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1 INTRODUCTION

The problem r e v o lv e s  a ro u n d  t h e  d e t e c t i o n  o f  p a r t i a l  
d i s c h a r g e s  I n  e l e c t r i c  i n s u l a t i o n .  I t  i s  t o  t h i s  end  t h a t  
an  h ig h  sp eed  d i g i t a l  measurement ay stem h as  beer, d ev e lo p ed  
t o  e n a b l e  o n - l i n e  d a t a  r e c o r d in g  and  a n a l y s i s .  T h is  sys tem  
w i l l ,  h o p e f u l l y ,  e a s e  t h e  t a s k  o f  t h e  r e s e a r c h e r  who, f o r  
w e l l  n ig h  30 y e a r s ,  h a s  a t t e m p te d  t o  i s o l a t e  an d  d e s c r i b e  
t h e  mechanisms r e s p o n s i b l e  f o r  t h e  f a i l u r e  of  i n s u l a t i o n  
t h a t  h a s  been in  s e r v i c e  f o r  some t im e .

T h is  i n s u l a t i o n  f a i l u r e  a t  v a l u e s  o f  e l e c t r i c  i t r e s s  w e l l  
below i t i  a c c e p t e d  breakdown v a l u e ,  i s  a  re su l t -  of  t h e  
b a s i c  p r o c e s s e s  of  i n t r i n s i c  an d  th e rm al  ear. down.
C o n d i t i o n s  n e c e s s a r y  t o  p r e c i p i t a t e  t h e s e  mec' - s  c an  be 
r e a l i s e d  by a  slow p r o c e s s  of  e r o s i o n  c au sae  by I n t e r n a l  
d i s c h a r g e s  i n  g a se o u s  c a v i t i e s  w i t h i n  t h e  »<tss o f  
i n s u l a t i o n .  The e n e rg y  sp e c tru m  o f  s p a r k -  or p u i i ' d - t y p e  
d i s c h a r g e  p a t t e r n s  can  be i n f e r r e d  by e e e s u z i n ;  t h e  
a m p l i tu d e  d i s t r i b u t i o n  of t h e  d i s c h a r g e  p u l s e s  u s in g  a 
p u l s e - h e i g h t  a n a l y z e r .  I n f o r m a t io n  on t h e  d i e c h s r g e - e n e r g y  
sp e c tru m  i s  ' • ' . r t i c u l a r l y  im p o r t a n t  i n  s t u d i e s  c o n c e rn in g
t h e  . e l a t i c  t ip  between t h e  d i s s i p a t e d  d i s c h a r g e  e n erg y
and  t h e  e in  ng d e g r a d a t i o n  r a t e  of  d i e l e c t r i c  m a t e r i a l s
exposed  t o  e l e c t r i c a l  d i s c h a r g e s .

In  exam in ing  t h i s  phenomenon, r e e f  .--tilers a t  t h e  U n i v e r s i t y  
o f  t h e  W i t w a t e r s r a n d <2) have  c o n e  * r a t e d  on t h e  m easure ­
ment and a n a l y s i s  of  d i s c h a r g e  .1, . rent p u l s e s .  U n f o r tu ­
n a t e l y ,  p u l s e  a n a l y s i s  i n e t r u n e i  f o r  p a r t i a l  d i s c h a r g e  
m easurem ents  a r e  n o t  commercial  j - a i l a b l e  a s  com ple te
in s t r u m e n t s  and i t  i s  o f t e n  nec* t o  b u i l d  o r  a ssem b le
su c h  t o o l s .  These c o n s t r u c t e d  - i have h ad  numerous
d i s a d v a n t a g e s  -  th ey  have bee s low , t h e i r  dynamic
cany# h as  been v e r y  l i m i t e d  I t h e y  have e x h i b i t e d  
u n a c c e p ta b le  1 d e a d - t im e a 1 So twee 1 m easurem ents .  A lso  w i th  
t h e  d i s c h a r g e  m ea su r in g  sys tem s u sed  t o  d a t e ,  i t  h a s  n o t  
a lw ays  been p o s s i b l e  t o  a s s e s s  s i g n i f i c a n t  p a r a m e te r s .  T h is
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1 INTRODUCTION

The problem r e v o lv e s  a ro u n d  t h e  d e t e c t i o n  of p a r t i a l  
d i s c h a r g e s  i n  e l e c t r i c  i n s u l a t i o n .  I t  i s  t o  t h i s  end t h a t  
an h ig h  speed  d i g i t a l  measurement sys tem  has  beer, d e v e lo p ed  
t o  e n a b l e  o n - l i n e  d a t a  r e c o r d i n g  a n d  a n a l y s i s .  T h is  sys tem  
w i l l ,  h o p e ifu l ly ,  e a s e  t h e  t a s k  of t h e  r e s e a r c h e r  who, f o r  
w e l l  n ig h  30 y e a r s ,  Lam a t t e m p te d  t o  i s o l a t e  and d e s c r i b e  
th e  mechanisms r e s p o n s i b l e  f o r  t h e  f a i l u r e  of i n s u l a t i o n  
t h a t  i:as been i n  s e r v i c e  f o r  some t im e .

T h is  i n s u l a t i o n  f a i l u r e  a t  v a l u e s  o f  e l e c t r i c  s t r e s s  w e l l  
below i t s  a c c e p te d  breakdown v a lu e ,  i s  a  r e s u l t* * *  of t h e  
b a s i c  p r o c e s s e s  o f  i n t r i n s i c  a n d  th e r m a l  breakdown. 
C o n d i t i o n s  n e c e s s a r y  t o  p r e c i p i t a t e  t h e s e  mechanisms can be 
r e a l i s e d  by a slow p r o c e s s  o f  e r o s i o n  c au sed  by i n t e r n a l  
d i s c h a r g e s  i n  g a seo u s  c a v i t i e s  w i t h i n  t h e  mass of 
i n s u l a t i o n .  The e n erg y  sp e c tru m  o f  s p a r k -  o r  p u l s e d - t y p e  
d i s c h a r g e  p a t t e r n s  can  be i n f e r r e d  by m easur ing  t h e  
a m p l i tu d e  d i s t r i b u t i o n  of t h e  d i s c h a r g e  p u l s e s  u s in g  a 
p u l s e - h e i g h t  a n a l y z e r .  I n f o r m a t io n  on t h e  d i s c h a r g e - e n e r g y  
s p e c tru m  i s  p a r t i c u l a r l y  im p o r t a n t  i n  s t u d i e s  c o n c e rn in g  
t h e  r e l a t i o n s h i p  between t h e  d i s s i p a t e d  d i s c h a r g e  energy  
and  th e  e n s u in g  d e g r a d a t i o n  r a t e  of d i e l e c t r i c  m a t e r i a l s  
exposed  t o  e l e c t r i c a l  d i s c h a r g e s .

In exam in ing  t h i s  phenomenon, r e s e a r c h e r s  a t  t h e  U n i v e r s i t y  
of t h e  W itw a te r s ra n d  21 have  c o n c e n t r a t e d  on t h e  m easure­
ment and a n a l y s i s  of d i s c h a r g e  c u r r e n t  p u l s e s .  U n fo r tu ­
n a t e l y ,  p u l s e  a n a l y s i s  i n s t r u m e n t s  f o r  p a r t i a l  d i s c h a r g e  
m easurem ents  a r e  n o t  co m m erc ia l ly  a v a i l a b l e  a s  com ple te  
i n s t r u m e n t s  and i t  i s  o f t e n  n e c e s s a r y  t o  b u i l d  o r  assem ble  
su c h  t o o l s .  These c o n s t r u c t e d  t o o l s  havo had numerous 
d i s a d v a n t a g e s  -  they  have been to o  s low , t h e i r  dynamic 
ran g e  h as  been v e ry  l i m i t e d  and  th e y  have e x h i b i t e d  
u n a c c e p ta b le  'd ea d -tim e* ' between m easurem ents .  Also w i th  
t h e  d i s c h a r g e  m easu r in g  sys tem s used  t o  d a t e ,  i t  h a s  n o t  
a lw ay s  been p o s s i b l e  t o  a s s e s s  s i g n i f i c a n t  p a r a m e te r s .  T h is
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i s  because  much o f  t h e  a v a i l a b l e  i n f o r m a t io n  i s  i n e v i t a b l y  
diacarde- ' .  d u r in g  h i g h - v o l t a g e  t e s t i n g .

In  m a a u r i n g  p a r t i  i l  d i s c h a r g e s ,  id  e s t ,  m agnitude  and 
t im e s  of o c c u r r e n c e  o f  i n d i v i d u a l  d i s c h a r g e s ,  t h e  
u t i l i s a t i o n  of a d i g i t a l  computer i s  p a r t i c u l a r l y  
a t t r a c t i v e .  T h is  i s  due t o  t h e  f a c t  t h a t  i t  a l lo w s  th e  
c a p t u r e u  d a t a  t o  be r e c o r d e d ,  t h e r t b y  f a c i l i t a t i n g  more 
e f f i c i e n t  p r o c e s s i n g .  In p r e v io u s  i n s t a n c e s ,  however,  t h e  
a p p l i c a t i o n  o f  coirputer® h a s  been l i m i t e d  by bandwidth  
c o n s i d e r a t i o n s  w hich  have d e t r i m e n t a l l y  i n c r e a s e d  th e  
r e s o l u t i o n  t im e  of t . i e  o v e r n l  r e c o r d i n g  sy s tem .

The d e s ig n  d ev e lo p ed  f o r ,  and p r e s e n t e d  i n ,  t h i s  r e p o r t  
a l l e v i a t e s  t h e  p rob lem s  p r e v i o u s l y  e x p e r i e n c e d  by t a k i n g  
a d v a n ta g e  o f  t h e  developm ent o f  v e r y  h i g h - s p e e d  sem i­
c o n d u c t in g  d e v ic e s .  The sys tem  da t a i l e d ,  h e r e i n ,  i s  
m ic r o p r o c e s s o r  ba sed  and  c o n t r o l l e d .  I t ie  m i c r o p r o c e s s o r ' s  
i n h e r e n t  sp eed  p r e v e n t s  i t  from b e in g  a c t i v e l y  In v o lv ed  i n  
th e  d a ta  c a p t u r e .  By v i r t u e  o f  t h i s ,  i t  i s  r e l e g a t e d  t o  t h e  
r o l e  of  s u p e r v i s o r .  I t  s e r v e s  a s  a f r o n t  end  p r o c e s s o r  and 
i s  r e s p o n s i b l e  f o r  comm unica tion  w i th  t h e  u s e r ;  c o n t r o l  o f  
t h e  d a t a  c a p t u r e ,  and s u b s e q u e n t  s t o r a g e  o f  t h e  d a t a  
c a p t u r e d .  The a c t u a l  d a ta  c a p t u r e  f u n c t i o n ,  and m o n i to r in g  
t h e r e o f ,  i s  pe r fo rm ed  by a h igh  sp e e d  f i n i t e  s t a t e  machine 
t h a t  a l l o w s  t h e  i n p u t  t o  be sam pled  a t  sp e e d s  o f  up  t o  
10MHz. The m ic r o p r o c e s s o r  e n a b l e s  th e  sys tem  t o  be 
" s o f tw a r e  t u n e d ” , v i a  v a t i c  us programmable p a r a m e te r s ,  t o  
meet a number of u s e r  r e q u i r e m e n t s .

I t  i s  e n v i s a g e d  t h a t  t h e  h ig h - s p e e d  d a t a  a c q u i s i t i o n  
c a p a b i l i t y  o f f e r e d  by t h i s  sys tem  w i l l  a l lo w  t h e  s tu d y  of 
t h e  im p o r t a n t  phenomenon o f  t h e  " b u r s t*  * c h a r a c t e r i s t i c s  
o b se rv e d  i n  i n s u l a t i o n  sam ples  and s t r u c t u r e s .  The sys tem  
o f f e r s  t h e  c a p a b i l i t y  f o r  d e a l i n g  w i th  a  la rg e  dynam ic-  
s i g n a l  i n p u t  r a n g e ,  and a s  i t  p e r m i t s  o n - l in e  c h a r a c t e r i z a ­
t i o n  of p a r t i a l  d i s c h a r g e s ,  i t  i s  hoped t h a t  t h e  r e s u l t s  o f  
d i s c h a r g e  m easurem ents  w i l l  have g r e a t e r  s i g n i f i c a n c e  th a n

INTRODUCTION 2



a t  p r e s e n t .  T h is  i s  o f  s p e c i a l  im p o r t  i n  t h o s e  b o r d e r l i n e  
c a s e s  where th  ; i n t e r p r e t a t i o n  of r e s u l t s  i s  d i f f i c u l t .

