,  a n d  
F a 1  l - t i m e  D e t e c t o r  g e n e r a t e  t h e  d a t a  p u l s e  e n v e l o p e  s i g n a l  
A m p l i t u d e  S e n s o r  ( H ) .  T h i s  s i g n a l  i d e n t i f i e s  t h e  S, and  S, S e r v o  
D a t a  P u l s e s  and  t h e  H e a d e r  D a t a .  



5.4 AC SERVO MODULE 
The AC S e r v o  Module p r o v i d e s  t h e  f u n c t i o n s  l i s t e d  be,low. 

e C o n t r o l  o f  the c a r t r i d g e  Access Door S o l e n o i d  which  
p r e v e n t s  opeming t h e  d o o r  u n t i l  t h e  d i s k  h a s  s t o p p e d  
r o t a t i n g  

Brush  d r i v e  m o t o r  c o n t r o l  

S p i n d l e  d r i v e  m o t o r  c o n t r o l  

5 .4 .1  C a r t r i d g e  Access Door S o l e n o i d  
When t h e  S t a t e  C o n t r o l  L o g i c  ( D L 1 )  i s  i n  t h e  Load C a r t r i d g e  S a t e ,  
t h e  s i g n a l  Load C a r t r i d g e  E n a b l e  ( H )  is g e n e r a t e d .  T h i s  s i g n a l  
t u r n s  off t r a n s i s t o r  Qr w h i c h ,  i n  t u r n ,  p r o d u c e s  t h e  s i g n a l  
S o l e n o i d  D r i v e  ( H ) .  The a c c e s s  d o o r  may b e  o p e n e d  a t  t h i s  t i m e .  
When t h e  R U N  pushbu t t ;on  i s  d e p r e s s e d ,  Load C a r t r i d g e  E n a b l e  g o e s  
l o w ,  e n e r g i z i n g  t h e  s o l e n o i d  and l o c k i n g  t h e  a c c e s s  d o o r .  

5 .4 .2  Brush D r i v e  Motor C o n t r o l  
' When t h e  S t a t e  C o n t , r o l  L o g i c  (DL1) is i n  t h e  Brush C y c l e  S t a t e ,  

t h e  s i g n a l  Brush  CyclLe ( L )  is  g e n e r a t e d .  T h i s  s i g n a l  e n e r g i z e s  
t h e  Brush  Motor R e l a y  Kl w h i c h  a p p l i e s  a c  h o t  t o  t h e  Brush  Motor .  
When t h e  Brush  Motor h a s  made o n e  c o m p l e t e  r e v o l u t i o n ,  s w e e p i n g  
t h e  c a m - d r i v e n  b r u s h e s  a c r o s s  t h e  d i s k  s u r f a c e ,  t h e  Brush  Home 
S w i t c h  i s  a g a i n  c l o s e d .  The S t a t e  C o n t r o l  L o g i c  d i s a a b l e s  B r u s h  
C y c l e  (L) w h i c h  d e e n e r g i z e s  t h e  Brush  Motor R e l a y .  

5.4.3 S p i n d l e  D r i v e  Motor Control 
T h e  S p i n d l e  D r i v e  M o l t o r  is c o n t r o l l e d  by t h e  AC S e r v o  Module 
d u r i n g  t h e  t h r e e  s t a t e s  of t h e  S t a t e  C o n t r o l  ROM l i s t e d  b e l o w .  

a C o n t r o l l e d  Speed (RUN mode) 

0 S p i n  down. 

5.4.3.1 Spinup S t a t e  - A f t e r  t h e  c a r t r i d g e  h a s  b e e n  l o a d e d ,  t h e  
c a r t r i d g e  a c c e s s  d o o r  h a s  b e e n  c l o s e d ,  and t h e  R U N  s w i t c h  h a s  b e e n  
d e p r e s s e d ,  t h e  S t a t e  C o n t r o l  ROM g o e s  i n t o  t h e  S p i n u p  S t a t e .  As 
t h e  d i s k  t u r n s ,  t h e  s e c t o r  s l o t s  l o c a t e d  on t h e  c a r t r i d g e  a r m a t u r e  
a r e  s e n s e d  by t h e  s e c t o r  t r a n s d u c e r .  The d i s k  s p e e d  is c h e c k e d  by 
c o u n t i n g  t h e  number of Clock P u l s e s  be tween  s e c t o r  p u l s e s .  I f  t h e  
d i s k  s p e e d  c o n t r o l  l o g i c  d e t e r m i n e s  t h a t  t h e  s p i n d l e  s p e e d  is t o o  
low (more  t h a n  640 m ~ i c ! r o s e c o n d s  bletween s e c t o r  p u l s e s ) ,  t h e  s i g n a l  
C o n t r o l  Speed  Up (L) e n a b l e s  t h e  p h o t o  c o u p l e r  E 2  w h i c h  s w i t c h e s  
a n  R/L n e t w o r k  i n t o  t h e  S C R  d r i v e  c i r c u i t .  T h i s  p r o v i d e s  6 0 %  o f  
t h e  a v a i l a b l e  a c  power t o  t h e  s p i n d l e  m o t o r .  As s o o n  a s  t h e  
s p i n d l e  s p e e d  r e a c h e s  t h e  p o i n t  where  t h e  t i m e  be tween  s e c t o r  
pulses i s  639 m i c r o s e c o n d s ,  t h e  Disk Speed C o n t r o l  L o g i c  (DL4) 
g e n e r a t e s  t h e  s i g n a l  D i s k  On Speed  ( L ) .  



5 . 4 . 3 . 2  C o n t r o l l e d  Speed S t a t e  - The AC S e r v o  Module i s  i n  t h e  
c o n t r o l l e d  s p e e d  s t a t e  when t h e  t i m e  b e t w e e n  s e c t o r  pulses r a n g e s  
from 6 4  0 t o  593 m i c r o s e c o n d s .  

When t h e  t i m e  b e t w e e n  s e c t o r  p u l s e s  r e a c h e s  625  m i c r o s e c o n d s ,  
C o n t r o l  Speed  Up is  d i s a b l e d .  T h i s  a l l o w s  a n o t h e r  R / L  n e t w o r k  t o  
b e  s w i t c h e d  i n t o  t h e  SCR d r i v e  c i r c u i t  and p r o v i d e s  2 0 %  o f  t h e  
a v a i l a b l e  a c  power t o  t h e  d r i v e  motor .  

5 . 4 . 3 . 3 .  Spin Down S t a t e  - I f  t h e  S t a t e  C o n t r o l  ROM g o e s  i n t o  t h e  
S p i n  Down S t a t e ,  i t  g e n e r a t e s  t h e  s i g n a l  B r a k e  ( L ) .  B r a k e  ( L )  
e n e r q i z e s  R e l a y  K., and  e n a b l e s  p h o t o c o u p l e r  E l  t o  p r o v i d e  a 
h a 1  f -wave d y n a m i c  b r a k e  signal t o  t h e  m o t o r .  



SECTION I1 SERVICING PROCEDURES 



CHAPTER 1 
INTRODUCTION 

This chapter defines the maintenance philosophy and acquaints the 
reader with the structure of this portion of the manual. It 
defines the required resources available to correctly maintain the 
RL01/RL02 Disk Subsystem. The maintenance controls and indicators 
are also discussed here. 

1.1 MAINTAINABILITY FEATURES 
The following paragraphs summarize the RL01/RL02 Hardware 
Maintenance Plan. The manual organization is outlined and an 
overview of the various troubleshooting techniques is discussed. 
A listing of Field Replaceable Units (FRUs) is also given. 

I. I. 1 Hardware Maintenance Plan 
Serviceability has been a major consideration ' in the design of the 
RL01/RL02 Disk Subsystem. A large portion of the drive 
electronics has been incorporated on one logic module, the drive 
logic board. The remaining electronics exist on the read/write 
module, dc servo module, ac servo module and the front panel. 

All electromechanical subassemblies and logic modules can be 
replaced in an average time of twenty minutes. This replacement 
capability is accomplished without the aid of special alignment 
fixtures or tools. These designed-in features readily permit a 
maintenance philoso'ph~y of module or subassembly swap-out . There- 
fore, the troubleshooting strategy is to ' isolate the failing 
module or subassembly and replace it. 

1.1.2 Additional Documentation 
Table 1-1 lists the hardware documentation that will be available 
to support the RL01/02 Disk Subsystem. 



Name 

Table 1-1 RL01/02 Documentation 

RL11 Controller Technical 
Description Manual 

R L V 1 1  Controller Technical 
Manual 

R L 8 A  Omnibus Controller 
Technical Manual 

RLO1 Disk Drive Illustrated 
Parts Breakdown 

RL02 Disk Drive Illustrated 
Parts Breakdown 

RL01/RL02 Prevent ive 
Maintenance Procedures 

RL01/RL02 Pocket Service Guide 

RL01/RL02 Disk Subsystem 
User's Guide 

M i c r o f i c h e  
Numbe r 

Hard Copy 
Number 



1.1.3 F i e l d  R e p l a c e a b l e  U n i t s  
T a b l e  1-2 is  a l i s t  of RL01/RL02 F i e l d  R e p l a c e a b l e  U n i t s  ( F R U t s ) .  
Some of t h e  FRU1s c o n t a i n  components t h a t  a r e  e a s i l y  checked  and 
r e p l a c e d .  I n  t h e s e  c a s e s ,  an FRU may be r e p a i r e d  i n s t e a d  of 
r e p l a c e d .  For example,  a lamp may be r e p l a c e d  on t h e  f r o n t  p a n e l  
o r  a p i c o  f u s e  r e p l a c e d  on t h e  DC Servo  module. The d e c i s i o n  t o  
r e p l a c e  o r  r e p a i r  a n  FRU s h o u l d  b e  b a s e d  o n  s u c h  l o c a l  
c o n s i d e r a t i o n s  a s  p a r t  a v a i l a b i l i t y ,  e t c .  

Some of t h e  F R U s  a r e  i n t e r c h a n g e a b l e  between t h e  R 1 O 1  and RL02 a n d  
some a r e  n o t .  The i n t e r c h a n g e a b i l i t y  is i n d i c a t e d  i n  Table 1-2. 

Table 1-2 l?RU P a r t  Numbers and I n t e r c h a n g e a b i l i t y  

The f o l l o w i n g  FRUs a r e  downward-compat i b l e  o n l y .  The RL02 modules 
can  be used on e i t h e r  d r i v e  w i t h  j u s t  a jumper change .  The RL02 
s p i n d l e  can  be used on e i t h e r  d r i v e .  

FRU 
RL01 P a r t  RL02 P a r t  

Numbe r Number 

Read/Wri t e  Module 54-11844 54-13536 
DC Servo  Module 54-11850 54-13534 
Template  f o r  DC Servo  74-18588 74-20826 
Dr ive  Logic Module (DLM) 5 4:--12 175 54-13531 ( e a r l y )  

54-14025 ( l a t e r )  
S p i n d l e  701-12120 70-15116 

The f o l l o w i n g  FRUs a r e  t h e  same f o r  bo th  d r i v e s .  

FRU RL01/02 P a r t  Number 

5 amp f u s e  (DC Se rvo)  
AC Servo  Module 
F r o n t  Pane l  
F r o n t  Pane l  Lamp (GE 7 3 )  
S e c t o r  T ransduce r  
P o s i t i o n e r  
Brush Dr ive  Assembly 
Brush Assembly 
Spindle /Blower  Motor 
S p i n d l e  Dr ive  B e l t  
S p i n d l e  Ground Brush 
Coarse  F i l t e r  
A b s o l u t e  F i l t e r  
1/0 T e r m i n a t o r  



Table 1-2 FRU P a r t  Numbers and Interchangeability 

FRU RL01/02 P a r t  Number 

Power P a n e l  
a T e r m i n a t o r  B lock  

( v o l t a g e  s e l e c t i o n )  
C i r c u i t  B r e a k e r  

a L i n e  F i l t e r  
a R e c t i f i e r  
Ã t r a n s f o r m e r  
e Cap,  6 6 , 0 0 0  uF f o r  + Vunreg 

Cap, 20,000 u F  f o r  - Vunreg 
Ã Cap, f o r  s p i n d l e  m o t o r  
e M u f f i n  fan 

The f o l l o w i n g  FRUs a r e  n o t  i n t e r c h a n g e a b l e  b e t w e e n  a n  RLO1 and a n  
RL02. 

FRU 

Upper Head 
Lower Head 

RL01 Part RL02 P a r t  
Numbe r Number 

1.1.4 Recommended Spare Parts List: 
T a b l e  1-3 shows t h e  Recommended S p a r e  P a r t s  L i s t .  

T a b l e  1-3 Recommended Spare Parts List 

Part Number D e s c r i p t i o n  
B r a n c h  
Stocked 

Power P a n e l  Y 
Read/Wr i t e  Module (RL0J. o n 1  y )  Y 
Read /Wri te  Module (RL01, RL02) Y 
F r o n t  P a n e l  Board Y 
AC S e r v o  Module Y 
DC S e r v o  Module (RL01 o n l y )  Y 
DC S e r v o  Module (RL01, RL02) Y 
Dr ive  L o g i c  Module (RL01 o n l y )  Y 
D r i v e  L o g i c  Module (13L01, RL02) Y 
F r o n t  . P a n e l  C a b l e  N 
H a r n e s s  Power P a n e l  N 
L i n e  C a b l e  Y 
M u f f i n  Fan Cable N 
Brush  D r  ive Assembly Y 
D i s k  Motor Assembly Y 
P o s i t  i o n e r  Assembly Y 
R e a r  Cover  N 
S p i n d l e  Assembly  (RL01 o n l y )  Y 
S p i n d l e  Assembly (RL01, RL02) Y. 

Spares 
K i t  



Table 1-2 Recommended Spare Parts List (Cont.) 

Par t  Number 

SOFTWARE 

' Cable  Logic 
Brush,/Door Harness  
Termina l  Block Assembly 
P o s i t  i o n e r  Harness  
T r a n s d u c e r  Assembly 
Read/Wr i t e  Cab le  
AC Servo Cable 
DC Power Harness  
Power Harness  
Dr ive  B e l t  
P r e f i l t e r  
A b s o l u t e  F i l t e r  
Head '"A"' Up (RL01) 
Head '"A"' Down (RL01) 
Head '"A"' Up (RL02) 
Head " A w  Down (RL02) 
C a r t r  i dge  (RL01) 
C a r t r i d g e  (RL02) 
T e r m i n a t o r  
DC Servo  Cab le  
G a s k e t ,  Blower 
Fan 
C i r c u i t  Breake r  

RESOURCES 

Branch 
S tocked  

N 
N 
Y 
N 
Y 
N 
N 
N 
N 
Y 
Y 
Y 
Y 
Y 
Y 
Y 
Y 
Y 
Y 
N 
Y 
Y 
N 

Spares 
K i t  , 

N 
N 
N 
N 
Y 
N 
N 
N 
N 
Y 
N 
N 
Y 
Y 
Y 
Y 
N 
N 
N 
N 
N 
N 
N 

1.2.1 D i a g n o s t i c s  
The v a r i o u s  d i a g n o s t i c s  a v a i l a b l e  f o r  RL8-A, R L 1 1  and RLVll-based 
s u b s y s t e m s  a r e  d e s c r i b e d  i n  Appendix B ,  Pa rag raph  B.8, "Conf idence  
T e s t i n g n .  

1.2.2 D i a g n o s t i c  S u p e r v i s o r  
A l l  of  t h e  d i a g n o s t i c s  run under  t h e  D i a g n o s t i c  S u p e r v i s o r .  When 
one of  t h e  d i a g n o s t i c s  is c a l l e d  up, t h e  S u p e r v i s o r  a s k s  a  s e r i e s  
o f  q u e s t i o n s  t h a t  e n a b l e  t h e  o p e r a t o r  t o  s e t  v a r i o u s  p a r a m e t e r s  
g o v e r n i n g  t h e  s p e c i f i c  d i a g n o s t i c .  The v a r i o u s  commands t h e  
S u p e r v i s o r  w i l l  a c c e p t  a r e  summarized i n  t h e  f o l l o w i n g  p a r a g r a p h s .  
( Q u e s t i o n s  whose answers  a r e  s e l f - e v i d e n t  a re  n o t  e x p l a i n e d  h e r e . )  

1.2.2.1 Hardcore  Q u e s t i o n s  - S e v e r a l  of t h e  q u e s t i o n s  t h a t  t h e  
S u p e r v i s o r  w i l l  a sk  do not have  s i m p l e  yes  o r  no answers .  These 
i n c l u d e  t h e  q u e s t i o n s  e x p l a i n e d  below. 

The S u p e r v i s o r  w i l l  d i s p l a y  t h e  s t a t e m e n t  "TYPE TWO CHARACTER FOUR 
SECONDS APARTm when no c l o c k  is on t h e  sys tem.  The sys t em w i l l  
t h e n  s u b d i v i d e  the s p a c i n g  f o r  use a s  a  c l o c k .  The f o u r  second  
i n t e r v a l  s h o u l d  be a s  a c c u r a t e  as p o s s i b l e .  



T h e  p r o m p t  'IDS-C>" i s  r e q u e s t i n g  o n e  o f  e l e v e n  s u p e r v i s o r  
ncomrnandsw, which  a r e  l i s t e d  i n  T a b l e  1.-4. 

Table 1-4 D i a g n o s t i c  S u p e r v i s o r  Commands 

COMMAND D E S C R I P T I O N  

STA 

RES 

CON 

PRO 

DIS 

DRO 

ADD 

PRI 

STArt  d i a g n o s t i c  and t h e n  p r o d u c e  
q u e s t i o n s  f o r  g e n e r a t i o n  o f  t h e  
d i a g n o s t i c  p a r a m e t e r  t a b l e s  (llP1l 
t a b l e s ) .  

R E S t a r t  d i a g n o s t i c  a t  t h e  p o i n t  
f o l l o w i n g  t h e  h a r d w a r e  q u e s t i o n s  . 
The VIPt' t a b l e s  set up by t h e  STA 
command w i l l  b e  u s e d .  

C O N t i n u e  t h e  d i a g n o s t i c  a t  t h e  
b e g i n n i n g  o f  t h e  s u b r o u t i n e  t h a t  was 
b e i n g  ex-ecuted when t h e  d i a g n o s t i c  
was h a l t e d  by a n  e r r o r  o r  c o n t r o l  
c n  0 

PROceed t e s t i n g  w i t h  t h e  d i a g n o s t i c  
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  
s u b r o u t i n e  f o l l o w i n g  t h e  o n e  t h a t  
c a u s e d  t h e  e r r o r  r e p o r t .  

DISplciy t h e  h a r d w a r e  "PW t a b l e s  f o r  
a l l  t h e  d r i v e s  u n d e r  t e s t  . 
DROP t h e  d e s i r e d  u n i t s  f rom b e i n g  
b e s t e d .  "UNITS", i n  t h i s  c a s e ,  
r e f e r s  t o  t h e  "Pn t a b l e  u n i t s ,  n o t  
n e c e s s a r i l y  t h e  d e v i c e  u n i t  numbers .  
T h e  DIS command w i l l  g i v e  t h e  
o p e r a t o r  t h e  d r i v e  u n i t  number . 
ADD u n i t s  b a c k  i n t o  t h e  t e s t i n g  
sequence . a f t e r  t h e y  had b e e n  d r o p p e d  
by  t h e  DRO command. 

PRInt a n y  p e r f o r m a n c e  o r  s t a t i s t i c a l  
t:able:? a c c u m u l a t e d  b y  t h e  
d i a g n o s t i c .  



Table 1-4 Diagnostic Supervisor Commands (Cont) 

COMMAND D E S C R I P T I O N  

FLA 

ZFL 

FLAgs command - The current setting 
of all the flags set up under the 
STA command are printed out for 
inspect ion. 

Zero FLags command - All current 
flags set by the STA command are 
cleared by this command. 

Create Core Image command - This 
command enables a B I C  file to be 
created on these diagnostics to be 
run under the XXDP media. ( S e e  
listing for directions.) 

Program Parameter Changes - Type in any combination of the 
parameters listed in Table 1-5 to affect the indicated commands. 

Table 1-5 Command Parameters 

COMMAND 

S T A  

PARAMETER 

DS-C>STA/TESTS:  (insert test numbers 
desired from the test lists in the 
individual diagnostic listings; e .g. 
1:2 means tests 1 and 2, or 1-5:8-10 
means tests 1 through 5 and 8 
through 10.) 

DS-C>STA/TESTS : 6/PASS: ( insert the 
number of passes the diagnostic 
should take before halting) 

D S - - C > S T A / T E S T S  : 6 / p A S S :  2 / F L A G S :  
(insert any of these mnemonic (s) 
representing a program flag (s) ) : 

HOE -Halt On Error 
LOB - Loop On Error 
I E R  - Inhibit Error Report 
IBE - Inhibit Basic Error 

reporting 
IXB - Inhibit extended Error 

reporting 
PRI - PRInt messages on line 

printer 
PNT - PriNt Test numbers as 

they are being executed 



COMMAND 

Table 1-5 Command P a r a m e t e r s  ( C o n t )  

STA ( c o n t )  

RES 

CON 

PRO 

DRO 

DIS 

ADD 

PRI 

FLA 

ZFL 

CCI 

PARAMETER 

BOE - B e l l  On E r r o r  
UAM - B y p a s s  m a n u a l  

i n t e r v e n t i o n  t e s t s  
I S R  - I n h i b i t  S t a t i s t i c a l  

Repo r t s 
IDR - I n h i b i t  DRopping  o f  

u n i t s  

DS-C>STA/'TESTS : 6/PASS: 2/FLAGS: I E R :  
PNT:BOE: IDR/EOP: ( i n s e r t  a  n u m b e r  
e q u a l l i n g  t h e  p a s s  i n t e r v a l s  a t  
w h i c h  t h e  End O f  P a s s  m e s s a g e  w i l l  
b e  p r i n t e d ;  e . g .  e v e r y  o t h e r  p a s s ,  
e v e r y  t h i r d  p a s s ,  e t c . )  

F o r  e x a m p l e ,  u t i l i z i n g  a l l  t h e  
p o s s i b l e  p a r a m e t e r  c h a n g e s ,  t h e  STA 
command wou ld  l o o k  l i k e  t h i s :  

DS-C>!3TA/TESTS : 6/PASS : 2/FLAGS : I ER : 
PNT: BOE: IDR/EOP: 3 

Use TESTS, PASS, FLAGS a n d / o r  UNITS 
t o  b e  t e s t e d ;  e'.g. DS-C>RES/TESTS:6 
/UNITS:l  (this w i l l  r u n  o n l y  t e s t  6 
on  t h e  d e v i c e  s p e c i f i e d  i n  "P" t a b l e  
1) 

Use PASS o r  FLAGS o n l y  

Use FLAGS o n l y  

Use UNITS o n l y  

Use UNITS o n l y  

Use UNITS o n l y  

No v a r - i a t i o n s  

No v a r i a t i o n s  

No v a r i a t i o n s  

Use TESTS, PASS o r  FLAGS 



1.2.2.2 Console Controls - There a r e  t h r e e  c o n s o l e  c o n t r o l s  t h a t  
c a n  be used t o  a f f e c t  a runn ing  d i a g n o s t i c .  They a r e  a l l  t yped  by 
h o l d i n g  down t h e  "CONTROLw key w h i l e  t y p i n g  t h e  s p e c i f i c  l e t t e r .  

C o n t r o l  "C" causes t e s t i n g  t o  c e a s e  and a r e t u r n  t o  t h e  s t a r t  
( D S - 0 ) .  

C o n t r o l  1tZ1l c a u s e s  d e f a u l t  v a l u e s  t o  be t a k e n  i n  any  of t h e  t h r e e  
o p e r a t o r  d i a l o g u e s .  

C o n t r o l  "0" c a u s e s  a s u p r e s s i o n  of  t y p e o u t s  f o r  t h e  remainder  of 
t h e  d i a g n o s t i c  o r  u n t i l  a n o t h e r  c o n t r o l  "0" is t y p e d .  

1.2.2.3 Hardware Questions - I t  is d u r i n g  t h e  hardware  q u e s t i o n  
p o r t i o n  of  t h e  S u p e r v i s o r  t h a t  t h e  "P" ( p a r a m e t e r )  t a b l e s  a r e  
b u i l t .  There  is one I1P* t a b l e  f o r  e v e r y  u n i t  t o  be t e s t e d .  A l s o ,  
"UNITS" p e r t a i n s  t o  t h e  "PIB table number, n o t  t h e  d e v i c e  u n i t  
number. I f  t h e r e  is doub t  a s  t o  which u n i t  number h a s  been 
a s s i g n e d  t o  which d r i v e ,  t h e  D I S  command ( s e e  Tab le  1-12) w i l l  
s u p p l y  t h e  n e c e s s a r y  inÂ o r m a t i o n .  

1.2.2.4 S o f t w a r e  Question - The q u e s t i o n  "CHANGE SW(L)?" a s k s  i f  
any of t h e  s o f t w a r e  p a r a m e t e r s  a re  t o  be changed.  A "Y" w i l l  
c a u s e  t h e  program t o  a sk  v a r i o u s  q u e s t i o n s .  For more d e t a i l  r e f e r  
t o  t h e  i n d i v i d u a l  program document.  

1.3 MAINTENANCE CONTROLS AND INDI:CATORS 
F i g u r e s  1-1 and 1-2  show a l l  RL01/RL02 Disk Dr ive  c o n t r o l s  and 
i n d i c a t o r s .  

1.3.1 Power ON/OFF C: i r cu i t  Breake r  
When t h e  a c  power p lug  is i n s e r t e d  i n t o  a 115/230 Vac, 50/60 Hz 
o u t l e t ,  a c  power is a p p l i e d  t o  t h e  r e a r  p a n e l  c i r c u i t  b r e a k e r  on 
t h e  d r i v e .  When t h e  c i r c u i t  b r e a k e r  is t u r n e d  o n ,  a c  power is  
a p p l i e d  t o  t h e  d r i v e  and t h e .  blower motor is e n e r g i z e d .  

1.3.2 Power Terminal  B l o c k  Assemblly 
The R L 0 1 / R L 0 2  Disk D r i v e  o p e r a t e s  w i t h i n  two ac l i n e  v o l t a g e  
r a n g e s  a t  e i t h e r  50 o r  60 Hz: 

h 

A 

90 - 132 Vac 
180 - 264 Vac! 

These  v o l t a g e  r a n g e s  may be manua l ly  s e l e c t e d  by  ' chang ing  t h e  
p o s i t i o n  of t h e '  t e r m i n a l  b lock  assembly  c o v e r s  l o c a t e d  a t  t h e  r e a r  
o f  t h e  d r i v e .  R e f e r  t o  F i g u r e  1-2. 



OAD i 

FAULT \ INDICATOR 

WRITE PROTECT SWITCH , 

AND INDICATOR 
CZ-1006 

Figure 1-1 RL01/RL02 Disk D r i v e  C o n t r o l s  and Indicators 
( F r o n t  Pane l )  



Figure 1-2 RL01/RL02 Disk Drive Controls and Indicators 
(Rear Pane l )  



1 . 3 . 3  Run/Stop Switch w i t h  LOAD I n d i c a t o r  
This push o n i p u s h  o f f  switch , when d e p r e s s e d ,  e n e r g  izes the 
s p i n d l e  motor p r o v i d i n g  a l l  of t h e  f o l l o w i n g  c o n d i t i o n s  h a v e  b e e n  
met : 

The d i s k  c a r t r i d g e  h a s  been  i n s t a l l e d  

The c a r t . r i d g e  p r o t e c t i v e  c o v e r  is  i n  p l a c e  and  t h e  
c a r t r i d g e  a c c e s s  d o o r  is c l o s e d  

a A l l  a c  and d c  v o l t a g e s  a r e  w i t h i n  s p e c i f i c a t i o n s  

a The r e a d / w r i t e  h e a d s  a r e  i n  tihe home p o s i t i o n  ( r e t r a c t e d )  

e The b r u s h e s  a r e  i n  t h e  b r u s h  home p o s i t i o n  

When t h e  r u n i s t o p  s w i t c h  is r e l e a s e d ,  t h e  s p i n d l e  d r i v e  m o t o r  is 
d e e n e r g i z e d  i f  the r e a d / w r i t e  h e a d s  a r e  n o t  l o a d e d .  I f  t h e  h e a d s  
a r e  l o a d e d ,  t h e y  a r e  i m m e d i a t e l y  r e t r a c t e d  and  the s p i n d l e  d r i v e  
m o t o r  is t h e n  d e e n e r g i z e d .  I n  t h e  e v e n t  o Â  a main  power i n t e r r u p t  
and  s u b s e q u e n t  power r e s t o r a t i o n ,  t h e  d r i v e  w i l l  recycle up i f  t h e  
s w i t c h  is i n  t h e  d e p r e s s e d  s t a t e  s i n c e  i t  c o n t a i n s  m e c h a n i c a l  
memor y. 

The LOAD e n a b l e  i n d i c a t o r  is i l l u m i n a t e d  whenever a l l  of t h e s e  
c o n d i t i o n s  h a v e  been  met: 

a The s p i n d l e  is s t o p p e d  
a The r e a d / w r i t e  h e a d s  a r e  home 
a The b r u s h e s  a r e  home 

The s p i n d l e  d r i v e  motor  is n o t  e n e r g i z e d  

1.3.4 U n i t  Select  ( 0 ,  1, 2 ,  3 )  Switch w i t h  READY I n d i c a t o r  
The u n i t  s e l e c t  s w i t c h  is a cam o p e r a t e d  s w i t c h  which  is a c t u a t e d  
b y  i n s e r t i n g  a numbered ,  cammed b u t t o n .  The switch c o n t a c t s  a r e  
b i n a r y  e n c o d e d  s o  t h e  d r i v e  i n t e r f a c e  l o g i c .  r e c o g n i z e s  t h e  
m a t c h i n g  c o n t r o l l e r  g e n e r a t e d  d r i v e  a d d r e s s  c o d e  a n d  the 
c o r r e s p o n d i n g  u n i t  s e l e c t  number ( 0 ,  1, 2 ,  o r  3 ) .  

T h e  n u m b e r e d  i n d i c a t o r ,  when l i t ,  i n d i c a t e s  a d r i v e  READY 
c o n d i t i o n .  T h i s  c o n d i t i o n  e x i s t s  when a l l  o f  t h e s e  c o n d i t i o n s  
h a v e  b e e n  m e t :  

e The read/write h e a d s  a r e  l o a d e d  
The h e a d s  a r e  d e t e n t e d  on a s p e c i f i c  t r a c k  



1.3.5 FAULT Indicator 
The FAULT i n d i c a t o r  I s  l i t  whenever  a n y  of t h e  f o l l o w i n g  f a u l t  o r  
e r r o r  c o n d i t i o n s  devedop  i n  t h e  d i s k  d r i v e :  

D r i v e  S e l e c t  E r r o r  
0 Seek Time O u t  E r r o r  
e W r i t e  C u r r e n t  i n  Heads d u r i n g  S e c t o r  Time E r r o r  

Loss of System Clock 
a W r i t e  P r o t e c t  E r r o r  

W r i t e  Data Elrror 
0 S p i n  E r r o r  

1.3.6 WRITE PROTect S w i t c h  and  I n d i c a t o r  
When t h i s  s w i t c h  is pushed i n ,  i t  w i l l  l o c k  i n  t h e  d e p r e s s e d  
p o s i t i o n  and t h e  d r i v e  w i l l  be w r i t e  p r o t e c t e d .  I f  t h e  d r i v e  is 
w r i t i n g  as t h e  s w i t c h  is pushed I n ,  FAULT w i l l  l i g h t .  When t h e  
s w i t c h  is pushed a g a i n ,  r e l e a s i n g  i t  from t h e d e p r e s s e d  s t a t e ,  t h e  
d r i v e  w i l l  no l o n g e r  be w r i t e  p r o t e c t e d .  





CHAPTER 2 
REMOVAL AND REPLACEMENT PROCEDURES 

2.1 INTRODUCTION 
T h i s  c h a p t e r  d e s c r i b e s  t h e  removal  and r e p l a c e m e n t  p r o c e d u r e s  f o r  
t h e  v a r i o u s  F i e l d  R e p l a c e a b l e  Units ( F R U s )  i n  t h e  R L O 1  and R L 0 2  
D i s k  ~ r i v e s .  The f l o w  c h a r t  i n  F i g u r e  2-1 i l l u s t r a t e s  t h e  
s e q u e n c e  of FRU removal .  For example,  t o  remove t h e  s p i n d l e ,  t h e  
C a r t r i d g e  Access  Cover must be removed. T h i s  is f o l l o w e d  by t h e  
F i e l d  S e r v i c e  Access  Cover ,  t h e  S p i n d l e  Access  Cover and t h e  b e l t  
from t h e  s p i n d l e  p u l l e y .  The FRUs a r e  g e n e r a l l y  r e p l a c e d  i n  
r e v e r s e  o r d e r  of  removall. 

The number i n  each  o v a l  of  F i g u r e  2-1 i s  t h e  p a r a g r a p h  t h a t  
d e s c r i b e s  t h e  removal and r ep lacemen t  f o r  t h a t  p a r t i c u l a r  FRU. 

Most of t h e  removal and r ep lacemen t  p r o c e d u r e s  i n  t h i s  c h a p t e r  
c o n t a i n  r e f e r e n c e s  t o  e a r l i e r  p a r a g r a p h s .  T h i s  d r i v e  i s  simple 
enough t h a t  t h e  FE shou ld  n o t  have  t o  r e f e r  back t o  t h e s e  o t h e r  
p a r a g r a p h s  once  he h a s  had some e x p e r i e n c e  on t h e  d r i v e .  The f l o w  
c h a r t  can  s e r v e  a s  a  q u i c k  r e m i n d e r ,  i f  n e c e s s a r y .  

2.2 FRONT BEZEL AREA 

2.2.1 F r o n t  Beze l  

To remove t h e  f r o n t  bezel: 

1. Turn C B 1  ( r e a r  p a n e l )  o f f  and e x t e n d  d r i v e  from c a b i n e t .  

2. Loca te  an,d remove t h e  P h i l l i p s  head s c r e w s  a s  shown i n  
F i g u r e  2-2. 

CAUTION 
When removing t h e  l a s t  screw, hold  t h e  
f r o n t  b e z e l  so t h a t  t h e  b e z e l  w i l l  n o t .  
s t r a i n  t h e  f r o n t  panel s w i t c h  cable. 

3. D i s c o n n e c t  t h , e  f r o n t  p a n e l  b o a r d  c a b l ' e .  Note t h e  
o r i e n t a t i o n  of t h e  c o l o r e d  s t r i p e  on t h e  c a b l e .  

To r e p l a c e  t h e  f r o n t  b e z e l :  

1. Connect t h e  f r o n t  p a n e l  board c a b l e .  

2. Loca te  t h e  t o p  mounting h o l e s  i n  t h e  f r o n t  b e z e l  and 
a l i g n  them w i t h  t h e  t o p  mounting h o l e s  i n  t h e  d r i v e  f r ame  
( F i g u r e  2 - 2 ) .  

3. S e c u r e  t h e  f r o n t  b e z e l  w i t h  t h e  p h i l l i p s  head screws, 
f i n g e r - t i g h t  o n l y .  

4. S l i d e  t h e  d r i v e  i n t o  t h e  c a b i n e t  and a l i g n  t h e  f r o n t  
b e z e l  for c o r r e c t  s i d e - t o - - s i d e  c l e a r a n c e  



SLIDE RAILS 
2.2.5 0 PREFILTER 

2.2.2 2.2.3 
BOARD 

FRONT BEZEL 
2.2.1 

Figure 2-1 Removal and Replacement Sequence Flow Chart 



PREFILTER 
CZ-1080 

Fiqure  2-2 F r o n t  Bezel 



5. E x t e n d  t h e  d r i v e  f r o m  t h e  c a b i n e t  a n d  t i g h t e n  t h e  
 hilli ips head  s c r e w s  secure1 .y .  

6. S l i d e  t h e  d r i v e  back  i n t o  t h e  c a b i n e t .  

2 - 2 . 2  P r e f i l t e r  

To remove t h e  p r e f i l t e r :  . 
1. Remove t h e  f r o n t  b e z e l  ( P a r a g r a p h  2 . 2 . 1 ) .  

2. Remove t h e  p r e f i l t e r  l o c a t e d  on t h e  r i g h t  f r o n t  s i d e  o f  
t h e  d r i v e  ( F i g u r e  2 -2 ) .  

To r e p l a c e  t h e  p r e f i l t e r :  

1. I n s t a l l  t h e  p r e f i l t e r  i n  t h e  r e c e s s  l o c a t e d  on  t h e  r i g h t  
f r o n t  s i d e  o f  t h e  d r i v e ,  d i r e c t l y  o v e r  t h e  f o u r  a i r  
chamber  t u b e s  ( F i g u r e  2-2)  . 

