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COURSE DESCRI PTION 
T h i s  s e l  Â£-pace i n s t r u c t i o n  (SPI ) c o u r s e  d e s c r i b e s  b o t h  t h e  

RK11/RK05 and RK8-E/RK05 d i s k  subsys t ems .  The c o u r s e  c o n s i s t s  o f  
t e n  m o d u l e s ,  e a c h  o f  w h i c h  i n c l u d e s  a  t e s t  t h a t  you m u s t  
s u c ~ c e s s f u l l y  comple t e  b e f o r e  you can  advance  t o  t h e  n e x t  module.  
S i x  of t h e s e  t e s t s  a r e  w r i t t e n ,  and t h e  remain ing  f o u r  a r e  
l a b o r a t o r y  p r o j e c t s .  

Fol lowing  is a d e t a i l e d  o u t l i n e  of  t h e  t a s k s  an  RK-trained 
F i e l d  S e r v i c e  e n g i n e e r  s h o u l d  b e  a b l e  t o  per form.  

FIELD SERVICE JOB ANALYSIS OF RK DISK SUBSYSTEM MAINTENANCE 

I n s t a l l  a  d r i v e  

0 Cable  a  d r i v e  t o  a  subsys tem 
Mount t h e  d r i v e  i n t o  a  r a c k  
Run d i a g n o s t i c s  on an RK subsys t em 

0 Use c o n v e r s a t i o n a l  mode 
e I n t e r p r e t  e r r o r  p r i n t o u t s  

I n t e r p r e t  normal p r i n t o u t s  
Loop on s u b - t e s t  o f  d i a g n o s t i c s  

Per  form p r e v e n t i v e  ma in tenance  p r o c e d u r e s  

Change f i l t e r s  

Open c o v e r s  
I n s e r t  and remove c a r t r i d g e  

0 Remove f r o n t  p a n e l  
a Use o p e r a t o r  c o n t r o l  p a n e l  

C l e a n a n R K d r i v e  

0 Check a d j u s t m e n t s  

Perform C o r r e c t i v e  Main tenance  

0 Make modules  a c c e s s i b l e  

0 W r i t e  manual -en t ry  programs t o  a i d  t r o u b l e s h o o t i n g  

0 C o r r e c t  any a d j u s t m e n t  on an R K  subsys t em d r i v e  

P o s i t i o n e r  s e r v o  
a Data s e p a r a t o r  

Heads 
0 Power s u p p l y  

a Remove and r e p l a c e  t h e  f a i l i n g  f i e l d  r e p l a c e a b l e  u n i t  
( FRU 1 



STUDENT GUIDE 

SUMMARY OF MODULE TOPICS 

I n t r o d u c t i o n / P h y s i c a l  D e s c r i p t i o n  
R K l l  Subsystem R e g i s t e r s  and Commands 
R K l l  Theory  of  O p e r a t i o n  
RK8-E Subsystem R e g i s t e r s  and Commands 
RK8-E Theory  of O p e r a t i o n  
RK05 Theory of O p e r a t i o n  
Adjus tments  and Al ignments  
Component Loca t  i on  
P r e v e n t i v e  Maintenance 
D i a g n o s t i c s  
T r o u b l e s h o o t i n g  

T h i s  c o u r s e  h a s  f i v e  l a b o r a t o r y  p r o j e c t s  i n  which you w i l l  
pe r form t h e  t a s k s  l i s t e d  below. 

Perform a l l  p r e v e n t i v e  ma in tenance  p r o c e d u r e s  
a Perform s e r v o  a d j u s t m e n t s  
o Perform head a l i g n m e n t  
a Per  form s e c t o r l i n d e x  t i m i n g  a d j u s t m e n t  
a Loca te  t h e  components on t h e  f o l l o w i n g  l i s t  and t h e n  

remove and r e p l a c e  t h o s e  components i d e n t i f i e d  on t h e  
l i s t  wi th  an a s t e r i s k  ( * )  

L i n e a r  p o s i t  i o n e r *  
C o n t r o l  and i n d i c a t o r s  
Readlwr i t e  heads*  
S e c t o r  t r a n s d u c e r  
C a r r i a g e  b e a r i n g s  
F r o n t  door  i n t e r l o c k  
Logic c h a s s i s  
S p i n d l e *  
Blower motor  
D u c k b i l l  
S p i n d l e  d r i v e  motor and b e l t *  
Abso lu te  f i l t e r  
L i n e a r  p o s i t i o n e r  t r a n s d u c e r  
Power s u p p l y  r e g u l a t o r s ;  +5, -5,  and -15 vdc  

a Load, run and use t h e  d i a g n o s t i c s  
o T r o u b l e s h o o t  a d m i n i s t r a t o r - i n s e r t e d  p rob lems  

PREREQUISITES 
P r i o r  t o  t a k i n g  t h i s  c o u r s e  on t h e  RK05, you must have t a k e n  

t h e  c o u r s e s  on t h e  f o l l o w i n g  l i s t  o r  have e q u i v a l e n t  e x p e r i e n c e  
and knowledge. 
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I n t r o d u c t i o n  t o  t h e  PDP-11 A/V c o u r s e  ( 1 1 - f a m i l y  s t u d e n t s  
on1 y) 

a 8E/8A S y s t e m s  T r a i n i n g  ( 8 - f a m i l y  s t u d e n t s  o n l y )  

B a s i c  D i s k  P r i n c i p l e s  A/V c o u r s e  

a Magne t i c  R e c o r d i n g  T e c h n i q u e s  A/V c o u r s e  

The knowledge you have  from t h i s  t r a i n i n g  s h o u l d  i n c l u d e  t h e  
t o p i c s  l i s t e d  be low-  

1 1 - f a m i l y  s t u d e n t s  

@ Programming UNIBUS p e r i p h e r a l s  
UNIBUS s i g n a l  t r a n s m i s s i o n s  

8 - f a m i l y  s t u d e n t s  

OMNIBUS s i g n a l  t r a n s m i s s i o n s  
Programming ONNI9US p e r i p h e r a l s  

e A l l  s t u d e n t s  

G e n e r a l  c a r e  o f  d i s k  p a c k s  
F requency  m o d u l a t i o n  m a g n e t i c  r e c o r d i n g  t e c h n i q u e  

e B a s i c  d i s k  d r i v e  t e r m i n o l o g y  

PREREQUISITE T E S T  DESCRIPTION 
Take t h e  p r e r e q u i s i t e  t e s t  t o  d e m o n s t r a t e  your  knowledge i n  

t h e  p r e r e q u i s i t e  a r e a s .  T h e r e  a r e  s e p a r a t e  q u e s t i o n s  on  t h e  
p r e r e q u i s i t e  t e s t  f o r  t h e  1 1 - f a m i l y  and 8 - f a m i l y  t r a i n e d  s t u d e n t s -  

SMALL D I S K  S P E C I A L I S T  CURRICULUM 
T h i s  c o u r s e ,  t h e  RK05 D i s k  S u b s y s t e m  M a i n t e n a n c e  c o u r s e ,  is 

p a r t  o f  t h e  s m a l l  d i s k  s p e c i a l i s t  c u r r i c u l u m e  The o t h e r  two 
c o u r s e s  i n  t h e  c u r r i c u l u m  a r e  t h e  RX0l/RX02 D i s k  S u b s y s t e m  
Main t enance  c o u r s e  and t h e  RL0l/RL02 D i s k  Subsys t em K a i n t e n a n c e  - 
c o u r s e  

F i g u r e  1-1 shows t h e  s m a l l  d i s k  s p e c i a l i s t  c u r r i c u l u m  map- 
Note  t h a t  b o t h  t h e  B a s i c  D i s k  p r i n c i p l e s  c o u r s e  and t h e  ~ a q n e t i c  - 
R e c o r d i n g  T e c h n i q u e s  c o u r s e  mus t  be comple t ed  b e f o r e  beg i n n i n g  t h e  
=5,  RX0l/RX02, o r  RL0l/RL02 c o u r s e s .  
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PDP-8 SYSTEMS 

F i g u r e  1-1 Cur r i cu lum Map 

COURSE NON-GOALS 
T h i s  c o u r s e  d o e s  n o t  use  any  f i e l d  ma in tenance  p r i n t  s e t s  t o  

e x p l a i n  i n d i v i d u a l  c i r c u i t  o p e r a t i o n .  The p r i n t  s e t s  may b e  
f o l l o w e d ,  however ,  a s  you s t u d y  t h e  b l o c k  d i a g r a m s  i n  t h e  t e x t .  
Each b lock  w i t h i n  a  d iagram c o n t a i n s  a  mnemonic r e f e r e n c i n g  a 
f i e l d  ma in tenance  p r i n t  s e t  page t o  c o r r e l a t e  t h e  d iagram t o  t h e  
p r i n t  s e t s .  

MAINTENANCE PHILOSOPHY 
The p r imary  ma in tenance  p h i l o s p h y  is t o  i s o l a t e  RKlllRK05 o r  

RK8-E/RK05 subsys tem m a l f u n c t i o n s  t o  t h e  f a i l i n g  f i e l d  r e p l a c e a b l e  
u n i t  (FRU) l e v e l ,  and t h e n  t o  r e p l a c e  t h e  FRUo 

COURSE OUTLINE 
Each major  head ing  c o r r e s p o n d s  t o  a  c o u r s e  module t i t l e .  

I n t r o d u c t i o n / P h y s i c a l  D e s c r i p t i o n  

I n t r o d u c t i o n  and p h y s i c a l  d e s c r i p t i o n  of t h e  i t e m s  l i s t e d  
below 

8 RK05/053/05F D i s k  D r i v e  d e s c r i p t i o n  
0 RK05 c o n t r o l s  and i n d i c a t o r s  
8 RKll/RK05 Subsystem 

8 R K l l  o p t i o n s  
8 R K l l  module f u n c t i o n s  
R K ~ - E / R K ~ ~  Subsystem 
8 RK8-E module f u n c t i o n s  
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RKll Subsystem R e g i s t e r s  and Commands 

Use and d e s c r i p t i o n  of t h e  r e g i s t e r s  l i s t e d  below 

RKDS 
RKE R 
RKCS 

a RKWC 
RKBA 
RKDA 

o R KDB 

Use and d e s c r i p t i o n  of t h e  commands l i s t e d  below 

C o n t r o l  r e s e t  
Seek 
Dr ive  r e s e t  
W r i t e  l o c k  
W r i t e  
Read 
W r i t e  check  
Read check  

RKll Theory  o f  O p e r a t i o n  

D e s c r i p t i o n  of t h e  major  c i r c u i t  e l e m e n t s  on t h e  modules  
l i s t e d  below 

S t a t u s  and c o n t r o l  
a D i s k  c o n t r o l  

Data p a t h  
a Bus c o n t r o l  

D e s c r i p t i o n  of  t h e  d a t a  p a t h  f o r  t h e  commands l i s t e d  below 

a W r i t e  
Read 

a W r i t e  check  

RK8,-E Subsystem R e g i s t e r s  and Commands 

Use and d e s c r i p t i o n  o f  t h e  r e g i s t e r s  l i s t e d  below 

Command r e g i s t e r  
C u r r e n t  a d d r e s s  
Disk a d d r e s s  
S t a t u s  r e g i s t e r  
Four-word d a t a  b u f f e r  
Major s t a t e  r e g i s t e r  
Module 1 2  and 1 6 - b i t  c o u n t e r s  
Module 128 o r  256-word c o u n t e r s  
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Use and d e s c r i p t i o n  of t h e  commands l i s t e d  below 

a Read d a t a  
a Read a l l  
a S e t  w r i t e  p r o t e c t  
a Seek o n l y  
a W r i t e  d a t a  
a W r i t e  a l l  

RK8-E Theory of O p e r a t i o n  

D e s c r i p t i o n  o f  t h e  major  c i r c u i t  e l e m e n t s  on t h e  modules 
l i s t e d  below 

a Data b u f f e r  and s t a t u s  
a Major r e g i s t e r  module 
a C o n t r o l  module 

RK05 Theory  o f  O p e r a t i o n  

Use and d e s c r i p t i o n  of  t h e  i n t e r f a c e  s i g n a l s  between t h e  
RKllIRK8-E and t h e  d i s k  d r i v e  

Use and d e s c r i p t i o n  of  t h e  i t e m s  l i s t e d  below 

a Readlwr i t e  module 
a Cyl i n d e r  a d d r e s s  and d i f f e r e n c e  module 
a P o s i t i o n e r  and s e r v o  module 
a Index and s e c t o r  module 
a C o n t r o l  p a n e l  
a Power s u p p l y  

D e s c r i p t i o n  of t h e  c i r c u i t s  l i s t e d  below 

a S e c t o r /  index  p u l s e  g e n e r a t o r  
e C y l i n d e r  a d d r e s s i n g  c i r c u i t  
a Servo  sys t em 
e P o s i t i o n e r  c o n t r o l  sys tem 
a Read/wr i t e  c o n t r o l  s y s t e m  

RK05 Component R e m o v a ~ / R e p ~ a c e m e n t  

L a b o r a t o r y  e x e r c i s e  t o  g i v e  p r a c t i c e  i n  l o c a t i n g  d r i v e  
components 

L a b o r a t o r y  e x e r c i s e  t o  g i v e  p r a c t i c e  i n  removing and r e p l a c i n g  
t h e  components 1 i s t e d  below 

a L i n e a r  p o s i t i o n e r  
a C a r r i a g e  
a S p i n d l e  
a S p i n d l e  d r i v e  motor and b e l t  
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SUBSYSTEM 
TROUBLESHOOTING 

SUBSYSTEM 
DIAGNOSTICS 

OREVENTIVE 
MAINTENANCE 

ALIGNMENTS/ 
ADJUSTMENTS 

COMPONENT 
LOCATION 

RK05 THEORY 
OF OPERATION 

RK11 D/E THEORY 
OF OPERATION OF OPERATION 

RK11 SUBSYSTEM RK8-E SUBSYSTEM 

PHYSICAL 
DESCRIPTION 

STUDENT 
GUIDE 

* 1 1- FAMILY STUDENTS ONLY 

**8-FAMILY STUDENTS ONLY 
cz-0292 

Figure  1-2 Course Map 
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T e s t i n g  
The f i r s t  s i x  modules i n c l u d e  a  w r i t t e n  module t e s t .  These 

t e s t s  cove r  t h e  m a t e r i a l  d e f i n e d  i n  t h e  o b j e c t i v e s .  Three  o f  
t h e s e  modules  a l s o  c o n t a i n  a  module e x e r c i s e  which must b e  
completed p r i o r  t o  t a k i n g  t h e  module t e s t .  

The l a s t  f o u r  modules do n o t  have  a  w r i t t e n  t e s t ,  b u t  have  
l a b o r a t o r y  w o r k s h e e t s  which cove r  t h e  m a t e r i a l  d e f i n e d  i n  t h e  
o b j e c t i v e s .  

To comple t e  e a c h  module s a t i s f a c t o r i l y ,  you must meet  t h e  
c r i t e r i a  s t a t e d  i n  each  module o b j e c t i v e .  

E v a l u a t i o n  
A s  you comple t e  each  module t e s t ,  t h e  c o u r s e  a d m i n i s t r a t o r  

w i l l  check  your  answers  and r ev iew t h e  m a t e r i a l  w i t h  you. A s  you 
s a t i s f a c t o r i l y  comple t e  each  module,  t h e  c o u r s e  a d m i n i s t r a t o r  w i l l  
u p d a t e  t h e  m a s t e r  P r o g r e s s  P l o t t e r  and your  P e r s o n a l  P r o g r e s s  
P l o t t e r  (be low)  t o  keep  a  r e c o r d  of your p r o g r e s s .  

I f  you do n o t  s a t i s f a c t o r i l y  comple t e  a  module,  a s s i s t a n c e  
from t h e  c o u r s e  a d m i n i s t r a t o r  and/or  p e e r s  may b e  n e c e s s a r y  s o  
t h a t  you w i l l  u n d e r s t a n d  t h e  m a t e r i a l ,  and be  a b l e  t o  r e - t a k e  t h e  
t e s t .  A l l  t e s t s  and answers  t o  t h e  t e s t  a r e  packaged s e p a r a t e l y .  

E x t r a  I l l u s t r a t i o n s  
S e v e r a l  o f  t h e  i l l u s t r a t i o n s  used i n  t h i s  c o u r s e  a r e  a l s o  

packaged s e p a r a t e l y  from t h e  c o u r s e  workbook i t s e l f .  T h i s  is s o  
you can  read  t h e  t e x t  and r e f e r  t o  t h e s e  i l l u s t r a t i o n s  w i t h o u t  
hav ing  t o  t u r n  pages  back and f o r t h .  Your c o u r s e  a d m i n i s t r a t o r  
h a s  t h e s e  e x t r a  i l l u s t r a t i o n s .  B e f o r e  s t a r t i n g  t h e  c o u r s e  a s k  
your  a d m i n i s t r a t o r  f o r  t h e s e  i l l u s t r a t i o n s .  

COURSE RESOURCES 
T h e r e  a r e  t h r e e  t y p e s  o f  c o u r s e  r e s o u r c e s .  The f i r s t  t y p e  o f  

r e s o u r c e  is t h e  g r o u p  o f  m a t e r i a l s  t h a t  come w i t h  t h e  c o u r s e  
i t s e l f  and a r e  y o u r s  t o  keep.  The second t y p e  o f  r e s o u r c e  is t h e  
g r o u p  o f  m a t e r i a l s  t h a t  you must  u s e  t o  comple t e  t h e  c o u r s e ,  b u t  
which a r e  o n l y  a v a i l a b l e  from t h e  c o u r s e  a d m i n i s t r a t o r .  These  
r e s o u r c e s  s t a y  i n  t h e  c l a s s room.  The t h i r d  t y p e  o f  r e s o u r c e  i s  
t h e  g r o u p  o f  m a t e r i a l s  t h a t  you migh t  want t o  r e f e r  t o  w h i l e  
t a k i n g  t h i s  c o u r s e .  The m a t e r i a l s  i n  t h e  t h i r d  g r o u p  i n c l u d e  
o t h e r  F i e l d  S e r v i c e  documen ta t ion  t h a t  p e r t a i n  t o  t h e  d r i v e s  and 
c o n t r o l l e r s ,  and documen ta t ion  p e r t a i n i n g  t o  hos t - sys t em CPUS and 
i n s t r u c t i o n  sets .  

R e s o u r c e s  t o  Keep 

S t u d e n t  Workbook 
L a b o r a t o r y  P r o j e c t s  Workbook 
PDP-11 DECd i s k  Subsystem 

Q u i c k  R e f e r e n c e  Card 
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R e s o u r c e s  Necessary f o r  C o u r s e  Comple t i on  

RK11-D D i sk  D r i v e  C o n t r o l l e r  P r i n t  S e t  MP-0RK11-D0 
RK8-E Disk D r  i v e  C o n t r o l l e r  P r i n t  S e t  MP-0RK8J-EO 
RK05/0 5J/0 5F Disk D r  i v e  Ma in t enance  Manual EK-RK5JF-MM 
RK05J/F Disk D r i v e  P r i n t  S e t  MP-0RK05-JO 
PDP8-E Ma in t enance  Manual (Volumes 1 and  2 )  
RK11/RK05 d i a g n o s t i c s  and l i s t i n g s  
RK8-E/RK05 d i a g n o s t i c s  and l i s t i n g s  
PDP-11 Programming Card EH-05185 
PDP-8 Programming Card 
PDP-11 P r o c e s s o r  Handbook EH-17716 

R e s o u r c e s  f o r  A d d i t i o n a l  S t u d y i n g  

R K 1 1 D / E  C o n t r o l l e r  User 's  Manual EK-RK11D-OP 
R K 1 1 D / E  C o n t r o l l e r  Manual RK -RKllD-MM 
PDP-8/E Ma in t enance  Manual (Volume 3 )  DEC-8E-HNM3A-C-D 
RK05 Disk D r i v e  User's Manual EK-RK05-OP 
PDP-11 P e r i p h e r a l s  Handbook EB-07667 

Now you  may t a k e  t h e  p r e r e q u i s i t e  t e s t .  
a d m i n i s t r a t o r  h a s  t h e  a n s w e r s  and t h e  t e s t .  

PERSONAL PROGRESS PLOTTER 

T h e  c o u r s e  

Modules  1 Date Achieved  1 I n i t i a l s  

I n t r o d u c t  i o n / P h y s i c a l  D e s c r i p t i o n  pt- 
R K 1 1  Subsys  tem ~ e g  i s te r s /Commands  - 
R K 1 1  Theo ry  of O p e r a t i o n  

#,& 

RK8-E Subsys  tem Reg i s te r s /Commands  - 

RK05 Theo ry  o f  O p e r a t i o n  i,- 

-- 
RK8-E Theory  of O p e r a t i o n  

Component L o c a t  i o n  c- 
+ 

A 1  iqnments/Ad j u s t m e n t s  
,.- -- -- 
Subsys t em D i a g n o s t i c s  1 1 

I Subsys t em T r o u b l e s h o o t i n g  I 
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Table 2-1 Subsystem Configurations 

Controller Processor 
- 

RKllD (16 bit word) PDP-11 /04 /05 /34 /40 /45 /60 /7@ 
RKllE (18 bit word) PDP-15 
RK8-E (12 bit word) P D P - ~ A / ~ E / ~ F / ~ M  

R K ~ ~ D / R K ~ ~ E  SUBSYSTEMS 
The RKllDlRKllE subsystems consist of one of the two RKll 

Controllers and one or more disk drives. 

Either RKll Controller can control up to eight disk drives. 
This configuration will be some combination of RK05, RK05J and/or 
RK05F drives. Table 2-2 shows several possible configurations. 

Table 2-2 Typical RKllDiRKllE Subsystem Configurations 

Controller 
-- - -- - - 

RKllD 
RKllD 
RKllE 
RKllE 
RKllD 

Figure 2-1 shows the largest 
Controller with RK05J drives. 

Drives 

possible configuration of an RKll 

DISK DISK DISK DISK 
DRIVE DU IVE DRIVE a - DRIVE TERMINATOR 

5 6 7 8 

u 
N 
I 

Figure 2-1 RKll/RK05J Disk Dr i v e  Subsystem 
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T h e r e  is one  movable  head f o r  e ach  of  t h e  two s u r f a c e s  of t h e  
d i s k  p l a t t e r .  Data  is  r e a d  from o r  r e c o r d e d  on t h e  s u r f a c e s ,  
u s i n g  t h e  f r e q u e n c y  modu la t ed  encod ing  t e c h n i q u e .  I n  a l l  t h r e e  
d r i v e s ,  t h e  p l a t t e r  t u r n s  a t  1500 r e v o l u t i o n s  p e r  m i n u t e .  

R K 0 5  D i sk  D r i v e  
T h i s  d r i v e  r e p r e s e n t s  t h e  o r i g i n a l  d e s i g n  e f f o r t  b y  DIGITAL 

e n g i n e e r i n g .  The d r i v e  can  s t o r e  up t o  25 m i l l i o n  b i t s  o f  o n - l i n e  
d a t a  ( 1 . 2 4  m i l l i o n  PDP-11 words )  on 203 c y l i n d e r s .  

RK05J Disk  D r i v e  
T h i s  d r i v e  is a n  upda t ed  v e r s i o n  o f  t h e  o r i g i n a l  RK05. I t  

i n c l u d e s  a l l  t h e  e n g i n e e r i n g  c h a n g e s  t h a t  t h e  RK05 h a s  i n c u r r e d  
t h r o u g h o u t  t h e  y e a r s  o f  u s e .  One t y p i c a l  change  is i n  t h e  d e s i g n  
o f  t h e  c a r t r i d g e  r e c e i v e r .  

RK05F Disk  D r i v e  
T h i s  d r i v e  is a  d o u b l e  d e n s i t y  v e r s i o n  o f  t h e  RK05J. I t  is 

a l s o  a  f i xed -med ia  d e v i c e  i n  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 
b y  t h e  o p e r a t o r .  The c a r t r i d g e  c o n t a i n s  406 c y l i n d e r s  and mus t  b e  
l o g i c a l l y  a d d r e s s e d  by  t h e  c o n t r o l l e r  a s  two p h y s i c a l  RK05J 
d r i v e s .  T h i s  a d d r e s s i n g  scheme e l i m i n a t e d  t h e  need f o r  r e d e s i g n -  
i n g  t h e  c o n t r o l l e r s .  

Combina t i ons  o f  RK05, RK05J, and RK05F Disk D r i v e s  on t h e  same 
s u b s y s t e m  a r e  p o s s i b l e ,  a s  l o n g  a s  any  one RK05F d r i v e  h a s  a  d r i v e  
s e l e c t  number t h a t  is even  ( 0 ,  2, 4 o r  6 ) .  For  example ,  t h e  
c o n t r o l l e r  w i l l  r e c o g n i z e  a  d r i v e  w i t h  a  d r i v e  s e l ec t  number o f  
"4"  a s  l o g i c a l  u n i t s  " 4 "  AND "5" .  

MAJOR ASSEMBLIES AND SYSTEMS 
A l l  t h e  RK05 d r i v e s  i n c l u d e  t h e  ma jo r  a s s e m b l i e s  and s y s t e m s  

l i s t e d  below. 

L i n e a r  p o s i t i o n e r  
S p i n d l e  and d r i v e  mo to r  
C a r t r i d g e  h a n d l i n g  s y s t e m  
Log ic  a s s e m b l y  
A i r  s u p p l y  s y s t e m  
Power s u p p l y  
Read/wr i t e  h e a d s  
C o n t r o l s  and i n d i c a t o r s  

F i g u r e s  2-4, 2-5, and 2-6 show t h e  l o c a t i o n  o f  t h e s e  ma jo r  
a s s e m b l i e s  f o r  t h e  RK05, RK05J and RK05F. The t e x t  be low g i v e s  a 
b r i e f  d e s c r i p t i o n  o f  t h e  f u n c t i o n s  o f  e a c h  ma jo r  a s sembly .  T h e r e  
a r e  a l s o  s e v e r a l  d e t a i l e d  f i g u r e s  t o  accompany t h e s e  d e s c r i p t i o n s .  





C ~ R ~ I D G E  
SUPPORT POSTS 

Figure  2-5 L o c a t i o n  of Major Assemblies and Systems ( R K 0 5 J )  

POWER-FAIL 
HEAD-RETRACTING 

RATTERIES 
LINEAR POSITIONER 

1 
LOGIC ASSEMBLY 

I 
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POWER-FAIL 
HEAD-RETRACTING 
BATTER1 ES LINEAR POSITIONER LOGIC ASSEMBLY 

CARTRIDGE 
SUPPORT POSTS 

7869-2 

Figure  2-6 Loca t ion  o f  Major Assembl i e s  and Systems (RK05F) 
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L i n e a r  P o s i t i o n e r  Assembly 
The l i n e a r  p o s i t i o n e r  assembly  c o n s i s t s  o f  t h e  l i n e a r  m o t o r ,  

t h e  c a r r i a g e ,  t h e  r e a d l w r i t e  heads  and t h e  l i n e a r  p o s i t i o n e r  
t r a n q d u c e r .  The r e a d i w r i t e  h e a d s  ( a t t a c h e d  t o  t h e  c a r r i a g e )  move 

The l i n e a r  p o s i t i o n e r  t r a n s d u c e r ,  l o c a t e d  under  t h e  c a r r i a g e ,  
d e t e c t s  c a r r i a g e  movement. The c o n t r o l  l o g i c  u s e s  t h e  t r a n s d u c e r  
o ~ t p u t  t o  d e t e r m i n e  t h e  c y l i n d e r  p o s i t i o n  of  t h e  h e a d s ,  and t h e  
s e r v o  l o g i c  u s e s  t h e  same o u t p u t  t o  c o n t r o l  t h e  s1)eed o f  c a r r i a g e  
t r a v e l .  

F i g u r e s  2-7a and 2-7b show t h e  d i f f e r e n c e s  between t h e  o l d e r  
s t y l e  and newer s t y l e  c a r r i a g e s .  The major  d i f f e r e n c e  is t h e  
p l a c e m e n t  of t h e  a d j u s t m e n t  and &amping screws f o r  t h e  r e a d / w r i t e  
heads .  

TRACK POSITION LINEAR TRANSDUCER HEAD ADJUSTMENT 

SCALE (UNDER CARRIAGE) 
\ lSCREWS 

A R M ~ T U R E  I MOTOR HOUSING 
I 

(PERMANENT MAGNET INSIDE) 
CARRIAGE CARRIAGE SLIDE 

READIWRITE 
HEADS 

(a Older  S t y l e  C a r r i a g e  

F i g u r e  2-7 C a r r i a g e  S t y l e s  
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DRIVE MOTOR TENSION SPRING DRIV-E BELT SPINDLE PULLEY 

Figure 2-8 Spindle and Drive Motor System 

Cartridge-Handling Systems 
There is a different cartridge-handling system in each of the 

three types of RK05 drives* The three different systems are 
described below* 

RK05 Cartridge-Handling System - This system (Figure 2-9) 
consists of a cartridge receiverr two receiver lifting camsr an 
access door openerr a duckbill, and cartridge-support posts* 

The cartridge receiver guides the cartridge into an operating 
position. The duckbill and support posts hold the cartridge in 
place to allow the recording disk to rotate with the spindle* The 
rotating spindle drives the disk by magnetic coupling at the disk 
hub 
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b Cartridge Inserted 

Figure 2-11 RK05F Cartridge-Handling System 

When the drive is installed, the cartridge is lowered through 
the top of the drive and or~to the spindle and support posts. The 
cartridge is then secured with the cartridge-ret-aining springs, 
and a door-opening wedge is inserted to hold the access door open 
for the heads. 

Figures 2-12 and 2-13 show the position of the holddown 
springs when the RK05F cartridge is installed. 

ic Assembly 
The logic assembly is located in the right-rear portion of the 

k drive, and has eight slots for printed circuit modules. 
ee of the slots contain the drive functional. logic and the 

readlwrite modules. Two of the slots contain positioner servo 
logic modules. One slot is for the cable connector that 
interfaces the drive electronics with the positioner and other 
physical components. The remaining two slots are used for 
controller-to-drive interface cables and/or terminators. 
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F i g u r e  2-12 RK05F C a r t r i d g e  I n s t a l l e d  

HOLD DOWN 
SPRINGS 

F i g u r e  2-13 RK05F C a r t r i d g e  



A i r  Supply System 
F i g u r e  2-14 shows t h e  a i r  s u p p l y  sys t em which c o n s i s t s  o f  t h e  

p r e f i l t e r ,  b lower ,  c o o l i n g  d u c t ,  i n l e t  p o r t ,  a b s o l u t e  f i l t e r ,  
o u t l e t  p o r t  and a i r  d u c t m  

F i g u r e  2-14 A i r  System 

The blower draws u n f i l t e r e d  a i r  t h rough  t h e  p r e f i l t e r ,  which 
removes l a r g e  p a r t i c l e s  from t h e  a i r .  The f i l t e r e d  a i r  is t h e n  
drawn a c r o s s  t h e  l o g i c  a s sembly  and th rough  t h e  b l o w e r m  Upon 
l e a v i n g  t h e  b lower ,  some of t h e  a i r  is c h a n n e l e d  t h r o u g h  t h e  
c o o l i n g  d u c t  and d i r e c t e d  o n t o  t h e  power s u p p l y a  The r ema in ing  
a i r  from t h e  blower is r o u t e d  v i a  t h e  i n l e t  p o r t  i n t o  t h e  a b s o l u t e  
f i l t e r ,  where m i n u t e  c o n t a m i n a t i o n  is  removed. 

The c l e a n e d  a i r  is t h e n  r o u t e d  t o  t h e  d i s k  c a r t r i d g e  v i a  t h e  
f i l t e r  o u t l e t  p o r t  and t h e  a i r  d u c t m  T h i s  a i r  p a s s e s  th rough  t h e  
d i s k  c a r t r i d g e ,  e x i t i n g  t h r o u g h  t h e  a c c e s s  d o o r ,  and is c i r c u l a t e d  
a c r o s s  t h e  l i n e a r  p o s i t i o n e r  and d r i v e  b a s e p l a t e m  The a i r  t h e n  
e x i t s  t h e  d r i v e  t h r o u g h  e x h a u s t  l o u v e r s  i n  t h e  f r o n t  p a n e l  and i n  
t h e  c h a s s i s  n e x t  t o  t h e  power s u p p l y m  





T a b l e  2-4 g i v e s  t h e  f u n c t i o n  o f  each  s w i t c h  and i n d i c a t o r  on 
t h e  f r o n t  p a n e l  of t h e  RK05, RK05J, and RK05E' Disk D r i v e s *  

T a b l e  2-4 C o n t r o l s  and I n d i c a t o r s  
fo : r  t h e  RK05, RK05J and RK05F 

C o n t r o l s  and 
I n d i c a t o r s  

RUNILOAD 
( r o c k e r  s w i t c h )  

RUN /LOAD 
(Cont)  

WT PROT 
( r o c k e r  s w i t c h  
n o r m a l l y  o f f )  

EWR [ i n d i c a t o r )  

Descr i p t : i o n  

When t h i s  s w i t c h  is p l a c e d  i n  t h e  RUN p o s i t i o n ,  
t h e  a c t i o n s  l i s t e d  below o c c u r .  

1. The d r i v e  l o c k s  i ts  f r o n t  d o o r .  

2. The  l o g i c  e n a b l e s  t h e  d r i v e  m o t o r  t o  
a c c e l e r a t e  t h e  d i s k  t o  o p e r a t i n g  speed .  

3 .  The d r i v e  t u r n s  o f f  t h e  LOAD i n d i c a t o r .  

4. The d r i v e  e n a b l e s  t h e  l o g i c  t o  l o a d  t h e  
r e a d l w r i t e  h e a d s  when t h e  d i s k  is  a t  
o p e r a t i n g  speed .  

When t h i s  s w i t c h  is p l a c e d  i n  t h e  LOAD p o s i t i o n ,  
t h e  a c t i o n s  l i s t e d  below a r e  pe r fo rmede  

1. The d r i v e  un loads  t h e  r e a d l w r i t e  heads .  

2. The d i s k  s t o p s  r o t a t i n g .  

3. The d r i v e  u n l o c k s  i ts  f r o n t  door  when t h e  
d i s k  h a s  s t o p p e d .  

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

CAUTION 
D o  n o t  s w i t c h  t o  t h e  LOAD p a s i t i o n  d u r i n g  a  
wr i te  o p e r a t i o n .  T h i s  w i l l  r e s u l t  i n  e r r o n e o u s  
d a t a  b e i n g  r e c o r d e d .  

When t h i s  momentary c o n t a c t  s w i t c h  is p l a c e d  i n  
t h e  WT PROT p o s i t i o n ,  t h e  d r i v e  l i g h t s  t h e  WT 
PROT i n d i c a t o r  and p r e v e n t s  a  w r i t e  o p e r a t i o n .  
I t  a l s o  t u r n s  o f f  t h e  FAULT i n d i c a t o r r  i f  t h a t  
is  l i t .  

When t h e  s w i t c h  is d e p r e s s e d  a  second t i m e ,  t h e  
d r i v e  t u r n s  o f f  t h e  WT PROT i n d i c a t o r  and a l l o w s  
a  w r i t e  o p e r a t i o n  t o  o c c u r .  

T h i s  i n d i c a t o r  l i g h t s  when o p e r a t i n g  power is  
p r e s e n t .  I t  g o e s  o f f  when o p e r a t i n g  power is 
removed 
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Table 2-4 Controls and Indicators 
for the RK05t RK05J and RK05F (Cont) 

Controls and 
Indicators 1 Description 
WT PROT (Cont) 

LOAD (indicator) 

WT (indicator) 

RD (indicator) 

The indicator goes off when the WT PROT switch 
is pressed a second time, or when the drive is 
cycled through a RUNILOAD sequence. 

This indicator lights when the readlwrite heads 
are fully retracted and the spindle has stopped 
rotating. At this point, the cartridge can be 
removed (if the drive is an RKg5 or RKH5J). 

This indicator lights when a write operation 
occurs. The indicator goes off when the write 
operation terminates. 

Lights when a read operation occurs. Goes off 
when the read operation terminates 

Figure 2-17 shows a basic block diagram for the drive* The 
function of each block within the diagram is described below. 

e Readlwrite logic performs reading and writing of  data 
from the disk surface. 

w Linear positioner control provides the electromechanical 
positioning of the readlwrite heads. 

Control and sequencing logic provides the interface 
between the drive and controller, decodes the cylinder 
address information, and sends drive status to the 
controller. 

a Spindle control provides the control for the rotation of 
the disk. 

OTHER DISK DRIVES 
Figure 2-18 compares the RK05 drives with other DIGITAL disk 

drives. 





Figure 2-18 PDP-11 Disk Drive Comparison Chart 
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The RK05 f a m i l y  of  d i s k  d r i v e s  c o n s i s t s  o f  t h e  RK05, R K f l 5 J  and 
RK0 5F D r  i v e s  . 

a Compact, s i n g l e - p l a t t e r  d i s k  d r i v e s  

a RK05 and RK05J use  removable  d i s k  c a r t r i d g e s  

8 1 2  s e c t o r  c a r t r i d g e  (PDP-11 o r  PDP-15 p r o c e s s o r s )  

a 1 6  s e c t o r  c a r t r i d g e  (PDP-8 p r o c e s s o r  s y s t e m )  

e 405 d a t a  t r a c k s  - 203 w i t h  e a c h  head 

a RK05F u s e s  a  non-removable d i s k  c a r t r i d g e  

a C a r t r i d g e  f i x e d  i n  RK05F - h e l d  i n  p l a c e  w i t h  two 
s p r i n g s  

e 812 d a t a  t r a c k s  - 406 w i t h  each  head 

a P h y s i c a l l y ,  one d r i v e  b u t  is a d d r e s s e d  a s  two d r i v e s  

m Drive  s e l e c t  s w i t c h  must be  s e t  t o  an even-number; 
i . e . ,  0 ,  2 ,  4 o r  6 - f o r  example,  d r i v e  number "2" is 
r e c o g n i z e d  by t h e  s o f t w a r e  a s  l o g i c a l  u n i t s  "2" AND 
I' 3 11 

There  a r e  s e v e r a l  major  a s s e m b l i e s  i n  an RK05 D r i v e .  

a L inea r  p o s i t i o n e r  moves t h e  read/wr i t e  heads  t o  d e s i r e d  
p o s i t i o n  on d i s k  s u r f a c e .  

0 S p i n d l e  and d r i v e  motor r o t a t e  t h e  d i s k  p l a t t e r .  

a C a r t r i d g e  h a n d 1  i n g  s y s t e m  g u i d e s  t h e  c a r t r i d g e  i n t o  
p o s i t i o n  i n s i d e  t h e  d r i v e  (RK05 and RK05J D r i v e s  o n l y ) .  

Logic a s sembly  c o n t a i n s  t h e  l o g i c  f o r  r e a d i n g ,  w r i t i n g ,  
p o s i t i o n i n g  and i n t e r f a c e  c a b l i n g .  

a Air  sys tem f i l t e r s  t h e  e x t e r n a l  a i r .  

a Power s u p p l y  p r o v i d e s  d c  v o l t a g e s  f o r  t h e  d r i v e .  

0 R e a d l w r i t e  h e a d s  r ead  and w r i t e  d a t a  from t h e  d i s k .  

0 F r o n t  p a n e l  c o n t r o l s  t h e  d r i v e  a n d  d i s p l a y s  d r i v e  
o p e r a t i o n a l  s t a t u s *  

Now t h a t  you have  f i n i s h e d  t h i s  module,  t a k e  t h e  module t e s t .  
The c o u r s e  a d m i n i s t r a t o r  h a s  t h e  answers  t o  t h e  t e s t .  



RK05 DISK SUBSYSTEM MAINTENANCE 

RKll Subsystem ~egisters/Comands 







RK11 SUBSYSTEM REG I STERS/COMMANDS 

OPTIONAL RESOURCES 

P D P 1 1  P r o c e s s o r  H a n d b o o k  E B - 1 7 7 1 6  
RK11D/E Moving H e a d  D i s k  D r i v e  C o n t r o l l e r  Manual EK-RK11D-MM-002 

REQUIRED RESOURCES 

P D P - 1 1  S u b s y s t e m  R e g i s t e r  Q u i c k  R e f e r e n c e  C a r d  E H - 1 8 9 5 5  
P D P - 1 1  p r o g r a m m i n g  C a r d  



INTRODUCTION 
The R K l l  C o n t r o l l e r  ( e i t h e r  t h e  R K l l D  o r  t h e  R K l l E )  c o n t a i n s  

s e v e n  1 6 - b i  t p r o g r a m m a b l e  r e g i s t e r s .  T h e s e  r e g i s t e r s  a r e  
a d d r e s s e d  v i a  t h e  UNIBUS. They p r o v i d e  t h e  s o f t w a r e  i n t e r f a c e  
between t h e  R K l l  and t h e  h o s t  CPU. T a b l e  3-1 l i s ts  t h e s e  
r e g i s t e r s  and t h e i r  a d d r e s s e s .  

T a b l e  3-1 R K l l  R e g i s t e r s  

Name 

D r i v e  s t a t u s  reg i s t e r  
E r r o r  r e g i s t e r  
C o n t r o l  s t a t u s  r e g i s t e r  
Word c o u n t  r e g i s t e r  
Bus addreass  r e g i s t e r  

( C u r r e n t  memory a d d r e s s )  
Disk a d d r e s s  r e g i s t e r  
Data  b u f f e r  r e g i s t e r  

A b b r e v i a t i o n  

RKDS 
R K E R  
RKCS 
RKWC 

RKBA 
RKDA 
RKDB 

Addres s  

REGISTER DESCRIPTIONS 
A l l  R K l l  s o f t w a r e  c o n t r o l  is accompl i shed  by t h e  seven  d e v i c e  

r e g i s t e r s  l i s t e d  i n  T a b l e  3-1. These r e g i s t e r s  a r e  a s s i g n e d  
UNIBUS a d d r e s s e s  and can  be r ead  o r  w r i t t e n  i n t o  ( e x c e p t  a s  n o t e d )  
u s i n g  i n s ' t r u c t i o n s  t h a t  r e f e r  t o  t h e  r e s p e c t i v e  r e g i s t e r  
a d d r e s s e s .  

The seven  d e v i c e  r e g i s t e r s  t h e i r  UNIBUS a d d r e s s e s  and t h e i r  
b i t  a s s i g n m e n t s  a r e  d e s c r i b e d  below. Note t h a t  u n a s s i g n e d  and 
w r i t e - o n l y  b i t s  a r e  a lways  r ead  a s  z e r o s .  A l s o ?  any a t t e m p t  t o  
m a n i p u l a t e  an unass igned  o r  r ead -on ly  b i t  w i l l  n o t  a f f e c t  t h e  b i t .  
F i n a l l y ,  t h e  INIT s i g n a l  r e f e r s  t o  t h e  i n i t i a l i z a t i o n  s i g n a l  
i s s u e d  by t h e  p r o c e s s o r .  