O u t l i n e d  i n  t h e  main body o f  t h i s  r e p o r t  w i l l  be a b r i e f  
e x e g e s i s  o f  th e  s y s t e m 's  f u n c t i o n s  and c a p a b i l i t i e s .  The 
d e s ig n  i t s e l f  i s  d e a l t  w i t h  g r e a t e r  l e n g t h  and i n  more 
d e p th  i n  t h e  a p p e n d ic e s .
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2 METHOD and DESIGN

2.1  PARTIAL DISCHARGE MEASUREMENT

A p a r t i a l  d i s c h a r g e  i s  c au sed  by c h arg ed  p a r t i c l e s  
moving a c r o s s  a gas  sp ace  w i t h i n  an i n s u l a t i n g  medium 
o r  i n  a  sp a c e  between an  i n s u l a t i n g  s u r f a c e  and a 
c o n d u c to r .  T h is  c h a rg e  movement r e s u l t s  i n  a c u r r e n t  
p u l s e  which  can be e l e c t r i c a l l y  d e t e c t e d  i n  th e  su p g ly  
c i r c u i t  t o  t h e  i n s u l a t i o n .  I '  has  been  d e te rm in e d  '  ,
t h a t  an  i n s t r u m e n t a t i o n  bandw id th  of 400MHz i s  
n e c e s s a r y  t c  c a p t u r e  a l l  t h e  i n f o r m a t io n  c o n ta i n e d  in  
t h e  f a s t e r  p u l s e s  ( i e .  t h o s e  h av in g  r i s e  t im e s  o f  
a p p r o x im a te ly  2 , 0 n s ) ■ However, i f  t h e  im p o r t a n t  
i n f o r m a t io n  i n  a  p u l s e  can be c o n f in e d  t o  t h e  c h a rg e  i t  
c o n t a i n s ,  a  much low er bandw id th  i s  a d e q u a te ,  p ro v id e d  
a  s u i t a b l e  " s t r e t c h i n g *  t e c h n i q u e  i s  a p p l i e d  t o  t h e  
p u l s e .

" S t r e t c h i n g *  by i n t e g r a t i o n  p ro d u c e s  a  u n i d i r e c t i o n a l  
p u l s e  o f  much g r e a t e r  w i d t h ,  b u t  h a v in g  a peak 
m agni tude  p r o p o r t i o n a l  t o  t h e  c h a rg e  c o n ta i n e d  i n  t h e  
i n p u t  p u l s e .  The " s t r e t c h i n g "  t e c h n iq u e  u se d  h e r e  w i l l  
e n s u r e  t h a t  t h e  p u l s e  w id th  w i l l  be i n  t h e  range  3 -10us  
w i th  r i s e  t im e s  o f  n o t  l e s s  t h a n  0 , 2 5 - 1 ,0 u s .

The bandw id th  o f  t h e  d a t a  c a p t u r e  sys tem  i s  d e te rm in e d  
by t h e  p u l s e  r i s e  t im e ,  w h e rea s  t h e  bandw id th  o f  t h e  
" s t r e t c h i n g "  c i r c u i t r y  i s  depen d en t  upon t h e  p u l s e  
d u r a t i o n  so  t h e  measurement sys tem  bandw id th  w i l l  be 
l i m i t e d  by t h e  " s t r e t c h i n g "  c i r c u i t r y . C o n s i d e r i n g  a 
p u l s e  d u r a t i o n  o f  3us,  t h e  maximum p a r t i a l  d i s c h a r g e  
r e p e t i t i o n  r a t e  t h a t  can  m easured ,  i s  300XHz. Thus,  in  
a 50Hz c y c l e ,  th e  " s t r e t c h e r "  w i l l  be c a p a b le  of  
p r o c e s s i n g  300KHz/50Hz » 5x10 p u l s e s  p e r  c y c l e .  As 
m easurem ents  w i l l  t a k e  p l a c e  a t  v o l t a g e s  v e ry  c lo s e  t o  
t h e  i n c e p t i o n  v o l t a g e ,  i t  i s  e x p e c te d  t h a t  t h e  number 
o f  p u l s e s  o c c u r r i n g  pe r  c y c l e  w i l l  n o t  exceed  100.
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Hence, m easurem ents  w i l l  o b v io u s ly  n o t  be impeded by 
t h e  i n h e r e n t  ban d w id th  l i m i t a t i o n s  imposed by t h e  
" s t r e t c h i n g "  c i r c u i t r y .

2 .2  REQUIREMENTS

A h ig h  sp eed  d i g i t a l  d a t a  a c q u i s i t i o n  sys tem  i s  
r e q u i r e d  f o r  m easurement o f  p a r t i a l  d i s c h a r g e . , .  T h is  
sys tem  h as  t o  o f f e r  t h e  f o l l o w in g :

a .  V a r i a b l e  sam p lin g  r a t e s  Cl MHz t o  10MHz)
b .  V a r i a b l e  t r i g g e r i n g  l e v e l s
c .  V a r i a b l e  sam p lin g  p e r io d s
d. An i n d i c a t i o n  o f  t h e  t im e  o f  t r i g g e r i n g  f o r  

s i g n a l s  o f  .1Hz t o  60Hz
e .  S u f f i c i e n t  memory t o  p e rm i t  t h e  s t o r a g e  o f  a 

r e a s o n a b l e  amount of c o n t in u o u s ly  r e c o rd e d  
d a t a

f . F a c i l i t i e s  t o  a l lo w  f u r t h e r  p r o c e s s i n g  of 
t h e  d a t a

z . a  q g a z i e

In t h e  sys tem  d e s c r i b e d  ( s e e  F ig u r e  I I  , a  1 6 - b i t  
m ic r o p r o c e s s o r  b a se d  computer (iSBC 86/12A) i s  u sed  f o r  
o v e r a l l  c o n t r o l .  The i n h e r e n t  "s low " sp e e d  of th e  
m ic r o p r o c e s s o r  p r e v e n t s  i t  from b e in g  a c t i v e l y  i n v o lv e d  
in  t h e  d a t a  c a p t u r e ,  however,  i t  s u p e r v i s e s  t h e  d a t a  
c a p t u r e ,  c o n t r o l s  t h e  u s e r  i n t e r f a c e  and t r a n s f e r s  th e  
c a p t u r e d  d a t a  t o  t a p e  t o  a l lo w  f u r t h e r  p r o c e s s i n g .  32K 
memory i s  a v a i l a b l e  f o r  t h e  c o n t r o l  and  i n t e r f a c e  
program s and t h e i r  r e q u i s i t e  v a r i a b l e s  and a f u r t h e r  
64K h ig h  sp e e d  memory i s  a v a i l a b l e  f o r  th e  s t o r a g e  of 
t h e  c a p t u r e d  d a t a .  A programmable  o s c i l l a t o r  c o n t r o l s  
th e  sam p lin g  f r e q u e n c y  and a programmable r e a l t i m e  
c lo c k  p e r m i t s  a c c u r a t e  measurement of t h e  t im e  of 
o c c u r r e n c e  o f  e v e ry  r e c o r d e d  d isc h a r g e . The d a t a
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c a p t u r e  c i r c u i t s  in c lu d e  a 1 0 - b i t  a n a l o g - t o - d i g i  t a l  
c o n v e r t e r ,  a programmable l e v e l  d e t e c t o r  and an HP2645A 
w o r k s t a t i o n  t h a t  p r o v i d e s  t h e  u s e r  i n t e r f a c e  and two 
t a p e  d r i v e s  f o r  perm anent o a ta  s t o r a g e .  The sys tem  can 
sam ple  incoming d a t a  a t  a  maximum r a t e  o f  10MHz f c r  
a p p r o x im a te ly  65000 sa m p le s .

2 .4  MEMORY (see  Appendix 1)

I t  was d e c id e d  t h a t  64K o f  u amory would be s u f f i c i e n t  
t o  h o ld  a u s e a b le  q u a n t i t y  o f  sam pled  d a t a .  As t h e  ADC 
(MC2710! o f f e r e d  10 b i t s  r e s o l u t i o n ,  t h e  memory bank 

would have t o  be a t  l e a s t  10 b i t s  w id e .  An e x t r a  b i t  
was i n c lu d e d  t o  d i f f e r e n t i a t e  be tw een  t im in g  d a t a  and 
sam pled d a t a .

2 . 4 .1  MEMORY ADDRESS CIRCUITRY (se e  Sh e e t  3)

The memory had t o  be a c c e s s e d  a t  sp e e d s  o f  up t o  
10MHz. The a d d r e s s  was c a l c u l a t e d  u s in g  v e r y  f a s t  
b in a r y  c o u n te r s  whose o u t p u t  was l a t c h e d  a n d  h e l d  
f o r  a d d r e s s i n g  t h e  memory.

2 . 4 .2  MEMORY ACCESS CONTROL CIRCPITRY (see  S h e e t  11)

The memory was w r i t t e n  t o  by bo th  t h e  iSBC 86/12A 
and t h e  d a t a  c a p t u r e  c i r c u i t r y ,  w h i l s t  i t  was o n ly  
re ad  by th e  iffiC 86 /12 .

2 . 4 . 2 . 1  WRITE CONTROL (d u r in g  sam pling )

For w r i t i n g ,  t h e  c h ip  s e l e c t  ICS) and  w r i t e  
e n a b l e  l i n e s  (WE) had t o  be s y n c h r o n i s e d  w i th  
t h e  a d d r e s s i n g  and d a t a  c a p t u r e  c i r c u i t s .  T h is
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was a c h ie v e d  by c lo c k in g  t h e  a d d r e s s ,  d a t a  
c a p t u r e  and memory w i th  th e  same c lo c k .

2 . 4 . 2 . 2  DUAL PORT ACCESS CONTROL

The sam p lin g  c i r c u i t r y  and  t h e  iSBC 86/12A 
p r e s e n t  a d d r e s s  and d a t a  t o  t h e  memory on two 
s e p a r a t e  s e t s  of  l a t c h e s ,  o n ly  one o f  w hich  i s  
e n a b le d  a t  any t im e .  Once sam pling  has  
comre i ced ,  t h e  sam p lin g  c i r c u i t r y  h a s  s o l e  
a c c e s s  t o  t h e  memory, w h i l s t  b e f o r e  and a f t e r  
s a m p lin g ,  o n ly  t h e  8086 can a c c e s s  t h e  memory.

2 . 4 .2 . ]  ACCESS BY ISBC

I t  was d e c id e d  t o  a l lo w  t h e  80 86 t o  b o th  w r i t e  
t o  and  r e a d  from t h e  memory. T h is  a l l o w s  th e  
80 86 t o  t e s t  t h e  memory and t o  t r a n s f e r  t h e  
c a p t u r e d  d a t a  t o  t a p e  f o r  f u r t h e r  p r o c e s s i n g .

2 .5  DATA CAPTURE (se e  Appendix 2)

The d a t a  c a p t u r e  c i r c u i t r y  i s  d i v id e  i n t o  two 
s e c t i o n s .  One t h a t  m ea su re s  t h e  d i s c h a r g e  p u l s e s  and 
one t h a t  d e t e c t s  t h e  z e r o - c r o s s i n g  o f  t h e  AC s i g n a l .