2. R e p l a c e  t h e  f r o n t  b e z e l  ( P a r a g r a p h  2.2.1)  . 
2*2.3 A b s o l u t e  F i l t e r  

To remove t h e  a b s o l u t e  f i l t e r  : 

1. Remove t h e  f r o n t  b e z e l  ( P a r a g r a p h  2.2.1.) .  

2. L o c a t e  t h e  two plenum s p r i n g s  and two plenum c o v e r  
l a t c h e s  a s  shown i n  F i g u r e  2-3. 

3. L i f t  o n e  o f  t h e  plenum 1at:ches.  W h i l e  h o l d i n g  p lenum 
s p r i n g ,  s q u e e z e  t h e  l a t c h  and remove l a t c h  f rom b r a c k e t .  

4 .  Remove plenum s p r i n g .  

5. R e p e a t  f o r  t h e  o t h e r  plenum l a t c h  and  s p r i n g . '  

6. The plenum c o v e r  may now b e  removed b y  p u l l i n g  t h e  c o v e r  
f o r w a r d .  T h i s  a l l o w s  a c c e s s  t o  t h e  f i l t e r  ( F i g u r e  2 - 4 ) .  

7. Use a s c r e w d r i v e r  ( o r  o n e  of t h e  plenum s p r i n g s )  t o  p r y  
t h e  l e f t  s i d e  o f  t h e  f i l t e r  out s l i g h t l y  before moving 
t h e  r i g h t  s i d e .  The f i l t e r  c a n  t h e n  b e  removed b y  
r o c k i n g  i t  f rom s i d e  t o  s i d e  u n t i l  i t  s l i d e s  f r e e .  

NOTE 
Never  r e i n s t a l l  a u s e d  absolute f i l t e r .  
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Figure  2-3 Abso lu te  Filter Access 
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F i g u r e  2-4 Absolute  F i l t e r  



To r e p l a c e  t h e  a b s o l u t e  f i l t e r  : 

1. I n s e r t  a  new a b s o l u t e  f i l t e r  i n t o  t h e  a i r  d u c t  c a v i t y  
l o c a t e d  on t h e  l e f t  f r o n t  s i d e  of  t h e  d r i v e .  Be s u r e  the 
f i l t e r  is f i r m l y  s e a t e d  a g a i n s t  i ts  g a s k e t .  I t  may be 
necessary t o  use a plenum s p r i n g  t o  p ry  t h e  f i l t e r  i n t o  
p l a c e .  

2. P l a c e  c l e a r  p l a s t i c  plenum cove r  o v e r  t h e  a b s o l u t e  f i l t e r  
s u c h  t h a t  t h e  c o v e r  s e a t s  on t h e  g a s k e t .  

3. I n s t a l l  a plebnum s p r i n g  by  i n s e r t i n g  i ts bot tom t a n g  i n t o  
t h e  s l o t  p r o v i d e d  and r o t a t i n g  t h e  s p r i n g  s u c h  t h a t  i t  
f i t s  i n s i d e  t h e  plenum s p r i n g  l a t c h  b r a c k e t  ( F i g u r e  2-3) .  

4 .  While  p r e s s i n g  t h e  plenum s p r i n g  f i r m l y  a g a i n s t  t h e  
plenum c o v e r  ,, i n s e r t  t h e  plenum l a t c h '  by s q u e e z i n g  t h e  
l a t c h  and p l a c i n g  t h e  l a t c h  i n t o  t h e  h o l e s  of  t h e  plenum 
l a t c h  b r a c k e t .  See  F i g u r e  2-3. 

5. Push t h e  plenum l a t c h  i n t o  t h e  " locked"  p o s i t i o n .  

6. Repea t  t h e  p r o c e s s  f o r  t h e  o t h e r  plenum s p r i n g  and l a t c h .  

7. Replace  t h e  f r a n t  b e z e l  ( P a r a g r a p h  2.2.1) . 
2.2.4 F r o n t  Panel Board, 

To remove t h e  f r o n t  p a n e l  boa rd :  

1. Remove t h e  f r o n t  b e z e l  (Pa rag raph  2 .2 .1) .  

2. Loca te  t h e  s c r e w s  h o l d i n g  t h e  f r o n t  p a n e l  board  t o  t h e  
f r o n t  b e z e l  ( F i g u r e  2--5) and remove them. 

To r e p l a c e  t h e  f r o n t  p a n e l  boa rd :  

1. S e c u r e  t h e  f r o n t  p a n e l  board  t o  t h e  f r o n t  b e z e l  ( F i g u r e  
2-5) . 

2. Rep lace  thbe f r o n t  b e z e l  (P laragraph  2 .2 .1) .  

2.2.5 Slide Rails 

To remove t h e  s l i d e  r a i l s :  

1. Turn CB1 off ( r e a r  p a n e l )  and e x t e n d  t h e  d r i v e  t o  i ts  
second se t  of s t o p s  by  r e l e a s i n g  t h e  s l i d e  e x t e n s i o n  
r e l e a s e  c a t c h e s  on b o t h  s l i d e s .  See  F i g u r e  2-6. Remove 
t h e  I / O  c a b l e s  and unplug t h e  a c  l i n e  c o r d .  

2. Loca te  and remove t h e  two screws s e c u r i n g  t h e  d r i v e  t o  
each  s l i d e  a s  shown i n  F i g u r e  2-6 ( d e t a i l ) .  



F i g u r e  2-5 F r o n t  P a n e l  P r i n t e d  C i r c u i t  Board 
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Figure  2-6 Sllide R a i l s  



3 .  L o c a t e  t h e  l o c k i n g  l a t c h  on e a c h  d r i v e  r a i l .  (See  F i g u r e  
2-6.) A c t u a t e  them b y  p u l l i n g  e a c h  l a t c h  away f rom t h e  
d r i v e  and l i f t i n g  a t  t h e  same t i m e  t o  remove t h e  d r i v e  
f rom t h e  s l i d e s  . 

WARN I NG 
The d r i v e  w e i g h s  3 4  k g  ( 7 5  l b ) .  Use 
c a r e  when l i f t i n g  t h e  d r i v e . ,  

4.  The s l i d e  r a i l s  may now be removed e a s i l y  by  removing t h e  
f o u r  s c r e w s  on e i t h e r  s i d e  t h a t  h o l d  t h e  r a i l s  i n  p l a c e .  

To r e p l a c e  t h e  s l i d e  r a i l s :  

1. S e c u r e  t h e  s l i d e  r a i l s  t o  t h e  s i d e  o f  t h e  d r i v e ,  u s i n g  
f o u r  screws on e a c h  r a i l .  

2. Ex tend  b o t h  s l i d e s  f u l l y  and p l a c e  t h e  d r i v e  o n t o  the 
s l i d e s .  E n s u r e  t h e  l o c k i n g  l a t c h  e n g a g e s  on  e a c h  s i d e  
( F i g u r e  2-6 ) .  

3 .  S e c u r e  t h e  f r o n t  s l i d e  s c r e w s  f i r s t ,  t h e n  a d j u s t  t h e  
s l i d e  p o s i t i o n  t o  g a i n  a c c e s s  t o  t h e  r e a r  s c r e w s .  S e e  
F i g u r e  2-6. 

4 .  Push t h e  d r i v e  i n t o  t h e  c a b i . n e t  and  r e c o n n e c t  t h e  a c  l . i n e  
c o r d  and 1/0 c a b l e s .  Turn  CB1 back  o n .  

2.3 ACCESS COVERS 

2.3.1 F i e l d  S e r v i c e  A c c e s s  Cover  

To o p e n  t h e  F i e l d  S e r v i c e  A c c e s s  Cover :  

1. T u r n  CB1 o f f  ( r e a r  p a n e l )  and e x t e n d  t h e  d r i v e  f rom t h e  
c a b i n e t .  

2. L o c a t e  and  remove t h e  c a p t i v e  s c r e w s  i n  t h e  c o v e r  a s  
shown i n  F i g u r e  2-7. 

3 .  L i f t  t h e  c o v e r  ' u p  s l i g h t l y  and  r o t a t e  backward .  R e s t  t h e  
c o v e r  on t h e  r e a r  f l a n g e  of t h e  b a s e p l a t e ,  u s i n g  t h e  
h o l d i n g  b r a c k e t  ( F i g u r e  2 - 7 ) .  

To remove t h e  F i e l d  S e r v i c e  A c c e s s  Cover : 

1. Remove a l l  c a b l e s  c o n n e c t e d  t o  t h e  D r i v e  L o g i c  Module 
( F i g u r e  2-8) n o t i n g  t h e  o r i e n t a t  i o n  o f  t h e  c o l o r e d  s t r i p e  
o n  e a c h  c a b l e .  

2.  L i f t  c o v e r  o f f  t h e  h o l d i n g  b rack ie t  and  se t  a s i d e .  
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F i g u r e  2-7 F i e l d  S e r v i c e  Access Cover 
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F i g u r e  2-8 Module L o c a t i o n  
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To r e p l a c e  t h e  F i e l d  S e r v i c e  Access  Cover:  

1. P l a c e  t h e  c o v e r  on the r e a r  f l a n g e  o f  t h e  b a s e p l a t e  
( F i g u r e  2-7) . 

2. Reconnect  a l l  c a b l e s  t o  the D r i v e  Logic Module. 

3. L i f t  t h e  cove r  s l i g h t l y ,  r o t a t e  i t  forward  and place i t  
i n t o  pos i t i o ln .  The C a r t r i d g e  Access  Cover is h e l d  i n  
p l a c e  by  t h e  f r o n t  edge  of t h e  F i e l d  S e r v i c e  Access 
Cover . 

4 .  T i g h t e n  the c a p t i v e  s c r e w s .  

5. Turn C B 1  on and s l i d e  t h e  d r i v e  back i n t o  t h e  c a b i n e t .  

2.3.2 C a r t r i d g e  Access Cover 

To remove t h e  C a r t r i d g e  Access  Cover: 

1. Open t h e  F i e l d  S e r v i c e  Access  Cover (Pa rag raph  2 . 3 . 1 ) .  

2. L i f t  t h e  r e a r  p a r t  o f  t h e  C a r t r i d g e  A c c e s s  Cover  
a p p r o x i m a t e l y  two i n c h e s  . 

3. Push  backwards on t h e  c o v e r  l a t c h  mechanism. The c o v e r  
w i l l  pop up i.n f r o n t .  

4 .  Lift cove r  s t r a i g h t  up o f f  t h e  b a s e p l a t e .  The s p r i n g -  
l o a d e d  cove r  arms w i l l  s n a p  t o  t h e  rearward  p o s i t i o n .  

To r e p l a c e  t h e  C a r t r i d g e  Access  Cover:  

1. P u l l  t h e  s p r i n g - l o a d e d  c o v e r  arms forward  so that they 
a r e  p a r a l l e l  t o  t h e  cover .  

2. Guide the c o v e r  arms i n  the r o l l e r s  p r o v i d e d  on the 
c a s t  ing . 

3. P o s i t i o n  t h e  cover o v e r  the d r i v e  b a s e p l a t e  and lower t h e  
f r o n t  edge u n t i l  i t  engages t h e  l a t c h  a t  t h e  t o p  f r o n t  
l i p  of  t h e  d r i v e  b a s e p l a t e .  

4. Lower r e a r  edge  t o  t h e  b a s e p l a t e .  

5. C l o s e  t h e  F i e l d  S e r v i c e  Access  Cover ( p a r a g r a p h  2 . 3 . 1 ) .  

2.4 BRUSH AREA 

2.4.1 Brush Drive 
. - 

To remove t h e  b r u s h  d r i v e :  

1. Remove t h e  F i e l d  S e r v i c e  Access  Cover (Pa rag raph  2 . 3 . 1 ) .  
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2. Remove t h e  C a r t  r i d g e  A c c e s s  Cover  ( P a r a g r a p h  2.3.2) . 
3. L o c a t e  t h e  DC S e r v o  Module ( s e e  F i g u r e  2-8 f o r  l o c a m t i o n ) .  

4 .  Remove t h e  f o u r  s c r e w s  s e c u r i n g  t h e  p l a s t i c  t e m p l a t e  and  
module  t o  t h e  b a s e p l a t e .  

5. L i f t  t h e  module  s t r a i g h t  up and p l a c e  i t  i n  t h e  b a s e p l a t e  
s l o t s  ( F i g u r e  2 - 9 ) .  

6 .  L o c a t e  t h e  b r u s h  m o t o r  a s s e m b l y  ( s e e  F i g u r e  2 - 1 0 )  a n d  
remove t h e  P h i l l i p s  head  s c r e w s  l o c a t e d  a t  t h e  t h r e e  
c o r n e r s  o f  t h e  a s s e m b l y .  

7 .  D e t a c h  t h e  keyed c a b l e  c o n n e c t o r  ( F i g u r e  2 - 9 ) .  

8. Lift t h e  b r u s h  motor  a s s e m b l y  s t r a i g h t  up.  

To rep lace  t h e  brush d r i v e :  

1. P l a c e  the b r u s h  motor  a s s e m b l y  o v e r  its mount ing  s u r f a c e  
and p l u g  i n  t h e  keyed c a b l e  c ~ o n n e c t o r .  

2. I n s e r t  t h e  b r u s h  motor  a s s e m b l y  i n t o  c a v i t y  and s e c u r e  
with t h r e e  P h i l l i p s  head s c r e w s .  

3 .  R e p l a c e  t h e  DC S e r v o  Module.  

4 R e p l a c e  t h e  C a r t r i d g e  A c c e s s  Cover ( P a r a g r a p h  2 . 3 . 2 ) .  

5. R e p l a c e  the F i e l d  S e r v i c e  A c c e s s  Cover  ( P a r a g r a p h  2 .3 .1 )  . 
2 . 4 . 2  Brush Tips 

The b r u s h  t i p s  and  b r u s h  h o l d e r  a r m s  a r e  r e p l a c e d  a s  o n e  u n i t .  To 
remove t h e  a r m s  ( a n d  t i p s ) :  

1. Remove t h e  b r u s h  d r i v e  a s s e m b l y  ( P a r a g r a p h  2 . 4 . 2 ) .  

2 .  I n v e r t  b r u s h  motor  a s s e m b l y  and p l a c e  on  w o r k  s u r f a c e .  
Remove r e t a i n i n g  r i n g  and f l c i t w a s h e r  ( F i g u r e  2 - 1 1 ) .  

3 .  C a r e f u l l y  l i f t  on  b r u s h  d r i v e  l i n k  a s s e m b l y  a t  end 
c o n n e c t i n g  b r u s h  h o l d e r  a s s e m b l y ,  t h e n  p i v o t .  l i n k  
a s s e m b l y  o u t  o f  t h e  way. 

CAUTION 
Too much force may break the plastic 
locating dowels. 

4 .  S l i d e  b r u s h  h o l d e r  o f f  mount ing  s h a f t .  



' BRUSH MOTOR DRIVE. 
CABLE CONNECTOR 

LOCATION OF CONNECTOR 
IS IN THE CAVITY UNDER 
THE D.C.  SERVO MODULE. 

Figure  2-9 DC Servo Module 
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Figure  2-11 Exposed Brush Drive Assembly 



To r e p l a c e  t h e  b r u s h  a r m s  ( a n d  t i p s ' )  : 

1. S l i d e  n e w  b r u s h  h o l d e r  a r m s  o n t o  m o u n t i n g  s h a f t  ( F i g u r e  
2-11)  . 

2. I n s t a l l  f l a t w a s h e r  and  r e t a i n i n g  r i n g  a s  shown i n  F i g u r e  
2-11. 

3 .  R e p l a c e  b r u s h  d r i v e  l i n k  a s s e m b l y  o n t o  b r u s h  h o l d e r  dowel  
a s  shown i n  F i g u r e  2-11. 

4 .  R e p l a c e  t h e  b r u s h  d r i v e  ( P a r a q r a p h  2 . 4 . 1 ) .  

2.5 MODULES 

2.5.1 AC S e r v o  Module 

To remove t h e  AC S e r v o  Module:  

1. Unplug t h e  ac  power c o r d .  

2. Open t h e  F i e l d  S e r v i c e  Access Cover ( P a r a g r a p h  2 .3 .1 )  . 
3 .  L o c a t e  the AC S e r v o  Module ( F i g u r e  2 - 8 ) .  Remove t h e  

c o v e r  ( F i g u r e  2-12) and d i s c o n n e c t  a l l  t h e  cables. 

NOTE 
The c o v e r  holddown t a b s  may have t o  be 
b e n t  out of t h e  way i n  o r d e r  t o  lift t h e  
module  c o v e r .  

4.  Unplug a l l  t h e  c a b l e s  and  l i f t  t h e  module  o u t  o f  t h e  
d r i v e .  

To r e p l a c e  t h e  AC S e r v o  Module:  

1. S l i d e  t h e  module  i n t o  p l a c e .  

2. C o n n e c t  a l l  t h e  c a b l e s  and r e p l a c e  t h e  c o v e r .  
. . 

3 .  R e p l a c e  t h e  F i e l d  S e r v i c e  Access Cover ( P a r a g r a p h  2 . 3 . 1 )  . 
4.  R e p l a c e  t h e  a c  power c o r d .  

2.5.2 DC S e r v o  Module 

To remove t h e  DC S e r v o  Module: 

1. Unplug t h e  ac power c o r d .  

2. Open t h e  F i e l d  S e r v i c e  A c c e s s  Cover  ( P a r a g r a p h  2 . 3 . 1 ) .  

3 .  Locate the DC S e r v o  Module ( F i g u r e  2-8) . 



Fig,ure  2-12 AC Servo Module 



4.  Remove t h e  f o u r  sc rews  s e c u r i n g  t h e  p l a s t i c  t e m p l a t e  and 
module t o  t h e  b a s e p l a t e .  

5 . L i f t  t h e  module and d i s c o n n e c t .  a l l  t h e  c a b l e s  . 
To r e p l a c e  t h e  DC Se rvo  Module: 

1. Connect a l l  c a b l e s  t o  t h e  module. 

2 .  P l a c e  t h e  module back  i n t o  t h e  b a s e p l a t e .  

3. Lay t h e  p l a s t i c  t e m p l a t e  i n t o  p o s i t o n  on t o p  of  t h e  
module and  secure  i t  w i t h  t h e  f o u r  s c r e w s .  

NOTE 
I f  t h e  DC Servo  Module b e i n g  r e p l a c e d  is 
t h e  " o l d "  module (Par t  No. 5 4 - 1 1 8 5 0 ) ,  
u s e  the " o l d "  t e m p l a t e  ( P a r t  No. 
74-18588). I f  t h e  module being r e p l a c e d  
is a  "newn module (Part lNo. 54-13536),  
i t  must  be c o v e r e d  w i t h  a d i f f e r e n t  
t e m p l a t e  ( P a r t  No. 70-29826) . 

4 .  Replace  t h e  F i e l d  S e r v i c e  Access Cover ( P a r a g r a p h  2.3.1) . 
5. Replace  t h e  a c  power cord. 

2.5.3 Dr ive  Logic Module 

To remove t h e  Dr ive  Logic  Module: 

1. Open t h e  F i e l d  S e r v i c e  Access  Cover (Pa rag raph  2 . 3 . 1 ) .  

2.  Remove a l l  c a b l e s  connec ted  t o  t h e  Drive Logic Module 
( F i g u r e  2-8) .  Be s u r e  t o  n o t e  t h e  o r i e n t a t i o n  of t h e  
s t r i p e  on each  c a b l e .  

3 .  Remove t h e  P h i l l i p s  head sc rews  h o l d i n g  t h e  module t o  t h e  
c o v e r ,  and l i f t  o u t  t h e  module. 

To r e p l a c e  t h e  Dr ive  Logic Module: 

1. Rep lace  t h e  module i n s i d e  t h e  F i e l d  S e r v i c e  Access  Cover 
and s e c u r e  t h e  module wi th  t h e  P h i l l i p s  head s c r e w s .  

2. Reconnect  t h e  c a b l e s  t o  t h e  module.  

3 .  Close  t h e  F i e l d  S e r v i c e  Access Cover (Pa rag raph  2.3.1) . 
2.5.4 Read/Write Module 

To remove t h e  Read/Write Module : 

1. Remove t h e  d i s k  c a r t r i d g e  ( i f  one i s  i n  p l a c e ) .  
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NOTE 
The, Read/Wri t e  "Assembly" c o n s i s t s  of 
t h e  Rea~d/Write Module and  several par ts  
s u r r o u n d i n g  t h e  module. Only t h e  module 
i t s e l f  should be r e p l a c e d .  I f  t h e  
module is o r d e r e d  by P a r t  No.  54-11844 
(RL01) o r  Part NoÃ 54-13536 (RL01 o r  
RL02), t h e  a s sembly  w i l l  n o t  come w i t h  - 
i t .  

Remove t h e  F i e l d  S e r v i c e  Access  Cover ( P a r a g r a p h  2 .3 .1)  

Remove t ,he  C a r t r i d g e  Access  Cover ( P a r a g r a p h  2.3.2) . 
Loca te  t h e  Read/Wri t e  Module a s sembly  ( F i g u r e  2-8 ) . 
L i f t  t h e  assembly  up, r o t a t e  i t  t o w a r d  t h e  DC Se rvo  
Module and r e s t  i t  on t h e  b a s e p l a t e  l o c a t i n g  p i n s  ( F i g u r e  
2-13) . 
Disconnec t  the R/W head  c a b l e s  from t h e  assembly .  

Remove t h e  top cover of t h e  a s sembly  ( F i g u r e  2-14) b y  
c a r e f u l l y  p r y i n g  back t h e  f o u r  p l a s t i c  l o c k i n g  t a b s  and 
l i f t i n g  t h e  c o v e r .  T h i s  is e a s i l y  accompl ished  by  p r y i n g  
one  t a b  a t  a  t i m e  and l i f t i n g  t h e  c o v e r  s l i g h t l y  a t  each  
c o r n e r .  

Remove t h e  Eront  p i e c e  of  t h e  a s sembly  ( F i g u r e  2-14) .  

Remove t h e  module c a b l e .  

S l i d e  t h e  module out of t h e  pan ( F i g u r e  2-14).  

To r e p l a c e  t h e  Read/Write Module: 

1. S l i d e  t h e  module i n t o  t h e  pan ( ~ i g u r e  2 - 1 4 ) .  

2. Reconnect  t h e  cable t o  t h e  Read/Write Module. 

3. Rep lace  t h e  f r o n t  p i e c e  of t h e  assembly .  

4. Replace  t h e  t o p  c o v e r  of  t h e  a s s e m b l y ,  by  push ing  down on  
t h e  c o v e r  u n t i l  t h e  f o u r  p l a s t i c  t a b s .  s e c u r e  t h e  c o v e r .  

5 .  Reconnect  t h e  c a b l e s  t o  t h e  a s sembly  ( F i g u r e  2-13) . 
6. P l a c e  t h e  a s sembly  back i n t o  t h e  b a s e p l a t e .  

7. Replace  t h e  C a r t r i d g e  Acczess Cover ( P a r a g r a p h  2.3.2) . 
8. Rep lace  t h e  Field S e r v i c e  Access  Cover . ( P a r a g r a p h  2 .3 .1) .  



Figure  2-13 Read/Write Module ( U p r i g h t )  
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2.6 SPINDLE AREA . 
2.6.1 B e l t  From S p i n d l e  P u l l e y  

To remove t h e  b e l t  f rom t h e  s p i n d l e  p u l l e y :  

1. Remove t h e  S p i n d l e  A c c e s s  Cover  ( s e e  F i g u r e  2-15) . 
2. S l i p  b e l t  off t h e  s p i n d l e  p u l l e y .  

To r e p l a c e  t h e  b e l t  on t h e  s p i n d l e  p u l l e y :  

1. S l i d e  t h e  d r i v e  b e l t  on t h e  p u l l e y  and r o t a t e  t h e  s p i n d l e  
s o  t h a t  t h e  p u l l e y  w i l l  d r a g  t h e  b e l t  o n t o  i t s e l f .  

2. R e p l a c e  t h e  S p i n d l e  A c c e s s  Cover .  

2 . 6 . 2  S p i n d l e  Ground B u t t o n  

To remove t h e  s p i n d l e  g r o u n d  b u t t o n :  

1.. Remove t h e  S p i n d l e  Access Cover  ( s e e  F i g u r e  2 -15) .  

2. Using F i g u r e  2-16 a s  a  guide, p u l l  down on  t h e  g r o u n d  
b r u s h  s t r a p  e n o u g h  t o  a l l o w  t h e  g r o u n d  b r u s h  t o  d r o p .  

To r e p l a c e  t h e  s p i n d l e  g r o u n d  b u t t o n :  

1. P u l l  down on  t h e  g r o u n d  b r u s h  s p r i n g  j u s t  e n o u g h  t o  
i n s e r t  t h e  g r o u n d  b r u s h  ( F i g u r e  2 - 1 6 ) .  

2. R o t a t e  t h e  s p i n d l e  s e v e r a l  t i m e s  t o  e n s u r e  f i r m  s e a t i n g  
and t o  c h e c k  t h a t  t h e  s p i n d l e  d o e s  n o t  b i n d .  

3 .  R e p l a c e  t h e  S p i n d l e  A c c e s s  Cover  ( s e e  F i g u r e  2 - 1 5 ) .  

2.6.3 Spindle 

To remove t h e  s p i n d l e :  

1. Remove t h e  F i e l d  S e r v i c e  A c c e s s  Cover  ( P a r a g r a p h  2 . 3 . 1 )  . 
2. Remove t h e  C a r t r i d g e  Access; Cover ( P a r a g r a p h  2 .3 .2)  . 
3 .  Remove t h e  b e l t  f r o m  t h e  s p i n d l e  p u l l e y  ( P a r a g r a p h  

2.6.1) . 
4.  Remove t h e  two s c r e w s  h o l d i n g  t h e  s e c t o r  t r a n s d u c e r  t o  

t h e  s p i n d l e  ( F i g u r e  2 - 1 7 ) .  

5. Remove t h e  c a b l e  c l a m p  (one screw) h o l d i n g  t h e  s e c t o r  
t r a n s d u c e r  c a b l e  t o  t h e  s p i n d l e  ( F i g u r e  2-17) . 

6 .  L i f t  t h e  s p i n d l e  s t r a i g h t  u p  o u t  of t h e  b a s e p l a t e .  
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Figure  2-17 Sector Transducer Mounting 



To r e p l a c e  t h e  s p i n d l e  : 

1. I n s e r t  t h e  s p i n d l e  i n t o  tihe b a s e p l a t e .  P o s i t i o n  the 
s p i n d l e  so t h a t  t h e  l o c a t i n g  p i n  f i t s  i n t o  t h e  r e c e s s  i n  
t h e  s p i n d l e  a s s e m b l  y. 

2 .  S e c u r e  t h e  s p i n d l e  t o  t h e  b a s e p l a t e  w i t h  t h r e e  P h i l l i p s  
head screws. 

3 .  R e p l a c e  the b e l t  on t h e  p u l l e y  ( P a r a g r a p h  2 . 6 . 1 ) .  

4. R e p l a c e  t h e  C a r t r i d g e  Access Cover ( P a r a g r a p h  2 .3 ' .2 ) .  

5. R e p l a c e  t h e  F i e l d  S e r v i c e  A c c e s s  Cover  ( P a r a g r a p h  2.3.1) .  

2-6 .4  S e c t o r  T r a n s d u c e r  

To remove t h e  s e c t o r  t r a n s d u c e r :  

1. Remove t h e  F i e l d  S e r v i c e  A c c e s s  Cover  ( P a r a g r a p h  2 . 2 . 1 )  . 
2. Remove t h e  C a r t r i d g e  A c c e s s  Cover ( P a r a g r a p h  2 . 3 . 2 ) .  

3 . Remove t h e  two s c r e w s  h o l d i n g  t h e  t r a n s d u c e r  t o  t h e  
s p i n d l e  ( F i g u r e  2-17) . 

4. Remove t h e  s c r e w  h o l d i n g  t h e  t r a n s d u c e r  c a b l e  c l a m p  t o  
t h e  s p i n d l e  ( F i g u r e  2-17) . 

5. Remove t h e  s c r e w  h o l d i n g  the t r a n s d u c e r  g r o u n d  l u g  t o  t h e  
b a s e p l a t e  . 

6 .  Remove t h e  t h r e e  o t h e r  c a b l e  c l a m p  screws. 

7. Unplug t h e  c a b l e  f rom t h e  D r i v e  Logic Module,  n o t i n g  t h e  
o r i e n t a t i o n  o f  t h e  s t r i p e  o n  t h e  c a b l e .  

8. Remove t h e  t r a n s d u c e r  cable, n o t i n g  t h e  p a t h  of c a b l e  
r o u t i n g .  

To r e p l a c e  t h e  s e c t o r  t r a n s d u c e r :  

1. R o u t e  t h e  t r a n s d u c e r  c a b l e  i n  t h e  d r i v e  f o l l o w i n g  t h e  
p a t h  of r e m o v a l .  

2. R e p l a c e  t h e  t h r e e  s c r e w s  i n  t h e  c a b l e  c l a m p s  a n d  
r e i n s t a l l  i n t o  t h e  b a s e p l a t e .  

3 .  R e p l a c e  t h e  s c r e w  h o l d i n g  t h e  t r a n s d u c e r  g r o u n d  l u g  t o  
t h e  b a s e p l a t e  (Figure 2-17) . 

4.  R e p l a c e  t h e  s c r e w  h o l d i n g  t h e  t r a n s d u c e r  c a b l e  c l a m p  t o  
t h e  s p i n d l e  ( F i g u r e  2-17)  . 



5. Replace  t h e  two s c r e w s  h o l d i n g  t h e  t r a n s d u c e r  t o  t h e  
s p i n d l e  ( F i g u r e  2-17) . 

6. Rep lace  t h e  C a r t r i d g e  Access  Cover ( P a r a g r a p h  2 . 3 . 2 ) .  

1. Replace  t h e  F i e l d  S e r v i c e  Access  Cover ( P a r a g r a p h  2.3.1)  . 
2.7 POSITIONER AREA 

2.7.1 P o s t i o n e r  

To remove t h e  p o s i t i o n e r :  

Remove t h e  F i e l d  S e r v i c e  Access  Cover (Pa rag raph  2 . 3 . 1 ) .  

Remove t h e  C a r t r i d g e  Access  Cover ( P a r a g r a p h  2 .3 .2 ) .  

Remove t h e  DC Servo  Module ( P a r a g r a p h  2 . 5 . 2 ) .  

Remove t h e  Read/Write Module a s sembly  ( P a r a g r a p h  2.5.4,  
S t e p s  1 t h r o u g h  5 ) .  

Remove t h e  head c a b l e s  from t h e  module a s sembly  ( ' F i g u r e  
2-13).  

Remove t h e  s i x  s c r e w s  . h o l d i n g  t h e  p o s i t i o n e r  t o  t h e  
b a s e p l a t e  ( F i g u r e  2 - 1 8 ) .  

, 

L i f t  t h e  p o s i t i o n e r  up and o u t  of  t h e  d r i v e  a r e a .  

NOTE 
The Read/'Write h e a d s  are n o t  p a r t  of t h e  
p o s t i o n e r  assembly. Thus, t h e y  w i l l  
have to be removed from the o l d  posi- 
t i o n e r  and a t t a c h e d  t o  t h e  new o n e .  The 
head  removal and replacement  procedure  
is d e s c r i b e d  i n  Paragraph 2 . 7 . 2 .  

To r e p l a c e  t h e  p o s i t  i o n e r  : 

P l a c e  t h e  p o s i t i o n e r  back i n t o  t h e  b a s e p l a t e  of t h e  
d r i v e  

NOTE 
The pos i t ioner  is f r a g i l e .  Do n o t  drop  
i t  i n t o  place. Lower i t  gently. 

S e c u r e  t h e  p o s i t i o n e r  t o  t h e  b a s e p l a t e  w i t h  t h e  s i x  
P h i l l i p s - h e a d  s c r e w s  ( F i g u r e  2-18) .  

Replace  t h e  head  c a b l e s  i n t o  t h e  module a s sembly  ( F i g u r e  
2-13) e 

Replace  t h e  DC Servo  Module ( P a r a g r a p h  2 .5 .2) .  
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F i g u r e  2-18 P o s i  t i o n e r  Assembly 



5 .  Replace  t h e  Re!ad/Wr i t e  Module a s sembly  ( P a r a g r a p h  2 . 5 . 4 ) .  

6. Replace  t h e  C a r t r i d g e  Access  Cover ( P a r a g r a p h  2.3.2) . 
7. Replace  t h e  F i e l d  S e r v i c e  Access  Cover ( P a r a g r a p h  2. 3 . 1 ) .  

8. P e r f o r m  t h e  P o s i t i o n e r  R a d i a l  A l i g n m e n t  ( C h a p t e r  3 ,  
Pa rag raph  3.5)  . 

To remove t h e  Read/Write h e a d s :  

1. Remove t h e  F i e l d  S e r v i c e  Access Cover ( P a r a g r a p h  2 .3 .1 ) .  

2. Remove t h e  C a r t r i d g e  Access  Cover (Pa rag raph  2 . 3 . 2 ) .  

3. Remove t h e  Read/Write Module a s sembly  ( P a r a g r a p h  2 . 5 . 4 ) .  

4. D i sconnec t  thie head c a b l e s  f r o m  t h e  module a s sembly  
( F i g u r e  2-13),, 

5. Use a  3/32" A l l e n  wrench t o  l o o s e n  t h e  c a p t i v e  head 
r e t a i n i n g  sc:rew and c a r e f u l l y  s l i d e  t h e  head f o r w a r d ,  o u t  
o f  t h e  p o s i t i o n e r  assemb1,y ( F i g u r e  2-19) .  

CAUTI  ON 
D o  n o t  a l l o w  t h e  head being removed t o  
bump or  d r a g  on t h e  o t h e r  head d u r i n g  
t h e  proc:edure.  

6. Repeat  f o r  the o t h e r  head .  

To r e p l a c e  t h e  Read/Write heads :  

1. I n s e r t  t h e  lower head i n t o  t h e  p o s i t i o n e r  f r ame  such  
t h a t  : 

o  The l o c a t i n g  p i n  ( F i g u r e  2-19) is i n  t h e  r e c e s s  of 
t h e  t a i l s t a c k  of the head 

o The t a i l l s t a c k  f i t s  i n t o  t h e  c a r r i a g e  a s sembly  

o The c o r n e r  o f  t h e  h e a d  f i t s  i n t o  t h e  p l a s t i c  
e x t e n s i o n  

2 .  S l i d e  the head t o  t h e  r e a r  o f  t h e  d r i v e  s o  t h a t  t h e  head 
is up a g a i n s t  t h e  l o c a t i n g  p i n .  



LOWER 
HEAD 

LOWER HEAD LOCATING PIN 



3. Using t h e  3/32" A l l e n  wrench,  snug the holddown s c r e w  t o  
s e c u r e  t h e  head i n  p l a c e .  

CAUTION 
The screw is b e i n g  t i g h t e n e d  i n t o  a n  
aluminum c a s t i n g .  Do n o t  o v e r t i g h t e n  
t h i s  screw and no damage will occur t o  
t h e  t h r e a d s  i n  the c a s t i n g .  

4 .  I n s e r t  t h e  upper  head  i n t o  t h e  p o s i t i o n e r  f r ame ,  b e i n g  
careful n o t  t o  s t r i k e  the lower  head 

5. S e c u r e  w i t h  t h e  holddown screw.  

6. Reconnect  t.he head c a b l e s  i n t o  t h e  Read/Write Module 
c o n n e c t o r s  ( F i g u r e  2 - 1 3 ) .  The lower head c a b l e  ( J 3 )  is  
i n s e r t e d  i n t o  t h e  c o n n e c t o r  t o  t h e  l e f t  of t h e  upper  head  
c a b l e  c o n n e c t o r .  The J3 c o n n e c t o r  is  t h e  one c l o s e r  t o  
t h e  r e a r  of t h e  d r i v e .  

7. Replace  the Read/Write module assembly ( P a r a g r a p h  2.5 .4 ) .  

8. Replace  t h e  C a r t r i d g e  Access Cover ( P a r a g r a p h  2 . 3 . 2 ) .  

9 .  Replace t h e  F i e l d  S e r v i c e  Access  Cover ( P a r a g r a p h  2 . 3 . 1 ) .  

10 .  Perform t h e  Read/Write head a l i g n m e n t  ( P a r a g r a p h  3.6)  . 
2.8 REAR PANEL AREA 

2.8.1 Power Supply 

To remove t h e  power supp ly :  

1. Remove t h e  d r i v e  from t h e  s l i d e  r a i l s  ( P a r a g r a p h  2.2.5, 
S t e p s  1 t h rough  3 ) .  

2. Remove t h e  F i e l d  S e r v i c e  Access  Cover ( P a r a g r a p h  2 . 3 . 1 ) .  

3. Remove t h e  C a r t r i d g e  Access Cover ( P a r a g r a p h  2 . 3 . 2 ) .  

4 .  Remove t h e  AC Se rvo  Module ( P a r a g r a p h  2.5.1) . ,  

5. Remove t h e  DC Servo  Module ( P a r a g r a p h  2 .5 .2 ,  S t e p s  1 
t h r o u g h  4 )  

6. P l a c e  t h e  DC Servo  Module on i ts edge i n  t h e  mounting 
s l o t s  p rov ided  ( F i g u r e  2-9) and d i s c o n n e c t  cable 31. 