Dr, ive s t a t u s -  R e g i s t e r  (RKDS) (777400) 
 his r e g i s t e r  is shown i n  F i g u r e  3-1, and is d e s c r i b e d  below 

i n  Tab le  3-2.  

NOTE 
T h i s  r e g i s t e r  is a r ead -on ly  r e g i s t e r ,  
and c o n t a i n s  t h e  s t a t u s  o f  t h e  s e l e c t e d  
d r i v e ,  i n c l u d i n g  t h e  c u r r e n t  s e c t o r  
a d d r e s s .  

F i g u r e  3-1 Dr ive  S t a t u s  R e g i s t e r  
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T a b l e  3-2 D r i v e  S t a t u s  R e g i s t e r  

B i t ( s ) l  Name 1 D e s c r i p t i o n  and  O p e r a t i o n  

S e c t o r  c o u n t e r  ( S C )  

S e c t o r  c o u n t e r  
e q u a l s  s e c t o r  
a d d r e s s  (SC=SA) 

W r i t e  p r o t e c t  
s t a t u s  (WPS) 

~ e a d / w r  i t e l s e e k  
r e a d y  (R/W/S/RDY) 

D r i v e  r e a d y  ( D R Y )  

S e c t o r  c o u n t e r  OK 
(SOK) 

I n d i c a t e s  t h e  c u r r e n t  s e c t o r  
a d d r e s s  o f  t h e  s e l e c t e d  d r i v e .  
S e c t o r  a d d r e s s  0fl is d e f i n e d  a s  
t h e  s e c t o r  Â £ o l l o * w i n  t h e  . i n d e x  
p u l s e  . 
I n d i c a t e s  t h a t  t h e  d i s k  h e a d s  a r e  
p o s i t i o n e d  o v e r  t h e  a d d r e s s  t h a t  
i s  c u r r e n t l y  i n  t h e  s e c t o r  a d d r e s s  
r e g i s t e r .  

~ n d i c a t e s  t h e  s e l e c t e d  d r i v e  i s  
w r i t e  p r o t e c t e d .  

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  
p o s i t i o n e r  is n o t  moving,  and t h a t  
t h e  d r i v e  is r e a d y  t o  a c c e p t  a new 
command. 

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  m e t  t h e  c o n d i t i o n s  l i s t e d  
below. 

The d r i v e  is p r o p e r l y  s u p p l i e d  
w i t h  power.  

The d r i v e  is  l o a d e d  w i t h  a  
d i s k  c a r t r i d g e .  

The c a r t r i d g e  a c c e s s  doo r  i s  
c l o s e d .  

The LoADIRUN s w i t c h  is  s e t  t o  
RUN.  

e The d i s k  is r o t a t i n g  a t  p r o p e r  
s p e e d .  

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

e B i t  10 of  RKDS is c l e a r e d ,  
i n d i c a t i n g  t h e  d r i v e  h a s  no 
u n s a f e  c o n d i t i o n s .  

I n d i c a t e s  t h a t  t h e  c u r r e n t  s e c t o r  
a d d r e s s  of t h e  s e l e c t e d  d r i v e  
( b i t s  00-03) is n o t  i n  t h e  p r o c e s s  
o f  c h a n g i n g  and c a n  be  used  f o r  
d e t e r m i n i n g  t h e  p r e s e n t  s e c t o r  
l o c a t i o n  o f  t h e  h e a d s .  
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Table 3-3 Error Register (Cont) 

Name 

Data l a t e  

N o n e x i s t e n t  memory 
( N X W  

programming e r r o r  
( P G E )  

Seek e r r o r  (SKE) 

W r i t e  l o c k o u t  
v i o l a t i o n  (WLO) 

Over run  (OVR) 

D r i v e  e r r o r  (DRE) 

Description and Operation 

Read - The i n p u t  b u f f e r  of t h e  
f o u r  word f i l e  f i l l e d ,  i n d i -  
c a t i n g  t h e  UNIBUS is  u n a b l e  t o  
move w o r d s  t o  memory f a s t  
enough.  I f  t h i s  o c c u r s ,  t h e  
d i s k  w i l l  a t t e m p t  t o  r e a d  an- 
o t h e r  word i n t o  a n  a l r e a d y  
f u l l  f i l e .  

I n d i c a t e s  t h a t  MSYN was t r a n s m i t -  
t e d  a n d  t h a t  memory d i d  n o t  
r e spond  w i t h  a  SSYN w i t h i n  t h e  
a l l o t t e d  t i m e  of  2 0  m i c r o s e c o n d s .  

I n d i c a t e s  t h a t  b i t  1 0  of t h e  RKCS 
r e g i s t e r  ( f o r m a t )  was s e t  w h i l e  
i n i t i a t i n g  a  f u n c t i o n  o t h e r  t h a n  
r e a d  o r  w r i t e .  

I n d i c a t e s  t h a t  t h e  p o s i t i o n e r  was 
n o t  o v e r  t h e  c o r r e c t  c y l i n d e r  
w h i l e  e x e c u t i n g  a  r e a d ,  w r i t e ,  
r e a d  c h e c k ,  o r  w r i t e  c h e c k  
command . 
I n d i c a t e s  t h a t  a n  a t t e m p t  was made 
t o  w r i t e  on a  d i s k  which is w r i t e -  
p r o t e c t e d  ( b i t  5 o f  RKDS i s  s e t ) .  

I n d i c a t e s  t h a t ,  d u r i n g  any  d a t a  
t r a n s f e r  command, t h e  word c o u n t  
h a s  n o t  y e t  o v e r f l o w e d ,  and t h a t  
t h e  l a s t  s e c t o r  o f  t h e  l a s t  c y l -  
i n d e r  o n  s u r f a c e  1 h a s  b e e n  
a c c e s s e d .  

I n d i c a t e s  t h a t  one  of  t h e  d r i v e s  
i n  t h e  sys t em s e n s e s  a  l o s s  o f  
e i t h e r  a c  o r  d c  p o w e r ,  a n d  a  
f u n c t i o n  is e i t h e r  i n i t i a t e d  o r  i n  
p r o c e s s .  

NOTE 
Bits 05 through 15 of the RKER indicate 
hard errors, and can only be cleared by 
a BUS INIT or a control reset function. 
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Control Status Register (RKCS) (777404) 
This register is shown in Figure 3-3, and is described below 

in Table 3-4* 

. 
I I I I I I I I I I I I I I 

ERR HE SCP 0 IBA FMT EX6 SSE RDY IDE EX. M E M  FUNCTION GO 

Figure 3-3 Control Status Register 

Table 3-4 Control Status Register 

Bit(s) - 
00 

Function 
Bit Bit Bit Go Command 
3 2 1 

01-03 

0 0 1 Control reset 
0 1 1  Write 
1 0 1 Re ad 
1 1 1  Write check 
0 0 ,  1 Seek 
0 1 1  Read check 
1 0 1 Drive reset 
1 1 1  Write lock 

Name 

GO (write-only) 

Indicates use of extended bus ad- 
dressing. This device is capable 
of using memory addresses of up to 
18 bits. 

Description and Operation 

Indicates that the device is to 
initiate the command that is 
specified by the function code in 
bits 1, 2 and 3 of this register. 

Function (readlwrite) Indicates the function (command) 
to be performed by the device* 
The binary coding for each func- 
tion is listed below. 







C u r r e n t  Bus A d d r e s s  R e g i s t e r  (RKBA) (777410) 
T h i s  r e g i s t e r  is shown i n  F i g u r e  3-5, and is d e s c r i b e d  below 

i n  Tab le  3-6. 

F i g u r e  3-5 C u r r e n t  Bus Address  R e g i s t e r  

T a b l e  3-6 C u r r e n t  Bus Addres s  R e g i s t e r  

B i t ( s )  1 N a m e  1 D e s c r i p t i o n  and O p e r a t i o n  

C o n t a i n s  t h e  UNIBUS memory a d d r e s s  
t o  o r  from which d a t a  w i l l  b e  
t r a n s f e r r e d .   his r e g i s t e r  i s  
inc remen ted  a t  t h e  end o f  each  
t r a n s f e r ,  u n l e s s  b i t  11 of  t h e  
c o n t r o l  s t a t u s  r e g i s t e r  is  s e t .  
I f  t h e  sys t em h a s  ex tended  memory, 
t h e  RKBA w i l l  o v e r f l o w  t o  t h e  EX 
M E M  ( b i t s  0 4  and 05 of  t h e  RKCS) 
t o  r e f l e c t  t h e  e x t e n d e d  b u s  
a d d r e s s e s .  

D i sk  Addres s  R e g i s t e r  (RKDA) (777412)  
T h i s  r e g i s t e r  is shown i n  F i g u r e  3-6, and is d e s c r i b e d  below 

i n  T a b l e  3-7. 

NOTE 
T h i s  r e g i s t e r  w i l l  n o t  r e spond  t o  com- 
mands  w h i l e  t h e  c o n t r o l l e r  i s  b u s y .  
T h e r e f o r e ,  RKDA b i t s  a r e  l o a d e d  from t h e  
b u s  d a t a  l i n e s  o n l y  i n  t h e  c o n t r o l  r e a d y  
s t a t e  (RDY - b i t  07 o f  t h e  RKCS) ,  and 
a r e  c l e a r e d  by  BUS I N I T  and c o n t r o l  
reset.  The RKDA is inc remen ted  automat-  
i c a l l y  a t  t h e  end o f  e a c h  d i s k  s e c t o r .  

F i g u r e  3-.6 D i s k  Address  R e g i s t e r  

14 13 12 11 10 09 08 07 06 05 04 03 02 01 00 

T 
3  1 2  1 1  1 0  1 0 , 7 i 6 1 5 1 4 i 3 ~ 2 , 1 ~ 0  

SUR 



B i t  (s)  
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T a b l e  3-7 D i s k  A d d r e s s  R e g i s t e r  

Name 

S e c t o r  a d d r e s s  ( S A )  
( r / w )  

S u r f  a c e  (SUR) 
( r/w) 

C y l i n d e r  a d d r e s s  
( C Y L  ADDR) ( r / w )  

D r i v e  s e l ec t  (DR SEL) 
( r / w )  

D e s c r i p t i o n  a n d  O p e r a t i o n  

B i n a r y  r e p r e s e n t a t i o n  o f  t h e  d i s k  
s e c t o r  t o  be a d d r e s s e d  f o r  t h e  
n e x t  f u n c t i o n .  

When s e t ,  h e a d  0 i s  s e l e c t e d .  
When c l e a r e d ,  h e a d  1 i s  s e l e c t e d .  

B i n a r y  r e p r e s e n t a t i o n  o f  t h e  c y l -  
i n d e r  a d d r e s s  c u r r e n t l y  b e i n g  
s e l e c t e d .  T h e  l a r g e s t  v a l i d  
c y l i n d e r  a d d r e s s  is 312 ( o c t a l ) .  

B i n a r y  r e p r e s e n t a t i o n  o f  t h e  l o g  i- 
c a l  d r i v e  number c u r r e n t l y  b e i n g  
s e l e c t e d .  

D a t a  B u f f e r  R e g i s t e r  (RKDB) ( 7 7 7 4 1 6 )  
T h i s  r e g i s t e r  is shown i n  F i g u r e  3-7 ,  a n d  is d e s c r i b e d  b e l o w  

i n  T a b l e  3-8 .  

F i g u r e  3-7 D a t a  B u f f e r  R e g i s t e r  

T a b l e  3-8 D a t a  B u f f e r  R e g i s t e r  

1 N a m e  D e s c r i p t i o n  a n d  O p e r a t i o n  

The d a t a  b u f f e r  r e g i s t e r  s e r v e s  
t h e  t h r e e  f u n c t i o n s  l i s t e d  be low.  

I n  NPR w r i t e  d a t a  t r a n s f e r s ,  
t h e  d a t a  b u f f e r  s e r i a l i z e s  t h e  
d a t a  word f o r  t r a n s m i s s i o n  t o  
t h e  d r i v e .  

I n  NPR r e a d  d a t a  t r a n s f e r s ,  
t h e  d a t a  b u f f e r  c o n t a i n s  t h e  
w o r d  t o  b e  t r a n s f e r r e d  t o  
memor y e  

a In d i a g n o s t i c  t e s t i n g ,  t h e  
o u t p u t  o f  t h e  f o u r - w o r d  f i l e  
c a n  be c h e c k e d  w i t h  a  MOV 
i n s t r u c t i o n .  



These  s e v e n  progammable r e g i s t e r s  n o t  o n l y  g i v e  s t a t u s  and 
e r r o r  i n d i c a t i o n ,  b u t ,  when p r o p e r l y  programmed, t h e y  a l l o w  t h e  
d r i v e  t o  pe r fo rm t h e  e i g h t  f u n c t i o n s  o r  commands t h e  d e v i c e  is 
c a p a b l e  of e x e c u t i n g .  These  f u n c t i o n s  and commands a r e  d i v i d e d  
i n t o  t h e  two c a t e g o r i e s  l i s t e d  below.  

C o n t r o l  f u n c t i o n s  
Data  t r a n s f e r  f u n c t i o n s  

CObITROL FUNCTIONS 
Through s o f t w a r e  c o n t r o l ,  t h e  R K l l  c a n  pe r fo rm t h e  f o u r  

c o r i t r o l  f u n c t i o n s  l i s t e d  below.  

C o n t r o l  r e s e t  
Seek 

a D r i v e  r e s e t  
W r i t e  l o c k  

C o n t r o l  Reset 
T h i s  f u n c t i o n  i n i t i a l i z e s  a l l  i - n t e r n a l  r e g i s t e r s  and c l e a r s  

most  o f  t h e  b i t s  i n  t h e  s e v e n  programmable  r e g i s t e r s .  The 
e x c e p t i o n s  a r e  b i t  7 o f  RKCS ( R E A D Y ) ,  which s e t s ,  and b i t s  0 1  
t h r o u g h  11 of  RKDS, which a r e  n o t  a f f e c t e d .  

Seek  Command 
T h i s  command d i r e c t s  t h e  s e l e c t e d  d i s k  d r i v e  t o  move i t s  

p o s i t i o n e r  t o  t h e  c y l i n d e r  a d d r e s s  s p e c i f i e d  by  b i t s  0 5  t h r o u g h  1 2  
o f  RKDA. A f t e r  d i r e c t i n g  t h e  d r i v e  t o  s e e k ,  t h e  c o n t r o l l e r  
r e t u r n s  t o  t h e  r e a d y  s t a t e  (RKCS b i t  07  is  s e t )  s o  t h a t  o t h e r  
commands may be pe r fo rmed  . 

The s e l e c t e d  d r i v e  c o m p l e t e s  t h e  s e e k  by moving i t s  p o s i t i o n e r  
t o  t h e  d e s i r e d  c y l i n d e r .  Then, t h e  c o n t r o l l e r  s e t s  b i t  06  o f  RKDS 
(R/W/S R D Y ) .  

D r i v e  Reset Command 
T h i s  command d i r e c t s  t h e  s e l e c t e d  d i s k  d r i v e  t o  move i t s  

p o s i t i o n e r  t o  c y l i n d e r  a d d r e s s  000 and t o  r e s e t  a l l  a c t i v e  e r r o r s .  
The R K l l  p e r f o r m s  t h i s  command i n  t h e  same manner a s  a  s e e k  
command. 

Write Lock Command 
T h i s  command w r i t e - p r o t e c t s  a  s e l e c t e d  d i s k  d r i v e  u n t i l  t h e  

c o n d i t i o n  is  o v e r r i d d e n  b y  o p e r a t i o n  of  t h e  w r i t e  p r o t e c t  (WT 
PROT) s w i t c h  on t h e  f r o n t  p a n e l  o f  t h e  d r i v e .  The d r i v e  is 
a u t o m a t i c a l l y  w r i t e - e n a b l e d  when power is f i r s t  a p p l i e d ,  o r  when 
t h e  d i s k  d r i v e  RUNILOAD s w i t c h  is  s e t  t o  RUN. 











Seek d i r e c t s  t h e  d r i v e  t o  move i t s  h e a d s  t o  t h e  
c y l i n d e r  a d d r e s s  s p e c i f i e d  by  b i t s  a5 t h r o u g h ,  1 2  o f  
t h e  RKDA r e g i s t e r .  

a D r i v e  reset  d i r e c t s  t h e  d r i v e  t o  move i t s  h e a d s  t o  
c y l i n d e r  z e r o r  and r e s e t s  a l l  d r i v e  e r r o r s .  

a Write l o c k  w r i t e  p r o t e c t s  a  s e l e c t e d  d r i v e  u n t i l  t h e  
c o n d i t i o n  of t h e  w r i t e  p r o t , e c t  s w i t c h  on t h e  f r o n t  
p a n e l  is changed.  

Data t r a n s f e r  f u n c t i o n s  

a W r i t e  c a u s e s  d a t a  t o  be w r i t t e n  on t h e  d i s k  c a r t r i d g e  
s t a r t i n g  w i t h  t h e  s e c t o r  s p e c i f i e d  b y  t h e  d i s k  
a d d r e s s  r e g i s t e r .  

a Read c a u s e s  d a t a  t o  be r ead  from t h e  d i s k  c a r t r i d g e  
s t a r t i n g  w i t h  t h e  s e c t o r  s p e c i f i e d  b y  t h e  d i s k  
a d d r e s s  r e g i s t e r .  

a Write c h e c k  compares  t h e  d a t a  s t o r e d  i n  memory w i t h  
t h e  c o n t e n t s  of a  w r i t t e n  b lock  of d a t a  from t h e  d i s k  
( compar i son  is per formed i n  t h e  c o n t r o l l e r )  . 

e Read check  c a u s e s  d a t a  t o  be r ead  from t h e  d i s k  s o  
t h a t  t h e  checksum can  be checked (used  t o  inform t h e  
program i f  a  g i v e n  b lock  of d a t a  is  r e a d a b l e  and 
e r r o r - f r e e )  . 

An RK05 s e c t o r  is d i v i d e d  i n t o  f i v e  s e c t i o n s .  

6 Preamble  c o n s i s t s  of 1 5  o c t a l  words of z e r o s  used t o  
e n s u r e  t h a t  r ead  g a t e  w i l l  t u r n  on i n  a known a r e a *  A 
l o g i c  one b i t  f o l l o w s  t h e  1 5  words of z e r o s  and is c a l l e d  
t h e  sync  b i t .  The sync  b i t  is used t o  s y n c h r o n i z e  t h e  
c o n t r o l l e r  l o g i c  t o  t h e  s t a r t  of t h e  h e a d e r .  

Header c o n s i s t s  of a  1 6 - b i t  word c o n t a i n i n g  t h e  c y l i n d e r  
a d d r e s s .  

Data  c o n s i s t s  of 256 d e c i m a l  words of d a t a  ( 1 6 - b i t  words 
f o r  R K l l D  and 1 8 - b i t  words f o r  R K l l E ) .  

Checksum c o n s i s t s  of a  1 6 - b i t  word which is t h e  checksum 
of a l l  t h e  words i n  t h e  d a t a  a r e a  of t h e  s e c t o r .  

Pos t amble  c o n s i s t s  of one z e r o - f i l l e d  word where w r i t e  
c u r r e n t  is turr ied o f f .  



MODULE EXERCISE 

Using t h e  program l i s t e d  below, w r i t e  i n  t h e  remarks  column 
what each  i n s t r u c t i o n  is do ing .  You may o n l y  use  your PDP-11 
programming  c a r d  a s  a  r e f e r e n c e .  You h a v e  20 m i n u t e s  t o  
s u c c e s s Â £ u l l  comple t e  t h i s  e x e r c i s e .  

Memory 
L o c a t i o n  I n s t r u c t i o n  Remarks 



R K l l  SUBSYSTEM REGISTERS/COMMANDS 

MODULE EXERCISE SOLUTIONS 

Memory 
L o c a t i o n  I n s t r u c t i o n '  Remarks 

S e t  up word c o u n t  
2 I s  complement operand  
Word c o u n t  r e g i s t e r  a d d r e s s  
S e t  up bus  a d d r e s s  
S t a r t i n g  memory l o c a t i o n  
BUS a d d r e s s  reg i s t e r  a d d r e s s  
S e t  up d i s k  a d d r e s s  
Operand 
D i s k  a d d r e s s  r e g i s t e r  a d d r e s s  
S e t  up c o n t r o l  and s t a t u s  f o r  
w r i t e  and b u s  a d d r e s s  i n c r e -  
ment i n h i b i t  
TSTB f o r  r e a d y  
CSR 
Branch t o  l o c a t i o n  1030 
S e t  up word c o u n t  
2  s complement ope rand  
Word c o u n t  r e g i s t e r  a d d r e s s  
S e t  up b u s  a d d r e s s  
Memory l o c a t i o n  f o r  r e a d  d a t a  
Bus a d d r e s s  r e g i s t e r  a d d r e s s  
S e t  up d i s k  a d d r e s s  
D i s k  a d d r e s s  ope rand  
D i s k  a d d r e s s  r e g i s t e r  a d d r e s s  
S e t  up c o n t r o l  and s t a t u s  f o r  
r e a d  command 
CSR a d d r e s s  
Ha lt 

S e t  u p  memory l o c a t i o n  3000  
w i t h  d a t a  t o  be used 

C l e a r  o u t  memory l o c a t i o n s  
4000 t h r o u g h  4022 s o  t h e y  can  
be used by t h e  program t o  h o l d  
d a t a  r ead  from t h e  d i s k  

Now t h a t  you have  comple t ed  t h e  module e x e r c i s e  you may t a k e  
t h e  module t e s t .  The c o u r s e  a d m i n i s t r a t o r  h a s  t h e  answers  t o  t h e  
t e s t  * 
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R K ~ ~ D / E  Theory of Operation 





RKllD/E THEORY OF OPERATION 

INTRODUCTION 

I n  t h e  p r e v i o u s  module,  you s t u d i e d  t h e  r e g i s t e r s  i n  t h e  
R K l l D / E  C o n t r o l l e r  and l e a r n e d  what f u n c t i o n s  t h e  subsys tem can 
e x e c u t e .  Now you w i l l  u se  t h i s  i n f o r m a t i o n  t o  l e a r n  how t h e  
c o n t r o l l e r  i t s e l f  works.  

T h i s  module d e s c r i b e s  t h e  t h e o r y  o f  o p e r a t i o n  of  t h e  R K l l D / E  
C o n t r o l l e r .  With t h e  a i d  o f  b l o c k  d i a g r a m s ,  t h i s  module d e s c r i b e s  
t h e  l o g i c  i n  t h e  R K l l D / E .  The o v e r a l l  b l o c k  d i ag ram shows t h e  
ma jo r  c i r c u i t s  on each  c i r c u i t  module. Each ma jo r  c i r c u i t  i s  
d e s c r i b e d  i n  t e r m s  of  t h e  f u n c t i o n  i t  pe r fo rms .  I n  a d d i t i o n ,  
t h e r e  a r e  t h r e e  b l o c k  d i ag rams  which show t h e  v a r i o u s  d a t a  p a t h s  
t a k e n  f o r  w r i t e ,  r e a d ,  and w r i t e  check  commands. 

Each  b l o c k  w i t h i n  a  d i a g r a m  c o n t a i n s  a  mnemonic w h i c h  
r e f e r e n c e s  a  page of  l o g i c  i n  t h e  f i e l d  ma in tenance  p r i n t  s e t .  
T h i s  way, you may c o r r e l a t e  t h e  c i r c u i t  e l e m e n t s  on a  b l o c k  
d i ag ram t o  a  p r i n t  s e t  d i ag ram,  i f  you wish  t o  do so.. 

OBJECTIVES 

A t  t h e  c o m p l e t i o n  o f  t h i s  module,  you w i l l  be  a b l e  t o  pe r fo rm 
t h e  t a s k s  l i s t e d  below. 

a T r a c e  t h e  p o r t i o n s  o f  R K l l D / E  l o g i c  t h a t  is used d u r i n g  
e x e c u t i o n  o f  each  o f  t h e  commands l i s t e d  below. 

Command i n i t i a t i o n  
a W r i t e  
a Read 
a W r i t e  check  

D e s c r i b e  t h e  f u n c t i o n  of  t h e  major  l o g i c  c i r c u i t s  i n  t h e  
o v e r a l l  c o n t r o l l e r  b l o c k  d iagram.  

To d e m o n s t r a t e  your a b i l i t y  t o  meet t h e s e  o b j e c t i v e s ,  you w i l l  
be  g i v e n  a module t e s t  where you w i l l  be  r e q u i r e d  t o  match e a c h  
l o g i c  c i r c u i t  b l o c k  w i t h  its d e f i n i t i o n .  You must c o r r e c t l y  match 
8 o u t  o f  10 l o g i c  c i r c u i t s  w i t h  t h e i r  d e f i n i t i o n s  w i t h i n  1 0  
m i n u t e s .  The second p a r t  o f  t h e  module t e s t  w i l l  r e q u i r e  you t o  
use  s u p p l i e d  d i ag rams  t o  s h a d e  i n  t h e  l o g i c  c i r c u i t s  used f o r  e a c h  
t y p e  of  d a t a  p a t h .  

ADDITIONAL RESOURCES 

R K l l D / E  Moving Head D i s k  Dr ive  C o n t r o l l e r  Manual EK-RK11D-MM-00 2 
R K 1 1 D / E  P r i n t  S e t  
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RKllD/E CONTROLLER 
The R K l l D / E  C o n t r o l l e r  c o n s i s t s  o f  t h e  f o u r  modules  l i s t e d  

below. 

a M7254 s t a t u s  c o n t r o l  (ST) 
a M7255 d i s k  c o n t r o l  (DK)  
a M7256 d a t a  p a t h s  ( D A )  
0 M7257 bus  c o n t r o l  (BS) 

F i g u r e  4 - 1  i s  a  s i m p l i f i e d  o v e r a l l  b l o c k  d iagram t h a t  shows 
t h e  major  c i r c u i t s  and on which module t h e y  r e s i d e .  Use t h i s  
f i g u r e  a s  a  r e f e r e n c e  w h i l e  r e a d i n g  t h e  f o l l o w i n g  t e x t .  The RKDA 
is t h e  o n l y  l o g i c  c i r c u i t  r e p r e s e n t e d  t h a t  is  -- n o t  shown on t h e  
p r o p e r  module. 

M7254 STATUS CONTROL 
The s t a t u s  c o n t r o l  module (ST) i n i t i a t e s  t h e  programmable 

f u n c t i o n s  ( r e a d ,  w r i t e ,  e t c . )  o f  t h e  c o n t r o l l e r  and m o n i t o r s  l o g i c  
s t a t u s  by means of  t h e  c o n t r o l  s t a t u s  (RKCS), word c o u n t  (RKWC) 
and e r r o r  (RKER)  r e g i s t e r s .  

RKCS R e g i s t e r  
The RKCS r e g i s t e r  is l o a d e d ,  from t h e  p r o c e s s o r ,  v i a  t h e  

UNIBUS D l i n e s  w i t h  t h r e e  b i t s  (FO-F2) r e p r e s e n t i n g  t h e  f u n c t i o n  
code  t o  be per formed.  T h i s  f u n c t i o n  is decoded and a p p l i e d  t o  t h e  
a p p r o p r i a t e  l o g i c  f o r  e x e c u t i o n .  The s o f t w a r e  c a n  a l s o  d e f i n e  t o  
t h e  l o g i c  whether  o r  n o t  t h e  read  o r  w r i t e  command is t o  be a  
s p e c i a l  fo rma t .  

RKWC R e g i s t e r  
The RKWC r e g i s t e r  is l o a d e d ,  from t h e  p r o c e s s o r ,  v i a  t h e  

UNIBUS D l i n e s  w i t h  t h e  2 ' s  complement o f  t h e  number o f  d a t a  words 
t o  be t r a n s f e r r e d .  Each t i m e  a  word is t r a n s f e r r e d  t o  o r  from t h e  
d i s k ,  t h i s  r e g i s t e r  is incremented  w i t h  t h e  s i g n a l  0 - >  N P R .  

RKER R e g i s t e r  
The RKER r e g i s t e r  c o n t a i n s  i n f o r m a t i o n  on any e r r o r s  t h a t  

o c c u r  d u r i n g  t h e  e x e c u t i o n  o f  an R K 1 1  f u n c t i o n .  The o u t p u t  o f  
RKER is m u l t i p l e x e d  w i t h  t h e  o u t p u t  of  RKCS, RKWC and t h e  d r i v e  
s t a t u s  r e g i s t e r  (RKDS on t h e  d a t a  p a t h s  module) .  T h i s  m u l t i p l e x e r  
is d e s c r i b e d  i n  t h e  n e x t  p a r a g r a p h .  

Four-To-One M u l t i p l e x e r  
T h i s  m u l t i p l e x e r  t a k e s  t h e  i n p u t s  from t h e  RKCS, RKWC, RKER 

and RKDS r e g i s t e r s  and s e l e c t s  one f o r  t r a n s m i s s i o n  on t h e  
i n t e r n a l  bus A. I n t e r n a l  bus A is m u l t i p l e x e d  w i t h  t h e  o u t p u t  o f  
a  four - to-one  m u l t i p l e x e r  on t h e  d a t a  p a t h s  module. T h i s  o u t p u t  
i s  s e n t  o v e r  t h e  UNIBUS v i a  t h e  D l i n e s  t o  memory. The r e g i s t e r  
decod ing  on t h e  bus  c o n t r o l  module p r o d u c e s  e n a b l  i ng  s i g n a l s  f o r  
t h e  m u l t i p l e x e r  t o  d e t e r m i n e  which i n p u t  (RKCS, RKWC, RKER o r  
RKDS)  is s e n t  t o  memory v i a  t h e  i n t e r n a l  bus  A.  
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Figure 4-1 RK11D/E C o n t r o l l e r  Simplified Block Diagram 
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B i t  Coun te r  
The b i t  c o u n t e r  c o u n t s  word l e n g t h s  o f  16  o r  1 8  ( d e c i m a l )  

b i t s .  During w r i t e  d a t a  o p e r a t i o n s ,  i ts  i n p u t  is CLK from t h e  
d i s k  c o n t r o l  module. CLK c a n  be d e r i v e d  from e i t h e r  t h e  2.88 MHz 
c r y s t a l  used f o r  1 6 - b i t  word f o r m a t t i n g  ( R K 1 1 D )  o r  t h e  3.09 M H z  
c r y s t a l  u s e d  w i t h  1 8 - b i t  w o r d s  ( R K 1 1 E ) .  D u r i n g  r e a d  d a t a  
o p e r a t i o n s ,  t h e  c l o c k  is d e r i v e d  from t h e  d r i v e  l o g i c .  The d r i v e  
s e p a r a t e s  r ead  c l o c k s  from t h e  d a t a  and s e n d s  b o t h  c l o c k  and d a t a  
s i g n a l s  t o  t h e  c o n t r o l l e r .  

The b i t  c o u n t e r  s e n d s  i ts  o u t p u t  t o  t h e  i n t e r n a l  word c o u n t e r .  

I n t e r n a l  Word Coun te r  
The i n t e r n a l  word c o u n t e r  c o u n t s  t h e  o u t p u t  o f  t h e  b i t  

c o u n t e r .  By do ing  t h i s ,  t h e  i n t e r n a l  word c o u n t e r  keeps  t r a c k  o f  
t h e  s e c t o r  l e n g t h  f o r  t h e  major  s t a t e  r e g i s t e r .  

Major S t a t e  R e g i s t e r  
The major  s t a t e  r e g i s t e r  c o n t r o l s  e a c h  p h a s e ,  o r  "major  

s t a t e " ,  t h a t  t h e  c o n t r o l l e r  p r o g r e s s e s  th rough  w h i l e  pe r fo rming  a  
s e e k ,  r e a d ,  o r  w r i t e  o p e r a t i o n .  Each major  s t a t e  c a u s e s  s p e c i f i c  
l o g i c  o p e r a t i o n s  t o  be per formed.  The o u t p u t  o f  t h i s  r e g i s t e r  
c o r r e s p o n d s  t o  each  a r e a  o f  a  s e c t o r .  

The major  s t a t e  r e g i s t e r  u s e s  t h e  o u t p u t  o f  t h e  i n t e r n a l  word 
c o u n t e r  a s  one of  t h e  c o n d i t i o n s  t o  advance  t o  a n o t h e r  s t a t e .  For 
example,  a f t e r  c o u n t i n g  t h e  256 words o f  t h e  d a t a  f i e l d ,  t h e  ma jo r  
s t a t e  r e g i s t e r  w i l l  advance  t o  t h e  checksum major  s t a t e .  

Not a l l  o f  t h e  major  s t a t e s  a r e  r e q u i r e d  f o r  t h e  c o m p l e t i o n  o f  
e v e r y  command, s o  a n o t h e r  i n p u t  t o  t h e  s t a t e  r e g i s t e r  is t h e  
command t h a t  is b e i n g  per formed.  

Header Check C i r c u i t r y  
The h e a d e r  check  c i r c u i t r y  c o n s i s t s  o f  t h e  bad b i t  f l i p - f l o p ,  

bad h e a d e r  c o u n t e r  and s e e k  e r r o r  f l i p - f l o p .  T h i s  l o g i c  is used  
t o  check  t h e  h e a d e r  word d u r i n g  d a t a  commands. The h e a d e r  word 
( c y l i n d e r  a d d r e s s )  is i n p u t  from t h e  RKDA v i a  t h e  adde r  s h i f t  
r e g i s t e r  and is checked  a g a i n s t  t h e  h e a d e r  word read  from t h e  d i s k  
d r i v e .  I f  t h e  bad b i t  f l i p - f l o p  se ts  due  t o  a  miscornpare,  i t  
i n c r e m e n t s  t h e  bad h e a d e r  c o u n t e r .  The R K l l  w i l l  t h e n  r ead  t h e  
h e a d e r  words on t h e  t r a c k  a n o t h e r  15  ( d e c i m a l )  t i m e s .  I f  t h e  
h e a d e r  word d o e s  n o t  compare and t h e  c o u n t e r  h a s  inc remen ted  t o  1 6  
( d e c i m a l )  , t h e  c o n t r o l l e r  se ts  t h e  s e e k  e r r o r  f l i p - f l o p .  

The s e e k  e r r o r  f l i p - f l o p  o u t p u t  is s e n t  t o  t h e  e r r o r  r e g i s t e r  
a s  a  program f l a g .  I f  a  good h e a d e r  compar ison  is  made d u r i n g  t h e  
t i m e  t h e  c o u n t e r  is i n c r e m e n t i n g  toward 1 5 ,  t h e  s i g n a l  HEADER OK 
c l e a r s  t h e  c o u n t e r  and a  s e e k  e r r o r  d o e s  n o t  o c c u r .  
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M7255 DISK CONTROL 
The d i s k  c o n t r o l  module ( D K )  c o n t r o l s  t h e  f u n c t i o n s  o f  t h e  

d r i v e  a c c o r d i n g  t o  commands r e c e i v e d  from t h e  ST module. The DK 
module o r g a n i z e s  i n f o r m a t i o n  from, and s e n d s  i n f o r m a t i o n  t o ,  t h e  
o t h e r  a r e a s  o f  l o g i c .  

RKDS R e g i s t e r  
The RKDS r e g i s t e r  m o n i t o r s  s t a t u s  c o n d i t i o n s  o f  t h e  s e l e c t e d  

d r i v e  and a p p l i e s  i ts o u t p u t  t o  t h e  four - to-one  m u l t i p l e x e r  on t h e  
ST module.  When t h e  RKDS i n p u t  on t h e  four - to-one  m u l t i p l e x e r  is 
s e l e c t e d ,  t h e  d r i v e  s t a t u s  d a t a  is s e n t  v i a  t h e  i n t e r n a l  b u s  A 
l i n e s  t o  t h e  d i s k  c o n t r o l  module f o r  t r a n s m i s s i o n  t o  t h e  UNIBUS. 
The RKDS r e g i s t e r  is a  r ead -on ly  r e g i s t e r .  

Adder S h i f t  R e g i s t e r  
The a d d e r  s h i f t  r e g i s t e r  p e r f o r m s  t h e  f o u r  t a s k s  l i s t e d  below. 

The d i s k  a d d r e s s  r e g i s t e r  (RKDA) c o n t e n t s  a r e  s e r i a l i z e d  
by t h e  s h i f t  r e g i s t e r ,  and a r e  s h i f t e d  t o  t h e  r e a d / w r i t e  
c o n t r o l  l o g i c .  T h i s  enab- les  t h e  h e a d e r  word t o  b e  
w r i t t e n  on t h e  d i s k  d u r i n g  w r i t e  d a t a  commands. 

The d i s k  a d d r e s s  c o n t e n t s  a r e  s h i f t e d  t o  t h e  s t a t u s  
c o n t r o l  l o g i c .  T h i s  e n a b l e s  t h e  h e a d e r  word t o  be 
checked  d u r i n g  r ead  o r  w r i t e  d a t a  commands. 

The s h i f t  r e g i s t e r  checksum c o n t e n t s  a r e  s h i f t e d  t o  t h e  
s t a t u s  c o n t r o l  l o g i c .  T h i s  e n a b l e s  t h e  c a l c u l a t e d  
checksum t o  be compared w i t h  t h e  checksum read  from t h e  
d i s k  d u r i n g  r ead  d a t a  o r  r ead  check  commands. 

The s h i f t  r e g i s t e r  checksum c o n t e n t s  a r e  s h i f t e d  t o  t h e  
read/wr i t e  c o n t r o l  l o g i c .  T h i s  e n a b l e s  t h e  c a l c u l a t e d  
checksum t o  be w r i t t e n  on t h e  d i s k  d u r i n g  w r i t e  d a t a  
commands. 

Adder 
The a d d e r  c i r c u i t  p e r f o r m s  t h e  two t a s k s  l i s t e d  below. 

e T h i s  c i r c u i t  computes t h e  checksum c h a r a c t e r  f o r  w r i t e  
d a t a  commands. 

T h i s  c i r c u i t  a l s o  computes  t h e  checksum c h a r a c t e r  f o r  
r ead  d a t a  commands. 

The checksum is c a l c u l a t e d  by s e r i a l l y  add ing  each  b i t  o f  t h e  
s e c t o r  t o  be w r i t t e n  w i t h  t h e  e x i s t i n g  c o n t e n t s  o f  t h e  adde r  s h i f t  
r e g i s t e r .  A s  each  word is added ,  t h e  s h i f t  r e g i s t e r  c o n t a i n s  a  
new checksum. A t  t h e  c o m p l e t i o n  o f  t h e  s e c t o r ,  t h e  accumula t ed  
checksum is s e n t  t o  t h e  r e a d / w r i t e  c o n t r o l  c i r c u i t s  and w r i t t e n  on 
t h e  d i s k  a t  t h e  end o f  t h e  d a t a  f i e l d .  
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For a  r e a d ,  r ead  check  o r  w r i t e  check  command, t h e  checksum is 
c a l c u l a t e d  by add ing  t h e  s e r i a l  read  d a t a  w i t h  t h e  c o n t e n t s  o f  t h e  
adde r  s h i f t  r e g i s t e r .  The r e s u l t  is compared t o  t h e  checksum t h a t  
i s  w r i t t e n  on t h e  d i s k ,  f o l l o w i n g  t h e  d a t a  f i e l d .  

Read/Wri te  C o n t r o l  
The r e a d / w r i t e  c o n t r o l  l o g i c  c o n t r o l s  t h e  r e a d i n g  o r  w r i t i n g  

o f  a l l  d a t a  f o r  each  s e c t o r  on t h e  d i s k .  Data r ead  from t h e  d i s k  
is c l o c k e d  w i t h  a  read  c l o c k  s u p p l i e d  by t h e  d r i v e .  The read  d a t a  
is s h i f t e d  by t h e  r e a d / w r i t e  c o n t r o l  l o g i c  t o  t h e  i n p u t  b u f f e r  o f  
t h e  four-word f i l e .  Data  t o  be w r i t t e n  is combined w i t h  t h e  
o u t p u t  o f  t h e  c r y s t a l  o s c i l l a t o r  and encoded by  t h e  r e a d / w r i t e  
c o n t r o l  l o g i c  i n t o  f requency-modula ted  d a t a .  T h i s  d a t a  is s h i f t e d  
t o  t h e  d i s k  f o r  w r i t i n g .  

C l o c k  
The c l o c k  c o n t r o l  l o g i c  c o n s i s t s  o f  a  c r y s t a l  o s c i l l a t o r  and 

a s s o c i a t e d  l o g i c  which o u t p u t s  a  f r e q u e n c y  o f  2.88 VHz f o r  t h e  
R K 1 1 D  C o n t r o l l e r  and 3 .09 MHz f o r  t h e  R K 1 1 E  C o n t r o l l e r .  T h i s  
c r y s t a l  is used d u r i n g  w r i t e  d a t a  commands. 

The re  is an au to /manual  s w i t c h  on t h e  DC module which is used w i t h  
t h e  c r y s t a l  o s c i l l a t o r .  When t h e  s w i t c h  is i n  a u t o  p o s i t i o n ,  t h e  
c r y s t a l  o s c i l l a t o r  is used t o  g e n e r a t e  c l o c k i n g .  When t h e  s w i t c h  
is i n  manual p o s i t i o n ,  t h e  c r y s t a l  o s c i l l a t o r  is  b y p a s s e d ,  t h u s  
making i t  p o s s i b l e  t o  use an e x t e r n a l  c l o c k  f o r  t i m i n g .  Under 
normal o p e r a t i n g  c o n d i t i o n s ,  t h e  s w i t c h  must  be  i n  t h e  a u t o  
p o s i t i o n  i n  o r d e r  f o r  t h e  c o n t r o l l e r  t o  o p e r a t e .  

During r ead  d a t a  commands, t h e  c l o c k i n g  o r i g i n a t e s  from t h e  
d i s k  d r i v e .  Logic  i n  t h e  d r i v e  s e p a r a t e s  t h e  r e c o r d e d  d a t a  from 
t h e  c l o c k s  and t r a n s m i t s  b o t h  t o  t h e  c o n t r o l l e r ,  t h e n  u s e s  t h i s  
c l o c k  t o  c o n t r o l  t h e  d a t a  and c o u n t i n g  c i r c u i t s .  

M7256 D a t a  P a t h s  
The d a t a  p a t h  module ( D A )  c o n t r o l s  t h e  b i d i r e c t i o n a l  d a t a  f low 

( r e a d  o r  w r i t e )  between a  s e l e c t e d  d r i v e  and t h e  UNIBUS. The 
c e n t r a l  l o g i c  i n  t h e  c o n t r o l  of  d a t a  f low is t h e  four-word f i l e  
and a s s o c i a t e d  l o g i c .  The f i l e  is r e s p o n s i b l e  f o r  b u f f e r i n g ,  
s e r i a l i z a t i o n  and d e s e r i a l  i z a t i o n  of  d a t a .  