2 .5 .1  PULSE CAfTOM & TRIGGERING (#*« S h eet#  6 & 7)

The incom ing d a ta  s t r e a m  i s  sampled a t  a maximum 
r a t e  o f  10MHz by a 1 0 - b i t  ADC. The d i g i t a l  d a ta  
p r e s e n t e d  by t h e  ADC i s  f i l t e r e d  th ro u g h  a s e t  of 
c o m p a ra to rs  b e f o re  b e in g  s t o r e d  in  memory. This  
f i l t r a t i o n  p e r m i t s  o n ly  the  s t o r a g e  of d a ta  th&c 
a r e  above a g iv e n  p o s i t i v e  v a lu e  o r  be lo v  a g iv en  
n e g a t i v e  v a lu e .
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2 .5 .2  lERO-CaOSSIWG CIRCUITRY (*»«  S h * * t 9)

The AC s i g n a l  i s  m o n i to re d  and ev ery  p o s i t i v e  z e r o -  
c r o s s i n g  i s  used  a s  a b a s e - p o i n t  from which th e  
t ime of o c c u r r e n c e  o f  each  su b s e q u e n t  d i s c h a r g e  i s  
m easured .

2 .6  CONTROL CIRCUIT** :s** Appendix 3)

The ACC and 80 86 sh o u ld  be r e g a r d e d  a s  p e r i p h e r i e s  t o  
t h i s  d e s ig n .  The d e s ig n  a c t u a l l y  c e n t r e s  on th e  
i n t e r f a c i n g  o f  t h e  ADC, 80 86 and t h e  d a t a  c a p t u r e  
memory, and th e  su b s e q u e n t  c o n t r o l  o f  t h e  d a t a  c a p t u r e  
o p e r a t i o n .

2 .6 .1  SUPERVISOR CIRCUITRY (##« Sh**t %)

T h is  c o n t r o l s  t h e  a d d r e s s  g e n e r a t i o n  and t h e  d a t a  
c a p t u r e .  I t  i s  r e s p o n s i b l e  f o r  e n s u r i n g  t h a t  t h e  
memory c o n t r o l  s i g n a l s  and t h e  d a t a / a d d r e s s  i n p u t s  
a r e  s y n c h r o n i s e d .  I t  s t a r t s  t h e  d a t a  c a p tu r e  
o p e r a t i o n  when i n s t r u c t e d  t o  do so  and t h e n  
m o n i to r s  t h e  p r o c e s s  t o  e n s u r e  t h a t  i t  s t o p s  b e f o re  
t h e  memory o v e r f lo w s .

2 .6 .2  TIMING CIRCUIT*? (##* S h eet 5)

The d a t a  f o r  each p u l s e  must be s t o r e d  w i th  an  
i n d i c a t i o n  o f  where  i t  o c c u r r e d  r e l a t i v e  t o  t h e  AC 
s ig n a l .  T h ir  i n d i c a t i o n  Is  c a l c u l a t e d  by means of a 
" r e a l - t i m e "  c lo ck  t h a t  i s  r e s e t  by ev e ry  z e r o -  
c r o s s i n g  o f  th e  AC waveform. The t im in g  c i r c u i t r y  
i s  r e s p o n s i b l e  f o r  th e  s t o r a g e  o f  each d i s c h a r g e ' s  
t im in g  in f o r m a t io n .
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2 . 6 . 3  CLOCK CIRCUITRY (« * *  S h « « f  1 * 4 )

The sam p lin g  f req u e n c y  i s  v a r i a b l e  between 1MHz and 
10MHz. Because o f  t h e  d i v i d e r  c i r c u i t r y  u sed  f o r  
t h e  ADC s t r o b e  p u l s e ,  t h i s  i m p l i e s  t h a t  t h e  
s u p e r v i s o r  must be c lo c k e d  a t  sp e e d s  r a n g in g  from 
4MHz t o  40MHz.

On t h e  o t h e r  hand, t h e  sys tem  w i l l  o n ly  be r e q u i r e d  
t o  m o n i to r  s i g n a l s  r a n g in g  from  . IB s t o  SOHz. Thus, 
t h e  t im in g  need  o n ly  be c lo c k e d  a t  r a t e s  v a r y in g  
f rom  400Hz t o  240KHz, These v a s t  d i f f e r e n c e s  i n  
o p e r a t i n g  sp e e d s  l e d  t o  t h e  use  o f  two s e p a r a t e  
c lo c k s  -  one f o r  t h e  s u p e r v i s o r  c i r c u i t r y  and  one 
f o r  t h e  t im in g  c i r c u i t r y .  Because b o th  c lo c k s ,  by 
n e c e s s i t y ,  had  t o  o p e r a t e  over  a  v e r y  w ide  
f re q u e n c y  ra n g e ,  p h a s e - l o c k e d - l o o p s  were  u sed  t o  
a c h ie v e  a re f  ion»u ly  s t a b l e  o p e r a t i o n .

2 .7  INTERFACE (see  Appendix 41

The d a ta  c a p t u r e  c i r c u i t r y  i s  i n t e r f a c e d  t o  a 1 6 - b i t
m ic r o p r o c e s s o r  based  s i n g l e  b o a rd  computer -  t h e  INTEL 
1SBC 86/12A. Through t h i s  m ic ro co m p u te r ,  t h e  d a t a -  
c a p t u r e  c i r c u i t r y  i s  t h e n  i n t e r f a c e d  t o  an  HP2645A 
w o r k s t a t i o n  ( see  F ig u r e  2 ) .

2 .7 .1  1SBC 86/12A

The 1SBC 86/12A i s  r e q u i r e d  t o  t r a n s m i t  t h e  
f o l lo w in g  d a ta  t o  t h e  sam pling  c i r c u i t r y i

a .  The sam pling  r a te
b. The AC s ig n a l f r e q u e n c y
c .  The upper and low er v a lu e s  f o r  t r i g g e r i n g
d. S ig n a ls  to  s t a r t  and s to p  sam pling
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At s same t im e ,  t h e  sam pling  c i r c u i t r y  g i v e s  th e
f o l i c  '. "--  s i g n a l s  t o  t h e  iSBC 86/12A:

a.  An i n d i c a t i o n  c h a t  t h e  memory i s  f u l l .
b . D ie  z e r o - c r o s s i n g s  of t h e  AC s i g n a l  so  t h a t

t h e  AC f re q u e n c y  m ight  be a s c e r t a i n e d .

2 . 7 . 2  gp

The i m c  86/12A has an RS232C com patib le  s e r ia l  I/O
p o r t  c o n t r o l l e d  by an  8251A USART c h ip  and 
communication  w i th  t h e  HP i s  EIA RS23 2-C s e r i a l  
sy n c h ro n o u s ,  f u l l  d up lex  ASCII a t  9600 b i t s / s e c o n d . .
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2 .8  SOFTWARE DESIGN

The s o f tw a r e  a l l o w s  th e  u s e r  t o  t a i l o r  t h e  sys tem  t o  
meet h i s  r e q u i r e '  s .  In  t h i s  r e s p e c t  i t  must p e rm i t  
t h e  s e l e c t i o n  o f  - .* t a b l e  sam pling  r a t e s  and v a r i a b l e  
t r i g g e r i n g  l e v e l s .  V'.e s o f t w a r e  i s  r e s p o n s i b l e  f o r  
measurement of t h e  AC f r e q u e n c y ,  f o r  s t a r t i n g  (and 
p o s s i b l y  h a l t i n g )  p u l s e  c a p t u r e  and f o r  t r a n s f e r  of  
i n f o r m a t io n  between t h e  p u l s e  a c q u i s i t i o n  sys tem  and 
th e  iSBC 86/12A and HP2645A d i s p l a y  s t a t i o n .

For e a s e  of u se ,  t h e  sys tem  i s  " m en u -d r iv e n ”, i . e .  t h e  
u s e r  i s  g u id ed  th ro u g h  t h e  p r o c e d u r e s  he  must pe rform  
by a n iaiber of menus d i s p l a y e d  on t h e  HP s c r e e n .  The 
s o f t w a r e  i s  d i v id e d  i n t o  t h r e e  m ajo r  s e c t i o n s :

a .  The p u l s e  a c q u i s i t i o n  r o u t i n e s  which a r e  
r e s p o n s i b l e  f o r  t h e  t u n in g  of t h e  sys tem  
p a r a m e te r s  and  f o r  m o n i to r in g  t h e  sam pling  
p r o c e s s .

b . The memory a c c e s s  r o u t i n e s  which t r a n s f e r  
d a ta  t o  a n d  from  t h e  d a ta  a c q u i s i t i o n  sys tem  
memory.

c .  The i n t e r f a c e  r o u t i n e s  f o r  comm unicating  
th ro u g h  th e  HP2645A w i th  t h e  u s e r .

The s o f tw a r e  i s  w r i t t e n  i n  P a s c a l  t o  improve r e a d a b i l ­
i t y  and  m a in te n a n c e .  However, i t  i s  n e c e s s a r y  t h a t  some
of t h e  r o u t i n e s  be w r i t t e n  i n  80 86 a s se m b le r .  The 
programs were co m p i led ,  a sse m b le d  and l i n k e d  on an  
HP64000 sys tem .
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3 IMPLEMENTATION i  EVALUATION

3.1  IRPLEMENTATU:.

Tho d a ta  c a p t u r e  c i r c u i t r y  was w ire -w rap p e d  on m u l t ib u s  
b o a rd s  f o r  c o m p a t i b i l i t y  w i th  t h e  iSBC 86/12A. However, 
t h e  b o a rd s  w ere  n o t  new and i n  most c a s e s ,  t h e  ed g e-  
c o n n e c to r s  had been worn o f f  t h e  b o a rd s .  Thus i t  was 
d e c id e d  t o  mount 3M mult iway c o n n e c to r i  t o  t h e  b o a rd s  
and  use  t h e s e  i n s t e a d .  The h a rd w are  was t e s t e d  w i th  a 
N i c o l e t  a n a l y s e r  and t h e  s o f tw a r e  and i n t e g r a t e d  sys tem  
was t e s t e d  u s in g  t h e  HP64000 6086 e m u la to r  (borrowed 
from ESDI.

3 .2  OPERATION OVERVIEW

The u s e r  o u s t  e n t e r  a number o f  o p t i o n s  b e f o r e  
p ro c e e d in g  w i th  d a ta  c a p t u r e .  The u s e r  communicates 
w i th  t h e  m easu r in g  sys tem  v i a  t h e  HP 2645A d i s p l a y  
s t a t i o n .  The u s e r  i s  g u id e d  th ro u g h  t h e  n e c e s s a r y  
" t u n in g "  a t .p a  by a s e r i e s  o f  menus. The sys tem  w i l l  
u se  d e f a u l t s  f o r  any o p t i o n s  n o t  e n t e r e d  by t h e  u s e r .  
Once t h e  u s e r  has  r e q u e s t e d  t h a t  sam pling  commence, t h e  
sys tem  w i l l  d e te rm in e  t h e  AC f r e q u e n c y  and th e n  a l lo w  
d a t a  c a p t u r e  t o  s t a r t .  The s i g n a l  i s  t h e n  m o n i to re d  f o r  
z e r o - c r o s s i n g s  and  p a r t i a l  d i s c h a r g e  o c c u r r e n c e .  Each 
p a r t i a l  d i s c h a r g e  i s  s t r e t c h e d  and p a s s e d  th ro u g h  an 
ADC. The d i g i t a l  o u t p u t  o f  t h e  ADC i s  t h e n  f i l t e r e d  
b e f o r e  b e in g  s t o r e d  i n  memory t o g e t h e r  w i th  t im in g  d a t a  
i n d i c a t i n g  where i t  o c c u r r e d  i n  r e l a t i o n  t o  t h e  most 
r e c e n t  z e r o - c r o s s i n g .