7. . Disconnec t  b r u s h  motor  d r i v e  c a b l e  from its c o n n e c t o r  
( F i g u r e  2-11) . 



8. A t  t h e  r e a r  o f  t h e  d r i v e ,  remove t h e  s i x  m o u n t i n g  screws 
( F i g u r e  2 -20 )  . 

CAUTION 
The power  panel assembly w i l l  s w i n g  o u t  
away  f r o m  t h e  d r i v e  a f t e r  t h e  l a s t  screw 
is removed .  T h e r e f o r e ,  t h e  power  s u p p l y  
panel s h o u l d  be he1.d f i r m l y  i n  p l a c e  
u n t i l  t h e  l a s t  screw is removed .  

To r e p l a c e  t h e  power p a n e l  a s s e m b l y :  

1. S l i d e  t h e  r e a r  p a n e l  a s s e m b l y  i n t o  t h e  r e a r  o f  t h e  d r i v e ,  
e n s u r i n g  t h a t :  

e The top e d g e  of t h e  p a n e l  f i t s  u n d e r  t h e  r e a r  c a s t i n g  
f l a n g e  ( s e e  F i g u r e  2-21, c a l l o u t  #1) 

e The  b o t t o m  e d g e  o f  t h e  p a n e l  f i t s  o v e r  t h e  b o t t o m  pan 
o f  t h e  d r i v e  ( s e e  F i g u r e  2-21, c a l l o u t  # 2 )  

2. W h i l e  h o l d i n g  t h e  p a n e l  f i r m l y ,  s t a r t  t h e  two b o t t o m  
s c r e w s  s o  t h a t  t h e  p a n e l  w i l l  be h e l d  i n  p l a c e  f o r  t h e  
r e m a i n i n g  f o u r  screws. 

3. R e c o n n e c t  J l  o f  t h e  DC S e r v o  Module .  

4 .  R e c o n n e c t  t h e  b r u s h  m o t o r  d r i v e  c a b l e  ( F i g u r e  2-9)  e 

5. R e p l a c e  t h e  DC S e r v o  Module ( P a r a g r a p h  2 .5 .2 )  . 
6. R e p l a c e  t h e  AC S e r v o  Module ( P a r a g r a p h  2 . 5 . 1 ) .  

7. R e p l a c e  t h e  C a r t r i d g e  Acc ie s s  Cover  ( P a r a g r a p h  2 . 3 . 2 )  . 
8. R e p l a c e  t h e  F i e l d  S e r v i c e  Access C o v e r  ( P a r a g r a p h  2 . 3 . 1 )  

9. R e p l a c e  t h e  d r i v e  i n t o  t h e  c a b i n e t  ( P a r a g r a p h  2 . 2 . 5 ) .  

2.8.2 S p i n d l e  D r i v e  B e l t  

To remove t h e  s p i n d l e  d r i v e  b e l t :  

1. Remove t h e  power s u p p l y  ( P a r a g r a p h  2 . 8 . 1 ) .  

2. Remove t h e  b e l t  f r o m  t h e  s p i n d l e  p u l l e y  ( F i g u r e  2-15) . 
3 .  Remove t h e  d r i v e  m o t o r  t e n s i o n  s p r i n g  f r o m  t h e  m o t o r  

h o u s i n g  ( F i g u r e  2-22)  . 
4. Pull b e l t  o u t  t h r o u g h  the b a c k  of  t h e  d r i v e .  



F i g u r e  2-20 Rear V i e w  of Drive  



\ 
MOUNTING 
SCREWS (6) 

F i g u r e  2-21 Rear P a n e l  Assembly 



LOCKWASHER -- 
STEEL WASHER-- 

SPRING WASHER- 
STEEL WASHER- 

DELRIN WASHER- 

DELRIN WASHER- 

F i g u r e  2-22 Drive M o t o r M o u n t i n g  

11/2-37 



To r ep l ace  t h e  s p i n d l e  d r i v e  b e l t :  

1. E n s u r e  t h e  d r i v e  m o t o r  h o u s i n g  is a s  f a r  f o r w a r d  i n  t h e  
d r i v e  a s  i t  w i l l  g o .  

2. S l i p  b e l t  u n d e r  h o u s i n g  ( a r o u n d  t h e  d r i v e  m o t o r  p u l l e y )  
and s l i d e  t h e  b e l t  i n  t h e  d i r e c t i o n  o f  t h e  s p i n d l e  
p u l l e y .  

. 3  From t h e  a c c e s s  i n  t h e  b o t t o m  o f  t h e  d r i v e ,  s l i p  t h e  b e l t  
o n t o  t h e  s p i n d l e  p u l l e y .  

4 .  E n s u r e  t h e  b e l t  i s  s t i l l  on t h e  m o t o r  h o u s i n g  pu l l e ly .  

5. S l i d e  d r i v e  m o t o r  h o u s i n g  a s  f a r  t o  t h e  r e a r  o f  t h e  d r i v e  
a s  i t  w i l l  g o ,  and  r e i n s t a l l  t h e  t e n s i o n  s p r i n g .  

6 .  R o t a t e  t h e  s p i n d l e  s e v e r a l  times t o  p o s i t i o n  t h e  b e l t  o n  
t h e  s e l f - c e n t e r  i n g  p u l l e y s  and  c h e c k  f o r  b i n d i n g  a n d / o r  
t w i s t s  i n  t h e  b e l t .  

7. The b e l t  s h o u l d  h a v e  p r o p e r  t e n s i o n  a s  a p p l i e d  b y  t h e  
t e n s i o n  s p r i n g .  F i g u r e  2 -23  i l l u s t r a t e s  t h e  p r o p e r  b e l t  
t e n s i o n .  

8 .  R e i n s t a l l  t h e  power s u p p l y  p a n e l  ( P a r a g r a p h  2 . 8 . 1 ) .  

2.8.3 Power Supply Fan 4 

To remove t h e  power s u p p l y  f a n :  

1. Remove t h e  power s u p p l y  ( P a r a g r a p h  2 . 8 . 1 ) .  

2. D i s c o n n e c t  t h e  ac p l u g  t o  t h e  f a n .  

3 .  Remove t h e  f o u r  screws and nuts h o l d i n g  t h e  f a n  i n  p l a c e .  
The b o t t o m  two n u t s  c a n  be a c c e s s e d  w i t h  a n  open-end 
wrench o r  a p a i r  o f  l o n g - n o s e d  p l i e r s .  

To r e p l a c e  t h e  power s u p p l y  f a n :  

1. P l a c e  t h e  f a n  i n  p l a c e  w i t h  the a c  s o c k e t  l o c a t e d  o n  t h e  
t o p  and t h e  a i r f l o w  d i r e c t i o n  a r r o w  p o i n t i n g  t o  t h e  r e a r  
o f  t h e  a s s e m b l y .  

2 .  R e i n s t a l l  t h e  f o u r  s c r e w s  s e c u r i n g  t h e  f a n  and  f i n g e r  
g u a r d .  

3 .  R e i n s t a l l  t h e  power s u p p l y  ( P a r a g r a p h  2 . 8 . 1 ) .  
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2 . 8 . 4  C i r c u i t  Breaker 

To remove t h e  c i r c u i t  b r e a k e r :  

1. Remove t h e  power s u p p l y  (Parcigraph 2 . 8 . 1 ) .  

2. Loca t e  t h e  c i r c u i t  b reak-er  ( F i g u r e  2-24) and mark t h e  
w i r e s  go ing  t o  t h e  f o u r  b r e a k e r  t e r m i n a l s .  

3 .  Remove t h e  f o u r  w i r e s  on t h e  b r e a k e r  a s sembly .  

4 .  Squeeze  on t h e  f o u r  p l a s t l i c  h o l d i n g  t a b s  ( two  on t h e  t o p  
of  t h e  b r e a k e r  and two on t h e  bo t tom)  t o  r e l e a s e  t h e  
b r e a k e r  from t h e  p a n e l  ( F i g u r e  2-24) . 

5. S l i d e  t h e  b r e a k e r  o u t  t h e  p a n e l ,  t oward  t h e  r e a r .  

To r e p l a c e  t h e  c i r c u i t  b r e a k e r :  

1. S l i d e  t h e  b r e a k e r  i n t o  t h e  power s u p p l y  p a n e l ,  e n s u r i n g  
t h a t  t h e  "OFF" p o s i t i o n  i s  down 

2.  Reconnec t  t h e  w i r e s  g o i n g  t o  t h e  b r e a k e r ,  a s  marked when 
removed . 

3. R e i n s t a l l  t h e  power s u p p l y  p a n e l  ( P a r a g r a p h  2.8.1)  

2.8.5 S p i n d l e  D r i v e  Motor 

To remove t h e  s p i n d l e  d r i v e  mo to r :  

1. Remove t h e  power s u p p l y  ( P a r a g r a p h  2 . 8 . 1 ) .  

2 . Remove t h e  d r i v e  motor  t e n s i o n  s p r i n g  from t h e  motor  
h o u s i n g  ( F i g u r e  2-22) . 

3  . Remove t h e  two d r i v e  motor  mount ing s c r e w s  from t h e  
s t a n d o f f s  ( F i g u r e  2-25)  . 

4 S l i d e  t h e  d r i v e  motor  h o u s i n g  fo rward  s l i g h t l y  and l i f t  
t h e  a s s e m b l y  up a p p r o x i m a t e 1  y one -ha l f  i n c h .  

5. D r i v e  b e l t  s h o u l d  have  f a l l e n  off; i f  n o t ,  remove i l t .  

6. S l i d e  d r i v e  motor o u t  of t h e  d r i v e .  

To r e p l a c e  t h e  s p i n d l e  d r i v e  motor :  

1. Check t o  s e e  i f  t h e  d r i v e  b e l t  i s  s t i l l  on t h e  s p i n d l e  
p u l l e y .  I f  n o t ,  r e p l a c e  i t .  

2. From t h e  back o f  t h e  d r i v e ,  p u l l  on t h e  b e l t  t o  t a k e  away 
t h e  s l a c k .  



F i g u r e  2-24 C i r c u i t  Breaker 



Figure  2-25 Drive Motor  Assembly T e c h n i q u e  



S l i p  t h e  b e l t  o n t o  t h e  d r i v e  motor p u l l e y m  

Using F i g u r e  2 ~ 2 5 ~  r e i n s t a l l  d r i v e  motor  i n t o  t h e  r e a r  o f  
t h e  d r i v e  mo t  i ng  t h a t  : 

Tab (B) f i t s  unde r  b r a c k e t  ( C )  

Blower h o u s i n g  mount ing p a d s  f i t  o v e r  t h e  s t a n d o f f s  

D e l r i n  s p a , c e r s  a r e  s t i l l  on t h e  s t a n d o f f s  

Check t h a t  be1, t  d i d  n o t  come . o f f  t h e  motor  p u l l e y m  

If t h e  b e l t  i s  s t i l l  o n ,  check t o  see i f  i t  came ~ f f  t h e  
s p i n d l e  p u l l e y .  I f  b e l t  is o f f t  r e p l a c e  on t h e ,  p u l l e y .  

At tach  t h e  d r i v e  motor tension , s p r i , n g  t o  t h e  motor 
h o u s i n g  ( F i g u r e  2 - 2 2 ) .  

I n s t a l l  mour\titng ha rdware  o n  d r i v e  motor  h o u s i n g  u s i n g  
F i g u r e  2-25 a s  a g u i d e .  

P u l l  backward on t h e  d r i v e  motor  h o u s i n g  t o  a p p l y  t e n s i o n  
t o  t h e  b ~ l t  . Tens ion  s p r  ing  s h o u l d  h o l d  motor  i n  p l a c e  . 
R o t a t e  s p i n d l e  s e v e r a l  . t i m e s  t o  p o s i t i o n  b e l t  on  t h e  
crowned s e l  f - c e n t e r  i ng  pulleys . 
The b e l t  should have  p r o p e r  t e n s i o n  a s  a p p l i e d  by t h e  
t e n s i o n  s p r i n g m  F i g u r e  2 -23  i l l u s t r a t e s  p r o p e r  b e l t  
t e n s i o n .  

R e i n s t a l l  t h e  power s u p p l y  p a n e l  ( P a r a g r a p h  2m 8 . 1 ) .  





CHAPTER 3 
CHECKS, ADJUSTMENTS AND ALIGNMENTS 

3.1 INTRODUC'I'IQN 
Many o f  t h e  c h e c k s ,  a d j u s t m e n t s  a n d  a l i g n m e n t s  d e s c r i b e d  i n  t h i s  
c h a p t e r  d e a l  w i t h  t h e  D r i v e  Logic! Module  (DLM) a B e c a u s e  t h e r e  a r e  
t h r e e  d i f f e r e n t  v e r s i o n s  of t h e  DLMt i t  is n e c e s s a r y  t o  f i r s t  
i d e n t i f y  t h e  p a r t i c u l a r  t y p e  of m o d u l e  o n  t h e  d r i v e  b e i n g  
s e r v i c e d .  The t h r e e  v e r s i o n s  a r e  shown i n  F i g u r e  3-la 

a V e r s i o n  1 (Part No. 5 4 4 2 1 7 5 )  c a n  b e  i d e n t i f i e d  by t h e  
f a c t  t h a t  t h e  two Berg c o n n e c t o r s  i n  t h e  l o w e r  r i g h t  h a n d  

. o f  t h e  m o d u l e  p o i n t  down,  w h i c h  t h e  o t h e r  two  along t h e  
b o t t o m  row p o i n t  u p .  T h i s  b o a r d  w i l l  o n l y  o p e r a t e  i n  a n  
RL0la 

a V e r s i o n  2 ( p a r t  No. 54-13531) h a s  a l l  f o u r  c o n n e c t o r s  i n  
t h e  b o t t o m  row p o i n t i n , g  u p ,  a s  i n  F i g u r e  3-la T h i s  
m o d u l e  w i l l .  f u n c t i o n  i n  a n  Rl01 o r  a n  R L @ 2 .  

e V e r s i o n  3 (Part No. 54-1.4@25)  h a s  t h e  same a r r a n g e m e n t  o f  
B e r g  c o n n e c t o r s  a s  V e r s i o n  2 t  b u t  i t  a l s o  h a s  t e s t  l u g s  
( shown  i n  F i g u r e  3-1) t h a t  a r e  n o t  o n  e i t h e r  o f  t h e  o t h e r  
two  m o d ~ ~ l e s ; .  

The s e r v i c e '   jumper!^ u s e d  i n  t h e s e  c h e c k s  and  a d j u s t m e n t s  a r e  
l i s t e d  i n  T a b l e  3-1.., 

T a b l e  3-1 S e r v i c e  Jumpe!rs  f o r  D r i v e  L o g i c  Module 

DEFEAT 
COVER DEFEAT DEFEAT SELECT 

V E R S I O N  SWITCH POS SIG SK TO HEAD 1 

I n  t h e  course o f  p e r f o r m i n g  some of  t h e  - a l i g n m e n t s t  i t  is  
n e c e s s a r y  t o  s e l ec t  Head 1 and  t h e n  l a t e r  reselect  Head 0 .  The 
mehtods f o r  a c c o m p l i s h i n g  t h i s  a r e  shown i n  Table 3-2. 



VERSION I TPI 

54-12175 
RLO1 ONLY 

NOTE : 
J11 AND J4 
POINT DOWN 

I VERSION 2 ~ 1 1  

54-1 3531 
RL02 OR RLOl 
W l  IN FOR RLOl 
W1 OUT FOR RL02 

NOTE: 
J4 AND J11 POINT UP 
NO TP19 THRU 26 

T:16 
@ Tp19 VERSION 3 @ TP20 TGI 1 

w 1  I 

54-14025 JUMPER 
RL02 OR RLOI TEST LUGS ' EFFECT 
W1 IN FOR RLOI 19-20 DEFEAT COVER CLOSED 
W1 OUT FOR RL02 21 -22 SELECT HEAD 1 
NOTE : 23-24 DISABLE SKTO 
J4 AND J11 POINT UP 25-26 DEFEAT POS SIG 
HAS TP19 THRU 26 (THESE TEST LUGS ARE CIRCLED) 

F i g u r e  3-1 Drive Logic Module Layout  



Table  3-2 Methods f o r  Selecting Heads 

DLM VERSION 1 OR 2 DLM VERSION 3 

PDP -1 1 Load DZRL'CXX o r  C Z R L I X X  and Jumper T P 2 1  t o  2 2  
run head  a l i g n m e n t  r o u t i n e  . = Head 1 
WRITE PROTect s w i t c h  i n  = Head No jumper = Head 0 
1, o u t  = He'ad 0 

PDP -8 Load AJRLBXX o r  A J R L H X X  a n d  Same a s  above 
r u n  head a l i g n m e n t  r o u t i n e .  
WRITE PROTect s w i t c h  i n  = Head 
1, out = Head 0 

NOTE 
I f  d i aggnos t i c s  a r e  n o t  a v a i l a b l e ,  t o g g l e  
i n  t h e  a p p r o p r i a t e  program shown i n  
Appendix C. 

3.2 VOLTAGE CHECKS 
The DC Servo  module t e m p l a t e  i n d i c a t e s  v o l t a g e  t e s t  p o i n t s .  Check 
t h e  f o l l o w i n g  v o l t a g e s .  

Vo 1 t ag e L i m i t s  

The r e g u l a t o r s  on the DC Servo  module a r e  n o t  a d j u s t a b l e .  I f  a 
v o l t a g e  is o u t  o f  t o l e r a n c e ,  t h e  f a u l t y  FRU s h o u l d  be r e p l a c e d .  

T h e  +5V can  be k i l l e d  by a blown p i c o  f u s e ,  a t h e r m a l  s w i t c h  on 
the DC Servo  heat s i n k ,  a n  o v e r v o l t a g e  c rowbar ,  o r  a home s w i t c h  
o n  t h e  p o s i t i o n e r  n o t  c l o s e d  d u r i n g  power up. 

3 . 3  SECTOR TRANSDUCER OUTPUT CHECK 
This check  v e r i f i e s  a  c o r r e c t  o u t p u t  of t h e  s e c t o r  t r a n s d u c e r .  

A .  Requi red  Too l s :  

1. O s c i l l o s c o p e  w i t h  p robe  
2. DIP c1i.p. 



Bw Check: 

1. Remove bo th  t o p  c o v e r  a s s e m b l i e s .  

2. I n s t a l l  c a r t r i d g e .  

3 .  Defea t  t h e  c o v e r  i n t e r l o c k  ( T a b l e  3 -1 ) .  

4. Depress  LOAD s w i t c h .  

5. While w a i t i n g  f o r  t h e  h e a d s  t o  load  o n t o  t h e  pack ,  
s e t  up t h e  o s c i l l o s c o p e  ( s y n c  i n t e r n a l  n e g a t i v e -  
g o i n g ) .  

6a .  V e r s i o n  1 o f  DLM: P l a c e  o s c i l l o s c o p e  p robe  on E8, p i n  
8. 

6b. V e r s i o n  2 o f  DLM: P l a c e  o s c i l l o s c o p e  p robe  on TP14. 

6 c .  V e r s i o n  3 of DLM: P l a c e  o s c i l l o s c o p e  p robe  on TP14. 

7 .  The s i g n a l  d i s p l a y e d  on t h e  o s c i l l o s c o p e  s h o u l d  be 
s i m i l a r  t o  t h a t  shown i n  F i g u r e  3-2. The peak o u t p u t  
o f  t h e  n e g a t i v e  p o r t i o n  of t h e  waveform shou ld  be 
between 0.35Vp and l . !SVp.  

NOTE 
The wave form must be  n e g a t i v e - g o i n g  
f i r s t .  

3.4 SECTOR PULSE T I M I N G  CHECK 
T h i s  is a check  of t h e  s e c t o r  p u l s e  wid th  and r e p e t i t i o n  r a t e .  
The r e p e t i t i o n  r a t e  i s  a f u n c t i o n  of  s p i n d l e  s p e e d .  

A.  Requi red  T o o l s :  

O s c i l l o s c o p e  wi th  probe  . 
Bw Check : 

1. Remove bo th  t o p  c o v e r  a s s e m b l i e s .  

2. Defeat c o v e r  i n t e r l o c k  ( T a b l e  3-1) . 
3 .  I n s t a l l  c a r t r i d g e .  

4 .  Depress  LOAD s w i t c h  . 
5a.  V e r s i o n  1 of  DLM: P l a c e  t h e  probe  on TP9. 

5b.  Ver s ion  2 of DLM: P l a c e  t h e  probe  on TP11. 

5c .  V e r s i o n  3 o f  DLM: P l a c e  t h e  probe on TP11. 



TIME 100 pSEC/DIV. 
VOLTS = 200 MV/DIV. 

ov. 

MA- 1602 

F i g u ~ r e  3-2  Sector  T r a n s d u c e r  O u t p u t  

1113-5 



6. S e t  t h e  o s c i l l o s c o p e  t o  s y n c  i n t e r n a l ,  n e q a t i v e -  
g o i n g  . The s i g n a l  d i s p l a y e d  on t h e  o s c i l l o s c o p e  
s h o u l d  be  the same a s  i n  F i g u r e  3-3. S e c t o r  p u l s e  
w i d t h  s h o u l d  b e  6 2 . 5  m i c r o s e c o n d s .  C o r r e c t  d i s k  
s p e e d  r a n g e s  f r o m  5 9 4  m i c r o s e c o n d s  t o  6 3 9  
m i c r o s e c o n d s ,  w i t h  624  b e i n g  t h e  d e s i r e d  norm. T h e  
s e c t o r  p u l s e s  s h o u l d  b e  s t a b l e  a t  some t i m e  p e r i o d  
w i t h i n  t h a t  r a n g e .  

3.5 POSITIONER RADIAL ALIGNMENT 
T h i s  a d j u s t m e n t  a s s u r e s  t h a t  t h e  s e r v o  b u r s t  ( a s  r e a d  b y  t h e  
r e a d / w r i t e  h e a d s )  o c c u r  i n  t h e  p r o p e r  t i m e  r e l a t i o n  t o  t h e  s e c t o r  
p u l s e s  f rom t h e  c a r t r i d g e  hub.  It. a l s o  e n a b l e s  t h e  t e c h n i c i a n  t o  
o b s e r v e  how s t r a i g h t  t h e  c a r r i a g e  m o t i o n  is  o v e r  t h e  l e n g t h  o f  
t r a v e l ,  and  a l s o  a c t s  a s  a c h e c k  f o r  h e a d  skew. 

A.  T o o l s  R e q u i r e d :  

1. O s c i l l o s c o p e  w i t h  two p r o b e s  

2. Two f  l a t - b l a d e  s c r e w d r i v e r s  

3. One P h i l l i p s  h e a d  s c r e w d r i v e r  

4 a .  One DIP c l i p ,  one  p i n - t o - p i n  jumper and o n e  t e s t  
l e a d ,  o r  

4 b .  Two p i n - t o - p i n  j u m p e r s  and two 'DIP c l i p s  

5. D i a g n o s t i c  l i s t e d  i n  T a b l e  3-2. 

B .  P o s i t i o n e r  A l i g n m e n t  Check:  

Remove b o t h  t o p  c o v e r  a s s e m b l i e s .  

D e f e a t  POS S I G ,  SKTO and c o v e r  i n t e r l o c k  ( T a b l e  3-11. 

P l a c e  t h e  Read /Wri te  module box a s s e m b l y  up and o u t  
o f  t h e  way of  t h e  c a r r i a q e  a s s e m b l y .  

I n s t a l l  c a r t r i d g e .  

D e p r e s s  LOAD s w i  t c h  . 
Wait  f o r  h e a d s  t o  l o a d  o n t o  t h e  pack. 

D i s a b l e  s e r v o  d r i v e  t o  t h e  c a r r i a g e  by d i s c o n n e c t i n g  
t h e  i n - 1  i n e  c o n n e c t o r  ( F i g u r e  3-4)  . 
S e l e c t  Head 1 ( T a b l e  3 - 2 ) .  

P l a c e  t h e  Channe l  B o s c i l l o s c o p e  p r o b e  on TP2 ( d a t a )  
o f  t h e  Read /Wri te  module  and C h a n n e l  A g r o u n d  on TP3. 



TIME = 1010 ps/DIV 
VOLTS = 2V/DIV. 

F i g u r e  3-3 S e c t o r  P u l s e  Timing 



F i g u r e  3 - 4  Positioner and  Read/Write M o d u l e  Box Assembly  



10a. Version 1 of DLM: P l a c e  C h a n n e l  A p r o b e  on TP9 (SEC 
TIME) and C h a n n e l  B g r o u n d  on  a n y  s i g n a l  g r o u n d  
(TP1-TP4) .  

10b. V e r s i o n  2 o f  DLM: P l a c e  C h a n n e l  A p r o b e  o n  T P l 1  (SEC 
TIME) and C h a n n e l  B g r o u n d  on  a n y  s i g n a l  g r o u n d  
(TP1-TF'4). 

1 0 c ,  V e r s i o n  3 o f  DLM: P lbace  C h a n n e l  A p r o b e  on TP11 (SEC 
TIME) and C h a n n e l  B g r o u n d  on  a n y  s i g n a l  g r o u n d  
(TP1-TP4) . 
S e t  t h e  o s c i  l l o s c o p e  t o  s y n c  i n t e r n a l ,  n e q a t  i v e - g o i n g  
o n  C h a n n e l  A and o b s e r v e  t h e  waveform shown i n  F i g u r e  
3-5* 

NOTE 
Sl and S 2  servo bursts may n o t  a p p e a r  in 
the p o s i t i v e / n e g a t i v e  proportions shown 
i n  Figure 3-5, d e p e n d i n g  upon w h i c h  
t r a c k  t h e  h e a d  is c e n t e r e d  on .  

Measure  t h e  t i m e  be tween  t h e  n e g a t i v e - g o i n g  e d g e  of  
t h e  s e c t o r  p u l s e  and  t h e  b e g i n n i n g  of  t h e  Sl s e r v o  
b u r s t  when t h e  p o s i t i o n e r  i s  a t  C y l i n d e r  0.  Record  
t h i s  v a l u e ,  

S e l e c t  Head 0 ( T a b l e  3 - 2 ) .  , 

R e p e a t  S t e p  1 2  f o r  Head 0 .  Record  t h i s  v a l u e .  

I f  t h e  d i f f e r e n c e  be tween  t h e s e  two v a l u e s  i s  g r e a t e r  
t h a n  s i x  m i c r o s e c o n d s ,  r e p l a c e  Head 0 ( s e e  C h a p t e r  2 )  
and g o  back t o  S t e p  1 4 .  I f  e i t h e r  of t h e  two v a l u e s  
falls o u t s i d e  of  t h e  15  + 3 m i c r o s e c o n d  s p e c i f i c a -  
t i o n ,  p e r f o r m  t h e  a l i g n m e n t  p r o c e d u r e  ( P a r t  C b e l o w .  
O t h e r w i s e ,  c o n t i n u e .  

M a n u a l l l y  move t h e  c a r r i a g e  t o  t h e  l a s t  d a t a  t r a c k  
( t r a c k  255 on an  RLO1 o r  t r a c k  5 1 1  on  a n  RL02). As 
Head 0 e n t e r s  t h e  i n n e r  g u a r d  b a n d ,  S l  d i s a p p e a r s .  
Move th~e  p o s i t i o n e r  back u n t i l  Sl a p p e a r s ,  

Measure  the time b e t w e e n  t h e  n e g a t i v e - g o i n g  e d g e  o f  
t h e  s e c t o r  p u l s e  and t h e  b e g i n n i n g  of t h e  S l  s e r v o  
b u r s t  when t h e  p o s i t i o n e r  is a t  t h e  l a s t  c y l i n d e r .  
I t  s h o u l d  b e  15 + 3 m i c r o s e c o n d s .  I f  so ,  t h e  c h e c k  
is complei te  . ~ t h e r w i  se  p e r f o r m  t h e  a d j u s t m e n t  ( P a r t  
C) be low.  



CHAN. B 

GND. REF, 

CHAN. A 

GND. REF, 

TIME: 10 M ICROSEC/DIV. 
CHAN: "A" 500 MILL1 \/OLTS/DIV. 
CHAN: "B" 2 VOLTS/DIV. cz-1077 

F i g u r e  3-5 Servo  and Sec tor  P u l s e  
A 



C. P o s i t i o n e r  A l i g n m e n t  

1, Using F i g u r e  3-6 a s  a g u i d e ,  l o c a t e  t h e  s i x  l a r g e s t  
P h i l l i p s  s c r e w s  on t h e  p o s i t i o n e r  b a s e p l a t e .  

6 
2. ~ o s f e n  ( b u t  d o  n o t  remove)  t h e  s i x  s c r e w s  h o l d i n g  

down t h e  p o s i t  i o n e r  . 
3. T a k e  t h e  two f l a t - b l a d e  s c r e w d r i v e r s  and i n s e r t  them 

i n t o  t h e  a d j  u s t i n g  s l o t s  on t h e  p o s i  t i o n e r  . 
4 .  Move t h e  p o s i t i o n e r  a s s e m b l y  a g a i n s t  t h e  r i g h t  hand  

s i d e  o f  t h e  d r i v e  ( t o w a r d  t h e  R e a d / W r i t e  m o d u l e ) .  

5 .  M a n u a l l y  move t h e  c a r r i a g e  t o  i ts a p p r o x i m a t e  center 
o f  t r a v e l .  

6 .  U s i n g  t h , e  t w o  f l a t - b l a d e  s c r e w d r i v e r s  i n  t h e  
a d j u s t i n g  s l o t s ,  s l i d e  t h e  p o s i t i o n e r  b a s e p l a t e  
u n t i l  t h e  15  + 3 m i c r o s e c o n d  s p e c i f i c a t i o n  b e t w e e n  
t h e  f a l l  of t h e  s e c t o r  p u l s e  and t h e  r i s e  o f  t h e  S l  
s e r v o  b u r s t  c a n  be  metÃ ( S e e  F i g u r e  3 - 5 ) .  

NOTE 
~ ~ u a l  p r e s s u r e  m u s t  be e x e r t e d  o n  t h e  
s c r e w d r i v e r s  when s l i d i n g  t h e  p o s i t i o n e r  
t o  e n s u r e  that t h e  b a s e p l a t e  is k e p t  
s t r a i g h t .  

7.  T i g h t e n  t h e  s i x  r e t a i n i n g  s c r e w s  i n  s m a l l  i n c r e m e n t s .  

8 ,  Check t h e  1 5  + 3 m i c r o s e c o n d s  s p e c i f i c a t i o n  f o r  Head 
0 a t  t r a c k  O a n d  t h e  l a s t  t r a c k .  I f  t h e  head  is 
w i t h i n  t h e  s p e c i f i c a t i o n ,  t h e  c h e c k  i s  c o m p l e t e .  
O t h e r w i s e ,  r e p e a t  t h e  a d j u s t m e n t  ( P a r t  C )  a b o v e .  

3 ,q  HEAD ALIGNMENT 
T h i s  p r o c e d u r e  w i l l  e n s u r e  t h a t  t h e  two h e a d s  a r e  i n  l i n e  w i t h  
e a ~ h  o t h e r  t o  c u t  down on t h e  s e r v o  t r a c k i n g  time when s w i t c h i n g  
h e a d s .  

NOTE 
The P o d  t i o n e r  R a d i a l  Alignment (Para- 
g r a p h  3 . . 5 )  s h o u l d  be d o n e  before 
a t t e m p t i n g  t h e  h e a d  a l i g n m e n t ,  so t h a t  
a n y  h e a d  s k e w  t h a t  may b e  present w i l l  
be d e t e c t e d  BEFORE t h e  h e a d  a l i g n m e n t .  
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A .  Requi r e d  T o o l s  : 

1. O s c i  l l o s c o p e  w i t h  t h r e e  p r o b e s  

2. 3/32" A l l e n  wrench  

3 .  F l a t - b l a d e  s c r e w d r i v e r  

4 a .  One DIP c l i p ,  one  p i n - t o - p i n  jumper and o n e  t e s t  l e a d  
( a l l i g a t o r  c l i p ) ,  o r  

4b. Two p i n , - t o - p i n  j u m p e r s  and two D I P  c l i p s  

5. D i a g n o s t i c  l i s t e d  i n  T a b l e  3-2. 

NOTE 
No a l i g n m e n t  c a r t i d q e  is r e q u i r e d .  

B. A l i g n m e n t  Check:  

1. Remove b o t h  t o p  c o v e r  a s s e m b l i e s .  

2. D e f e a t  S K T O  and POS S I G  ( T a b l e  3 - 1 ) .  

NOTE 
These j u m p e r s  e n a b l e  t h e  d i a g n o s t i c  
r o u t i n e  t o  work by d i s a b l i n g  t h e  Seek  
T i m e o u t  E r r o r .  

. 

3 .  Defeat  c o v e r  i n t e r l o c k  (Table 3-1). 

4. P l a c e  t h e  Read /Wri te  module  box a s s e m b l y  up  and o u t  
o f  t h e  way of t h e  c a r r i a g e  assembly .  

5. I n s t a l l  c a r t r i d g e .  

6 .  D e p r e s s  t h e  LOAD s w i t c h .  

7. Wait  f o r  the heads t o  load o n t o  t h e  p a c k .  

8 .  D i s a b l e  s e r v o  d r i v e  t o  t h e  c a r r i a g e  by d i s c o n n e c t i n g  
t h e  s e r v o  i n - l i n e  c o n n e c t o r  ( F i g u r e  3-4)  . 

9. S e l e c t  Head 1 (Table 3 - 2 ) .  

1 0 .  P l a c e  t h e  Channe l  A o s c i l l o s c o p e  p r o b e  on TP2  of  t h e  
R e a d / W r i t e  module  ( S e r v o  D a t a )  and C h a n n e l  A g r o u n d  
on t h e  t e s t  p o i n t  g r o u n d  ( T P 3 )  of t h i s  module .  

l l a .  V e r s i o n  1 o f  DLM: P l a c e  the C h a n n e l  B p r o b e  o n  E l l  
p i n  7 ( P o s i t i o n  S i g n a l )  and e x t e r n a l  s y n c  p r o b e  o n  
TP9  ( S E C  TIME) . 



l l b .  V e r s i o n  2 o f  DLM: P l a c e  t h e  C h a n n e l  B p r o b e  on  TP15 
( P o s i t i o n  S i g n a l )  and e x t e r n a l  s y n c  p o r b e  o n  T P l l  
(SEC TIME). 

l i e .  V e r s i o n  3 o f  DLM: P l a c e  t h e  C h a n n e l  B p r o b e  o n  TP15 
( P o s i t i o n  S i g n a l )  and e x t e r n a l  s y n c  p r o b e  on TP11 < 

(SEC TIME) . 
1 2 .  S e t  t h e  o s c i l l o s c o p e  t o  s y n c  i n t e r n a l ,  n e g a t i v e - g o i n g  

and o b s e r v e  t h e  waveform shwon i n  F i g u r e  3-7. 

NOTE: 
Sl and  S 2  s e r v o  b u r s t s ;  m a y  n o t  a p p e a r  i n  
t h e  same p o s i t i v e / n e q a t i v e  p r o p o r t i o n s  
shown i n  F i g u r e  3-7 d e l p e p n d i n g  u p o n  
w h i c h  t r a c k  t h e  head is c e n t e r e d  on.  

1 3 .  M a n u a l l y  p o s i t i o n  t h e  c a r r i a g e  t o  t r a c k  0 b y  
o b s e r v i n g  t h e  S1/S2 s e r v o  b u r s t  waveforms .  Move t h e  
p o s i t i o n e r  i n  r e v e r s e  (away  from s p i n d l e )  u n t i l  S 2  
d i s a p p e a r s  ( a s  i n  F i g u r e  3 - 8 ) ,  t h e  c a r r i a g e  is i n  t h e  
o u t e r  g u a r d  band a r e a .  Move t h e  p o s i t i o n e r  s l o w l y  
f o r w a r d  ( t o w a r d  t h e  s p i n d l e )  u n t i l  S 2  r e a p p e a r s .  

1 4 .  Move t h e  p o s i t i o n e r  u n t i l  t h e  P o s i t i o n  S i g n a l  
( C h a n n e l  B) g o e s  t o . q r o u n d  p o t e n t i a l .  The h e a d  i s  
now on t h e  c e n t e r l i n e  o f  d a t a  t r a c k  0.  

1 5 .  S e l e c t  Head 0 ( T a b l e  3 - 2 ) .  

1 6 .  The  P o s i t i o n  S i g n a l  ( C h a n n e l  B) shou1.d be w i t h i n  0 .5  
v o l t s  o f  t h e  P o s i t i o n  S i g n a l  p r e s e n t e d  by h e a d  1. I f  
i t  i s  not, perform t h e  head a l i g n m e n t  d e s c r i b e d  
be low.  