A d d i t i o n a l  l o g i c  on t h i s  module i n c l u d e s  t h r e e  r e g i s t e r s  and 
two m u l t i p l e x e r s .  Each o f  t h e s e  a r e  d e s c r i b 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 .  

I n p u t  B u f f e r  
The i n p u t  b u f f e r  c o n s i s t s  o f  f i v e  s h i f t  r e g i s t e r  I C s  t h a t  

s e r v e  a s  t h e  i n p u t  t o  t h e  four-word f i l e .  These T C s  a r e  
conf  i g u r e d  t o  h a n d l e  e i t h e r  1 6 - b i t  o r  1 8 - b i t  d a t a  words ,  depend ing  
on whether  t h e  R K 1 1  is c o n f i g u r e d  a s  an R K 1 1 D  o r  an R K 1 1 E .  
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During a  w r i t e  o r  w r i t e  check  command, t h e  i n p u t  b u f f e r  is 
p a r a l l e l - l o a d e d  w i t h  a  d a t a  word from t h e  UNI3US d a t a  l i n e s  (BUS 
D )  ., The s t a t u s  c o n t r o l  n e g a t e s  READ d u r i n g  a  w r i t e  o r  w r i t e  check  
o p e r a t i o n  t o  e n a b l e  t h e  r e g i s t e r  t o  l o a d .  The DATA STROBE 2 p u l s e  
from t h e  bus  c o n t r o l  module c l o c k s  i n  t h e  d a t a  word from t h e  
UN1:BUS D l i n e s .  The d a t a  word is t h e n  p a r a l l e l - l o a d e d  i n t o  t h e  
four-word f i l e .  

For a  read  command, READ is  a s s e r t e d ,  e n a b l i n g  t h e  i n p u t  
b u f f e r  t o  s h i f t .  Each CLK I N  BUFF p u l s e  t h e n  s h i f t s  t h e  i n p u t  
b u f f e r  one b i t  p o s i t i o n  toward b i t  00. CLK I N  BUFF a l s o  l o a d s  
s e r i a l  d a t a  from t h e  r e a d / w r i t e  c o n t r o l  l o g i c  (SER RD DATA) t o  
e i t h e r  b i t  p o s i t i o n  1 5  ( f o r  t h e  R K 1 1 D )  o r  b i t  17  ( f o r  t h e  R K 1 1 E ) o  
When t h e  e n t i r e  word h a s  been assembled  i n  t h e  i n p u t  b u f f e r ,  i t  is  
t h e n  t r a n s f  e r r e d  t o  t h e  four-word f i l e .  

GEN C L R  from t h e  s t a t u s  c o n t r o l  c l e a r s  t h e  i n p u t  b u f f e r .  

Data  B u f f e r  R e g i s t e r  
T h i s  r e g i s t e r  (RKDB) c o n s i s t s  o f  f i v e  s h i f t  r e g i s t e r  I C s  t h a t  

h a n d l e  d a t a  between t h e  four-word f i l e  and e i t h e r  t h e  r e a d / w r i t e  
c o n t r o l  l o g i c  o r  t h e  bus  c o n t r o l  l o g i c  ( v i a  a  m u l t i p l e x e r ) .  T h i s  
b u f f e r  is t h e  o u t p u t  o f  t h e  four-word f i l e  a n d ,  d u r i n g  w r i t e  
o p e r a t i o n s ,  s e r i a l i z e s  t h e  d a t a  f o r  t h e  r e a d / w r i t e  c o n t r o l  l o g i c .  
During r ead  o p e r a t i o n s ,  N P R  t r a n s f e r s  w i l l  move t h e  c o n t e n t s  o f  
t h e  b u f f e r  t o  t h e  f o u r - t o - o n e  m u l t i p l e x e r  and  t h e n  t o  t h e  
two-to-one m u l t i p l e x e r  on its way t o  t h e  UNIBUS D l i n e s .  

Four-Word F i l e  
The four-word f i l e  c o n s i s t s  o f  f i v e  r e g i s t e r  I C s  i n t e n d e d  t o  

p r o v i d e  f o u r  1 6 - b i t  ( R K 1 1 D )  o r  1 8 - b i t  ( R K 1 1 E )  word l o c a t i o n s  o f  
s t o r a g e  a r e a .  I t  is p o s s i b l e  t o  r e a d  a  word from one l o c a t i o n  
w h i l e  s i m u l t a n e o u s l y  w r i t i n g  a n o t h e r  word i n t o  a  d i f f e r e n t  
l o c a t  i o n .  

The c o n t r o l l i n g  l o g i c  f o r  t h e  f i l e  c o n s i s t s  o f  t h e  c i r c u i t s  
l i s t e d  below. 

I n p u t  c o u n t e r  
Ou tpu t  c o u n t e r  
Four-word f i l e  s t a t u s  f l i p - f l o p s  
I n p u t  b u f f e r  f u l l  s t a t u s  f l i p - f l o p  

e Output  b u f f e r  f u l l  s t a t u s  f l i p - f l o p  

Each t i m e  t h e  f i l e  is a c c e s s e d  t o  s t o r e  a word i n  i t ,  t h e  
i n p u t  c o u n t e r  is inc remen ted .  I f  t h e  o u t p u t  b u f f e r  is empty,  and 
t h e  o u t p u t  c o u n t e r  is z e r o ,  t h i s  word w i l l  be  t r a n s f e r r e d  d i r e c t l y  
t o  t h e  o u t p u t  b u f f e r .  

A l l  s u c c e s s i v e  words a r e  p l a c e d  i n  t h e  f i l e  a c c o r d i n g  t o  t h e  
l o c a t i o n  s p e c i f i e d  b y  t h e  i n p u t  c o u n t e r .  A l l  words t o  be 
r e t r i e v e d  from t h e  f i l e  a r e  t r a n s f e r r e d  t o  t h e  o u t p u t  b u f f e r .  The 
word l o c a t i o n  i n  t h e  f i l e  t o  be  a c c e s s e d  f o r  t h i s  t r a n s f e r  is 
d e t e r m i n e d  by t h e  o u t p u t  c o u n t e r .  
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Bus Address  R e g i s t e r  
T h i s  r e g i s t e r  ( R K B A )  c o n s i s t s  of  f o u r  c o u n t e r  I C s . ,  The RKBA 

is p a r a l l e l - l o a d e d  from t h e  UNIBUS D l i n e s  w i t h  b u s  a d d r e s s  
i n f o r m a t i o n  when LOAD RKBA LO and LOAD RKBA H I  a r e  a s s e r t e d  by t h e  
b u s  c o n t r o l .  

When t h e  bus  c o n t r o l  a s s e r t s  0 -> N P R ,  t h e  RKBA r e g i s t e r  is 
inc remen ted .  The 0 -> NPR p u l s e  i n d i c a t e s  c o m p l e t i o n  o f  an N P R  
t r a n s f e r .  Thus,  t h e  RKBA is inc remen ted  t w i c e  f o r  each  t r a n s f e r  
t o  t h e  n e x t  s e q u e n t i a l  bus  a d d r e s s  (which w i l l  a lways  be  a n  even  
number) .  

RKDA R e g i s t e r  
The RKDA r e g i s t e r  is loaded  v i a  t h e  UNIBUS D l i n e s ,  w i t h  t h e  

c y l i n d e r  , s e c t o r  and s u r f a c e  a d d r e s s e s  n e c e s s a r y  f o r  s e e k s  and 
h e a d e r  compar i sons .  The o u t p u t  of  t h e  d i s k  a d d r e s s  r e g i s t e r  g o e s  
t o  two p l a c e s :  t h e  adde r  s h i f t  r e g i s t e r  and t h e  four - to-one  
m u l t i p l e x e r  on t h e  DA module,  a s  d e s c r i b e d  below. 

The adde r  s h i f t  r e g i s t e r  o u t p u t  is used i n  two p l a c e s .  The ST 
module u s e s  i t  f o r  h e a d e r  compar i sons  d u r i n g  read  d a t a  o p e r a t i o n s .  
The r e a d / w r i t e  c o n t r o l  l o g i c  u s e s  i t  f o r  r e w r i t i n g  o f  t h e  h e a d e r  
word d u r i n g  w r i t e  d a t a  commands. 

The m u l t i p l e x e r  o u t p u t  e n a b l e s  t h e  r e g i s t e r  t o  be r ead  by t h e  
s o f t w a r e .  T h i s  m u l t i p l e x e r  s e l e c t s  one o f  t h e  t h r e e  r e g i s t e r s  
found on t h e  DK module and o u t p u t s  t h e  c o n t e n t s  of  one of  t h e s e  
r e g i s t e r s  t o  t h e  two-to-one m u l t i p l e x e r .  T h i s  p a t h  a l l o w s  t h e  
program t o  examine t h e  c o n t e n t s  o f  any  one of  t h e s e  r e g i s t e r s  
(RKBA, RKDA o r  RKDB) . 

Two-To-One Mult iplexer  
T h i s  m u l t i p l e x e r  a l l o w s  one of  two i n p u t s  t o  be p l a c e d  on t h e  

UNIBUS d a t a  l i n e s  t o  be t r a n s f e r r e d  back t o  memory. One o f  t h e  
i n p u t s  is from i n t e r n a l  bus A l i n e s  (ST module) . The o t h e r  i n p u t  
is t h e  o u t p u t  o f  t h e  four - to-one  m u l t i p l e x e r  on t h e  DA module.  

I n t e r n a l  bus  A c o n t a i n s  t h e  o u t p u t  o f  a n o t h e r  four - to-one  
m u l t i p l e x e r  which a l l o w s  t h e  program t o  r ead  t h e  RKWC, R K E R ,  RKDS 
and RKCS r e g i s t e r s .  

M7257 BUS CONTROL 
The bus  c o n t r o l  l o g i c  of  t h e  M7257 (BS) module s e r v e s  a s  a n  

i n t e r f a c e  between t h e  UNIBUS and t h e  R K 1 1  C o n t r o l l e r  by  g e n e r a t i n g  
a l l  UNIBUS c o n t r o l  s i g n a l s .  The bus  c o n t r o l  l o g i c  c o n s i s t s  o f  
r e g i s t e r  a d d r e s s  s e l e c t i o n ,  NPR c o n t r o l ,  i n t e r r u p t  c o n t r o l ,  and 
U N I B U S  d r i v e r / r e c e i v e r  l o g i c .  

R e g i s t e r  Decode Logic  
The r e g i s t e r  decode  l o g i c  d e t e r m i n e s  which r e g i s t e r s  a r e  t o  be 

a d d r e s s e d  by ,  and loaded  from, t h e  UNIBUS. The m u l t i p l e x e r s  
h a n d l e  t h e  r e a d i n g  of  t h e  r e g i s t e r s  d i r e c t l y .  The m u l t i p l e x e r s  
have  i n p u t s  from t h e  UNIBUS a d d r e s s  l i n e s  t o  s e l e c t  one o f  t h e  
s e v e n  r e g i s t e r s .  



The i n p u t  t o  t h e  r e g i s t e r  d e c o d e r  a r e  b i t s  1, 2 and  3 o f  t h e  
UNIBUS a d d r e s s  l i n e s  and a r e  exc lus ive-ORed w i t h  a  s e t  o f  j u m p e r s  
t o  d e t e r m i n e  i f  a  r e g i s t e r  i n  t h e  R K 1 1  i s  b e i n g  a d d r e s s e d .  I f  t h e  
b i t s  do  n o t  compare  w i t h  a n  e x i s t i n g  R K 1 1  r e g i s t e r ,  t h e n  t h e  b u s  
c o n t r o l  l o g i c  a s sumes  t h e  s o f t w a r e  v i a  t h e  UNIBUS w a n t s  t o  
communicate  w i t h  some o t h e r  d e v i c e  on t h e  UNIBUS. 

NPR C o n t r o l  L o g i c  
The NPR c o n t r o l  l o g i c  r e q u e s t s  u s e  o f  t h e  UNIBUS b y  g e n e r a t i n g  

BUS NPR L f o r  any  d a t a  t r a n s f e r  f u n c t i o n .  F i g u r e  4-2 shows t h e  
NPR t i m i n g  f o r  wr i te  o r  wr i te  c h e c k  commands. F i g u r e  4 -3  shows 
t h e  NPR t i m i n g  f o r  r e a d  commands. 

N P R  R E Q  1 
I I 

- 
BUS NPR L 

BUS NPG IN H I I 

BUS BBSYL 1 

RK NPR MASTER 

G A T E  R K B A - n B U S  A ------A 
4 150"s.  - 

RK MSYN 
mm. 

f i - 
lÃ‘-26; MAX 

BUS S S Y N  L 

DATA STRI L 
I 

/ 
DATA S T R 2  L 

F i g u r e  4-2 NPR Timing Diagram f o r  R K 1 1  Write o r  Write Check 

5 s  i n . +  
OÃ‘-NP H 

I n t e r r u p t  C o n t r o l  L o g i c  
The i n t e r r u p t  c o n t r o l  l o g i c  g e n e r a t e s  i n t e r r u p t  r e q u e s t s  by  

t h e  R K 1 1 .  R K 1 1  i n t e r r u p t s  a r e  i n i t i a t e d  when t h e  c o n d i t i o n s  
l i s t e d  be low a r e  met. 

75ns min. 

a C o n t r o l l e r  is r e a d y .  
I D E  b i t  is s e t  i n  t h e  c o n t r o l  r e g i s t e r .  

The BR l e v e l  o f  t h e  R K 1 1  C o n t r o l l e r  is u s u a l l y  f i v e .  F i g u r e  
4-4 shows t h e  i n t e r r u p t  t i m i n g  f o r  t h e  R K 1 1  bus  r e q u e s t .  
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T h i s  c o m p l e t e s  t h e  d e s c r i p t i o n  o f  t h e  o v e r a l l  b l o c k  d iagram o f  
t h e  R K 1 1  C o n t r o l l e r .  Each major  l o g i c  c i r c u i t  h a s  been  d e s c r i b e d  
t o  h e l p  you u n d e r s t a n d  t h e  c o n c e p t s  o f  i ts  o p e r a t i o n .  The d a t a  
p a t h s  w i l l  now be d e s c r i b e d ,  u t i l i z i n g  a  s e p a r a t e  b l o c k  d iagram 
f o r  t h e  r e a d ,  w r i t e  and w r i t e  check  commands. Each b l o c k  d i ag ram 
h i g h l i g h t s  t h e  a r e a s  used by each  of  t h e s e  commands, a l l o w i n g  you 
t o  s e e  more c l e a r l y  t h e  c i r c u i t s  used by t h e  command. 

NPR REQ -1 L 

BUS NPR 

BUS NPG IN 

BUS BBSY L 1 
I 

2 

RK NPR MASTER 

GATE RKBA-BUS A 

GATE RKDB-BUS D 

RK MSYN 

BUS SSYN L 

O d N P R  H 
75ns  min. 7 5 1 ~  min. 

CZ.0411 

F i g u r e  4 - 3  NPR Timing Diagram f o r  R K l l  Read 

RK INT REQ H 1 
BUS BG IN H -2 -- 

SACK 2 I - 
BUS BBSY L 

RK INT MASTER 

RK SSYN H 
CZ 0403 

F i g u r e  4-4 R K 1 1  Bus Reques t  I n t e r r u p t  Timing Sequence  
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DATA PATHS GENERAL INFORMATION 
T h i s  s e c t i o n  d e s c r i b e s  t h e  e l  

d i f f e r e n t  d a t a  commands. F i g u r e  4-5 
shaded  a r e a s  o r  da rkened  l i n e s .  

For any command t o  be e x e c u t e d ,  
a p p r o p r i a t e  r e g i s t e r s .  The RKWC w i l l  
whole PDP-11 words  t o  be t r a n s f e r r e d  

OPERATION 

e m e n t s  common t o  a l l  t h e  
i n d i c a t e s  t h e s e  e l e m e n t s  a s  

t h e  s o f t w a r e  must l o a d  t h e  
be  loaded  w i t h  t h e  number o f  
between t h e  R K 1 1  C o n t r o l l e r  

and memory. The R K B A  w i l l  be  loaded  w i t h  t h e  memory a d d r e s s  t h a t  
t h e  R K 1 1  C o n t r o l l e r  w i l l  a c c e s s  f o r  any  o f  t h e  d a t a  t r a n s f e r  
commands. The RKDA w i l l  be  loaded  w i t h  t h e  a d d r e s s  t h a t  t h e  R K l l  
C o n t r o l l e r  w i l l  use  t o  a c c e s s  t h e  d i s k  d r i v e  ( i . e . ,  c y l i n d e r ,  
s e c t o r  and h e a d ) .  The RKCS r e g i s t e r  w i l l  b e  l o a d e d  w i t h  t h e  
a p p r o p r i a t e  f u n c t i o n  c o d e ,  GO b i t ,  and o t h e r  needed c o n t r o l  b i t s .  

, (See F i g u r e  3-3.) 

Once t h e  GO b i t  h a s  been l o a d e d ,  t h e  R K 1 1  i n i t i a t e s  t h e  
f u n c t i o n .  The f i r s t  e v e n t  t o  t a k e  p l a c e  i n  a l l  commands is t h a t  
t h e  d i s k  a d d r e s s  is s e n t  t o  t h e  d i s k  d r i v e .  C o n t r o l  l o g  i c  
t r a n s f e r s  t h e  c o n t e n t s  of  t h e  RKDA i n  p a r a l l e l  t o  t h e  c y l i n d e r  
d i f f e r e n c e  and d e t e c t i o n  l o g i c  of  t h e  d r i v e .  Upon r e c e p t i o n  of  
t h e  new d i s k  a d d r e s s ,  t h e  d r i v e  computes  t h e  d i f f e r e n c e  be tween 
t h e  c u r r e n t  l o c a t i o n  of t h e  h e a d s  and t h e  new d i s k  a d d r e s s .  I f  
t h e  two a r e  d i f f e r e n t ,  t h e  d r i v e  s e e k s  t o  r e p o s i t i o n  t h e  h e a d s .  

Upon c o m p l e t i o n  of t h e  s e e k ,  t h e  c o n t r o l l e r  must t h e n  v e r i f y  
t h e  new l o c a t i o n  o f  t h e  heads .  T h i s  is done i n  two d i f f e r e n t  
ways, depend ing  on t h e  command be ing  e x e c u t e d .  

Read, Write Check o r  Read Check Header V e r i f i c a t i o n  
For  t h e s e  commands, t h e  c o n t r o l l e r  w a i t s  f o r  t h e  s e c t o r  c o u n t  

from t h e  d r i v e  t o  e q u a l  t h e  s e c t o r  a d d r e s s  c o n t a i n e d  i n  t h e  lower  
f o u r  b i t s  o f  RKDA (SC=SA). When SC=SA, t h e  c o n t r o l l e r  knows t h e  
s e c t o r  d e s i r e d  by  t h e  s o f t w a r e  is under  t h e  heads .  A t  t h i s  t i m e ,  
t h e  h e a d e r  on t h i s  s e c t o r  is r e a d  and compared w i t h  t h e  RKDA 
r e g i s t e r .  

To accompl i sh  t h i s  h e a d e r  v e r i f i c a t i o n ,  b i t s  05-12 o f  RKDA a r e  
t r a n s f e r r e d  t o  t h e  adde r  s h i f t  r e g i s t e r .  They remain t h e r e  u n t i l  
b i t s  from t h e  d i s k  h e a d e r  a r e  r ead .  The s e r i a l  r ead  d a t a  l i n e  
c o n t a i n i n g  t h e  h e a d e r  is s t r o b e d  by t h e  r e a d  c l o c k  t o  t h e  XOR 
c i r c u i t  on Page DK4 o f  t h e  p r i n t  s e t .  S i m u l t a n e o u s l y ,  r e a d  c l o c k s  
s h i f t  t h e  o u t p u t  o f  t h e  adde r  s h i f t  r e g i s t e r  t o  t h e  same XOR 
c i r c u i t .  B i t  by b i t ,  t h e s e  two words,  t h e  a c t u a l  c y l i n d e r  a d d r e s s  
and t h e  d e s i r e d  c y l i n d e r  a d d r e s s  a r e  compared f o r  e q u a l i t y .  I f  
t h e  d i s k  d r i v e  h a s  p o s i t i o n e d  t h e  h e a d s  p r o p e r l y ,  t h e s e  two words 
w i l l  compare (RD d a t a  = WT d a t a )  and command e x e c u t i o n  w i l l  -- 
c o n t i n u e .  I f  t h e  d i s k  d r i v e  h a s  - n o t  p o s i t i o n e d  t h e  h e a d s  t o  t h e  
p r o p e r  c y l i n d e r ,  t h e  two words w i l l  n o t  compare and command 
e x e c u t i o n  t e r m i n a t e s .  
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I n  t h e  e v e n t  o f  a  s i m p l e  mis- read  o f  t h e  h e a d e r  due  t o  a  
dropped  o r  p icked-up  b i t ,  t h e  l o g i c  is c a p a b l e  o f  r e a d i n g  t h e  
h e a d e r  a n o t h e r  f i f t e e n  t i m e s .  Each h e a d e r  r e - r e a d  o c c u r s  from 
SC=SA s o  t h a t  o n l y  t h e  d e s i r e d  s e c t o r  is r e a d .  I f  t h e  h e a d e r  
c a n n o t  b e  r e a d  a f t e r  s i x t e e n  t i m e s ,  t h e n  a s e e k  e r r o r  i s  
g e n e r a t e d ,  s e t t i n g  b i t  12  o f  RKER. 

Write Data  Header V e r i f i c a t i o n  
The w r i t e  commands check  t h e  h e a d e r  d i f f e r e n t l y  t h a n  t h e  r ead  

commands . 
The h e a d e r  and d a t a  f i e l d s  a r e  a d j a c e n t  t o  e a c h  o t h e r  i n  t h e  

RK05/RK11 fo rma t .  T h i s  r e q u i r e s  t h e  l o g i c  t o  r e w r i t e  t h e  h e a d e r  
e a c h  t ime  t h e  d a t a  w i t h i n  a  s e c t o r  is t o  be w r i t t e n .  

To v e r i f y  t h e  h e a d e r ,  t h e  c o n t r o l l e r  l o g i c  o n l y  w a i t s  f o r  t h e  
o c c u r r e n c e  of  t h e  n e x t  a v a i l a b l e  s e c t o r  p u l s e .  ( I n  t h e  r ead  
commands, t h e  l o g i c  w a i t e d  f o r  SC=SA.) When t h e  s e c t o r  p u l s e  i s  
d e t e c t e d ,  t h e  h e a d e r  word i n  t h e  s e c t o r  f o l l o w i n g  is r e a d .  The 
h e a d e r  d a t a  is s e n t  t o  t h e  XOR compar ison  l o g i c  v i a  t h e  s e r i a l  
r ead  d a t a  l i n e .  S i m u l t a n e o u s l y ,  t h e  d e s i r e d  h e a d e r  t h a t  was 
t r a n s f e r r e d  o u t  of RKDA and p l a c e d  i n  t h e  adde r  s h i f t  r e g i s t e r  is 
s e n t  t o  t h e  same XOR. The d e s i r e d  c y l i n d e r  a d d r e s s  t h a t  was i n  
RKDA is compared w i t h  t h e  h e a d e r  read  from any s e c t o r  on t h e  d i s k .  

I f  t h e  d i s k  d r i v e  h a s  p o s i t i o n e d  t h e  h e a d s  p r o p e r l y ,  t h e  two 
words w i l l  match (RD d a t a  = WT d a t a )  and w r i t e  command e x e c u t i o n  
w i l l  b e g i n .  

The c o n t r o l l e r  l o g i c  t h e n  w a i t s  f o r  SC=SA. When t h e  s e c t o r  
c o u n t  from t h e  d r i v e  ma tches  t h e  s e c t o r  a d d r e s s  s t o r e d  i n  RKDA, 
t h e  c y l i n d e r  a d d r e s s  p o r t i o n  of RKDA is t r a n s f e r r e d  t o  t h e  a d d e r  
s h i f t  r e g i s t e r .  From t h e  adde r  s h i f t  r e g i s t e r ,  t h e  c y l i n d e r  
a d d r e s s  is s h i f t e d  t o  t h e  d i s k  d r i v e  t o  be w r i t t e n .  I f  t h e  d r i v e  
h a s  - n o t  p o s i t i o n e d  t h e  heads  p r o p e r l y ,  t h e  h e a d e r  w i l l  n o t  v e r i f y  
and command e x e c u t i o n  t e r m i n a t e s .  

I n  t h e  e v e n t  o f  a  s i m p l e  mis- read  of t h e  h e a d e r  due t o  a  
dropped  o r  p icked-up  b i t ,  t h e  l o g i c  is  c a p a b l e  o f  r e a d i n g  t h e  
h e a d e r  a n o t h e r  f i f t e e n  t i m e s .  Each h e a d e r  r e - r ead  o c c u r s  on 
c o n s e c u t i v e  s e c t o r s .  I f  t h e  h e a d e r  c a n n o t  be  r ead  a f t e r  s i x t e e n  
t i m e s ,  t h e n  a  s e e k  e r r o r  is g e n e r a t e d ,  s e t t i n g  b i t  1 2  o f  RKER. 

WRITE DATA PATHS BLOCK DIAGRAM 
F i g u r e  4-6 shows t h e  d a t a  p a t h  t a k e n  f o r  a  w r i t e  d a t a  command. 

The t e x t  below g i v e s  t h e  sequence  o f  e v e n t s  t h a t  t a k e  p l a c e  d u r i n g  
t h e  w r i t e  o p e r a t i o n .  

NOTE 
The f i e l d  m a i n t e n a n c e  p r i n t  se t  i n c l u d e s  
d e t a i l e d  f l o w  c h a r t s  f o r  e a c h  R K 1 1  
command. The  t e x t  b e l o w  g i v e s  a  
condensed  v e r s i o n  o f  t h e  commands. 
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1. ~ a j o r  s t a t e  r e g i s t e r  is i n  i d l e  (command i n i t i a t i o n ;  d r i v e  
p e r f o r m s  a  s e e k )  . 

RKWC is l o a d e d  w i t h  t h e  number of words t o  be w r i t t e n  on 
t h e  d i s k .  

RKDA is l o a d e d  w i t h  t h e  s e c t o r ,  s u r f a c e  and c y l i n d e r  
a d d r e s s e s  t o  be used on t h e  d i s k .  

RKBA is l o a d e d  w i t h  t h e  s t a r t i n g  a d d r e s s  i n  memory where 
d a t a  is t o  be r e t r i e v e d .  

RKCS is l o a d e d  w i t h  t h e  f u n c t i o n  code  o f  w r i t e  d a t a  and a  
G O  b i t .  

a .  C o n t r o l  r e g i s t e r  l o g i c  d e c o d e s  command. 

b.  Seek is per formed u s i n g  a d d r e s s  s u p p l i e d  b y  RKDA. 

c .  C o n t r o l l e r  w a i t s  f o r  R/W/S READY from d r i v e  ( t o  
i n d i c a t e  s e e k  is c o m p l e t e ) .  

d .  C o n t r o l l e r  w a i t s  f o r  f i r s t  a v a i l a b l e  s e c t o r  p u l s e .  

2.  Major s t a t e  r e g i s t e r  s h i f t s  t o  preamble  ( l o g i c  p r e p a r e s  t o  
compare h e a d e r )  . 

Read e n a b l e  a s s e r t e d  t o  d r i v e .  

RKDA c o n t e n t s  a r e  t r a n s f e r r e d  t o  a d d e r  s h i f t  r e g i s t e r  
( d e s i r e d  c y l i n d e r  a d d r e s s )  . 
Preamble and sync  b i t  a r e  r e a d .  

3 .  Major s t a t e  r e g i s t e r  s h i f t s  t o  h e a d e r  ( l o g i c  compares  h e a d e r ) .  

Header b e i n g  r ead  is compared w i t h  c o n t e n t s  of  RKDA. 

4 .  Major s t a t e  r e g i s t e r  s h i f t s  back t o  i d l e  i f  h e a d e r  compares  
( R D  d a t a  = WRT d a t a ) .  

Read g a t e  n e g a t e d  t o  d r i v e .  

C o n t r o l l e r  w a i t s  f o r  SC=SA ( s e c t o r  c o u n t e r  c o n t e n t s  
e q u a l s  s e c t o r  a d d r e s s  i n  R K D A ) .  

5. Major s t a t e  r e g i s t e r  s h i f t s  t o  preamble  ( l o g i c  p r e p a r e s  t o  
wri te  h e a d e r )  . 

W r i t e  g a t e  is a s s e r t e d  t o  d i s k .  

RKDA c o n t e n t s  a r e  t r a n s f  e r r e d  t o  a d d e r  s h i f t  r eg  i s t e r  . 
Preamble  and s y n c  b i t  a r e  w r i t t e n .  



R K l l D / E  THEORY OF OPERATION 

Major s t a t e  r e g i s t e r  s h i f t s  t o  h e a d e r  ( l o g i c  w r i t e s  h e a d e r )  . 
a C o n t e n t s  o f  a d d e r  s h i f t  r e g i s t e r  s h i f t e d  t o  d r i v e  ( v i a  OR 

g a t e  2 )  . 
Major s t a t e  r e g i s t e r  s h i f t s  t o  d a t a  ( u s e r ' s  d a t a  w r i t t e n  o n t o  
d i s k )  

e N P R s  c a u s e  memory d a t a  t o  be t r a n s f e r r e d  t o  i n p u t  b u f f e r  
u s i n g  a d d r e s s  s u p p l i e d  by RKBA.  

NOTE 
The  i n i t i a l  N P R s  o c c u r  a s  s o o n  a s  
f u n c t i o n  d e c o d i n g  d e t e r m i n e s  t h a t  a 
write o p e r a t i o n  is t o  be pe r fo rmed*  

e I n p u t  b u f f e r  t r a n s f e r s  words t o  four-word f i l e .  

a Four-word f i l e  t r a n s f e r s  words t o  o u t p u t  t ~ u f f e r .  

a Output  b u f f e r  s e r i a l  i z e s  d a t a  f o r  r e a d l w r  i t e  c o n t r o l  
l o g i c  (OR g a t e  2 i n  F i g u r e  4-6) . 
Output  b u f f e r  s i m u l t a n e o u s l y  s e n d s  s e r i a l  i z e d  d a t a  t o  
adde r  f o r  checksum c a l c u l a t i o n  (OR g a t e  1 i n  F i g u r e  4-6) . 

a RKWC i n c r e m e n t s  a s  e a c h  word is r e t r i e v e d  from memory v i a  
N P R s  . 

Vajo r  s t a t e  r e g i s t e r  s h i f t s  t o  checksum a t  an i n t e r n a l  c o u n t  
o f  25Cla ( l o g i c  w r i t e s  checksum) .  

a Checksum i n  a d d e r  s h i f t  r e g i s t e r  is s h i f t e d  t o  d r i v e  
' l o g i c  (OR g a t e  2 i n  F i g u r e  4-61. 

Yajor  s t a t e  r e g i s t e r  s h i f t s  t o  pos t amble .  

a One word of z e r o s  is w r i t t e n .  

la. Major s t a t e  r e g i s t e r  s h i f t s  t o  i d l e *  

a W r i t e  g a t e  is n e g a t e d .  

Check f o r  RKWC o v e r f l o w  ( o p e r a t i o n  is c o m p l e t e d ) .  

e R K D A  i s  i n c r e m e n t e d  ( l o g i c  p r e p a r e s  f o r  h e a d e r  
v e r i f i c a t i o n  of  n e x t  s e c t o r )  . 
a .  RKDA is  checked f o r  l a s t  s e c t o r  on t r a c k  (need  head 

c h a n g e  t o  o p p o s i t e  s u r f a c e ,  o r  s e e k  t o  n e x t  
c y l i n d e r )  . 



b. RKDA is checked  f o r  l a s t  t r a c k  on d i s k  (no  more 
room) . 

c m  Con t inue  i f  more words a r e  t o  be w r i t t e n .  

READ DATA 
F i g u r e  4-7 shows t h e  d a t a  p a t h  t a k e n  f o r  a  read  d a t a  commandm 

The t e x t  below g i v e s  t h e  sequence  o f  e v e n t s  t h a t  t a k e s  p l a c e  
d u r i n g  t h e  r ead  o p e r a t i o n .  

la  Major s t a t e  r e g i s t e r  is i n  i d l e  (command i n i t i a t i o n ,  d r i v e  
pe r fo rms  a  s e e k )  l 

a RKWC is l o a d e d  w i t h  t h e  number of words t o  be read  from 
d i s k .  

a RKDA is loaded  w i t h  t h e  s e c t o r ,  s u r f a c e  and c y l i n d e r  
a d d r e s s e s  t o  be used on t h e  d i s k .  

RKBA is loaded  w i t h  t h e  s t a r t i n g  a d d r e s s  i n  memory where 
d a t a  is t o  be s e n t m  

RKCS is loaded  w i t h  t h e  f u n c t i o n  code  o f  r ead  d a t a  and a  
G O  b i t .  

a .  Command is decoded by c o n t r o l  r e g i s t e r  l o g i c m  

b. Seek is performed u s i n g  a d d r e s s e s  s u p p l i e d  by RKDA. 

c m  C o n t r o l l e r  w a i t s  f o r  R/W/S READY f r o m  d i s k  
( i n d i c a t i n g  t h e  s e e k  is comple t e )  . 

d m  C o n t r o l l e r  w a i t s  f o r  s e c t o r  p u l s e .  

e .  C o n t r o l l e r  w a i t s  f o r  SC=SA ( s e c t o r  c o u n t e r  c o n t e n t s  
e q u a l s  s e c t o r  a d d r e s s  s t o r e d  i n  RKDA) l 

2. Major s t a t e  r e g i s t e r  s h i f t s  t o  preamble  ( l o g i c  p r e p a r e s  t o  
compare h e a d e r ) .  

Read e n a b l e  is a s s e r t e d  t o  d r i v e .  

RKDA c o n t e n t s  a r e  t r a n s f e r r e d  t o  adde r  s h i f t  r e g i s t e r  
( d e s i r e d  c y l i n d e r  a d d r e s s ) .  

Preamble  and s y n c  b i t  a r e  r e a d .  

3 .  Vajor  s t a t e  r e g i s t e r  s h i f t s  t o  h e a d e r  ( l o g i c  compares  h e a d e r ) .  

- a Header be ing  r ead  is compared w i t h  t h e  c o n t e n t s  of RUDA.  

4 .  Major s t a t e  r e g i s t e r  s h i f t s  t o  d a t a  i f  h e a d e r  compares  ( u s e r ' s  
d a t a  read  from d i s k )  l 
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Figure  4-7 RKll Data Path  Block Diagram - Read 
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Words be ing  read  a r e  s h i f t e d  i n t o  i n p u t  b u f f e r  and adder  
(OR g a t e  i n  F i g u r e  4-7) f o r  checksum c a l c u l a t i o n .  . 
I n p u t  b u f f e r  t r a n s f e r s  words i n  p a r a l l e l  t o  four-word 
f i l e .  

Four-word f i l e  t r a n s f e r s  words t o  o u t p u t  b u f f e r *  

Output  b u f f e r  t r a n s f e r s  words t o  four- to-one  m u l t i p l e x e r .  

Four-to-one m u l t i p l e x e r  t r a n s f e r s  words t o  two-to-one 
m u l t i p l e x e r .  

N P R s  t r a n s f e r  c o n t e n t s  o f  two- to -one  m u l t i p l e x e r  t o  
memory l o c a t i o n  s p e c i f i e d  by RKBA. 

RKWC inc rement s  a s  each word is t r a n s f e r r e d  t o  memorym 

5. Major s t a t e  r e g i s t e r  s h i f t s  t o  checksum a t  i n t e r n a l  word c o u n t  
of 2 5 G l g a  

The checksum be ing  read  is exclusive-ORed w i t h  c o n t e n t s  
of adder  s h i f t  r e g i s t e r  ( O R  g a t e  2 t o  XOR i n  F i g u r e  4-7) .  

6. Major s t a t e  r e g i s t e r  s h i f t s  t o  pos tamblem 

Read e n a b l e  nega ted  t o  d r i v e *  

7. Major s t a t e  r e g i s t e r  s h i f t s  t o  i d l e *  

RKWC checked f o r  ove r f low.  

RKDA is incremented .  

a .  RKDA is checked f o r  l a s t  s e c t o r  on t r a c k  (need head 
change t o  o p p o s i t e  s u r f a c e  o r  seek  t o  n e x t  c y l i n d e r ) .  

b. RKDA is checked f o r  l a s t  t r a c k  on d i s k  (no  more 
room). 

c .  Con t inue  i f  more words a r e  t o  be read .  

WRITE CHECK 
F i g u r e  4-8 shows t h e  d a t a  p a t h  t a k e n  f o r  a  w r i t e  check 

comrnand. B a s i c a l l y ,  a  w r i t e  check is t h e  same a s  a  r ead  d a t a  
comrnand, e x c e p t  t h a t  t h e  d a t a  from t h e  d i s k  is n o t  t r a n s f e r r e d  t o  - 
memory. I n s t e a d ,  t h e  d a t a  r ead  from t h e  d i s k  is compared w i t h  t h e  
datia from memory. The d a t a  comparison is b i t  by b i t  and accom- 
p l i s h e d  by t h e  R K l l  hardware l o g i c .  
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Figure 4-8 RKll Data Path Block Diagram - Write Check 
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The t e x t  below g i v e s  t h e  sequence  of  e v e n t s  t h a t  t a k e s  p l a c e  
d u r i n g  t h e  wr i te  check o p e r a t i o n .  

1. Major s t a t e  r e g i s t e r  is i n  i d l e  (command i n i t i a t i o n ;  d r i v e  
p e r f o r m s  a  s e e k ) .  

RKWC is loaded  w i t h  t h e  number of words t o  be checked .  

RKDA is l o a d e d  w i t h  t h e  d i s k  a d d r e s s  t o  be  checked .  

RKBA is l o a d e d  w i t h  t h e  s t a r t i n g  a d d r e s s  i n  memory t h a t  
d a t a  w i l l  be  checked a g a i n s t .  

RKCS is l o a d e d  w i t h  t h e  f u n c t i o n  code  of w r i t e  check  d a t a  
and a  G O  b i t .  

a .  Command is decoded by c o n t r o l  r e g i s t e r  l o g i c .  

b.  Seek is per formed u s i n g  a d d r e s s e s  s u p p l i e d  by  RKDA. 

c .  C o n t r o l l e r  w a i t s  f o r  R/W/S READY f r o m  d r i v e  
( i n d i c a t i n g  t h a t  t h e  s e e k  is  comple t e )  . 

d.  C o n t r o l l e r  w a i t s  f o r  f i r s t  a v a i l a b l e  s e c t o r  p u l s e .  

2 .  Major s t a t e  r e g i s t e r  s h i f t s  t o  preamble  ( l o g i c  p r e p a r e s  t o  
compare h e a d e r )  . 

Read e n a b l e  is  a s s e r t e d  t o  d r i v e .  

RKDA c o n t e n t s  a r e  t r a n s f e r r e d  t o  a d d e r  s h i f t  r e g i s t e r  
( d e s i r e d  c y l i n d e r  a d d r e s s )  . 
Preamble and sync  b i t  a r e  r e a d .  

3 .  Major s t a t e  r e g i s t e r  s h i f t s  t o  h e a d e r  ( l o g i c  compares  h e a d e r ) .  

e Header be ing  r ead  is compared w i t h  c o n t e n t s  o f  RKDA. 

4 .  Major s t a t e  r e g i s t e r  s h i f t s  back t o  i d l e  i f  h e a d e r  compares  
( R D  d a t a  = WRT d a t a ) .  

Read g a t e  n e g a t e d  t o  d r i v e .  

C o n t r o l l e r  w a i t s  f o r  SC=SA ( s e c t o r  c o u n t e r  c o n t e n t s  
e q u a l s  s e c t o r  a d d r e s s  s t o r e d  i n  R K D A ) .  

5. Major s t a t e  r e g i s t e r  s h i f t s  t o  preamble .  

0 Read g a t e  a s s e r t e d  t o  d r i v e .  

a RKDA c o n t e n t s  a r e  t r a n s f e r r e d  t o  a d d e r  s h i f t  r e g i s t e r .  
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a Preamble and sync  b i t  a r e  r e a d .  

6 .  Major s t a t e  r e g i s t e r  s h i f t s  t o  h e a d e r  ( l o g i c  compares  h e a d e r  
on f i r s t  s e c t o r  t o  be c h e c k e d ) .  

Header be ing  r e a d  is compared w i t h  c o n t e n t s  o f  RKDA. 

7.  Major s t a t e  r e g i s t e r  s h i f t s  t o  d a t a  i f  h e a d e r  compares .  

e Data from memory is w r i t e  checked w i t h  t h e  d a t a  r ead  from 
t h e  d i s k  ( X O R ) .  

a .  Read s e c t o r  d a t a .  

a Data is s h i f t e d  t o  an exc lus ive - -OR c i r c u i t  from 
s e r i a l  r ead  d a t a  l i n e .  

D a t a  i s  s h i f t e d  t o  t h e  a d d e r  f o r  checksum 
c a l c u l a t i o n  from s e r i a l  r ead  d a t a  l i n e  v i a  OR 
g a t e  1 a s  shown i n  F i g u r e  4-8. 

b. Ob ta in  words from memory u s i n g  a d d r e s s e s  s u p p l i e d  b y  
RKBA. 

NOTE 
The  i n i t i a l  NPRs o c c u r  as s o o n  a s  
f u n c t i o n  d e c o d i n g  d e t e r m i n e s  t h a t  a  
wri te check  f u n c t i o n  is t o  b e  per formed.  

c .  N P R s  c a u s e  d a t a  from memory t o  be t r a n s f e r r e d  t o  t h e  
i n p u t  b u f f e r  of t h e  four-word f i l e .  

d .  I n p u t  b u f f e r  t r a n s f e r s  words t o  t h e  four-word f i l e .  

e .  Four-word f i l e  t r a n s f e r s  words t o  t h e  o u t p u t  b u f f e r .  

f .  O u t p u t  b u f f e r  s e r i a l i z e s  d a t a  f o r  w r i t e  c h e c k  
compar ison  . 

g .  OR g a t e  2 r o u t e s  d a t a  from memory ( o u t p u t  b u f f e r )  t o  
XOR a s  shown i n  F i g u r e  4-8. 

e RKWC i n c r e m e n t s  a s  each  word a r r i v e s  from memory. 

8 .  Major s t a t e  r e g i s t e r  s h i f t s  t o  checksum a t  an i n t e r n a l  word 
c o u n t  of  256,,,. 