As t h e  d a t a  i s  s t o r e d  in  1 0 - b i t  words ,  t h e  s i g n a l  
w av e le n g th ,  T, ( s e e  F ig u r e  3) c a n  be d i v i d e d  i n t o  2 »
1024 t im e s l o t s

IMPLEMENTATION & EVALUATION 14



FI GORE 3 .  AC SIGNAL WAVELENGTH

EXAMPLE
T ■ 20ms 20 x 10 23 /  1000 * 2 0 x 1 0 *  seco n d s  

I . e .  t h e  w a v e le n g th  can be d i v id e d  i n t o  1000 20us 
t im e  s l o t s
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r.'iftcir'g Voltaic

T»ie valuas  of t h i  timing 
a a t a  m d i e a t a  t h a t  both
p u ls e a  occur  .'ad with-o

c ro a a  ng  of the  AC ivavf-fcrm

F I G URE 4 .  DISCHARGE PULSE

F ig u r e  4 shows a d i s c h a r g e  t h a t  h a s  been  m easured  t o  
g iv e  t h e  f o l lo w in g  memory c o n f i g u r a t i o n :
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MEMORY MEMORY
ADDRSSS CONTENTS

0 00101100110
1 00101000000
2 00100011010
3 00011110011
4 00001101101
5 00010110011
6 00010001101
7 00001110100
8 00001011010
9 00001000000
10 00000110011
11 00000110011
12  00000100110
13 00000111010
14 00001010011
15 00001101101
16 0001000110^
17 00010101101
18 00011001101
19 00011110011
20 00100100000
21 00101000000
22 00101101101
23 10000000000 (Time PI)
24 01010000000
25 01001111010
26 01000110111
27 01000010000
28 01000101010
29 01001111011
30 100000000000 (Time P2>

As can be se en ,  t h e  t im in g  i n f o r m a t io n  i s  
s t o r e d  a f t e r  t h e  p u l s e  i n f o r m a t io n .  In t h e  
exam ple ,  b o th  da te  c a p t u r e  t r i g g e r s  o c c u r r e d  
w i t h i n  20us of t h e  f i r s t  z e r o - c r o s s i n g .  One 
d i s c h a r g e  may t r i g g e r  th e  d a ta  c a p tu r e
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c i r c u i t r y  more t h a n  once d u r in g  i t s  o c c u r r e n c e .  
T h is  seem ing ly  c o n fu s in g  r e p r e s e n t a t i o n  can 
e a s i l y  be c l a r i f i e d  by so f tw a r e  d u r in g  p o s t ­
p r o c e s s i n g .

3 .3  IMPROVEMENTS

The memory sh o u ld  have been  implemented  u s in g  
l a r g e r  and t h u s  few er  c h ip s .  I f  t h i s  r e q u i r e d  th e  
use  of s lo w e r  c h i p s  an  i n t e r l e a v e d  d e s ig n  co u ld  
have been used .

CLOCK 2
The Clock 2 c r y s t a l  o u t p u t  sh o u ld  be f i l t e r e d  
b e f o r e  b e in g  p a s s e d  t o  t h e  phase  lo c k e d  l o o p  which 
i s  p r e s e n t l y  o p e r a t i n g  a t  one of t h e  c r y s t a l ' s  
h a rm o n ic s .

ADC RANGE & OFFSET
The MC2710 range  and o f f s e t  i n p u t s  have been f i x e d  
-  t h e s e  c o u ld  be  m o d if ie d  and o f f e r e d  a s  p ro ­
grammable f e a t u r e s  t o  a l lo w  enhanced  f l e x i b i l i t y .

VISUAL INDICATION
I t  i s  u s e f u l  w i th  any ty p e  of d i s c h a r g e  m easur ing  
equipm ent t o  have  a v i s u a l  i n d i c a t i o n  o f  what  i s  
b e in g  d e t e c t e d  by th e  i n s t r u m e n t .
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SOFTWARE
The f a c i l i t i e s  p r e s e n t l y  o f f e r e d  c o u ld  be r e d u ced  
t o  a l lo w  f u r t h e r  p r o c e s s i n g  of t h e  d a ta  by th e  iSBC 
66/12A. A l t e r n a t i v e l y ,  t h e  memory c a p a c i t y  of t h e  
86/12A c o u ld  be i n c r e a s e d  t o  a l lo w  th e  s t o r a g e  of a 
l a r g e r  amount of s o f tw a r e .

CONSTRUCTION
The equipm ent sh o u ld  be b e t t e r  "housed* and  t h e  
c a b l i n g  and i n t e r c o n n e c t i o n s  between t h e  v a r i o u s  
components can  be improved.
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4 CONCLUSION

The p a r t i a l - d i s c h a r g e  c h a r a c t e r i s t i c s  f o r  a p a r t i c u l a r  t e s t  
c o n d i t i o n  and i n s u l a t i o n  a r ra n g e m e n t  c'.n be of g r e a t  
im p o r tan ce  in  t h e  c h o ic e  of a s u i t a b l e  measurement sys tem  
and  i n  t h e  i n t e r p r e t a t i o n  of t h e  r e a d i n g s .  P r e v i o u s l y ,  in  
s t u d i e s  o f  t h e  c u r r e n t  waveshapes  o f  d i s c h a r g e s  i n  v o i d s ,  
t h e  a p p l i c a t i o n  o f  a com puter  h a s  been l i m i t e d  by bandw id th  
c o n s i d e r a t i o n s .  The sys tem  p r e s e n t e d  o f f e r s  t l a r g e  
bandw id th  and  s u f f i c i e n t  f l e x i b i l i t y  t o  a l lo w  i t s  use  i n  
numerous s i t u a t i o n s  w i th o u t  f u r t h e r  h a rdw are  m o d i f i c a t i o n s .  
In  a d d i t i o n ,  th e  sys tem  h as  been d e s ig n ed  t o  be p a r t i c u ­
l a r l y  " u s e r  f r i e n d l y "  t h u s  a l "-w ing sys tem  c o n f i g u r a t i o n  t o  
be a c h ie v e d  by p r e s s i n g  a few b u t t o n s  r a t h e r  th an  en g ag in g  
i n  an  e x t e n s i v e  r e w i r in g  e x e r c i s e .

Some of t h e  a d v a n ta g e s  of t h i s  d i g i t a l  c a p tu r e  sys tem  a t e  
summarised belowi

a .  The sys tem  can be " u s e r  t a i l o r e d *  v i a  s o f tw a r e  
p a r a m e te r s .

b. The d a ta  can  be r e c o rd e d  and p r o c e s s e d  more 
e f f i c i e n t l y .

c .  By t h e i r  ve ry  n a t u r e ,  t h e  d i g i t a l l y  r e c o r d e d  a r e  
d i r e c t l y  a v a i l a b l e  f o r  computer a n a l y s i s .

d. The d a t a  c a p t u r e d  can  e a s i l y  be r e l a t e d  t o  t im e  and
v o l t a g e .

e.  C a l c u l a t i o n s  u s in g  d i s c h a r g e  sequence p a ra m e te r s  a r e
s i m p l i f i e d .

I t  i s  e n v is a g e d  t h a t  t h e  sys tem  p r e s e n t e d  i n  t h i s  r e p o r t ,  
s e r v e  o n ly  a s  a d a ta  c a p t u r e  i n s t r u m e n t .  To maximise t h e  
b e n e f i t s  o f  t h e  d i g i t a l  n a t u r e  o f  t h e  d a t a  c a p t u r e d .
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f w i t h e r  p r o c e s s i n g  i s  r e q u i r e d ,  p ro b a b ly  on a mainframe 
com pute r.  With a l l  th e  b e n e f i t s  o f f e r e d ,  t h i s  sys tem  sh o u ld  
p ro v e  an  i n v a l u a b l e  a i d  i n  p a r t i a l - d i s c h a r g e  a n a l y s i s .
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APPENDIX 1 -  MaKOR? DESIGN

I t  was d e c id e d  t h a t  6 4K of memory would be s u f f i c i e n t  t o  
h o ld  a  u s e a b le  q u a n t i t y  o f  sam pled d a t a .  I n i t i a l l y  i t  was 
f e l t  t h a t  t h e  memory c h ip s  h a j  t o  be o r d e re d  a s  soon as 
p o s s i b l e ,  and  hf.nee, t h e  memory d e s ig n  was o v e r s i m p l i f i e d :

As t h e  sam pling  r a t e  i s  10MHz t h e  memory h a s  t o  have a
w r i t e  c y c l e  o f  I f s a  th a n  100ns.  The H i t a c h i  HM6147LP-3 IKxl 
b i t  memory has a w r i t e  c y c l e  o f  55ns.  The drawbacks
in v o lv e d  became a p p a r e n t  a f t e r  p u r c h a s e .  As th e  KC271G
o f f e r e d  10 b i t s  r e s o l u t i o n ,  t h e  memory bank h a s  t o  be a t
l e a s t  10 b i t s  w ide .  I t  was d e c id e d  t o  i n c l u d e  an  e x t r a  b i t  
t o  d i f f e r e n t i a t e  be tw een  t im in g  d a t a  and sam pled d a t a .  A 
64K x 11 b i t  memory needed 176 c h ip s  -  a p r o d i g io u s  number 
o f  c h ip s  which c o u ld  have been  a v o id e d  by u s in g  s lo w e r  bu t  
l a r g e r  (and ch eap er)  memory c h ip s  i n  a n  ' i n t e r l a c e d '  memory 
bank. However, t h e  sp eed  o f f e r e d  by t h e  H i t a c h i  c h ip s  
s i m p l i f i e d  t h e  o v e r a l l  d e s ig n .

MZMOKY ADDRESS CMCUITM (##* S h e e t  3)

The a d d r e s s  has  t o  be c a l c u l a t e d  a t  sp eed s  o f  up t o  10MHz, 
and  i t  h a s  t o  be a v a i l a b l e  t o  t h e  memory c h ip  f o r  a t  l e a s t  
55ns ( in c lu d in g  10ns f o r  w r i t e  r e c o v e r y ) . The o b v io u s  way 
t o  c a l c u l a t e  t h e  a d d r e s s  i s  t o  u se  v e ry  f a s t  b in a r y  
c o u n te r s .  The 74S163 i s  a 4 - b i t  c o u n te r  t h a t  can  o p e r a t e  a t  
f r e q u e n c i e s  up t o  70MHz. 4 o f  t h e s e  c o u n te r s  a r e  n e c e s s a r y  
t o  g iv e  a 1 6 - b i t  a d d r e s s .  The e f f e c t i v e  o p e r a t i n g  sp e e d  of 
thfcie  casca d ed  c o u n te r s  i s  14MHz -  2111Hz.

Because t h e  a d d r e s s  a p p e a r in g  on t h e  c o u n te r s  i s  v a l i d  f o r  
s a  s h o r t  p e r io d  (see  F ig u r e  5 -  A ddress  on c o u n te r s  v a l i d ) ,
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t h i s  h a s  t o  be l a t c h e d  and h e ld  f o r  a d d r e s s i n g  t h e  memory, 
and a t  th e  same t im e  t h e  a d d r e s s  has  t o  be expanded t o  20 
b i t s  t o  accommodate t h e  a d d r e s s i n g  c a p a b i l i t i e s  o f  16 b i t  
micropro< ssorm. Two 74S374 l a t c h e s  ( r e q u i r i n g  a 5ns d a ta  
s e t u p  t im e  and 2ns d a t a  h o ld  t im e )  a r e  used  t o  h o ld  t h e  
a d d r e s s  formed on th e  c o u n te r  o u t p u t s  w h i l s t  a 74S373 i s  
u sed  t o  h o ld  t h e  expanded a d d r e s s  p o r t i o n .