1 7 .  S l o w l y  move t h e  c a r r i a g e  i n  r e v e r s e  (away f rom t h e  
s p i n d l e ) .  The S2 data b u r s t  s h o u l d  d e c r e a s e  i n  
a m p l i t u d e  and f i n a l l y  d i s a p p e a r .  S e e  F i g u r e  3-8. 
The P o s i t i o n  S i g n a l  ( C h a n n e l  B )  s h o u l d  a l s o  h a v e  
moved i n  t h e  n e g a t i v e  d i r e c t i o n  and s t o p p e d .  I f  t h e  
s i g n a l  d i d  n o t  s t o p ,  but i n s t e a d  r e v e r s e d  d i r e c t i o n  
and  c o n t i n u e d  ( a s  t h e  c a r  r i a g e  c o n t i n u e d  moving)  t h e n  
more d a t a  t r a c k s  were  c r o s s e d .  T h e r e f o r e ,  Head 0 was 
n o t  o n  t r a c k  0 ,  n e c : e s s b i t a t i n g  a h e a d  a l i g n m e n t  
( d e s c r i - b e d  b e l o w )  . 

C. Head A l i g n m e n t  

1. Using t h e  3 / 3 2 "  A l l e n  w r e n c h ,  l o o s e n  t h e  Head 0 
r e t a i n i n g  s c r e w  and s l i d e  t h e  h e a d  t o  t h e  r e a r  
a g a i n s t  i t s  s t o p .  

2.  S e l e c t  Head 1 ( T a b l e  3 - 2 ) .  



TIME = 1 Op.S/DIV. 
CHAN A - 500 MVIDIV. 
CHAN B = 500 MVIDIV. 

F i g u r e  3-7 Servo B u r s t s  and Position S i g n a l  



TIME - 1 OpSlDIV. 
CHAN A = 500 MVIDIV, 
CHAN B = 500 MViDIV. 
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M a n u a l l y  p o s i t i o n  t h e e  c a r r i a g e  t o  t r a c k  0 b y  
o b s e r v i n g  t h e  S 1 / Â §  b u r s t  w a v e f o r m s  . When S 2  
d i s a p p e a r s  ( a s  i n  F i g u r e  3 - 8 ) ,  t h e  c a r r i a g e  i s  i n  t h e  
outer g u a r d  band a r e a .  Move t h e  p o s i t i o n e r  s l o w l y  
f o r w a r d  u n t i l  S 2  r e a p p e a r s  and  t h e  P o s i t i o n  S i g n a l  
r e a c h e s  g r o u n d .  

S e l e c t  Head 0 .  

NOTE 
W h i l e  performing s t e p s  5 and 6 (wh ich  
follow), be s u r e  t h a t  t h e  c a r r i a g e  d o e s  
not move!. 

I n s e r t  a f l a t - b l a d e  s c r e w d r i v e r  b e t w e e n  t h e  t a i l s t o c k  
of  Head 0 and t h e  r e a r  s t o p .  

W h i l e  h o l d i n g  t h e  c a r r i a g e ,  u s e  t h e  s c r e w d r i v e r  t o  
move Head 0 f o r w a r d  u n t i l  t h e  S 2  s e r v o  b u r s t  
r e a p p e a r s  and t h e  P o s i t i o n  S i g n a l  r e a c h e s  g r o u n d .  

T i g h t e n  t h e  head  r e t a , i n i n g  s c r e w  w i t h  t h e  3 /32"  A l l e n  
w r e n c h .  Do n o t  o v e r  t i g h t e n  t h e  s c r e w .  

CAUTION 
If t h e  r e t a i n i n g  screw is o v e r t i g h e n e d ,  
t h e  t h r e a d l s  o n  t h e  a luminum f r a m e  may b e  
damaged.  

S e l e c t  Head 1 (Table 3 - 2 ) .  

The n e x t  few s t e p s  c h e c k  t o  s e e  t h a t  t h e  h e a d s  h a v e  
b e e n  p r o l p e r l y  a l i g n e d .  Beg in  t h i s  c h e c k  b y  m a n u a l l y  
p o s i t i o n i n g  t h e  c a r r i a g e  t o  t r a c k  0. A s  b e f o r e ,  t h i s  
is  d o e n  b y  o b s e r v i n g  t h e  S 1 / S 2  s e r v o  b u r s t  waveforms .  
When S 2  d i s a p p e a r s ,  a s  shown i n  F i g u r e  3 - 8 ,  t h e  
c a r r i a g e  I s  o n c e  a g a i n  i n  t h e  o u t e r  g u a r d  band a r e a .  
Move t h e  p o s i t i o n e r  s l o w l y  f o r w a r d  u n t i  1 S 2  
r e a p p e a r s .  

Move t h e  p o s i  t i o n e r  u n t i l  t h e  P o s i t i o n  S i g n a l  
( C h a n n e l  13) g o e s  t o  g r o u n d  p o t e n t i a l .  The head  i s  
now on  t ,he  c e n t e r l i n e  o f  d a t a  t r a c k  0. 

S e l e c t  Head 0. 

The P o s i t i o n  S i g n a l  ( C h a n n e l  B) s h o u l d  b e  w i t h i n  0 . 5  
v o l t s  of  t h e  P o s i t i o n  S i g n a l  p r e s e n t e d  b y  Head 1. I f  
i t  is  no t . ,  t h i s  h e a d  a l i g n m e n t  p r o c e d u r e  mus t  be  
r e p e a t e d  . 



13. A f t e r  o b s e r v i n g  t h a t  t h e  p o s i t i o n  s i g n a l s  f rom e a c h  
head a r e  w i t h i n  0.5 v o l t s  o f  e a c h  o t h e r ,  c h e c k  t o  s e e  
t h a t  b o t h  h e a d s  were a l i g n e d  o v e r  t r a c k  0.  F i r s t ,  
mvoe t h e  c a r r i a g e  s l o w l y  i n  r e v e r s e .  I f  Head 0 was 
o v e r  t r a c k  0 ,  t h e n  t h e  S 2  d a t a  w i l l  d e c r e a s e  i n  
a m p l i t u d e  and f i n a l l y  d i s a p p e a r .  See  F i g u r e  3-8. 
A l s o ,  t h e  P o s i t i o n  S i g n a l  ( C h a n n e l  B )  s h o u l d  h a v e  
moved i n  t h e  n e g a t i v e  d i r e c t i o n  and s t o p p e d .  I f  t h e  
s i g n a l  d i d  n o t  s t o p ,  b u t  i n s t e a d  r e v e r s e d  d i r e c t i o n  
and c o n t i n u e d  ( a s  t h e  c a r r i a g e  c o n t i n u e d  moving)  t h e n  
more  d a t a  t r a c k s  w e r e  c r o s s e d .  T h e r e f o r e ,  Head 0  was  
n o t  o n  t r a c k  0, n e c e s s i t a t i n g  a h e a d  a l i g n m e n t  
( r e p e a t  t h i s  p r o c e d u r e )  . 

3.7 READ S I G N A L  AMPLITUDE CHECK 
T h i s  c h e c k  c o m p a r e s  t h e  a m p l i t u d e s  o f  t h e  r e a d  s i g n a l  from e a c h  
Read /Wri te  head  a g a i n s t  t h e  d a t a  i n  t h e  e n g i n e e r i n g  s p e c i  f i c a t i o n .  

A .  R e q u i r e d  T o o l s :  

1. O s c i l l o s c o p e  w i t h  three p r o b e s  

2a. One D I P  c l i p ,  o n e  p i n - t o - - p i n  jumper  and o n e  t e s t  l e a d  
( a l l i g a t o r  c l i p ) ,  o r  

2b .  Two p i n - t o - p i n  j u m p e r s  and two DIP c l i p s  

3. D i a g n o s t i c  l i s t e d  i n  Tab1.e 3-2.' 

B. Check:  

1. Remove b o t h  t o p  c o v e r  a s s e m b l i e s .  

2. D e f e a t  SKTO, POS SIG and c o v e r  i n t e r l o c k  ( T a b l e  3-1) . 
3 .  P l a c e  t h e  Read /Wri te  module  box a s s e m b l y  u p  and o u t  

of  t h e  way on t h e  c a r r i a g e  a s s e m b l y .  

4 .  I n s t a l l  c a r t r i d g e .  

5 .  D e p r e s s  t h e  LOAD s w i t c h  . 
6. Wai t  f o r  t h e  h e a d s  t o  l o a d .  

7. D i s a b l e  t h e  s e r v o  d r i v e  t o  t h e  c a r r i a g e  b y  
d i s c o n n e c t i n g  t h e  i n - l i n e  c o n n e c t o r .  

8. P l a c e  t h e  Channe l  A o s c i l l o s c o p e  p r o b e  on TP2 o f  t h e  
Read /Wri te  module  ( S e r v o  D a t a )  . 

9 a .  V e r s i o n  1 of DLM: P l a c e  Channe l  B p r o b e  on E l l  p i n  7 
( P o s i t i o n  S i g n a l )  and  p l a c e  t h e  e x t e r n a l  s y n c  p r o b e  
on TP9 ( S e c t o r  T i m e ) .  



9b .  V e r s i o n  2 o f  DLM: P l a c e  C h a n n e l  B p r o b e  o n  TP15 
( P o s i t i o n  Signal) and p l a c e  t h e  e x t e r n a l  sync probe  
on T P 1 1  ( S e c t o r  T i m e ) .  

9c. V e r s i o n  3 o f  DLM: P l a c e  C h a n n e l  B p r o b e  on TP15 
( P o s i t i o n  S i g n a l )  and p l a c e  t h e  e x t e r n a l  sync probe  

o n  TP11 ( S e c t o r  Time) . 
S e t  t h e  o s c i  l l o s c o p e  t o  s y n c  i n t e r n a l ,  n e g a t i v e - g o i n g  
and o b s e r v e  t h e  waveform shown i n  F i g u r e  3-7. 

Move t h e  p o s i t i o n e r  f o r w a r d  u n t i l  t h e  Sl servo b u r s t  
l o s e s  a m p l i t u d e  and f i n a l l y  d i s a p p e a r s .  

P u l l  t h e  p o s i t i o n e r  b a c k  s l o w l y  u n t i l  t h e  Sl s e r v o  
b u r s t  r e t u r n s .  T h i s  w i l l  be t h e  l a s t  d a t a  t r a c k  on  
t h e  d i s k  ( t r a c k  255 on a n  R L - 0 1 ,  t r a c k  511 o n  a n  
RL02). 

C a r e f u l l - y  move t h e  p o s i t i o n e r  u n t i l  i t  is  o n  t h e  
t r a c k  c e n t e r l i n e .  T h i s  i s  d o n e  b y  o b s e r v i n g  t h e  
C h a n n e l  B s i g n a l  which  i s  t h e  I n t e g r a t e d  P o s i t i o n  
s i g n a l .  I t  w i l l  be a t  a g r o u n d  r e f e r e n c e  when o n  
t r a c k  ( s e e  F i g u r e  3-7). 

Measure and r e c o r d  the a m p l i t u d e  of t h e  Sl b u r s t  f o r  
b o t h  h e a d s  ( s e e  T a b l e  3-2 t o  s e l ec t  h e a d s )  w h i l e  o n  
t h i s  t r a c k  c e n t e r l i n e  ( a s  i n d i c a t e d  by  t h e  a s t e r i s k  
i n  F i g u r e  3-7 .  E n s u r e  t h a t  t h e  p o s i t i o n e r  d o e s  n o t  
move f ram t h e  t r a c k  c e n t e r l i n e .  

The l o w e r  of t h e  two a m p l i t u d e s  s h o u l d  b e  no less 
t h a n  4 3 2  mve 

R e p o s i t i o n  the c a r r i a g e  t o  t r a c k  0 b y  r e v e r s i n g  the 
c a r r i a g e  u n t i l  S2  d i s a p p e a r s  ( o u t e r  g u a r d  band) and 
t h e  f o r w a r d  u n t i l  S 2  r e a p p e a r s .  

Measure  and r e c o r d  t h e  ampl i tude  of both h e a d s .  
T a b l e  3-2 e x p l a i n s  how t o  s e l ec t  h e a d s .  

The ampl1it:ude of t h e  S l  b u r s t  on t r a c k  0 s h o u l d  b e  
less t h a n  2.38 v o l t s .  

R e p l a c e  e i t h e r  o r  b o t h  h e a d s  t h a t  d o  not m e e t  t h e  
s p e c i f i c a t i o n s .  



NOTE 
I f  b o t h  h e a d s  f a i l  t o  meet t h e  s p e c i f i -  
c a t i o n ,  i t  is p o s s i b l e  t . h a t  t h e  Read/ 
Write module  is b a d .  R e p l a c e  t h e  module  
( s e e  C h a p t e r  2 )  and  repea t  t h e  p r o c e -  
d u r e .  I f  a h e a d  is r e 9 p l a c e d ,  i t  mus t  be 
a l i g n e d  ( s e e  P a r a g r a p h  3.6)). The r a d i a l  
a l i g n m e n t  m u s t  a l s o  be  checked 
( P a r a g r a p h  3.5) . 

3 . 8  S P I N D L E  RUNOUT CHECK 
E x c e s s i v e  r u n o u t  i n  t h e  s p i n d l e  a s s e m b l y  o r  c a r t r i d g e  c a n  c a u s e  
s e v e r e  t r a c k i n g  p r o b l e m s  f o r  t h e  p o s i t i o n i n g  s y s t e m .  T h i s  c h e c k  
w i l l  d e t e r m i n e  w h e t h e r :  

1. Runout e x i s t s  o r  d o e s  not e x i s , t  
2. Runout  is  i n  t h e  c a r t r i d g e  
3 .  Runout i s  i n  t h e  s p i n d l e .  

A .  R e q u i r e d  T o o l s :  

1. O s c i l l o s c o p e  w i t h  p r o b e  and g r o u n d  l e a d s  
2. DIP c l i p  
3. Jumper 
4 .  S e v e r a l  t e s t  c a r t r i d g e s  

B. Runout Check:  

1. Remove b o t h  t o p  c o v e r  l a s s e m b l i e s  . 
2. P l a c e  t h e  Read /Wri te  module box a s s e m b l y  up and o u t  

o f  t h e  way o f  t h e  c a r r i a g e  a s s e m b l y .  

3. D e f e a t  c o v e r  i n t e r l o c k  ( T a b l e  3-1) . 
4 .  I n s t a l l  c a r t r i d g e .  

5. D e p r e s s  LOAD s w i t c h  . 
6 .  Wai t  f o r  h e a d s  t o  l o a d  o n t o  t h e  p a c k .  

7. D i s a b l e  s e r v o  d r i v e  t o  t h e  c a r r i a g e  b y  d i s c o n n e c t i n g  
t h e  i n - l i n e  c o n n e c t o r  ( F i g u r e  3 - 4 )  . 

8a.  V e r s i o n  1 of DLM: P l a c e  Channe l  A o s c i l l o s c o p e  p r o b e  
o n  E l l  p i n  7 ( P o s i t i o n  S i g n a l )  and  p l a c e  C h a n n e l  A 
ground  on TP7 ( I n t e g r a t o r  G r o u n d ) .  

8b. V r s i o n  2 o f  DLM: P l a c e  C h a n n e l  A o s c i l l o s c o p e  p r o b e  
on TP15 ( P o s i t i o n  S i g n a l )  and p l a c e  Channe l  A g r o u n d  
o n  TP5 ( I n t e g r a t o r  Ground) . 



TIME = 5MSlCM 
VOLTS = 200MV/DIV, CZ-1068 

F i g u r e  3-9 Position S i g n a l  



8c. Vers ion  3 of  DLM: P lace  Channel A o s c i l l o s c o p e  probe  
on TP15 ( P o s i t i o n  S i g n a l )  and p l a c e  Channel A ground 
on TP5 ( I n t e g r a t o r  Ground) . 

9. Se t  t h e  o s c i l l o s c o p e  t o  sync i n t e r n a l ,  n e q a t  ive-going  
and  o b s e r v e  t h e  waveform i n  F i g u r e  3 - 9 .  

1 0 .  The waveform r e p r e s e n t i n g  runout  should  be measured 
s y m m e t r i c a l l y  abou t  t h e  ground r e f e r e n c e .  

11. The ampl i tude  of t h e  runout  should  be no g r e a t e r  t h a n  
350 mv. 

1 2 .  I f  t h e  s p e c i f i c a t i o n  canno t  be met ,  runout  e x i s t s  and 
a n o t h e r  c a r t r i d g e  is  needed t o  de te rmine  i f  t h e  
runou t  e x i s t s  i n  t h e  c a r t r i d g e  o r  t h e  s p i n d l e .  

NOTE 
I d e a l l y ,  t h e  o s c i l l o s c o p e  w i l l  d i s p l a y  a  
n e a r l y  s t r a i g h t  l i n e  of  d o t s .  

13. To conf i rm a  s e a t i n g  problem, r e - s e a t  t h e  c a r t r i d g e  
and r e p e a t  t h e  runout  check.  I f  t h e  runout  i s  w i t h i n  
s p e c i f i c a t i o n ,  t h e  problem has been s o l v e d .  I f  t h e  
runout  is s t i l l  o u t  o f  s p e c i f i c a t i o n ,  c o n t i n u e  wi th  
S t e p  1 4 .  

1 4 .  S p i n d l e  and c a r t r i d g e  a r e  s t i l l  s u s p e c t ,  s o  i n s t a l l  a 
second c a r t r i d g e  and r e p e a t  check.  I f  runout  is  now 
w i t h i n  t h e  s p e c i f i c a t i o n ,  t h e  f i r s t  c a r t r i d g e  is  bad.  
I f  t h e  runout  check f i i i l s  once more, assume t h a t  t h e  
s p i n d l e  b e a r i n g s  a r e  bad and r e p l a c e  t h e  s p i n d l e  
assembl y  . 

3 . 9  POSITION SIGNAL G A I N  CHECK 
I n s u f f i c i e n t  ampl i tude  of t h e  Pos i t : ion  S i g n a l  cound r e s u l t  i n  t h e  
c a r r i a g e  not  being a b l e  t o  hold  i t s e l f  on t r a c k ,  r e s u l t i n g  i n  r ead  
e r r o r s  and p o s s i b l e  seek e r r o r s .  Too h i g h  an ampl i tude  could  
r e s u l t  i n  a j i t t e r  which,  i n  t u r n ,  e m i t s  a v i b r a t i n g - t y p e  n o i s e  
from t h e  c a r r i a g e  t h a t  may g e n e r a t e  seek  t imeou t  e r r o r s .  

A .  Required Tools :  

1. O s c i l l o s c o p e  wi th  probe and ground l e a d s  
2. One DIP c l i p ,  one p in- to-p in  jumper. 

B. Gain Check: 

1. Remove both  t o p  cover  a s s e m b l i e s .  

2. P l ace  t h e  Read/Write module box assembly up and o u t  
of t h e  way of t h e  c a r r i a g e  assembly. 



3 .  Defeat  cover  i n t e r l o c k  (Tab le  3-1) . 
4 .  I n s t a l l  c a r t r i d g e .  

5. Depress LOAD s w i t c h .  

6 .  Wait f o r  h e a d s  t o  load  onto t h e  pack. 

7. D i s a b l e  s ,e rvo  d r i v e  t o  t h e  c a r r i a g e  by  d i s c o n n e c t i n g  
t h e  i n - l i n e  c o n n e c t o r  ( F i g u r e  3 - 4 )  . 

8a .  Vers ion  1 of DLM: P l a c e  Channel A o s c i l l o s c o p e  probe  
on Ell p i n  7 ( p o s i t i o n  S i g n a l )  and p l a c e  Channel A 
ground on TP7 ( I n t e g r a t o r  Ground) . 

8b.  Vers ion  2 o f  DLM: P lace  Channel A o s c i l l o s c o p e  probe  
on TP15 ( P o s i t i o n  S i g n a l )  and p l a c e  Channel A ground 
on TP5 ( I n t e g r a t o r  Ground) . 

8c. Version 3 of DLM: Place Channel A o s c i l l o s c o p e  probe  
on TP15 ( P o s i t i o n  S i g n a l )  and p l a c e  Channel A ground 
on TP5 ( I n t e g r a t o r  Ground) . 

9. Observe t h e  waveform i n  F i g u r e  3-10 ( a )  wh i l e  manual ly  
movihg the c a r r i a g e  back and f o r t h .  

1 0 .  Measure t h e  peak-to-peak d e v i a t i o n  of t h e  P o s i t i o n  
S i g n a l  a m p l i t u d e  abou t  t h e  g'round r e f e r e n c e  . I t  
shou ld  be 3 .7  - + 0.7 v o l t s .  

NOTE 
1. I f  t h e s e  a m p l i t u d e s  a r e  n o t  w i t h i n  

t o l e r a n c e ,  t h e  head l o a d  o p e r a t i o n  
would most l i k e l y  f a u l t .  

2. Look a t  t h e  s e r v o  d a t a  waveforms a t  
TP2 of t h e  Read/Write module f o r  a 
smooth sinusoidal waveform, a s  i n  
F i g u r e  3 - l 0 ( b )  . I f  something  l i k e  
F i g u r e  3-10(c) i s  seen, t h e  head 
az imuth  a n g l e  is wrong. I n  t h i s  
case,  r e p l a c e  the Read/Write head. 

3 .  If  t h e  head az imuth  is good,  t h e n  
check  t o  see i f  t h e  +8Vdc v o l t a g e s  
a r e  o u t  of  t o l e r a n c e  ( P a r a g r a p h  
3 . 2 ) .  



GND. REF. 

( A )  

TIME = 5 MSIDIV. 
VOLTS = 1 VOLTIDIV. 

(SMOOTH SINUSOID) 

(REPLACE HEAD) 

Figure 3-10 Position Signal Gain Check Waveforms 
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3.10 TACHOMETER AC NOISE PICK-UP CHECK 
This p r o c e d u r e  checks t h e  amount of n o i s e  b e i n g  p i c k e d  u p  by  t h e  
t a c h o m e t e r .  I f  t h e  n o i s e  is  e x c e s s , i v e ,  t h e  p o s i t i o n e r  w i l l  h a v e  a  
h a r d  time h o l d i n g  o n t o  a t r a c k  s i g n a l .  I n  t h i s  c a s e ,  t h e  READY 
light may f l i c k e r .  

A .  R e q u i r e d  T o o l s :  

1. O s c i l l o s c o p e  w i t h  probe and  g r o u n d  l e a d s  
2. DIP c l i p  
3 .  J u m p e r .  

B e  Check:  

1. Remove b o t h  t o p  c o v e r  a s s e m b l i e s .  

2. P l a c e  t h e  R e a d / W r i t e  module  up 'and o u t  o f  t h e  way o f  
t h e  c a r r i a g l e  a s s e m b l y .  

3 .  Defeat c o v e r  i n t e r l o c k  ( T a b l e  3-1) . 
4 .  I n s t a l l  c a r t r i d g e .  

5 .  D e p r e s s  LOAD s w i t c h .  

6 .  Wai t  f o r  h e a d s  t o  l o a d  o n t o  t h e  p a c k .  

7. D i s a b l e  s e r v o  d r i v e  t o  t h e  c a r r i a g e  by  d i s c o n n e c t i n g  
t h e  i n - l i n e  c o n n e c t o r  ( F i g u r e  3 - 4 ) .  

8.  S e t  t h e  o s c ~ i l l o s c o p e  ( s y n c  i n t e r n a l l y )  a s  f o l l o w s  : 

a .  C h a n n ~ e l  A p r o b e  s h o u l d  be  o n  TP1 o f  t h e  DC S e r v o  
Module (Surnrn i n g  Amp) . 

b .  Chann~el .  A g r o u n d  s h o u l d  be on  TP11 of t h e  DC 
S e r v o  Module ( S i g n a l  Ground)  . 

9. Each d r i v e " s  summing a m p l i f i e r  output a t  t h i s  p o i n t  
w i l l  l o o k  s l i g h t l y  d i f f e r e n t ,  b u t  i t  s h o u l d  b e  
s i m i l a l r  t o  t h e  waveform shown i n  Figure 3-11. 

1 0 .  The s i g n a l  s e e n  s h o u l d  h a v e  a  peak- to -peak  v a l u e  of  
no more  tihain 6 0 0  mv. 

11. I f  t h l e  s i g n a l  i s  o u t  o f  t o l e r a n c e ,  t h e  DC S e r v o  
module  c o u l d  be bad o r  t h e  d r i v e  motor  may b e  t o o  
n o i s y .  R e p l a c e  t h e  m o d u l e ,  a n d  i f  t h a t  d o e s  n o t  
s o l v e  t h e  p r o b l e m ,  r e p l a c e  t h e  d r i v e  m o t o r  ( s e e  
C h a p t e r  2 ) .  



TIME = 10MSIDIV. 
VOLTS = 50MVlDIV. 

F i g u r e  3-11 Surnm inq A m p l i f i e r  O u t p u t  
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3.11 VELOCITY P R O F I L E  CHECK 
By c a u s i n g  t h e  p o s i t i o n e r  t o  per form an o s c i l l a t i n g  s e e k ,  t h e  
v e l o c i t y  p r o f i l e  can be checked f o r  d u r a t i o n , '  a m p l i t u d e  and 
waveshape.  

A .  Requi red  T o o l s :  

1. O s c i l l o s c i p e  w i t h  probe  and  ground l e a d s  
2. Toggle- in  o s c i l l a t  inq s e e k  program (Appendix C )  
3 .  DIP c l i p  
4 .  Jumper.  

B. Check: 

1. Remove bo th  t o p  c o v e r  a s s e m b l i e s .  

2. I n s t a l l  c a r t r i d g e .  

3 .  D e f e a t  t:op c o v e r  i n t e r l o c k  ( T a b l e  3 - 1 ) .  

4 .  Depress  LOAD s w i t c h .  

5. Wait f o r  h e a d s  t o  l o a d  o n t o  t h e  pack.  

6 .  Using t h e  o s c i l l a t i n g  program shown i n  Appendix C ,  
c a u s e  an o s c i l l a t i n g .  s e e k  from t r a c k  0 t o  t r a c k  255 
(RL01) olr t r a c k  511 (RL02) . 

, 

7 a .  V e r s i o n  1 of  DLM: Place t h e  Channel  A o s c i l l o s c o p e  
probe  on TP12, p l a c e  t h e  Channel A ground on any of  
t h e  DLM ground p o i n t s  ( T P 1  t h r o u g h  TP6 a r e  ground) 
and p1ac:e the e x t e r n a l  t r i g g e r  on E 3 8  p i n  1 2  (SIGN 
FWD). 

7b. V e r s i o n  2 o f  DLM: P l a c e  t h e  Channel  A o s c i l l o s c o p e  
probe  on T P 8 ,  p l a c e  Channel A ground on any of t h e  
DLM ground t e s t  p o i n t s  ( T P 1  t h r o u g h  TP4 a r e  g round)  
and p l a c e  t h e  e x t e r n a l  t r i g g e r  on E 2 5  p i n  1 2  (SIGN 
FWD). 

7 c .  V e r s i o n  3 o f  DLM: Place t h e  Channel  A o s c i l l o s c o p e  
probe  on T P 8 ,  p l a c e  t h e  Channel A ground on any of 
t h e  DLM ground p o i n t s  ( T P 1  t h r o u g h  TP4 a r e  g round)  
and p l a c e  t h e  e x t e r n ( a 1  t r i g g e r  o n  E 2 5  p i n  1 2  ( S I G N  
FWD) . . 

8.  Set t h e  o s c i l l o s c o p e  t o  sync  i n t e r n a l ,  p o s i t i v e -  
go ing  anld o b s e r v e  t h e  waveform shwon i n  F i g u r e  3-12. 

9 .  The peak a m p l i t u d e  of t h e  waveform s h o u l d  be between 
4.6 and 5.0 v o l t s .  



TIME 20 MS/DIV. 
VOLTS - 2V:DIV. 

F i q u r e  3-12 Tachomete r  O u t p u t  Velocity Signal 



1 0 .  The maximum seek  tierne should  be between 80 and 86  
m i l l i s e c o n d s .  

11. 0 b s e r v . e  t h e  t r a i l i n g  e d g e  o f  t h e  waveform ( a s  
i n d i c a t e d  by  a n  a s t e r i s k  In F i g u r e  3-12) . There 
shou ld  be a s l i g h t  " s t e p p i n g "  s l o p e .  I f  t h e  obse rved  
s l o p e  h a s  s p i k e s  i n  i t ,  t h e  p o s i t i o n e r  n e e d s  
r e p l a c i n g  a s  i t  is not  r o l l i n g  smoothly.  

1 2 .  I f  t h e  o t h e r  s p e c i . f i c a t i o n s  ( i n  S t e p s  9 and 1 0 )  
c a n n o t  be met ,  t h e  DC Servo module i s  p r o b a b l y  a t  
f a u l t  . 

3.12 SERVO DRIVE MOTOR CURRENT CHECK 
One p o s s i b l e  c a u s e  of seek  e r r o r s  i s  e x c e s s i v e  d r i v e  motor 
c u r r e n t .  T h i s  check w i l l  d e t e r m i n e  i f  t h e r e  is t o o  much c u r r e n t .  

A .  Required To,ols : 

1. ~ s c i l l o ~ s c o p e  wi th  p robes  and ground l e a d s  
2. Toggle i n  o s c i l l a t i n g  seek  program (Appendix C )  
3 .  DIP c l i p  
4.  Jumper. 

B. Check: 

1. Remove both  t o p  cover  a s s e m b l i e s .  

Defea t  t o p  cover  i n t e r l o c k  (Tab le  3-1) .  

I n s t a l l  c a r t r i d g e .  

Depress L,OAD s w i t c h  . 
Wait f o r  h e a d s  t o  load  o n t o  t h e  pack. 

Using the osc i  l l a t  ing seek program l i s t e d  i n  Appendix 
C ,  c a u s e  an o s c i l l a t i n g  seek  from t r a c k  0  t o  t r a c k  
255 ( R L , 0 1 )  o r  t r a c k  511 (RL02) . 
P l a c e  C:hannel A o s c i l l o s c o p e  probe on TP3 of t h e  DC 
Servo module. 

8 a .  V e r s i o n  1 of  DLM: P lace  t h e  e x t e r n a l  t r i g g e r  on E 3 8  
p i n  1 2  , (SIGN FWD) . 

8b. Vers ion  2 o f  DLM: P lace  t h e  e x t e r n a l  t r i g g e r  on E25 
p i n  12 (SIGN F W D ) .  

8c. Vers ion  3 of DLM: P lace  t h e  e x t e r n a l  t r i g g e r  on E25 
p i n  12 9SIGN FWD) . 

9. Observe the waveform shown i n  F i g u r e  3-13. 



GND. REF. 

TIME = 20MSlDIV. 
VOLTS = 500MVlDIV. 

F i g u r e  3-1 3 Posi t i o n e r  Motor Current  Check 



10 .  Measure t h e  p o i n t s  c a l l e d  o u t  i n  t h e  f i g u r e  and 
compare them t o  t h e  f o l l o w i n g :  

#l  s h o u l d  be between 750 and 780 mv. 
# 2  and # 3  s h o u l d  be less t h a n  o r  e q u a l  t o  500 mv. 

11. F a i l u r e  t o  meet s p e c i f i c a t i o n s  r e q u i r e s  r ep lacemen t  
of t h e  p o s i t i o n e r / d r  i v e  motor a s sembly  ( d e s c r i b e d  i n  
Chap te r  2 ) .  

3.13 ACCESS TIME CHECK 
The access t i m e  i s  checked b y  p e r f o r m i n g  o s c i l l a t i n g  s e e k s  and 
o b s e r v  ing t h e  P o s i t  ion S i g n a l  and "Ready t o  Read/Wr i t e "  . 

A.  Requi red  T o o l s :  

1. O s c i l l o s c o p e  w i t h  p r o b e s  and ground l e a d s  
2. Toggle- in  o s c i l l a t i n g  s e e k  program (Appendix C )  
3 .  DIP c l i p  
4 .  Jumper.  

B e  Check: 

1. Remove bo th  t o p  c o v e r  a s s e m b l i e s .  

2. De fea t  t h e  t o p  c o v e r .  i n t e r l o c k  ( T a b l e  3-1) . 
3 .  I n s t a l l  c a r t r i d g e .  d 

4. Depress  LOAD s w i t c h .  

5. Wait f o r  h e a d s  t o  load o n t o  t h e  pack.  

6. Using t h e  o s c i l l a t i n g  s e e k  program shown i n  Appendix 
C, i s s u e  a one t r a c k  seek.  

7a .  V e r s i o n  1 of DLM: P l a c e  Channel A o s c i l l o s c o p e  p r o v e  
on E 2 5  p i n  1 2  (Ready t o  Read/Write) . 

7b. V e r s i o n  2 of DLM: P l a c e  Channel A o s c i l l o s c o p e  p robe  
on TP16 (Ready t o  Read/Wri te)  . 

7c.  V e r s i o n  3 of DLM: P l a c e  Channel A o s c i l l o s c o p e  p r o b e  
o n  TP16 (Ready  t o  Read/Wri te)  

8. Observe t h e  waveform d e p i c t e d  i n  F i g u r e  3-14.  

9 .  Measure t h e  t i m e  the "Ready t o  Read/Writew s i g n a l  is 
low. It: shou ld  be l e s s  t h a n  o r  e q u a l  t o  1 5  m i l l i -  
s e c o n d s .  



TIME-2 MSIDIV 
VOLTS -= 2 VIDIV 

F i g u r e  3-14 A c c e s s  Time C h e c k  (One T r a c k  Seek) 

:11/3-32 



10. I s s u e  a s e e k  from t r a c k  0 t o  t r a c k  85 (RL01) o r  t r a c k  
170 (RL02) and check t o  s e e  t h a t  "Ready t o  Read/ 
Wr i t e "  is  low f o r  s l i g h t l y  l e s s  t h a n  55  m i l l i s e c o n d s .  
See F i g u r e  3-15. 

11. I s s u e  a seek from t r a c k  0 t o  t r a c k  255 (RL01) o r  
t r a c k  511 (RL02) and check t o  s e e  t h a t  "Ready t o  
Read/ Write" is low f o r  s l i g h t l y  less t h a n  100 
m i l l i s e c o n d s .  See Figure 3-16. 

12.  If the s p e c i f i c a t i o n s  a r e  not met ,  t h e  DLM could be 
a t  f a u l t ,  o r  t h e  p o s i t i o n e r  i t s e l f  may be b i n d i n g  d u e  
t o  e x c e s s i v e  f r i c t i o n .  ( S e e  Parag raph  3-12. ) 



F i g u r e  3-15 Access Time Check (85 T r a c k  Seek) 



TIME=20 MSIDIV 
VOLTS = 2 VIDIV 

F i g u r e  3-16 Access Time  Check ( 2 5 5  Track Seek) 
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APPENDIX A 
REGISTER SUMMARY 

A .  I RLll/RLV11 ADDRESSABLE REGISTERS 

T a b l e  A-1  C o n t r o l l e r  A d d r e s s a b l e  R e g i s t e r s  

A d d r e s s  Type R e g i s t e r  
(octal) ( r e a d / w r  i t e )  Name/Mnemonic Bas ic  F u n c t i o n  

C o n t r o l  S t a t u s  ( C S )  I n d i c a t e s  d r i v e  r e a d y  
c o n d i t i o n ;  d e c o d e s  
d r i v e  c o m m a n d s  a n d  
p r o v i d e s  o v e  r a  11 
c o n t r o l  f u n c t i o n s  a n d  
e r r o r  i n d i c a t i o n s .  

Bus A d d r e s s  ( B A )  I n d i c a t e s  m e m o r y  
l o c a t i o n  i n v o l v e d  i n  
d a t a  t r a n s f e r  d u r i n g  a 
n o r m a l  r e a d  o r  w r i t e  
o p e r a t i o n .  

Disk A d d r e s s  ( D A )  (1) H o l d s  d i s k  a d d r e s s  
d u r i n g  a d a t a  t r a n s f e r  
s u c h  a s  Read o r  Wri te ;  
o r  ( 2 )  h o l d s  t h e  d r i v e  
command w o r d  f o r  a 
S e e k  command; o r  ( 3 )  
h o l d s  t h e  d r i v e  corn- 
mand word f o r  a G e t  
S t a t u s  command 

M u l t i p u r p o s e  (MP) (1) F u n c t i o n s  a s  word  
c o u n t e r  when t r a n s f e r -  
r i n g  r e a d / w r i t e  d a t a  
b e t w e e n  U n i b u s  a n d  
d r i v e s ;  o r  ( 2 )  a c t s  a s  
s t o r a g e  b u f f e r  w h e n  
r e a d i n g  d r i v e  s t a t u s ;  
o r  ( 3 )  s t o r e s  h e a d e r  
i n f o r m a t i o n  f r o m  c o n -  
t r o l l e r  s i l o  when e x e -  
c u t i n g  a read  h e a d e r  
command. 