The c o n t e n t s  of adde r  s h i f t  r e g i s t e r  a r e  e x c l u s i v e - ~ ~ e d  
w i t h  t h e  checksum be ing  r ead  ( v i a  OR g a t e  2  a s  shown i n  
F i g u r e  4-8) . 

9 .  Major s t a t e  s h i f t s  t o  pos t amble .  

a Read e n a b l e  n e g a t e d  t o  d r i v e .  



R K ~ ~ D / E  THEORY OF OPERATION 

1 0 .  Major s t a t e  r e g i s t e r  s h i f t s  t o  i d l e .  

Check f o r  RKWC o v e r f l o w .  

Inc remen t  RKDA. 

a .  RKDA is checked  f o r  l a s t  s e c t o r  on t r a c k  (need  head 
change t o  o p p o s i t e  s u r f a c e  o r  s e e k  t o  n e x t  c y l i n d e r ) .  

b e  RKDA is  checked f o r  l a s t  t r a c k  on d i s k  ( n o  more 
room) . 

c .  C o n t i n u e  i f  more words a r e  t o  be checked .  

SUMMARY 
The R K 1 1  c o n s i s t s  of f o u r  modules .  

M7254 s t a t u s  c o n t r o l  module i n i t i a t e s  t h e  programmable 
f u n c t i o n s  of  t h e  c o n t r o l l e r  and e s t a b l i s h e s  t h e  l o g i c  
s t a t e s .  The l o g i c  c i r c u i t s  on t h i s  module a r e  l i s t e d  
below. 

e RKCS r e g i s t e r  c o n t a i n s  t h e  f u n c t i o n  code  which w i l l  
i n d i c a t e  t h e  f u n c t i o n  t o  be pe r fo rmed .  

RKWC r e g i s t e r  c o n t a i n s  t h e  2 ' s  complement of  t h e  
number of words t o  be t r a n s f e r r e d  t o  o r  from t h e  d i s k  
d u r i n g  r e a d ,  w r i t e  o r  w r i t e  check  commands. 

R K E R  r e g i s t e r  c o n t a i n s  t h e  e r r o r  s t a t u s  o f  t h e  
c o n t r o l l e r  and s e l e c t e d  d r i v e .  

Four-to-one m u l t i p l e x e r  a l l o w s  g a t i n g  of one of  f o u r  
r e g i s t e r s  t o  i n t e r n a l  bus  A f o r  r o u t i n g  t o  t h e  UNIBUS 
v i a  t h e  two-to-one m u l t i p l e x e r .  

0 B i t  c o u n t e r  is  used t o  c o u n t  t h e  number of b i t s  
w i t h i n  a  word t h a t  is b e i n g  w r i t t e n  o r  r ead  f o r  u s e  
b y  t h e  m a j o r  s t a t e  r e g i s t e r  and  i n t e r n a l  word 
c o u n t e r .  

I n t e r n a l  word c o u n t e r  u s e s  t h e  o v e r f l o w  of  t h e  b i t  
c o u n t e r  t o  d e t e r m i n e  t h e  l e n g t h  of  t h e  d a t a  f i e l d  
w i t h i n  a  S e c t o r .  When 256 words have  been c o u n t e d ,  
t h e  ma jo r  s t a t e  r e g i s t e r  w i l l  advance  t o  t h e  checksum 
majo r  s t a t e .  

a ~ a j o r  s t a t e  r e g i s t e r  d e t e r m i n e s  t h e  major  s t a t e  used 
b y  e a c h  f u n c t i o n .  The o u t p u t  o f  t h i s  r e g i s t e r  
c o r r e s p o n d s  t o  each  a r e a  of  a  s e c t o r  ( i  . e . ,  p reamble ,  
h e a d e r ,  d a t a ,  checksum and pos t amble )  . 



Header check  c i r c u i t s  c o n s i s t  of a  bad b i t  f l i p - f l o p ,  
bad h e a d e r  c o u n t e r  and a  seek  e r r o r  f l i p - f l o p .  Used 
t o  compare t h e  h e a d e r  word be ing  r e a d  d u r i n g  d a t a  
t r a n s f e r  commands w i t h  t h e  c o n t e n t s  of t h e  RKDA. 

M 7 2 5 5  d i s k  c o n t r o l  modu le  i s  u s e d  t o  c o n t r o l  t h e  
f u n c t i o n s  of t h e  d r i v e  a c c o r d i n g  t o  commands r e c e i v e d  
from t h e  s t a t u s  c o n t r o l .  I t  s e n d s  i n f o r m a t i o n  t o  o t h e r  
a r e a s  of l o g i c .  The c i r c u i t s  on t h i s  module a r e  l i s t e d  
below. 

RKDS r e g i s t e r  is used t o  mon i to r  t h e  s t a t u s  c o n d i t i o n  
of t h e  s e l e c t e d  d r i v e  and o u t p u t s  i ts  d a t a  t o  t h e  
UNIBUS. 

e RKDA r e g i s t e r  is l o a d e d  w i t h  c y l i n d e r  s e c t o r  and 
s u r f a c e  a d d e s s e s .  The a d d r e s s e s  a r e  used d u r i n g  s e e k  
and a l l  d a t a  t r a n s f e r  commands. 

Adder s h i f t  r e g i s t e r  is used i n  c o n j u c t i o n  w i t h  t h e  
a d d e r .  I t s  o u t p u t  is  e i t h e r  a  1 6 - b i t  h e a d e r  o r  
checksum c h a r a c t e r .  

Adder is used t o  compute t h e  checksum c h a r a c t e r  f o r  
w r i t e  d a t a  and r ead  d a t a  commands. 

R e a d / w r i t e  c o n t r o l  i s  u s e d  f o r  c o n t r o l l i n g  t h e  
r e a d i n g  and w r i t i n g  of  a l l  d a t a  w i t h i n  a  s e c t o r .  
C o n t a i n s  a  c r y s t a l  o s c i l l a t o r  used t o  g e n e r a t e  t h e  
c l o c k s  used i n  t h e  f r e q u e n c y  modu la t ion  d a t a  encod ing  
( d u r i n g  a  w r i t e  command) . 

a AUTO/MANUAL o p e r a t i o n  c o n t r o l  s w i t c h  is used t o  a l l o w  
t h e  c r y s t a l  o s c i l l a t o r  t o  g e n e r a t e  t h e  i n t e r n a l  c l o c k  
p u l s e s  when i n  AUTO p o s i t i o n .  When i n  t h e  MANUAL 
p o s i t i o n ,  an e x t e r n a l  s o u r c e  can  be used t o  g e n e r a t e  
t h e  t i m i n g  c l o c k s .  

e M7256 d a t a  p a t h s  module c o n t r o l s  b i d i r e c t i o n a l  d a t a  f l o w  
between a  s e l e c t e d  d i s k  and t h e  UNIBUS. The c i r c u i t s  
c o n t a i n e d  on t h i s  module a r e  l i s t e d  below. 

I n p u t  b u f f e r  is used t o  r e c e i v e  p a r a l l e l  d a t a  from 
t h e  UNIBUS and t o  t r a n s f e r  t h e  d a t a  t o  t h e  four-word 
f i l e  ( w r i t e  and w r i t e  check commands). The b u f f e r  
a l s o  r e c e i v e s  s e r i a l  d a t a  from t h e  d i s k  and t r a n s f e r s  
p a r a l l e l  d a t a  t o  t h e  four-word f i l e  d u r i n g  r e a d  d a t a  
commands. 

Four-word  f i l e  p r o v i d e s  f o u r - w o r d  l o c a t i o n s  f o r  
b u f f e r i n g  t h e  d a t a  r a t e  d i f f e r e n c e  between t h e  UNIBUS 
and t h e  d i s k .  
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a Output  b u f f e r  h a n d l e s  d a t a  between t h e  four-word f i l e  
and  e i t h e r  t h e  r e a d / w r i t e  c o n t r o l  l o g i c  o r  t h e  
fou r - to -one  m u l t i p l e x e r .  T h i s  b u f f e r  s e r i a l i z e s  t h e  
d a t a  f o r  w r i t e  d a t a  commands and is t h e  s o u r c e  o f  
d a t a  f o r  NPR r e a d s  t o  memory. 

a RKBA r e g i s t e r  is used t o  i n d i c a t e  t h e  s t a r t i n g  memory 
a d d r e s s  f o r  a l l  d a t a  t r a n s f e r  commands. 

Four-to-one m u l t i p l e x e r  a l l o w s  g a t i n g  of one  of  t h r e e  
r e g i s t e r s  t o  be o u t p u t  t o  t h e  two-to-one m u l t i p l e x e r .  

Two-to-one m u l t i p l e x e r  a l l o w s  g a t i n g  of  e i t h e r  t h e  
i n t e r n a l  bus  A ( o n e  of  f o u r  r e g i s t e r s )  from t h e  
s t a t u s  c o n t r o l  m o d u l e ,  o r  t h e  o u t p u t  o f  t h e  
four - to-one  m u l t i p l e x e r  (one  of t h r e e  r e g i s t e r s )  t o  
be o u t p u t  t o  t h e  UNIBUS. 

a M7257 bus  c o n t r o l  module s e r v e s  a s  an i n t e r f a c e  between 
t h e  UNIBUS and t h e  c o n t r o l l e r .  G e n e r a t e s  a l l  UNIBUS 
c o n t r o l  s i g n a l s .  The c i r c u i t s  on t h i s  module a r e  l i s t e d  
below. 

a R e g i s t e r  decode r  is used t o  d e t e r m i n e  which R K 1 1  
r e g i s t e r s  a r e  t o  be  a c c e s s e d  and loaded  b y  t h e  
UNIBUS. 

a NPR c o n t r o l  l o g i c  is used t o  o b t a i n  c o n t r o l  of t h e  
UNIBUS when r e q u e s t e d  by a  d a t a  t r a n s f e r  command. 

e I n t e r r u p t  c o n t r o l  is used t o  i n i t i a t e  i n t e r r u p t s  when 
r e q u e s t e d  by t h e  R K 1 1 .  

Command i n i t i a t i o n  ( r e a d  commands) 

a R e g i s t e r s  a r e  l o a d e d .  

a C y l i n d e r  a d d r e s s  t o  d r i v e  from RKDA b i t s  05-12.  

a Dr ive  s e e k s  t o  new c y l i n d e r  a d d r e s s .  

a S e c t o r  c o u n t  from d r i v e  compared w i t h  RKDA b i t s  08-02 
f o r  SC=SA. 

a Compare h e a d e r  word a t  t h a t  s e c t o r  l o c a t i o n  w i t h  RKDA 
b i t s  05-12 f o r  RD d a t a  = WRT d a t a  ( p r e s e n t  c y l i n d e r  
a d d r e s s  = d e s i r e d  c y l i n d e r  a d d r e s s ) .  

a Con t inue  w i t h  command. 
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a Command i n i t i a t i o n  ( w r i t e  commands) 

a R e g i s t e r s  a r e  l o a d e d .  

a C y l i n d e r  a d d r e s s  t o  d r i v e  from RKDA b i t s  05-12. 

e Drive  s e e k s  t o  n e w c y l i n d e r  a d d r e s s .  

0 Wait f o r  s e c t o r  p u l s e .  

e Compare h e a d e r  word a t  t h a t  s e c t o r  l o c a t i o n  w i t h  RKDA 
b i t s  05-12 f o r  RD d a t a  = WRT d a t a  ( p r e s e n t  c y l i n d e r  
a d d r e s s  = d e s i r e d  c y l i n d e r  a d d r e s s ) .  

a S e c t o r  c o u n t  from d r i v e  compared w i t h  RKDA b i t s  00-02 
f o r  SC=SA ( p r e s e n t  s e c t o r  a d d r e s s  = d e s i r e d  s e c t o r  
a d d r e s s ) .  

e Cont inue  w i t h  command. 

a F u n c t i o n a l  Block Diagrams 

0 W r i t e  d a t a  p a t h  t a k e s  t h e  d a t a  from t h e  UNIBUS i n  
p a r a l l e l  form and w r i t e s  i t  o n t o  t h e  d i s k  i n  s e r i a l  
form. Headers  a r e  checked  on any s e c t o r  t o  v e r i f y  
p o s i t i o n e r  c y l i n d e r  l o c a t i o n .  Header is r e - w r i t t e n  
on s e c t o r  a s  p a r t  of t h e  w r i t e  o p e r a t i o n .  

a Read d a t a  p a t h  t a k e s  t h e  d a t a  from t h e  d i s k  i n  s e r i a l  
form and t r a n s f e r s  i t  t o  memory v i a  t h e  UNIBUS i n  
p a r a l l e l  form. Headers  a r e  checked a t  t h e  s e c t o r  
from which t h e  r ead  o p e r a t i o n  is t o  s t a r t .  

a W r i t e  check t a k e s  d a t a  from t h e  d i s k  and d a t a  from 
memory and compares  t h e  two f o r  e q u a l i t y .  T h i s  
command can  f o l l o w  a  w r i t e  d a t a  command t o  v e r i f y  t h e  
i n t e g r i t y  of t h e  d a t a  be ing  s t o r e d  on t h e  d i s k *  

Now t h a t  you have comple ted  t h i s  module,  you can  t a k e  t h e  
module t e s t .  The c o u r s e  a d m i n i s t r a t o r  h a s  t h e  answers  t o  t h e  
t e s t .  
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INTRODUCTION 
Each RK8-E r e g i s t e r  f a l l s  i n t o  one of two c a t e g o r i e s :  t h o s e  

t h a t  a r e  loaded  o r  r ead  by  u s e r  s o f t w a r e  and t h o s e  t h a t  a r e  
t r a n s p a r e n t  t o  u s e r  s o f t w a r e .  The f i r s t  c a t e g o r y  i n c l u d e s  t h e  
r e g i s t e r s  l i s t e d  below. 

Command reg i s t e r s  
o C u r r e n t  a d d r e s s  r e g i s t e r  

D i s k  a d d r e s s  r e g i s t e r  
o S t a t u s  r e g i s t e r  

The second c a t e g o r y  i n c l u d e s  t h e  r e g i s t e r s  l i s t e d  below. 

o Four-word d a t a  b u f f e r  
o CRC r e g i s t e r  
0 Major s t a t e  r e g i s t e r  
o ~ i v i d e  by 1 2  b i t  c o u n t e r  
0 Div ide  by 16  b i t  c o u n t e r  

D iv ide  by 128 o r  256 word c o u n t e r  

The m a j o r  r e g i s t e r s  m u s t  b e  l o a d e d  f r o m  t h e  p r o c e s s o r  
a c c u m u l a t o r  (AC)  by  i n p u t \ o u t p u t  t r a n s f e r  (IOT) i n s t r u c t i o n s  i n  
t h e  c o r r e c t  s e q u e n c e  b e f o r e  t h e  RK8-E p e r f o r m s  a n y  c o n t r o l  
f u n c t i o n .  The i n d i v i d u a l  f l i p - f l o p s  i n  t h e  r e g i s t e r s  a r e  s e t  by 
b i t s  from t h e  AC. 

INSTRUCTIONS 
The f o l l o w i n g  a r e  t h e  i n s t r u c t i o n s  used t o  program t h e  RK8-E. 

o SKIP ON TRANSFER DONE OR ERROR (DSKP-6'741) c a u s e s  t h e  
program t o  s k i p  t h e  n e x t  i n s t r u c t i o n  i f  t h e  t r a n s f e r  done 
o r  e r r o r  f l a g s  a r e  s e t .  

o CLEAR ALL (DCLR-6742) t r a n s f e r s  b i t s  10  and 11 from t h e  
AC t o  t h e  l o g i c  i n  t h e  RK8-E and c l e a r s  t h e  AC. See 
T a b l e  5-1. 

o LOAD ADDRESS AND GO (DLAG-6743) t r a n s f e r s  t h e  c o n t e n t s  of 
t h e  AC t o  t h e  d i s k  a d d r e s s  r e g i s t e r .  

o LOAD CURRENT ADDRESS (DLCA-6744) t r a n s f e r s  t h e  c o n t e n t s  
of t h e  AC t o  t h e  c u r r e n t  a d d r e s s  r e g i s t e r .  

o READ STATUS REGISTER (DRST-6745) c l e a r s  t h e  A C  and  
t r a n s f e r s  t h e  c o n t e n t s  of t h e  s t a t u s  r e g i s t e r  t o  t h e  AC. 

LOAD COMMAND REGISTER (DLDC-6746) t r a n s f e r s  t h e  c o n t e n t s  
of t h e  AC t o  t h e  command r e g i s t e r .  

e MAINTENANCE IOT (DMAN-6747) t r a n s f e r s  t h e  c o n t e n t s  o t  t h e  
AC t o  t h e  m a i n t e n a n c e  l o g i c  of t h e  RK8-E. See T a b l e  5-2. 
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T a b l e  5-3 Command R e g i s t e r  B i t  ~ e f i n i t i o n  

F u n c t i o n  

~ n d i c a t e  t h e  f u n c t i o n  (command) t o  b e  pe r fo rmed  by  
t h e  d e v i c e .  The b i n a r y  c o d i n g  f o r  e a c h  f u n c t i o n  i s  
l i s t e d  below.  

B i t 0  B i t 1  B i t  2 

0 0 0 Read d a t a  
0 0 1 Read a l l  
0 1 0 Write p r o t e c t  
0 1 1 Seek 
1 0 0 W r i t e  d a t a  
1 0 1 Write a l l  
1 1 0 Not  u sed  
1 1 1 Not u sed  

E n a b l e s  i n t e r r u p t  on t r a n s f e r  done  o r  e r r o r  f l a g .  

I n d i c a t e s  t h a t  a  seek is c o m p l e t e .  

Commands t h e  c o n t r o l l e r  t o  wr i te  o r  r e a d  1 2 8  w o r d s  
i n s t e a d  o f  256 ( h a l f  s e c t o r  i n s t e a d  o f  whole  s e c t o r )  . 
S p e c i f y  t h e  a d d r e s s  e x t e n d e d  memory f i e l d  t o  b e  u sed .  
The b i n a r y  c o d i n g  f o r  e a c h  f u n c t i o n  is l i s t e d  be low.  

B i t 6  B i t 7  B i t  8  
(EMA2) (EMA1)  ( EMA0 ) 

0 0 F i e l d  0 
0 1 F i e l d  1 
1 0 F i e l d  2 
1 1 F i e l d  3 
0 0 F i e l d  4 
0 1 F i e l d  5 
1 0 F i e l d  6 
1 1 F i e l d  7 

When t h e  c u r r e n t  a d d r e s s  r e g i s t e r  o v e r f l o w s  ( r e a d s  
a l l  z e r o s )  t h e s e  b i t s  do n o t  i n c r e m e n t .  The program 
mus t  r e l o a d  t h e  command r e g i s t e r  t o  s e l e c t  a  new 
memory f i e l d .  

S e l e c t s  one  o f  f o u r  d i s k  d r i v e s  a s  shown below.  

0 0 D r i v e  0 
0 1 D r i v e  1 
1 0 D r i v e  2  
1 1 D r i v e  3 
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T a b l e  5-3 Command R e g i s t e r  B i t  D e f i n i t i o n  (Cont )  

B i t  (s) 1 F u n c t i o n  

T h i s  b i t  combines w i t h  t h e  7 - b i t  c y l i n d e r  a d d r e s s  
r e g i s t e r  t o  a l l o w  p r o g r a m  a c c e s s  t o  c y l i n d e r  
a d d r e s s e s  up t o  312 o c t a l  (202 d e c i m a l ) .  Note t h a t  
an a d d r e s s  g r e a t e r  t h a n  312 c a u s e s  an a d d r e s s  e r r o r .  

Each f u n c t i o n  t h a t  t h e  command r e g i s t e r  c a n  s e l e c t  ( b y  
u t i l i z i n g  b i t s  0 1  and 02) is d e s c r i b e d  below. 

Read Data - I n i t i a t e d  when a  code o f  000 i s  t r a n s f e r r e d  from 
AC0-AC2 t o  t h e  command r e g i s t e r  by a  DLDC i n s t r u c t i o n .  The 
f o l l o w i n g  t e x t  l is ts  t h e  sequence  of e v e n t s  i n  pe r fo rming  a  r ead  
d a t a  command. 

0 Seek (move t h e  p o s i t i o n e r  t o  t h e  d e s i r e d  c y l i n d e r ) .  

e Check t h e  h e a d e r  ( v e r i f y  p o s i t i o n e r  l o c a t i o n )  . 
a Read 256 words of d a t a  from t h e  d i s k  d r i v e .  

Read s e r i a l  da , ta  i n t o  d a t a  b u f f e r  1. 

Data b u f f e r  1 d e s e r i a l i z e s  d a t a  ( 1 2 - b i t  word) . 
e 1 2 - b i t  word t r a n s f e r s  t o  l a s t  empty b u f f e r .  

1 2 - b i t  word t r a n s f e r s  t o  d a t a  b u f f e r  4 .  

S i n g l e  c y c l e  d a t a  b r e a k  t r a n s f e r s  word t o  memory. 

The RK8-E i n i t i a t e s  s i n g l e  c y c l e  d a t a  b r e a k s  s o  t h a t  d a t a  
b u f f e r  1 w i l l  be empty when each  new word is r e c e i v e d  from t h e  
d r i v e .  I f  d a t a  is r e a d  from t h e  d r i v e  w h i l e  d a t a  b u f f e r  1 i s  
f u l l p  t h e  d a t a  r e q u e s t  l a t e  f l a g  is s e t  and t h e  s e c t o r  must  b e  
r ead  a g a i n .  

A r ead  o p e r a t i o n  c o n t i n u e s  u n t i l  256 words have  been r ead  from 
t h e  d r i v e  and t h e  t r a n s f e r  done f l a g  s e t s .  I f  t h e  h a l f - b l o c k  b i t  
is s e t ,  256 words a r e  r e a d ,  b u t  o n l y  t h e  f i r s t  128 words  a r e  s e n t  
t o  memory. The second  128 words a r e  a l l  z e r o s  and a r e  n o t  
t r a n s f e r r e d  t o  memory. 

Read A l l  - I n i t i a t e d  when a  code of 001 i s  t r a n s f e r r e d  from 
AC0-AC2 t o  t h e  command r e g i s t e r  by t h e  DLDC i n s t r u c t i o n .  Read a l l  
is  i d e n t i c a l  t o  a  normal r ead  d a t a  o p e r a t i o n  e x c e p t  t h a t  no 
v e r i f i c a t i o n  of t h e  h e a d e r s  t a k e s  p l a c e .  
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Write Protect - I n i t i a t e d  when a  code of  010 i s  t r a n s f e r r e d  
from AC0-AC2 t o  t h e  command r e g i s t e r  by a  DLDC i n s t r u c t i o n .  T h i s  
command w r i t e  p r o t e c t s  t h e  s e l e c t e d  d r i v e .  I f  t h e  program 
a t t e m p t s  t o  w r i t e  on a  d r i v e  t h a t  h a s  w r i t e  p r o t e c t  s e t ,  a  w r i t e  
l o c k  e r r o r  o c c u r s  and s t o p s  t h e  w r i t e  o p e r a t i o n .  The way t o  
e n a b l e  w r i t i n g  on a  d r i v e  t h a t  h a s  been w r i t e  p r o t e c t e d  is  t o  
p h y s i c a l l y  r e s e t  t h e  WRT PROT s w i t c h  on t h e  d r i v e  t h a t  was w r i t e  
p r o t e c t e d .  

Seek Only - I n i t i a t e d  when a  code of 011 is  t r a n s f e r r e d  from 
AC0-AC2 t o  t h e  command r e g i s t e r  by a  DLDC i n s t r u c t i o n .  Th e  
s e l e c t e d  d r i v e  s e e k s  t o  t h e  c y l i n d e r  c o n t a i n e d  i n  t h e  c y l i n d e r  
a d d r e s s  r e g i s t e r .  I t  d o e s  n o t  check t h e  h e a d e r  o r  s t a r t  a  r e a d  o r  
w r i t e  o p e r a t i o n .  

A t  t h e  i n i t i a t i o n  of t h e  s e e k  o n l y  command, t h e  t r a n s f e r  done 
f l a g  s e t s  a f t e r  IOT DLAG is e x e c u t e d .  T r a n s f e r  done is  s e t  a g a i n  
when t h e  s e e k  is comple t e  i f  b i t  4 i n  t h e  command r e g i s t e r  is s e t .  

Write Data - I n i t i a t e d  when a  code  o f  100 is t r a n s f e r r e d  from 
AC0-AC2 t o  t h e  command r e g i s t e r  by a  DLDC i n s t r u c t i o n .  The 
f o l l o w i n g  t e x t  l i s t s  t h e  sequence  o f  e v e n t s  i n  pe r fo rming  a  w r i t e  
d a t a  command. 

Seek (move t h e  p o s i t i o n e r  t o  t h e  d e s i r e d  c y l i n d e r )  . 
Check t h e  h e a d e r  ( v e r i f y  p o s i t i o n e r  l o c a t i o n )  . 
W r i t e  256 d a t a  words from memory. 

S i n g l e  c y c l e  d a t a  b r e a k s  l o a d  d a t a  b u f f e r  1 w i t h  a  
1 2 - b i t  p a r a l l e l  word. 

a 1 2 - b i t  word t r a n s f e r s  t o  l a s t  empty b u f f e r .  

a 1 2 - b i t  word t r a n s f e r s  t o  d a t a  b u f f e r  4 where i t  is  
s e r i a l i z e d .  

1 2 - b i t  word is s h i f t e d  t o  d r i v e  f o r  w r i t i n g .  

The RK8-E p e r f o r m s  s i n g l e  c y c l e  d a t a  b r e a k s  a t  a  r a t e  t h a t  
a1:Lows a  word t o  be a v a i l a b l e  ( i n  t h e  d a t a  b u f f e r  r e g i s t e r )  when 
t h e  d r i v e  is  ready  t o  w r i t e .  I f  t h e  d i s k  d r i v e  c a l l s  f o r  d a t a  
when t h e  d a t a  b u f f e r  r e g i s t e r  is empty, t h e  d a t a  r e q u e s t  l a t e  f l a g  
is s e t  and t h e  s e c t o r  must  be r e w r i t t e n .  

The w r i t e  o p e r a t i o n  c o n t i n u e s  u n t i l  256 words have  been 
w r i t t e n  on t h e  c a r t r i d g e  and t h e  t r a n s f e r  done f l a g  s e t s .  I f  t h e  
ha:Lf b l o c k  b i t  is s e t ,  128 words of d a t a  from memory a r e  w r i t t e n  
on t h e  d i s k  c a r t r i d g e  and  128 words of a l l  z e r o s  a r e  w r i t t e n  on 
t h e  remainder  of t h e  s e c t o r .  
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Write A l l  - I n i t i a t e d  when a  code  o f  101  i s  t r a n s f e r r e d  from 
AC0-AC2 t o  t h e  command r e g i s t e r  by  t h e  DLDC i n s t r u c t i o n .  T h i s  
f u n c t i o n  is i d e n t i c a l  t o  t h e  wr i te  f u n c t i o n  e x c e p t  t h e  h e a d e r s  a r e  
n o t  checked  by t h e  RK8-E. 

W r i t e  a l l  is used  t o  f o r m a t  a  new d i s k  c a r t r i d g e .  I n  
f o r m a t t i n g  a  d i s k  c a r t r i d g e ,  a  h e a d e r  word is  w r i t t e n  a t  t h e  
b e g i n n i n g  o f  e a c h  s e c t o r .  

C u r r e n t  A d d r e s s  R e g i s t e r  
The c u r r e n t  a d d r e s s  r e g i s t e r  is a  1 2 - b i t  r e g i s t e r  l o a d e d  f rom 

t h e  AC w i t h  a n  I O T  o f  6 7 4 4  ( l o a d  c u r r e n t  a d d r e s s  - D C L A  
i n s t r u c t i o n ) ,  which a l s o  c l e a r s  t h e  AC. T h i s  r e g i s t e r  and t h e  
t h r e e  EMA b i t s  o f  t h e  command r e g i s t e r  ( b i t s  6 ,  7 ,  and  8 )  a r e  
combined t o  make up a 1 5 - b i t  memory a d d r e s s  r e g i s t e r .  

The c o n t e n t s  o f  t h e  c u r r e n t  a d d r e s s  r e g i s t e r  and t h e  t h r e e  
b i t s  i n  t h e  command r e g i s t e r  a r e  a p p l i e d  t o  t h e  OMNIBUS MA and EMA 
l i n e s  t o  s e l e c t  a  memory l o c a t i o n  d u r i n g  a  d a t a  t r a n s f e r .  The 
c u r r e n t  a d d r e s s  r e g i s t e r  is i n c r e m e n t e d  b e f o r e  e a c h  d a t a  t r a n s f e r  
t o  s e l e c t  t h e  n e x t  s e q u e n t i a l  memory l o c a t i o n m  The e x t e n d e d  
memory a d d r e s s  b i t s  i n  t h e  command r e g i s t e r  a r e  n o t  i n c r e m e n t e d ,  
and t h e s e  b i t s  mus t  be  changed  by  t h e  program t o  s e l e c t  new memory 
f i e l d s .  

I f  t h e  c u r r e n t  a d d r e s s  r e g i s t e r  is i n c r e m e n t e d  p a s t  t h e  l a s t  
memory l o c a t i o n  i n  a  f i e l d ,  t h e  c u r r e n t  a d d r e s s  w i l l  wrap a r o u n d  
i n  t h e  same memory f i e l d .  The d a t a  is t h e n  s t o r e d  i n  l o c a t i o n  000 
and c o n t i n u e s  i n c r e m e n t i n g  t h r o u g h  t h e  f i e l d  a g a i n .  

D i sk  A d d r e s s  R e g i s t e r  
The d i s k  a d d r e s s  r e g i s t e r  is l o a d e d  from t h e  AC b y  a n  IOT o f  

6743  ( l o a d  a d d r e s s  and GO - DLAG i n s t r u c t i o n ) .  The DLAG a l s o  
c l e a r s  t h e  AC and e n a b l e s  t h e  command i n  t h e  command r e g i s t e r  t o  
be e x e c u t e d .  See F i g u r e  5-2. 

F i g u r e  5-2 D i s k  A d d r e s s  R e g i s t e r  

The d i s k  a d d r e s s  r e g i s t e r  se lec ts  a s e c t o r  t o  be used  i n  t h e  
e x e c u t i o n  o f  a d a t a  t r a n s f e r  command. 
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T a b l e  5-4 C o n t e n t s  o f  S t a t u s  R e g i s t e r  (Con t )  

I n d i c a t i o n  

D r i v e  s t a t u s  e r r o r  i n d i c a t e s  t h a t  t h e  DLAG i n s t r u c t i o n  
was e x e c u t e d  by t h e  program f o r  one  o f  t h e  two r e a s o n s  
1 i s t e d  below. 

The d r i v e  is n o t  r e a d y  ( f i l e  n o t  r e a d y  - b i t  0 4 )  be- 
c a u s e  of  one o r  more of t h e  c o n d i t i o n s  l i s t e d  below. 

e 

e 

e 

The 
one  

e 

a 

No power. 

Non-ex i s t en t  d r i v e  ( i n c o r r e c t  a d d r e s s ) .  

No c a r t r i d g e  i n  s e l e c t e d  d r i v e .  

The door  on t h e  s e l e c t e e  d r i v e  is n o t  c l o s e d  
( i n t e r l o c k  o p e n ) .  

D i s k  is n o t  up t o  speed  ( d i s k  r o t a t i o n  l e s s  t h a n  
1500 r i m i n )  

b a d  s w i t c h  on t h e  s e l e c t e d  d r i v e  is n o t  i n  t h e  
RUN p o s i t i o n .  The t r a n s f e r  done f l a g  is s e t  a s  a  
r e s u l t  of d r i v e  n o t  r e a d y *  

w r i t e  check  e r r o r  s e t s ,  i n d i c a t i n g  t h e  d r i v e  h a s  
of  t h e  e r r o r  c o n d i t i o n s  l i s t e d  below. 

E r a s e  o r  w r i t e  c u r r e n t  w i t h o u t  a  w r i t e  g a t e  
(FAULT lamp is i l l u m i n a t e d  on d r i v e  f r o n t  p a n e l ) .  

The head p o s i t i o n  t r a n s d u c e r  lamp is i n o p e r a t i v e .  
I f  w r i t e  check  e r r o r  is s e t ,  t h e  WT PROT s w i t c h  
on t h e  s e l e c t e d  d r i v e  must  b e  d e p r e s s e d  t o  remove 
t h e  e r r o r .  W r i t e  check  e r r o r  d o e s  n o t  s e t  t h e  
t r a n s f e r  done f l a g  (FAULT lamp is i l l u m i n a t e d  on 
d r i v e  f r o n t  p a n e l ) .  

I f  d i s k  c a p a c i t y  is exceeded  ( c y l i n d e r  a d d d r e s s  
g r e a t e r  t h a n  312 o c t a l  was s e n t  t o  t h e  s e l e c t e d  
d r i v e ) ,  t h e  p r o g r a m  m u s t  s e l e c t  a  new d i s k  
a d d r e s s  t h a t  i s  l e s s  t h a n  312 o c t a l @  The 
t r a n s f e r  done f l a g  is s e t  i f  t h e  d i s k  c a p a c i t y  is 
exceeded .  

I f  a  s e e k  f a i l u r e  o c c u r s  i n  t h e  d r i v e ,  t h i s  
i n d i c a t e s  a s e e k  was n o t  comple t ed  b e c a u s e  o f  
some d r i v e  m a l f u n c t i o n .  I f  t h e  c o n t r o l l e r  is 
busy  a t  t h e  t ime  a s e e k  f a i l u r e  o c c u r s ,  t h e  
t r a n s f e r  done f l a g  is s e t  and t h e  d i s k  d r i v e  must 
be  r e c a l i b r a t e d  u s i n g  t h e  r e c a l  i b r a t e  IOT X L R  
w i t h  AC = 10. 
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T h i s  r e g i s t e r  a l s o  makes b i t - b y - b i t  cornpar i s b n s  of  t h e  
c y l i n d e r  a d d r e s s  s p e c i f i e d  b y  t h e  s o f t w a r e  a n d  t h e  
c y l i n d e r  a d d r e s s  from t h e  d r i v e  t o  d e t e r m i n e  i f  t h e  d i s k  
h a s  p o s i t i o n e d  t h e  h e a d s  o v e r  t h e  co r rec t :  c y l i n d e r .  

D u r i n g  w r i t e  o p e r a t i o n s ,  a  1 6 - b i t  CRC c h a r a c t e r  i s  
g e n e r a t e d ,  t r a n s f e r r e d  t o  t h e  d i s k ,  and w r i t t e n  a t  t h e  
end of t h e  s e c t o r .  

D u r i n g  r e a d  o p e r a t i o n s ,  a  1 6 - b i t  CRC c h a r a c t e r  i s  
g e n e r a t e d  and compared w i t h  t h e  CRC c h a r a c t e r  w r i t t e n  a t  
t h e  end of t h e  s e c t o r  . I f  t h e  two c h a r a c t e r s  a r e  
d i f f e r e n t ,  t h e  s i g n a l  NOT EQUAL a s s e r t s  t h e  CRC e r r o r  
f l a g .  A CRC e r r o r  is produced i f  b i t s  a r e  l o s t  o r  added 
d u r i n g  t h e  r ead  o r  w r i t e  o p e r a t i o n s  

NOTE 
The CRC r e g i s t e r  and t h e  d i s k  a d d r e s s  
r e g i s t e r  are  p h y s i c a l l y  o n e  m u l t i p u r ~ ~ o s e  
r e g i s t e r .  

Major S t a t e  R e g i s t e r  
The major  s t a t e  r e g i s t e r  is p a r t  o f  t h e  c o n t r o l  s e q u e n c e r  o f  

t h e  RK8-E .  With i t s  a s s o c i a t e d  l o g i c ,  t h i s  r e g i s t e r  p e r f o r m s  t h e  
major  p o r t i o n  of t h e  c o n t r o l  f u n c t i o n s  of t h e  RK8-E s u c h  a s  
d e t e r m i n i n g  t h e  f o r m a t  of  t h e  d i s k ,  i . e . ,  p reamble ,  h e a d e r ,  d a t a ,  
CRC, and pos t amble .  

* The major  s t a t e  r e g i s t e r  is b a s i c a l l y  a  s h i f t  r e g i s t e r  t h a t  
s h i f t s  a  b i n a r y  one t h r o u g h  t h e  s t a g e s  o f  t h e  r e g i s t e r  ( s t a t e s ) .  
T h i s  r e g i s t e r  w i l l  s h i f t  t h r o u g h  a l l  t h e  s t a t e s  u n l e s s  one o f  t h e  
c o n d i t i o n s  l i s t e d  below o c c u r s  

o An e r r o r  is d e t e c t e d .  

o The d e s i r e d  f u n c t i o n  d o e s  n o t  r e q u i r e  a l l  major  s t a t e s  
( i  . e . ,  s e e k  and r e c a l i b r a t e )  

Each s t a t e  t h a t  t h e  major  s t a t e  r e g i s t e r  g o e s  t h r o u g h  is 
d e s c r  i bed  below . 

I d l e  S t a t e  - Allows i n i t i a t i o n  of a  d i s k  f u n c t i o n  and r e t u r n s  
t o  t h e  i d l e  s t a t e  a f t e r  an  o p e r a t i o n  is c o m p l e t e d m  The i d l e  s t a t e  
i n d i c a t e s  t h a t  t h e  c o n t r o l  is n o t  busy and is t h e r e f o r e  c a p a b l e  of  
a c c e p t i n g  IOT i n s t r u c t i o n s  from t h e  p r o c e s s o r .  

The i d l e  s t a t e  f l i p - f l o p  is s e t  by any  of. t h e  c o n d i t i o n s  
l i s t e d  below. 

e A t  t h e  end of e r a s e  d e l a y  d u r i n g  a  w r i t e  f u n c t i o n  

During l a s t  b r e a k  of a  r ead  o p e r a t i o n  ( a f t e r  d a t a  b u f f e r  
r e g i s t e r  is empty) 
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The remain ing  r e g i s t e r s  a r e  t r a n s p a r e n t  t o  t h e  u s e r  s o f t w a r e m  

o Data b u f f e r  r e g i s t e r  is a  f o u r  word b u f f e r  used t o  
compensa te  f o r  t h e  d a t a  r a t e  t i m i n g  d i f f e r e n c e s  of t h e  
OMNIBUS and t h e  d i s k  b u s .  A l l  d a t a  p a s s e s  th rough  t h i s  
b u f f e r  which a l s o  s e r v e s  a s  a  serializer~deserializer. 

CRC r e g i s t e r  is a 1 6 - b i t  r e g i s t e r  used t o  c a l c u l a t e  t h e  
CRC c h a r a c t e r .  

e Major s t a t e  r e g i s t e r  is t h e  c o n t r o l  s e q u e n c e r  of t h e  
RK8-E; w i t h  its a s s o c i a t e d  c i r c u i t r y ,  i t  p e r f o r m s  t h e  
major  p o r t i o n  of c o n t r o l  f u n c t i o n s  of  t h e  RK8-E and 
d e t e r m i n e s  t h e  f o r m a t  of t h e  d i s k  ( p r e a m b l e ,  h e a d e r ,  
d a t a ,  CRC and pos t amble )  l 

~ i v i d e  by  1 2  b i t  and 1 6  b i t  c o u n t e r s  a r e  r e s p o n s i b l e  t o  
t h e  major  s t a t e  l o g i c  f o r  t h e  d e t e r m i n a t i o n  o f  t h e  
v a r i o u s  word l e n g t h s  found i n  a  s e c t o r .  To advance  from 
one major  s t a t e  t o  t h e  n e x t ,  t h e  b i t s  i n  a  word must  b e  
c o u n t e d .  When a  whole word h a s  been c o u n t e d  a s  be ing  
r ead  o r  w r i t t e n ,  an i n c r e m e n t i n g  p u l s e  is a p p l i e d  t o  t h e  
module 128 o r  256 word c o u n t e r .  

The d i v i d e  by  
o f  t h e  d i v i d e  
s e c t o r  may be 
T h i s  c o u n t e r  
d e t e r m i n e d  b y  
r e g i s t e r )  l 

~ i s k  and S e c t o r  Format  

The d i s k  s u r f a c e  of 
s e c t o r s .  Each s u r f a c e  

128 o r  256 word c o u n t e r  r e c e i v e s  t h e  o u t p u t  
by 12  b i t  c o u n t e r  s o  t h a t  t h e  l e n g t h  of  a  
c a l c u l a t e d  when w r i t i n g  o r  r e a d i n g  d a t a .  

o v e r f l o w s  a t  a  c o u n t  of 128 o r  256 a s  
t h e  h a l f - b l o c k  b i t  ( b i t  05 o f  c o n t r o l  

an RK05J i s  d i v i d e d  i n t o  2 0 3  t r a c k s  and 16 
h a s  one r e a d l w r i t e  head l Each s e c t o r  h a s  

t h e  f o r m a t  d e s c r i b e d  be low@ 

A preamble  c o n s i s t i n g  of 140 mic roseconds  o f  a l l  z e r o  
b i t s  

o A sync b i t  c o n s i s t i n g  of  a  s i n g l e  d a t a  b i t  e q u a l  t o  a  1 

A 1 6 - b i t  h e a d e r  word c o n t a i n i n g  t h e  c y l i n d e r  a d d r e s s  

A d a t a  a r e a  c o n s i s t i n g  of  256 1 2 - b i t  d a t a  words 

A CRC c h a r a c t e r  c o n s i s t i n g  of one 1 6 - b i t  check word 

A 25 mic rosecond  pos t amble  a r e a  used f o r  a  d e l a y  p r i o r  t o  
t h e  n e x t  s e c t o r  p u l s e  
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INTRODUCTION 

In  p r e v i o u s  l e s s o n s ,  you s t u d i e d  t h e  b a s i c  f u n c t i o n  o f  t h e  
modules  t h a t  make up t h e  RK8-E C o n t r o l l e r .  You h a v e  a l s o  s t u d i e d  
t h e  t y p e s  o f  r e g i s t e r s  i n  t h e  RK8-E, and t h e  d i f f e r e n t  f u n c t i o n s  
o r  commands t h i s  d e v i c e  c a n  e x e c u t e .  T h i s  i n f o r m a t i o n  you h a v e  
s t u d i e d  is i m p o r t a n t  and w i l l  h e l p  you i n  s t u d y i n g  t h i s  l e s s o n .  

The p u r p o s e  o f  t h i s  l e s s o n  is t o  p r e s e n t  t h e  t h e o r y  o f  
o p e r a t i o n  o f  t h e  RK8-E. T h i s  l e s s o n  u s e s  a  f u n c t i o n a l  b l o c k  
d i a g r a m  w i t h  mnemonics r e f e r e n c i n g  f i e l d  m a i n t e n a n c e  p r i n t  s e t  
pages .  T h i s  w i l l  e n a b l e  you t o  e a s i l y  c o r r e l a t e  t h e  b l o c k  d i a g r a m  
t o  t h e  l o g i c  d i a g r a m s  i n  t h e  p r i n t  s e t  i f  you s o  d e s i r e .  