The memory a d d r e s s  sp a c e  i s  from  20000H t o  3FFFFH. Two 3-8 
l i n e  d e c o d e r s  decode t h e  a d d r e s s e s  (see  Sh e e t  10 ) :

IC 87 decodes  a d d r e s s e s  20000H -  2FFFEH 
IC 88 deco d es  a d d r e s s e s  300008  -  3FFFEH

to e  d a t a  c a p t u r e  memory bank i s  o n ly  s e l e c t e d  i f  
/ADR13./ADR12.ADR11 -  1 .  The f i r s t  64K a r e  a d d r e s s e d  i f  
ADRlti •  0 and th e  second  i f  ADRlh * 1.

i . e .  For IC 87 I 01 -  /  (ADR13+ADR12+/ADR11)
G2 -  ADK10 

FOR IC 88 : G1 -  ADR10
G2 -  /  (/ADR13./ADR12. ADR11)

f o r  b o th
S e l e c t A - ADRD
S e l e c t B - ADRE
S e l e c t C - AURF
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M e m o r y  1 ADR 1 Y 1 1 Y2 1 G G 1 G

A d d r e s s  1 1 1 1 11 F E Dl 0 1 2 3 4 5 6 71 0 1 2 3 4 5 6 71 1 11 2

1 3 2 1 01 1 I 1 1 21 1

2 0 0 0 0  1 0 0 1 01 0 0 0 J L H H H H H H '■ H H H H H H H HI 1 0 1 0

2 2 0 0 0  1 0 0 1 01 0 0 11 H L H H B H H HI H H H H H H H H i 1 01 0

2 4 0 0 0  1 0 0 1 01 0 1 0 1 H H L H H K H Hi H H H H H H H HI 1 u l 0

2 6 0 0 0  1 0 0 1 01 0 i 11 H H H L H H H H 1 H H H H H H H HI 01 0

2 8 0 0 0  I 0 0 1 01 1 0 0 1 H H H fi L H H HI H H H H H H H H i 1 0 i 0

2 A 0 0 0  1 0 0 1 01 i 0 11 H H H H H L H HI H H H R H H H H I 1 01 0

2 C 0 0 0  1 0 0 1 01 1 1 01 H H H H H H L HI H H a H H H H H i 1 01 0

2 E 0 0 0  1 0 0 1 01 1 1 I t fi H H H H H H L I H H H H H ri H HI 1 01 0

3 0 0 0 C  1 0 0 1 0 0 o t H H H H H H fi HI L a H H H H H HI 1 11 1

3 2 0 0 0  1 0 0 1 I f 0 0 I t H H H H H H H H I H L H H H H H HI 11 1

3 4 0 0 0  1 0 0 1 1 1 0 1 01 H H H H H H H HI H H L H H H H HI 1 1 1 1

3 6 0 ) 0  1 0 0 1 11 0 1 11 H H H H H H H HI H H H L H H H HI 1 1 . 1

3 8 0 0 0  1 u g 1 11 1 0 0 1 n H H H H H H HI H H H H L H H HI 1 11 1

3 A 0 0 0  I 0 0 1 11 1 0 11 H H H H H H H H I H H H H H L H H I 1 11 1

3 C 0 0 C  I 0 0 A I t 1 1 0 1 H H H H H fi K HI H H H H ii 3 L HI 1 11 1

3 E 0 0 0  1 0 0 1 11 1 1 I f H H H H H H H H I H H H H H H a L I 1 11 1

MEMQK:' vCCESS CONTROL CIRCUITRY (se e  S h e e t  11)

t h e  memory c o n t r o l  c i r c u i t r y  c an  be d i v id e d  i n t o  t h r e e  
p a r t s :

a .  W rite  c o n t r o l  c i r c u i t r y
b. Dual p o r t  a c r r «  , c o n t r o l  c i r c u i t r y  

C o n t ro l  of memory a c c e s s  by i£BC 86/12A

WRITE CONTROL (d u r in g  sam pling)

For w r i t i n g ,  t h e  c h ip  s e l e c t  (CS) and w r i t e  e n a b le  l i n e s  
(WE) must be s y n c h r o n i s e d  w i th  t h e  a d d r e s s i n g  and d a ta  
c a p t u r e  c i r c u i t s .  The CS l i n e  h as  t o  be LO f o r  t h e  e n t i r e  
w r i t e  c y c l e ,  t h e  a d d r e s s  had t o  be v a l i d  f o r  a t  l e a s t  
45ns b e f o r e  t h e  end of t h e  w r i t e  and re m a 'n  v a l i d  f o r  
10ns once t h e  WE l i n e  has  gene HI (see  Figv 6 ) .
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The WE l i n e  must o n ly  go hO i f  t h e r e  i s  d a t a  a v a i l a b l e
i . e .  e i t h e r  sampled o r  t im in g  d a t a .

The memory i s  a r r a n g e d  i n  16 banks o f  11 b i t  v o rd s  and
t h e  CS l i n e  i s  u sed  t o  s e l e c t  which bank w i l l  be w r i t t e n
t o  a t  any one t im e .  The sev en  most s i g n i f i c a n t  a d d r e s s  
l i n e s  (u s in g  1? a d d r e s s  l i n e s )  a r e  decoded t o  g iv e  a 1 in  
16 s e l e c t i o n .

APPENDIX 1 28





DUAL PORT ACCESS CONTROL

As t h e  RAM can be a c c e s s e d  by e i t h e r  t h e  sam pling  
c i r c u i t r y  or  by t h e  8086, any p o s s i b l e  c o n te n t io n  must be 
a v o id e d :

The sam pling  c i r c u i t r y  and t h e  iSBC 86/12A p r e s e n t  
a d d r e s s e s  (and d a ta )  t o  t h e  memory on two s e p a r a t e  s e t s  
of  l a t c h e s ,  on ly  one o f  which i s  e n a b le d  a t  any t im e .  
Once sam pling  has  commenced, th e  sam pling  c i r c u i t r y  h a s  
s o l e  a c c e s s  t o  t h e  memory, w h i l s t  b e f o r e  and a f t e r  
s a m p lin g ,  o n ly  t h e  8086 can a c c e s s  t h e  memory.

ACCESS B't ISBC

I t  was d e c id e d  t o  a l lo w  t h e  80 86 t o  b o th  w r i t e  and r e a d  
from  t h e  memory. Thus d a t a  h a s  t o  be l a t c h e d  on 
b i d i r e c t i o n a l  p o r t s .

The d ecod ing  o f  t h e  MWTC (Memory W rite )  and MRDC (Memory 
Read) l i n e s  i s  shown in  F ig u re  7 .  As t h e  memory used  i s  
v e ry  f a s t  t h e r e  i s  no n e c e s s i t y  t o  add any f u r t h e r  w a i t  
s t a t e s  d u r in g  memory a c c e s s  (see  ifflC Manual s  Appendix 
4)
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DUAL PORT ACCESS CONTROL

As t h e  RAM can be a c c e s s e d  by e i t h e r  t h e  sam pling  
c i r c u i t r y  o r  by t h e  8086, any p o s s i b l e  c o n te n t io n  must be 
a v o id e d :

The sam pling  c i r c u i t r y  and t h e  iSBC 86/12A p r e s e n t  
a d d r e s s e s  (and d a ta )  t o  t h e  memory on two s e p a r a t e  s e t s  
of  l a t c h e s ,  on ly  one o f  which i s  e n a b le d  a t  any t im e .  
Once sam pling  h as  commenced, t h e  sam pling  c i r c u i t r y  h as  
s o l e  a c c e s s  t o  t h e  memory, w h i l s t  b e f o r e  and a f t e r  
sam p lin g ,  o n ly  t h e  8086 can a c c e s s  t h e  memory.

ACCESS BY iSBG

I t  was d e c id e d  t o  a l lo w  t h e  80 86 to  b o th  w r i t e  and re a d  
from  t h e  memory. Thus d a t a  h a s  t o  be l a t c h e d  on 
b i d i r e c t i o n a l  p o r t s .

The d ecod ing  o f  t h e  MWTC (Memory W rite )  and  MSDC (Memory 
Read) l i n e s  i s  shown in  F ig u re  7 .  As t h e  memory u se d  i s  
very f a s t  t h e r e  i s  no n e c e s s i t y  t o  add  any f u r t h e r  w a i t  
s t a t e s  d u r in g  memory a c c e s s  ( se e  iSBC Manual & Appendix 
4)
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APPENDIX 2 -  DATA CAPTOR* CIRCUITRY

The d a t a  c a p t u r e  c i r c u i t r y  i s  d i v i d e d  i n t o  two s e c t i o n s .  
One t h a t  m easu re s  th e  d i s c h a r g e  p u l a e r  and one t h a t  d e t e c t s  
th e  z e r o - c r o a s i n g  o f  t h e  AC s i g n a l .

P0L8E CAPTURE & TRIOGERIBC (#*« S h eet*  6 & 7)

The sam pling  must on ly  commence once th e  p u l s e  has  r i s e n  
above a g iv en  p o s i t i v e  v a lu e  o r  f a l l e n  below a g iven  
n e g a t i v e  v a lu e . The 1 p u l s e '  i s  f e d  d i r e c t l y  t o  two s e t s  of  
c o m p a ra to r s .  One s e t  t r i g g e r s  t h e  d a t a  mechanism once th e  
p u l s e  h as  r e a c h e d  i t s  p o s i t i v e  t h r e s h o l d  and t h e  o t h e r  
t r i g g e r s  i f  i t  r e a c h e s  th e  n e g a t i v e  t h r e s h o l d .  (These 
t h r e s h o l d s  a r e  s o f t  p rog ram m ab le ) . The ' PUI.SE' l i n e  must be 
h ig h  f o r  d a ta  c a p tu r e  t o  commence. Because o f  th e  d e la y s  
in t r o d u c e d  by t h e  com par ison ,  t h e  POLSB l in e  w i l l  o n ly  come 
HI a f i n i t e  t im e  a f t e r  t h e  ADC h a s  a c t u a l l y  c a p t u r e d  th e  
d a ta  ( see  F ig u r e  8 ) .  Thus t h e  d a t a  p r e s e n t e d  by t h e  ADC 
must be h e l d  u n t i l  t h e  memory a d d r e s s  l i n e s  have 
s t a b i l i s e d .  T h is  i s  done by p a s s i n g  t h e  d a ta  th ro u g h  
la t c h e s  t h a t  a r e  e n a b le d  once  th e  p r e v io u s  d a ta  has been 
s t o r e d  i n  memory ( see  F ig u re  6 ) .
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ZERO-CROSSING CIRCOITRY (* * #  G b «#t 9 )

(c£ . ' t h e  A r t  of E l e c t r o n i c s ' )

The c i r c u i t  shown g e n e r a t e s  an  o u t p u t  sq u a re  wave f o r  use  
w i th  TTL l o g i c  (zero  t o  5 V range)  from an in p u t  wave of any 
a m p l i tu d e  up t o  100 v o l t s .  R l ,  combined w i th  D1 and C2, 
l i m i t s  t h e  in p u t  swing t o  between - 0 .6  and 5,6 v o l t s  
a p p r o x im a te ly .  R e s i s t i v e  d i v i d e r  R2/R3 i s  n e c e s s a r y  to  
l i m i t  t h e  n e g a t i v e  swing t o  l e s s  t h a n  .3 v o l t s ,  t h e  l i m i t  
f o r  a 3 93 co m p a ra to r .  R5 and R6 p r o v id e  h y s t e r e s i s ,  w i t h  R4 
s e t t i n g  t h e  t r i g g e r  p o i n t s  s y m m e t r i c a l ly  about ground .  The 
i n p u t  impedance i s  n e a r l y  c o n s t a n t ,  becau se  o f  t h e  l a r g e  Rl 
v a lu e  r e l a t i v e  t o  t h e  o t h e r  r e s i s t o r s  i n  t h e  in p u t  
a t t e n u a t o r .

The o u tp u t  of t h e  z e r o - c r o s s i n g  d e t e c t o r  i s  f e d  th ro u g h  a 
m o n o s tab le  m u l t i v i b r a t o r  w i th  s c h m i t t - t r i g g e r  i n p u t s ,  t o  
g iv e  a 30ns p u l s e  used  t o  c l e a r  th e  t im in g  c o u n te r s ,  and 
a l s o  t o  s y n c h r o n i s e  t h e  s t a r t  o f  sam p lin g  w i th  t h e  1 s t  
z e r o - c r o s s i n g  o f  t h e  AC s i g n a l .
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APPENDIX 3 -  COMTROL CIRCUIT.Jf 

SUPERVISOR CIRCUITRY

T h is  c o n t r o l s  t h e  a d d r e s s  g e n e r a t i o n  and t h e  d a ta  c a p t u r e .  
I t  i s  a l s o  r e s p o n s i b l e  f o r  e n s u r i n g  t h a t  t h e  memory c o n t r o l  
s i g n a l s  and t h e  d a t a / a d d r e s s  i n p u t s  a r e  s y n c h r o n i s e d .  I t  
s t a r t s  t h e  d a ta  c a p tu r e  o p e r a t i o n  when i n s t r u c t e d  t o  do so 
and t h e n  m o n i to r s  t h e  p r o c e s s  t o  e n s u r e  t h a t  i t  s t o p s  
b e f o re  th e  memory o v e r f l o w s :

a .  Measurements must commence w i th  t h e  f i r s t  z e r o  c r o s s i n g  
(ZEROX -  HI) of  t h e  AC waveform once th e  u s e r  has  
i n d i c a t e d  ( 1SBC86/12A -  HI) t h a t  sam pling  may s t a r t  
( see  F ig u re  9 ) .  Measurements must c e a se  once s i g n a l l e d  
by t h e  u s e r  (iSBC86/12A -  LO) o r  once t h e  memory i s  
f u l l  (ADROVR -  HI) .