A.l.1 C o n t r o l  S t a t u s  R e g i s t e r  

CONTROL STATUS REGISTER (CSR) 

\. -A 
READ ONLY READ/WRITE REA 

ONL 

15 14 13 12 11 10 09 08 0 7  06 05 04 03 02  01 00 

Bit ( s )  Name F u n c t i o n  

0 D r i v e  Ready ( D R D Y )  When s e t ,  t h i s  b i t  i n d i c a t e s  t h a t  
t h e  s e l e c t e d  d r i v e  i s  r e a d y  t o  
r e c e i v e  a  command.  T h e  b i t  i s  
c l e a r e d  when a Seek  o p e r a t i o n  i s  
i n i t i a t e d  a n d  s e t  when t h e  S e e k  
o p e r a t i o n  is c o m p l e t e d .  

1-3 F u n c t i o n  Code T h e s e  b i t s  a r e  s e t  b y  s o f t w a r e  t o  
i n d i c a t e  t h e  command t o  be e x e c u t e d .  

F1 E R R  

F2 Fl F0 Command O c t a l  
Code 

& 

0 0 0 No Op ( R L 1 1 )  o r  0 
M a i n t .  ( R L V 1 1 )  

0 0 1 W r i t e c h e c k  1 
0 1 0 G e t s t a t u s  2 
0 1 1 Seek 3 
1 0 0 Read Header  4 
1 0 1 W r i t e D a t a  5 
1 1 0 R e a d D a t a  6 
I 1 1 Read Data  W i t h o u t  7 

Header  Check 

IE  

1 

DE FO 

Command e x e c u t i o n  r e q u i r e s  t h a t  b i t  
7  ( C o n t r o l l e r  Ready) be  c l e a r e d  b y  
s o f t w a r e .  A z e r o  t r a n s f e r r e d  i n t o  
b i t  7 o f  t h e  CSR c a n  be c o n s i d e r e d  
a s  a  Go b i t .  

B A 1 6  BA17 D R O  

4-5 B u s  A d d r e s s  The two most  s i g n i f i c a n t  b u s  a i d d r e s s  
E x t e n s i o n  B i t s  b i t s .  Read and w r i t t e n  a s  d a t a  b i t s  
(BA16, BA17) 4 and  5 of t h e  C S  r e g i s t e r  b u t  

c o n s i d e r e d  a s  a d d r e s s  b i t s  1 6  a n d  1 7  
o f  t h e  b u s  a d d r e s s  r e g i s t e r  . 

F2 NXM E 2  E l  E O  DS1 CRDY 



B i t ( s )  Name F u n c t i o n  

6 I n t e r r u p t  
E n a b l e  ( I E )  

C o n t r o l l e r  Fleady 
(CRDY) 

8-9 D r i v e  S e l e c t  
(DS0, DS1) 

O p e r a t i o n  
1 n c o m p l e t . e  ( O P I )  

11 D a t a  CRC ( D C R C )  
o r  

H e a d e r  CR:C ,(HCRC) 
o r  

Write Check ( W C E )  

When t h i s  b i t  is s e t  by s o f t w a r e ,  
c o n t r o l l e r  is  a l l o w e d  t o  i n t e r r u p t  
t h e  p r o c e s s o r  a t  t h e  n o r m a l  command 
o r  e r r o r  t e r m i n a t i o n .  

When c l e a r e d  b y  s o f t w a r e ,  t h i s  b i t  
i n d i c a t e s  t h a t  t h e  command i n  b i t s  
1-3 i s  t o  b e  e x e c u t e d .  When s e t ,  
t h i s  b i t  i n d i c a t e s  t h e  c o n t r o l l e r  i s  
r e a d y  t o  a c c e p t  a n o t h e r  command. 

These b i t s  d e t e r m i n e  w h i c h  d r i v e  
w i l l  c o m m u n i c a t e  w i t h  t h e  c o n t r o l l e r  
v i a  the d r i v e  b u s *  

When set, t h i s  b i t  i n d i c a t e s  t h a t  
t h e  c u r r e n t  command was n o t  com- 
p l e t e d  w i t h i n  2 0 0  ins. 

I f  OPI ( b i t  1 0 )  i s  c l e a r e d  and  t h i s  
b i t  i s  s e t ,  a  CRC e r r o r  h a s  o c c u r r e d  
when r e a d i n g  t h e  d a t a  (DCRC) 

I f  OPI  ( b i t  1 0 )  is s e t  a n d  b i t  11 i s  
a l s o  s e t ,  t h e  CRC e r r o r  h a s  o c c u r r e d  
o n  t h e  h e a d e r  (HCRC)  . 
I f  OPI ( b i t  1 0 )  is c l e a r e d  a n d  b i t  
11 i s  s e t  and t h e  f u n c t i o n  command 
was a Write Check, a Write Check 
e r r o r  (WCE) h a s  o c c u r r e d .  



B i t  (s) Name 

1 2  D a t a  L a t e  ( D L T )  
o r  

H e a d e r  Not  Found  
(HNF) 

N o n - E x i s t e n t  
Memory ( N X M )  

D r i v e  E r r o r  ( D E )  

F u n c t  ioin 

T h i s  b i L  i s  s e t  d u r i n g  a Write when 
t h e  s i l o  is  e m p t y  b u t  t h e  word  c o u n t  
h a s  n o t  y e t  r e a c h e d  z e r o  ( m e a n i n g  
t h a t  t h e  b u s  r e q u e s t  w a s  i g n o r e d  f o r  
t o o  l o n g )  . The  OPI b i t  w i l l  n o t  be 
s e t .  

T h i s  b i t  w i l l  b e  s e t  d u r i n g  a r e a d  
when t h e  s i l o  i s  f u l l  ( m e a n i n g  t h a t  
t h e  w o r d  b e i n g  r e a d  c o u l d  n o t  e n t e r  
t h e  s i l o  a n d  t h e  b u s  r e q u e s t  h a s  
b e e n  i g n o r e d  f o r  t o o  l o n g ) .  The  O P I  
b i t  w i l l  n o t  b e  s e t .  

When t h i s  b i t  a n d  OPI  a r e  b o t h  s e t ,  
a 200 m s  t i m e o u t  o c c u r r e d  w h i l e  t h e  
c o n t : r o l l e r  w a s  s e a r c h i n g  f o r  t h e  
c o r r e c t  s e c t o r  t o  r e a d  o r  w r i t e  ( n o  
h e a d e r  c o m p a r e  - H N F )  . 

E r r o r  Summary 
B i t s  

E r r o r  1 2  11 1 0  

OP I 0 0 1 
Read Data  
C RC 0 1 0 

Write Check  0 1 0 
H e a d e r  CRC 0 1 1 
D a t a  L a t e  1 0 0 
H e a d e r  Not 

Found  1 0 1 

T h i s  b i t  is s e t  when t h e  a d d r e s s e d  
memory d o e s  n o t  r e s p o n d  w i t h i n  t h e  
p r o p e r  time f r a m e  d u r i n g  a d i r e c t  
memory <access ( D M A )  d a t a  t r a n s f e r  . 
T h i s  bit is  t i e d  d i r e c t l y  t o  t h e  D E  
i n t e r Â  a c e  l i n e .  When s e t ,  i t  
i n d i c a t e s  t h a t  t h e  s e l e c t e d  d r i v e  
h a s  f l a g g e d  a n  e r r o r .  ( T h e  s o u r c e  
o f  t h e  e r r o r  c a n  be d e t e r m i n e d  b y  
e x e c u t i n g  a G e t  S t a t u s  command. )  

D E  c a n  b e  c l e a r e d  by  e x e c u t i n g  a G e t  
S t a t u s  command w i t h  b i t  3 o f  t h e  DA 
r e g i s t e r  s e t .  



B i t  (s) Name F u n c t i o n  

15 Compos i t e  E X  ror When set, this b i t  i n d i c a t e s  t h a t  
one  o r  more of t h e  e r r o r  b i t s  ( b i t s  
10-14)  is s e t .  If t h e  IE b i t  ( b i t  6 
of C S )  is se t  and a n  e r r o r  o c c u r s  
(which  s e t s  b i t  7 ) ,  a n  i n t e r r u p t  
w i l l  be  i n i t i a t e d .  

A . 1 . 2  Bus  A d d r e s s  R e g i s t e r  

BUS ADDRESS REGISTER (B'AR) 

B i t ( s )  Name 

0 - 1  5 BAO t h r u  B A J 5  

F u n c t i o n  
4 

These b i t s  p o i n t  t o  t h e  U n i b u s  
a d d r e s s  t h a t  d a t a  i s  t o  b e  
t r a n s f e r r e d  t o / Â  rom.  N o r m a l l y  a 
memory address, BA16 and  BA17 are in 
t h e  CSR b i t s  4 and  5. 

A . 1 . 3  D i s k  Address Regis ter  

A . 1 . 3 . 1  Disk  Address R e g i s t e r  D u r i n g  a Seek Command 

DAR DURING SEEK C O M M A N D  

cz- 201 0 

[ I m  DFO 0 

Bit(s) Name 

0 - 

1 - 

F u n c t i o n  

Must be a 1. 

Must be a 0. 

A- 5 

0 

- -- 
+ 

HS 0 1 DIR 0 



B i t  ( s )  N a m e  Func!t i o n  

Direct  i o n  ( D I R )  T h i s  b i t  i n d i c a t e s  t h e  d i r e c t i o n  i n  
w h i c h  a  S e e k  is t o  t a k e  p l a c e b  When 
t h e  b i t  i s  s e t ,  t h e  h e a d s  move 
t o w a r d  t h e  s p i n d l e  ( t o  a h i g h e r  
c y l i n d e r  a d d r e s s ) .  When t h e b i t  is 
c l e a r e d ,  t h e  h e a d s  move awa:y f r o m  
t h e  s p i n d l e  ( t o  a l o w e r  c y l i n d e r  
a d d r e s s )  . T h e  a c t u a l  d i s t a n c e  moved 
d e p e n d s ;  o n  t h e  c y l i n d e r  a ' d d r e s s  
d i f f e r e n c e  ( b i t s  7-15) . 

3 - Must be a 0 .  

4 Head S e l e c t  ( H S )  I n d i c a t e s  w h i c h  h e a d  ( d i s k  su r f  a c e )  
is s e l e c t e d .  A o n e  i n d i c a t e s  t h e  
l o w e r  h e a d ;  a z e r o ,  t h e  u p p e r  h e a d .  

5-6 - R e s e r v e d  . 
7-1 5 C y l i n d e r  A d d r e s s  I n d i c a t e s  the number of c y l i n d e r s  

D i f f e r e n c e  t h e  h e a d s  a r e  t o  move on  a seek. 
DF 08: 00 

A.1 .3 .2  D i s k  Address Register D u r i n g .  Read o r  Write D a t a  command 

DAR DURING READING OR WRITING DATA COMMANDS 

B i t  ( s )  Name Function 

15 1 4  1 3  12 11  10 09 0 8  0 7  06 0 5  0 4  0 3  02 01 00 
r 

0-5 S e c t o r  A d d r e s s  A d d r e s s  o f  o n e  o f  t h e  4 0  s e c t o r s  on  
SA 05 :00  a t r a c k . ,  

CA8 
^ 

6 Head Select (HS) I n d i c a t o r s  w h i c h  h e a d  ( d i s k  surface) 
is t o  be s e l e c t e d .  A o n e  i n d i c a t e s  
t h e  l o w e r  h e a d ;  a z e r o ,  t h e '  u p p e r  
h e a d .  The c o r r e c t  t r a c k  ( h e a d  a n d  
c y l i n d e r )  m u s t  b e  p r e v i o u s l y  
s e l e c t e d  b y  a S e e k .  

7-1 5 C y l  i n d e r  A d d r e s s  A d d r e s s  o f  t h e  c y l i n d e r s  b e i n g  
CA 08:00  a c c e s s e d .  

b 

CA7 CA6 CA5 CA4 CA3 CA2 C A I  HS SA5 S A 4  SA3 SA2 SA1 SAO 



A . 1 . 3 . 3  Disk A d d r e s s  R e g i s t e r  During a G e t  S t a t u s  Command 

DAR DURING GET STATUS COMMAND 
1 5  14 13 12 1 1  , 1 0  09 08 07  06 05 04 03 02 01 00 

B i t ( s )  N a m e  Funct  ion 

0 - Must be a 1. 

0 

1 G e t  S t a t u s  (GS) M u s t  be a 1 ,  i n d i c a t i n g  t o  t h e  d r i v e  
t h a t  t h e  s t a t u s  w o r d  i s  b e i n g  
r e q u e s t e d .  A t  t h e  c o m p l e t i o n  of t h e  
G e t  S t a t u s  command, t h e  d r i v e  s t a t u s  
word is r e a d  i n t o  t h e  c o n t r o l l e r  
M u l t i p u r p o s e  (MP) r e g i s t e r .  

b 

1  

- 

R e s e t  (RST)' 

1  

Must b e  a 0 .  

0 0 

When this b i t  is s e t ,  t h e  d r i v e  
c l e a r s .  i t s  e r r o r  r e g i s t e r  b e f o r e  
s e n d i n g  a s t a t u s  w o r d  t o  t h e  
c o n t r o l l e r .  

r I 

RST 

4-7 - Must be a 0.  

8-15 - Not u s e d  d u r i n g  a G e t  S t a t u s .  

A . 1 . 4  Multipurpose R e g i s t e r  

A.1.4.1 M u l t i p u r p o s e  R e g i s t e r  D u r i n g  a Get Status Command 

5 MPR AFTER GET STATUS COMMAND 

15 14 13 12 1 1  10 09 08 07 06 05 04 03 02 0 1  00 

O q i i m T  
HS CO HO f3H - STC STB ST* 

i A - 



B i t  (s) Name F u n c t i o n  

0-2 S t a t e  C:A 
ST C : A  

T h e s e  b i . t s  d e f i n e  t h e  s t a t e  of  t h e  
d r i v e  . 

0 0 0 Load C a r t r i d g e  
0 0 1 S p i n  Up 
0 1 0 Brush  C y c l e  
0 1 1 Load Heads  
1 0 0  Seek  ( T r a c k  C o u n t i n g )  
1 0 1 Lock On ( K e e p i n g  on 

t r a c k )  
1 1 0 Unload Heads  
1 1 1 S p i n  Down 

Brush  Home ( B H )  S e t  when t h e  b r u s h e s  a r e  home. 

Heads  Out ( H O )  S e t  when t h e  h e a d s  a r e  o v e r  t h e  
d i s k .  

Cover  Open ( C O )  S e t  when t h e  c a r t r i d g e  a c c e s s  c o v e r  
is  open  o r  t h e  d u s t  c o v e r  is  ' n o t  i n  
p l a c e .  

Head S e l e c t  ( H S )  I n d i c a t e s  t h e  c u r r e n t l y  s e l e c t e d  
h e a d .  A z e r o  i n d i c a t e s  t h e  u p p e r  
h e a d ;  a o n e ,  t h e  l o w e r  h e a d .  

D r i v e  Type (DT) A z e r o  i n d i c a t e s  a n  RL01; a o n e ,  a n  
RL02. 

D r i v e  S e l e c t  E r r o r  S e t  when a  m u l t i p l e  d r i v e  s e l e c t i o n  
( D s E  is d e t e c t e d .  

Volume Check ( V C )  S e t  when a  c a r t r i d g e  i s  spun-up .  
C l e a r e d  by  e x e c u t i o n  of a  Get S t a t u s  
command w i t h  B i t  3 a s s e r t e d .  

W r i t e  G a t e  E r r o r  S e t  d u r i n g  W r i t e  G a t e  i f  o n e  o r  
( W G E )  m o r e  of  t h e  f o l l o w i n g  c o n d i t i o n s  

o c c u r .  

o E r i v e  i s  n o t  " R e a d y  t o  R e a d /  
W r i t e "  

o  D r i v e  i s  W r i t e  P r o t e c t e d  
o S e c t o r  p u l s e  is o c c u r r i n g  
o D r i v e  h a s  a n o t h e r  e r r o r  

S p i n  E r r o r  ( S P E )  S e t  when s p i n d l e  h a s  n o t  r e a c h e d  
s p e e d  i n  t h e  r e q u i r e d  t i m e  d u r i n g  
s p i n - u p  o r  when s p i n d l e  s p e e d  is  t o o  
h i g h .  



B i t  (s) Name F u n c t i o n  

1 2  S e e k  Time Out 
(SKTO) 

Set when t h e  h e a d s  d o  ' n o t  come o n  
t r a c k  i n  t h e  r e q u i r e d  time d u r i n g  a 
S e e k  command o r  when  " R e a d y  t o  
R e a d / W r i t e W  is  l o s t  w h i l e  t h e  d r i v e  
is  i n  p o s i t i o n  ( l o c k - o n )  mode. 

Write Lock (W'L) S e t  when t h e  d r i v e  i s  W r i t e  
P r o t e c t e d .  

1 4  C u r r e n t  Head E r r o r  S e t  i f  w r i t e  c u r r e n t  i s  d e t e c t e d  
( C H E )  i n  t h e  h e a d s  when W r i t e  G a t e  i s  n o t  

a s s e r t e d .  

15 Write D a t a  E r r o r  S e t  i f  W r i t e  G a t e  i s  a s s e r t e d  but 
(WDE)  no  t r a n s i t i o n s  a r e '  b e i n g  d e t e c t e d  o n  

t h e  Wr i t e  Data  l i n e .  

A.1.4.2 M u l t i p u r p o s e  R ! e g i s t e r  D u r i n g  a Read H e a d e r  Command 

15 14 13 12 1 1  10 09 08 07 06 05  04 03 02 01 00  - 
Z E R O E S  

MPR AFTER READ HEADER COMMAND 

14 13 12 1 1  09 08  07 06 0 5  04 03 02  01 00 

B i t  ( s )  

0-5 

6 

N a m e  

SA0:SAS 

H S  

v 

SAO 

* 

F u n c t i o n  

SA1 

S e c t o r  A d d r e s s  

CAO 

Head S e l e c t  - Upper h e a d  = 0 ,  l o w e r  
head  = 1 

SA5 HS 

C y l i n d e r  A d d r e s s  

SA4 SA3 SA2 



A.l.4.3 Multipurpose Register During Read/Write Data Commands 

MPR DURING READ/WRITE COMMANDS FOR WORD C:OUNT 

Bit ( s )  Name Function 

0-1 2 Word Count 
WC 12 :  00 

Contains the two's complement of 
t o t a l  number of words to be trans- 
ferred. 

1 3 - 1 5  Must be ones .  

MP Register Programming Note - The 
RL01/RL02 Disk Drive will not do spiral 
read/writes. If data is to be 
transferred p a s t  the end of the last 
sector of a track, it is necessary to 
break up the operation into the following 
s t e p s .  

1. Program the data transfer to 
terminate at the end of the last sector 
of the track. 

2. Program a seek to the next track. 
This can be either a  head switch to the 
other surface but same cylinder or a head 
switch and move to the next cylinder. 

3. Program the d a t a  transfer to continue 
at the start of the first sector at the 
next track. 



A.  2 RL8-A ADDRESS;ABLE REGISTERS 

Ta,bl.e A-2 RL8-A I n s t r u c t i o n  S e t  

O C T A L  CODE * MNEMiONIC F U N C T I O N  

RLDC 

RLSD 

RLMA 

RLCA 

RLCB 

RLSA 

RLWC ' 

RRER 

RRWC 

RRCA 

RRCB 

RRSA 

RRSI 

RLSE 

C l e a r  c o n t r o l l e r ,  all r e g i s t e r s ,  AC 
and flags. ( D o  n o t  u s e  t o  t e r m i n a t e  
a d i s k  f u n c t i o n . )  

S k i p  on f u n c t i o n  done ,  t h e n  clear i f  
s e t  t o  a one 

Load Break MA R e g i s t e r  from AC 0:11 

Load Command Register  A from AC 0:11 

Load Command R e g i s t e r  B f rom A C  
0~3.1, e x e c u t e  command 

Lolad S e c t o r  Address  R e g i s t e r  from AC 
0: 5 

Load Word Count R e g i s t e r  from AC 
0:11 . 

Read E r r o r  R e g i s t e r  i n t o  AC 0 ,  1, 2, 
10, 11 

Read Word Count R e g i s t e r  i n t o  AC 
0: 11 

Read Command R e g i s t e r  A i n t o  AC 0:11 

Read Command R e g i s t e r  0 i n t o  AC 0:11 

Read S e c t o r  Address Regis ter  i n t o  AC 
0 : 5 

Read s i l o  word i n t o  AC 0:11 

S k i p  on compos i t e  e r r o r ,  t h e n  c l e a r  
i f  s e t  t o  a one  

* A l t e r n a t e  d e v i c e  code ,  6 2  and  6 3  



A . 2 . 1  Command R e g i s t e r  A 

A.2.1.1 Command R e g i s t e r  A D u r i n g  a Seek Co.mmand 

COMMAND REGISTER A DURING A SEEK COMMAND 

DIR HS X M S B  

J 

--P 
CYLINDER DIFFERENCE 

Bit ( s )  N a m e  F u n c t i o n  

AC 0 D i r e c t i o n  ( D I R )  T h i s  b i t  i n d i c a t e s  t h e  d i r e c t i o n  i n  
w h i c h  a S e e k  is t o  t a k e  p l a c e .  When 
t h e  b i t  i s  s e t ,  t h e  h e a d s  move  
t o w a r d  t h e  s p i n d l e  ( t o  a h i g h e r  
c y l i n d e r  a d d r e s s ) .  When t h e  b i t  is  
c l e a r e d ,  t h e  h e a d s  move away f r o m  
t h e  s p i n d l e  ( t o  a  l o w e r  c y l i n d e r  
a d d r e s s )  . The a c t u a l  d i s t a n c e  moved 
d e p e n d s  o n  t h e  c y l i n d e r  a d d r e s s  
d i f f e r e n c e  ( b i t s  3-11) . 

Head S e l e c t  (HS)  I n d i c t a t e s  w h i c h  h e a d  (disk s u r f  a c e )  
i s  t o  b e  s e l e c t e d .  A o n e  i n d i c a t e s  
t h e  l o w e r  h e a d ;  a z e r o ,  t h e  u p p e r  
h e a d .  

AC 2 - S p a r e  

A C 3 :  11 C y l i n d e r  A d d r e s s  I n d i c a t e s  t h e  number of c y l i n d e r s  
D i f f e r e n c e  t h e  h e a d s  a r e  t o  move on  a  s e e k .  

A.2.1.2 Command Register A D u r i n g  Head or Wri te  Data Command 

COMMAND REGISTER A DURING A REAOIWRITE DATA COMMAND 

Vs______________ -___________I 
CYLINDER ADDRESS 



B i t @ )  N a m e  F u n c t i o n  

ACO - Must be z e r o  

AC 1 Head S e l e c t  ( H S )  I n d i c a t e s  which  head  ( d i s k  s u r f a c e )  
is t o  be s e l e c t e d .  A o n e  i n d i c a t e s  
t h e  l o w e r  h e a d ;  a z e r o ,  t h e  u p p e r  
h e a d .  The c o r r e c t  t r a c k  ( h e a d  and 
s e c t o r )  m u s t  be p r e v i o u s l y  s e l e c t e d  
b y  a Seek. 

AC 2 - ~ u s t  b e  z e r o  

A C 3 :  11 C y l i n d e r  A d d r e s s  C y l i n d e r  address 

A . 2 . 2  Command R e g i s t e r  B 

COMMAND REGISTER 0 

-v-' 
DRIVE SELECT 

B i t ( s )  Name 

AC 0 - 

AC 1 M a i n t e n a n c e  

AC 2 Mode 

F u n c t i o n  

Reserved 

The c o n t e n t s  o f  t h e  D i s k  A d d r e s s  
( D A )  R e g i s t e r  a r e  l o o p e d  back t o  t h e  
s i l o  f o r  m a i n t e n a n c e  p u r p o s e s .  B i t  
2 o f  Command R e g i s t e r  B m u s t  a l s o  be 
s e t  f o r  t h i s  f u n c t i o n  t o  w o r k  
c o r r e c t l y .  

When s e t ,  t h i s  b i t  i n d i c a t e s  t h a t  
t h e  d a t a  f i e l d  w i l l  be 256 & b i t  
w o r d s  p e r  s e c t o r .  When z e r o ,  t h e  
d a t a  f i e l d  w i l l  be t r u n c a t e d  t o  1 7 0  
1 2 - b i t  w o r d s  per s e c t o r .  T h i s  b i t  
m u s t  be s e t  when a M a i n t e n a n c e ,  a 
Get S t a t u s  o r  a  Read Header  command 
is t o  be e x e c u t e d .  

AC 3 I n t e r r u p t  E n a b l e  When t h i s  b i t  is set, t h e  c o n t r o l l e r  
(IE) i s  a l l o w e d  t o  i n t e r r u p t  t h e  

p r o c e s s o r  a t  t h e  c o n c u l s i o n  o f  a  
normal  command o r  e r r o r  t e r m i n a t i o n  . 



B i t  ( s )  N a m e  Function 

A C 4 : 5  D r i v e  S e l e c t  T h e s e  b i t s  d e t e r m i n e  w h i c h  d r i v e  
( D S 0 ,  DS1) w i l l  communica te  w i t h  t h e  c o n t r o l l e r  

v i a  t h e  d r i v e  b u s .  

AC6:  8 Extended  Memory T h e s e  t h r e e  b i t s  d e f i n e  t h e  memory 
A d d r e s s e d  ( E M A )  f i e l d  1 o c : a t i o n .  This a l l o w s  up t o  

32K memory l o c a t i o n s  t o  be a d d r , e s s e d  
o n  p r o c e s s o r s  h a v i n g  more t h a n  4K o f  
memory. a 

AC9:  11 F u n c t i o n  Code T h e s e  b i t s  i n d i c a t e  t h e  command t o  
be e x e c u t e d  b y  t h e  c o n t r o l l e r / d i s k  
s u b s y s t e m .  

B i t  B i t  B i t .  Command 
9 10 11 

0 0 0 M a i n t e n a n c e  
0 0 1 R e s e t  
0 1 0 G e t  S t a t u s  
0 1 1 Seek  
1 0 0 Read Header  
1 0 1 W r i t e  Data  
1 1 0 Read Data 
1 1 1 Read Data  

W i t h o u t  
Header  Check 

A . 2 . 3  Break  Memory A d d r e s s  R e g i s t e r  

BREAK MEMORY ADDRESS REGISTER 

B i t  ( s )  Name F u n c t i o n  

ACO: 11 BM0: 11 Memory A d d r e s s  



A . 2 . 4  Word C o u n t  Register 

WORD COUNT REGISTER 

B i t ( s )  

A C 0 :  11 

A.2.5 

B i t  (s) 

ACO: 5 

A . 2 . 6  

Name F u n c t i o n  

WCO: 11 Word C o u n t  

Sector A d d r e s s  R e g i s t e r  

SECTOR ADDRESS REGISTER , 00 , 01 , 02 , 03 , 04 , 05 , 
SAOO SA01 S A 0 2  SA03  S A 0 4  S A 0 5  

Name F u n c A i o p  

SAO: 5 S e c t o r  A d d r e s s  

Error R e g i s t e r  

ERROR REGISTER 

00 01 02 03 04 05 06 07 08 09 10 [-- NOT DEFINED D E  D R D Y  

-- f 

B i t  ( s )  Name 

AC 0 D a t a  CRC ( D R C R )  o r  
H e a d e r  CRC ( H C R C )  

O p e r a t i o n  
I n c o m p l e t e  ( O P I )  

I f  OPI is  c l e a r e d  and  t h i s  b i t  i s  
s e t ,  t h e  CRC e r r o r  o c c u r r e d  i n  t h e  
d a t a  (DCRC)  . I f  OPI is  s e t  and t h i s  
b i t  i s  a l s o  s e t ,  t h e  CRC e r r o r  
o c c u r e d  on  t h e  h e a d e r  (HCRC) . 
When s e t ,  t h i s  b i t  i n d i c a t e s  t h a t  
t h e  c u r r e n t  command w a s  n o t  
c o m p l e t e d  w i t h i n g  2 0 0  m s .  I t  i s  
also u s e d  i n  c o n j u n c t i o n  w i t h  b i t s  0 
a n d  2 o f  t h i s  r e g i s t e r .  



Bit (s) N a m e  F u n c t i o n  

AC 2 D a t a  L a t e  ( D L T )  o r  T h i s  bit is set d u r i n g  a  W r i t e  i f  
Header  Not Found t h e  s i l o  is  empty and t h e  word c o u n t  
(HNF) is  n o t  y e t  z e r o  ( m e a n i n g  t h a t  no 

word  was a v a i l a b l e  f o r  w r i t i n g )  . 
O P I  w i l l  n o t  be  s e t .  

T h i s  b i t  is s e t  d u r i n g  a Read i f  t h e  
s i l o  is f ' u l l  and t h e  word c o u n t  is 
n o t  y e t  z e r o  ( m e a n i n g  t h a t  t h e  word 
b e i n g  r e a d  c o u l d  n o t  e n t e r  t h e  
s i l o ) .  OPT w i l l  n o t  b e  s e t .  

When t h i s  b i t  a n d  O P I  a r e  b o t h  s e t ,  
t h e n  a 2013 m s  t i m e o u t  o c c u r r e d  w h i l e  
t h e  c o n t r o l l e r  was- s e a r c h i n g  f o r  t h e  
c o r r e c t  s e c t o r  t o  r e a d  o r  w r i t e  ( n o  
h e a d e r  compare  - H N F )  . 

E r r o r  Code Summary 

E r r o r  B i t s  
00 01 0 2  

DLT 0 0 1 
OPI 0 1 0 
HNF 0 - 1 1 
DC RC 1 0 0 
HCRC 1 1 0 

D r i v e  E r r o r  ( D E )  T h i s  b i t  is  t i e d  d i r e c t l y  t o  t h e  
D r i v e  E r r o r  i n t e r f a c e  l i n e .  When 
s e t ,  i t  i n d i c a t e s  t h a t  t h e  s e l e c t e d  
d r i v e  h a s  f l a g g e d  a n  e r r o r .  The 
s o u r c e  o f  t h e  e r r o r  c a n  b e  
d e t e m i n e d  by  a Ge t  S t a t u s .  

The Dl5 b i t  is  c l e a r e d  w i t h  a R e s e t  
command t o  t h e  d r i v e .  

D r i v e  Ready ( D R D Y )  When s e t ,  t h i s  b i t  i n d i c a t e s  t h a t  
t h e  s e l e c t e d  d r i v e  i s  r e a d y  t o  
r e c e i v e  a  command . The  b i t  i s  
c l e a r e d  when a  Seek o p e r a t i o n  is  
i n i t i a t e d  and s e t  a g a i n  when t h e  
Seek o p e r a t i o n  is c o m p l e t e d .  



A.2.7 Silo B u f f e r  

A.2.7.1 S i l o  B u f f e r  A f t e r  a Get S t a t u s  Command 

. SILO BUFFER - STATUS WORD 1 

B i t  ( s )  

ACO: 3 

AC 4 

AC 5 

AC 6 

AC 7 

AC 8 

A C 9 :  11 

Name 

- 

D r i v e  Type 

00 01 02 03 04 05 06 07 08 09 10 1 1  

Head S e l e c t  (HS) 

C o v e r  Open ( C O )  

STA - NOT DEFINED ' 0 

Heads  O u t  ( H O )  

B r u s h  Home ( B H )  

S t a t e  B i t s  

0 

WORD I 

F u n c t i o n  

t i  

U n d e f i n e d  

A z e r o  i n d i c a t e s  a n  RL01; a o n e ,  a n  
RL02. 

STC 

I n d i c a t e s  c u r r e n t l y  s e l e c t e d  h e a d  . 
A z e r o  i n d i c a t e s  t h e  upper  h e a d ;  a  
one, t h e  l o w e r  h e a d .  

STB 

S e t  when t h e  c a r t r i d g e  a c c e s s  c o v e r  
is o p e n  o r  t h e  d u s t  c o v e r  is  n o t  i n  
p l a c e .  

A o n e  i n d i c a t e s  t h a t  the h e a d s  a r e  
o v e r  t h e  d i s k ;  a  z e r o  i n d i c a t e s  t h a t  
t h e  h e a d s  a r e  home. 

S e t  when t h e  b r u s h e s  a r e  home. 

T h e s e  b i t s  d e f i n e  t h e  s t a t e  of t h e  
d i s k  d r i v e .  

S t a t e  B i t  D e f i n i t i o n s  

B i t  B i t  B i t  ~ e f i n i t i o n  
A, B C 

Load C a r t r i d g e  
Spi  n-up 
B r u s h  C y c l e  
Load Heads  
S e e k  ( t r a c k  
c o u n t i n g )  
Lock-on ( k e e p i n g  
o n  t r a c k )  
Un load  Heads  
Spin-down 



SILO BUFFER -- STATUS WORD 2 

00 01 02 03 04 05 06 07 08 09 

NOT DEFINED 
Ã 

WORD 2 

Bit (s) Name F u n c t i o n  

ACO: 3 - U n d e f i n e d  

AC 4 Write D a t a  E r r o r  T h i s  b i t  is s e t  when Write G a t e  i s  
(WDE ) o n  b u t  :no t r a n s i t i o n s  w e r e  d e t e c t e d  

on t h e  W r i t e  D a t a  l i n e .  

C u r r e n t  Head 
E r r o r  ( C H E )  

T h i s  b i t :  i s  s e t  when Write C u r r e n t  
is d e t e c t e d  i n  t h e  h e a d s  b u t  W r i t e  
G a t e  was; n o t  a s s e r t e d .  

Write Lock (WL)  S e t  when t h e  d r i v e  i s  W r i t e  P r o -  
t e c t e d .  

Seek Time Out S e t  when t h e  h e a d s  d o  n o t  aome o n  
Er r o  r (S  KTO) t r a c k  i n  t h e  r e q u i r e d  time d u r i n g  a 

S e e k  command o r  when " R e a d y  t o  Read/  
W r i t e "  is l o s t  w h i l e  t h e  d r i v e  is i n  
P o s i t i o n  ( l o c k - o n )  mode. 

S p i n  E r r o r  (SPE)  S e t  when t h e  s p i n d l e  d o e s  n o t  come 
up t o  s p e e d  w i t h i n  4 0  s e c o n d s  o r  
when t h e  s p i n d l e  s p e e d  is t o o  h i g h .  

Write Gate E r r o r  S e t  i f  Write G a t e  is a s s e r t e d  a n d  
(WGE) o n e  o r  more  o f  t h e  f o l l o w i n g  c o n d i -  

t i o n s  is t r u e .  

1. D r i v e  i s  n o t  " R e a d y  t o  
Read/Wri t e "  

2. D r i v e  is Write P r o t e c t e d  
3 .  D r i v e  is i n  t h e  m i d s t  o f  s e c t o r  

time 
4 .  D r i v e  h a s  a n o t h e r  e r r o r  a s s e r t e d  

AC1O Volume Check  ( V C )  S e t  w h e n  a c a r t r i d g e  h a s  b e e n  
spun-up .  T h i s  b i t  is rese t  b y  a G e t  
S t a t u s  c!ommand. 

A C 1 1  D r i v e  S e l e c t  S e t  when o n e  o r  more  d r i v e s  h a v e  t h e  
E r r o r  ( D S E )  same number ( u n i t  select p l u g )  o r  

h a v e  r e ~ ~ p o n d e d  t o  t h e  same  n u m b e r .  



A - 2 . 7 - 2  S i l o  Data B u f f e r  During a Read Header Command 

SILO BUFFER - HEADER WORDS 

CYLINDER 
ADDRESS 

, 00 01 02 03 , rzB , 05 06 07 08 09 10 11 
> 

SECTOR ADDRESS 

T - T T ]  NOT DEFINED 

LSB NOT DEFIINED t-is 

WORD 2 L J 

WORD 1 v v 
MSB 

WORD 3 

NOT DEFINED 

WORD 4 

NOT DEFINED 

0 0 

WORD 5 LL 
HEADER CRC 

.' 

4 

NOT DEf:INI2D 

0 

NOT DEFINED 

WORE1 6 LL 
HEADER CRC 

0 0 

LSB 

0 

A 

0 0 0 0 



WORD 1 - HEADER 

B i t  (s) Name 

AC0: 3 - 
AC 5 C y l  Add 

AC 5 HS 

A C 6 :  11 Sec Add 

B i t  (s) Name 

AC0:  3 - 

AC4:  11 Cyl Add 

B i t @ )  Name 

AC0:  3 - 
A C 4 :  11 - 

B i t ( s )  N a m e  

~ c f l t . 3  ... 