OBJECTIVES 

Upon c o m p l e t i o n  o f  t h i s  l e s s o n ,  you w i l l  b e  a b l e  t o  d e s c r i b e  
t h e  f u n c t i o n  o f  t h e  ma jo r  b l o c k s  w i t h i n  t h e  f u n c t i o n a l  b l o c k  
d i a g r a m .  To d e m o n s t r a t e  your  a b i l i t y  t o  c o m p l e t e  t h e  o b j e c t i v e  
you w i l l  b e  r e q u i r e d  t o  match  8  o u t  o f  1 0  d e f i n i t i o n s  w i t h  t h e i r  
c i r c u i t  name c o r r e c t l y .  Time a l l o w e d  t o  c o m p l e t e  t h e  t e s t  is 1 0  
m i n u t e s .  

ADDITIONAL RESOURCES 

PDP8/E, F, M Ma in t enance  Manual 
Volume 3 ,  C h a p t e r  11, Page 11-54 t o  11-99 
RK8JE D i s k  Dr ive  C o n t r o l l e r  P r i n t  S e t  

DEC 8 E  HMM3A-C-D 

MP-ORK8J-EO 
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BLOCK DIAGRAM 
The RK8-E f u n c t i o n a l  b l o c k  d iagram ( F i g u r e  6-1)  g i v e s  you an 

o v e r a l l  v iew of  t h e  t h e o r y  o f  o p e r a t i o n  o f  t h e  RK8-E. The b l o c k  
d iagram shows t h e  major  c i r c u i t r y  on each  o f  t h e  t h r e e  modules  
which make up t h e  RK8-Em The b l o c k  d iagram is d e s c r i b e d  on a  
module by module b a s i s  w i t h  e a c h  b l o c k  w i t h i n  a module b e i n g  
d e s c r i b e d .  

The RK8-E C o n t r o l l e r  c o n s i s t s  of  t h e  f o l l o w i n g  modules  and 
major  l o g i c  c i r c u i t s .  

e Data b u f f e r  and s t a t u s  module (M7104) 

1/0 b u s  (MD b u s )  
a I n s t r u c t i o n  decode r  
e Data b u f f e r  
e Bus c o n t r o l  l o g i c  

S t a t u s  r e g i s t e r  
D a t a / s t a t u s  m u l t i p l e x e r  

Major r e g i s t e r s  module (M7105) 

e Data b r e a k  c o n t r o l  l o g i c  
e C u r r e n t  a d d r e s s  r e g i s t e r  
e Command r e g i s t e r  
0 CRC and c y l i n d e r  a d d r e s s  r e g i s t e r  
e Drive  s e l e c t i o n  and c y l i n d e r  a d d r e s s  l o g i c  

e C o n t r o l  module (M7106) 

S e c t o r / s u r f a c e  reg  i s t e r  
e S e c t o r  a d d r e s s  compar i t o r  
e Major s t a t e  r e g i s t e r  

Read /wr i t e  c o n t r o l  l o g i c  
e B i t  and word c o u n t e r s  

Each o f  t h e s e  major  l o g i c  c i r c u i t s  a r e  d e s c r i b e d  below.  

M7104 DATA BUFFER AND STATUS MODULE 
The M7104 module is used t o  c o n t r o l  d a t a  t r a n s f e r s  and pe r fo rm 

i n s t r u c t i o n  decod ing  . 
1/0 Bus  C o n t r o l  Logic  

The 110 b u s  c o n t r o l  l o g i c  b u f f e r s  t h e  MD 00-11 l i n e s  o f  t h e  
OMNIBUS (MD BUS), and c o n t a i n s  t h e  i n t e r r u p t  and s k i p  l o g i c .  The 
bus  c o n t r o l  l o g i c  is used f o r  program c o n t r o l  and g e n e r a t e s  t i m i n g  
s i g n a l s  t o  a l l o w  r e g i s t e r  a c c e s s  and program c o n t r o l  . 
I n s t r u c t i o n  Decoder 

The i n s t r u c t i o n  decode r  r e c e i v e s  i n p u t  from t h e  MD BUS and 
d e c o d e s  t h e  i n s t r u c t i o n s  d e s i r e d  by  t h e  program. S i g n a l s  w i l l  b e  
g e n e r a t e d  which w i l l  l o a d  t h e  RK8-E r e g i s t e r s .  
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F i g u r e  6-1 RK8-E B l o c k  Diagram 
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Data B u f f e r  
The d a t a  b u f f e r  p r o v i d e s  f o u r  b u f f e r i n g  r e g i s t e r s  ( D B 1  - DB4) 

f o r  t empora ry  s t o r a g e  o f  d a t a  t h a t  is  b e i n g  t r a n s f e r r e d  be tween 
memory and  t h e  d r i v e .  T h i s  b u f f e r  c o m p e n s a t e s  f o r  t i m i n g  
d i f f e r e n c e s  i n  t h e  d a t a  t r a n s f e r  r a t e s  o f  t h e  OMNIBUS and t h e  1/0 
bus .  

During a  w r i t e  o p e r a t i o n ,  p a r a l l e l  d a t a  (MD00 - M D 1 1 )  a r e  
r e c e i v e d  from t h e  OMNIBUS and a p p l i e d  t o  DB1.  The p a r a l l e l  d a t a  
words a r e  moved t h r o u g h  t h e  o t h e r  l o c a t i o n s  (DB2, 3 ,  and 4 )  a s  t h e  
d i s k  l o g i c  w r i t e s  on t h e  p l a t t e r  s u r f a c e .  L o c a t i o n  DB4 o f  t h e  
b u f f e r  s e r i a l i z e s  t h e  d a t a  f o r  use  by t h e  s e l e c t e d  d r i v e .  

During a  r e a d  o p e r a t i o n ,  s e r i a l  d a t a  from t h e  d i s k  is  s h i f t e d  
i n t o  DB 1 and p a r a l l e l - t r a n s f e r r e d  t o  t h e  o t h e r  l o c a t i o n s  a s  s i n g l e  
c y c l e  d a t a  b r e a k s  t o  memory o c c u r .  The p a r a l l e l  d a t a  from DB4 i s  
t r a n s f e r r e d  t o  t h e  d a t a  s t a t u s  m u l t i p l e x e r  b e f o r e  be ing  s e n t  t o  
memory v i a  t h e  d a t a  bus. 

S t a t u s  R e g i s t e r  
The s t a t u s  r e g i s t e r  p r o v i d e s  c u r r e n t  s t a t u s  of  t h e  RK8-E and 

t h e  s e l e c t e d  d r i v e  t o  t h e  program. The c o n t e n t s  o f  t h e  s t a t u s  
r e g i s t e r  a r e  t r a n s f e r r e d  t o  t h e  AC f o r  e v a l u a t i o n  by t h e  program 
i f  t h e  6745 (DRST) i n s t r u c t i o n  is  e x e c u t e d  by t h e  program. The 
s t a t u s  r e g i s t e r  s u p p l i e s  i n p u t  t o  t h e  d a t a / s t a t u s  m u l t i p l e x e r  and 
i t s  o u t p u t  is  t r a n s f e r r e d  t o  t h e  AC v i a  t h e  d a t a  b u s .  

D a t a / S t a t u s  Mu1 t i p l e x e r  
The d a t a / s t a t u s  m u l t i p l e x e r  a l l o w s  e i t h e r  t h e  i n f o r m a t i o n  from 

t h e  s t a t u s  r e g i s t e r  o r  t h e  d a t a  from DB4 t o  be p l a c e d  on t h e  d a t a  
bus  f o r  t r a n s f e r r a l  t o  memory v i a  t h e  OMNIBUS. 

M7105 MAJOR REGISTERS MODULE 
T h i s  module p e r f o r m s  t h e  t a s k s  l i s t e d  below. 

a Memory a d d r e s s i n g  f o r  s i n g l e  c y c l e  d a t a  b r e a k s  
Dr ive  s e l e c t i o n  

a F u n c t i o n  decod ing  
a C y l i n d e r  s e l e c t i o n  

CRC c h a r a c t e r  c a l c u l a t i o n  and g e n e r a t i o n  

The d a t a  b r e a k  c o n t r o l  l o g i c  d e t e r m i n e s  t h e  b r e a k  p r i o r i t y  o f  
t h e  RK8-E. I t  a l s o  c o n t r o l s  t h e  d i r e c t i o n  o f  t h e  d a t a  t r a n s f e r  
( t o  o r  from memory) and s e l e c t s  a  l o c a t i o n  i n  memory for t h e  d a t a  
t r a n s f e r .  

The d a t a  b r e a k  c o n t r o l  a l s o  s e n d s  a  DATA LATE e r r o r  s i g n a l  t o  
t h e  s t a t u s  r e g i s t e r  i f  t h e  p r o c e s s o r  d o e s  n o t  respond t o  a  BRK 
RQST w i t h i n  22.5 mic roseconds .  
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The c u r r e n t  a d d r e s s  r e g i s t e r  c o n t a i n s  t h e  i n i t i a l  memory 
a d d r e s s  t o  be used i n  a  d a t a  t r a n s f e r .  The r e g i s t e r  is l o a d e d  
from t h e  AC u s i n g  a  DLCA i n s t r u c t i o n .  The c u r r e n t  a d d r e s s  
r e g i s t e r  is inc remen ted  a f t e r  e a c h  d a t a  b r e a k  and a p p l i e d  t o  t h e  
memory a d d r e s s  (MA) l i n e s  t o  s e q u e n t i a l l y  s e l e c t  memory l o c a t i o n s  
f o r  d a t a  t r a n s f e r s .  The memory f i e l d  (EMA) t o  be used is s e l e c t e d  
b y  t h e  command r e g i s t e r  and is n o t  i nc remen ted  when t h e  c u r r e n t  
a d d r e s s  r e g i s t e r  is  i n c r e m e n t e d ,  

The command r e g i s t e r  p e r f o r m s  t h e  t a s k s  l i s t e d  below. 

S e l e c t s  a  d i s k  f u n c t i o n  f o r  e x e c u t i o n .  

S e l e c t s  a  d i s k  d r i v e  u n i t  (1 o f  4 ) .  

S e l e c t s  a  memory f i e l d  f o r  d a t a  t r a n s f e r s  (1 o f  7 ) .  

Enab les  i n t e r r u p t s .  

P r o v i d e s  t h e  most s i g n i f i c a n t  c y l i n d e r  a d d r e s s  b i t .  

De te rmines  t h e  number of words t o  be  t r a n s f e r r e d  (128 o r  
256)  

The command r e g i s t e r  is l o a d e d  from t h e  AC by  a  6746 (DLDC) 
i n s t r u c t i o n .  

The CRC and c y l i n d e r  a d d r e s s  r e g i s t e r  is a  1 6 - b i t  r e g i s t e r  
which p e r f o r m s  t h e  t a s k s  l i s t e d  below. 

R e c e i v e s  t h e  c y l i n d e r  a d d r e s s  from t h e  AC when t h e  DIAG 
(GO) i n s t r u c t i o n  is e x e c u t e d  by t h e  program. 

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

e Computes a  1 6 - b i t  CRC c h a r a c t e r  which is w r i t t e n  a t  t h e  
end o f  a  b l o c k  d u r i n g  a  wri te  o p e r a t i o n .  

Computes a  1 6 - b i t  CRC c h a r a c t e r  which is compared w i t h  
t h e  CRC c h a r a c t e r  r e a d  from t h e  d i s k  d u r i n g  a  r e a d  
o p e r a t i o n .  

The d r i v e  s e l e c t i o n  and c y l i n d e r  a d d r e s s  l o g i c  is used t o  
t r a n s f e r  t h e  d r i v e  s e l e c t  code  and c y l i n d e r  a d d r e s s  t o  t h e  d r i v e  
v i a  d r i v e  s i g n a l  c a b l e  J2 .  The d r i v e  se lec t  code  d e t e r m i n e s  which 
d r i v e  is  o n - l i n e .  The c y l i n d e r  a d d r e s s  is s e n t  t o  a  s e l e c t e d  
( o n - l i n e )  d r i v e  a s  a  d e s t i n a t i o n  a d d r e s s  f o r  seeks. 
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M7106 CONTROL MODULE 
The c i r c u i t r y  on t h i s  module is r e s p o n s i b l e  f o r  t h e  t a s k s  

l i s t e d  below. 

a Comparing s e c t o r  a d d r e s s e s  
a R e a d i n g / w r i t i n g  o f  d a t a  
9 S e l e c t i n g  t h e  major  s t a t e s  of  t h e  RK8-E 

Comparing S e c t o r  A d d r e s s e s  
The s e c t o r / s u r f a c e  r e g i s t e r  r e c e i v e s  t h e  s u r f a c e  b i t  and 

s e c t o r  a d d r e s s  t o  d e t e r m i n e  where t h e  d a t a  i s  t o  be w r i t t e n  o r  
r e a d .  The s u r f a c e  b i t  is s e n t  t o  t h e  d r i v e  v i a  c a b l e  J l o  The 
s e c t o r  a d d r e s s  is s e n t  t o  a  compara to r  t o  be  compared w i t h  t h e  
s e c t o r  c o u n t  coming from t h e  d r i v e .  When t h e y  compare,  t h e  s i g n a l  
s e c t o r  equa ' l  ( a c t u a l  s e c t o r  e q u a l s  d e s i r e d  s e c t o r )  advances  t h e  
major  s t a t e  r e g i s t e r  . 
Reading/Wri t ing  of Data  

The r e a d / w r i t e  c o n t r o l  l o g i c  c o n t r o l s  t h e  r e a d i n g  o r  w r i t i n g  
o f  d a t a  o n t o  o r  from t h e  d i s k  s u r f a c e .  Data r e a d  from t h e  d i s k  i s  
c l o c k e d  i n  by r e a d  c l o c k  p u l s e s  s u p p l i e d  by t h e  d r i v e .  The r e a d  
d a t a  is s h i f t e d  by t h e  r e a d / w r i t e  c o n t r o l  l o g i c  t o  t h e  d a t a  
b u f f e r .  

Data t o  b e  w r i t t e n  is combined w i t h  t h e  o u t p u t  o f  t h e  c r y s t a l  
o s c i l l a t o r  and encoded by  t h e  r e a d / w r i t e  c o n t r o l  l o g i c  i n t o  
f r e q u e n c y  modula ted  d a t a .  T h i s  d a t a  is s h i f t e d  t o  t h e  d i s k  f o r  
w r i t i n g .  

The c l o c k  l o g i c  c o n s i s t s  of  a  c r y s t a l  o s c i l l a t o r  which o u t p u t s  
a  f r e q u e n c y  of  2.88 MHz f o r  t h e  R K ~ ~ / R K ~ - E  subsys t em.  

The b i t  and word c o u n t e r  l o g i c  c o n s i s t s  of  t h e  f o u r  c o u n t e r s  
l i s t e d  below. 

a Div ide  by  16  b i t  c o u n t e r  
a Div ide  by 1 2  b i t  c o u n t e r  
a Div ide  by 128 o r  256 c o u n t e r  
a Break c o u n t e r  

The d i v i d e  by 16  c o u n t e r  c o u n t s  t h e  b i t s  i n  t h e  heade r  word o r  
CRC c h a r a c t e r  a s  t h e y  a r e  r e a d  o r  w r i t t e n .  The major  s t a t e  
r e g i s t e r  u s e s  t h e  o u t p u t  o f  t h i s  c o u n t e r  t o  advance  i n t o  t h e  d a t a  
o r  end s t a t e .  

The d i v i d e  by 12 c o u n t e r  c o u n t s  t h e  b i t s  o f  d a t a  a s  t h e y  a r e  
b e i n g  r e a d  o r  w r i t t e n .  Each t i m e  1 2  b i t s  ( o n e  PDP-8 word) a r e  
r ead  o r  w r i t t e n ,  t h e  1 2 8  o r  256 c o u n t e r  is i n c r e m e n t e d .  
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The d i v i d e  by 128 o r  256 c o u n t e r  is  inc remen ted  by t h e  o u t p u t  
o f  t h e  d i v i d e  by 12 c o u n t e r .  The s i g n a l  LAST WORD H is a s s e r t e d  
a f t e r  256 words (one  s e c t o r )  h a s  been r ead  o r  w r i t t e n .  I f  b i t  5 
i n  t h e  command r e g i s t e r  is s e t ,  d a t a  t r a n s f e r s  s t o p  a f t e r  t h e  
128 th  word. However, t h e  d r i v e  c o n t i n u e s  t o  r e a d  d a t a  o r  w r i t e  
z e r o s  u n t i l  t h e  s e c t o r  h a s  been c o m p l e t e l y  r e a d  o r  w r i t t e n .  T h i s  
d a t a  is  n o t  t r a n s f e r r e d  t o  memory. 

The r ead  o r  w r i t e  o p e r a t i o n  c o m p l e t e s  a  s e c t o r  i n  o r d e r  t o  
check  o r  w r i t e  t h e  CRC c h a r a c t e r .  The o u t p u t  o f  t h e  d i v i d e  by 128 
o r  256 c o u n t e r  ( l a s t  word o r  1 2 8 t h  word) is a p p l i e d  t o  t h e  major  
s t a t e  r e g i s t e r  t o  advance  i n t o  t h e  checksum major  s t a t e .  

The b r e a k  c o u n t e r  c o u n t s  t h e  number of  s i n g l e  c y c l e  d a t a  
b r e a k s  t h a t  o c c u r  d u r i n g  a  d a t a  t r a n s f e r  o p e r a t i o n .  I f  128  words 
a r e  t o  be  r e a d  o r  w r i t t e n  ( i n d i c a t e d  by b i t  5  of  t h e  command 
r e g i s t e r  b e i n g  s e t ) ,  t h e n  t h e  s i g n a l  LAST BRK is  a s s e r t e d  a t  t h e  
c o u n t  of  128. I f  b i t  5 o f  t h e  command r e g i s t e r  is n o t  s e t ,  t h e  
s i g n a l  LAST BRK d o e s  n o t  s t o p  t h e  r e a d  o r  w r i t e  o p e r a t i o n  u n t i l  
a l l  256 words i n  t h e  s e c t o r  a r e  t r a n s f e r r e d .  

Major S t a t e  S e l e c t i o n  
The major  s t a t e  r e g i s t e r  c o n t r o l s  each  phase  t h a t  t h e  RK8-E 

p r o g r e s s e s  t h r o u g h  d u r i n g  a s e e k ,  r e a d  o r  w r i t e  o p e r a t i o n .  Each 
major  s t a t e  c a u s e s  s p e c i f i c  l o g i c  o p e r a t i o n s  t o  be  per formed.  The 
o u t p u t  o f  t h i s  r e g i s t e r  c o r r e s p o n d s  t o  e a c h  a r e a  o f  a  s e c t o r .  

The major  s t a t e  r e g i s t e r  u s e s  t h e  o u t p u t  of  t h e  b i t  c o u n t e r s  
and t h e  128 o r  256 word c o u n t e r  a s  c o n d i t i o n s  t o  advance  t o  
a n o t h e r  s t a t e .  S i n c e  n o t  a l l  f u n c t i o n s  r e q u i r e  a l l  p o s s i b l e  major  
s t a t e s ,  a n o t h e r  c o n d i t i o n  t o  advance  t h e  s t a t e  r e g i s t e r  i s  t h e  
f u n c t i o n  be ing  pe r fo rmed .  

Jl AND J2  CONNECTORS 
One 70-09026 c a b l e  is used t o  c o n n e c t  t h e  RK8-E c o n t r o l l e r  t o  

t h e  f i r s t  RK05 Dr ive .  The 70-09026 c a b l e  i s  c o n n e c t e d  from t h e  
two Berg c o n n e c t o r s  on t h e  M7106 module,  t o  s l o t s  A07-A08 o r  
B07-B08 on t h e  d r i v e  c l o s e s t  t o  t h e  c o n t r o l l e r .  T a b l e  6-1 g i v e s  
t h e  s i g n a l  names and d e s c r i p t i o n s  o f  e a c h  s i g n a l  from J l  and T a b l e  
6-2 l is ts  and d e s c r i b e s  t h e  s i g n a l s  f rom J 2 .  

NOTE 
The s i g n a l  name i n  parentheses  f o l l o w i n g  
each d e s c r i p t i o n  i n  t h e s e  t a b l e s  is  t h e  
s i g n a l  name a s  i t  appears i n  t h e  RK05 
p r i n t  s e t .  
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Table 6-1 RK8-E - RK05 I n t e r f a c e  Cable ( J l )  

Connector J l  
on RK8-E 
Pin No. S i g n a l  

Not used 

Not used 

GN D 

DSK DATA I N  L 

GND 

DSK RD CLK L 

GN D 

DSK WRT PROTECT L 

GND 

DSK READ L 

GND 

Not used 

GN D 

DSK WRT S T A T U S  L 

GND 

DSK SECTOR MK L 

GND 

D e s c r i p t i o n  

S e r i a l  d a t a  from t h e  d r i v e  ( B U S  
READ DATA L ) .  

C lock  p u l s e s  from t h e  s e l e c t e d  
d r i v e  g e n e r a t e d  d u r i n g  r e a d  
o p e r a t i o n s  ( B U S  READ CLOCK 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  
d r i v e  is w r i t e  p r o t e c t e d  ( B U S  
W R I T E  PROTECT S T A T U S )  . 

E n a b l e s  t h e  s e l e c t e d  d r i v e  t o  
t r a n s f e r  r e a d  d a t a  t o  t h e  
c o n t r o l l e r  ( B U S  READ GATE L ) .  

I n d i c a t e s  t h e  d r i v e  h a s  s e n s e d  
one  o r  more f a u l t  c o n d i t i o n s  
( B U S  W R I T E  C H E C K ) .  

I n d i c a t e s  a  d i s k  s e c t o r  mark 
h a s  b e e n  d e t e c t e d  f rom t h e  
s e l e c t e d  d r i v e  ( B U S  S E C T O R  
PULSE L )  . 
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T a b l e  6-1 RK8-E - RK05 I n t e r f a c e  C a b l e  ( J l )  (Cont)  

Connec to r  J l  
on RK8-E 
P i n  No.  S i g n a l  

DISK FILE RDY L 

GN D 

DSK HEAD SEL 1 

GN D 

DSK I N D E X  M K  L 

GND 

DSK WRT ERASE 
GATE L 

GND 

DSK SEC 1 L 

GND 

DSK SEC 4 L 

GND 

Not used 

GN D 

DSK SEC 8 L 

D e s c r i p t i o n  

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  is r e a d y  t o  r ead  o r  w r i t e  
d a t a  (BUS FILE READY L ) .  

I n d i c a t e s  t h a t  t h e  l o w e r  
s u r f a c e  o f  t h e  d i s k  c a r t r i d g e  
is  s e l e c t e d .  I f  u n a s s e r  t e d  , 
t h e  upper  s u r f a c e  is s e l e c t e d  
(BUS HD SELECT). 

I n d i c a t e s  t h a t  a  d i s k  i n d e x  
mark from t h e  s e l e c t e d  d r i v e  
h a s  been d e t e c t e d  (BUS I N D E X  
PULSE). 

Commands t h e  d r i v e  t o  e n a b l e  
t h e  w r i t e  a n d  e r a s e  l o g i c .  
When u n a s s e r t e d ,  t h e  d i s k  w i l l  
r e a d  (BUS WRITE GATE L )  . 

Disk s e c t o r  a d d r e s s  b i t  0 f rom 
t h e  s e l e c t e d  d r i v e  (BUS SECTOR 
ADDRESS 0 L ) .  

Disk s e c t o r  a d d r e s s  b i t  2 f rom 
t h e  s e l e c t e d  d r i v e  (BUS SECTOR 
ADDRESS 2 L ) .  

Disk s e c t o r  a d d r e s s  b i t  3 from 
t h e  s e l e c t e d  d i s k  d r i v e  (BUS 
SECTOR ADDRESS 3 L ) .  
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T a b l e  6-1 RK8-E - RK05 I n t e r f a c e  C a b l e  (Jl) (Con t )  

Connec to r  J l  
on  RK8-E 
p i n  No. S i g n a l  

GND 

~ o t  used  

GND 

DSK STROBE L 

GND 

Not used 

GND 

D e s c r i p t i o n  

E n a b l e s  t h e  d i s k  l o g i c  t o  
r e c e i v e  a new c y l i n d e r  a d d r e s s  
(BUS STROBE L )  

T a b l e  6-2 RK8-E - RK05 I n t e r f a c e  C a b l e  (J2)  

C o n n e c t o r  J 2  
on  RK8-E 
Pin N o .  S i g n a l  

GND 

DSK CAP EX L 

DSK SEEK FAIL 

GND 

DSK ACKNOWLEDGE L 

GND 

DSK SEC 2 L 

D e s c r i p t i o n  

I n d i c a t e s  t h a t  t h e  a d d r e s s  s e n t  
t o  t h e  s e l e c t e d  d i s k  d r i v e  was 
g r e a t e r  t h a n  3 1 2  o c t a l  (BUS 
ADDRESS I N V A L I D  L) . 
I n d i c a t e s  t h a t  t h e  d i s k  f a i l e d  
t o  s e e k  t o  t h e  a d d r e s s  s p e c i -  
f i e d  (BUS SEEK INCOMPLETE). 

I n d i c a t e s  t h a t  t h e  d i s k  h a s  
r e c e i v e d  and ac knowledqed t h e  
new c y l i n d e r  a d d r e s s  (BUS 
ADDRESS ACCEPTED) 

Di sk  s e c t o r  a d d r e s s  b i t  1 f rom 
t h e  s e l e c t e d  d i s k  d r i v e  (BUS 
SECTOR ADDRESS 1) .  
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Table 6-2 RK8-E - RK05 Interface Cable (J2) (Cont) 
Connector J2 
on RK8-E 
Pin No. Signal 

GND 

DSK D R I V E  3 L  

GND 

DSK RESTORE L  

GND 

DSK D R I V E  2 L  

GND 

DKS CYL ADD 4 L 

GND 

DSK D R I V E  1 L 

GND 

DSK CYL ADD 1 L  

GND 

DKS D R I V E  0 L  

GND 

DSK CYL ADD 32 L  

GND 

DSK RDY S/R/W L  

GND 

Description 

C o n t r o l l e r  d r i v e  s e l e c t  c o d e  
b i t  3 ( B U S  S E L E C T  3 L )  . 

R e c a l i b r a t e  t h e  s e l ec ted  d i s k  
d r i v e  by  moving t h e  p o s i t i o n e r  
t o  c y l i n d e r  0 0 ( B U S  RESTORE L )  . 

C o n t r o l l e r  d r i v e  s e l e c t  c o d e  
b i t  2 ( B U S  S E L E C T  2 L )  . 

D r i v e  c y l i n d e r  add re s s  b i t  2 
( B U S  CYL ADD 2 L )  . 

C o n t r o l l e r  d r i v e  s e l e c t  code  
b i t  1 ( B U S  S E L E C T  1 L )  . 

D i s k  d r i v e  c y l i n d e r  a d d r e s s  b i t  
0 ( B U S  CYL ADD 0 L )  . 

C o n t r o l l e r  d r i v e  s e l e c t  c o d e  
b i t  0 ( B U S  S E L E C T  0 L )  . 

~ i s k  d r i v e  c y l i n d e r  a d d r e s s  b i t  
5 ( B U S  CYL ADD 5 L )  . 

Selec ted  d i s k  d r i v e  is  r e a d y  t o  
read,  w r i t e  o r  s e e k  t o  a n e w  
a d d r e s s  ( B U S  R/W/S READY L )  . 



RK8-E THEORY OF OPERATION 

Table 6-2 RK8-E - RK05 I n t e r f a c e  Cable (J2)  (Cont) 

Connector J2  
on RK8-E 
Pin  N o .  S i g n a l  D e s c r i p t i o n  

DSK CYL ADD 128 L 

GND 

DSK WRT CLK 
DATA L 

GND 

DSK CYL ADD 16 L 

GND 

DSK CYL ADD 64 L 

GND 

DSK CYL ADD 2 L 

GND 

DSK CYL ADD 8  L 

GND 

Disk  d r i v e  c y l i n d e r  a d d r e s s  b i t  
7  (BUS CYL ADD 7  L ) .  

Write c l o c k  and d a t a  t o  b e  
w r i t t e n  on  t h e  d i s k  (BUS WRITE 
DATA and  CLOCK L )  . 

D i s k  d r i v e  c y l i n d e r  a d d r e s s  b i t  
4  (BUS CYL ADD 4  L) . 

~ i s k  d r i v e  c y l i n d e r  a d d r e s s  b i t  
6 (BUS CYL ADD 6 L )  . 

D i s k  d r i v e  c y l i n d e r  a d d r e s s  b i t  
1 (BUS CYL ADD 1 L )  . 

D i s k  d r i v e  c y l i n d e r  a d d r e s s  b i t  
3 (BUS CYL ADD 3 L)  . 

SUMMARY 
The RK8-E C o n t r o l l e r  c o n s i s t s  o f  t h r e e  modules"  which  p l u g  i n t o  

t h e  OMNIBUS. 

M7104 - Data  b u f f e r  and s t a t u s  module  
0 M7105 - Major  r e g i s t e r s  module  
e M7106 - C o n t r o l  module  

The c i r c u i t r y  o n  t h e  M7104 c o n s i s t s  o f  t h e  items l i s t e d  be low.  

1/0 b u s  (MD b u s )  b u f f e r s  t h e  OMNIBUS MD 00-11 l i n e s  a n d  
s u p p l i e s  i n f o r m a t i o n  t o  t h e  i n s t r u c t i o n  d e c o d e r  o r  d a t a  
b u f f e r .  
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e I n s t r u c t i o n  decode r  r e c e i v e s  d a t a  from MD bus  i n  o r d e r  t o  
decode  i n s t r u c t i o n s  and g e n e r a t e  s i g n a l s  f o r  r e g i s t e r  
a c c e s s i n g .  

Data b u f f e r  p r o v i d e s  t empora ry  s t o r a g e  o f  d a t a  %being 
t r a n s f e r r e d  between memory and t h e  d i s k  d r i v e .  

a W r i t e  o p e r a t i o n  - P a r a l l e l  d a t a  from t h e  MD BUS is  
a p p l i e d  t o  D B 1  and sequenced  t h r o u g h  DB2,  DB3 and 
DB4. The d a t a  from D B 4  i s  s h i f t e d  t o  t h e  d r i v e  a s  
s e r i a l  d a t a .  

Read o p e r a t i o n  - Data from t h e  d i s k  d r i v e  is s h i f t e d  
s e r i a l l y  i n t o  D B 1  and sequenced  t h r o u g h  DB2,  DB3 and 
DB4.  P a r a l l e l  d a t a  from D B 4  i s  t r a n s f e r r e d  t o  t h e  
d a t a / s t a t u s  m u l t i p l e x e r  and s e n t  o u t  v i a  t h e  d a t a  
bus .  

S t a t u s  r e g i s t e r  - P r o v i d e s  c u r r e n t  s t a t u s  o f  RK8-E 
and t h e  s e l e c t e d  d r i v e  t o  t h e  program. 

D a t a / s t a t u s  m u l t i p l e x e r  - Allows e i t h e r  s t a t u s  from 
t h e  s - t a t u s  r e g i s t e r  o r  d a t a  from DB4 t o  be t r a n s -  
f e r r e d  o v e r  t h e  d a t a  bus  t o  memory. 

a Bus c o n t r o l  - Used f o r  program c o n t r o l  and r e g i s t e r  
a c c e s s .  

The c i r c u i t r y  on t h e  M7105 is used f o r  memory a d d r e s s i n g ,  
command e x e c u t i o n ,  c y l i n d e r  a d d r e s s i n g ,  d r i v e  s e l e c t i n g  and C R C  
g e n e r a t i o n .  

Data b r e a k  c o n t r o l  - Used t o  d e t e r m i n e  t h e  p r i o r i t y  o f  
t h e  R K 8 - E  and t o  c o n t r o l  t h e  d i r e c t i o n  o f  d a t a  t r a n s f e r s .  

a C u r r e n t  a d d r e s s  r e g i s t e r  - Used t o  c o n t a i n  t h e  i n i t i a l  
memory a d d r e s s  f o r  d a t a  t r a n s f e r s .  I t  is  inc remen ted  
a f t e r  each  d a t a  b r e a k  and t h e  new a d d r e s s  is s e n t  o v e r  
t h e  memory a d d r e s s  l i n e s  t o  s e q u e n t i a l l y  s e l e c t  a  memory 
l o c a t i o n  f o r  t h e  n e x t  d a t a  t r a n s f e r .  

Command r e g i s t e r  h a s  f i v e  f u n c t i o n s .  

C o n t a i n s  t h e  command t o  b e  e x e c u t e d .  
a S e l e c t s  a  d i s k  d r i v e  (1 o f  4 ) .  
a S e l e c t s  a  memory f i e l d  (1 o f  7 ) .  

E n a b l e s  i n t e r r u p t s .  
C o n t a i n s  t h e  MSB f o r  c y l i n d e r  a d d r e s s .  

CRC and c y l i n d e r  a d d r e s s  r e g i s t e r  h a s  f o u r  f u n c t i o n s .  

R e c e i v e s  t h e  new c y l i n d e r  a d d r e s s  from t h e  AC v i a  
D I A G  i n s t r u c t i o n .  
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a T r a n s f e r s  t h e  c y l i n d e r  a d d r e s s  t o  t h e  d r i v e .  

a Computes a  1 6 - b i t  CRC c h a r a c t e r  which is  w r i t t e n  a t  
t h e  end of t h e  s e c t o r .  

a Computes a  1 6 - b i t  CRC c h a r a c t e r  which is  compared 
w i t h  t h e  CRC c h a r a c t e r  r ead  from t h e  d i s k .  

D r i v e  s e l e c t i o n  and c y l i n d e r  a d d r e s s  l o g i c  - Used t o  
t r a n s f e r  t h e  d r i v e  number and c y l i n d e r  a d d r e s s  t o  t h e  
d r i v e .  

The c i r c u i t r y  on t h e  M7106 module c o n s i s t s  o f  t h e  i t e m s  l i s t e d  
below. 

a S e c t o r / s u r  f a c e  reg i s t e r  - R e c e i v e s  t h e  s e c t o r  a d d r e s s  and 
s u r f a c e  b i t  f o r  t h e  s e l e c t e d  d r i v e .  The s u r f a c e  b i t  i s  
s e n t  t o  t h e  d r i v e  t o  s e l e c t  one o f  t h e  two heads .  The 
s e c t o r  a d d r e s s  is s e n t  t o  an a d d r e s s  c o m p a r a t o r .  

The compara to r  is used t o  compare t h e  s e c t o r  a d d r e s s  w i t h  
t h e  c u r r e n t  s e c t o r  c o u n t  g e n e r a t e d  by t h e  d i s k .  When t h e  
s e c t o r  a d d r e s s  and t h e  c u r r e n t  s e c t o r  c o u n t  a r e  e q u a l ,  
t h e  compara to r  o u t p u t s  SECTOR EQUAL and s e n d s  i t  t o  t h e  
major  s t a t e  r e g i s t e r .  

a B i t  and word c o u n t e r s  - These c o u n t e r s  keep  t r a c k  o f  word 
l e n g t h s  and s e c t o r  b o u n d a r i e s  f o r  u se  by  t h e  major  s t a t e  
r e g i s t e r .  

a A d i v i d e  by  1 2  c o u n t e r  c o u n t s  t h e  b i t s  i n  a  d a t a  
word. 

a A d i v i d e  by 16 c o u n t e r  c o u n t s  t h e  b i t s  i n  t h e  h e a d e r  
word and CRC c h a r a c t e r .  

a A d i v i d e  by 128 o r  256 c o u n t e r  c o u n t s  t h e  words i n  a  
s e c t o r  t o  d e t e r m i n e  t h e  s e c t o r  boundary  f o r  t h e  ma jo r  
s t a t e  reg  i s t e r  . B i t  5 of t h e  c o n t r o l  r e g i s t e r  
commands t h e  128 o r  256 c o u n t e r  l o g i c  t o  o u t p u t  a  
h a l f - b l o c k  s i g n a l  f o r  t h e  b r e a k  c o u n t e r .  

a A b r e a k  c o u n t e r  c o u n t s  t h e  s i n g l e  c y c l e  d a t a  b r e a k s .  
T h i s  c o u n t e r ,  i n  c o m b i n a t i o n  w i t h  b i t  5 of  t h e  
c o n t r o l  r e g i s t e r ,  commands t h e  l o g i c  t o  t e r m i n a t e  t h e  
d a t a  t r a n s f e r s  a t  128 words.  

a Major s t a t e  r e g i s t e r  - C o n t r o l s  e a c h  phase  t h e  RK8-E 
p r o g r e s s e s  t h r o u g h  d u r i n g  a  s e e k ,  r e a d  o r  w r i t e .  

Read /wr i t e  c o n t r o l  l o g i c  - C o n t r o l s  t h e  r e a d i n g  and 
w r i t i n g  of  d a t a .  
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Jl and J 2  connectors - Two Berg c o n n e c t o r s  on t h e  M7106 module 
c o n n e c t  t h e  70-09026 i n t e r f a c e  c a b l e  (RK BUS) t o  t h e  c l o s e s t  RK05. 

Now t h a t  you have  comple t ed  t h i s  module,  you can  t a k e  t h e  
module t e s t .  The c o u r s e  a d m i n i s t r a t o r  h a s  t h e  t e s t  a n s w e r s .  
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INTRODUCTION 

I n  p r e v i o u s  modules  you s t u d i e d  t h e  c o n t r o l l e r s  u sed  w i t h  t h e  
RK05 f a m i l y  o f  d i s k  d r i v e s .  You h a v e  a l s o  s t u d i e d  t h e  p h y s i c a l  
l a y o u t  o f ,  and t h e  d i f f e r e n c e s  b e t w e e n ,  t h e  t h r e e  t y p e s  o f  RK05 
d r i v e s .  Now, t h i s  module  d e s c r i b e s  t h e  RK05 t h e o r y  o f  o p e r a t i o n .  
T h i s  module i n c l u d e s  t h e  t o p i c s  l i s t e d  be low.  

D r i v e  c o n t r o l l e r  i n t e r f a c i n g  
Logic  module  f u n c t i o n a l i t y  
I n d e x / s e c t o r  d e t e c t i o n  
C y l i n d e r  a d d r e s s i n g  
S e r v o  s y s t e m  f u n c t i o n a l i t y  
S e r v o  p o s i t i o n e r  f u n c t i o n a l i t y  
R e a d / w r i t e  c o n t r o l  

To a i d  i n  t h e  d e s c r i p t i o n  o f  t h e  above  l i s t e d  t o p i c s ,  a  b l o c k  
d i a g r a m  is i n c l u d e d  which shows t h e  o v e r a l l  f l o w  o f  s i g n a l s  i n  t h e  
RK05 d r i v e .  I n  a d d i t i o n ,  t h e r e  a r e  s i m p l i f i e d  b l o c k  d i a g r a m s  
which show t h e  s e r v o  and p o s i t i o n e r  s y s t e m s .  

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

OBJECTIVES 

A t  t h e  c o m p l e t i o n  o f  t h i s  module ,  you w i l l  b e  a b l e  t o  d e s c r i b e  
t h e  f u n c t i o n  o f  t h e  items l i s t e d  below.  

I n t e r f a c e  c a b l e  
I n t e r f a c i n g  s i g n a l s  
Each d r i v e  l o g i c  module  
S e r v o  s y s t e m  

To d e m o n s t r a t e  you r  a b i l i t y  t o  do  t h i s ,  you w i l l  b e  g i v e n  a  
s e r i e s  o f  t r u e - f a l s e  q u e s t i o n s .  You w i l l  b e  r e q u i r e d  t o  c o r r e c t l y  
answer  8 o u t  o f  10  q u e s t i o n s  w i t h i n  1 0  m i n u t e s .  You may u s e  a n y  
r e f e r e n c e  m a t e r i a l  a v a i l a b l e .  

ADDITIONAL RESOURCES 

RK05/RK05J/RK0SF Disk D r i v e  M a i n t e n a n c e  Manual 
Fie1.d Ma in t enance  P r i n t  S e t  DECpack Assembly 
RK05 D i s k  D r i v e  User's, Manual 
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F i g u r e  7-1 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 s  

R K 0 5  INTERFACE 
The RKll/RK8-E C o n t r o l l e r s  communicate w i t h  t h e  d r i v e v i a  an 

i n t e r f a c i n g  c a b l e .  T h i s  c a b l e  p l u g s  i n t o  c a r d  p o s i t i o n  7 o r  8 o f  
t h e  l o g i c  a s sembly  i n  t h e  RK05. F i g u r e  7-1 shows e a c h  s i g n a l  l i n e  
i n c l u d i n g  t h e  d i r e c t i o n  of s i g n a l  f low.  F i g u r e  
a  b r i e f  d e s c r i p t i o n  o f  each  s i g n a l .  

RK11 -D - ki 

SELECT0 , *1 

SELECT 1 k 

SELECT 2 - b 

SELECT 3 * 
CYLINDER ADDRESS 0 m 
CYLINDER ADDRESS 1 w 

CYLINDER ADDRESS 2 .b 

CYLINDER ADDRESS 3 

CYLINDER ADDRESS 4 fri 

CYLINDER ADDRESS 5 w 

CYLINDER ADDRESS 6 * 
CYLINDER ADDRESS 7 

STROBE > 

HEAD SELECT - 
WRITE PROTECT SET w 

WRITE DATA AND CLOCK rn 

WRITE GATE - 
RESTORE 

hi 

CONTROLLER READ GATE m 

Ã 
FILE READY 

4 
R/W/S READY 

- - 

ADDRESS ACCEPTED 

4 
ADDRESS INVALID 

e SEEK INCOMPLETE 

Ã WRITE PROTECT STATUS 

Ã 
WRITE CHECK 

Ã 
RESET DATA 

4 
READ CLOCK 

4 SECTOR ADDRESS 0 

e SECTOR ADDRESS 1 

Ã SECTOR ADDRESS 2 

4 SECTOR ADDRESS 3 

4 SECTOR PULSE 

- INDEX PULSE 

a AC LOW 

I* DC LOW 

Ã HIGH DENSITY 

7-1 is 

+ 

DISK 
DRIVE 

- 
cz-0386 

fo l lowed  b y  
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Input Interface Lines 
BUS R K 1 1 D  L c o n f i g u r e s  t h e  d r i v e  s e l e c t  l o g i c  t o  o p e r a t e  w i t h  

a  p a r t i c u l a r  t y p e  of c o n t r o l l e r .  T h i s  l i n e  n e g a t e d  i n d i c a t e s  t h a t  
t h e  c o n t r o l l e r  is n o t  an  R K 1 1 D  ( i . e . ,  t h e  c o n t r o l l e r  may be  a n  
RK8-E, which can  c o n t r o l  o n l y  f o u r  d r i v e s  on a  s i n g l e  b u s ) .  BUS 
R K 1 1 D  L a s s e r t e d  i n d i c a t e s  t h a t  t h e  c o n t r o l l e r  is a n  R K 1 1 D .  