IMF :

,ASM >

UUttTO >

/"-m —sj

S T A R T "  X +

____J L  .  r r
n----n ------n n
*0*3.*) ! - ; -

,..ij = '

'< !

i

L _ : _ - 1J

Jq " Y.AORD.R K% .  Y

FIGURE 9. START SIGNAL SYNCHRONISATION
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The a d d r e s s  c o u n te r s  must be c l e a r e d  t o  z e r o  b e f o r e  
d a ta  c a p tu r e  commences. T h is  i s  a c h ie v e d  by ADCLR 
( se e  F ig u r e  10!

START 

C^OCK : 

ADDRESS CLOCK 

REQUIRED CLEAR 

CLEAR OBTAINED

_TL_rL

1 A ' B j i K * U i K.

d ! d 0

- o | i 0 d d 1

oo

1 d 0 d

; i : 0 d 0 0 d

I : h 0 0 d

J
A

d W

STAR-

PR
.  j  * a

CK
4 -

CK

- 4-

ADCLR

CLOCK

FIGURF 10 .  ADDRESS COUNTER CLEAR

K."B

K.-A
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c.  Once e n a b le d ,  t h e  sys tem  must on ly  r e c o r d  d a ta  
w h i l s t  a d i s c h a r g e  i s  d e t e c t e d .  In  a d d i t i o n  t o  th e  
p u l s e  d a t a ,  t im in g  in f o r m a t io n  must a l s o  be 
r e c o r d e d .  The n e c e s s a r y  s y n c h r o n i s a t i o n  and c o n t r o l  
i s  pe r fo rm ed  by s i x  l i n e s :

START : Allows d a ta  c a p tu r e  t o  commence.
STROBE : S t r o b e s  t h e  ADC. The ADC must be be 

p u l s e d  a t  sp e e d s  ra n g in g  from  1MHz t o  
10MHz. I f  t h e  l a t c h  e n a b le  i s  HI f o r  
25ns o u t  o f  ev e ry  100ns (see  F ig u re  
1 1 ) ,  t h e  c i r c u i t  can  be d r i v e n  by a 
40MHz c lo c k  w i th  s t r o b e  l i n e  HI f o r  
two o u t  of f o u r  c lo c k  c y c l e s  and t h e  
l a t c h  e n a b le  HI f o r  one o f  t h e  4.  from 
F ig u r e  '6 :  i t  can be se e n  t h a t  i f  t h e  
s t r o b e  p u l s e  were ex te n d ed  by + / -2 0 n s  
and t h e n  i n v e r t e d ,  i t  co u ld  s e r v e  a s  a 
WE l i n e .

LATCH : L a t c h e s  a d d r e s s  and d a ta .  The a d d r e s s  
must be l a t c h e d  between 70 and 100ns 
a f t e r  t h e  r i s i n g  edge of t h e  s t r o b e  
i n p u t  p u l s e  (see  F ig u re  5 ) .  To a c h ie v e  
maximum o v e r l a p  o f  t h e  d a t a  and 
a d d r e s s  f i e l d s ,  the  d a ta  i s  l a t c h e d  a t  
t h e  same t im e  a s  t h e  a d d r e s s .

The f o l lo w in g  c o n d i t i o n "  must be m et:
. The a d d r e s s  must remain  v a l i d  f o r  a t  

l e a s t  10ns a f t e r  t h e  WE l i n e  has  gone HI 
( see  F ig u re  6 i .

. The c h ip  s e l e c t  l i n e s  (CS) must be LO f o r  
a t  l e a s t  45ns b e f o re  t h e  end  of t h e  
w r i t e  ( see  F ig u r e  8 ) .

. The d a t a  must be p r e s e n t e d  t o  t h e  memory 
a t  l e a s t  25ns b e f o re  WE goes  HI and must 
rem ain  th e s e  f o r  a t  l e a s t  10ns a f t e r  WE 
h as  gone HI ( see  F ig u re  6)
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TR03F

FIGURE 11 .  DATA STROBE & LATCH ENABLE GENERATION
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HADD

LA DC

LTIM

: e n a b l e s  t h e  c o u n te r s  a s  soon a s  a
p u l s e  i s  d e t e c t e d  and keeps them 
e n a b le d  f o r  100ns a f t e r  t h e  p u l s e  has  
d i s a p p e a r e d  t o  a l lo w  th e  t im in g  d a ta  
t o  be s t o r e d ,  ( se e  F i g u r e s  8 & 12)

: e n a b l e s  th e  p u l s e  d a ta  t o  be p r e s e n te d  
on t h e  d a t a  l i n e s  d u r in g  a d i s c h a r g e  
( see  F ig u re  1 2 ) .

: e n a b l e s  t h e  t im in g  d a ta  o n to  t h e  d a ta  
l i n e s  im m edia te ly  a f t e r  th e  p u l s e  h as  
v a n is h e d  (see  F ig u r e  1 2 ) .
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TIMING CIRCUITRY ( s » #  S h * * t  5)

The d a t a  f o r  each p u l s e  must be s t o r e d  w i t h  an i n d i c a t i o n  
o f  where the  p u l s e  o c c u r r e d  r e l a t i v e  t o  t h e  AC s i g n a l .  The 
10 b i t  wide memory word a l lo w s  t h e  AC w a v e le n g th  to  be 
d i v id e d  i n t o  1024 time s l o t s  e . g .  a 60 Hz wave co u ld  be
d i v id e d  i n t o  1024 16 ,3 u s  t im e  s l o t s .  O bv io u s ly ,  t h e  c lo c k
c o n t r o l l i n g  t h e  t im in g  c i r c u i t r y  h a s  t o  o p e r a t e  a t  a sp eed  
depen d en t  on t h e  AC f re q u e n c y .

The t im e  i s  “coun ted"  on t h r e e  c ascad ed  4 - b i t  b in a r y
c o u n te r s .  These must be c l e a r e d  a sy n ch ro n o u s ly  on every  
z e r o - c r o s s i n g  (+ve) of  t h e  AC s i g n a l  and  th e  v a lu e  t h a t  
a p p e a r s  on t h e  c o u n te r s  when a p u l s e  i s  d e t e c t e d ,  must be 
s t o r e d  and p r e s e n t e d  on th e  d a t a  l i n e s  once th e  p u l s e  h a s  
d i s a p p e a r e d  ( see  LTIM).

Because th e  AC wave and p u l s e  o c c u r re n c e  a r e  n o t
sy n c h ro n i s e d ,  sa n e  mechanism must p r e v e n t  t h e  t im in g  d a ta  
from b e in g  u p d a te d  w h i l s t  i t  i s  b e in g  s t o r e d  i n  memory. The 
o u t p u t  from th e  c o u n te r s  i s  l a t c h e -’ on l e v e l - t r i g g e r e d  t r i ­
s t a t e  l a t c h e s  b e f o re  b e i  „ p r e s e n t e d  t o  t h e  memory. The 
in p u t  t o  t h e  l a t c h e s  i s  o n ly  e n a b le d  w h i l s t  a  p u l s e  i s 
p r e s e n t  i f  t h e  c o u n te r s  a r e  n o t  b e in g  c lo c k e d .  The l a t c h e s  
must have  a 10ns h o ld  t im e  b e f o r e  t h e  c o u n te r s  a r e  c lo c k e d  
( see  F ig u re  1 3 ) .

I t  i s ,  however, c o n c e iv a b le  t h a t  t h e  p u l s e  m igh t  end + / - 6 n s  
a f t e r  th e  c lo c k  l i n e  has  dropped and t h e  l e n g t h  of th e  
l a t c h  e n a b le  p u l s e  would be t o o  s h o r t  t o  g u a r a n t e e  th e  
v a lu e s  i n p u t  t o  t h e  l a t c h .  The hardw are  t o  a v e r t  t h i s  
problem i s  u n n e c e s s a r i l y  c o m p l ic a te d  a s  p o s t - p r o c e s s i n g  
s o f tw a r e  can "weed" o u t  t h e s e  g l i t c h e s .  An e d g e -tr ig g e r e d  
l a t c h  would go s long  way in  s o l v i n g  t h i s  problem  b u t  would 
i n t r o d u c e  t h e  p o s s i b i l i t y  o f  t h e  c o u n te r s  n o t  be in g  r e s e t  
t o  z e r o  a t  t h e  nex t  z e r o - c r o s s i n g .
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■ - v T , "  -

CLOCK CIRCUITRY (««# 1 * 4 )

I

The d e s ig n  o f  t h e  S u p e r v i s o r  Clock w i l l  be d e s c r i b e d  -  t h e  
Timing Clock i s  s i m i l a r .

The sam pling  f re q u e n c y  i s  v a r i a b l e  between 1MHz and lOHHz. 
Because o f  t h e  d i v i d e r  c i r c u i t r y  used  f o r  t h e  ADC s t r o b e  
puls<" t h e  d r i v i n g  c lo c k  must run a t  speeds  from 4MHz t o
40MHz. To a c h ie v e  t h i s  v e ry  wide  f r e q u e n c y  range  w i th  a 
r e a s o n a b ly  s t a b l e  o u t p u t ,  a p h a s e - lo c k e d  lo o p  was used (see  
TTL Data Book -  T y p ic a l  A p p l i c a t io n  Data f o r  7 4S124) :

With fix* ■•ion r a t e s  f o r  b o th  H and N ( se e  F ig u re  14),

H----- ,CCMT

praam* 14 . B a sic  PHASE LOCKED Loop

t h e  o u tp u t  f requency  
(n/ h ) f , . To a l lo w  r„

(F„ w i l l  be s t a b l e  a t  F..o t  o t
: in< iw i 0(. t o  be a s  v a r i a b l e  a s  p o s s i b l e ,

o b v io u s ly  bo th  M and N must be a l lo w ed  t o  t a k e  on a wide
range  o f  v a l u e s .  Using a synchronous  6- b i t  b in a r y
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m u l t i p l i e r  (7497) F * /6 4  and can th u s  be v a r i e d
from 0 co (63 /64)  Using an e x c l u s i v e - o r  (IC4) , a phase
c o m p a ra to r ,  an RC low p a s s  f i l t e r  (see  F ig u r e  15)

FICURR 15 . PHASE LOCKED LOOP WITH RC FILTER

and J-K f l i p - f l o p s  to  "clean" th e  output o f th* 7497 b #for*  
i t  e n ter#  the comparator. 4MHX <" F  ̂ <» 40KB* (### Sh##t 
1) but the maximum inp ct  c lock frequency o f th* ' 97 i#  
2&MHz. Thua P mu*t be halved  b e fo re  d r iv in g  th e  7 4 97 -  
th ia  ia  ach iev ed  w ith  another J-K f l i p - f l o p .

T herefore (M+F. ) /6 4  .  (N*;^ ) /1 2 *  1 <» K (»  63
F^t " (Z'M+F^n'/N 1 <- H <- 63

Thua 0MH% <- Fpt <" 12**Fin

But the ou tp ut frequency o f th 'S124 baa a l im it e d  range
e . g .  f o r  Fo t  * 50MHz and Cext -  8pf and w i th  Vi^^ -  5V 
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f o r  V i g  «  I V ,  + / -  .4 2  - >  F ^ i  + / -  21MHz
V I ,  -  S V ,  F ^  + / -  1 .2  -> Fg, + / -  60MHz

Thus t o  a c h i e v e  t h e  f u l l  range  o f  4MHz t o  40MHz, FQt must 
be f u r t h e r  d iv id e d .  T h is  i s  a ch ie v e d  by p a s s in g  FQt th ro u g h  
a 4 - b i t  c o u n te r  (IC71. The o u t p u t s  o f  which a r e  
d e m u l t ip le x e d  t o  s e l e c t  t h e  r e q u i r e d  f r e q u e n c y .