A C 4 :  11 - 

B i t ( s )  . Name 

AC0:  3 - 
A C 4 :  11 CRC 

B i t ( s )  Name 

AC0:  3 - 

A C 4 :  11 CRC 

Funcl: i o n  

Undef i n e d  

LSB of C y l i n d e r  A d d r e s s  

Head S e l e c t  - l o w e r  head = 1 ,  upper 
head  = 0 

S e c t o r  A d d r e s s  

WORD 2 - HEADER 

U n d e f i n e d  

C y l i n d e r  A d d r e s s  - e i g h t  h i g h  o r d e r  
b i t s  

WORD 3 - HEADER 

Funcl: i o n  

Undef i n e d  

Z e r o s  

WORD 4 - HEADER 

Func1:ion 

Undef i n e d  

Z e r o s  

WORD 5 - HEADER 
Funcl: i o n  

Undef! i n e d  

Eight: LSB o f  CRC word 

WORD 6 - HEADER 

E'unc1:ion 

Undef i n e d  

Eight: MSB of CRC word 



A P P E N D I X  B 
INSTALLATION 

B.1 SITE PREPARATION AND PLANNING 
T h i s  a p p e n d i x  d e s c r i b e s  power ? s p a c e  e n v i r o n m e n t a l  c a b l i n g  and 
s a f e t y  r e q u i r e m e n t s  t h a t  m u s t  be c o n s i d e r e d  b e f o r e  i n s t a l l a t i o n  o f  
t h e  R L D l l R L 0 2  D i  s k  S u b s y s t e m  

B . 1 . 1  E n v i r o n m e n t a l  C o n s i d e r a t i o n s  
The RLDl/RLfl2 Disk $iuk)systern is d e s i g n e d  t o  o p e r a t e  i n  a b u s i n e s s  
o r  l i g h t  i n d u s t d r y  e n v i r o n m e n t  A l t h o u g h  c l e a n l i n e s s  i s  a n  
i m p o r t a n t  c o n s i d e r a t i o n  i n  t h e  i n s t a l l a t i o n  o f  a n y  c o m p u t e r  
s y s t e m ?  i t  is par t i c :u :Lar ly  c r u c i a l  f o r  p r o p e r  o p e r a t i o n  o f  a  d i s k  
d r i v e .  The R L 0 1 K / R r d 0 2 K  D i s k  C a r t r i d g e  is n o t  s e a l e d  w h i l e  b e i n g  
l o a d e d  and is t h e r e f o r e  v u l n e r a b l e  t o  d u s t  o r  smoke p a r t i c l e s  
s u s p e n d e d  i n  t h e  a i r ,  a s  w e l l  a s  f i n g e r p r i n t s ?  h a i r ,  l i n t ,  e t c -  
T h e s e  m i n u t e  o b s t r u c t  i o n s  c a n  c a u s e  head  c r a s h e s ?  r e s u l t i n g  i n  
s e v e r e  damage t o  t h e  r e a d l w r i t e  h e a d s  and d i s k  s u r f a c e s *  

B . 1 . 1 . 1  C l e a n l i n e , s s  - The RL0l\RL02 D i s k  D r i v e s  c a n  o p e r a t e  i n  
an  a m b i e n t  w i t h  :Less t h a n  one  m i l l i o n  p a r t i c l e s  per c u b i c  f o o t  of 
a i r  which  a r e  i3-5 m i c r o n  o r  l a r g e r  i n  d i a m e t e r *  The d r i v e  
c o n t a i n s  a f i l t e r  system w h i c h ,  u n d e r  t h e s e  c o n d i t i o n s  m a i n t a i n s  
t h e  p a r t i c l e  c o u n t  w i t h i n  t h e  c a r t r i d g e  below 100 p a r t i c l e s  p e r  
c u b i c  f o o t -  

B.1.1.2 Space Rlequ i rements  -- P r o v i s i o n  s h o u l d  b e  made for 
s e r v i c e  c l e a r a n c e s  of 1 m ( 3 6  i n )  a t  t h e  ' f r o n t  and r e a r  o f  t h e  
rack o r  c a b i n e t  i n  which  t h e  d r i v e  is  mounted and  1 m ( 3 6  i n )  a t  
e i t h e r  s i d e *  

S t o r a g e  s p a c e  f o r  t h e  RL0lK/RL02K c a r t r i d g e s  s h o u l d  a l s o  b e  made 
a v a i l a b l e *  Each c a r t r i d g e  h a s  a1 d i a m e t e r  of a p p r o x i m a t e l y  38 cm 
(15  i n )  and a  h e i g h t .  cjf a p p r o x i m a t e l y  6 cm ( 2 . 5  i n )  

CAUTION 
R L ~ ~ K / R L L ~ ~ ~ K  disk c a r t r i d g e s  must never  
b e  stalcked o n  top o f  each o t h e r .  A 
d e s i g n l a t e d  s h e l f  a r e a  o r  s p e c i a l l y  
d e s i g n e d  d i s k  c a r t r i d g e  s t o r a g e  u n i t  i s  
recomme!nded (see the D I G I T A L  S u p p l  i e s  
and  Acc!essories C a t a 8 1 0 g ) .  

B . 1 - 1 . 3  F l o o r  L o a d i n g  - The w e i g h t  of t h e  R L 0 l / R L 0 2  D i s k  D r i v e  
a l o n e  i s  3 4  kg ( 7 5  , l b )  , which  w i l l  n o t  place undue s t r e s s  o n  mos t  
f l o o r s .  However ? the  a d d e d  w e i g h t  o f  the rack o r  c a b i n e t  a s  well 
a s  t h e  number of d r i v e s  t o  be i n s t a l l e d  s h o u l d  b e  c o n s i d e r e d  i n  
r e l a t i o n  t o  t h e  w e i g h t  o f  e x i s t i n g  c o m p u t e r  s y s t e m s  . P o s s i b l e  
f u t u r e  e x p a n s i o n  shc1u1.d a l s o  be a c o n s i d e r a t i o n .  



ELla1 .4  H e a t  D i s s i p a t i o n  - 'The h e a t  d i s s i p a t i o n  o f  e a c h  
RL0l/RLfl2 D i  sk  D r i v e  i s  546 B t u / h o u r  rnax imum. The a p p r o x i m a t e  
c o o l i n g  r e q u i r e m e n t s  f o r  t h e  e n t i r e  s y s t e m  c a n  b e  c a l c u l a t e d  b y  
m u l t i p l y i n g  t h i s  f i g u r e  b y  t h e  number o f  d r i v e s ,  a d d i n g  t ,he  r e s u l t  
t o  t h e  t o t a l  h e a t  d i s s i p a t i o n  o f  t h e  o t h e r  s y s t e m  c o m p o n e n t s ,  and  
t h e n  a d j u s t i n g  t h e  t o t a l  f i g u r e  t o  c o m p e n s a t e  f o r  p i e r s o n n e l  
c o o l i n g  s y s t e m  e f f i c i e n c y ,  e t c .  I t  is a d v i s a b l e  t o  a l l o w !  a  s a f e t y  
m a r g i n  o f  a t  l e a s t  2 5  p e r c e n t  a b o v e  t h e  maximum q s t i m a t e d  
r e q u i r e m e n t s  . 
B . l e l e 5  A c o u s t i c s  - Most c o m p u t e r  s i t e s  r e q u i r e  a t  1 9 a s t  some 
d e g r e e  of a c o u s t i c a l  t r e a t m e n t .  However, t h e  ~ ~ 0 1 / ~ ~ 0 2  D i s k  
Subsystem s h o u l d  n o t  c o n t r i b u t e  u n d u l y  t o  t h e  o v e r a l l  s y s t e m  n o i s e  
l e v e l .  E n s u r e  t h a t  a c o u s t i c a l  m a t e r i a l s  used  d o  n o t  p r o d u c e  o r  
h a r b o r  d u s t .  

EL l* 1.6 T e m p e r a t u r e  - The RLCJl/RL020Di s k  S u b s g s t e m  w i l l  o p e r a t e  
o v e r  a  t e m p e r a t u r e  r a n g e  o f  1 0  C (50- F) t o - 4 0  C (104'; F) . The 
maximum t e m p e r a t u r e  g r a d i e n t  i s  lti .6" C (300u E') p5r  holur. The 
nono crating t e m p e r a t u r e  r a n g e  i s  from -40 C ( -40  F) , t o  66' C 8 (151 F) . I 

B . l * l m 7  R e l a t i v e  Humidity - H u m i d i t y  c o n t r o l  is i m p o r t a n t  f o r  
p r o p e r  o p e r a t i o n  of  a n y  c o m p u t e r  :iyStem s i n c e  s t a t i c  e l e c t r i c i t y  
may c a u s e  memory e r r o r s  o r  e v e n  p e r m a n e n t  d a m a g e  ko l o g i c  
c o m p o n e n t s .  The RL0l/RL02 Disk  S u b s y s t e m  is  d e s i g n e d  t o  o p e r a t e  
w i t h i n  a  r e l a t i v e  h u m i d i t y  r a n g e  o f  1 0  20 90 p e r c e n t ;  w i t h  a 
maximum web b u l b  k e m p e r a t u r e  of  28' C ( 8 2  *F) and a mipimum dew 
p o i n t  of 2 C ( 3 6  F ) .  The nonopc! ra t ing  r e l a t i v e  h u m i d i t y  r a n g e  
i s  f r o m  1 0  t o  9 5  p e r c e n t ,  w i t h  a rr~aximum wet b u l b  t e m p e t a t u r e  o f  
46' C (115' F). 

B. l . l . 8  A l t i t u d e  - Computer  s y s t e m s  o p e r a t i n g  a t  h i g h  a l t i t u d e s  
may h a v e  h e a t  d i s s i p a t i o n  p r o b l e m s .  A l t i t u d e  a l s o  a f f e c t s  t h e  
f l y i n g  h e i g h t  o f  r e a d l w r i t e  h e a d s  i n  d i s k  d r i v e s .  Thq maximum 
a l t i t u d e  s p e c i f i e d  f o r  o p e r a t i n g  t h e  RL0l/RL02 Disk S u b ~ y s t e m  i s  
2 4 4 0  m ( 8 0 0 0  f t )  . A 1  s o ,  t h e  maximum a l l o w a b l e  d p e r a t i n g  
t e m p e r a t u r e  is r e d u c e d  by a f a c t o r  of 1.8' C per  1000m ( lo F p e r  
1000  f t )  a b o v e  s e a  l e v e l .  T h u s f  t h e  maximum a l l o w a b l e  ~ p e g a t i n g  
t e m p e r a t u r e  a t  2440 m ( 8 0 0 0  i t )  would b e  r e d u c e d  t o  3 6 ' ~  ( 9 6  F) . 
E ~ 1 . 1 ~ 9  Power and S a f e t y  P r e c a u t i o n s  - The RL0l/RlL02 d i s k  
s u b s y s t e m  p r e s e n t s  no  u n u s u a l  f i r e  o r  s a f e t y  h a z a r d s  t o  a n  
e x i s t i n g  c o m p u t e r  s y s t e m .  A C  power w i r i n g  s h o u l d  be! c h e c k e d  
c a r e f u l l y ,  h o w e v e r ,  . t o  e n s u r e  t h a t  i ts  c a p a c i t y  i s  a d e q u a t e  for 
t h e  a d d e d  l o a d  a s  wel l  a s  f o r  a n y  p o s s i b l e  e x p a n s i q n .  The 
RL0l/RL02 Disk  D r i v e  is UL l i s t e d  and CSA c e r t i f i e d .  



B.l.l.19 R a d i a t e d  m i s s i o n s  - Any s o u r c e  o f  e l e c t r o m a g n e t i c  
i n t e r f e r e n c e  ( E M I )  t h a t  i s  n e a r  t h e  c o m p u t e r  s y s t e m  may a f f e c t  t h e  
o p e r a t i o n  o f  t h e  p r o c e s s o r  and i ts  r e l a t e d  p e r i p h e r a l  e q u i p m e n t *  
Common EM1 s o u r c e s  t h a t  a r e  known c a u s e s  o f  f a i l u r e s  i n c l u d e :  

T h u n d e r s t c m n ~ s  
B r o a d c a s t  s t a t i o n s  
Radar  
Mobi le  c o m m u n i c a t i o n s  
Hig h - v o l t a ~ g e  power 1 i n e s  
Power t o o l s  
Arc w e l d e r s  
Vehicle i g n i t i o n  s y s t e m s  
S t a t i c  e l e ~ t ~ r i c i t y  

The e f f e c t  o f  r a d i a t e d  EM1 e m i s s i o n s  on a  c o m p u t e r  s y s t e m  is 
u n p r e d i c t a b l e *  T h u s ,  g r o u n d i n g  p l a y s  a n  i m p o r t a n t  r o l e  i n  
p r o t e c t i n g  t h e  c i r c u i t s  u s e d  i n  disk d r i v e  s u b s y s t e m s ~  

To h e l p  reduce t h e  e f f e c t s  of known h i 9  h - i n t e n s i t y  E M 1  e m i s s i o n s  
p e r f o r m  t h e  f o l l o w i n g  a c t  i o n s  : 

e Ground window s c r e e n s  and  o t h e r  l a r g e  m e t a l  s u r f a c e s .  

a Ensure t h a t  t h e  0veri311 c o m p u t e r  system i s  g r o u n d e d  
p r o p e r l y  ( r e f e r  to P a r a g r a p h  B.14, G r o u n d i n g  R e q u i r e -  
m e n t s )  . 

, 

0 P r o v i d e  p r o p e r  s t o r a g e  ( m e t a l  c a b i n e t s  w i t h  d o o r s )  f o r  
d i s k  c a r t r i d g e s .  

B . 1 . 1 . 1 1  A t  t i t , u d e / M e c h a n i c a l  Shock  - P e r f o r m a n c e  o f  t h e  
RLBlIRL02 Disk S u b s y s t e m  w i l l  n o t  be a f f e c t e d  b y  a n  a t t i t u d e  w h e r e  
maximum p i t c h  and  r o l l  d o  n o t  exlceed 1 5  d e g r e e s .  

The s u b s y s t e m  i s  d e s i g n e d  t o  o p e r a t e  w h i l e  a h a l f - s i n e  s h o c k  p u l s e  
o f  1 0  g r a v i t y  peak  and 1 0  + 3 m s  d u r a t i o n  is  a p p l i e d  o'nce i n  
e i t h e r  d i r e c t i o n  o f  t h r e e  o r C h a g o n a l  a x e s  ( t h r e e  p u l s e s  t o t a l ) .  

B.1.2 O p t i o n s  
The RL0l/RL02 Disk  D r i v e  c a n  be s h i p p e d  w i t h  v a r i o u s  c o n t r o l l e r s  
( f o r  U n i b u s ,  Ommibus and LSI-11 Bus c o m p u t e r  s y s t e m s ) ,  and c a n  be 
c o n f i g u r e d  f o r  1 1 5  Vac 23g Vac o : p e r a t i o n .  

T a b l e  B - 1  shows s a : l . e a b l e  RL0l/RL02 s u b s y s t e m  o p t i o n s .  T a b l e  B-2 
shows RL0l/RL02 o p t i o n   component:^. 



Option 
Number 

Table B - l  Saleable R L 0 1 / R L B 2  Subsystem Options 

Description 

R L O 1  U n i t ,  B C 2 0 J  1/0 C a b l e ,  C h a s s i s  S l i d e  a n d  
Mount ing  H a r d w a r e  

R L 0 2  U n i t ,  B C 2 0 J  1/0 C a b l e ,  C h a s s i s  S l i d e  and  
M o u n t i n g  H a r d w a r e  

RL01-A ( D r i v e )  , RL01K-DC ( C a r t r i d g e )  

RL02-A ( d r i v e )  , RL02K-DC ( c a r t r i d g e )  

R L O 1  D a t a  C a r t r i d g e  

R L 0 2  D a t a  C a r t r i d g e  

RL01-AK,  R L 1 1  C o n t r o l l e r ,  B C Q 6 R ,  ~ e r m i n a t o r  

RL02-AK, R L 1 1  C o n t r o l l e r  , B C 0 6 R ,  T e r m i n a t o r  

RL01-AK,  R L V 1 1  C o n t r o l l e r ,  B C 0 6 R ,  T e r m i n a t o r  

RL02-AK, R L V 1 1  C o n t r o l l e r ,  B C 0 6 R ,  T e r m i n a t o r  

RL01-AK,  RL$-A C o n t r o l l e r ,  BC0RR,  T e r m i n a t o r  

RL02-AK, RL8-A C o n t r o l l e r ,  B C 0 6 R ,  T e r m i n a t o r  



T a b l e  B-2 S a l e a b l e  C a b i n e t  O p t i o n s  
( I n c l u d e s  skins, d o o r s ,  c o v e r s ,  t r im, and power c o n t r o l l e r s )  

Vol tsi  Remarks  

I n c l u d e s  f i v e  2 6 . 6 7  c m  ( 1 0 . 5  
i n )  h i g h  p a n e l s  

26 .67 cm ( 1 0 . 5  i n )  c o v e r  
p a n e l s  ( H 9 5 0 - Q A )  m u s t  b e  
o r d e r e d  i f  r e q u i r e d .  

SWLB w i t h  H9514-B t o p  c o v e r s  

DWLB with H9514-A t o p  c o v e r s  

SWHB c o m p l e t e  h i  boy c a b i n e t  

DWHB c o m p l e t e  h i b o y  c a b i n e t  

SWHB o p t  i o n  a r r a n g e m e n t  dwg . 
Order  a s  r e q u i r e d .  

H960 0-A-0 DWHB o p t i o n  a r r a n g e m e n t  dwg . 
O r d e r  a s  r e q u i r e d .  

H9603-B-0 SWLB o p t i o n  a r r a n g e m e n t  dwg. 
Order  a s  r e q u i r e d .  

H9601-A-0 DWHB o p t i o n  a r r a n g e m e n t  dwg . 
O r d e r  a s  r e q u i r e d .  

S a l e a b l e  Cable O p t i o n s :  Where a n  I / O  c a b l e  l e n g t h  o f  more  t h a n  1 0  
feet  is r e q u i r e d ,  o r d e r  one of t h e  f o l l o w i n g :  

Order N o .  Part  N o .  Leng t h 

6 m (20 f t )  
1 2  m ( 4 0  f t )  
18 m ( 6 0  ft) 

T o t a l  l e n g t h  of c a b l e ( s )  from t h e  c o n t r o l l e r  t o  t h e  l a s t  d r i v e  
must n o t  exceed 3 0  m (100 f t) , 



B . l . 3  AC Power R e q u i r e m e n t s  
The R L O 1  o r  RL02 d r i v e  c a n  o p e r a t e  w i t h i n  o n e  o f  two v o l t a g e  
r a n g e s  t h a t  a r e  m a n u a l l y  s e l e c t e d  b y  means o f  two t e r m i n a l  b l o c k s  
l e g a t e d  a t  t h e  r e a r  o f  t h e  dev ice ( F i g u r e  B - 1 ) .  T h e s e  voltage 
r a n g e s  a r e :  

NOM 
LO 

110 Vac 2 2 0  Vac 
110-120 220-256 
90-105 180-210  

The d r i v e  w i l l  o p e r a t e  when t h e  l i n e  f r e q u e n c y  is  b e t w e e n  4 7 . 5  and 
63  Hz. 

B . I . 3 . 1  S t a n d a r d  Applications - The d r i v e  c a n  b e  s h i p p e d  from 
t h e  f a c t o r y  a s  a  f r e e - s t a n d i n g  u n i t  o r  mounted i n  v a r i o u s  r a c k s  
and  c a b i n e t s  ( r e f e r  t o  P a r a g r a p h  B. I .  2 ,  O p t i o n s )  . 
If t h e  d r i v e  is  s h i p p e d  a s  a f r e e - s t a n d i n g  u n i t ,  t h e  2.74 m ( 9  f t )  
ac power c o r d  is  t e r m i n a t e d  w i t h  a NEMA t y p e  5-15P p l u g  (DIGITAL 
P a r t  N o .  9 0 - 0 8 9 3 8 ) .  T h i s  p l u g  r e q u i r e s  a  NEMA t y p e  5-15R 
r e c e p t a c l e  ( F i g u r e  B - 2 ) .  

B.1.3.2 O p t i o n a l  A p p l i c a t i o n s  - O p e r a t i o n  i n  t h e  h i g h  v o l t a g e  
r a n g e  (180-256 Vac) w i l l  r e q u i r e  r e c o n f  i g u r  ing  t h e  t e r m i n a l  block 
a t  t h e  r e a r  of t h e  d r i v e  and  c h a n g i n g  t h e  l i n e  c o r d  p l u g  ( F i g u r e  
B - 1 )  . 
I n  5 0  Hz a p p l i c a t i o n s ,  t h e  l i n e  c o r d  p l u g  must  be  c h a n g e d  ( F i g u r e  
B - 2 ) .  

B. I. 4 G r o u n d i n g  R e q u i r e m e n t s  
Each c a b i n e t  of  a DIGITAL comput.er  s y s t e m  is e q u i p p e d  w i t h  g r o u n d  
l u g  t e r m i n a l s  t h a t  s h o u l d  be  connected t o  a low-impedance e a r t h  
g r o u n d  by No. 4 AWG ( 5  mm/0.20 i n )  c o p p e r  w i r e  o r  s t r a n d e d  No. 4 
AWG w e l d i n g  c a b l e .  A Burndy QA4C-B s o l d e r l e s s  l u g  ( o r  e q u i v a l e n t )  
is recommended f o r  t e r m i n a t i n g  t h e  c a b l e .  DIGITAL s u p p l i e s  a 
s t a n d a r d  g r o u n d  i n g  c o n d u c t o r  w i t h  each 1/0 and memory c a b i n e t .  

A s t e e l  b u i l d i n g  beam is a n  a d e q u a t e  g r o u n d  i n  many i n s t a n c e s .  
However, some d i s k - o r i e n t e d  s y s t e m s  may r e q u i r e  a d d i t i o n a l  
c o n n e c t i o n s  t o  e a r t h  g r o u n d ,  i n  a d d i t i o n  t o  t h e  g r o u n d  l e a d s  
c a r r i e d  t h r o u g h  v a r i o u s  s i g n a l  b u s e s  a n d  g r o u n d  c o n n e c t o r s  
c o n t a i n e d  w i t h i n  t h e  power c a b l e s .  The g r e e n  g r o u n d i n g  w i r e  i n  
t h e  power c a b l e  m u s t  a l s o  be r e t u r n e d  t o  g r o u n d ,  u s u a l l y  t h r o u g h  
t h e  c o n d u i t  o f  t h e  e l e c t r i c a l  d i s t r i b u t i o n  s y s t e m .  N o t e  t h a t  t h e  
g r e e n  w i r e  is  a  n o t  a  c u r r e n t - c a r r y i n g  c o n d u c t o r ,  n o r  a n e u t r a l  
c o n d u c t o r .  

Whenever p o s s i b l e ,  t h e  s y s t e m  power p a n e l  must  be e i t h e r  mounted 
i n  c o n t a c t  w i t h  b a r e  b u i l d i n g  s t e e l  b y  bonded j o i n t s  ( F i g u r e  2-3) 
o r  c o n n e c t e d  t o  t h e  s t e e l  by a s h o r t  l e n g t h  o f  c a b l e .  



F i g u r e  B - 1  R L 0 1 / R L 0 2  D i s k  Dr ive  - Rear V i e w  

IN" 

CZ- 1056 



SOURCE 

120V 
15A 
1PHASE 

120/208V 
30A 
3-PHASE Y 

120/208-240V 
20A 
2.PHASE 

or 
120/208V 
20A 
3PHASE Y 

120/208V 
20A 
3PHASE Y 

240V 
16A 
1PHASE 

240V 
20A 
1 PHASE 

240/416V 
20A 
3PHASE Y 

120V 
30A 
I P H A S E  

- 

PLUG - RECEPTACLE 1 USED ON 

HUBBEL 

w #6266-C 
NEMA ill 6-1 6P 
DEC Ã 90-08938 

DEC # 12-1 1193 

HUBBEL 
Ã‡241 w 

u,j262 w 
6 15R 
1;!06361 

ALL 120V STANDARD 
CABINET MOUNTED EOPT 

COMPUTERS STANDARD 
120V LOW-CURRENT 
DISTRIBUTION. 120V 
TU10 UNITS. MOST 
120V TERMINAL DEVICES. 

120V PDP-11/46 PRO- 
CESSOR CABINET ONLY. 

DEC Ã 12-11046 Y 1 1;M1046 
- 

Y 

HUBBEL 
Ã‡261 

60  Hz R M  10 DRUM 
60 Hz RP02/RP03/ 
RP04. RP06. RPO6 

DEC Ã 12-11209 2 

ALL 240V TABLE-TOP 
COMPUTERS. 
STANDARD LOW-CURRENT 
~~OVDISTRIBUTION. - I MOST 240V TERMINAL 

NEMA Ã 6-16P 6 15R 
DEVICES. 

DEC & 9008863 1211204 240V TU10. 

ALL 240V STANDARD 
CABINET MOUNTED 

HUBBEL EQUIPMENT. 
Ã‡232 y 

LO-20R 
DEC ill 12-11182 - 

NEMA Ã -- NOT NEMA C3 NOT NEMA 

60 Hz RM10 DRUM 
60 Hz RP02/RP03/ 
R PO4 

DEC # 12-09010 - 1:t11269 Q A 1 

HUBBEL 
Ã‡281 
NEMA 
L21-30P Z 

P D P l V 7 0  
PROCESSOR 
POP 11/70MEM. 
VAX-11/7BO 
PROCESSOR 

DEC 12-12314 1 12-12316 1 - 

POWER 
CONTROLLER 
861.F 

POWER 
CONTROLLER 
86 1 C 

POWER 
CONTROLLER 
86 1 A 

POWER 
CONTROLLER 
861-8 

POWER 
CONTROLLER 
061-D 

C P - 1 9 6 8  

F i g u r e  B-2 approved E l e c t r i c a l  P l u g s  and Receptacles 



F i g u r e  B - 3  Power P a n e l  Grounded t o  B u i l d i n g  Frame 



Where n e i t h e r  scheme i s  p o s s i b l e ,  a m e t a l  a r e a  ( c o m p r i s i n g ^  t h e  
power p a n e l ,  t h e  c o n d u i t ,  and a  m e t a l  p l a t e )  o f  a t  l e a s t  1 m ( 1 0  
ft ) t h a t  is i n  c o n t a c t  w i t h  m a s o n r y  must be c o n n e c t e d  t o  t h e  
g r e e n  g r o u n d  w i r e  ( F i g u r e  B - 4 ) .  The c o n n e c t i n g  w i r e  m u s t  n o t  
exceed 1 . 5  m ( 5  f  t )  i n  l e n g t h  and  s h o u l d  be a t  l e a s t  a  No. 12 AWG 
(2mm) . 
When t w o  c a b i n e t s  a r e  b o l t e d  t o g e t h e r ,  DIGITAL b o n d s  t h e m  
e l e c t r i c a l l y  w i t h  a No. 4 AWG c o n d u c t o r  (5 mm/0.20 i n )  o r  b y  
s e v e r a l  c o p p e r  mesh s t r a p s  c o n n e c t e d  be tween  t h e  c a b i n e t  f rames  . 
A f t e r  t h e  g r o u n d i n g  s y s t e m  is  i n s t a l l e d ,  i t  is a d v i s a b l e  t o  t a k e  a  
v o l t a g e  r e a d i n g  b e t w e e n  t h e  c a b i n e t  f r a m e  and t h e  n e a r e s t  g r o u n d e d  
o b j  e c t  . NBFU No. 70 ( p u b l i s h e d  b y  t h e  N a t i o n a l  Bureau  o f  
U n d e r w r i t e r s )  p r o v i d e s  f u r t h e r  d e t a i l s  r e g a r d i n g  p r e f e r r e d  
g r o u n d i n g  p r o c e d u r e s  . 
B . I . 5  I n s t a l l a t i o n  C o n s t r a i n t s  
The r o u t e  f rom t h e  r e c e i v i n g  a r e a  t o  t h e  i n s t a l l a t i o n  s i t e  t h a t  
t h e  e q u i p m e n t  w i l l  t r a v e l  s h o u l d  be  s t u d i e d  i n  a d v a n c e  t o  e n s u r e  
p rob lem-f  r e e  d e l i v e r y .  Among t h e  c o n s i d e r a t i o n s  a r e :  

a H e i g h t  and l o c a t i o n  o f  l o a d i n g  d o o r s  
a S i z e ,  c a p a c i t y ,  and a v a i l a b i l i t y  o f  e l e v a t o r s  
a Number and s i z e  o f  a i s l e s  and d o o r s  e n  r o u t e  

Bends o r  o b s t r u c t i o n s  i n  . h a l l w a y s .  

B . 2  AC CABLING 
Computer  e q u i p m e n t  r e q u i r e s  a  power s o u r c e  w i t h  a  minimum number 
of v o l t a g e  and f r e q u e n c y  d i s t u r b a n c e s .  L i n e  v o l t a g e  d i s t u r b a n c e s  
g r e a t e r  t h a n  1/4 c y c l e  ( m e a s u r e d  a t  t h e  r e c e p t a c l e  d u r i n g  s y s t e m  
o p e r a t i o n )  a r e  u n d e s i r a b l e .  

DIGITAL power w i r i n g  c o n f o r m s  t o 1  U n d e r w r i t e r s  L a b o r a t o r i e s ,  I n c . ,  
Handbook UL No. 478,  N a t i o n a l  E l e c t r i c a l  Code s t a n d a r d s ,  and  t h e  
t y p e  I1 r e q u i r e m e n t s  o f  t h e  N a t i o n a l  F i r e  P r o t e c t i o n  A s s o c i a t i o n  
(NFPA 7 0 ) .  T h i s  means  t h a t  i n  t h e  U n i t e d  S t a t e s  t h e  w i r e  u s e d  a s  
e q u i p m e n t  g r o u n d  is  g r e e n ,  o r  g r e e n  w i t h  a y e l l o w  s t r i p e ;  i t  
c a r r i e s  no l o a d  c u r r e n t  ( e x c e p t  i n  e m e r g e n c y ) ,  b u t  d o e s  c a r r y  
l e a k a g e  c u r r e n t .  No e q u i p m e n t  i s  p e r m i t t e d  t o  l e a v e  DIGITAL t h a t  
d o e s  n o t  h a v e  a  g r o u n d i n g  c o n n e c t i o n  t o  i t s  f r a m e .  

The g r o u n d e d  c o n d u c t o r  is  l i g h t  g r e y  o r  w h i t e .  I t  must  n o t  be 
u s e d  t o  g r o u n d  e q u i p m e n t .  I ts  p u r p o s e  is  t o  c o n d u c t  c u r r e n t .  

L i n e s  1, 2 ,  and 3 i n  a  t y p i c a l  6 0  Hz power s y s t e m  ( F i g u r e  B - 5 )  a r e  
r e p r e s e n t e d  b y  b l a c k ,  r e d ,  and b l u e  w i r e s ,  r e s p e c t i v e l y ,  and p h a s e  
r o t a t i o n  is i n  t h a t  o r d e r .  



F i g u r e  B-4 Power P a n e l  Grounded  to M e t a l  P l a t e  

B-11 



MAIN C I R C U I T  
B R E A K E R  OR 

NOTES: 
A THE NEUTRAL CONDUCTOR SHOULD BE GROUNDED AT THE MAINS 

SUPPLY TRANSFORMER 
AND IF REQUIRED BY LOCAL AUTHORITIES AT THE DISTRIBUTION 
PANEL AND ELSEWHERE. 

B. THE FRAME GROUND CONDUCTOR MAY CONSIST OF ELECTRICAL 
METALLIC CONDUIT OR 
RACEWAY IF APPROVED BY LOCAL AUTHORITIES. 

MAIN SUPPLY 
T R A N S F O R M E R  
(ONLY S E C O N D A R  

F i g u r e  B-5 Typical 60Hz Power System 



CAUTI ON 
W h e r e  no  g r o u n d e d  w i r e  c a n  be 
g u a r a n t e e d ,  i t  m u s t  n o t  b e  a s s u m e d .  
T h e r e  a r e  some 115  V/60 Hz s y s t e m s  
w i t h i n  t h e  U n i t e d  S t a t e s  w h e r e  n e i t h e r  
s i d e  o f  t h e  l i n e  is g r o u n d e d  (115 V 
3-phase d e l t a )  . 

F i g u r e  B-6 s h o w s  a  t y p i c a l  50Hz power s y s t e m .  

Two t y p e s  o f  power systems c a n  be  u s e d  t o  p r o v i d e  power t o  t h e  
NEMA t y p e  L14-20R r e c e p t a c l e .  The t y p e  shown i n  F i g u r e  B-7  i s  
r e f e r r e d  t o  a s  s p l i t - p h a s e  ( o r  2 -phase  180 d i s p l a c e d )  1 2 0 / 2 4 0  Vac. 
I t  c o m p r i s e s  a  c e n t e r - t a p p e d  t r a n s f o r m e r  w i t h  1 2 0  Vac be tween  t h e  
c e n t e r  t a p  and e i t h e r  o f  t h e  two l e g s .  240  Vac e x i s t s  be tween  t h e  
two o u t s i d e  l e g s .  

The s e c o n d  t y p e  ( F i g u r e  B - 8 )  is r e f e r r e d  t o  a s  3 -phase  Y ( 1 2 0  
d i s p l a c e d )  1 2 0 / 2 8 0  Vac. The 1 2 0  Vac e x i s t s  b e t w e e n  n e u t r a l  a n d  a n y  
o f  t h e  t h r e e  o t h e r  l e g s  (X, Y, o r  2 )  , and  2 0 8  Vac e x i s t s  b e t w e e n  
any two of  t h e  o u t e r  l e g s  ( i . e . , ,  b e t w e e n  X and Y ,  X and Z ,  o r  Y 
a n d  Z ) .  A l t h o u g h  F i g u r e  B-8 shows t h e  X a n d  Y c o n n e c t i o n s  a s  t h e  
two p h a s e s  used f o r  t h e  r e c e p t a c l e ,  any two o f  t h e  t h r e e  p h a s e s  
shown c a n  be u s e d .  

The g r o u n d  t e r m i n a l  on t-he L 1 4 - Z O R  r e c e p t a c l e  will n o r m a l l y  h a v e  a 
g r e e n  s c r e w ,  t h e  n e u t r a l  t e r m i n a l  w i l l  be w h i t e  o r  s i l v e r ,  and  t h e  
" h o t "  t e r m i n a l  w i l l  be b r a s s  c o v e r e d .  

B . 3  INSTALLATION - GENERAL 
The c o n t r o l l e r  s h o u l d  b e  i n s t a l l e d  f i r s t ,  f o l l o w e d  b y  t h e  
d r i v e ( s )  . N e x t ,  t h e  d i a g n o s t i c s  s h o u l d  b e  r u n  t o  d e m o n s t r a t e  t h a t  
t h e  s u b s y s t e m  is  f u n c t i o n i n g  p r o p e r l y  o r  t o  d i a g n o s e  a n y  p r o b l e m s .  
P a r a g r a p h  B.4 e x p l a i n s  t h e  i n s t a l l a t i o n  o f  t h e  R L 1 1  C o n t r o l l e r ,  
P a r a g r a p h  B . 5  d e a l s  w i t h  t h e  R L V 1 1  a n d  P a r a g r a p h  B e 6  d e s c r i b e s  
RL8-A i n s t a l l a t i o n .  

P a r a g r a p h  B.7 c o n t a i n s  i n s t r u c t ~ i o n s  t o  i n s t a l l  t h e  u n i t  and  
P a r a g r a p h  B . 8  e x p l a i n s  a c c e p t a n c e  t e s t i n g  and c o n t a i n s  s e p a r a t e  
p a r a g r a p h s  f o r  each  o f  t h e  t h r e e  c o n t r o l l e r s .  P a r a g r a p h  B . 9  
d e s c r i b e s  t h e  u s e  of  t h e  M9312 b l o o t s t r a p  module t h a t  may b e  u s e d  
o n  R L l l - b a s e d  s y s t e m s .  

B . 4  RL11 CONTROLLER INSTALLATION 
The R L 1 1  C o n t r o l 1 , e r  (M,7762)  is a  s i n g l e  h e x - h e i g h t  module  t h a t  c a n  
b e  i n s t a l l e d  i n  any h e x - h e i g h t  SPC s l o t .  C o n n e c t o r  J l  c o n n e c t s  
t h e  c o n t r o l l e r  t o  t h e  d r i v e  b u s  (Figure B-9). 

O f  t h e  2 1  j u m p e r s  on t h e  RL11 C o n t r o l l e r ,  f i v e  a r e  u s e d  f o r  
f a c t o r y  t e s t  p u r p o s e s .  The  r e m a i n i n g  1 6  a r e  f o r  a d d r e s s  
s e l e c t i o n :  

W 1 - W 6  VECTOR ADDRESS (160 ) 
W7-W16 BASE ADDRESS ( 7 7 4 4 0 0 )  



MAIN SUPP 
TRANSFOR 
(ONLY SECO 

NOTES. 
A.  THE NEUTRAL CONDUCTOR SHOULD BE CONNECTED TO EARTH 

GROUND AT THE MAINS SUPPLY 
TRANSFORMER. IF  REQUIRED BY LOCAL AUTHORITIES IT MAY ALSO BE 
EARTHED AT THE 
DISTRIBUTION PANEUS) AND ELSEWHERE. 

wuu- 
TO S.INGLE PHASE LOADS T O  THREE 

( T Y P I C A L )  PHASE LOADS 
( T Y P I C A L )  

B THE SAFETY EARTH GROUND CONDUCTOR MAY CONSIST OF 
ELECTRICAL METALLIC CONDUIT OR 
RACEWAY IF APPROVED BY LOCAL AUTHORITIES. 