BUS SEL 0-3 L o p e r a t e s  i n  c o n j u n c t i o n  w i t h  t h e  R K 1 1 D  i n t e r f a c e  
l i n e  a n d  a n  e i g h t - p o s i t i o n  a d d r e s s  s e l e c t  s w i t c h  o n  t h e  
M7700/M7680 c a r d .  T o g e t h e r ,  t h e s e  s i g n a l s  d e t e r m i n e  t h e  d r i v e  
s e l e c t i o n  by one  of t h e  two methods  l i s t e d  below. 

With t h e  R K 1 1 D  l i n e  a s s e r t e d ,  t h e  M7700/M7680 s e l e c t i o n  
c i r c u i t r y  is c o n f i g u r e d  t o  decode  t h e  lower  t h r e e  s e l e c t  
l i n e s  a s  a  b i n a r y  number. To s e l e c t  a  d r i v e ,  t h e  
c o n t r o l l e r  p l a c e s  a  3 - b i t  b i n a r y  code  c o r r e s p o n d i n g  t o  
t h e  d e s i r e d  d r i v e  number, on t h e  s e l e c t  l i n e s .  T h i s  
b i n a r y  code  is t h e n  t r a n s l a t e d  by  a  d e c o d e r  t o  a c t i v a t e  
o n l y  one  of t h e  e i g h t  a d d r e s s  s e l e c t  s w i t c h  p o s i t i o n s .  

a With t h e  R K 1 1 D  1 i n e  n e g a t e d ,  t h e  M7700/M7680 s e l e c t i o n  
c i r c u i t  is  c o n f i g u r e d  t o  u s e  t h e  f o u r  s e l e c t  l i n e s  
d i f f e r e n t l y .  I n  a  s p e c i f i c  d r i v e ,  o n l y  one  of t h e  f o u r  
l i n e s  is i n t e r n a l l y  c o n n e c t e d  ( v i a  p o s i t i o n s  0 t h r o u g h  3  
o f  t h e  a d d r e s s  s e l e c t  s w i t c h )  t o  t h e  d r i v e  c o n t r o l  l o g i c .  
To s e l e c t  a  d r i v e ,  t h e  c o n t r o l l e r  a s s e r t s  o n l y  one  o f  t h e  
f o u r  s e l e c t  l i n e s .  T h i s  l i n e  r ema ins  a s s e r t e d  t h r o u g h o u t  
t h e  e n t i r e  d a t a  t r a n s f e r  o r  c o n t r o l  o p e r a t i o n .  

BUS STROBE L e n a b l e s  t h e  c y l i n d e r  a d d r e s s  o r  r e s t o r e  l i n e  t o  
b e  r e c e i v e d  by  t h e  d r i v e .  The c o n t r o l l e r  a s s e r t s  t h e  s t r o b e  l i n e  
a f t e r  t h e  c y l i n d e r  a d d r e s s  o r  t h e  r e s t o r e  command is  s e t t l e d  on  
t h e  i n t e r f a c e .  

The s t r o b e  l i n e  r e m a i n s  a s s e r t e d  u n t i l  e i t h e r  t h e  ADDRESS 
ACKNOWLEDGED o r  t h e  ADDRESS I N V A L I D  s i g n a l  is r e t u r n e d  from t h e  
d r i v e .  

BUS CYL ADD 0-7 L s p e c i f i e s  t h e  new s e e k  a d d r e s s .  I n  o r d e r  t o  
move t h e  h e a d s  t o  a  d e s i r e d  c y l i n d e r ,  t h e  c o n t r o l l e r  p l a c e s  a n  
8 - b i t  b i n a r y  code  on t h e  l i n e s  ( v a l i d  c o d e s  a r e  0 t h r o u g h  202  
d e c i m a l )  . These  l i n e s  a r e  g a t e d  by  t h e  b u s  s t r o b e ,  d i r e c t i n g  t h e  
d r i v e  l o g i c  t o  p o s i t i o n  t h e  h e a d s  a t  t h e  a d d r e s s e d  c y l i n d e r .  The 
b i n a r y  c o d e  r e m a i n s  o n  t h e  l i n e s  u n t i l  e i t h e r  t h e  a d d r e s s  
acknowledged  o r  t h e  a d d r e s s  i n v a l i d  s i g n a l  is  r e t u r n e d  from t h e  
d r i v e  . 
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BUS RESTORE L (RTZ) commands t h e  d i s k  l o g i c  t o  p o s i t i o n  t h e  
heads  t o  c y l i n d e r  ze ro .  The c o n t r o l l e r  a s s e r t s  t h i s  l i n e  p r i o r  t o  
i s s u i n g  BUS STROBE L. Wi th in  t w o  mic roseconds  a f t e r  t h i s  s i g n a l  
is i s s u e d ,  t h e ,  d r i v e  s h o u l d  r e t u r n  ADDRESS ACKNOWLEDGED and c l e a r  
t h e  a d d r e s s  r e g i s t e r .  The heads  w i l l  them move t o  c y l i n d e r  z e r o .  
The r e s t o r e  l i n e  r ema ins  a s s e r t e d  u n t i l  t h e  c o n t r o l l e r  r e c e i v e s  
ADDRESS ACKNOWLEDGED. 

BUS HD SELECT L d e t e r m i n e s  which of t h e  two r e a d / w r i t e  h e a d s  
t h e  d r i v e  is  t o  s e l e c t .  The c o n t r o l l e r  a s s e r t s  t h i s  l i n e  t o  
s e l e c t  t h e  upper head ,  and n e g a t e s  t h i s  l i n e  t o  s e l e c t  t h e  lower  
head.  E i t h e r  s i g n a l  r ema ins  on t h e  l i n e  t h r o u g h o u t  t h e  e n t i r e  
r e a d  o r  w r i t e  o p e r a t i o n .  

BUS WRITE PROTECT SET L d i s a b l e s  t h e  d r i v e  w r i t e  a m p l i f i e r s  t o  
p r e v e n t  a  w r i t e  o p e r a t i o n .  The c o n t r o l l e r  a s s e r t s  t h i s  l i n e  t o  
s e t  t h e  w r i t e  p r o t e c t  f l i p - f l o p  and i n h i b i t  t h e  w r i t e  c a p a b i l i t y  
o f  t h e  d r i v e .  The w r i t e  p r o t e c t  f l i p - f l o p  can  a l s o  be s e t  by t h e  
WT PROT s w i t c h  on t h e  f r o n t  p a n e l .  

BUS W R I T E  DATA and CLOCK L a r e  m u l t i p l e x e d  d a t a  and c l o c k  
p u l s e s  encoded i n  a  f r e q u e n c y  modulated fo rma t  s e n t  t o  t h e  d r i v e .  

BUS WRITE GATE L s i m u l t a n e o u s l y  t u r n s  on b o t h  w r i t e  and e r a s e  
c u r r e n t  s o u r c e s  t o  t h e  s e l e c t e d  head.  The c o n t r o l l e r  a s s e r t s  t h i s  
l i n e  one microsecond p r i o r  t o  t r a n s m i t t i n g  t h e  w r i t e  d a t a .  T h i s  
1 i n e  r ema ins  a s s e r t e d  t h r o u g h o u t  t h e  d a t a  t r a n s m i s s i o n  t ime .  

BUS READ GATE L a l l o w s  r ead  d a t a  t o  be g a t e d  o u t  of  t h e  d r i v e  
and s e n t  t o  t h e  c o n t r o l l e r .  The c o n t r o l l e r  a s s e r t s  t h i s  l i n e  t o  
e n a b l e  t h e  r ead  c l o c k  and r ead  d a t a  o u t p u t  l i n e s .  T h i s  l i n e  
r ema ins  a s s e r t e d  t h r o u g h o u t  t h e  e n t i r e  r e a d  o p e r a t i o n .  

Output  I n t e r f a c e  Lines 
BUS FILE RDY L i n d i c a t e s  t h a t  a l l  t h e  c o n d i t i o n s  l i s t e d  below 

a r e  t r u e .  

a Dr ive  o p e r a t i n g  power is c o r r e c t .  
a D i s k  c a r t r i d g e  is p r o p e r l y  i n s e r t e d .  
a Dr ive  f r o n t  door  is c l o s e d .  
a RUN/LOAD s w i t c h  is i n  t h e  RUN p o s i t i o n .  
a S p i n d l e  is r o t a t i n g  a t  t h e  c o r r e c t  speed .  
a Read/wr i t e  heads  a r e  l o a d e d .  

W r i t e  check  i n t e r f a c e  l i n e  is f a l s e .  

BUS WT CHK L is a s s e r t e d  t o  i n d i c a t e  any o f  t h e  c o n d i t i o n s  
l i s t e d  below. 

a Erase  o r  w r i t e  c u r r e n t  a c t i v e  w i t h o u t  WRITE GATE b e i n g  
a s s e r t e d  . 

a I n o p e r a t i v e  l i n e a r  p o s i t i o n e r  t r a n s d u c e r  lamp. 

Any o r  a l l  o f  +15, -15 o r  +5 Vdc low. 



R K 0 5  THEORY O F  O P E R A T I O N  

When t h e  W R I T E  CHECK s i g n a l  is a s s e r t e d ,  a l l  e x t e r n a l  commands 
t o  t h e  d r i v e  a r e  s u p p r e s s e d  and t h e  FAULT i n d i c a t o r  on t h e  d r i v e  
c o n t r o l  p a n e l  l i g h t s .  If t h e  f a u l t  c o n d i t i o n  is t e m p o r a r y ,  t h e  
o p e r a t o r  may t u r n  o f f  t h e  FAULT i n d i c a t o r  by p u s h i n g  t h e  WT P R O T  
s w i t c h .  T h i s  a c t i o n ,  however ,  c a u s e s  t h e  WT PROT i n d i c a t o r  t o  
l i g h t ;  t h e  WT PROT s w i t c h  mus t  be  pushed  a g a i n  t o  t u r n  o f f  t h e  WT 
PROT i n d i c a t o r .  

BUS R/W/S RDY L is a s s e r t e d  t o  i n d i c a t e  t h a t  t h e  d r i v e  is i n  
t h e  f i l e  r e a d y  c o n d i t i o n  and is n o t  p e r f o r m i n g  a  s e e k  o p e r a t i o n  
(on  c y l i n d e r ) .  When t h i s  l i n e  is n e g a t e d ,  t h e  d r i v e  is e i t h e r  
c y c l e d  down ( h e a d s  u n l o a d e d )  o r  i n  t h e  p r o c e s s  o f  p e r f o r m i n g  a  
s e e k  o p e r a t i o n  (moving t h e  h e a d s ) .  

BUS ADDRESS A C C E P T E D  L is a  f i v e  m i c r o s e c o n d  p u l s e  t h a t  
i n d i c a t e s  t h e  d r i v e  h a s  a c c e p t e d  a  s e e k  command w i t h  a  v a l i d  
a d d r e s s  and command e x e c u t i o n  h a s  begun .  

B U S  ADDRESS I N V A L I D  L is a  f i v e  m i c r o s e c o n d  p u l s e  t h a t  
i n d i c a t e s  t h e  d r i v e  h a s  r e c e i v e d  a  n o n e x e c u t a b l e  s e e k  command 
c o n t a i n i n g  a  c y l i n d e r  a d d r e s s  g r e a t e r  t h a n  202 ( d e c i m a l ) .  I n  t h i s  
c a s e ,  t h e  s e e k  command is s u p p r e s s e d  and t h e  h e a d s  do  n o t  move. 

B U S  S E E K  INCOMPLETE L i n d i c a t e s  t h a t  some d r i v e  m a l f u n c t i o n  
d i d  n o t  a l l o w  t h e  s e e k  o p e r a t i o n  t o  b e  c o m p l e t e d .  BUS S E E K  
INCOMPLETE r e m a i n s  a s s e r t e d  u n t i l  a  r e s t o r e  command is r e c e i v e d  o r  
t h e  o p e r a t o r  s e t s  t h e  RUN/LOAD s w i t c h  t o  LOAD and t h e n  back  t o  
RUN. 

BUS W R I T E  PROTECT S T A T U S  L i n d i c a t e s  t h a t  t h e  w r i t e  c a p a b i l i t y  
o f  t h e  d r i v e  is  i n h i b i t e d  ( i  . e m ,  t h e  d r i v e  is w r i t e - p r o t e c t e d ) .  
When t h i s  l i n e  is a s s e r t e d ,  t h e  WT PROT i n d i c a t o r  on t h e  d r i v e  
c o n t r o l  p a n e l  is on .  T h i s  l i n e  may be  a s s e r t e d  b e c a u s e  t h e  f r o n t  
p a n e l  s w i t c h  h a s  been  pushed ,  o r  t h e  BUS W R I T E  PROTECT SET l i n e  
was a s s e r t e d  from t h e  c o n t r o l l e r .  

BUS READ DATA L is d a t a  r e a d  from t h e  d i s k ,  c o n s i s t i n g  o f  160 
nanosecond  p u l s e s .  

BUS READ CLOCK L c o n s i s t s  o f  160 nanosecond  c l o c k  p u l s e s  t h a t  
s t r o b e  t h e  B U S  RD DATA t o  t h e  c o n t r o l l e r .  

BUS SECTOR ADDRESS 0-3 L i n d i c a t e s  t h e  s e c t o r  a d d r e s s  t h a t  is 
p a s s i n g  under  t h e  h e a d s .  The s e c t o r  a d d r e s s  is a  4 - b i t  b i n a r y  
c o d e  d e r i v e d  from t h e  s e c t o r  a d d r e s s  c o u n t e r .  

B U S  S E C T O R  P U L S E  L is a  o n e  m i c r o s e c o n d  p u l s e  t h a t  o c c u r s  e a c h  
t i m e  a  s e c t o r  s l o t  p a s s e s  t h e  s e c t o r  t r a n s d u c e r .  The i n d e x  s l o t  
is s u p p r e s s e d  i n  t h i s  l i n e  and is t r a n s m i t t e d  on  t h e  i n d e x  p u l s e  
1 i n e  . 
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BUS I N D E X  PULSE L is  a  one  m i c r o s e c o n d  p u l s e  t h a t  o c c u r s  o n c e  
f o r  e a c h  r e v o l u t i o n  o f  t h e  d i s k .  The i n d e x  p u l s e  o c c u r s  600 
m i c r o 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  and is g e n e r a t e d  e a c h  
time t h e  i n d e x  s l o t  is d e t e c t e d  b y  t h e  s e c t o r  t r a n s d u c e r .  

BUS AC LOW L i n d i c a t e s  a  l o s s  o f  d r i v e  a c  power.  The l i n e  is 
a s s e r t e d  when t h e r e  is a  l o s s  ( f o r  more t h a n  45 m i l l i s e c o n d s )  o f  
t h e  30  Vac w i t h i n  t h e  d r i v e .  When a c  low o c c u r s ,  t h e  d r i v e  
f i n i s h e s  r e a d i n g / w r i  t i n g  t h e  c u r r e n t  s e c t o r ,  t h e n  i n i t i a t e s  a  
normal  h e a d - r e t r a c t  and un load  c y c l e .  I f  a  t o t a l  power l o s s  
o c c u r s  b e f o r e  t h e  h e a d s  a r e  c o m p l e t e l y  r e t r a c t e d ,  t:he s a f e t y  r e l a y  
i s  d e - e n e r g i z e d  t o  r e t r a c t  t h e  h e a d s  u n d e r  b a t t e r y  p o w e r  
(emergency  r e t r a c t )  . 

BUS DC LOW L i n d i c a t e s  a  low d c  v o l t a g e  c o n d i t i o n .  The l i n e  
is a s s e r t e d  when t h e  +15 Vdc w i t h i n  t h e  d r i v e  d r o p s  be low 1 2  Vdc. 
When d c  low is g e n e r a t e d ,  t h e  s a f e t y  r e l a y  is  d e - e n e r g i z e d  t o  
r e t r a c t  t h e  h e a d s  unde r  b a t t e r y  power (emergency  r e t r a c t ) .  S i n c e  
t h e  RUN g a t e  o f  e a c h  d r i v e  is c o n n e c t e d  t o  t h e  d c  low b u s ,  a  d c  
low s i g n a l  from any  one  d r i v e  i n  a  m u l t i d r i v e  s y s t e m  d i s a b l e s  a l l  
t h e  d r i v e s  i n  t h e  s y s t e m .  

BUS H I G H  DENSITY L i n d i c a t e s  t h a t  a  h i g h  d e n s i t y  d r i v e  (200  
t r a c k s / i n c h )  is o n - l i n e  t o  t h e  c o n t r o l l e r .  T h i s  l i n e  is n o r m a l l y  
a s s e r t e d ,  i n d i c a t i n g  an RK05 is p r e s e n t .  On o l d e r  s y s t e m s ,  t h e  
l o w - d e n s i t y  RK03 w i l l  n e g a t e  t h i s  l i n e .  

RK05 BLOCK DIAGRAM 
F i g u r e  7-2 shows t h e  s i g n a l  p a t h s  t o  and f rom e a c h  l o g i c  c a r d .  

I t  a l s o  shows s e v e r a l  r e l a y s  and i n t e r l o c k s  i n  t h e  RK05. The t e x t  
b e l o w  d e s c r i b e s  t h e  f u n c t i o n  o f  e a c h  l o g i c  c a r d ,  r e l a y  and 
i n t e r l o c k  . 

The G180 module  c o n t a i n s  t h e  l o g i c  r e q u i r e d  f o r  head  s e l e c t i o n  
and r e a d i n g  and w r i t i n g  o f  d a t a .  The r e a d / w r i t e  h e a d s  a r e  
c o n n e c t e d ,  v i a  c a b l e s ,  t o  t h i s  module .  The G180 module  o c c u p i e s  
s l o t  1 o f  t h e  l o g i c  a s s e m b l y .  

The M7700/M7680 module c o n t a i n s  l o g i c  t o  c o n t r o l  t h e  items 
l i s t e d  be low.  

I n d e x / s e c t o r  d e t e c t i o n  
D r i v e  s e l e c t i o n  
Seek ing  
Ou tpu t  i n t e r f a c e  l i n e  d r i v e r s  

The M7700 module h a s  been  r e p l a c e d  b y  t h e  M7680 module.  These  
modu le s  p e r  form t h e  same f u n c t i o n s  e x c e p t  t h a t  t h e  M7680 module  
h a s  an  a d d i t i o n a l  s e t  o f  s w i t c h e s  t h a t  d i f f e r e n t i a t e  a n  RK0SJ f rom 
a n  RK05F. The M7700/M7680 module  o c c u p i e s  s l o t  2 o f  t h e  l o g i c  
a s s e m b l y .  
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The M7702/M7681 module is p r i m a r i l y  used t o  c a l c u l a t e  t h e  
d i f f e r e n c e  between t h e  p r e s e n t  c y l  i n d e r  a d d r e s s  and t h e  d e s i r e d  
c y l i n d e r  a d d r e s s .  (The M7702 module h a s  been r e p l a c e d  by  t h e  
M7681 module.) These modules pe r fo rm t h e  same f u n c t i o n ,  e x c e p t  
t h a t  t h e  M7681 c o n t a i n s  a  s w i t c h  t h a t  d i f f e r e n t i a t e s  an RK05J from 
an  RK05F. 

The c y l i n d e r  d i f f e r e n c e  decode  1C o c c u p i e s  e i t h e r  p o s i t i o n  E l  
o r  E2 on t h e  module. The 1C is a n  8223 and is p l a c e d  i n t o  s o c k e t  - 
E l  i f  t h e  d e v i c e  is an RK05J, and s o c k e t  E 2  i f  t h e  d e v i c e  is an 
R K O  5F. 

T h i s  module o c c u p i e s  s l o t  3  o f  t h e  l o g i c  assembly .  

The M7701 module m o n i t o r s  t h e  d r i v e  i n t e r l o c k s  d u r i n g  d r i v e  
s t a r t - u p  and c o n t r o l s  t h e  i n d i c a t o r s  on t h e  f r o n t  p a n e l .  T h i s  
module o c c u p i e s  s l o t  4 of t h e  l o g i c  a s sembly .  

The G938 p o s i t i o n e r  s e r v o  m o d u l e  c o n t r o l s  t h e  c a r r i a g e  
movement, u t i l i z i n g  two c o n t r o l  l o o p s  i n  t h e  s e r v o  s y s t e m .  

V e l o c i t y  l o o p  - c o n t r o l s  t h e  c a r r i a g e  v e l o c i t y  d u r i n g  
s e e k  o p e r a t i o n s  

e D e t e n t  l o o p  - e l e c t r o n i c a l l y  d e t e n t s  t h e  h e a d s  a t  t h e  
d e s i r e d  c y l i n d e r  when t h e  s e e k  o p e r a t i o n  is  comple t ed  

The G938 module o c c u p i e s  s l o t  5  o f  t h e  l o g i c  assembly .  

The c o n t r o l  p a n e l  h a s  two s w i t c h e s  and e i g h t  i n d i c a t o r s  t h a t  
a r e  used t o  s t a r t  and s t o p  t h e  d r i v e  and g i v e  v i s u a l  i n d i c a t i o n s  
o f  d r i v e  o p e r a t i o n .  

The power s u p p l y  s u p p l i e s  t h e  r e q u i r e d  v o l t a g e s  f o r  t h e  d r i v e .  
I t  c o n s i s t s  of t h r e e  v o l t a g e  r e g u l a t o r s :  +5 Vdc, +15 Vdc and -15 
Vdc. The power s u p p l y  is l o c a t e d  i n  t h e  l e f t - r e a r  a r e a  o f  t h e  
d r i v e .  

The s p i n d l e  motor r e l a y  ( K l )  a p p l i e s  power t o  t h e  s p i n d l e  
motor t o  r o t a t e  t h e  d i s k  p l a t t e r  i f  a l l  o f  t h e  c o n d i t i o n s  l i s t e d  
below a r e  met.  

RUN/LOAD s w i t c h  is i n  RUN p o s i t i o n .  
Power s u p p l y  v o l t a g e s  a r e  OK. 
C a r t r i d g e  is i n s t a l l e d  p r o p e r l y ,  
C a r r i a g e  is home.! 

e Drive  f r o n t  door  is c l o s e d .  
e Drive  door  l o c k  is  e n e r g i z e d .  

The s a f e t y  r e l a y  (K2) c a u s e s  t h e  l o g i c  t o  r e t r a c t  t h e  h e a d s  i f  
d c  power is l o s t .  The r e l a y  a l l o w s  t h e  b a t t e r y  pack t o  power t h e  
p o s i t i o n i n g  l o g i c  t o  unload t h e  heads .  
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The pack on i n t e r l o c k  i s  e n e r g i z e d  when a  c a r t r i d g e  i s  
p r o p e r l y  i n s e r t e d  i n t o  t h e  c a r t r i d g e - h a n d l i n g  s y s t e m .  

The d o o r - c l o s e d  i n t e r l o c k  is  e n a b l e d  when t h e  c o n d i t i o n s  
l i s t e d  be low a r e  met .  

F r o n t  doo r  is  c l o s e d .  
Door l o c k i n g  s o l e n o i d  is de-energ  i z e d .  
Door l o c k  h a s  l o c k e d  t h e  f r o n t  d o o r .  

The d o o r  u n l o c k  s o l e n o i d  de-energ  i z e s  when t h e  RUN/STOP s w i t c h  
is p l a c e d  i n  t h e  RUN p o s i t i o n .  The s o l e n o i d  is  e n e r g i z e d  when t h e  
RUN/LOAD s w i t c h  is p l a c e d  i n  t h e  LOAD p o s i t i o n  and 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 .  

The s e c t o r  t r a n s d u c e r  is an  o p t i c a l  d e v i c e  which g e n e r a t e s  
p u l s e s  d e t e c t e d  from t h e  s l o t t e d  hub on t h e  u n d e r s i d e  o f  t h e  d i s k  
c a r t r i d g e  t o  t h e  i n d e x / s e c t o r  module .  

The l i n e a r  p o s i t i o n e r  t r a n s d u c e r  is a n  o p t i c a l  d e v i c e  which 
g e n e r a t e s  s i g n a l s  (SIN/COS and LIMIT) t o  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  r e g i s t e r  and t h e  s e r v o  p o s i t i o n  s e r v o  modules .  These  
s i g n a l s  h e l p  c o n t r o l  t h e  movement o f  t h e  c a r r i a g e .  

The home s w i t c h  s h u t s  o f f  d r i v e  t o  t h e  p o s i t i o n i n g  s y s t e m  when 
t h e  h e a d s  a r e  f u l l y  r e t r a c t e d  i n  t h e  home p o s i t i o n .  T h i s  s w i t c h  
is a l s o  an  i n t e r l o c k  f o r  t h e  d r i v e  l o g i c ,  p r e v e n t i n g  t h e  s p i n d l e  
mo to r  r e l a y  from d e - e n e r g i z i n g  when t h e  c a r r i a g e  is n o t  a t  t h e  
home p o s i t i o n .  I n  t h i s  c a s e ,  t h e  p o s i t i o n  o f  t h e  h e a d s  i s  
unknown, and a l l o w i n g  t h e  d i s k  t o  s p i n  down under  t h i s  c o n d i t i o n  
c o u l d  damage t h e  h e a d s  and /o r  c a r t r i d g e .  

Now t h a t  you h a v e  s t u d i e d  t h e  o v e r a l l  b l o c k  d i a g r a m  and 
u n d e r s t a n d  t h e  RK05 g e n e r a l  t h e o r y  o f  o p e r a t i o n ,  t h e  t e x t  g i v e s  
you a  d e t a i l e d  d e s c r i p t i o n ,  u s i n g  s e v e r a l  i l l u s t r a t i o n s  and b l o c k  
d i a g r a m s .  The t o p i c s  t o  b e  c o v e r e d  a r e  l i s t e d  be low.  

S e c t o r / i n d e x  g e n e r a t i o n  
C y l i n d e r  a d d r e s s i n g  
Se rvo  s y s t e m  b l o c k  d i a g r a m  
P o s i t i o n e r  s e r v o  
Read/wri  t e  c o n t r o l  

Sector/Index Generat ion  
F i g u r e  7-3 shows t h e  s e c t o r / i n d e x  t i m i n g  f o r  t h e  R K 0 5  D i s k  

Dr ive .  The t e x t  f o l l o w i n g  t h e  i l l u s t r a t i o n  d e s c r i b e s  how t h e  
s e c t o r / i n d e x  p u l s e s  a r e  g e n e r a t e d .  

The r e a d i n g  and r e c o r d i n g  o f  d a t a  w i t h  s p e c i f i c  f o r m a t s  ( e . g . ,  
d a t a  b l o c k s )  on t h e  d i s k  r e q u i r e s  a  t i m i n g  scheme r e l a t e d  t o  t h e  
r o t a t i o n a l  p o s i t i o n  o f  t h e  d i s k .  The s e c t o r  t r a n s d u c e r  is used t o  
r e l a t e  t h e  d a t a  f o r m a t  t o  t h e  l o c a t i o n  o f  t h e  d i s k .  



RK05 THEORY OF OPERATION 

SECT 10 (14) SECT 11 (15) INDEX SECT 00 - 
X' DUCER OUTPUT 

I 
I - 

SECTOR TIMING I , 
0 -  -& 110 ns (ADJUSTABLE) 

INDEX/SECTOR I- 1 1 1 
ONE-SHOT f 

I 
INDEX SEPARATOR 
ON E-SHOT I I 1 1 

I 
I 

INDEX L 

I 
I 

COUNTER RESET 
I 

FLIP-FLOP I" 
SECTOR ' 1 ADDRESS COUNTER I 1 -1 

CNT = lO(14) CNT = 11 (15) CNT = 00 

n J 
SECTOR L I_______ ( 

I 
INDEX SEPARATOR 
ONE-SHOT 

I I 
SECTOR 

ADDRESS COUNTER' 
CNT = 00 

NOTE: 
THE NUMBERS IN 
PARENTHESIS ARE FOR 
AN RKBIE SYSTEM. 

F i g u r e  7-3 S e c t o r / I n d e x  Timing 

S l o t s  i n  t h e  r e c o r d i n g  d i s k  hub p a s s  t h r o u g h  a  g r o o v e  i n  t h e  
t r a n s d u c e r .  S e c t o r  and i n d e x  p u l s e s  a r e  g e n e r a t e d  when t h e  
t r a n s d u c e r  d e t e c t s  l i g h t  p a s s i n g  t h r o u g h  t h e s e  s l o t s .  

T h e r e  a r e  1 2  e q u a l l y - s p a c e d  s e c t o r  s l o t s  ( 1 6  s l o t s  f o r  a n  
RK8-E), which d e s i g n a t e  t h e  12  ( o r  1 6 )  s e c t o r s  on t h e  d i s k .  T h e r e  
is a l s o  one  u n i q u e l y - s p a c e d  s l o t  ( i n d e x )  on t h e  d i s k .  T h i s  i n d e x  
s l o t  is  l o c a t e d  a f t e r  t h e  l a s t  s e c t o r  t o  i n d i c a t e  e a c h  r e v o l u t i o n  
o f  t h e  d i s k .  
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The s e c t o r  t r a n s d u c e r  is l o c a t e d  i n  f r o n t  of t h e  s p i n d l e .  I t  
is an  o p t i c a l  d e v i c e  t h a t  c o n t a i n s  a  l i g h t - e m i t t i n g  d i o d e  and a  
p h o t o s e n s o r .  A s  t h e  d i s k  r o t a t e s ,  t h e  s l o t s  on t h e  hub p a s s  
b e t w e e n  t h e  l i g h t - e m i  t t i n g  d i o d e  and  t h e  s e n s o r ,  p r o d u c i n g  
n e g a t i v e  SECTOR/INDEX p u l s e s .  

Because b o t h  t h e  SECTOR and I N D E X  p u l s e s  a r e  produced from a 
s i n g l e  t r a n s d u c e r ,  l o g i c  e l e m e n t s  on t h e  M7680/M7700 a r e  needed t o  
s e p a r a t e  t h e s e  two p u l s e s  and t o  encode  t h e  s e c t o r  a d d r e s s .  

D u r i n g  d i s k  r o t a t i o n ,  SECTOR/INDEX p u l s e s  f rom t h e  d i s k  
t r i g g e r  a  s e c t o r  t i m i n g  d e l a y  one - sho t .  The p u l s e  wid th  o f  t h i s  
one - sho t  can  be a d j u s t e d  t o  compensa te  f o r  d i f f e r e n t  s e c t o r  
t r a n s d u c e r  l o c a t i o n s  among v a r i o u s  d i s k  d r i v e s .  T h i s  e n s u r e s  t h e  
p r o p e r  s e c t o  r- to-head r e l a t i o n s h i p .  

The t r a i l i n g  e d g e  o f  t h e  s e c t o r  t i m i n g  o n e - s h o t  o u t p u t  
t r i g g e r s  t h e  i n d e x / s e c t o r  o n e - s h o t ,  g e n e r a t i n g  a  one  mic rosecond  
INDEX/SECTOR L p u l s e .  The t r a i l i n g  edge of  t h i s  p u l s e ,  i n  t u r n ,  
t r i g g e r s  t h e  one m i l l i s e c o n d  index  s e p a r a t o r  one-shot  . The o u t p u t  
s i g n a l  from t h i s  one - sho t  is a p p l i e d  t o  decod ing  g a t e s  t o  s e p a r a t e  
t h e  SECTOR p u l s e s  from t h e  I N D E X  p u l s e .  

I f  a n o t h e r  s l o t  d o e s  n o t  p a s s  t h e  t r a n s d u c e r  w h i l e  t h e  index  
s e p a r a t o r  one - sho t  is  t i m i n g  o u t ,  t h e  SECTOR L s i g n a l  is produced  
and t h e  f o u r - s t a g e  s e c t o r  a d d r e s s  c o u n t e r  is inc remen ted .  T h i s  
s e q u e n c e  o f  e v e n t s  is  r e p e a t e d  f o r  e v e r y  s e c t o r  on t h e  d i s k  hub.  

The o c c u r r e n c e  of  t h e  l a s t  SECTOR p u l s e  t r i g g e r s  t h e  index/  
s e c t o r  o n e - s h o t ,  a s  u s u a l .  However, 600 m i c r o s e c o n d s  l a t e r ,  t h e  
I N D E X  p u l s e  from t h e  d i s k  hub r e t r i g g e r s  t h e  one - sho t .  The s e t  
o u t p u t  from t h i s  one - sho t  is t h e n  ANDed w i t h  t h e  s e t  o u t p u t  from 
the! i n d e x  s e p a r a t o r  o n e - s h o t  ( s t i l l  h i g h  f r o m  t h e  p r e v i o u s  
t r i g g e r i n g )  . The o u t p u t  g e n e r a t e s  I N D E X  PULSE L and s e t s  t h e  
c o u n t e r  r e s e t  f l i p - f l o p .  

The l e a d i n g  edge of  t h e  n e x t  SECTOR p u l s e  ( s e c t o r  0 0 )  t h e n  
c l e a r s  t h e  s e c t o r  a d d r e s s  c o u n t e r ,  and t h e  t r a i l i n g  edge  o f  t h i s  
p u l s e  c l e a r s  t h e  c o u n t e r  r e s e t  f l i p - f l o p .  Thus,  f o r  e v e r y  
r e v o l u t i o n  o f  t h e  d i s k ,  t h e  c o u n t e r  is c l e a r e d  t o  m a i n t a i n  t h e  
c o r r e c t  s e c t o r  a d d r e s s  c o u n t e r - t o - d i s k  r e l a t i o n s h i p .  

C y l i n d e r  Addres s ing  Block Diagram 
F i g u r e  7-4 i s  a  s i m p l i f i e d  b l o c k  d i ag ram showing how t h e  

c y l i n d e r  d i f f e r e n c e  is  c a l c u l a t e d .  To move t h e  r e a d / w r i t e  h e a d s  
t o  a new l o c a t i o n ,  t h e  d r i v e  must pe r fo rm a  s e e k  o p e r a t i o n .  Note 
t h a t  t h e  d r i v e  s e e s  no d i f f e r e n c e  between a  programmed s e e k  
command and an i m p l i e d  s e e k  ( d u r i n g  a  d a t a  t r a n s f e r  command) from 
t h e  c o n t r o l l e r .  
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The s e q u e n c e  o f  e v e n t s  r e q u i r e d  t o  c a l c u l a t e  t h e  c y l i n d e r  
d i f f e r e n c e  is l i s t e d  below.  

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

C o n t r o l l e r  g a t e s  t h e  d e s i r e d  c y l i n d e r  a d d r e s s  w i t h  b u s  
s t r o b e  i n t o  t h e  new a d d r e s s  r e g i s t e r .  

The o u t p u t  o f  b o t h  r e g i s t e r s  a r e  a p p l i e d  t o  t h e  1's 
complement  a d d e r .  The d e s i r e d  c y l i n d e r  a d d r e s s  r e g i s t e r  
o u t p u t  is t h e  complement  o f  t h e  d e s i r e d  c y l i n d e r .  

The a d d e r  r e s u l t  ( c y l i n d e r  d i f f e r e n c e )  is  a p p l i e d  t o  t h e  
XOR g a t e s .  I f  t h e  a d d i t i o n  p r o c e s s  r e s u l t s  i n  a c a r r y ,  
t h e  XOR g a t e s  complement  t h e  a d d r e s s .  The s i g n a l  c a r r y  
o u t  t h e n  s e t s  t h e  r e v e r s e  d i r e c t i o n  f l i p - f l o p .  I f  t h e  
a d d i t i o n  p r o c e s s  d o e s  n o t  g e n e r a t e  a  c a r r y ,  t h e n  i t s  
a b s e n c e  se t s  t h e  f o r w a r d  d i r e c t i o n  Â£ i p - f l o p .  

See T a b l e  7-1 f o r  two e x a m p l e s  o f  seeks.  The f i r s t  column 
shows a  one  c y l i n d e r  f o r w a r d  s e e k ,  w h i l e  t h e  s e c o n d  column shows a  
o n e  c y l i n d e r  r e v e r s e  s e e k .  

T a b l e  7-1 Seek  Examples  

1 Forward Seek  1 R e v e r s e  Seek 

C u r r e n t  C y l i n d e r  
A d d r e s s  

N e w  Seek A d d r e s s  

C u r r e n t  C y l i n d e r  
A d d r e s s  I n p u t  t o  Adder 

Complemented N e w  Addre s s  
I n p u t  t o  Adder 

bum 
Add C a r r y  B i t  

R e s u l t  o f  Second Add 

O u t p u t  o f  XOR 
( C y l i n d e r  D i  f f e r e n c e )  

* C a r r y  b i t  was a c t i v e  i n  t h i s  ( and  a l l  r e v e r s e  s e e k )  c a l c u l a -  
t i o n s ,  c a u s i n g  t h e  r e v e r s e  d i r e c t i o n  f l i p - f l o p  t o  s e t  and comple-  
ment  t h e  a d d e r  r e s u l t .  

The c y l i n d e r  d i f f e r e n c e  is t h e n  a p p l i e d  t o  t h e  d i f f e r e n c e  
d e t e c t o r .  The d i f f e r e n c e  d e t e c t o r  p r o d u c e s  t h r e e  t y p e s  
o f  commands a s  a  r e s u l t  o f  t h e  s e e k  c a l c u l a t i o n .  
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Low v e l o c i t y  - When c y l i n d e r  d i f f e r e n c e  is l e s s  t h a n  
o r  e q u a l  t o  t h r e e  c y l i n d e r s .  

P r o p o r t i o n a l  v e l o c i t y  - When c y l i n d e r  d i f f e r e n c e  i s  
g r e a t e r  t h a n  t h r e e  and l e s s  t h a n  o r  e q u a l  t o  3 1  
c y l  i n d e r s .  

High v e l o c i t y  - When c y l i n d e r  d i f f e r e n c e  is g r e a t e r  
t h a n  31  c y l i n d e r s .  

a The d i f f e r e n c e  out -put  is  a p p l i e d  t o  t h e  d i g  i t a l - t o - a n a l o g  
(D/A) c o n v e r t e r  on t h e  G938 p o s i t i o n  s e r v o  module. The 

D/A c o n v e r t e r  changes  t h e  s e l e c t e d  one -o f - th ree  d i g  i t a l  
v e l o c i t y  commands i n t o  a  r e p r e s e n t a t i v e  a n a l o g  v o l t a g e .  
T h i s  v o l t a g e  is a p p l i e d  t o  t h e  l i n e a r  p o s i t i o n e r  s o  t h a t  
t h e  heads  w i l l  a c c e l e r a t e .  

I f  t h e  forward  f l i p - f l o p  is s e t ,  t h e  h e a d s  w i l l  move forward  
( toward  t h e  s p i n d l e ) *  I f  t h e  r e v e r s e  f l i p - f l o p  is  s e t ,  t h e  h e a d s  
w i l l  move i n  a  r e v e r s e  d i r e c t i o n  (away from t h e  s p i n d l e ) .  

SERVO SYSTEM 
The s e r v o  sys t em u s e s  t h e  o u t p u t  of  t h e  d i f f e r e n c e  d e t e c t o r  t o  

c o n t r o l  c a r r i a g e  movement. Like most  d i s k  s e r v o  s y s t e m s ,  t h e  
s e r v o  sys t em i n  t h e  RK05 o p e r a t e s  i n  e i t h e r  v e l o c i t y  mode o r  
d e t e n t  mode. These two modes a r e  d e s c r i b e d  below.  

V e l o c i t y  Mode 
During a  s e e k  o p e r a t i o n ,  t h e  c y l i n d e r  a d d r e s s  and d i f f e r e n c e  

l o g i c  computes  t h e  d i g i t a l  d i f f e r e n c e  between t h e  p r e s e n t  c y l i n d e r  
a d d r e s s  and t h e  d e s t i n a t i o n  c y l i n d e r  a d d r e s s .  T h i s  d i g i t a l  
d i f f e r e n c e  is t h e n  c o n v e r t e d  t o  an a n a l o g  v e l o c i t y  by t h e  D/A 
v e l o c i t y  f u n c t i o n  g e n e r a t o r .  

The a m p l i t u d e  of  t h e  a n a l o g  s i g n a l  depends  upon t h e  d i s t a n c e  
t o  t h e  d e s t i n a t i o n  c y l i n d e r .  I f  t h e  d i s t a n c e  is g r e a t e r  t h a n  3 1  
( d e c i m a l )  c y l i n d e r s  ( o r  6 3  [dec ima l ]  c y l i n d e r s ,  i n  t h e  c a s e  o f  an 

RK05F) ,  a  maximum v e l o c i t y  command is produced and a p p l i e d  t o  t h e  
v e l o c i t y  c o n t r o l  l o o p .  A s  t h e  c a r r i a g e  a c c e l e r a t e s ,  a f eedback  
v e l o c i t y  s i g n a l  is  g e n e r a t e d  by t h e  v e l o c i t y  s y n t h e s i z e r .  When a  
speed  of 35 i n c h e s  p e r  second ( i p s )  is a t t a i n e d ,  t h i s  f eedback  
s i g n a l  i n h i b i t s  f u r t h e r  a c c e l e r a t i o n  and m a i n t a i n s  a  c o n s t a n t  3 5  
i p s  c a r r i a g e  speed  u n t i l  t h e  h e a d s  a r e  3 1  ( o r  63 ,  RK05F) c y l i n d e r s  
from t h e  d e s t i n a t i o n  c y l i n d e r .  

From t h i s  p o i n t ,  t h e  c a r r i a g e  d e c e l e r a t e s  a t  a  c o n t r o l l e d  r a t e  
t h a t  depends  on t h e  dec remen t  ing  d i g i t a l  d i f f e r e n c e  a p p l i e d  t o  t h e  
f u n c t i o n  g e n e r a t o r .  

When t h e  h e a d s  a r e  t h r e e  c y l i n d e r s  ( o r  s even  c y l i n d e r s ,  RK05F) 
away f rom t h e  d e s t i n a t i o n  c y l i n d e r ,  t h e  v e l o c i t y  g e n e r a t o r  
p r o d u c e s  a  f i x e d  l o w - v e l o c i t y  command t h a t  c o n t i n u e s  t o  move t h e  
c a r r i a g e  a t  low v e l o c i t y  ( a b o u t  t h r e e  i p s )  u n t i l  t h e  h e a d s  a r e  
a p p r o x i m a t e l y  one -ha l f  c y l i n d e r  from t h e  d e s t i n a t i o n  c y l i n d e r  . 
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A t  t h i s  p o i n t ,  t h e  low v e l o c i t y  command is  removed. The 
v e l o c i t y  s i g n a l ,  however ,  r ema ins  t o  dampen t h e  c a r r i a g e  movement 
and p r e v e n t  o v e r s h o o t .  