For 21MHz <• F <- 60MHz
With S -  000, 21MHz O  CLOCK! <- 6 0MHz

001, 10.5MHz <- CLOCK1 <- 30MHz
010, 5.25MHz <- CLOCK! <- 15MHz
011, 2.625MHz <- CLOCK 1 <- 7.5MHz
1 0 0 , 1.3125MHz <- CLOCK1 <- 3.75MHz

As t h e  f r e q u e n c y  ran g e  o f  CLOCK 1 now e x ceed s  t h e  r e q u i r e d  
ra n g e ,  t h e  v a r i a n c e  o f  Fn can  be r e d u ced ,  i . e .  .4 8  <- Fn <« 
.99 so  v i , t e ^  need o n ly  ran g e  from  1.4V (24MHz) t o  4.7V 
(50MHz).
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APPENDIX 4 -  INTERFACE

The p u l s e  c a p t u r e  c i r c u i t r y  must be i n t e r f a c e d  t o  t h e  iSBC 
86/12A and t h e  HP2645A

iSBC 86/12A IN TEW ACE

In  a d d i t i o n  t o  t h e  memory i n t e r f a c i n g ,  t h e  iSBC 86/12A i s  
r e q u i r e d  t o  t r a n s m i t  t h e  f o l lo w in g  d a t a  t o  th e  sam pling
c i r c u i t r y :

a .  The sam pling  r a t e
b. The AC s i g n a l  f r e q u e n c y
c .  The upper and lo w er  v a l u e s  f o r  t r i g g e r i n g
d. S i g n a l s  t o  s t a r t  and s t o p  sam pling

At t h e  same t im e ,  t h e  sam pling  c i r c u i t r y  g i v e s  t h e
f o l lo w in g  s i g n a l s  t o  t h e  xSBC 86/12A:

a. An i n d i c a t i o n  t h a t  t h e  memory i s  f u l l .
b. The z e r o - c r o s s i n g s  o f  t h e  AC s ig n a l  so  t h a t  th e  AC

f req u e n c y  m ig h t be a s c e r t a in e d .

The n ecessa ry  s i g n a l s  a r e  p a s se d  th ro u g h  t h r e e  8255 
programmable i n t e r f a c e  c h ip s  l o c a t e d  i n  t h e  10 a d d r e s s  
sp a c e  XXXOOB -> XXX3EH ( f u r t h e r  d eco d in g  i s  n o t  done a s  th e  
10 a d d re s s  space  i s  n o t  f u l l y  u t i l i s e d ) .

Each PPI h a s  fo u r  ad d resses i 
A1 AO

0 0 -  DATA BUS -  ORT A
0 1 -  DATA BUS -  >0RT B
1 0 -  DATA BUS -  PORT C
1 1 -  DATA BUS CONTROL

and t h e s e  must be l o c a t e d  a t  even-word b o u n d a r ie s  i n  t h e  
iSBC 86/12A add ress sp a ce .
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l . « .  PPI 1 'r*m id*s' a l  I/O  addramaas XXXOOB
XXX02H
XXX04H
XXX06H

Each PPI h a s  24 I /O  p in s  which  may be i n d i v i d u a l l y  
programmed in  2 g roups  o f  12 and used  i n  3 major modes of 
o p e r a t i o n .  In  t h e  f i r s t  node (MODE 0) ,  each  group o f  12 I /O  
p in s  may be programmed i n  s e t s  o f  4 t o  be in p u t  or  o u tp u t .  
In  MODE 1, th e  second  mode, each group  may be programmed t o  
have 8 l i n e s  of  in p u t  o r  o u tp u t .  Of t h e  rem ain  ng 4 p i n s ,  3 
a r e  used f o r  handsh ak in g  and  i n t e r r u p t  c o n t r o l  s i g n a l s .  The 
t h i r d  mode of o p e r a t i o n  (MODE 2) i s  a b i d i r e c t i o n a l  bus 
mode which use s  8 l i n e s  f o r  a b i d i r e c t i o n a l  b u s ,  and 5 
l i n e s  (borrowing one from t h e  o t h e r  group) f o r  h an d sh ak in g .  
Data i s  t r a n s f e r r e d  t o  and from  e x t e r n a l  I /O  d e v ic e s  
th ro u g h  t h r e e  8 - b i t  p o r t s  known a s  p o r t  A (PA0-PA7), p o r t  B 
(PB0-PB7) , and p o r t  C (PC0-PC7).

The e i g h t  d a t a  l i n e s  o f  t h e  P P I ' s  a r e  c o n n e c te d  t o  t h e  8 
l e a s t  s i g n i f i c a n t  m u l t ib u s  d a ta  l in o s .

A ll P PI'a  are  op erated  in  MODE 0 w ith  POST'a A, B and PORT
C (low er)  b e in g  s e le c t e d  a s  o u t p u t  p o r t s .  In  PPI 1 PORT C 
(upper)  la  used  a s  an o u t p u t  p o r t .

PPT PORT ADDRESSES

PPI 1 - W rite /R ead i P ort A i 00
PPI 1 " W rite /R ead  :i P o r t  B : 02
PPI 1 - W rite /R ead  ii P o r t  C : 04
PPI 1 - W rite i! C o n t ro l : 06

PPI 2 - W rite/R ead ii P ort A , 08
PPI 2 - W rite/R ead ii p ort B i 0A
PPI 2 - W rite/R eed i: P ort C : DC
PPI 2 - w r ite  ii co n tro l : 0E
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PPI 3 -  W rite /R ead  i P o r t  A : 10
PPI 3 -  W r i te /R ead  : P o r t  R '  12
PPI 3 -  l i r i t e /R e a d  i P o r t  C : 14
PPI 3 -  W rite  : C o n t ro l  : 16

PPI FUNCTIONS

PPI 1 (ICS1 -  s h e e t  1)
P o r t  A -  Mode 0 Output : C1I0 -  C1I5 (AO -  A5)
P o r t  B -  Mode 0 O utpu t  : ClOO -  C105 (BO -  B53
P o r t  C ( lower) -  Mode 0 Output : CISC -  C1S2 (CO -  CP.)
P o r t  A (u p p e r ) -  Mode 0 O utput  t ZEROX (C5>

TIMOVR (C6)
ADRWR (C7)

PPI 2 (IC62 -  s h e e t  4)
P o r t  * -  Mode 0 O utput  i C2I0 -  C2I5 (AO -  AS)
P o r t  B -  Mode 0 O utput  : C200 -  C205 (BO -  B5)
P o r t  C ( lower)  -  Mode 0 Output : C2S0 -  C2S3 (CO -  C3)

PPI 3 (IC63 -  s- ieet  7)
P o r t  A -  Mode 0 O utput  s 0L0 -  DL7 (AO -  A7)
P o r t  0 -  Mode 0 O utput  i LLO -  LL7 (BO -  B7)
P o r t  C ( lower) -  Mode 0 Output i 01,8,OL9 (CO,Cl)

LL8,LL9 (C2.C3)

When th e  CPO l a  a c c e s s i n g  o f f - b o a r d  memory (or I /O) v i a  t h e  
M u lt ib u s  I n t e r f a c e ,  t h e  CPU must f i r s t  g a in  c o n t r o l  of  thfc 
M u l t ib u s  i n t e r f a c e  and  a f t e r  g iv in g  t h e  command i t  must 
w a i t  f o r  t h e  T r a n s f e r  Acknowledge (XACK/) t o  be r e c e iv e d  
( see  Ref.  1 2 ) .  The 8255A r e q u i r e *  a 400ns w r i t e  c y c l e .  T h is  
i s  a ch iev e d  by h o ld in g  t h e  IOXACK l i n e  LO "or 400ns a f t e r  
t h e  w I t #  c y c l e  has been i n i t i a t e d  (sue F ig u re  16) .
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HP26 45A DISPLAY STATION INTERFACE

The i .3 C  86/12A has  an  RS23 2C c o m p a t ib le  s e r i a l  I /O p o r t  
c o n t r o l l e d  by an  8251A USART (U i .ive rsa '  Synchrono u s / -  
Asynchronous R e c e iv e r / T r a n s m i t t e r )  c h ip .

Thus communication w i th  t h e  HP2645A i s  EIA RS232-C s e r i a l  
synch ro n o u s ,  f u l l  dup lex  ASCII. T ra n s m is s io n  i s  a t  9600 
b i t s  p e r  second ,  th e  n e c e s s a r y  c lo c k  r a t e s  ( f o r  t h e  iSBC 
USART) a r e  s u p p l i e d  by an onboard  programmable r a t e / t i m e  
g e n e r a to r .
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IOXACK "  X.Y.

Jv - RO.^T+X+r

iraATi

FIGORE 16 .  IOXACK FSM
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APPENDIX 5 -  iSBC 8 6 /12A

The iSBC 86/12A S i n r l e  Fe e rc  Computer, which i s  a member of 
I n t e l ' s  com ple te  l i n e  o f  8-  and 1 6 - b i t  s i n g l e  ooard
computer p r o d u c t s ,  i a  a  com ple te  computer system on a
s i n g l e  p r i n t e d - c i r c u i  t  a s se m b ly .  The iSBC 86/12A board
i n c l u d e s  a 1 6 - b i t  c e n t r a l  p r o c e s s i n g  u n i t  (CPU) , 3 2K b y t e s  
of dynamic RAM, a s e r i a l  com m unica tions i n t e r f a c e ,  t h r e e  
programmable p a r a l l e l  I/O p o r t s ,  programmable t im e r s ,
p r i o r i t y  i n t e r r u p t  c o n t r o l ,  M u l t ib u s  i n t e r f a c e  c o n t r o l  
l o g i c ,  and bus expan s io n  d r i v e r s  f o r  i n t e r f a c e  w i th  o t h e r  
M u l t ib u s  i n t e r f a c e - c o m p a t i o l e  e x p an s io n  b o a rd s .

ISBC 86/12A JUMPER CONFIGURATION

ROM/EPROM C o n f ig u r a t i o n  
Using 2732 EPROM c h ip s .
Lega l  EPROM a d d r e s s e s  : OrCOOOn - OFFFFFH 
Legal RAM a d d r e s s e s  : 00003 -  7FFFH 
Jum pers E94 -  E96 & E97 -  E99 a r e  i n s e r t e d

No W alt  O p t ion
Jumper E3 -  E4 i s  removed t o  c r e a t e  w a i t  s t a t e s  a f t e r  
ROM/EPROM re a d s

Bu# Clock
Jumper E l05 -  E l06 r o u t e s  t h e  Bus Clock s i g n a l  /BCLK t o  t h e  
m u l t i b u s  i n t e r f a c e

C o n s ta n t  Clock
Jumper E l03 -  E104 r o u t e s  t h e  C o n s ta n t  d e c k  s i g n a l  /CCLK 
t o  t h e  m u l t i b u s  i n t e r f a c e
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Timer In p u t  Frequency
Counter  0 has a 1.23MHz in p u t  f req u en cy  (£57 -  ESC)
Jumper E5 9 -  E61 c o n n e c ts  C ounter  0 and C ounter  1 in  s e r i e s  
i n  which t h e  o u tp u t  of C ounter  0 s e r v e s  as  t h e  i n p u t  c lo c k  
t o  C ounter  1.