F i g u r e  B - 6  Typical 50Hz Power System 



POWERLINE: "-1 
TRANSFORMER 

(A)  120/240V SPLIT-PHASE (TWO PHASE) 

F i g u r e  B-7  Split P h a s e  ( 2 - P h a s e  Power Sys tem 

B-15 



1 - - 1 SAFTTY GROUND 

L---- 
(B) 120/208V THREE PHASE 

F i g u r e  B - 8  Three  Phase Y Power System 

B-16 



OLDER VERSION 

F i g u r e  B-9 RL11 Component Layout  ( S h e e t  1 of 2 )  





NOTE 
A 1ogic :a l  o n e  is r e p r e s e n t e d  by t h e  
presence  of a  jumper wire. 

The Unibus p r i o r i t y  p l u g  s e t s  t h e  p r i o r i t y  f o r  bus r e q u e s t s *  For 
the RLll s u b s y s t e m ,  b u s  r e q u e s t s  a r e  a t  p r i o r i t y  l e v e l  5 
( B R 5 / B G 5 ) .  ( S e e  F i g u r e s  9-10 and B - 1 1 . )  

NOTE 
Adjustme:nt:s on  t h e  RLll a r e  p r e s e t  at 
t h e  t a c t o r y  and a r e  n o t  to be changed i n  
t h e  field,, 

To i n s t a l l  t h e  c o r ~ t r c ) l I . e r :  

Remove t h e  *M7762 module from i t s  s h i p p i n g  c o n t a i n e r  and 
examine it f o r  any p h y s i c a l  d a m a g e * .  

I f  a  p r i o r i i ~ y  l e v e l  o t h e r  t h a n  5 i s  r e q u i r e d ,  o b t a i n  an 
a p p r o p r i a t e  p r i o r i t y  j umper a s s e m b l y  o r  set u p  t h e  
p r i o r i t y  jumper a s s e m b l y  ( i t e m  1, F i g u r e  B - 9 )  u s i n g  
F i g u r e  B-18 a s  a g u i d e .  The v e c t o r  and b a s e  a d d r e s s  
jumpers  W l - W 1 6 i  a r e  f o r  160 a n d  7 7 4 4 0 0 ,  r e s p e c t i v e l y .  I f  
t h e  subsys t c~m c o n f i g u r a t j . o n  r e q u i r e s  o t h e r  t h a n  s t a n d a r d  
a d d r e s s e s ,  :;el: t h e  jumpers  up a s  shown i n  F i g u r e  B-10. 
P h y s i c a l  l o c a t i o n  of t h e s e  j umper s  i s  shown on  F i g u r e  
B-9. 

I n s t a l l  t h e  r i b b o n  c a b l e  ( 0 C 0 6 R - X X )  w i t h  t h e  r e d  
i n d i c a t o r  s t . r i .pe  t o  the r i g h t  and t h e  smooth s i d e  f a c i n g  
t h e  v i e w e r  when  v i e w i n , g  t h e  c o m p o n e n t  s i d e  o f  t h e  
c o n t r o l l e r  als shown i n  F i g u r e  B-12. D r e s s  t h e  c a b l e  a s  
n e c e s s a r  y. 

I n s e r t  t h e  c o i n t r o l l e r  i n t o  i t s  a p p r o p r i a t e  s l o t  i n  t h e  
SPC b a c k p l a n e  a s  shown i n  F i g u r e  B-12 a f t e r  e n s u r i n g  t h a t  
t h e  s l o t  d o e s  n o t  c o n t a i n  a  g r a n t  c o n t i n u i t y  module i n  
row D. Do no t  c h a f e  t h e  r i b b o n  c a b l e .  Route t h e  c a b l e  
up and out t o  t h e  rear  of t h e  c a b i n e t ,  a l l o w i n g  f o r  c a b l e  
s t r a i n  r e l i e f *  

NOT,E 
See ~ p p e ! n d i x  D f o r  c : o n f i g u r a t i o n  r u l e s  
.and SPC s l o t  s e l e c t i o n  c o n s i d e r a t i o n s .  

Remove the jumper between. C A l  and C B l ,  (NPR Grant) o n  t h e  
b a c k p l a n e ,  i f  t h e  jumper e x i s t s .  



VECTOR ADDRESS SCHEME 

I I I I I 

' O i 0  
0 0 

1 3 :  w.3 w5 we, ~ 2 .  x x 
I I 
I I 

FOR VECTOR ADDRESS 160 - Ws W4, W5 JtJMPERS IN 
Wi, W2, W6 J\JMPERS OUT 

BASE ADDRESS SCHEME 

I I I I I I 

NOTE: 
X'S DENOTE DON'T CARE (NOT SELECTABLE) 
1's DENOTE JUMPER IN 
0's DENOTE JUMPER OUT 

F i g u r e  B-10 ~ ~ 1 1  Base and Vector Address  Jumper C o n f i g u r a t i o n s  

B- 2 I3 



POSITION ER 
FRONT VIEW: 

I 
POSITIOIUEFi 

RESTRAINING 
BRACKET 

Figure B-11 RI'&l:L Priority Jumper Assembly Connections 



CAB UPRIGHT (REF] NOTES: 

1 WHEN INSTALLED IN EA11 K OR EA11 L 
&XPANStON BOX, BCO6R CABLE (ITEM #31 
SHOULD BE FOLDED 90' AND ROUTED U P  
OUT OF THE BOX AS SHOWN. 

2 WHEN ALTERNATE MOUNTING POSITION 

UPRIGHT (REF) IS USED CONNECTOR IN TRANSITION 
CABLE FROM BRACKET MUST BE INVERTED SO THAT 

110 CABLE FROM DRIVE WILL HANG 
IN A DOWNWARD POSITION AS SHOWN 

3 

3 ITEM #3 THRU ITEM #8 ARE NOT 
ASSEMBLED AT THIS POINT BUT ARE 
SHIPPED WITH UNIT FOR ASSEMBLY 
AT INSTALIATION TIME. 

4 PRIORIlY JUMPER ASSY (ITEM # I )  TO 
BE PLUGGED INTO M7762 AT FINAL ASSY 

5 THE RL I 1 MODULE (M77621 WILL 

1 -RED REF. STRIPE OCCUPY ONE HEX SPC SLOT 

. 6. JUMPER WiRE FROM CAI TO CSI ON 
THE SPC BACKPLANE MUST BE 
REMOVED AT INSTALUTION. 

1 2 NUT, SPRING #10-32 [ 9007786-00 1 7 1  

ITEM NO. 

8 

DESCRIPTION 

- 
2 SCREW. PHL TRS HD. # l o - 3 2  X .50 LG 

DWG PART NO. 

SOOW73-03 

, 
1 SCREW. TAP-TLTE. #8 X .38 LG 

1 CLAMP, CABLE 

1 TRANSITION BRACKET ASSY 

F i g u r e  B-12 RLll C o n t r o l l e r  I n s t a l l a t i o n  

T 

1 CABLE ASSY 

1 RLI  1 CONTRDLLEFI 

1 PRIORIW JUMPER ASSY 

900641 8-01 

9007083-00 

C-AD-7012415-0-0 

6 

5 

4 

D-UA- BC06 R-06 

D-UA-M7762-0-0 

i 

3 

2 

54087 7 8 I 



6 m  I n s t a l l  t h e  t r a n s i t i o n  b r a c k e t  a t  t h e  r e a r  o f  t h e  c a b i n e t  
shown i n  F i g u r e  B-12- Assemble  and i n s t a l l  t r a n s i t i o n  
c o n n e c t o r  

7. C o n n e c t  t h e  o t h e r  end of t h e  r i b b o n  c a b l e  ( B C 0 6 R - X X )  w i t h  
t h e  r e d  i n d i c a t o r  s t r i p e  on  t h e  t o p .  Use F i g u r e  B - 1 2  a s  
a g u i d e .  

8 -  Apply  s y s t e m  power a n d ,  u s i n g  a  s u i t a b l e  m e a s u r i n g  d e v i c e  
( i  . e e  d i g i t a l  v o l t m e t e r  o r  e q u i v a l e n t ) ,  v e r i f y  t h e  
v o l t a g e s  a r e  w i t h i n  t h e  r a n g e s  s p e c i f i e d  below.  

VOLTAGE RANGE TEST POINT 

GROUND AC 2 
+S VDC +4e'75 TO + 5 e 2 5  V X  ?a2 BACKPLANE 

+15 VDC + 1 4 - 2 5  TO +15e75 VDC . C V l  LOCATION 
-15 VDC 0 1 5 - 7 5  TO - 1 4 - 2 5  VDC CB 2 

M e a s u r e  a l l  v o l t a g e s  b e t w e e n  t h e  g r o u n d  t e s t  p o i n t  and  
t h e  a p p r o p r i a t e  v o l t a g e  t e s t  p o i n t .  If a n y  a d j u s t m e n t s  t o  
t h e  power s u p p l y  a r e  n e c e s s a r y ,  r e f e r  t o  t h e  a p p r o p r i a t e  
manua l  

B . 5  RLVll CONTROLLER INSTALLATION 
An RLVll C o n t r o l l e r  i s  c o m p r i s e d  of  a b u s  i n t e r f a c e  module  (M8014) 
and  t h e  d r i v e  b u s  module  (M8013). Each module  h a s  s w i t c h e s t  
j u m p e r s t  t r i m p o t s ,  and c o n n e c t o r s  t h a t  a r e  e x p l a i n e d  i n  t h e  
f o l l o w i n g  p a r a g r a p h s  

B . 5 . 1  Bus In ter face  Module 
The b u s  i n t e r f a c e  mcldule ( M 8 0 1 4 )  c o n t a i n s  t h e  l o g i c  c i r c u i t s  t h a t  
p e r f o r m  t h e  f o l l ~ w i n q  m a j o r  f u n c t i o n s  : 

a LSI -11 b u s  i n t e r f a c e  f u n c t i o n s  
a Programmable  r e g 3  s t e r s  
e Silo d a t a  s t o r a g e  and control circuits 

An i l l u s t r a t i o r ~  of t:he component  side of M 8 0 1 4  is shown i n  F i g u r e  
B-13 The l o c a t i o n  o f  t h e  bus a d d r e s s  s w i t c h e s ,  t h e  v e c t o r  
a d d r e s s  s w i t c h e s  and t h e  c o n n e c t o r  f i n g e r  a s s i g n m e n t s  a r e  shown 
i n  t h i s  f i g u r e a  

The b u s  a d d r e s s  s w i t c h  i s  u s e d  t o  s e t  up t h e  d e v i c e  base a d d r e s s -  
I t  is n o r m a l l y  f a c t p r y  p r e s e t  t o  7 4 4 0 .  T h i s  means  t h e  d e v i c e  C S  
r e g i s t e r  h a s  a n  a d d r e s s  o f  17440~3 a n d  t h e  MP r e g i s t e r  h a s  a n  
a d d r e s s  o f  1 7 4 4 0 6 -  The s w i t c h e s  h a v e  t h e  ON and OFF p o s i t i o n s  
l a b e l e d "  The ON p o , s i t i o n  is t h e  l o g i c a l  1 o r  t r u e  s t a t e  ( F i g u r e  
B-14) 

The v e c t o r  a d d r e s s  s w i t c h  is  u s e d  t o  s e l e c t  t h e  a d d r e s s  o f  t h e  
v e c t o r  f o r  t h i s  d e v i c e  when i t  i . n t e r r u p t s .  I t  is  ' f a c t o r y  p r e s e t  
f o r  an a d d r e s s  o f  160 ( F i g u r e  B-15) 



RLVI 1 BUS INTERFACE MODULE (M8014) 
COMPONENT SIDE 1 

BUS ADDRESS SWITCH 

LSB MsB 1 
MsB VECTOR SWITCH 

LSB 

F i g u r e  B - 1 3  RLV11 B u s  I n t e r f a c e  Module 
(M8014) (Component Side) 



E234 LOGIC ELEMENT 

#------------- 

BASE ADDRESS 

HARDWIREO-, 
1 1 1  1 1 0 0  0 0 0  BINARY VALUE 

L----L------- SWITCH NUMBER 

M S B  LSB 

FOR EACH "0" SET THE CORRESPONDING SWITCH "OFF" 

FOR EACH "1"  SET THE CORRESPONDING SWITCH "ON" 

USE THIS SCHEME TO SEL.ECT THE APPROPRIATE BASE 
ADDRESS IF A DIFFERENT BASE ADDRESS IS REQUIRED 

F i g u r e  B-14 RLV11 Base A d d r e s s  Switch S e t t i n g s  

B-25 



E22* LOGIC ELEMENT 

VECTOR ADDRESS 

HARDWIRED 
BINARY VALUE 0 0 1 0  0 0 :  

I 
SWITCH NUMBER 7 6 5  I 

MSB LSB 

FOR EACH "0" SET THE CORRESPONDING SWITCH "OFF" 

FOR EACH "1" SET THE CORRESPONDING SWITCH "ON" 

USE THIS SCHEME TO SELECT THE APPROPRIATE 
VECTOR ADDRESS IF A DIFFERENT VECTOR 
ADDRESS IS REQUIRED 

Figure B - 1 5  RLV11 V e c t o r  Address S w i t c h  S e t t i n g s  

B-26 



B.5.2 D r i v e  Module 
The d r i v e  module  (M8013) c o n t a i n s  t h e  c i r c u i t r y  t h a t  p e r f o r m s  t h e  
f o l l o w i n g  m a j o r  f u n c t i o n s  : 

D a t a  f o r m a t t i n g  and e r r o r  d e t e c t i n g  c i r c u i t s  
C o n t r o l  m i c r o s e q u e n c e r  and t i m i n g  c i r c u i t s  
D r i v e  bus i n t e r f a c e  

An i l l u s t r a t i o n  o f  t h e  componen t  s i d e  o f  M8013 i s  shown i n  F i g u r e  
B-16. 

NOTE 
A d j u s t m e n t s  t o  t h e  RLV11 a r e  p r e s e t  a t  
t h e  f a c t o r y  and a re  not t o  be adjusted 
i n  t h e  f i e l d .  

B . 5 . 3  Module S l o t  L o c a t i o n  
Modules  M8013 a n d  M801.4 must  be i n s e r t e d  i n t o  t h e  H9273 b a c k p l a n e  
( F i g u r e  B - 1 7 )  s u c h  t h a t  t h e  M8013 module  is i n  t h e  s l o t  c l o s e s t  t o  
t h e  p r o c e s s o r .  O u t s i d e  o f  t h i s  o n e  r e s t r i c t i o n ,  t h e  two m o d u l e s  
c a n  be i n s e r t e d  i n  any  two unused  s l o t s .  The c o n t r o l l e r  p r i o r i t y  
l e v e l  i s  b a s e d  s o l e l y  o n  i t s  e l e c t r i c a l  d i s t a n c e  f r o m  t h e  
m i c r o p r o c e s s o r  module  i n  s l o t  1. 

B . 5 . 4  Module I n s t a l l a t i o n  

1. Us ing  t h e  n o r m a l  c o n Â  i g u r a t i o n  r u l e s ,  s e l ec t  two a d j a c e n t  
s l o t s  i n  t h e  b a c k p l a n e  f o r  t h e  two c o n t r o l l e r  m o d u l e s .  

2. I n s e r t  t h e  r i b b o n  c a b l e  (BC06R-XX) i n t o  J l  on  t h e  M8013 
w i t h  t h e  red s t r i p e  e d g e  t o w a r d  t h e  t o p  (Row A )  o f  t h e  
module  . 

3. I n s e r t  t h e  M8013 module  i n t o  t h e  s e l e c t e d  s l o t  t h a t  i s  
c l o s e s t  t o  t h e  p r o c e s s o r .  

4 .  E x a m i n e  t h e  M8014 t o  i n s u r e  t h a t  t h e  b a s e  a d d r e s s  
s w i t c h e s  anld t h e  v e c t o r  a d d r e s s  s w i t c h e s  a r e  s e t  
c o r r e c t l y .  See F i g u r e s  B-14 and B-15. 

5. I n s e r t  t h e  M8014 module  n e x t  t o  t h e  M8013.  

6 .  I n s t a l l  t h e  t r a n s i t i o n  b r a c k e t  a t  t h e  r e a r  o f  t h e  c a b i n e t  
a s  'shown i n  F i g u r e  B--12 .  Assemble  and i n s t a l l  t h e  
t r a n s i t i o n  c o l n n e c t o r .  

7 .  C o n n e c t  t h e  o t h e r  end of t h e  r i b b o n  c a b l e  w i t h  t h e  r e d  
stripe up. 



I J1 i 
CABLE CONNECTOR TO DRIVE 

E49 

ROM 

OR 

EPROM 

VCO POT 

RLV11 DRIVE MODULE (M8013) 
COMPONENT SIDE 1 

JUMPERS W2 AND W4 IN PLACE FOR EPROM USE 
JUMPERS W1 AND W3 IN PLACE FOR MASKED ROM USE 

NOTE: 
JUMPERS ARE ZERO OHM COMPOSITION RESISTORS 

F i g u r e  B-16  RLV11 D r i v e  Module (M8013) 

(MODULE SIDE VIEW OF 9 SLOT BACKPLANE) 

F i g u r e  B-17 H9723 Backplane G r a n t  P r i o r i t y  S t r u c t u r e  



8. Apply sys tem power and ,  u s i n q  a s u i t a b l e  measu r ing  device 
( i  . e . ,  d i g i t a l  v o l t m e t e r  o r  e q u i v a l e n t ) ,  v e r i f y  t h a t  t h e  
voltages a r e  w i t h i n  t h e  ranges s p e c i f i e d  below. 

V o l t a g e  Range T e s t  P o i n t  

Ground AC 2 
+5 Vdc +4.75 Vdc t o  +5.25 Vdc AA 2 
+12 Vdc +11.5 Vdc t o  +12.5  Vdc A D 2  
-5 Vdc -5 .25  Vdc t:o -4 .75 Vdc AL1 ( M 8 0 1 3  o n 1  y )  

NOTE 
The -5 Vdc is g e n e r a t e d  on t h e  M8013 
module.  I t  is n o t  a d j u s t a b l e  but must 
be w i t h i n  s p e c i f i c a t i o n s  for p r o p e r  
o p e r a t  i on .  Module r e p l a c e m e n t  is t h e  
o n l y  c o r r e c t i v e  p r o c e d u r e .  

Measure a l l  v o l t a g e s  between t h e  ground t e s t  p o i n t  and 
t h e  a p p r o p r i a t e  v o l t a g e  t e s t  p o i n t .  I f  any a d j u s t m e n t s  
t o  t h e  powler s u p p l y  a r e  n e c e s s a r y ,  r e f e r  t o  t h e  
a p p r o p r i a t e  p r o c e s s o r ' s  s e r v i c e  manual .  

B.6 RL8-A CONTROLLER INSTALLATION 

B . 6 . 1  I n t r o d u c t i o n  
The RL8-A Omnibus c o n t r o l l e r  module (M8433) c o n t a i n s  t h e  f o l l o w i n g  
l o g i c  f u n c t i o n s  : I 

I n t e r f a c e  l o g i c  
Programmable  r e g i s t e r s  

0 S i l o  da8 ta  s t o r a g e  and c o n t r o l  
Data f o r m a t t i n g  and e r r o r  d e t e c t i o n  
C o n t r o l  mic rosequence r  and  timing logic 
Drive  b u s  i n t e r f a c e  l o g i c  

NOTE 
A d j u s t m e n t s  on t h e  RL8-A are preset  a t  
t h e  f a c t o r y  and  a re  not  t o  be changed in 
t h e  f i e l d .  

B . 6 . 2  Module S l o t  Locat ion 
The module can be i n s e r t e d  i n t o  any  unused Omnibus hex -he igh t  s l o t  
between t h e  CPU and the f i r s t  memory e l e m e n t .  The c o n t r o l l e r  is  
c o n n e c t e d  t o  t h e  f i r s t  d r i v e  v i a  a  BC80J-20 i n t e r f a c e  c a b l e .  
C o n n e c t i o n s  between ' d r i v e s  a r e  made us ing  a BC20J-XX (70 -12122-10)  
c a b l e .  

B . 6 . 3  Module I n s t a l . l a t i o n  

1. Remove t h e  M 8 4 3 3  module ( s e e  F i g u r e  B-18) and i n t e r f a c e  
cable (BC08J-20) from t h e  s h i p p i n g  c o n t a i n e r  and i n s p e c t  
them f o r  p h y s i c a l  damage. 



M8433 
R L8A 
DISK CONTROLLER 

F i g u r e  B-18 R L 8 - A  Jumpers 



2.  V e r i f y  th,e p r o p e r  jumper c o n f i g u r a t i o n  f o r  d e v i c e  c o d e s  
and p r i o r i t y  (Figure B-18). 

Device Code Wl W2 

Break P r i o r i t y  W3 W 4  W 5  

IN OUT IN 
OUT IN OU T 

NOTE 
RL8-A is shipped from the f a c t o r y  w i t h  a 
p r i o r i t y  o f  0. 

Device  Type W 8  W9 

ROM Type (E133) W10 Wll W6 W7 

012E2 OUT I N  I N  OUT 
8708 o r  2708 IN . OUT OUT I N  

3. P o s i t i o n  t h e  BC80J-20 i n t e r f a c e - t o - d r  i v e  c a b l e  i n  t h e  
PDP-8 c h a s s i s  and  c o n n e c t  t h e  Berg c o n n e c t o r  t o  t h e  M 8 3 4 4  
module . 

4 . I n s t a l l  t h e  M8344 module i n t o  s e l e c t e d  s l o t  i n  t h e  
Omnibus backp lane  . 

5 .  Route t h e  cable o u t  t o  where t h e  f i r s t  d r i v e  w i l l  be 
i n s t a l l e d .  

B.7 RL01/RL02 DISK DRIVE INSTALLATION 

B . 7 . 1  Unpacking and I n s p e c t i o n  

1. When d e l i v e r e d ,  each  d r i v e  and i t s  a s s o c i a t e d  c a b i n e t r y  
a r e  e n c l o s e d  by  a heavy czardboard c a r t o n  and a t t a c h e d  t o  
a  s h i p p i n g  s k i d  ( F i g u r e  B-19). Remove t h e  p l a s t i c  s t r a p s  
t h a t  s e c u r e  t h e  s h i p p i n g  c a r t o n  t o  the skid. 

2. Remove th ,e  l i d  from t h e  t o p  of t h e  c a r t o n .  

3 .  Remove t h e  s t a p l e s  t h a t  f a s t e n  the wooden c r a t i n g  slats 
and c a r t o n  f l a n g e s  t o  t h e  s k i d .  



FULL TELESCOPE CAP 
(9905446) 

5-PANEL FOLDER 
/ 199059751 

CRATING SLAT 

/ (7606858' 

CUSHIONED 
SHIPPING SKID 

if 
STAPLE 

F i g u r e  B-19 H950 Shipping Package 

B-32 



4.  Remove t h e  s h i p p i n g  c a r t o n .  

5. I n s p e c t  the cabinet and  d r i v e  f o r  s i g n s  o f  damage. 
R e t a i n  a l l .  packing m a t e r i a l  and r e c e i p t s  i n  t h e  e v e n t  
t h a t  a n y  c:laims f o r  s h i p p i n g  damage mus t  be f i l e d .  A l l  
c l a i m s  shoulld b e  f i l e d  p r o m p t l y  w i t h  t h e  t r a n s p o r t a t i o n  
company.  

B 7.2 RL01/RL02 Disk Drive  U n i t  M o u n t i n g  

NOTE 
If the FtL01/RL02  is to be mounted  i n  a n  
H950 cabinet, t h e  s h i p p i n g  b r a c k e t s  must 
be  r e t : a i n e d  and  r e f i t t e d  a f t e r  
I n s t a l l a t i o n .  T h i s  is t h e  only way t o  
p r e v e n t  t h e  d r i v e  f r o m  s l i d i n g  w h i l e  
r e p o s i t i o n i n g  o r  m o v i n g  the H950 
c a b i n e t .  

The d r i v e  may be s h i p p e d  i n  a r a c k  o r  c a b i n e t  a s  a n  i n t e g r a l  p a r t  
o f  a  s y s t e m  o r  may b e  s h i p p e d  i n  a s e p a r a t e  c o n t a i n e r  f o r  a d d i t i o n  
t o  a n  e x i s t i n g  s y s t e m .  

If  t h e  d r i v e  i s  t ,o  be  i n s t a l l e d  I n  a n  e x i s t i n g  r a c k  o r  c a b i n e t ,  
i n s t a l l  t h e  c h a s s i s  s l i d e s  f i r s t  a s  d e s c r i b e d  i n  Steps 1 t h r o u g h  6 
b e l o w  ( F i g u r e  B-20). The p r o c e d u r e  f o r  i n s t a l l i n g  t h e  d r i v e  
i t s e l f  b e g i n s  w i t h  S t e p  7. 

I n s t a l l  c a b i n e t  s t a b i l i z e r s  b e f o r e  m o u n t i n g  t h e  d r i v e .  

Remove t h e  s l i d e s  f rom t h e  d i s k  d r i v e .  ( R e t a i n  t h e  
h a r d w a r e  f o r  r e a s s e m b l y . )  

Install s l . i d e s  i n t o  t h e  r a c k  o r  c a b i n e t  u s i n g  e n c l o s e d  
h a r d w a r e .  Be sure t h e  s l i d e s  a r e  a t  t h e  c o r r e c t  h e i g h t  
t o  p e r m i t  i n s t a l l a t i o n  of pop p a n e l s  (dress p a n e l s )  upon 
c o m p l e t i o n  of i n s t a 1 l a t : i o n .  A l s o  v e r i f y  t h a t  t h e  s l i d e s  
d o  n o t  b i n d  o n  any hardware  u s e d  t o  mount t h e  s l i d e .  

Extend s l i d e s  t o  l o c k  p o s i t i o n ,  

S l  i d e  d r i v e  o n t o  c h a s s i s  slides and  r e i n s t a l l  s e c u r i t y  
m o u n t i n g  h a r d w a r e  . 
E n s u r e  t h a t  the d i s k  d r i v e  moves e a s i l y  o n  t h e  s l i d e s ,  
t h a t  t h e r e  i s  no b i n d i n g  i n  t h e  c a b i n e t ,  and t h a t  t h e  
p r o p e r  h e i g h t  h a s  b e e n  m a i n t a i n e d  for dress p a n e l s .  

Open t h e  d r i v e  access c o v e r .  
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NOTE 
T h e r e  i s  a s a f e t y  i n t e r l o c k  i n  t h e  RL01 
and RL02 Disk D r i v e s  t h a t  l o c k s  the d r i v e  
a c c e s s  c o v e r  when t h e  d r i v e  has no power .  
The m a n u a l  release t o  bypass  t h i s  
i n t e r l o c k  is l o c a t e d  o n  t h e  r i g h t  s i d e  o f  
t h e  d r i v e  u n d e r  a  small a c c e s s  c o v e r  
( F i g u r e  B - 2 1 ) .  Remove t h e  c o v e r  t o  r e a c h  
t h e  s o l e n l o i d .  p u l l  down o n  t h e  s o l e n o i d  
and o p e r a t e  t h e  t o p  r e l e a s e  mechanism a t  
t h e  same t i m e  t o  o p e n  t h e  d r i v e  a c c e s s  
c o v e r .  A , f t e r  t h e  d r i v e  a c c e s s  c o v e r  is 
o p e n ,  r e p l a c e  t h e  s o l e n o i d  c o v e r .  

8 .  Loosen t h e  h e a d  r e s t r a i n i n g  b r a c k e t  s c r e w  l o c a t e d  on t h e  
p o s i t i o n e r .  Turn the b r a c k e t  90 d e g r e e s  and r e t i g h t e n  
t h e  s c r e w  ( F i g u r e  B - 2 2 ) .  

9 .  On newer d r i v e s ,  t h e s e  a r e  two s h i p p i n g  s c r e w s  on  t h e  
b o t t o m  of thle u n i t  t h a t  s e c u r e s  t h e  s p i n d l e / b l o w e r  m o t o r .  
Remove the s c r e w s  . 

10.  I f  t h e  d r i v e  is b e i n g  i n s t a l l  i n  a d u a l - d r i v e  c a b i n e t  
t h a t  h a s  an i n t e r l o c k  s y s t e m  t o  p r e v e n t  more t h a n  one  
d r i v e  bed ing  e x t e n d e d  a t  a t ime, e n s u r e  t h a t  i s  is  
c o n n e c t e d .  

11. I n s p e c t  t h e  t e r m i n a l  b l o c k  c o v e r s  a t  t h e  r e a r  o f  t h e  
d r i v e .  E n s u r e  t h a t  t h e y  a r e  c o n f i g u r e d  p r o p e r l y  for t h e  
i n p u t  power a v a i l a b l e  ( F i g u r e  B-22).  

CAUTION 
C o n n e c t i o n  t o  t h e  wrong power s o u r c e  
w i l l  r e s u l t  i n  s e r i o u s  damage t o  t h e  
d i s k  d r i v e .  

1 2 .  I f  t h e r e  is o n l y  o n e  disk d r i v e  i n  t h e  s y s t e m ,  or i f  this 
is the l a s t  d r i v e  o f  t h e  d a i s y  c h a i n ,  i n s t a l l  a  
t e r m i n a t o r  a s s e m b l y  (DIGITAL p a r t  no .  70-12293)  i n  t h e  
" c a b l e  o u t "  l o c a t i o n  a t  t h e  r e a r  of t h e  d r i v e  ( F i g u r e  
B-22). 

1 3 .  I f  t h i s  is  a n  R L 1 1 -  o r  an  RLVll -based s y s t e m ,  r o u t e  t h e  
1/0 c a b l e  BC20J-XX ( D I G I T A L  p a r t  no .  70-12122-10)  b e t w e e n  
t h e  f i r s t  d r i v e  and t h e  t r a n s i t i o n  c o n n e c t o r .  I f  t h i s  is  
an  R L S - A - ~ ~ S ~ ~  s y s t e m ,  r o u t e  t h e  BC80J-20 cable f rom t h e  
RL8-A t o  t h e  f i r s t  d r i v e .  
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1 4 .  I f  t h i s  i s  a m u l t i d r i v e  i n s t a l l a t i o n ,  c o n n e c t  a n  1/0 
c a b l e  f rom " c a b l e  i n "  o f  t h i s  d r i v e  t o  t h e  " c a b l e  o u t "  
c o n n e c t o r  o f  t h e  p r e v i o u s  d r i v e .  R e p e a t  f o r  e a c h  d r i v e .  

NOTE 
The t o t a l  l e n g t h  o f  c a b l e  f r o m  
c o n t r o l l e r  t o  t h e  l a s t  d r i v e  m u s t  n o t  
e x c e e d  30 m ( 1 0 0  f t ) .  

15. I n s t a l l  t h e  p r o p e r  u n i t  s e l ec t  p l u g  a t  t h e  f r o n t  of t h e  
d r i v e  ( F i g u r e  B-23) . 

B . 7 . 3  Drive  P r e s t a r t - u p  I n s p e c t i o n  
To b e g i n  t h e  i n s p e c t i o n  p r o c e d u r e ,  remove t h e  t o p  c o v e r  b y  
l o o s e n i n g  t h e  c a p t i v e  s c r e w s  and  l i f t i n g  t h e  c o v e r  s t r a i g h t  up.  
Rest t h e  c o v e r  on t h e  r e a r  o f  t h e  d r i v e  ( F i g u r e  B-24) .  With  t h e  
d r i v e  power o f f ,  f o l l o w  t h e s e  s t e p s  ,, 

1.. E n s u r e  t h a t  t h e  p o s i t i o n e r  r e s t r a i n i n g  b r a c k e t  i s  s e c u r e d  
o u t  of p o s i t i o n  t o  p r e v e n t  i n t e r f e r e n c e  w i t h  i t  ( F i g u r e  
B-22) 

2. E n s u r e  t h a t  t h e  p o s i t i o n e r  is home. 

3. E n s u r e  t h a t  t h e  r e a d / w r i t e  head  g i m b e l s  a r e  n o t  b e n t  o r  
d i r t y .  ( I f  t h e y  a r e  d i r . t y ,  c l e a n  w i t h  a s o l u t i o n  of 9 1  
p e r c e n t  a l c o h o l  and 9 p e r c e n t  w a t e r  and a  l i n t - f r e e  
w i p e r  

4 .  E n s u r e  t h a t  t h e  s p i n d l e  r o t a t e s  f r e e l y  and i t s  t o p  
s u r f a c e s  a r e  n o t  d i r t y .  ( C l e a n  a s  d e s c r i b e d  a b o v e . )  

5. E n s u r e  t h a t  t h e  b r u s h  a s s e m b l y  is  home ( n o t  e x p o s e d ) .  

6. E n s u r e  t h a t  t h e  l o g i c  modules  and c o n n e c t o r s  a r e  s e a t e d  
f i r m l y .  

7. Turn  C B 1  O N .  

8. E n s u r e  t h a t  t h e  s p i n d l e  r o t a t e s  s l o w l y  c o u n t e r c l o c k  w i s e  
f o r  a p p r o x i m a t e l y  1 5  s e c o n d s  and s t o p s .  A t  t h i s  t i m e ,  
t h e  LOAD l i g h t  w i l l  come o n .  

9. E n s u r e  t h a t  t h e  FAULT l i g h t .  is n o t  o n .  

10 .  E n s u r e  t h a t  t h e  m u f f i n  f a n  a t  t h e  r e a r  o f  t h e  d r i v e  is 
o p e r a t i n g  . 
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U s i n g  a  s u i t a b l e  m e a s u r i n g  d e v i c e  ( i  . e . ,  d i g i t a l  
v o l t m e t e r  o r  e q u i v a l e n t )  , e n s u r e  t h e  f o l l o w i n g  d r i v e  
v o l t a g e s  a r e  w i t h i n  t h e  s p e c i f i e d  t o l e r a n c e s .  

Voltage Range T e s t  Point 

+15UNREG ( + 1 5 . 0  t o  +18.0 Vdc) +VUNREG 
-15UNREG (-15.0 t o  -18 .0  Vdc) -VUNREG 
+ 5REG (+4 .85  t o  +5 .35  Vdc)  TP 8  
+$REG ( + 7 . 7  t o  + 8 . 3  Vdc) TP4 
-8REG (-7 .7  t o  -8.3 Vdc)  TP 5 

S e e  F i g u r e  B-24 f o r  d c  s e r v o  module  l o c a t i o n .  T e s t  
p o i n t s  a r e  l o c a t e d  on t h e  mask c o v e r i n g  t h e  d c  s e r v o  
module  ( F i g u r e  B-25) . 
V e r i f y  t h a t  t h e  WRITE PROTect s w i t c h  c y c l e s  i n  and o u t  
and t h e  i n d i c a t o r  l i g h t s  u p  when t h e  s w i t c h  is  p r e s s e d .  

V e r i f y  t h a t  t h e  LOAD s w i  t .ch c y c l e s  i n  and o u t  a n d  t h e  
i n d i c a t o r  l i g h t  g o e s  o u t  when t h e  s w i t c h  i s  p r e s s e d .  
R e t u r n  s w i t c h  t o  t h e  " o u t "  p o s i t i o n .  

Turn o f f  C B 1 .  

R e i n s t a l l  t h e  t o p  c o v e r  and  s e c u r e  w i t h  t h e  c a p t i v e  
s c r e w s .  . 
E n s u r e  t h a t  t h e  d r i v e  a c c e s s  cover c a n n o t  be  o p e n e d .  

Turn  C B 1  on and e n s u r e  t h e  d r i v e  a c c e s s  c o v e r  w i l l  o p e n .  

Drive Star- tup Operation Check 

With t h e  d r i v e  power ON,  i n s t a l l  a  s c r a t c h  c a r t r i d g e .  

C l o s e  t h e  c o v e r ,  p r e s s  t h e  LOAD s w i t c h  and  n o t e  t h a t :  

o  t h e  LOAD l i g h t  g o e s  o u t  

o  When t h e  c a r t r i d g e  r e a c h e s  n o m i n a l  s p e e d  ( a f t e r  
a p p r o x i m a t e l y  3 0  s e c o n d s )  , a b r u s h  c y c l e  comme,nces . 
When t h e  b r u s h e s  h a v e  r e t u r n e d  home, t h e  r e a d / w r i t e  
h e a d s  w i l l  l o a d  and a p p r o a c h  c y l i n d e r  0. When t h e  
h e a d s  h a v e  l o c k e d  o n t o  c y l i n d e r  0 ,  t h e  READY l i g h t  
w i l l  i l l u m i n a t e .  The t o t a l  t i m e  f o r  t h i s  p r o c e s s  i s  
a p p r o x i m a t e l y  4 5  s e c o n d s .  
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3. P r e s s  t h e  LOAD s w i t c h  a g a i n .  The READY l i g h t  s h o u l d  g o  
off and t h e  r e a d / w r i t e  h e a d s  s h o u l d  r e t r a c t  t o  t h e i r  home 
p o s i t i o n .  The s p i n d l e  s h o u l d  s l o w  down and t h e n  come t o  
a  c o m p l e t e  s t o p  a f t e r  a b o u t  3 0  s e c o n d s .  The LOAD l i g h t  
s h o u l d  i l l u m i n a t e  when t h e  s p i n d l e  h a s  s t o p p e d .  