Once t h e  d e s t i n a t i o n  c y l i n d e r  is r e a c h e d ,  t h e  p o s i t i o n  l o o p  
( d e t e n t  mode) e l e c t r o n i c a l l y  d e t e n t s  t h e  c a r r i a g e .  

Detent  Mode 
The d e t e n t  mode o f  o p e r a t i o n  e l e c t r o n i c a l l y  r e t a i n s  t h e  

r e a d / w r i t e  h e a d s  a t  t h e  d e s i r e d  c y l i n d e r .  During t h i s  mode, t h e  
v e l - o c i t y  command from t h e  f u n c t i o n  g e n e r a t o r  is z e r o .  T h i s  a l l o w s  
a  f eedback  which p r o d u c e s  a  s t a b l e  p o s i t i o n  l o o p .  

I f  t h e  h e a d s  d r i f t  from t h e  d e s i r e d  c y l i n d e r ,  an  e r r o r  
c o r r e c t i o n  s i g n a l  is  g e n e r a t e d  t h a t  is o p p o s i t e  i n  p o l a r i t y  from 
t h e  d i r e c t i o n  of  d r i f t .  T h i s  f e e d b a c k  is  g e n e r a t e d  by t h e  
p o s i  t i o n e r  t r a n s d u c e r .  The e r r o r  c o r r e c t i o n  s i g n a l  is  t h e n  
d i r e c t l y  a p p l i e d  t h r o u g h  t h e  l o o p  a m p l i f i e r s ,  r e t u r n i n g  t h e  
c a r r i a g e  t o  t h e  d e s i r e d  c y l i n d e r .  

F i g u r e  7-5 shows t h e  s e r v o  sys t em used i n  t h e  RK05. T h i s  
s e r v o  sys t em is  composed of  t h e  t h r e e  f u n c t i o n a l  a r e a s  l i s t e d  
bel-ow. 

a A l i n e a r  p o s i  t i o n e r  t r a n s d u c e r  t h a t  p r o d u c e s  two 
s i n u s o i d a l  s i g n a l s .  During t h e  v e l o c i t y  mode, t h e s e  
s i g n a l s  c o n t r o l  t h e  r a t e  o f  c a r r i a g e  movement. During 
t h e  d e t e n t  mode, o n l y  one o f  t h e s e  s i g n a l s  is used t o  
e l e c t r o n i c a l l y  d e t e n t  t h e  c a r r i a g e .  I n  a d d i t i o n ,  t h e  
t r a n s d u c e r  a l s o  g e n e r a t e s  two l i m i t  s i g n a l s  t h a t  i n d i c a t e  
t h e  two e x t r e m e s  of  c a r r i a g e  t r a v e l  ( I N N E R  LIMIT and 
OUTER LIMIT) . 
A v e l o c i t y  f u n c t i o n  g e n e r a t o r  t h a t  c o n v e r t s  t h e  computed 
d i g i t a l  d i f f e r e n c e  i n t o  c o r r e s p o n d i n g  a n a l o g  v e l o c i t y  
commands. 

A v e l o c i t y  s y n t h e s i z e r  t h a t  g e n e r a t e s  a s e r v o  f eedback  
s i g n a l  from t h e  p o s i t i o n e r  t r a n s d u c e r .  

Each o f  t h e s e  t h r e e  f u n c t i o n a l  a r e a s  a r e  d e s c r i b e d  below. 

Linear Pos i  t i o n e r  Transducer 
The p o s i t i o n e r  t r a n s d u c e r  ( l o c a t e d  on t h e  u n d e r s i d e  o f  t h e  

c a r r i a g e ) ,  i s  an  o p t i c a l  d e v i c e  t h a t  c o n s i s t s  o f  two p a r t s .  
F i g u r e  7-6 i l l u s t r a t e s  t h e  l i n e a r  p o s i  t i o n e r  t r a n s d u c e r .  The 
s t a t i o n a r y  p o r t i o n  o f  t h e  t r a n s d u c e r  is U-shaped and i s  a t t a c h e d  
t o  t h e  c a r r i a g e  s l i d e .  One s i d e  o f  t h e  t r a n s d u c e r  c o n t a i n s  a  
1 amp. The o t h e r  s i d e  c o n t a i n s  a  g l a s s  r e t i c l e  w i t h  m i n u t e  
d i a g o n a l  t r a n s p a r e n t  s l o t s .  S i x  p h o t o s e n s o r s  a r e  l o c a t e d  beh ind  
t h e  s l o t s .  
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F i g u r e  7-5 Servo  System Block Diagram 
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(PI  

Figure  7-6 Linear Posi t i o n e r  Transducer 

The movable p o r t i o n  ( s c a l e )  of t h e  t r ansduce r  c o n t a i n s  a  
s i m i l a r  s e c t i o n  of  minute v e r t i c a l  t r a n s p a r e n t  s l o t s  and is  
a t t a c h e d  t o  t he  movable c a r r i a g e .  A s  t he  s c a l e  moves, t h e  
v e r t i c a l  and d i agona l  s l o t s  a l l ow  varying l i g h t  p a t t e r n s  t o  s h i n e  
onto  the  photosensors .  This  a c t i o n  produces two s i n e  wave ou tpu t  
s i g n a l s  t h a t  occur  220  deg rees  o u t  of phase. These s i g n a l s  ( S I N  
POSITION and -COS POSITION) a r e  used t o  c o n t r o l  t he  movement of 
t h e  c a r r i a g e .  
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The t r a n s d u c e r  a l s o  g e n e r a t e s  two d c  s i g n a l s  ( I N N E R  LIMIT and 
OUTER L I M I T ) .  A s  l o n g  a s  t h e  s c a l e  t r a v e l  r e m a i n s  w i t h i n  t h e  
s l o t t e d  s e c t i o n  ( c y l i n d e r  0 t h r o u g h  202, d e c i m a l )  , n e i t h e r  s i g n a l  
is p roduced .  However, when t h e  s c a l e  r e a c h e s  t h e  i n n e r  l i m i t  o f  
t r a v e l  ( g r e a t e r  t h a n  c y l i n d e r  202 f o r  RK05, RK05J, and t h e  "oddw 
d r i v e  of  a n  RK05F), t h e  i n n e r  l i m i t  p h o t o s e n s o r  is u n c o v e r e d ,  
p r o d u c i n g  t h e  I N N E R  LIMIT s i g n a l .  The p o s i t i v e  OUTER LIMIT s i g n a l  
is p roduced  i n  a  s i m i l a r  manner a t  t h e  o u t e r  l i m i t  o f  t r a v e l  ( l e s s  
t h a n  c y l i n d e r  0  f o r  RK05, RK05J, and t h e  " e v e n n  d r i v e  o f  a n  
RKO 5F) . 
V e l o c i t y  F u n c t i o n  G e n e r a t o r  

The v e l o c i t y  f u n c t i o n  g e n e r a t o r  ( s e e  F i g u r e  7-7) is a  5 - b i t  
D/A c o n v e r t e r .  The g e n e r a t o r  l o g i c  e l e m e n t s  a r e  on t h e  G938 c a r d .  

CYLINDER 
DIFFERENCE 

LOOP AMPLIFIER 

1-'-9rl 

FWD 

POSITIONER 
VELOCITY 

+ FUNCTION - GENERATOR 
DRIVER -TO 

SIN POS 

COS POS 

AMPLIFIERS 

b b 

DECODER- 
AMPLIFIERS SELECTOR 

AND 
INVERTERS 

u 
D 

I I 
1 4 LINES DIFFERENTIATORS 

F i g u r e  7-7 S i m p l i f i e d  P o s i t i o n e r  S e r v o  Logic  Block  Diagram 

The 5 - b i t  d i g i t a l  i n p u t  t o  t h i s  l o g i c  component  i s  d e r i v e d  
f rom t h e  f i v e  d i f f e r e n c e  b i t s  f rom t h e  c y l i n d e r  a d d r e s s  and  
d i f f e r e n c e  l o g i c .  During a  seek o p e r a t i o n ,  t h e s e  f i v e  b i t s  
r e p r e s e n t  t h e  d i s t a n c e  from t h e  p r e s e n t  c y l i n d e r  a d d r e s s  t o  t h e  
d e s t i n a t i o n  c y l i n d e r .  I f  t h i s  d i s t a n c e  is g r e a t e r  t h a n  3 1  
( d e c i m a l )  c y l  i n d e r s  i n  t h e  RK05/RK05J ( o r  6 3  [ d e c i m a l ]  cyl i n d e r s ,  
RK05F), a l l  5  i n p u t  b i t s  a r e  l ow ,  p r o d u c i n g  a  maximum a m p l i t u d e  
v e l o c i t y  command. 
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I f  t h e  t r a v e l  d i s t a n c e  is l e s s  t h a n  o r  e q u a l  t o  t h r e e  
c y l i n d e r s  f o r  t h e  RK05/RK05J ( o r  s e v e n  c y l i n d e r s ,  RK05F), a l l  5 
i n p u t s  a r e  h i g h ,  p roduc ing  a  minimum v e l o c i t y  command. Fo r  
d i f f e r e n c e s  be tween 4 and 30 f o r  t h e  RK05/RK05J ( o r  be tween 8 and 
6 2 ,  RK05F), t h e  v e l o c i t y  command is p r o p o r t i o n a l  t o  t h e  5 - b i t  
b i n a r y  r e p r e s e n t a t i o n .  

The v e l o c i t y  command is a p p l i e d  t o  t h e  summing node o f  t h e  
l o o p  a m p l i f i e r  by f i e l d - e f f e c t  t r a n s i s t o r s  (PET).  To i n i t i a t e  
c a r r i a g e  m o t i o n ,  t h e  FWD o r  REV s i g n a l  t u r n s  on t h e  a p p r o p r i a t e  
PET, a p p l y i n g  t h e  v e l o c i t y  and d i r e c t i o n  command t o  t h e  l o o p  
a m p l i f i e r .  

V e l o c i t y  S y n t h e s i z e r  
I n  a  c l o s e d - l o o p  s e r v o  s y s t e m ,  a  s p e e d - s e n s i n g  f e e d b a c k  

c o n t r o l  s i g n a l  is  r e q u i r e d  t o  p r e v e n t  u n c o n t r o l l e d  v e l o c i t y  w i t h i n  
t h e  sys t em.  In  t h e  RK05 t h i s  c o n t r o l  ( t a c h o m e t e r  s i g n a l )  is 
e l e c t r o n i c a l l y  d e r i v e d  i n  t h e  v e l o c i t y  s y n t h e s i  z e r  . T h e s e  
e l e m e n t s  a r e  l o c a t e d  on t h e  G938. 

During a  s e e k  o p e r a t i o n ,  t h e  SIN POSITION and -COS POSITION 
s i g n a l s  from t h e  p o s i t i o n e r  t r a n s d u c e r  a r e  a p p l i e d  t o  a m p l i f i e r s  
and u n i t y  g a i n  i n v e r t e r s  t o  p r o v i d e  f o u r  p h a s e s  of  p o s i t i o n  s i g n a l  
a t  t h e  i n p u t  o f  t h e  s y n t h e s i z e r  . The i n v e r  t e r / a m p l i  f e r  o u t p u t s  
a r e  a l s o  a p p l i e d  t o  f o u r  d i f  f e r e n t i a t o r  ne tworks .  

A p p r o p r i a t e  p a i r s  of  ampli  f  i e r / i n v e r t e r  o u t p u t s  a r e  a p p l i e d  t o  
t h e  summing j u n c t i o n s  of  two s q u a r i n g  a m p l i f i e r s .  The r e s u l t a n t  
s q u a r e  wave s i g n a l s  a r e  d i s p l a c e d  90 d e g r e e s  from e a c h  o t h e r .  
When t h e s e  s i g n a l s  a r e  g a t e d  t o g e t h e r  i n  t h e  d e c o d e r / s e l e c t o r  , 
t h e y  produce  f o u r  s e p a r a t e  s e l e c t i o n  s i g n a l s  t h a t  o c c u r  d u r i n g  one  
c y c l e  of  SIN p o s i t i o n .  

Each s e l e c t i o n  s i g n a l  is c e n t e r e d  a round t h e  peak o f  t h e  
c o r r e s p o n d i n g  d i f f e r e n t i a t e d  s i g n a l .  The d e r i v a t i v e  s i g n a l s  a r e  
t h e n  s e l e c t i v e l y  summed i n  an o p e r a t i o n a l  a m p l i f i e r  t o  p roduce  t h e  
v e l o c i t y  f eedback  s i g n a l .  T h i s  s i g n a l  is  t h e n  a p p l i e d ,  t h r o u g h  a  
g a i n - s e t t i n g  r e s i s t o r ,  t o  t h e  summing node of  t h e  l o o p  a m p l i f i e r  . 
Here,  t h e  v e l o c i t y  command from t h e  v e l o c i t y  f u n c t i o n  g e n e r a t o r  i s  
summed w i t h  t h e  v e l o c i t y  f eedback  s i g n a l  t o  p roduce  a v e l o c i t y  
p r o f i l e  s i g n a l .  

Two of t h e  f o u r  s e l e c t i o n  s i g n a l s  a r e  a l s o  r o u t e d  t o  t h e  
c u r r e n t  c y l i n d e r  a d d r e s s  r e g i s t e r  ( F i g u r e  7 - 4 ) ,  s o  t h a t  a  new s e e k  
d i f f e r e n c e  may be c a l c u l a t e d .  The new s e e k  d i f f e r e n c e  w i l l  
p roduce  a  new f  i v e - b i t  d e s i r e d  v e l o c i t y  f o r  t h e  v e l o c i t y  f u n c t i o n  
g e n e r a t o r .  The c u r r e n t  c y l i n d e r  a d d r e s s  r e g i s t e r  u s e s  one i n p u t  
t o  inc remen t  t h e  a d d r e s s  ( f o r w a r d  d i r e c t i o n )  and t h e  o t h e r  t o  
dec remen t  t h e  a d d r e s s  ( r e v e r s e  d i r e c t i o n )  . 

During t h e  d e t e n t  mode o f  o p e r a t i o n ,  t h e  POS s i g n a l  t u r n s  on  
a n  FET t h a t  a p p l i e s  t h e  SIN POSITION s i g n a l  d i r e c t l y  t o  t h e  
summing node of  t h e  l o o p  a m p l i f i e r s .  T h i s  c i r c u i t  c o n Â  i g u r a t i o n  
r e t a i n s  t h e  h e a d s  a t  t h e  d e s i r e d  c y l i n d e r  l o c a t i o n .  
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READ/WRITE OPERATION 
A l l  r ead  o r  w r i t e  o p e r a t i o n s  a r e  e x e c u t e d  by t h e  G180 module. 

The sequence  o f  e v e n t s  f o r  b o t h  a  w r i t e  o p e r a t i o n  and a  r e a d  
o p e r a t i o n  is d e s c r i b e d  below. 

Write O p e r a t i o n  
To i n i t i a t e  a  w r i t e  o p e r a t i o n ,  t h e  c o n t r o l l e r  w i l l  per form t h e  

a c t i o n s  l i s t e d  below.  

e S e l e c t  a  d r i v e .  

P o s i t i o n  t h e  h e a d s  o v e r  t h e  d e s i r e d  c y l i n d e r  ( s e e k ) .  

S e l e c t  a  head .  

e Apply w r i t e  d a t a  and c l o c k  p u l s e s  t o  t h e  w r i t e  encode r  
f l i p - f l o p .  

a A s s e r t  w r i t e  g a t e .  

On t h e  G180 module t h e  a c t i o n s  l i s t e d  below occ:ur. 

W r i t e  c u r r e n t  d r i v e r  a p p l i e s  c u r r e n t  t o  one  h a l f  o f  t h e  
c e n t e r - t a p p e d  w r i t e  c o i l  of t h e  s e l e c t e d  head ( e n a b l e d  by 
w r i t e  g a t e ) .  

The w r i t e  encode  f l i p - f l o p  is s e t  and r e s e t  t o  c a u s e  
c u r r e n t  t o  be a p p l i e d  t o  t h e  o t h e r  h a l f  o f  t h e  c e n t e r -  
t apped  w r i t e  c o i l .  Thus,  w i t h  each  c u r r e n t  t r a n s f e r  i n  
t h e  head c o i l ,  a  f l u x  r e v e r s a l  is  r e c o r d e d  on t h e  d i s k  
s u r f a c e .  

Read O p e r a t i o n  
To i n i t i a t e  a  r ead  o p e r a t i o n ,  t h e  c o n t r o l l e r  w i l l  per form t h e  

a c t i o n s  l i s t e d  below.  

e Address  a p a r t i c u l a r  d r i v e .  

P o s i t i o n  t h e  h e a d s  o v e r  t h e  d e s i r e d  c y l i n d e r .  

S e l e c t  a head.  

On t h e  G180 module t h e  a c t i o n s  l i s t e d  below o c c u r .  

S e l e c t e d  h e a d  d e t e c t s  f l u x  r e v e r s a l s  f rom t h e  d i s k  
s u r f  a c e .  

e F l u x  r e v e r s a l s  g e n e r a t e  v o l t a g e  l e v e l s  ( m i l l i v o l t s )  . 
T h i s  v o l t a g e  is  a m p l i f i e d  and f i l t e r e d ,  and a p p l i e d  t o  
wave-shaping c i r c u i t .  

The o u t p u t  o f  t h e  w a v e - s h a p i n g  c i r c u i t  i s  a  3 4 7  
nanosecond l o g i c  l e v e l  p u l s e  t r a i n  ( c l o c k  and d a t a ) .  
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The p u l s e  t r a i n  is a p p l i e d  t o  a  d a t a  s e p a r a t o r  c i r c u i t .  

The d a t a  s e p a r a t o r  w i l l  s e p a r a t e  t h e  i n d i v i d u a l  c l o c k  and d a t a  
p u l s e s  and o u t p u t  them back t o  t h e  c o n t r o l l e r  v i a  t h e  G180 module 
a s  r e a d  d a t a  and r e a d  c l o c k .  

The RK05/RK05J/RK05F D i s k  D r i v e  Main tenance  Manual (EK-RK5JF- 
M M )  c o n t a i n s  a  d e t a i l e d  e x p l a n a t i o n  o f  t h e  r e a d i n g  and w r i t i n g  o f  
d a t a  and of t h e  d a t a  s e p a r a t o r .  

SUMMARY 

D r i v e  G e n e r a l  D e s c r i p t i o n  

One d r i v e  i n t e r f a c e  c a b l e  is used t o  t r a n s m i t  and r e c e i v e  
c o n t r o l  d a t a  and s t a t u s  i n f o r m a t i o n  between t h e  d r i v e  and 
c o n t r o l l e r .  

A l o g i c  a s sembly  h o u s e s  f i v e  l o g i c  modules .  T h e i r  
f u n c t i o n s  a r e  l i s t e d  below. 

G180 c o n t r o l s  t h e  r e a d i n g  and w r i t i n g  of d a t a  and 
head s e l e c t i o n .  

M7700/M7680 g e n e r a t e s  s e c t o r / i n d e x  p u l s e s ,  m o n i t o r s  
d i s k  s p e e d ,  and r e s e t s  t h e  s e c t o r  c o u n t e r .  

M7702/M7681 c a l c u l a t e s  t h e  d i f f e r e n c e  between t h e  
c u r r e n t  c y l i n d e r  a d d r e s s  and t h e  d e s i r e d  c y l i n d e r  
a d d r e s s  . 
M7701 m o n i t o r s  t h e  d r i v e  i n t e r l o c k s  d u r i n g  s t a r t - u p ,  
and c o n t r o l s  t h e  i n d i c a t o r s  on t h e  f r o n t  p a n e l .  

G938 c o n t r o l s  c a r r i a g e  movements by  means o f  a  s e r v o  
s y s t e m .  

Se rvo  sys t em o p e r a t e s  i n  e i t h e r  o f  t h e  two modes o f  
o p e r a t  i o n  1 is  t e d  below. 

e V e l o c i t y  mode c o n t r o l s  c a r r i a g e  v e l o c i t y  d u r i n g  s e e k  
o p e r a t i o n .  

D e t e n t  mode r e t a i n s  t h e  h e a d s  p o s i t i o n e d  o v e r  t h e  
d e s i r e d  c y l i n d e r .  

Se rvo  sys t em is composed of t h e  t h r e e  f u n c t i o n a l  a r e a s  
l i s t e d  below.  

L i n e a r  p o s i t i o n e r  t r a n s d u c e r  - An o p t i c a l  d e v i c e  
which t r a n s m i t s  SIN, COS and l i m i t  s i g n a l s  t o  t h e  
M7681 and G938 modules .  
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e V e l o c i t y  f u n c t i o n  g e n e r a t o r  c o n v e r t s  d i g i t a l  
d i f f e r e n c e  s i g n a l s  i n t o  a n a l o g  v e l o c i t y  v o l t a g e s .  

e V e l o c i t y  s y n t h e s i z e r  g e n e r a t e s  a  f eedback  s i g n a l  from 
t h e  l i n e a r  t r a n s d u c e r  o u t p u t .  

C o n t r o l  p a n e l  s t a r t s / s t o p s  t h e  d r i v e ,  and g i v e s  t h e  
o p e r a t o r  v i s u a l  i n d i c a t i o n s  o f  t h e  r e a d / w r i t e ,  w r i t e  
p r o t e c t ,  and r e a d y  s t a t u s  o f  t h e  d r i v e .  

Power s u p p l y  s u p p l i e s  t h e  r e q u i r e d  v o l t a g e s .  I t  c o n t a i n s  
t h r e e  v o l t a g e  r e g u l a t o r s  ( +5 V, +15 V and  -15 V)  . 
S p i n d l e  motor r e l a y  ( K l )  a p p l i e s  power t o  s p i n d l e  d r i v e  
motor 

S a f e t y  r e l a y  ( K 2 )  e n a b l e s  t h e  b a t t e r y  pack  t o  power t h e  
p o s i t i o n e r  t o  r e t r a c t  t h e  h e a d s  i n  c a s e  o f  a  power l o s s .  

Pack-on i n t e r l o c k  is used t o  d e n o t e  when a  c a r t r i d g e  h a s  
been i n s e r t e d  i n t o  t h e  d r i v e .  

Door c l o s e d  i n t e r l o c k  p r e v e n t s  s p i n d l e  motor  from be ing  
e n e r g i z e d  u n t i l  t h e  door  is c l o s e d .  

Door un lock  s o l e n o i d  l o c k s  t h e  f r o n t  door  when t h e  RUN 
s w i t c h  is pushed t o  avo id  damage t o  t h e  d i s k  o r  t h e  h e a d s  
w h i l e  t h e  d i s k  is s p i n n i n g .  

S e c t o r  t r a n s d u c e r  is an LED/photosensor d e v i c e  which 
g e n e r a t e s  p u l s e s  from t h e  s l o t t e d  hub on t h e  u n d e r s i d e  o f  
t h e  c a r t r i d g e .  

Read/Write O p e r a t i o n s  

a Write d a t a  

a S e l e c t  a  d r i v e  
a P o s i t i o n  t h e  h e a d s  

S e l e c t  a  head 
a A s s e r t  w r i t e  g a t e  ( e n e r g i z e  w r i t e  c u r r e n t  s o u r c e )  
a Send w r i t e  d a t a  and c l o c k s  
a W r i t e  f l u x  r e v e r s a l s  
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Read d a t a  

S e l e c t  a  d r i v e  
P o s i t i o n  t h e  h e a d s  
S e l e c t  a  head 
A s s e r t  r e a d  g a t e  
S e l e c t e d  head d e t e c t s  f l u x  r e v e r s a l s  
Amplify,  f i l t e r  and s h a p e  v o l t a g e  l e v e l s  
S e p a r a t e  d a t a  from c l o c k  p u l s e s  i n  d a t a  s e p a r a t o r  
Send s e p a r a t e d  d a t a  and  c l o c k  p u l s e  t r a i n s  t o  
c o n t r o l l e r  

Now t h a t  you have  comple ted  t h i s  module you can  t a k e  t h e  
module '  t e s t .  The c o u r s e  a d m i n i s t r a t o r  h a s  t h e  t e s t  answers .  
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COMPONENT LOCATION 

INTRODUCTION 

The more you know a b o u t  a  d e v i c e ,  t h e  e a s i e r  i t  w i l l  be  t o  
m a i n t a i n  t h e  d e v i c e .  Knowledge g a i n e d  a b o u t  a  d e v i c e  a i d s  i n  
b u i l d i n g  c o n f i d e n c e  i n  your  a b i l i t y  t o  m a i n t a i n  t h e  d e v i c e .  

You have  s t u d i e d  modules c o v e r i n g  t h e  t h e o r y  of o p e r a t i o n  of  
b o t h  t h e  c o n t r o l l e r  and d r i v e .  I t  is now t i m e  t o  g e t  i n v o l v e d  
w i t h  t h e  @'hands-on@@, o r  l a b o r a t o r y  p o r t i o n  of t h e  c o u r s e .  P a r t  of 
your  c o n f i d e n c e  i n  m a i n t a i n i n g  t h i s  d e v i c e  w i l l  come from t h e  
f a m i l i a r i t y  you w i l l  g a i n  from t h e  r emova l / r ep lacemen t  of d r i v e  
c o n ~ p o n e n t s  i n  t h i s  c l a s s .  T h i s  module,  t h e r e f o r e ,  w i l l  g i v e  you 
t h e  e x p e r i e n c e  needed t o  m a i n t a i n  t h i s  d e v i c e .  

OBJECTIVES 

Upon c o m p l e t i o n  of t h i s  module,  you w i l l  be  a b l e  t o  l o c a t e  t h e  
c o n ~ p o n e n t s  on t h e  l i s t  be low and be a b l e  t o  remove and r e p l a c e  
t h o s e  components i d e n t i f i e d  w i t h  an  a s t e r i s k  ( * )  . 

C a r r i a g e  assembly*  
L inea r  p o s i t i o n e r *  
C o n t r o l  and i n d i c a t o r s  
Read/wr i t e  heads*  
S e c t o r  t r a n s d u c e r  
C a r r i a g e  b e a r i n g s  
F r o n t  door  i n t e r l o c k  
L i n e a r  p o s i t i o n e r  t r a n s d u c e r  
Logic  c h a s s i s  
S p i n d l e *  
Blower motor 
S p i n d l e  d r i v e  motor and b e l t *  
D u c k b i l l  
A b s o l u t e  f i l t e r *  
Power s u p p l y  r e g u l a t o r s :  +5 Vdc, +15 Vdc and -15 Vdc* 

To d e m o n s t r a t e  your  a b i l i t y  t o  meet t h i s  o b j e c t i v e ,  you w i l l  
conlp le te  t h e  l a b o r a t o r y  p r o j e c t  a t  t h e  end of  t h i s  module w i t h i n  
t h e  a l l o t t e d  time s t a t e d  on t h e  w o r k s h e e t s  
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REQUIRED RESOURCES 

RK05/05J/05F D i s k  D r  i v e  Main tenance  Manual 

REQUIRED TOOLS AND EQUIPMENT 

e RK05 D i s k  Dr ive  
e S t a n d a r d  F i e l d  S e r v i c e  t o o l  k i t  t h a t  i n c l u d e s  t h e  i t e m s  l i s t e d  

below. 

Medium-sized f l a t - b l a d e  s c r e w d r i v e r  
Smal l  P h i l l i p s  s c r e w d r i v e r  
Torque wrench a s sembly  ( o l d  sc rews)  DEC P I N  29-20994 
Torque wrench t i p ,  55 oz - inch  DEC P I N  29-20995 
Torque wrench a s sembly  (new sc rews)  DEC P/N 29-22521 
Torque wrench t i p ,  3/32 inch  A l l e n  DEC P I N  29-22522 
E x t e n s i o n  b a r  6 i n c h  DEC P I N  29-20907 
Hex-head wrench 3/16 i n c h  DEC P I N  29-2a908 
318 i n c h  n u t d r i v e r  
.a05 i n c h  ( b l u e )  s h i m s t o c k  DEC P I N  29-19664 
. @ a 2  i n c h  f e e l e r  gauge  

The l a b o r a t o r y  w o r k s h e e t  t e l l s  you  t o  remove s e v e r a l  
components b e f o r e  you r e p l a c e  any of them. For example,  i t  
d o e s n v  t make s e n s e  t o  remove, t h e n  r e p l a c e ,  t h e  l i n e a r  p o d  t i o n e r  
o n l y  t o  n e x t  remove t h e  c a r r i a g e ,  because  t o  remove t h e  c a r r i a g e  
you  m u s t  f i r s t  remove t h e  l i n e a r  p o s i t i o n e r .  F o l l o w  t h e  
i n s t r u c t i o n s  c a r e f u l l y  on  t h e  l a b o r a t o r y  w o r k s h e e t  t o  a v o i d  
r e p e a t i n g  s t e p s .  When you a r e  r e a d y ,  a s k  t h e  c o u r s e  a d m i n i s t r a t o r  
t o  a s s i g n  you an  RK05 Disk Dr ive  t o  b e g i n  your  l a b o r a t o r y  
p r o j e c t s .  
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Laboratory Worksheet 

Given an  RK05 D i s k  Dr ive  and t h e  t o o l s  and r e f e r e n c e  m a t e r i a l  
r e q u i r e d ,  go t o  t h e  l a b  and comple t e  t h i s  l a b o r a t o r y  workshee t  
w i t h i n  f o u r  h o u r s  o r  l e s s .  You may work i n  teams t o  comple t e  t h e  
workshee t .  A f t e r  removing t h e  t o p  and bot tom c o v e r s  on t h e  RK05, 
pe r fo rm t h e  f o l l o w i n g  : 

1. Locate  t h e  components on t h e  s u p p l i e d  l i s t ,  and p l a c e  a  check  
on t h e  l i n e  when l o c a t e d .  

C o n t r o l s  and i n d i c a t o r s  / 
S e c t o r  t r a n s  u c e r  ' - 
S p i n d l e  / 
Logic c h a s s i s  1 
Blower motor ,-+ 

A b s o l u t e  f  i 1 t r  / 
S p i n d l e  d r i v e  m o E  F++- - # 

Power s u p p l y  r e g u l a t o r s :  +5 V / + 1 5 V  f l  -15 v @- -- 
Linea r  p o s i  t i o n e r  0 
R e a d l w r i t e  h e a d s  / 
F r o n t  door  i n t e r l o c k  
D u c k b i l l  .&- 

Linea r  p o s i t i o n e r  t r a n s d u c e r  P+ 
C a r r i a g e  and b e a r i n g s  zF - 

2. Now t h a t  you have l o c a t e d  t h e s e  components ,  remove and t h e n  
r e p l a c e  t h e  f o l l o w i n g  components i n  t h e  o r d e r  l i s t e d .  C h a ~ t e r  
5  of t h e  RK05/kJ5J/05F ~ i ~ k  D r i v e  Main tenance  Manual l i s t s b t h e  
p r o c e d u r e s  you must  f o l l o w .  

[emove t h e  l i n e a r  p o s i  t i o n e r  ( P r o c e d u r e  5.3.1. 1) 
f e m o v e  t h e  c a r r i a g e  ( P r o c e d u r e  5.3* 2.1) 

e $place t h e  c a r r i a g e  ( P r o c e d u r e  5 .3 .2 .? )  
Replace  t h e  l i n e a r  p o s i t i o n e r  ( P r o c e d u r e  5.3.1.21 
Remove and r e p l a c e -  t h e  s ~ i n d l i  ( P r o c e d u r e s  5.3.4.1 and 
5.3.4.2) 
Remove and r e p l a c e  t h e  s p i n d l e  d r i v e  motor and b e l t  
( P r o c e d u r e s  5.3.5. 1, 5*  3.5* 2,  and 5* 3.5.3) 
Replace  t h e  r e a d l w r i  t e  h e a d s  ( P r o c e d u r e  5.3.3. 3 )  
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R E Q U I R E D  RESOURCES 

O P T I O N A L  RESOURCES 

RK05/05J/05F Maintenance Manual 

EQUIPMENT R E Q U I R E D  

PDP-11 o r  PDP-8 sy s t em 
R K l l D  or  RK8-E, RK05 Disk Dr ive  
Mu1 t i m e t e r  
O s c i l l o s c o p e  w i t h  t h r e e  probes  
Torque wrench, 55 o z - i n c h  
Torque wrench, 125 02- inch  
3/32 inch  A l l e n  t i p  f o r  torque  wrench 
3/16 i n c h  hex-head wrench 
6 i n c h  e x t e n s i o n  bar 
Alignment c a r t r i d g e  
S c r a t c h  c a r t r i d g e  





The s e r v o  a d j u s t m e n t s  a r e  s e t  a t  t h e  f a c t o r y  and s h o u l d  n o t  be 
r o u t i n e l y  a d j u s t e d  o r  f i n e - t u n e d  a s  p a r t  o f  a n y  p r e v e n t i v e  
ma in tenance  (PM) p r o c e d u r e .  The PM p r o c e d u r e s  o n l y  r e q u i r e  
check ing  of t h e  a d j u s t m e n t s *  I f  a  p o s i t i o n e r  m a l f u n c t i o n  is  
s u s p e c t e d ,  a l l  waveforms r e l a t e d  t o  each phase  of s e r v o  o p e r a t i o n  
s h o u l d  be checked .  Based on t h e s e  c h e c k s ,  t h e  p o s s i b l e  p o s i t i o n e r  
problem s h o u l d  be d i a g n o s e d  p r i o r  t o  any s e r v o  a d j u s t m e n t s  be ing  
made. 

I f  a d j u s t m e n t s  a r e  n e c e s s a r y  t o  c o r r e c t  t h e  problem, o r  when 
r e p l a c i n g  t h e  G938 module,  t h e n  a l l  of t h e  a d j u s t m e n t s  f o r  t h e  
s e r v o  must be pe r fo rmed ,  and t h e y  must be done i n  t h e  f o l l o w i n g  
o r d e r .  

1 -  SA ( s i n e  a m p l i t u d e )  - S e t s  t h e  a m p l i t u d e  of SIN POSITION 
s i g n a l  

2. SO ( s i n e  o f f s e t )  - A d j u s t s  t h e  SIN POSITION s i g n a l  t o  be 
s y m m e t r i c a l  a b o u t  a  ground r e f e r e n c e  

3 *  VO ( v e l o c i t y  o f f s e t )  - ~ d j u s t s  t h e  v e l o c i t y  g e n e r a t o r  
o u t p u t  t o  be s y m m e t r i c a l  a b o u t  a  ground r e f e r e n c e  

4 *  CA ( c o s i n e  a m p l i t u d e )  - S e t s  t h e  a m p l i t u d e  of  -COS 
POSITION s i g n a l  

5. CO ( c o s i n e  o f f s e t )  - A d j u s t s  t h e  -COS POSITION s i g n a l  t o  
be symmet r i ca l  a b o u t  a  ground r e f e r e n c e  

6. VA ( v e l o c i t y  a m p l i t u d e )  - A d j u s t s  t h e  v e l o c i t y  g e n e r a t o r  
f r e q u e n c y  

Y e  ~ o s i t i o n e r  a c c e l e r a t i o n  - S e t s  maximum p o s i t i o n e r  c u r r e n t  

8. LSA ( l i m i t  s i g n a l  a m p l i t u d e )  - A d j u s t s  t h e  s m a l l e r  o f  two 
a m p l i t u d e  p o s i t i o n e r  l i m i t  s i g n a l s  t o  a  minimum 
a c c e p t a b l e  l e v e l  

9. LSO ( l i m i t  s i g n a l  o f f s e t )  - S e t s  t h e  r e f e r e n c e  l e v e l  of 
t h e  l i m i t  s i g n a l s  t o  z e r o  

The a d j u s t m e n t s  must be done i n  t h e  above sequence  i n  o r d e r  t o  
avo id  t h e  f o l l o w i n g  problems.  

e Making o n e  a d j u s t m e n t  and  f o r c i n g  a n o t h e r  o u t  o f  
t o l e r a n c e  

a Making e x c e s s i v e  ~ s c i l l o s c o p e  c o n t r o l  changes  

a Making e x c e s s i v e  o s c i l l o s c o p e  probe  t e s t  p o i n t  c h a n g e s  





S p i n d l e  r u n o u t  (wobble)  can be checked  w i t h  t h e  a 1  ignment  
c a r t r i d g e  by d i s p l a y i n g  an e n t i r e  r e v o l u t i o n  o f  t h e  a l i g n m e n t  
t r a c k  on t h e  o s c i l l o s c o p e .  The s e l e c t e d  head may a p p e a r  t o  be  
a l i g n e d  a t  some s e c t o r  - l o c a t i o n s  and m i s a l i g n e d  a t  o t h e r s .  See 
F i g u r e s  PM-7 and PM-8 i n  t h e  L a b o r a t o r y  P r o j e c t s  Workbook f o r  
r u n o u t  example waveforms. 

NOTE 
B e f o r e  p e r f o r m i n g  any  head a l i g n m e n t ,  
s e c t o r  t r a n s d u c e r  o r  d a t a  s e p a r a t o r  
a d j u s t m e n t s ,  e n s u r e  t h a t  t h e  c u s t o m e r  
h a s  a l l  c r i t i c a l  d a t a  p a c k s  backed  up. 
Changing any  o f  t h e s e  a d j u s t m e n t s  may 
make t h e  o r i g i n a l  d a t a  i r r e t r i e v a b l e .  

INDEXISECTOR TIMING ADJUSTMENT 
When t h e  head a 1  ignment  is c o m p l e t e d ,  t h e  i n d e x / s e c  t o r  t i m i n g  

a d j u s t m e n t  must  be  made. T h i s  a d j u s t m e n t  e n s u r e s  t h a t  t h e  
p l acemen t  of  t h e  s e c t o r  t r a n s d u c e r  c o i n c i d e s  w i t h  t h e  p l acemen t  o f  
t h e  r e a d l w r i t e  heads .  In  o t h e r  words,  when t h e  s e c t o r  t r a n s d u c e r  
s e n s e s  t h e  s t a r t  o f  a  s e c t o r ,  t h e  r e a d l w r i t e  h e a d s  s h o u l d  a l s o  be  
a t  t h e  s t a r t  of a  s e c t o r .  Due t o  packaging  d e s i g n  problems i n  
t h i s  t y p e  of  d r i v e ,  t h e  t r a n s d u c e r  c a n n o t  be  p l a c e d  i n  t h e  same 
p h y s i c a l  l o c a t i o n  a s  t h e  heads .  

The s e c t o r  t r a n s d u c e r  s e n s e s  t h e  s t a r t  o f  e a c h  s e c t o r  a s  
d e t e r m i n e d  by n o t c h e s  c u t  i n  t h e  hub o f  t h e  d i s k .  The d r i v e  l o g i c  
is e n a b l e d  a t  t h e  s t a r t  o f  e a c h  s e c t o r  by a  s i g n a l  from t h e  
t r a n s d u c e r .  I f  t h e  r e a d l w r i t e  h e a d s  a r e  o u t  o f  a l i g n m e n t  w i t h  
r e s p e c t  t o  t h e  t r a n s d u c e r ,  i t  is p o s s i b l e  t h a t  t h e  l o g i c  c o u l d  
g a t e  t h e  s t a r t  o f  t h e  r e a d  o p e r a t i o n  t o o  l a t e ;  i .e . ,  t h e  h e a d s  
w i l l  a l r e a d y  be i n  t h e  heade r  a r e a  o f  t h e  s e c t o r .  

T h i s  a d j u s t m e n t  e n s u r e s  t h a t  t h e  t r a n s d u c e r  is  p h y s i c a l l y  , 

p l a c e d  s o  t h a t  whenever t h e  s e c t o r  t r a n s d u c e r  d e t e c t s  a s e c t o r  
n o t c h ,  t h e  h e a d s  a r e  r e a d i n g  t h e  b e g i n n i n g  (p reamble  a r e a )  o f  t h e  
s e c t o r .  

The a d j u s t m e n t  u s e s  t h e  index  p u l s e  a s  an e x t e r n a l  t r i g g e r  t o  
t h e  o s c i l l o s c o p e .  The s i g n a l  on c h a n n e l  A probe  is d a t a  coming 
from t h e  s e l e c t e d  r ead lwr  i t e  head .  The a l i g n m e n t  c a r t r i d g e  
s u p p l i e s  a  p r e r e c o r d e d  b u r s t  o f  i n f o r m a t i o n  t o  a i d  i n  t h e  
a d j u s t m e n t .  

The s e c t o r  t r a n s d u c e r  a l i g n m e n t  c o n s i s t s  o f  a d j u s t i n g  a  
p o t e n t i o m e t e r  which v a r i e s  t h e  p u l s e  wid th  o f  a  one-shot .  T h i s  
s i m u l a t e s  t h e  movement of  t h e  t r a n s d u c e r  i n  s i d e - t o - s i d e  mot ion .  
F i g u r e  9-1 shows t h e  o s c i ~ l o s c o p e  waveform s e e n  when p e r f o r m i n g  
t h i s  a d j  u s tmen t  ., T h i s  f i g u r e  shows t h e  p r e r e c o r d e d  i n f o r m a t i o n  
u s i n g  t h e  c a r t r i d g e  index  p u l s e  t o  t r i g g e r  t h e  sweep. W i t h i n  70  
(+12) microseconds  f o l l o w i n g  t h e  index  p u l s e ,  t h e  h e a d s  s h o u l d  ' 
d g t e c t  t h e  p r e r e c o r d e d  index  p u l s e  w i t h  d a t a  f o l l o w i n g .  



EXTERNAL TRIGGER 
INDEX PULSE 

(A02R2) 
I 

FIRST RECORDED 
DATA PULSE 

READ FROM DISK 

I 

PIN = TP3 AND TP4 
SWEEP = 1 OpS/DlV 
VERT SENS = 2V/DlV 

INDEX/SECTOR WAVEFORM 

F i g u r e  9-1 Index/Sec t o r  Waveform 

Because o f  t h e  m a n u f a c t u r i n g  t o l e r a n c e s  o f  t h e  machined p a r t s ,  
t h e  r e a d l w r i t e  h e a d s  may n o t  r e a d  t h e  d a t a  a t  t h e  same t i m e .  The 
p o t e n t i o m e t e r  e n a b l e s  a v e r a g i n g  t h e  r e s u l t s  o f  r e a d i n g  t h e  d a t a .  

READIWRITE DATA SEPARATOR ADJUSTMENT 
The d a t a  s e p a r a t o r  i s o l a t e s  t h e  imbedded c l o c k  p u l s e s  from t h e  

d a t a  i n  t h e  f r e q u e n c y  modula ted  r ead  d a t a  b i t  s t r e a m .  