C oun ter  2 v - i l l  be t h e  3251A Baud R a te  Clock w i th  a 1 ,23MHz 
i n p u t  f r e q u e n c y  (E5 - E 6 1)

P r i o r i t y  I n t e r r u p t s
C oun ter  1 o u tp u t  (TIMRl) i s  co n n ec te d  t o  t h e  8259A PIC TR0 
in p u t  (E91 -  E81)

Programmable p e r i p h e r a l  I n t e r f a c e
PPI 0 -  W rite /R ead  : P o r t  A ( J l ) C8
PPI 0 -  W rite /R ead  : P o r t  B ( J l ) CA
PPI 0 -  W rite /R ead  : P o r t  C ( J l ) CC
PPI 0 -  W rite : C on tro l CE

P r i o r i t y  i n t e r r u p t  C o n t r o l l e r
PIC -  w r i t e : ICW1, 0CW2, 0CW3 CO or C4
PIC -  head S t a i  '5 and P o l l CO or C4
PIC -  W rite : ICW2, ICW3, ICW4, 0CW1(mask) C2 or C6
PIC -  Read QCW1(mask) C2 or C6

A itnough th e  sys tem  i s  p r e s e n t l y  n o t  i n t e r r u p t  d r i v e n ,  t h i s  
f a c i l i t y  can be i n c lu d e d  -  e . g .  f o r  i n t e r r u p t i n g  a t  t h e  end 
of t h e  sam pling  p e r io d .

Programmable I n t e r f ace Timers
PIT -  W rite /R ead C e n t e r  0 : DO
PIT -  W rite /R ead C ounter  1 : 02
PIT -  W rite /R ead C ounter  2 : D4
PIT -  W rite C on tro l : 06
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C o u n te r s  I S O  a r e  used t o  t im e  t h e  sam pling  p e r io d  and t o  
d e te rm in e  th e  AC s i g n a l  f r e q u e n c y .

C o u n te r  2 s e r v e s  a s  t h e  8251A Baud R a te  Clock

USART
OSART -  W rite /R ead  : D ata  (J2> : D8 or DC
USART -  W rite  : Mode o r  Command : DA o r  DE
USART -  Read : S t a t u s  : DA or  DE

Used f o r  comm unica tions w i th  HP2645A.
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APPENDIX 6 -  HP 2645A

The HP2645A d i s p l a y  s t a t i o n  u se s  a m ic ro p ro c e s s o r  u rd e r  
f i rm w are  c o n t r o l .  I t  o p e r a t e s  in  c h a r a c t e r  or b lock  mode, 
w i th  f u l l  e d i t i n g  c a p a b i l i t y ,  "ha  t e r m in a l  i s  d e s ig n e d  f o r  
such a p p l i c a t i o n s  a s  d a t a  e n t  :y and p r e p a r a t i o n ,  in fo rm a­
t i o n  d i s p l a y  and e d i t i n g ,  i n t e r a c t i v e  programming, d a ta  
com m unica tions ,  and t im e - s h a r i n g  o p e r a t i o n s .  In  a d d i t i o n  t o  
t h e  f a c i l i t i e s  of t h e  b a s i c  t e r m i n a l ,  t h e  HP2S45A a l s o  
p r o v id e s  an  i n t e g r a t e d  mass s t o r a g e  c a p a b i l i t y  of up co 220 
k i l o b y t e s  o f  d a t a  u s in g  two tap e  c a r t r i d g e s .

KEYBOARD INTERFACE STRAPPING OPTIONS POR POINT-TO-POINT 
COMMUNICATION* ON HP2645A

STRAP

A -  OPEN

FUNCTION

The e scap e  code seq u e n ce s  g e n e r a te d  by a l l  
keys a r e  t r a n s m i t t e d  t o  t h e  com puter

B -  CLOSED Spaces ty p e d  w i l l  o v e r w r i t e  e x i s t i n g  
c h a r a c t e r s

C -  CLOSED At t h e  end o f  each l i n e ,  a l o c a l  C a r r ia g e
R e tu rn  and L ine Feed a r e  g e n e r a te d .

D -  CLOSED The t e r m in a l  i s  s e t  t o  t r a n s f e r  a l i n e  a t  a
t im e i n  Block Mode.

E -  CLOSED When th e  READ key i s  p r e s s e d  w i th  AUTO/LF key
l a t c h e d  down, each  t a p e  r e c o r d  b e g in s  w i th  an 
LF and i s  t  irm in a te d  by a CR.
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F -  OPEN When an  ESC « (Fa#t  B inary  Read) la  la a u e d  by
th e  computer,  th e  baud r a t e  i s  sw itch ed  
a u t o m a t i c a l l y  t o  9600 baud ( i f  t h e  t e r m i n a l  i s  
equipped w ith  c a r tr id g e  tap e  u n ite ) .

G -  OPEN A l l  B lock Mode t r a n s f e r s  ( i . e . , c u r s o r  s e n se ,  
term in a l and d ev ice  a ta tu a , d ev ice  I /O  
reaponeee, d lap lay  memory, and fu n c tio n  keya) 
are preceded by a DC2. The term in a l aendm the  
DC2 ’pon r e c e ip t  of a DO from t h e  computer. 
A fter  th e  CPC r e c e l ' e a  the DCZ from th e  
t e r m i n a l ,  another DC1 i s  req uired  t o  t r i g g e r  
t r a n s m i s s io n  of data f t  m the t e r m i n a l .

B -  CLOSED During Block Mode Handah-ike t r a n s f e r s ,  th e
t e r m i n a l  sends  a DC2 i n  response to  a DC1 
p r i o r  t o  send ing  d ata . (See Block T ransfer  
Handshake stra p p in g  a b o v e . )

R -  OPEN The t r a n s i t i o n  from r e c e iv e  s t a t e  t o  tra n sm it
s t a t e  o c c u r s  a f t e r  CB (106) (C lea r  t o  Send) 
goes on.

S,T -  CLOSED R everse  Channel p r o t o c o l  (bo th  sw itc h e s
c lo s e d ) .

0 -  OPEN The term inal ig n o r es  a i l  tr a n s it .'  us on t h e  SB
(122) (Secondary R eceive Data) . .n o  from th e
moden in  th e  t r a n s m i t  s t a t e .

V -  OPEN T r a n s it io n s  o f CP (109) (C arrier D etec t) l i n e
have no e f f e c t  on th e  t e r m i n a l .

W -  CLOSED Enablea DATA COMM SELF TEST from e it h e r  the
keyboard or escape sequence.
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X -  CLOSED Holds d a ta  speed  s i g n a l  low (CH (111) -0) .

Y -  CLOSED The TRANSMIT l i g h t  on th e  keyboard  11 t u r n e d  
on when CB (106) (C lea r  t o  Send) l i n e  from th e  
modem i s  h ig h .  I t  i s  t u r n e d  o f f  wher t h e  CB 
(106! l in o  goes low.

The HP2645A i s  s e t  t o  o p e r a t e  i n  f u l l  d u p lex ,  even p a r i t y  
mode a t  96 00 baud.
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APPENDIX 7 -  USER MANUAL

The u s e r  must p ro ceed  ** f o l l o w s t
1 . C onnect th e  A*I# c a p tu i#  # y # t« a  to  th e  s ig n a l  t o  b* 

m *a#u:*d.
2 . Pow er-up th e  d a ta  c a p tu r e  system
3. The fo l lo w in g  men a w i l l  a p p e a r  on th e  SP2645A s c r e e n

TMK WLKTIO# Nm*
s*****eBBeeB*sai*e«e

Select the required task by pressing 
the relevant highlighted Hoy

Pulse Acquisition 
Display Memory 
Memory Transfer 
Clear Memory 
fill Memory 
Reset Memc
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To rune t h e  v a r io u s  p a r a m e te r s  t h e  u s e r  sh o u ld  p r e s s  
"P" ( w h i l s t  t h e  Task S e l e c t i o n  Menu i s  d i s p l a y e d )  and 
t h e  f o l lo w in g  menu w i l l  a p p e a r :

SELECTION MENU

Select the required item by pressing 
the ctilavant highlighted ey

Sampling Rate : 
Opper voltage limit foe pulse triggering : 
Lower voltage limit for pulse triggering 
Time limit for pulse triggering 
Perform sampling 
Exit from this menu

10*

ivelts 
1 seconds
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To a d j u s t  t n e  sa m p lin g  c a t e ,  p r e s s  " S '  ( In  t n e

S e l e c t i o n  Menu)

SAMPL1WU P.'. IE  MEMO 
■*■■»«■■■■**«**■*■

The current sampling rate is 10MHz, should you wish to change 
this you may select the required range by pressing the relevant key. 
Fine adjustment is achieved by pressing either "I" to increase 
the sampling rate, or "D" to decrease the sampling rate

1 - 2MHz
2 -  3MHz

3 - 4MHs
4 -  5MHz

5 -  6MHz

6 -  7MHz

7 - 9MHz
8 -  9MHz

9 -  10MHz

Increase sampling rate 
Decrease sampling rate 
Bxit from this menu

P re s s in g  "I*  o r *Dn w i l l  in c r e a s e  o r d e c re a s e  th e
sam pling  f req u e n c y  by a p p ro x im a te ly  .002MHz.
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t o  *> i j u s t  t h e  u p p e r  t r i g g e r i n g  v o l t a g e  p r e s s  "U" ( in

th e  S e l e c t i o n  Menu)

UPPER LIMIT

The current >pper limit for tr iggering *-he pulse
sampling mechanism is .1 Volts , should
you wish to ch*nge this enter the new limit,
otherwise press the SPACE bar. The limit must lie
I a tweet: 0 and 0.5 Volts.

The u s e r  m ust e n te r  th e  upper l i m i t  (eg .49) fo llo w ed  
by RMOm

To a d j u s t  th e  low er t r i g g e r i n g  v o l t a g e  p r e s s  "L" (in  
th e  S e le c t io n  Menu)

LOWES LIMIT
■ itsmeeeeeee

The current lower limit for triggering the pulse 
sampling mechanism is 1 Volts, should 
you wish tc change this, enter the new limit, 
otherwise pr«ss the SPACE bar. The limit must lie 
between 0 and -0.5 Volts.

The u s e r  must  e n t e r  th e  lower l i m i t  (eg - .4 9 )  fo l lo w ed  
by "RETURN*
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To e n t e r  t h e  ; u p l in g  p e r i o d  t im e  l i m i t  p r e s s  "T" ( in  
t h e  S e l e c t i o n  .fenu)

TIK I LIMIT

For how long do you wish to sample?
The present time limit s 1 seconds.
Should you wish to change this, 
please enter the aew limit, in seconds, 
otherwise pres- the SPACE bar. The new limit 
should lie between 0.1 and 300 seconds.

The u s e r  must e n t e r  th e  t im e  l i m i t  (eg 100) fo l lo w e d  by 
"RETURN"

P r e s s in g  *p" ( in  t h e  S e l e c t i o n  Menu) w i l l  cause  
sam pling  t o  commence and  run u n t i l  th e  memory i s  f u l l  
o r  t h e  t im e  l i m i t  e x p i r e s

SAMPLING
= = = = = = = ,

Sampling Rate iOMHz
AC Frequency SOKHz
Upper voltage limit for pulse triggering •IVolts
Lower voltage limit for pulse triggering IVolts
Time limit for pulse triggering 1 seconds
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The u s e r  may d i s p l a y  th e  c o n t e n t s  of th e  memory by 
p r e s s i n g  T "  w h i l s t  t h e  Task S e l e c t i o n  Me tu i s  on th e  
s c r e e n

MEMORY DISPLAY
aeiaa* at **•*»•**

Enter the segment (2 or 3), start address and
end address of the portion . 1 memoiy you wish to view

eg. 2:OOil,OOFF
Biter "E" as the segment to exit
Pushing HS" will stop the display, SPACE will continue it.

and "Q" will quit it
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To s t o r e  memory on to  t a p e  o r  r e s t o r e  t h e  c o n te n t s  of 
memory from  t a p e ,  p r e s s  *M" in  t h e  Task S e l e c t i o n  Menu

MEMORY T R A N S F E R

a a s s s s s s e s s e e s i s a

T : store data on tape 
C : restore data from tape 
B  : to exit

T . e s s  "T" to s t o r e  memory

S T O R E  MEMORY

1 : store first memory segment
2 : store second memory segment 
B : store both memory segments 
B i to exit

08 p r e s s  "C" t o  r e s t o r e  memory

R E S T O R E  MEMORY
*************a

1 z restore first memory segment
2 i  rastrre second memory segment 
B $ resture both memory segments 
B ! to exit

a : p e n d ix  7 63
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