4. I f  t h e  d r i v e  s t a r t u p  o p e r a t i o n  c h e c k  d e t a i l e d  a b q v e  i s  
s u c c e s s f u l l y  c o m p l e t e d  ( I  . e . ,  t h e  READY i n d i c a t o r  
i l l u m i n a t e s )  , r u n  t h e  s u b s y s t e m  c o n Â  i d e n c e  t e s t s  
d e s c r i b e d  i n  P a r a g r a p h  B.8 .  

B . 8  CONFIDENCE TESTING 
C o n f i d e n c e  t e s t i n g  c o n s i s t s  of r u n n i n g  t h e  d i a g n o s t i c  p r o g r a m s .  
Each d i a g n o s t i c  h a s  a  l i s t i n g  t h a t  c o n t a i n s  o p e r a t i n g  
i n s t r u c t i o n s .  Each l i s t i n g  e x p l a i n s  s y s t e m  h a r d w a r e  r e q u i r e m e n t s ,  
s o f t w a r e  e n v i r o n m e n t ,  which  f e a t u r e s  a r e  t e s t e d  and how t h e y  a r e  
t e s t e d ,  p rogram o p t i o n s  and  how t o  se lec t  th.em, how t o  i n t e r p r e t e  
p r i n t o u t s ,  e r r o r  h a n d l i n g ,  d e v i c e  i n f o r m a t i o n  t a b l e s ,  d i a l o g u e  
w i t h  t h e  D i a g n o s t i c  S u p e r v i s o r ,  a n d  c o m p l e t e  o p e r a t i n g  
i n s t r u c t i o n s .  The l i s t i n g s  a r e  a v a i l a b l e  a s  h a r d  c o p y  p r i n t o u t s  
o r  on  m i c r o f i c h e .  

The b i n a r y  form o f  the d i a g n o s t i c  p r o g r a m s  a r e  a v a i l a b l e  o n  
v a r i o u s  m e d i a .  I t  is  a l w a y s  a d v i s a b l e  t o  k e e p  a c o p y  of  t h e  
RL01/RL02 d i a g n o s t i c s  on a media  o t h e r  t h a n  t h e  R L 0 1 K  o r  R L 0 2 K  
c a r t r i d g e  s o  t h a t  t h e  d i a g n o s t i c s  c a n  b e  l o a d e d  t h r o u g h  a n o t h e r  
d e v i c e  i f  t h e  RL s u b s y s t e m  is down,, 

The o l d  MAINDEC naming s y s t e m  i s  b e i n g  r e p l a c e d  w i t h  a  new naming 
system. M a n u a l  a n d  m i c r o f i c h e  d e s i g n a t i o n s  a r e  a l s o  b e i n g  
c o n v e r t e d .  I n  a d d i t i o n ,  p a r t  numbers  a r e  b e i n g  a s s i g n e d  t h a t  
c o n f o r m  t o  DIGITAL' s s t a n d a r d  t w e l v e  c h a r a c t e r  p a r t  number s y s t e m .  

When o r d e r i n g  d i a g n o s t i c  m e d i a ,  l i s t i n g s ,  m a n u a l s ,  o r  m i c r o f i c h e  , 
check t h e  c u r r e n t  c a t a l o g  o r  i n d e x  f o r  t h e  latest d e s i g n a t i o n  and  
r e v i s i o n  l e v e l .  The a p p l i c a b l e  c a t a l o g s  and i n d e x e s  a r e  l i s t e d  i n  
Table B - 3 .  U n l e s s  o t h e r w i s e  s p e c i f i e d  when o r d e r i n g ,  t h e  l a t e s t  
r e v i s i o n  w i l l  be  s h i p p e d .  

T a b l e  B-3 D i a g n o s t i c  Catalogs and Indexes 

NAME PART NUMBER 

PDP-11 Diagnostic S o f t w a r e  Components C a t a l o g *  AV-B021E-TC 
PDP-8 S o f t w a r e  Components C a t a l o g *  A V - 0 8 7  2B-TA 
P D P - 1 1  MAINDEC I n d e x  AH-9026P-MC 
PDP-8 MAINDEC I n d e x  AH-6572G-MA 

* NOTE: Both o f  t h e s e  c a t a l o g s  a r e  a v a i l a b l e  on  m i c r o f i c h e  
( E P - 0 8  / 1 1 D C - 0 2  ) 



B . 8 . 1  RLl l -Based Dliagnostics 
The d i a g n o s t i c  p a c k a g e  u s e d  f o r  an  R L l l / R L 0 1  s u b s y s t e m  b e f o r e  t h e  
r e l e a s e  of t h e  R L 0 2  c : o n s i s t e d  of t h e  s i x  f r e e - s t a n d i n g  p r o g r a m s  
l i s t e d  i n  Table B - 4 .  T h e r e  were two r e v i s i o n s .  R e v i s i o n  A and 
R e v i s i o n  B o  T h e s e  p r o g r a m s  h a n d l e d  o n l y  RLO1 d r i v e s  ( n o t  RL02 
u n i t s )  . 

Table B-4  RLl l - -Based  Diagnostics 

C o n t r o l l e r  T e s t  Part 1 
C o n t r o l l e r  T e s t  P a r t  2 
Drive T e s t  P a r t  1 
D r i v e  T e s t  P a r t  2 
Pexformance  E x e r c i s e r  
D r  i v e  Compat i bi 1 i t y  T e s t  

These d i a g n o s t i c s  can be r u n  f r e e - s t a n d i n g ,  u n d e r  t h e  D i a g n o s t i c  
S u p e r v i s o r ,  m a n u a l l y  u n d e r  XXDP. c h a i n a b l e  u n d e r  XXDP ( e x c e p t  
C Z R L F A 0  w h i c h  r e q u i r e s  manua 1 i n t e r v e n t i o n )  , o r  u n d e r  
m a n u f a c t u r i n g  checkolut: e n v i r o n m e n t s  s u c h  a s  SLIDE o r  ACT-11. 

A new d i a g n o s t i c  package is  a v a i 1 , a b l e  t o  t e s t  e i t h e r  an RL01 or  a n  
R L 0 2  u n i t .  The k i t  numbers  a r e  l i s t e d  i n  T a b l e  B-5 and  t h e  
c o n t e n t s  o f  t h e  t e s t s  a r e  shown i n  T a b l e  B-6. 

T h e r e  is a  new program a d d e d  t o  t h e  p a c k a g e  named CZRLMA0.  I t  is  
u s e d  t o  r e a d  t h e  Bad S e c t o r  File .and can be used  t o  w r i t e  e n t r i e s  
i n t o  t h e  f i e l d  w r i t a b l e  p o r t i o n  o f  t h e  Bad S e c t o r  F i l e .  T h i s  
p rogram is n o t  a d i a g n o s t i c  and s h o u l d  n o t  be u s e d  a s  one. I t  
a s s u m e s  t h a t  t h e  systesm i s  f u n c t i a n i n g  p r o p e r l y .  

Table  B--5 RL11 D i a g n o s t i c  K i t  Numbers 

PART NUMBER DESCRIPTION 

Document:ation and  P a p e r  Tape 
D o c u m e n t a t i o n  Only  
P a p e r  Tape Only  
M i c r o f  ic:he On1 y 



Table B-6 RL11 Diagnostic Components 

PART NUMBER 

AC-F 111A-MC 
AH-F110A-MC 
AK-F 108A-MC 
AK-F109A-MC 
AF-F111A-MO 

AC-F115A-MC 
AH-F 114A-MC 
AK -F 11 2A-MC 
AK-F113A-MC 
AF-F115A-MO 

AC -F 1 2  3A-MC 
AH-F122A-MC 
AK -F 1 2  OA -MC 
AK-F 121A-MC 
AF-F123A-MO 

AC-F127A-MC 
A H - F 1 2  6A-MC 
AK-F124A-MC 
AK -F125A-MC 
AF-F 127A-M 0 

AC-F 135A-MC 
AH -F 1 3 4A-MC 
AK-F 132A-MC 
AK -F133A-MC 
AF-F135A-MO 

NAME 

C Z R L G A 0  CONTROLLER T E S T  #1 

CZRLHA0 CONTROLLER T E S T  # 2  

C Z R L I A 0  D R I V E  TEST #1 

C Z R L J A 0  D R I V E  T E S T  # 2  

C Z R L K A 0  PERFORMANCE E X E R C I S E R  

ITEM 

DOCUMENTATION 
F I C H E  
PAPER TAPE #1 
P A P E R  T A P E  # 2  
DECO 

DOCUMENTATION 
F I C H E  
P A P E R  TAPE # 1  
PAPER TAPE #2  
DECO 

DOCUMENTATION 
F I C H E  
PAPER TAPE # 1  
P A P E R  TAPE # 2  
DECO 

DOCUMENTATION 
F I C H E  
P A P E R  TAPE # 1  
P A P E R  TAPE # 2  
DECO 

DOC UMENTAT I O N  
F I C H E  
PAPER TAPE # 1  
P A P E R  T A P E  # 2  
DECO 

C Z R L L A 0  D R I V E  C O M P A T I B I L I T Y  T E S T  DOCUMENTATION 
FICHE 
P A P E R  TAPE #1 
P A P E R  TAPE # 2  
DECO 

CZRLMA0 BAD SECTOR F I L E  U T I L I T Y  DOCUMENTATION 
F I C H E  
P A P E R  TAPE # 1  
PAPER T A P E  # 2  
DECO 



I n  a d d i t i o n  t o  t h e  f r e e - s t a n d i n g  d i a g n o s t i c s ,  t h e r e  i s  a D E C X 1 1  
module  f o r  u s e  w i t h  t h e  DECX11 S y s t e m  E x e r c i s e r .  The c u r r e n t  
r e v i s i o n  is  d e s i g n a t , e d  RLAA and i s  i n  DECX11 Opt ' ion  L i b r a r y  # 5  
DXQLQ . R e v i s i o n  A (RLAA)  w i l l  o p e r a t e  a n  R L O 1  d r i v e  o n l y .  
R e v i s i o n  B ( R L A B )  wil.1 o p e r a t e  e i t h e r  a n  RLO1 o r  an  RLB2. 

There i s  a l s o  a n  RL s u b s y s t e m  d r i v e r  f o r  t h e  M a i n t e n a n c e  Program 
G e n e r a t o r  (MPG). 

The b i n a r y  form o f  t h e  d i a g n o s t i c s  a r e  i n c l u d e d  a s  p a r t  o f  XXDP. 
T h i s  m a k e s  them a v a i l a b l e  on  m e d i a  f o r  t h e  RK05, RK06, RK07, RL01, 
RX01, DECtape,  rnagnet:ic t a p e ,  and  D E C a s s e t t e .  

The u s e  of XXDP, D E C X 1 1 ,  and MPG i s  e x p l a i n e d  i n  t h e  m a n u a l s  
l i s t e d  i n  T a b l e  B- i f .  

Table B-7 User Documents 

PART NUMBER PART NUMBER 
HARD COPY MICZROFICHE NAME 

AC-90931-MC E:P --DZ QXA -J -D CZQXAI0 XXDP USER G U I D E  
AC-82402-MC AH-=8242Z -MC CXQBAZ 0 D E C X 1 1  USER DOCUMENT 
AC-â‚ 16JC-MC E;P --DTUMA -C -D CTUMACB MPG USER MANUAL 

B . 8 . 2  RLVll-Based Diagnostics . 
The R L V 1 1  C o n t r o l l e r - - b a s e d  s u b s y s t e m  is t e s t e d  w i t h  t h e  same s e t  
o f  d i a g n o s t i c s  a s  tihe R L 1 1  C o n t r o l l e r  s u b s y s t e m  w i t h  t h e  f o l l o w i n g  
e x c e p t i o n .  The R L V 1 1  h a s  a n  i n t e r n a l  m a i n t e n a n c e  f e a t u r e  t h a t  i s  
n o t  t e s t e d  b y  t h e  FlL11 d i a g n o s t i c s  s o  t h e r e  is o n e  a d d i t i o n a l  
d i a g n o s t i c  p rogram c a l l l e d  t h e  CVRLAA0 D i s k l e s s  T e s t .  I t  s h o u l d  b e  
r u n  f i r s t .  

The d i a g n o s t i c  k i t  i n c l u d e s  the same i t e m s  a s  t h e  R L 1 1  d i a g n o s t i c  
k i t  p l u s  t h e  CV'RLAA0 t e s t .  The R L V 1 1  k i t  d e s i g n a t i o n s  a r e  shown 
i n  T a b l e  B-8. 

Table B-8 RLVil Diagnostic K i t  D e s i g n a t i o n s  

DESIGNATION CONTENTS 

Z J 2 8 5 - R B  D o c u m e n t a t i o n  and  P a p e r  Tape  
Z J285-RZ D o c u m e n t a t i o n  Only  
Z J285-PB P a p e r  Tape Only  
2  J285-FR M i c r o f i c h e  Only  

The D E C X 1 1  modu1,e i s  t h e  same o n e  u s e d  f o r  t h e  R L 1 1 .  

B . 8 . 3  RL8A-Based D i a g n o s t i c s  
T h e r e  a r e  s i x  f r e e - s t a n d i n g  d i a g n o s t i c  p r o g r a m s  f o r  t h e  RL8-A 
C o n t r o l l e r - b a s e d  s y s t e m .  T h e r e  i s  a l s o  a  DECX8 module  f o r  u s e  
with t h e  DECX8 s y s t e m  e x e r c i s e r .  T h e s e  d i a g n o s t i c s  a r e  a v a i l a b l e  
a s  i n d i v i d u a l  c o m p o n e n t s  ( s e e  T a b l e  B-9) o r  i n  a k i t  ( see  T a b l e  
B - 1 0 )  . 



Table B-9 R L 8 - A / R L 0 1  Diagnostic C o m p o n e n t s  

P A R T  NUMBER D E S I G N A T I O N  

AC-C656A-MA 
AH-C 657A-MA 
AK -C 658A-MA 
A L - C 6 5 9 A - N A  
AC-C660A-MA 
AH-C 661A-MA 
AK -C662A-MA 
A L - C 6 6 3 A - N A  
AC-C664A-MA 
AH-C665A-MA 
A K - C 6 6 6 A - M A  
A L - C 6 6 7 A - N A  
A C - C 6 6  8A-MA 
AH-C669A-MA 
AK -C670A-MA 
A L 4 6 7 1 A - N A  
AC-C672A-MA 
AH-C673A-MA 
AK-C674A-MA 
A L - C 6 7 5 A - N A  
ACwC676A-MA 
AH-C677A-MA 
AK-C678A-MA 
AC-C682A-MA 
AH-C683A-MA 
AK-C 684A-MA 
AL-C685A-NA 

PART NUMBER 

A J R L A A 0 ,  
A J R L A A 0 ,  
A J R L A A 0 ,  
A J R L A A 0 ,  
A J R L B A 0 ,  
A J R L B A 0 ,  
A J R L B A 0 ,  
A J R L B A P  I 

A J R L C A 0 ,  
A J R L C A 0 ,  
A J R L C A 0 ,  
A J R L C A 0 ,  
A J R L D A 0 ,  
A J R L D A  0 ,  
A J R L D A 0 ,  
A J R L D A  0, 
A J R L E A 0 ,  
A J R L E A 0  , 
A J R L E A 0 ,  
A J R L E A 0 ,  
AXRLAA0,  
A X R L A A 0 ,  
AXRLAAPJ, 
A J R L G A  0,  
A J R L G A 0 ,  
A J R L G A  0,  
A J R L G A 0 ,  

R L 8 A  DISKLESS CONTROL T E S T  ( D O C )  
RL8A D I S K L E S S  CONTROL TEST (FICHE) 
R L 8 A  D I S K L E S S  CONTROL T E S T  (P .  TAPE)  
RL8A D I S K L E S S  CONTROL T E S T  ( D E C T A P E )  
R L 8 A / R L 0 1  D R I V E  T E S T  1 (DOCUMENT)  
R L 8 A / R L 0 1  D R I V E  T E S T  1 ( F I C H E )  
R L 8 A / R L 0 1  D R I V E  T E S T  1 ( P .  T A P E )  
RL8A/F!L01  D R I V E  T E S T  1 ( D E C T A P E )  
R L 8 A / F l L 0 1  D R I V E  T E S T  2 (DOCUMENT) 
R L 8 A / F l L 0 1  DRIVE T E S T  2 (FICHE) 
R L 8 A / F t L 0 1  D R I V E  T E S T  2 ( P .  T A P E )  
R L 8 A / F t L 0 1  D R I V E  T E S T  2 ( D E C T A P E )  
R L 8 A / R L 0 1  COMPAT. V E R I F Y  (DOCUMENT) 
R L 8 A / H L 0 1  COMPAT. V E R I F Y  (FICHE) 
R L 8 A / R L 0 1  COMPAT. V E R I F Y  (P .  T A P E )  
R L 8 A / R L 0 1  COMPAT. VERIFY ( D E C T A ~ E )  
R L 8 A / R L 0 1  PERF. EXER 0 (DOCUMENT) 
R L 8 A / R L 0 1  P E R F .  EXER. ( F I C H E )  
R L 8 A / P l L 0 1  PERF. E X E R .  (P .  T A P E )  
R L 8 A / R L 0 1  P E R F .  EXERe ( D E C T A P E  ) 
R L 8 A  D E C X 8  MODULE (DOCUMENT) 
RL8A DECX8 MODULE ( F I C H E )  
RL8A D E C X 8  MODULE (P .  T A P E )  
R L 8 A / R L 0 1  PACK V E R I F Y  (DOCUMENT) 
R L 8 A / R L 0 1  PACK V E R I F Y  ( F I C H E )  
R L 8 A / R L 0 1  PACK V E R I F Y  ( P .  T A P E )  
R L 8 A / R L 0 1  PACK V E R I F Y  ( D E C T A P E )  

Table B-10 RL8-A/RL01 Diagnostic Kits 

CONTENTS 

DOC UMENTATION AND P A P E R  TAPE 
DOCUMENTAT ION ONLY 
PAPER T A P E  ONLY 
MICROFICHE 



Table B - 1 1  RL8/RL02 Diagnostic Kits 

PART NUMBER C O N T E N T S  

DOC UMENTAT I O N  
DOCUMENTAT I O N  AND PA PER T A P E  
P A P E R  TAPE 
F I C H E  
R L 0 2  
R L 0 2  AND DOCUMENTATION 

Table Ba-12 R L 8 / R L 0 2  Diagnostic Components 

PART NUMBER NAME I T E M  

AC-C656C-MA 
A H - C 6 5  7C-MA 
AK-C658C-MA 
A L - C 6 5  9C-NA 
AC-F 36 2A-MA 
AK -F36 3A-MA 
AH-F364A-MA 
AL-F365A-MA 
A F - F  36 2A-M 0 
AC-F366A-MA 
AK-F367A-MA 
AH-F368A-MA 
AL-F 369A-MA 
AF-F366A-MO 
AC-F 370A-MA 
AK -F 37 1A-MA 
AH -F 37 2A-MA 
AL-F 373A-MA 
AF-F  3 7 0 A - M 0  
AC-F 374A-MA 
AK-F 375A-MA 
AH-F 376A-MA 
AL-F 377A-MA 
AF-F374A-MO 
AC-F 378A-MA 
AK -F37 9A-MA 
AH -F 38 @A-MA 
AL-F 38 1A-MA 
AF-F  378A-MO 
AC -F 38 2A -MA 
AK-F 38 3A-MA 
AH -F 38 4A-MA 
AF-F  38 2A-M 0 

A J R L A C 0  R L 8 A  D I S K L E S S  CONTROL T E S T  

A J R L J A 0  R L 8 / R L 0 2  D R I V E  COMPAT 

AJRLKA0 R L 8 / R L 0 2  P E R F .  E X E R .  

A J R L L A 0  R L 8 / R L 0 2  PACK V E R I F Y  

AXRLBA0 D E C / X 8  MOD R L 8 / R L 0 2  

DOCUMENTATION 
FICHE 
P A P E R  TAPE 
DEC T A P E  
DOCUMENTATION 
P A P E R  T A P E  
F I C H E  
DEC T A P E  
DECO/DEPO 
DOCUMENTATION 
P A P E R  TAPE 
F I C H E  
DEC T A P E  
DECO/DEPO 
DOCUMENTATION 
P A P E R  T A P E  
F I C H E  
DEC T A P E  
DECO/DEPO 
DOCUMENTATION 
P A P E R  T A P E  
FICHE 
DEC T A P E  
DEPO/DECO 
DOC UMENTATION 
P A P E R  T A P E  
F I C H E  
DEC T A P E  
DECO/DE PO 
DOCUMENTATION 
P A P E R  T A P E  
F I C H E  
DECO/DEPO 



B.9 USE OF THE M9312 BOOTSTRAP WITH AN RL11 SUBSYSTEM 
The M9312 module is  u s e d  o n  many PDP-11 Unibus  s y s t e m s  t o  p r o v i d e  
b o o t s t r a p  c a p a b i l i t y  a s  w e l l  a s  o t h e r  f u n c t i o n s .  The module h a s  
f i v e  1C s o c k e t s  for ROM c h i p s ,  four of  which  a r e  r e s e r v e d  f o r  
p e r i p h e r a l  b o o t s t r a p  p r o g r a m s  T h e r e  a r e  s e v e r a l  ROM c h i p s  
a v a i l a b l e  f o r  t h e  d i f f e r e n t  p e r i p h l e r a l  d e v i c e s ,  and a n  M 9 3 1 2  i s  
c o n f  i g u r e d  by s e l e c t i n g  t h e  a p p r o p r i a t e  c h i p s  f o r  t h e  p a r t i c u l a r  
s y s t e m  on which  i t  is  u s e d .  

The RL s u b s y s t e m  b o o t s t r a p  program is c o n t a i n e d  i n  ROM c h i p  number 
23-751A9. T h i s  c h i p  c a n  b e  o r d e r e d  i n d i v i d u a l l y  and i s  a l s o  
a v a i l a b l e  i n  k i t  MR11-EA,  which  c o n s i s t s  o f  a n  M9312 module  p l u s  
a l l  t h e  a v a i l a b l e  ROM c h i p s .  

An RL s y s t e m  d i s k  c a n  be b o o t e d  by  a  command t o  t h e  c o n s o l e  
e m u l a t o r  ( a  p rogram t h a t  is  a  f e a t u r e  o f  t h e  M9312).  The d e v i c e  
mnemonic f o r  t h e  RL11 i s  DL o r  D L n ,  where  n  i s  t h e  u n i t  number ( 0  
t h r o u g h  3 ) .  

More i n f o r m a t i o n  on  t h e  M9312 i s  a v a i l a b l e  i n  t h e  M 9 3 1 2  T e c h n i c a l  
Manual .  I t  is  a v a i l a b l e  i n  p r i n t e d  form ( E K - ~ 9 3 1 2 T M )  - or on 
F i  c h e  ( E  P-M9 31 2-TM) . 



APPENDIX C 
TOGGLE-IN PROGRAMS 

C.1 HEAD SELECTION PROGRAM FOR RLll/RLVll 
The f o l l o w i n g  program causes Head 1 ( l o w e r  h e a d )  t o  be selected 
( o n  u n i t  0 )  i f  t h e  WRITE P R O T e c t  s w i t c h  i s  i n  and Head 0 ( u p p e r  
h e a d )  t o  be s e l e c t e d  i f  t h e  s w i t c h  i s  o u t .  

Housekeeping 

W a i t  

G e t  S t a t u s  Command 

Wai t  

S t a t u s  Word 

Check H S  B i t  

Check W L  B i t '  
E q u a l ,  Loop 
Set HS B i t  

Go t o  Seek Command 
Check WL B i t  
E q u a l ,  Loop 
Rese t  H S  B i t  

Seek Command 

Loop 



C . 2  HEAD SELECTION PROGRAM FOR RL8-A 
The f o l l o w i n g  program c a u s e s  Head 1 ( l o w e r  head )  t o  be s e l e c t e d  
(on  u n i t  0 )  i f  t h e  W R I T E  PROTec t  s w i t c h  i s  i n  and Head 0  (upper 
head) to be s e l e c t e d  i f  t h e  s w i t c h  is out. 

Clear C o n t r o l l e r  

Get Sta tus  Command 
Wa i t 

F i r s t  Word of  S t a t u s  

Check HS B i t  
HS=1, Go t o  217 
Second Word of S t a t u s  

C h e c k  WL B i t '  
HS=WL, G o  t o  2 0 1  

Second Word of Status 

HS t o  Command REG A 

Seek Command' t o  Command REG B 
Wait  

Loop t o  201 
C o n s t a n t  
C o n s t a n t  



C.3 G E T  STATUS (WITH OR WITHOUT R E S E T )  ON AN R L ~ ~ / R L V ~ ~  
SUBSYSTEM 
To a c c o m p l i s h  t h i s ,  i t  is  n e c e s s a r y  t o :  

1. D e p o s i t  a 3 i n t o  DAR a t  774404 ( o r  1 3  t o  R e s e t )  

2 .  D e p o s i t  a 4 i n t o  CSR a t  774400  ( o r  4 0 4 ,  1 0 0 4 ,  1 4 0 4  f o r  
u n i t s  1, 2 ,  3 )  

3 .  W a i t  f o r  o p e r a t i o n  t o  be comple t e  

4. Examine c o n t e n t s  of M P R  a t  774406 .  

On some PDP-11 s y s t e m s  t h i s  c a n  be a c c o m p l i s h e d  m a n u a l l y  u s i n g  t h e  
c o n s o l e .  On o t h e r  PDP-11 s y s t e m s  i t  is n e c e s s a r y  t o  run  a p r o g r a m  
s u c h  a s  g i v e n  be low.  S t a r t  a t  1000  and when i t  h a l t s ,  e x a m i n e  
memory l o c a t i o n  1.032. 

To g e t  s t a t u s  o n  u n i t  1, 2 ,  o r  3 m o d i f y  l o c a t i o n  1 0 1 0  t o  4 0 4 ,  
1 0 0 4 ,  o r  1 4 0 4 .  

To r e s e t  d r i v e  m o d i f y  l o c a t i o n  1002  t o  1 3 .  

G e t  S t a t u s  Command 
Use 1 3  t o  R e s e t  

Use 4 0 4 ,  1 0 0 4 ,  1 4 0 4  f o r  U n i t s  
1 , 2 ,  3 

Wait 

Move R e s u l t  t o  Memory 

H a l t  
R e s u l t  



C.4 GET STATUS ON AN RL8-A SUBSYSTEM 
The f o l l o w i n g  p rogram w i l l  GET STATUS from u n i t  0. To a c c e s s  u n i t  
1, 2 ,  3 c h a n g e  l o c a t i o n  2 1 2  t o  1102 ,  1 2 0 2 ,  1302 .  

S t a r t  t h e  p rogram a t  200 - a t  t h e  f i r s t  h a l t ,  t h e  f i r s t  b y t e  of  
t h e  s t a t u s  word is  d i s p l a y e d  i n  the a c c u m u l a t o r  - a t  the s e c o n d  
h a l t ,  t h e  s e c o n d  b y t e  is d i s p l a y e d .  

Get  S t a t u s  

Wai t  

Get F i r s t  Byte  
H a l t  and D i s p l a y  F r i s t  Byte 
G e t  Second Byte  
H a l t  and D i s p l a y  Second Byte 
Jump t o  S t a r t  
C o n s t a n t  



C . 5  OSCILLATING SEEK FOR RLll/RLVll 
T h e  f o l l o w i n g  p r o g r a m  w i l l  c a u s e  u n i t  z e r o  t o  p e r f o r m  a n  
o s c i l l a t i n g  s e e k .  To d r i v e  u n i t s  o t h e r  t h a n  u n i t  0 ,  swap t h e  u n i t  
number plugs o r  modi fy  l o c a t i o n s  1 0 4 4  a n d  1054  t o  r e f l e c t  t h e  u n i t  
number i n  b i t s  8 and 9. 

The number o f  c y l i n d e r s  i n v o l v e d  is i n s e r t e d  i n t o  b i t s  15  t h r o u g h  
7 and b i t  0 i s  s e t  i n  the s w i t c h  r e g i s t e r  b e f o r e  s t a r t i n g  t h e  
p r o g r a m s  a t  1000 .  I f  no s w i t c h  r e g i s t e r  i s  a v a i l a b l e ,  m o d i f y  
l o c a t i o n  1 0 1 2  from 177570  t o  001060 and p u t  t h e  number o f  
c y l i n d e r s  i n  b i t s  1 7  t h r o u g h  7  and s e t  b i t  0 i n  l o c a t i o n  1 0 6 0 .  

The common v a l u e s  f o r  t h e  s w i t c h  r e g i s t e r  a r e :  

Number of  c y l i n d e r s  
( i n  d e c i m a l )  

V a l u e  of  S w i t c h  R e g i s t e r  
( i n  o c t a l )  

S e t  S t a c k  P o i n t e r  

S e t  D e v i c e  A d d r e s s  i n t o  R O  

S e t  D i f f e r e n c e  i n t o  R l  

Go Seek  

Change d i r e c t i o n  bit i n  R l  

Go Seek 

Loop Back 
W a i t  

Seek 

W a i t  

Read h e a d e r  t o  k i l l  t i m e  f o r  SKTO 

R e  t u r n  



C . 6  OSCILLATING SEEK FOR RL8-A 
The f o l l o w i n g  p rogram w i l l  cause u n i t  0 t o  p e r f o r m  'an o s c i l l a t i n g  
s e e k .  To d r i v e  u n i t s  o t h e r  t h a n  0 ,  swap u n i t  number p l u g s .  
I n s e r t  t h e  number o f  c y l i n d e r s  i n t o  t h e  s w i t c h e s  b e f o r e  s t a r t i n g  
a t  l o c a t i o n  200.  The usual v a l u e s  f o r  t h e  s w i t c h  r e g i s t e r  a r e :  1 
c y l i n d e r s ! ,  85 c y l = 1 2 5 ,  170 c y l = 2 5 2 ,  255 c y l = 3 7 7  and 511 c 1 y l = 7 7 7 .  

Rese t  

G e t  Number 
Go Wai t  f o r  Ready 
S t o r e  number 

Seek 

Go W a i t  f o r  Ready 
Read Header t o  Delay for  SKTO 

Change D i r e c t i o n  Bit 
Check f o r  Time t o  R e s t o r e  
Loop t o  S t a r t  
Loop 
Wai t  f o r  Ready 

Temp 
C o n s t a n t  



APPENDIX D 
RL11 CONFIGURATION AND INSTALLATION CONSIDERATIONS -- 

D. I SPC CONSIDERA,TIONS 
The R L 1 1  i s  a  S m a l l  P e r i p h e r a l  C o n t r o l l e r  (SPC) b u t  d o e s  n o t  
u n c o n d i t i o n a l l y  f i t  i n t o  any  SPC s l o t .  E a r l y  SPCs w e r e  a l w a y s  
quad  h e i g h t  m o d u l e s  o r  c o m b i n a t i o n s  o f  s m a l l e r  ( s i n g l e  o r  d u a l )  
m o d u l e s  t h a t  i n v o l v e d  o n l y  f o u r  rows .  Thus, t h e  s t a n d a r d  p i n  
a s s i g n m e n t s  a p p l i e d  o n l y  t o  rows C, D, E and F on a h e x - h e i g h t  
b a c k p l a n e .  Many new o p t i o n s ,  s u c h  as the R L 1 1 ,  are  hex-height 
m o d u l e s  and  t h e r e f o r e  r e q u i r e  t h a t  rows A and B be  v a c a n t  s i n c e  
some S P C  s l o t s  u s e  rows A and B f o r  Unibus  c a b l e s  o r  power  
c o n n e c t o r s .  Som h e x - h e i g h t  o p t i o n s  r e q u i r e  s t a n d a r d  U n i b u s  
p i n n i n g  o n  rows A and B and some r e q u i r e  M o d i f i e d  Unibus  D e v i c e  
( M U D )  p i n n i n g .  I n  t h e  case  o f  t h e  RL11, t h e  o n l y  c o n n e c t i o n s  u s e d  
o n  rows A and B a r e  t h e  +5v and g r o u n d .  T h u s ,  t h e s e  rows c a n  be 
e i t h e r  s t a n d a r d  U n i b u s  o r  MUD p i n n i n g .  

The e a r l y  S P C s  d i d  n o t  u t i l i z e  Direct  Memory Access (DMA) d a t a  
t r a n s Â  e r s  t o / f  rom memory and t h e r e f o r e  t h o s e  s i g n a l s  w e r e  n o t  p a r t  
o f  t h e  o r i g i n a l  SPC p i n  a s s i g n m e n t s .  Some of t h e  newer  o p t i o n s ,  
s u c h  a s  t h e  RL11, d o  u t i l i z e  DMA t r a n s f e r s .  T h e r e  is  a new p i n  
a s s i g n m e n t  c a l l e d  SPC PRIME t h a t  i n c l u d e s  t h e s e  s i g n a l s .  I f  t h e  
R i l l  i s  t o  be u s e d  i n  a n  o l d e r  (non-SPC PRIME) s l o t  t h e n  i t  is  
n e c e s s a r y  t o  e n s u r e  t h a t  t h e  f o l l o w i n g  s i g n a l s  a r e  w i r e d  on t h e  
b a c k p l a n e .  

P i n  C A I  - NPG I n  
0 P i n  C B 1  - NPG Out 
0 P i n  FJ1 - NPR 

P i n  C V 1  - AC LO 
P i n  CU1 - +15v 

I f  t h e  s l o t  h a s  SPC PRIME p i n n i n g  t h e n  a n o t h e r  p r e c a u t i o n  mus t  b e  
t a k e n .  NPG c o n t i n u i t y  is  m a i n t a i n e d  a c r o s s  a n  empty SPC PRIME 
s l o t  by a b a c k p l a n e  jumper f rom p i n  C A 1  t o  p i n  C B 1 .  T h i s  jumper  
m u s t  b e  removed whenever  a  DMA--type o p t i o n  is  i n s t a l l e d ,  s u c h  a s  
a n  R L 1 1 ,  and  t h e  jumper must  be added  i f  t h e  module  is removed.  
T h i s  c o n s i d e r a , t i o n  i s  i n  a d d i t i o n  t o  t h e  n o r m a l  B u s  G r a n t  
C o n t i n u i t y  c a r d  u s e d  i n  row D o f  a l l  empty SPC s l o t s .  



D.2 CONFIGURATION CONSIDERATIONS 
When c o n f i g u r i n g  a U n i b u s  s y s t e m  f o r  t h e  b e s t  p r i o r i t y  
a s s i g n m e n t s ,  two c h a r a c t e r i s t i c s  of a  p e r i p h e r a l  o p t i o n  m u s t  be 
t a k e n  i n t o  c o n s i d e r a t i o n .  T h e s e  a r e  t h e  peak word t r a n s f e r  r a t e  
and t h e  T l  t ime (Tl t i m e  is a f u n c t i o n  o f  t h e  p e a k  t r a n s f e r  rate 
a n d  t h e  silo s i z e ) .  T h e  RL11 has a peak t r a n s f e r  r a t e  o f  256kHz 
(3.9 m i c r o s e c o n d s / w o r d )  and a T1 t i m e  o f  6 2 . 4  m i c r o s e c o n d s .  T h i s  

d i c t a t e s  i t s  p o s i t i o n  i n  t h e  p r i o r i t y  s c h e m e .  The  recommended 
p r i o r i t y  s c h e m e  is  l i s t e d  b e l o w .  

C PU 
Memory 
RK11/RK05 
TM11/TU10 
TC11/TU56 
RLll/RL01-RL02 
RJS04 
R M 0 2  
RJP04 
RK611/RK06-RK07 
RP11C/RP03 
R J S  03 
TJU16 
RF11/RS11 

DB 11 

O t h e r  g e n e r a l  c o n f i g u r a t i o n  r u l e s  a r e :  

On a PDP-11 U n i b u s ,  a c o m b i n a t i o n  o f  two d i s k  s u b s y s t e m s  
a n d  a t a p e  o r  f l o p p y  d i s k  s u b s y s t e m  i s  c o n s i d e r e d  
maximum. 

a On a PDP-11/70 s y s t e m ,  one  U n i b u s  d i s k  s u b s y s t e m  i s  
c o n s i d e r e d  maximum i f  t h e r e  are M a s s b u s  d i s k s .  

a A d i s k  s u b s y s t e m  s h o u l d  not be i n s t a l l e d  b e y o n d  a  b u s  
e x p a n d e r  . 
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