The t e c h n o l o g y  p r e s e n t  a t  t h e  t i m e  o f  d e s i g n  d i d  n o t  a l l o w  f o r  
t h e  phase- locked  c i r c u i t s  t h a t  e x i s t  t o d a y .  T h i s  d a t a  s e p a r a t o r  
f u n c t i o n s  v i a  a  f l i p - f l o p  and a  one - sho t .  

There  a r e  two p o t e n t i o m e t e r s  i n  t h e  s e p a r a t o r  which must b e  
a d j u s t e d  t o  a l l o w  t h e  c i r c u i t  t o  f u n c t i o n  e f f e c t i v e l y .  The 
c i r c u i t  i s  ad  j  u s t a b l e  t o  c o m p e n s a t e  f o r  c h a n g i n g  c o m p o n e n t  
t o l e r a n c e s  d u r i n g  m a n u f a c t u r e  and a g i n g m  If problems show up i n  
c o m p a t i b i l i t y  o r  i n  r ead  d a t a  e r r o r s ,  t h i s  a d j u s t m e n t  s h o u l d  be 
c h e c k e d ,  and i f  o u t  o f  t o l e r a n c e ,  r e a d j u s t e d .  

The two p o t e n t i o m e t e r s  a d j u s t  t h e  one - sho t  p u l s e  wid th .  OL 
(R54) e s t a b l i s h e s  t h e  c o a r s e  w i d t h  o f  t h e  one - sho t  o u t p u t m  C L  
(R55) is a  f i n e - t u n e  o f  t h e  a d j u s t m e n t ,  and s h o u l d  be s e t  t o  
n a r r o w  t h e  c o a r s e l y  s e t  p u l s e  f r o m  500 n a n o s e c o n d s  t o  440 
nanoseconds .  



I f  t h e  one - sho t  t i m i n g  is s e t  t o o  low, d a t a  p u l s e s  w i l l  be  
mis sed  ( n o t  g a t e d  o u t ) .  I f  t h e  one-shot  t i m i n g  is s e t  t o o  h i g h ,  
t h e n  c l o c k  p u l s e s  w i l l  be mis sed .  In  e i t h e r  c a s e #  t h e  d a t a  b e i n g  
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  w i l l  be  i n  e r r o r .  

SUMMARY 

o Servo  a d j u s t m e n t s  s h o u l d  be made when t h e  G938 o r  H604 
modules a r e  r e p l a c e d  o r  when t h e  d r i v e  s e e k s  i n c o r r e c t l y  

o P r i o r  t o  mak ing  a n y  a d j u s t m e n t ,  t h e  power s u p p l y  
r e g u l a t o r s  must  be  checked  and t h e  v o l t a g e s  must  b e  
a d j u s t e d  t o  t h e  p r o p e r  l e v e l s  i f  needed .  

I f  s e r v o  a d j u s t m e n t s  a r e  needed b e c a u s e  o f  a  m a l f u n c t i o n -  
ing  p o s i t i o n e r ,  a l l  t h e  a d j u s t m e n t s  must b e  done i n  t h e  
sequence  1 i s t e d  . 

S i n e  a m p l i t u d e  (SA) 
S i n e  o f f s e t  (SO) 
Veloc i t y  ( V O )  
Cos ine  amp1 i t u d e  ( C A )  
Cos ine  o f f s e t  ( C O )  
V e l o c i t y  a m p l i t u d e  (VA)  
Pos i  t i o n e r  c u r r e n t  
L i m i t  s i g n a l  a m p l i t u d e  (LSA) 
L i m i t  s i g n a l  o f f s e t  (LSO) 

Head a l i g n m e n t  s h o u l d  be per formed when any o f  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 .  

e R e a d l w r i t e  heads  have  been r e p l a c e d .  
e The d r i v e  c a n n o t  r ead  d a t a  p r o p e r l y .  
8 S p i n d l e  h a s  been removed. 
a C a r r i a g e  h a s  been removed. 

Head a l i g n m e n t  s h o u l d  n o t  be a t t e m p t e d  i f  e i t h e r  o f  t h e  
t h r e e  c o n d i t i o n s  l i s t e d  below e x i s t .  

e The d r i v e  h a s  o t h e r  m a l f u n c t i o n s .  
e The r e a d l w r i t e  h e a d s  have  been c o n t a m i n a t e d  by a  

d e f e c t i v e  c a r t r i d g e ,  head c r a s h ,  e t c .  
a Customer d a t a  h a s  n o t  been backed up. 

0 The d r i v e  s h o u l d  be run f o r  a t  l e a s t  30 m i n u t e s  w i t h  t h e  
a l i g n m e n t  c a r t r i d g e  i n  p l a c e  b e f o r e  a l i g n i n g  t h e  heads .  

o The i n d e x l s e c t o r  t i m i n g  a d j u s t m e n t  s h o u l d  b e  checked  and 
per formed a f t e r  head a l i g n m e n t .  

o The r e a d l w r  i t e  d a t a  s e p a r a t o r  ad j u s tmen t  s h o u l d  be p e r -  
formed when t h e  GI80 module is r e p l a c e d .  The a d j u s t m e n t  
s h o u l d  be checked  any time t h e  d r i v e  e x h i b i t s  r e a d  d a t a  
e r r o r s  i n  t h e  c o u r s e  o f  t r o u b l e s h o o t i n g .  







RK05 DISK SUBSYSTEM MAINTENANCE 

Preventive Maintenance 





PREVENTIVE MAINTENANCE 

INTRODUCTION 

The key to the performance of the RK05 Disk Drive is adequate 
preventive maintenance (PM) by Field Service personnel. Preven- 
tive maintenance is a combination of the following tasks* 

Visual inspect ion 
Cleaning 
Removal/replacement of key drive components 
Checking of adj ustments/al ignments 

This module describes the PM schedule for an RK05 and contains 
a module exercise for you to complete. This exercise includes all 
the tasks for the PM schedule. In completing these tasks you will 
become familiar with the procedures you will be required to 
perform at a customer Is site. 

OBJECTIVES 

Upon completion of this module, you will be able to perform 
preventive maintenance on an RK05 Disk Drive. Using the RK05 
Laboratory Projects Workbook, you will complete the laboratory - 
exercise tound"at the end ot this module within the allotted time 
stated 

You will also complete a written test consisting of multiple- 
choice and true-false questions concerning the PM procedures. 

REQUIRED ADDITIONAL RESOURCES 
None 

OPTIONAL ADDITIONAL RESOURCES 

RKk35/05J/0 5F Maintenance Manual 



PREVENTIVE MAINTENANCE 

REQUIRED TOOLS 

Mul t ime te r  
O s c i l l o s c o p e  
P robe ,  o s c i l l o s c o p e  

( v o l t a g e  X10) ( 3 )  
F l a g ,  p robe  ( 3 )  
Adap te r ,  f l a g  ( 3 )  
F i e l d  S e r v i c e  t o o l  k i t  
Wrench s e t ,  1 0  p i e c e s  

(Hex-Key Pak No. 107) 
Head c l e a n i n g  k i t  
I n s p e c t i o n  m i r r o r  
I s o p r o p y l  a l c o h o l  ( 9 1 % )  
Co t ton  t i p p e d  wooden swabs 
Blue shim s t o c k ,  0.005 i n .  
C a r t r i d g e ,  a l i g n m e n t  
C a r t r i d g e ,  d i s k  ( 1 2 - s e c t o r ,  

11 - fami ly )  
C a r t r i d g e ,  d i s k  ( 1 6  s e c t o r ,  

Simpson, Mic ron ta  , o r  e q u i v a l e n t  
T e k t r o n i x  453 o r  e q u i v a l e n t  
T e k t r o n i x  P6010 

DEC 29-15188 
DEC 29-19363 
DEC 29-23268 
DEC 29-13519 

DEC 22-00007-00 
DEC 29-19663 
DEC 29-19665 
DEC 90-08436 
DEC 29-19664 
DEC RK05K-AC 
DEC 30-10350-00 

DEC 30-10350-02 
$ - f a m i l y )  

Torque wrench,  55 in-oz f o r  DEC 29-20994 
o l d  head s c r e w s  

A l l e n  t i p  f o r  55 in-oz sc rews  DEC 29-20995 
Torque wrench,  128 in-oz DEC 29-22521 

f o r  new head s c r e w s  
3/32'' A l l e n  t i p ,  128 in-oz  DEC 29-22522 

s c r e w s  
Jumper s t r i n g s  



PREVENTIVE MAINTENANCE 

GENERAL DESCRIPTION 
Digital Equipment Corporation's PM schedule for the RK05 is 

shown in Table 10-1. 

Table 10-1 RK05 Preventive Maintenance Schedule 

Task -1 I Time (est.) 
- -- 

Inspect and clean heads 
Inspect cartridges and spindle area 
Clean prefilter 
Replace prefilter 
Replace absolute filter 
Check for worn shock mounts 
Replace spindle brush assembly 
Remove and clean blower 
Clean pulleys 
Inspect drive belt 
Check linear positioner 
Check power supply 
Check servo adjustments 
Check spindle runout 
Check head alignment 
Check data separator 
Check sector delay 
Check for headldisk interference 
Run diagnostics (performance 
exerciser DZRKH-G) 

5 rnin 
5 rnin 
5 min 
2 rnin 
10 rnin 
1 rnin 
5 rnin 

15 rnin 
1 rnin 
1 min 
1 rnin 
5 rnin 

2CJ rnin 

30 rnin 

2 rnin 

10 rnin 

NOTE 
Q = perform quarterly (or 750 hours) 
A = perform annually (or 3000 hours) 
5 = perform every five years (or 15000 
hours) 
Completion times are minimum estimates, 
providing no trouble is found. 

The laboratory project following this lesson is organized so 
that you will sequence through all three PM schedules, performing 
all the tasks required of you in the field. 

Go to the administrator and find out the location of the 
equipment you will be working on. The administrator will also 
assign a tool set for you to use on the drive while performing the 
PM. 

Open the Laboratory Projects Workbook to the PM section and 
follow all the steps outlined. If you have any problems, do not 
hesitate to ask the administrator for help. 

When you have completed the Laboratory ]Projects Workbook you 
can take the module test. The course administrator has the test 
answers . 
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SUBSYSTEM D I A G N O S T I C S  

INTRODUCTION 

T h i s  module g i v e s  you a  b a s i c  d e s c r i p t i o n  of t h e  d i a g n o s t i c s  
used t o  check  o u t  and i s o l a t e  ha rdware  m a l f u n c t i o n s  i n  t h e  
R ~ 1 1 / ~ ~ 0 5  Disk Subsystem and t h e  R K ~ - E / R K ~ ~  Disk Subsystem. 

A l l  d i a g n o s t i c s  used w i t h  e i t h e r  subsys t em o p e r a t e  i n  a  
s t a n d a l o n e  mode. Each d i a g n o s t i c  c o n t a i n s  s u b r o u t i n e s  which 
p r o v i d e  e r r o r  messages  s h o u l d  a  f a i l u r e  o c c u r .  These  e r r o r  
messages  p r o v i d e  u s e f u l  i n f o r m a t i o n  t o  h e l p  you i s o l a t e  t h e  
m a l f u n c t i o n .  

I t  is  t h e  pu rpose  of  t h i s  module t o  g i v e  you t h e  e x p e r i e n c e  of  
i n t e r a c t i n g  w i t h  t h e  d i a l o g u e  f o r  each  d i a g n o s t i c .  Knowing what 
each  d i a g n o s t i c  can  do f o r  you and how t o  use i t  w i l l  g i v e  you 
a d d i t i o n a l  h e l p  i n  t r o u b l e s h o o t i n g  RK05-related problems.  

O B J E C T I V E S  

Upon c o m p l e t i o n  of t h i s  module,  you w i l l  be a b l e  t o  l o a d  and 
run t h e  d i a g n o s t i c s ,  i n t e r a c t i n g  w i t h  them i n t e l l i g e n t l y .  Given 
an o p e r a t i n g  sys tem and a  s e t  of d i a g n o s t i c  l i s t i n g s ,  you w i l l  b e  
abl-e t o  perform t h e  t a s k s  l i s t e d  below. 

a Load and run t h e  d i a g n o s t i c s .  

a S e l e c t  and run an i n t e r n a l  t e s t  ( s u b r o u t i n e )  u s i n g  t h e  
c o n s o l e  s w i t c h e s  . 

a S e l e c t  and run an i n t e r n a l  t e s t  ( s u b r o u t i n e ) ,  and l o o p  on 
t h a t  t e s t .  

To d e m o n s t r a t e  your a b i l i t y  t o  per form t h e s e  t a s k s ,  you w i l l  
be r e q u i r e d  t o  l o a d ,  run and i n t e r a c t  w i t h  a  d i a g n o s t i c  i n  a  
l a b o r a t o r y  a s s i g n m e n t .  

REQUIRED RESOURCES 

R K 1 . 1 / ~ ~ 0 5  D i a g n o s t i c  L i s t i n g s  

R K ~ - E / R K ~ ~  D i a g n o s t i c  L i s t i n g s  

D Z ' R K J  -E Logic  T e s t  1 
DZRKK-F Logic  T e s t  2 
DZRKL-E Dynamic T e s t  
DZRKH-G Pe r fo rmance  
D Z R K I - E  U t i l i t y '  

DHRKA-E-D D i s k l e s s  
DHRKB-G-D D r i v e  C o n t r o l  
DHRKD-D-D F o r m a t t e r  
DHRKC-H-C R e l i a b i l i t y  



SUBSYSTEM DIAGNOSTICS 

RK11/RK05 DIAGNOSTICS 
There  a r e  f o u r  d i a g n o s t i c s  which check  o u t  a  comple t e  R K 1 1 /  

RK05 Disk Subsystem. They a r e  l i s t e d  below. 

a D Z R K J E  R K 1 1  b a s i c  l o g i c  t e s t  1 
a CZRKKF R K 1 1  b a s i c  l o g i c  t e s t  2 
e DZRKLE RK11/RK05 dynamic t e s t  
m DZRKHG RK11/RK0 5  pe r fo rmance  e x e r c i s e r  

In  a d d i t i o n  t o  t h e s e  f o u r  d i a g n o s t i c s ,  t h e r e  is a  u t i l i t y  
program ( D Z R K I E )  which is used t o  per form t h e  t a s k s  l i s t e d  below. 

Servo  ad j u s t m e n t s  
Head a l  ignments  

e Format t ing  a d i s k  c a r t r i d g e  
Q Checking t h e  c o n t r o l  p a n e l  i n d i c a t o r s / s w i  t c h e s  

The comple t e  s e r i e s  of d i a g n o s t i c s  a s s u r e  t h e  F i e l d  S e r v i c e  
e n g i n e e r  t h a t  t h e  d i s k  subsys t em is o p e r a t i n g  p r o p e r l y .  

The d i a g n o s t i c s  a r e  d e s i g n e d  i n  a bottom-up manner. T h i s  
means t h a t  each  d i a g n o s t i c  u s e s  a more complex s u b s e t  o f  ha rdware  
t h a n  t h e  p r e v i o u s  d i a g n o s t i c .  T h e r e f o r e ,  t h e  d i a g n o s t i c s  s h o u l d  
be run  i n  a sequence  s t a r t i n g  wi th  t h e  b a s i c  l o g i c  t e s t  and 
f i n i s h i n g  w i t h  t h e  pe r fo rmance  e x e r c i s e r .  The f o l l o w i n g  t e x t  
d e s c r i b e s  each  of t h e  d i a g n o s t i c s .  

The R K 1 1  b a s i c  l o g i c  t e s t s  1 and 2 check  t h e  most b a s i c  of 
l o g i c  i n  t h e  R K 1 1  C o n t r o l l e r .  Logic t e s t  1 c h e c k s  o n l y  t h e  d r i v e  
i n d e p e n d e n t  c o n t r o l l e r  l o g i c  w h i l e  l o g i c  t e s t  2 c h e c k s  t h e  l o g i c  
t h a t  is o p e r a t e d  i n  c o n j u n c t i o n  wi th  a  d r i v e .  S i n c e  l o g i c  t e s t  2 
is used w i t h  a  d r i v e ,  t h e  d i a g n o s t i c  is c a p a b l e  of d e t e c t i n g  
f a u l t s  o c c u r r i n g  i n  t h e  d r i v e  a s  w e l l  a s  o f  d e t e c t i n g  f a u l t s  i n  
t h e  c o n t r o l l e r .  

B a s i c  l o g i c  t e s t  1 t a k e s  a p p r o x i m a t e l y  one minu te  t o  comple t e  
a p a s s .  B a s i c  l o g i c  t e s t .  2 t a k e s  a p p r o x i m a t e l y  two m i n u t e s  t o  
comple t e  a  p a s s .  

A t  t h e  c o m p l e t i o n  of t h e s e  two t e s t s ,  t h e  R K l l  C o n t r o l l e r  is 
assumed t o  be o p e r a t i n g  p r o p e r l y .  

The RKll/RK05 dynamic t e s t  is run n e x t  and c o n s i s t s  of a  
s e r i e s  o f  s u b - t e s t s  a i m e d  a t  p r o v i d i n g  t h e  f o l l o w i n g  f o u r  
f u n c t i o n s .  

Q Checking t h e  e l e c t r o m e c h a n i c a l  i n t r e g r i  t y  of  t h e  d r i v e  

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





SUBSYSTEM DIAGNOSTICS 

a Perform s e r v o  a d j u s t m e n t s  
e Perform head a 1  ignments  
e Check c o m p a t i b i l i t y  of  d i s k  d r i v e  ( w r i t e  on one d r i v e /  

r e a d  from a n o t h e r )  
e Check p r o p e r  o p e r a t i o n  of  s w i t c h e s  and i n d i c a t o r s  on 

f r o n t  c o n t r o l  p a n e l  

The f o r m a t t e r  p a c k a g e  s h o u l d  b e  u s e d  t o  f o r m a t  a  d i s k  
c a r t r i d g e  p r i o r  t o  runn ing  t h e  pe r fo rmance  e x e r c i s e r  program. 
A l s o ,  t h e  s e r v o  a d j u s t m e n t s  and head a l i g n m e n t  s h o u l d  be checked  
and  p e r f o r m e d  i f  n e c e s s a r y  b e f o r e  r u n n i n g  t h e  p e r f o r m a n c e  
e x e r c i s e r .  

R K l l / R K 0 5  Performance  E x e r c i s e r  
The RK11/RK05 pe r fo rmance  e x e r c i s e r  is a  h i g h - l e v e l  e x e r c i s e r  

program. I t  is aimed a t  s i m u l a t i n g  an RKll/RK05 sys t em e n v i r o n -  
ment ,  and c h e c k s  f o r  e r r o r s  which a r i s e  i n  such  an env i ronmen t .  
T h i s  program p r o v i d e s  a  means of e v a l u a t i n g  t h e  RK11/RK05 s y s t e m  
t h r o u g h  d a t a  t r a n s f e r s  and e r r o r  l o g g i n g .  

S i n c e  t h i s  is a  h i g h - l e v e l  e x e r c i s e  program, t h e  c o n t r o l - l e r  
and d r i v e  s h o u l d  be f r e e  of  any b a s i c  f a u l t s .  T h e r e f o r e ,  t h e  
f o l l o w i n g  programs s h o u l d  be run s u c c e s s f  u l l y  b e f o r e  a t t e m p t i n g  t o  
use  t h e  e x e r c i s e r  program. d 

e R K 1 1  b a s i c  l o g i c  t e s t  (1 and 2 )  
e RKll/RK05 dynamic t e s t  

RK05 u t i l i t y  package  

Example p r i n t o u t :  

R K 1 1 / R K 0 5  PERFORMANCE EXERCISER 
MAINDEC-11-DZRKH-G 
TO T E S T  DRIVE 0 HALT PROGRAM, REMOVE RKDP PACK AND REPLACE I T  
WITH A WORK PACK, CLEAR LOCATION 4 0 ,  AND RESTART PROGRAM 
TYPE OCTAL B U S  ADDRESSES FOR DATA XFER, BETWEEN 032514 & 131776 
LO LIMIT? 

The e x e c u t i o n  t i m e  of t h e  e x e r c i s e r  program can v a r y  from 30 
t o  90 m i n u t e s  f o r  one comple t e  p a s s .  The f i r s t  p a s s  is a  s h o r t  
(5-20 minu te )  p a s s  t o  s e r v e  a s  a  q u i c k  v e r i f y  o f  t h e  subsys t em.  

E r r o r  P r i n t o u t s  
Each o f  t h e  d i a g n o s t i c s  used t o  check  o u t  t h e  RK11/RK05 

subsys t em w i l l ,  i n  t h e  e v e n t  of a  f a i l u r e ,  g i v e  t h e  u s e r  e r r o r  
p r i n t o u t s .  
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The e r r o r  p r i n t o u t s  w i l l  c o n t a i n  t h e  i t e m s  l i s t e d  below. 

The v a l u e  of t h e  program c o u n t  a t  t h e  t ime  o f  e r r o r  
C o n t e n t s  of s e l e c t e d  r e g i s t e r s  a t  t h e  t i m e  of e r r o r  

e What t e s t  was b e i n g  r u n ,  and a  b r i e f  d e s c r i p t i o n  o f  t h e  
e r r o r  

With t h i s  i n f o r m a t i o n  t h e  F i e l d  S e r v i c e  e n g i n e e r  can  u s u a l l y  
make a  l o g i c a l  d e d u c t i o n  a s  t o  what a r e a  of  l o g i c  is  c a u s i n g  t h e  
e r r o r ,  c o r r e c t  t h e  e r r o r  and r e t u r n  t h e  sys t em t o  an o p e r a t i n g  
c o n d i t i o n  a s  soon a s  p o s s i b l e .  

Swi, t c h  S e t t i n g s  
The computer c o n s o l e  s w i t c h e s  a r e  used t o  c o n t r o l  d i a g n o s t i c  

p a r a m e t e r s .  The s w i t c h e s  can  be used t o  p r o v i d e  t h e  f o l l o w i n g  
c o n t r o l s  o v e r  t h e  runn ing  of t h e  program. 

H a l t  on e r r o r  
I n h i b i t  e r r o r  p r i n t o u t s  
Dump a l l  R K  r e g i s t e r s  
Ring b e l l  on e r r o r  
Loop on e r r o r  
Loop on t e s t  

Each d i a g n o s t i c  l i s t i n g  c o n t a i n s  a  l i s t  o f  t h e  c o n s o l e  
s w i t c h e s  t h a t  c o n t r o l  t h e  v a r i o u s  p a r a m e t e r s  u s e d  i n  t h e  
d i a g n o s t i c .  For a  d e t a i l e d  e x p l a n a t i o n  of each  s w i t c h  and t h e  
f u n c t i o n  i t  p e r f o r m s  r e f e r  t o  t h e  a p p r o p r i a t e  d i a g n o s t i c  l i s t i n g  
i n  your m i c r o f i c h e  l i b r a r y  f o r  t h e  d i a g n o s t i c  be ing  run .  

The c o m p l e t e  s e t  o f  d i a g n o s t i c s  u s e d  t o  c h e c k  o u t  t h e  
RK11/RK05 subsys t em is a  dynamic debugging  t o o l ,  which a i d s  t h e  
F i e l d  S e r v i c e  e n g i n e e r  i n  i n t e l l  i g e n t l y  m a i n t a i n i n g  t h i s  d e v i c e .  

RK8-E/RK05 DIAGNOSTICS 
The RK8-E/RK05 subsys t em h a s  i ts own s e t  o f  f o u r  d i a g n o s t i c s  

t o  check  t h e  subsys t em.  

These d i a g n o s t i c s  a r e  d e s i g n e d  t o  check  o u t  t h e  s i m p l e s t  l o g i c  
and t h e n  p r o g r e s s  t o  t h e  more complex c i r c u i t s .  T h e r e f o r e ,  t h e  
d i a g n o s t i c s  s h o u l d  be run s t a r t i n g  w i t h  t h e  b a s i c  d i a g n o s t i c  and 
l e a d i n g  up t o  t h e  more complex d i a g n o s t i c s .  The RK8 -E/RK0 5 
d i a g n o s t i c s  s h o u l d  be run i n  t h e  f o l l o w i n g  o r d e r .  

DHRKA-E-D RK8-E d i s k l e s s  c o n t r o l  t e s t  
DHRKB-G-D RK8-E d r i v e  c o n t r o l  t e s t  
DHRKD-D-D RK8-E d i s k  f o r m a t t e r  program 
DHRKC-H-C RK8-E d a t a  r e l i a b i l i t y  program 
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RK8-E D i s k l e s s  C o n t r o l  T e s t  

The RK8-E d i s k l e s s  c o n t r o l  t e s t  is d e s i g n e d  t o  check  t h e  RK8-E 
C o n t r o l l e r  l o g i c .  T h i s  t e s t  d o e s  n o t  use  t h e  d r i v e .  T h i s  t e s t  
can  be run w i t h  a  d r i v e  c a b l e d  t o  t h e  c o n t r o l l e r ,  o r  w i t h  t h e  
c a b l e s  d i s c o n n e c t e d  from t h e  RK8-E C o n t r o l l e r .  I f  a  d r i v e  i s  
c a b l e d  t o  t h e  c o n t r o l l e r ,  power must be a p p l i e d  t o  t h e  d r i v e  and 
t h e  d r i v e  RUN/LOAD s w i t c h  m u s t  be i n  t h e  LOAD p o s i t i o n .  

RK8-E D r i v e  C o n t r o l  T e s t  
The RK8-E d r i v e  c o n t r o l  t e s t  is d e s i g n e d  t o  check  t h e  RK8-E 

c o n t r o l  l o g i c .  T h i s  r e q u i r e s  t h a t  t h e  c o n t r o l l e r  be c o n n e c t e d  t o  
one o r  more d r i v e s .  

I n  g e n e r a l ,  t h i s  t e s t  v e r i f i e s  b a s i c  o p e r a t i o n  o f  t h e  
f o l l o w i n g  commands : s e e k ,  r e s t o r e ,  w r  i t e / r e a d  d a t a ,  w r i  t e - a l l  and 
r e a d - a l l  . A manual i n t e r v e n t i o n  s u b r o u t i n e  is i n c l u d e d ,  a l l o w i n g  
t h e  F i e l d  S e r v i c e  e n g i n e e r  t o  s e l e c t  d a t a  p a t t e r n s  and command 
f u n c t i o n s  v i a  t h e  s w i t c h  r e g i s t e r .  

The d r i v e  c o n t r o l  t e s t  w i l l  f o rma t  a l l  d r i v e s  be ing  t e s t e d ,  
p rov ided  t h a t  t h e  c o n d i t i o n s  l i s t e d  below a r e  met .  

o The t e s t  is run e r r o r - f r e e  
e Switch  r e g i s t e r  b i t  9 = 1 

I f  t h e  program is h a l t e d  a t  t h e  end of a  comple ted  p a s s ,  t h e n  
t h e  c a r t r i d g e  h a s  been f o r m a t t e d .  

RK8-E Disk F o r m a t t e r  Program 
T h i s  program is d e s i g n e d  t o  w r i t e  and check  t h e  fo rma t  of  an 

e n t i r e  d i s k  c a r t r i d g e .  Both t h e  RK05J and RK05F d i s k  c a r t r i d g e s  
can  be f o r m a t t e d  us ing  t h i s  program. When f o r m a t t i n g  an RK05F 
c a r t r i d g e  you must  remember t h a t  t h e  RK05F is c o n s i d e r e d  a s  two 
s e p a r a t e  d r i v e s .  When answer ing  q u e s t i o n s  asked  by t h e  program 
f o r  an RK05F, each  s e p a r a t e  u n i t  must  be s p e c i f i e d  ( f o r  example ,  
DSK0?, DSKl?, e t c  .) . 

I f  t h e  f o r m a t t e r  program f a i l s ,  run t h e  programs l i s t e d  below. 

B a s i c  memory t e s t s  
Ex tended  memory t e s t s  
RK8-E d i s k l e s s  
RK8-E d r i v e  c o n t r o l  t e s t  

RK8-E Data R e l i a b i l i t y  Program 
The RK8-E d a t a  r e l i a b i l i t y  program is a  h i g h - - l e v e l  d i a g n o s t i c  

which is  d e s i q n e d  a s  an a c c e p t a n c e  t e s t  t o  v e r i f y  d a t a  t r a n s f e r s  
w i t h i n  t h e  d i s k  subsys t em.  

The d a t a  r e l i a b i l i t y  program o p e r a t e s  i n  two modes. 
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Accept  mode of  o p e r a t i o n  v e r i f i e s  t h e  c a p a b i l i t y  o f  t h e  
c o n t r o l l e r  t o  t r a n s f e r  d a t a  t o  and from each  d i s k  d r i v e  
c o n n e c t e d  t o  i t .  

Manual i n t e r v e n t i o n  mode is used a s  a  hardware  debugging  
a i d  a l l o w i n g  t h e  F i e l d  S e r v i c e  e n g i n e e r  t o  s e l e c t  d a t a  
p a t t e r n s ,  t r a n s f e r  l e n g t h ,  and a d d r e s s i n g .  

T h i s  program can  be used t o  check  o u t  b o t h  RK05J and RK05F 
D i s k  D r i v e s .  The RK05F d r i v e  must be c o n s i d e r e d  a s  two s e p a r a t e  
d r i v e s ,  and a l l  q u e s t i o n s  must  be answered f o r  a  s p e c i f i c  d r i v e  
( f o r  example ,  DSK0?, DSKl?, e t c . )  

E r r o r  P r i n t o u t s  
The d i a g n o s t i c s  used t o  check  t h e  RK8-E/RK05 subsys t em w i l l  

d i s p l a y  e r r o r  p r i n t o u t s  i n  t h e  e v e n t  of a  f a i l u r e .  

A l l  e r r o r  p r i n t o u t s  w i l l  c o n t a i n  t h e  i n f o r m a t i o n  l i s t e d  below. 

The v a l u e  o f  t h e  program c o u n t  a t  t h e  t i m e  o f  e r r o r  
C o n t e n t s  of s e l e c t e d  r e g i s t e r s  a t  t h e  t i m e  o f  e r r o r  
The t e s t  number t h a t  was be ing  run  
A b r i e f  d e s c r i p t i o n  of t h e  e r r o r  

With t h i s  i n f o r m a t i o n ,  t h e  F i e l d  S e r v i c e  e n g i n e e r  can  u s u a l l y  
make a  l o g i c a l  d e d u c t i o n  a s  t o  what a r e a  o f  l o g i c  is c a u s i n g  t h e  
e r r o r ,  c o r r e c t  t h e  e r r o r ,  and r e t u r n  t h e  s y s t e m  t o  an  o p e r a t i n g  
c o n d i t i o n  a s  soon  a s  p o s s i b l e .  

Switch S e t t i n g s  
The computer  c o n s o l e  s w i t c h e s  a r e  used t o  c o n t r o l  d i a g n o s t i c  

p a r a m e t e r s .  Each d i a g n o s t i c  l i s t i n g  c o n t a i n s  a  l i s t  o f  t h e  
c o n s o l e  s w i  t c h e s  t h a t  c o n t r o l  t h e  v a r  i o u s  p a r a m e t e r s  used i n  t h e  
d i a g n o s t i c .  For a  d e t a i l e d  e x p l a n a t i o n  o f  e a c h  s w i t c h  and t h e  
f u n c t i o n  i t  p e r f o r m s ,  r e f e r  t o  t h e  a p p r o p r i a t e  d i a g n o s t i c  l i s t i n g  
f o r  t h e  d i a g n o s t i c  b e i n g  run .  

SUMMARY 

The d i a g n o s t i c s  used t o  check  and m a i n t a i n  b o t h  t h e  
RK11/RK05 and t h e  RK8-E/RK05 D i s k  Subsys tems o p e r a t e  i n  a  
s t a n d a l o n e  mode. 

The RKll/RK05 s u b s y s t e m  h a s  f o u r  d i a g n o s t i c  programs and 
a u t i l i t y  package .  

R K 1 1  b a s i c  l o g i c  t e s t s  1 and 2 

Logic t e s t  1 c h e c k s  o n l y  t h e  d r i v e - i n d e p e n d e n t  
R K 1 1  C o n t r o l l e r  l o g i c  
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Logic  t e s t  2 c h e c k s  t h e  d r i v e - i n d e p e n d e n t  R K l l  
C o n t r o l l e r  l o g i c  w i t h  a  d r i v e  c o n n e c t e d  t o  t h e  
R K 1 1  

e RKll/RK05 dynamic t e s t  

Checks  e l e c t r o m e c h a n i c a l  i n t r e g r i t y  o f  t h e  d r i v e  

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

0 Checks t h e  r e a d / w r i t e  l o g i c  

0 Checks seek t i m i n g  o f  t h e  d r i v e  c o v e r i n g  maximum 
and minimum s e e k s  

0 RK11/RK05 p e r f o r m a n c e  e x e r c i s e r  

P e r f o r m s  d a t a  t r a n s f e r s  t o  and from t h e  d r i v e  

0 Checks  t h e  r e l i a b i l i t y  o f  t h e  c o m p l e t e  s u b s y s t e m  

0 R K 1 1  u t i l i t y  package  

0 Used d u r i n g  s e r v o  a d j u s t m e n t s  

Used d u r i n g  head a l i g n m e n t s  

Fo rma t s  a  d i s k  c a r t r i d g e  

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

0 Checks r e a d / w r i t e  c o m p a t i b i l i t y  o f  one  d i s k  d r i v e  
w i t h  a n o t h e r  

RK8-E/RK05 s u b s y s t e m  h a s  f o u r  d i a g n o s t i c s  which c h e c k  t h e  
s u b s y s t e m .  

e RK8-E d i s k l e s s  c o n t r o l  t e s t  

0 C h e c k s  t h e  d r i v e - i n d e p e n d e n t  RK8-E C o n t r o l l e r  
l o g i c  w i t h o u t  a d r i v e  i n  t h e  s u b s y s t e m  

RK8-E d r i v e  c o n t r o l  t e s t  

Checks  a l l  d r  i v e - i n d e p e n d e n t  l o g  i c  

I n c l u d e s  an i n s t r u c t i o n  t e s t  which c h e c k s  o u t  t h e  
v a r i o u s  commands t h e  s u b s y s t e m  can e x e c u t e  
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a R e q u i r e s  a n  RKfl5 Disk  D r i v e  b e  c o n n e c t e d  t o  t h e  
s u b s y s  tem 

a F o r m a t s  t h e  d r i v e  i f  b i t  9 o f  s w i t c h  r e g i s t e r  is 
s e t  and a  s u c c e s s f u l  comp1et:ion o f  t h e  t e s t s  a r e  
r un 

RK8-E f o r m a t t e r  p rogram 

a F o r m a t s  b o t h  RK05J a n d  RK05F d i s k  c a r t r i d g e s  

* Q u e s t i o n s  a n s w e r e d  f o r  RKg5F m u s t  b e  a n s w e r e d  f o r  
two s e p a r a t e  d r i v e s  ( f o r  e x a m p l e ,  DSK0? DSKl? 
e t c  .) 

a RK8-E d a t a  r e l i a b i l i t y  p r o g r a m  

A c c e p t a n c e  t e s t  which  v e r i f i e s  d a t a  t r a n s f e r s  
w i t h i n  t h e  s u b s y s t e m  

a O p e r a t e s  i n  two modes 

A c c e p t  mode v e r i f i e s  t h e  c a p a b i l i t y  o f  
t r a n s f e r r i n g  d a t a  t o  and f rom e a c h  d r i v e  
c o n n e c t e d  t o  an  RK8-E. 

M a n u a l  i n t e r v e n t i o n  mode i s  a  h a r d w a r e  
d e b u g g i n g  a i d  which  a l l o w s  t h e  F i e l d  S e r v i c e  
e n g i n e e r  t o  s e l e c t  a n y  o f  t h e  i t e m s  l i s t e d  
b e l o w .  ' 

a Data  p a t t e r n s  
a T r a n s f e r  l e n g t h  
a A d d r e s s i n g  

E r r o r  P r i n t o u t s  
T h e  d i a g n o s t i c s  u s e d  t o  c h e c k  b o t h  t h e  RKl l /RK05 a n d  

RK8-E/RK05 d i s k  s u b s y s t e m s  w i l l  g i v e  t h e  F i e l d  S e r v i c e  e n g i n e e r  
e r r o r  p r i n t o u t s  which  w i l l  c o n t a i n  t h e  i n f o r m a t i o n  l i s t e d  be low.  

a The v a l u e  o f  t h e  p r o g r a m  c o u n t e r  a t  t h e  time o f  e r r o r  
a C o n t e n t s  o f  s e l e c t e d  r e g i s t e r s  a t  t h e  t i m e  o f  e r r o r  
a The t e s t  number t h a t  was b e i n g  r u n  a t  t h e  t i m e  o f  e r r o r  

A b r i e f  d e s c r i p t i o n  o f  t h e  e r r o r  



SUBSYSTEM DIAGNOSTICS 

Switch Reg i s t e r  
The conso le  swi tch r e g i s t e r  on both t he  PDP-11 and PDP-8 

p roces so r s  can be used t o  c o n t r o l  t h e  o p e r a t i o n  of t h e  d i a g n o s t i c  
b y  performing the  t a s k s  l i s t e d  below. 

e Halt  on e r r o r  
e I n h i b i t  e r r o r  p r i n t o u t s  
e Ring b e l l  on e r r o r  
e Loop on e r r o r  
e Loop on t e s t  

Each d i a g n o s t i c  l i s t i n g  c o n t a i n s  a  l i s t i n g  of t h e  swi tch 
c o n t r o l s  . 



SUBSYSTEM DIAGNOSTICS 

LABORATORY WORKSHEET 

Given a comple te  RKll/RK05 o r  a  comple te  RK8-E/RK05 o p e r a t i n g  
d i s k  subsys tem,  and a  comple te  s e t  of d i a g n o s t i c  l i s t i n g s  f o r  each  
subsys tem,  d e m o n s t r a t e  your p r o f i c i e n c y  of us ing  t h e  d i a g n o s t i c s  
by going  t o  t h e  l a b  and per forming t h e  t a s k s  l i s t e d  below. You 
may work i n  teams t o  comple te  t h i s  l a b o r a t o r y  p r o j e c t .  Time 
a l lowed 

1. 

2 0 

3 0 

4 . 
5 0 

- - 

t o  comple te  t h i s  p r o j e c t  is two h o u r s .  

NOTE 
Field Service engineers trained on the 
PDP-11-family computers are only 
required to perform tasks 1, 2, 4 and 5. 
Field Service engineers trained on the 
PDP-8-family computers are only required 
to perform tasks 1 and 3. 

Load and run a l l  t h e  d i a g n o s t i c s  used t o  check-out  t h e  
r e s p e c t i v e  d i s k  subsys tem.  +/@@' 

Load R K l l  u t i l i t y  package.  

Use t h i s  program t o  fo rmat  an RK05 c a r t r i d g e .  

Check t h e  s w i t c h e s  and i n d i c a t o r s  on RK05 f r  
p a n e l .  

Load RK8-E f o r m a t t e r  program and fo rmat  a  d i s k  c a r t r i d g e .  

Load t h e  R K l l  b a s i c  l o g i c  t e s t  1 and use t h e  c o n s o l e  
s w i t c h e s  t o  run t e s t  number 11. 

R e s t a r t  t h e  R K l l  b a s i c  l o g i c  t e s t  1 and l o o p  on t e s t  
number 11. 

You have s u c c e s s f u l l y  completed t h i s  p r o j e c t  when you have 
performed t h e  r e q u i r e d  t a s k s  and have checked o f f  each  i t em i n  t h e  
s p a c e  n e x t  t o  t h e  t a s k .  





RK05 DISK SUBSYSTEM MAINTENANCE 

Subsystem Troubleshooting 





SUBSYSTEM TROUBLESHOOTING 

INTRODUCTION 

As a Field Service engineer, you will be required to perform 
corrective maintenance on a complete RKll/RK05 or RK8-E/RK05 disk 
subsystem. This module gives you the opportunity to gain 
proficiency in troubleshooting these subsystems to the field 
replaceable unit (FRU) level of repair. 

The course administrator will give you at least two problems 
to troubleshoot as a practice exercise. When you feel you have 
had enough practice troubleshooting, ask the administrator for the 
module test. 

OBJECTIVES 

Given an RK11/RK05 or an RK8-E/RK05 subsystem, all required 
documentation, test equipment and diagnostic listings, be able to 
diagnose, and then locate an inserted problem to the failing FRU. 
Time allowed for ,troubleshooting is one hour per problem. 

REQUIRED RESOURCES 

RKl:L/RK05 Diagnostic Listings 
RK8-E/RK05 Diagnostic Listings 

OPTIONAL RESOURCES 

RK11D Print Set 
RK8--E Print Set 
RK05 Print Set 

REQUIRED EQUIPMENT 
PDP--11 or PDP-8 computer 
RK11/RK05 or RKR8-E/RK05 Subsystem 
Console output device 
XXDP media loading device 
Oscilloscope 
Two oscilloscope probes 



SUBSYSTEM TROUBLESHOOTING 

TROUBLESHOOTING SUGGESTIONS 
When troubleshooting any device, approach the problem in a 

logical manner. Use the diagnostic error printouts, print sets 
and manuals to assist you. The items listed below are common 
causes of intermittent problems in any device. 

Cables - improperly seated,"disconnected, broken or cut, 
placed in wrong slot (especially drive bus cable in 
RK11D subsystems) 

a Connectors - improperly connected or not connected, bent 
pins 

Modules - improperly seated, placed in wrong slot, 
conÂ iguration of switches and jumpers wrong 

0 Backplane - bent pins, broken wires, jumper 
conÂ igurations wrong 

Voltages - incorrect or missing 
Fuses - blown or missing 

The problems which are inserted by the administrator will not 
cover every conceivable problem you may encounter in the field. 
Rather, they are intended to be representative of a typical 
problem. 

When you are ready to begin troubleshooting, ask the 
administrator to insert a problem in the equipment. During the 
practice" troubleshooting you may work in groups, but during the 
module test, you must work alone. 

Remember to think about what you are doing, and to observe 
common-sense safety rules. 

Use the exercise worksheet (on the next page) to record the 
symptoms and solutions for each problem. 

NOTE 
PDP-11-family trained Field Service 
engineers should work on the RKll/RK05 
problems. 

PDP-8-family trained Field Service 
engineers should work on the RK8-E/RK05 
problems. 



Symptom 

SUBSYSTEM TROUBLESHOOTING 

Exercise Worksheet 

Af ter completing this module exercise, take the module test. 
The course administrator will i n s e r t  a fault for you to 
troubleshoot . 

When you have completed the module test you can take the final 
test. The administrator has the answers to the final test. 
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